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BCTYII

3a semoBHMX 100 poOKIB Ticias BTOPUHHOTO BIAKPHUTTS 3akoHIB [ 'peropa
Mennens MoyeKyJsipHa O10JI0Tisl 1 TeHEeTHKa Npouinia TpiyM@adbHUNA NUIIX BiJ
HaTyp1710COPCHKOTO PO3YMIHHS 3aKOHIB CHAJKOBOCTI Ta MIHJIMBOCTI uepes
EKCIIEpUMEHTaJIbHE HAKOMUYEHHS (akTiB (POpMaTbHOI T€HETHUKH J0 MOJIEKYJISIPHO-
010JIOTIYHOTO PO3YMiHHS CYTHOCTI TeHa, Horo CcTpykrypu Ta ¢yHKIii. Bin
TEOPETHYHUX MOOYIOB O TEHi, IK a0CTPAKTHOI OAMHUII CIIAKOBOCTI — JI0 PO3YMIHHS
oro MarepianbHoi mnpupoau sk (parmenty woaekynn JHK, xomgyrodoro
aMIHOKUCIIOTHY CTPYKTYpY OLIIKa, 10 KJIOHYBaHHS 1HAUBIIYalbHUX I'€HIB, CTBOPECHHS
JOKJIQTHUX TEeHETUYHUX Mall JIIOJWHM, TBAPUH, 1IeHTU]IKAIT MeHIB, MyTaIlli SKUX
NOB'SI3aH1 3 BaXXKUMM CHAJKOBUMH XBOpOOaMH, pO3pPOOKHM METOMAIB MOJIEKYJSPHOI
O10TEXHOJIOTII Ta TEHHOI 1HXKEHepli, IO JO3BOJISIIOTH HANpaBJIEHO OTPUMYBATU
OpraHi3Mu 13 3a/IaHUMHU CHAJKOBUMH O3HAKaAMH, a TAKOXK MPOBOAHUTH CIPSMOBAHY
KOPEKI[I}0 MyTaHTHUX T'€HIB JIFOJUHHU, TOOTO T€HOTEPAIilo CHaJKOBUX 3aXBOPIOBAHb.
MonekynspHa 010J0Tis 1 T€HETMKa 3HAYHO MOIIMOWIIM YSBIICHHS JIIOJICTBA PO
CYTHICTh JKUTTS, €BOJIIOIIi JKMBOi MPUPOIU, CTPYKTYPHO-(PYHKI[IOHATHHUX
MEXaHI3MIB  PEeryNdiii I1HAMBIAYaTbHOTO PO3BUTKY. 3aBAsKA iX  ycHixam
3aM04YaTKOBAHO PO3B'sI3aHHS TI00ATBHUX TPOOIIEM JTFOICTBA, TIOB'I3aHUX 3 OXOPOHOIO
1oro reHooH Ty.

B ocranHi poku TOCTYnoBO (HOPMY€eTbCS HOBHI HampsiM, SKUH MOXHa
BIJIHECTH N0 (YHKI[IOHATBLHOI TEHOMIKHM, OCKITBKM BIH BHSBISE 3B'S3KHM MiXK
AKTUBHICTIO OKPEMHX TEHIB 1 pi3HUMHU (PyHKIisMH JroauHu. Cepesl HUX BaKIIMBE
Miclie 3aiiMa€e BUSIBJICHHS 3B'SI3KY CHEU(pIYHUX T€HIB 3 PO3BUTKOM PYXOBOi (DYHKIIII,
pucaMu OCOOHMCTOCTI, TEeMIEpaMeHTy Ta iHTenekTy. CnaakoBa OOYMOBJIEHICTb
¢d13u4HOi 00/1apOBaHOCTI, € 6€3CyMHIBHOIO. B cripaBkHiil yac BU3HAHO aKCIOMOIO, 1110
BHUCOKHX JIOCSITHEHb Y TPYAOBIM Ta CHOPTUBHIN AISUIBHOCTI, MOXE JOCSITHYTH JIMILE
TaJlaHOBUTA JIIOJIMHA, KA BOJIOJII€ MEBHUM HA0OPOM TE€HETHYHUX MEepeIyMOB 0
JAHOTO BHAY MiSJIBHOCTI. 3 YJOCKOHAJICHHSM METOIB MOJEKYJSIpHOi Oiloyorii 1
TeHETUKH, 3 SBUJIACh MOXJIMBICTh BHU3HAUEHHS (I3MYHUX 1 MCUXIYHUX 3a/aTKIB 3

BUKOPUCTAHHAM TE€HETHYHHUX MAapKepiB BXKE€ MpH Hapo[KeHHI. B 3B’s3ky 3 1uM
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BIIPOBA/KEHHS [IUX METOIB B MPAKTUKY O10JIOT1YHOI, MEIUYHOI 1 CHOPTUBHOI HAYKH
CYTTEBO MIJABUIIMUIO TMPOTHOCTUYHI MOMIJIMBOCTI TpodeciiHoi 1 CIOPTUBHOL
opieHTaIli Ta Bigdoopy.

MeTta crnpaBXKHBOTO HaBUYAJIbHOTO MOCIOHHMKA — O3HAHOMIIEHHS MalOyTHIX
daxiBiiB B o0jacti O0lojorii, MEAWIMHU, OloMeau4yHOl iHXKeHepii, (i3udHOi
peaOimiTamii Ta (GI3MYHOTO BHUXOBAHHS 1 CHOPTY 13 MOJEKYJIAPHO-010JOTTYHUMHU
OCHOBaMHU (PYHKIIIOHYBaHHS OpraHi3My JIIOJUHHU, MOJEKYJISIPHO-TeHETUYHUMU
MapKepaMHu CXHJIBHOCTI IO PO3BHUTKY 1 MPOSIBY ii (PI3MUHMUX 1 MCUXIYHHUX 3A10HOCTEH

Ta Cy4aCHUMH METOJaMU MOJIEKYJISIPHO-010JIOTTYHUX JOCIIKEHb.
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INTRODUCTION

In less than 100 years after the second discovery of the laws of Gregor Mendel
molecular biology and genetics was a triumphal path of natural-philosophical
understanding of the laws of heredity and variation in experimental accumulation of
facts formal genetics to molecular-biological understanding of the nature of the gene,
its structure and function. From the theoretical constructs of the gene as an abstract
unit of heredity - to understand its physical nature as a fragment of the DNA
molecule encoding the amino acid structure of the protein, the cloning of individual
genes create detailed genetic maps of humans, animals, identification of gene
mutations are associated with severe hereditary diseases, development of methods of
molecular biotechnology and genetic engineering, which allow getting sent
organisms with desired hereditary traits and conduct directed correction of mutant
human genes, ie gene therapy of inherited diseases. Molecular biology and genetics
significantly deepened the idea of humanity the essence of life, the evolution of
nature, structural and functional mechanisms of regulation of individual development.
Due to their success the solution of global challenges related to the protection of its
gene pool.

In recent years, gradually formed a new direction, which can be attributed to
functional genomics, as it detects links between the activity of individual genes and
the different functions of man. Among them occupies an important place due the
detection of specific genes with the development of motor function, personality traits,
temperament and intelligence. Hereditary conditionality physical talent is undoubted.
In real time considered axiomatic that high achievements in labor and sports activities
can achieve only a talented person who has a certain set of genetic background to this
type of activity. With improvement of molecular biology and genetics, it was possible
to determine the physical and mental traits using genetic markers at birth. In this
regard, the implementation of these methods in practice biological, medical and
sports science significantly enhanced predictive capabilities and professional sports

orientation and selection.

16



The purpose of this manual - to acquaint future specialists in biology,
medicine, biomedical engineering, physical rehabilitation and physical education and
sports in molecular biological basis for the functioning of the human organism,
molecular genetic markers of susceptibility to and manifestation of physical and

mental abilities and modern methods molecular biology research.
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PO3JILI I
MPEJMET I ICTOPISI PO3BUTKY MOJIEKYJISIPHOT BIOJIOTTi

MouJiekyasipHa Oiojioriss — KOMIUIEKC OIOJOTIYHMX HAyK, SKI BHBYAIOTH
MeXaH13MH 30epiranHs, Tepenadi Ta peatizamii reHeTHIHOI (CraaKoBoi) iH(opMarii,
OyJI0BY, BIACTUBOCTI 1 (DYHKIIIT HEPETYIApHUX O10MOJIMEpIB — OLIKIB 1 HYKJIETHOBUX
KHCIIOT, @ TAKOXK MOJIEKYJIAPHUX KOMILJIEKCIB (MOJIEKYJIIPHUX MAIIMH) Ha iX OCHOBI.

BunukHyBImm sk 010XiMisl HYKJICTHOBUX KHCJIOT, MOJICKYJISIpHA O10J10Tis
nepexxuiia nepiog OypXJIMBOTO PO3BUTKY BJIACHUX METOJIB JIOCITIIPKEHHS, SIKUMU
Tenep BIAPI3HAETHCA Bij 010X1Mii.

JIoCsITHEHHsT MOJIEKYJISIpHOT 010JI0Tii B Mi3HAHHI JKUBOI MPUPOAU BAKKO
MEepPEoIIHUTH. Benukux ycmixiB BAAIOCsS AOCITTH 3aBASKA BAATIM KOHLEMIIT
JOCIIKEHb: CKJIaJHI OIlOJIOTIYHI MPOLECH PO3IIIAJAIOTHCS 3 MO3MIII OKPEMHUX
MOJIEKYJIIPHUX CHUCTEM, IIO JI0O3BOJISIE 3aCTOCOBYBATH TOYHI (D13UKO-XIMIYHI METOAU
nociaipkeHHs. Lle Tako 3adyyuio B II0 Tajly3b HAayKd Oarato BEJIHMKUX YMIB 13
CYMDKHHMX HaIpsIMiB, 110 TaKOk OJarOTBOPHO BIUIMHYJIO HAa MAcIITaOM 1 MIBUAKICTH
PO3BUTKY HAyKOBUX 3HaHb y WIA Tramy3l. HacTuibku 3HauMMi BIAKPUTTS, SK
Bu3HaueHHs cTpykrypu JHK, po3mmdpoBka reHeTHYHOro KOy, IITy4YHA
crpsiMoBaHa Moau]iKaIlisi TeHOMY, TO3BOJIWIM 3HAYHO TJIMOIIE 3pO3yMITH CHEIU(IKY
MPOIIECIB PO3BUTKY OPraHi3MiB 1 YCIIIIHO BUPINIYBATH YMCICHHI HaWBaXKIWBIII
dbyHIaMEeHTaJIbHI Ta MPUKIIATHI HAYKOB1, MEIMYHI Ta COIlaIbHI 3aBJaHHS, K1 IIIe HE
TaK JIaBHO BBXKAJIMCS HEPO3B'SI3HUMHU.

MounekynsipHa 610J10Tisl SIK OKpEeMUW HanmpsAMOK O10XiMii moyana GopmyBaTHCs
B 30-x pokax wmwuHynoro cromitta. Came TOAl AJig TOTJIMOICHOTO PO3yMIHHS
dbeHOMEHa JKUTTS BUHHUKJIA HEOOXIAHICTh y HUIECOPSIMOBAHUX JOCIIKCHHSIX Ha
MOJICKYJISIPHOMY PiBHI MPOIECIB 30€peKeHHS 1 TMepeaayl craakoBoi 1HQopmarlii B
KUBUX oOpraHizMax. Tonai W BHU3HAYWIMCS 3aBIaHHS MOJEKYJSpPHOI OloJorii y
BHUBUYEHHI CTPYKTYpH, BJACTUBOCTEH 1 B3a€EMO/I1T HyKJIETHOBUX KUCIJIOT 1 OLJIKIB.

Tepmin «MonekymsipHa Oiosiorisny OyB BIEpIl€ BHUKOPUCTAHHM OpUTAHCHKUM
(i13uKOM 1 MOJIEKyJISIpHUM Oi0710r0M BinbsiMom AcTOepi B KOHTEKCTI JOCIIKEHb, 1110

CTOCYBAJIUCA 3'SICyBaHHS 3aJEKHOCTEH MDK MOJIEKYJSIPHOIO CTPYKTYpOIK 1
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¢izuyHUMH Ta OIOJOTIYHMMH BJIACTHBOCTAMHU (DIOpHIApHUX OUIKIB, TakKuX, SK
KoJareH, ¢p10puH KpoBi a00 CKOPOTIMBI OLTKH M's31B.

Ha 30p1 BunukHeHHs1 MosieKysipHoi Oiojyorii PHK BBakanmacss kommoHeHTOM
pociuH Ta rpubiB, a JIHK posrmsmanacs sk THUMOBHI KOMIOHEHT KJIITHH TBapHH.

[Tepmium pocmigaukoM, 1o goBiB, mo JHK Mictutecs B pocimHax, OyB
paasHCbKuUil 610y10T, 610XIMIK Ta OCHOBOMOJIOKHUK MOJIEKYIsipHO1 Oionorii B CPCP
AM. benozepcekuit, sxkuii BumimB y 1935 p. JHK ropoxy. Lle BigkpuTTs
BcTaHoBmiio Toi dakt, mo JJHK € yHiBepcanbHOIO HYKIETHOBOIO KHCJIOTOIO, sKa
MPUCYTHS Yy KIITUHAX POCJIHH 1 TBAPHUH.

Cepilo3HUM JOCATHEHHSM CTaj0 BCTAHOBJICHHS aMEPUKAHCHKUMH I'€HETUKAMHU
Jbxopmkem binmom 1 Enyapnom TeliteMoM mOpsMOro HPUYMHHO-HACHIAKOBOTO
3B'A3Ky MDK I'eHaMM 1 OuTkamMu. Y CBOIX €KCIIEpUMEHTaX BOHM MiAJaBajiu KIITUHU
HeipocmopiB (Neurospora crassa) peTreHOBCHbKOMY ONPOMIHEHHIO, IO BUKJIMKAJIO
MyTanii. OTpuMaHi pe3yJabTaTh MOKa3aId, 10 1€ MPU3BOAWIO 10 3MIHH
BJIACTUBOCTEH cnienudiyHuX GepMEeHTIB.

VY 1940 p. amepukancbkuii 0ioximik Anpbep Kiton BUIIIWMB 3 HHUTOILIA3MU
TBApUHHUX KIITUH nuToruiazmMatuudi PHK, o Mictunu B co6i rpanynu, ki Oynau
MEHIIIe MITOXOHApPiM. BiH Ha3BaB iX MikpocomMaMu. 3roJIoM IpH JOCIHIIKCHHI
CTPYKTYpPH 1 BJIACTUBOCTEN BUIJIEHUX YacCTOK OyJia BCTAaHOBJIEHA X OCHOBHA pOJIb B
npoteci 61ocuHTe3y Ou1Kka. Y 1958 p. Ha nepmioMy cCUMIO31yMi, IPUCBSIYEHOMY LIUM
YacTUHKaM, OyJI0 MPUWHSTO PIIICHHS] HA3UBATH 111 YACTUHKU PUOOCOMAMHU.

[Ile omHMM BaXJIMBUM KPOKOM Yy PO3BUTKY MOJIEKYJSpHOi OloJjiorii cranu
omyOmikoBani B 1944 p. nmaHi eKCHEpPUMEHTY aMEPHUKAHCHKUX MOJEKYISIPHOTO
6iosora 1 imynosiora OcBanpaa EBepi 1 monekymnsipaux 6ionorie Komina Makmnayna i
Maxknina MakKapri, siki mokaszanu, 1o npuauHor Tpancdopmartii 6akrepiit € JJHK.
Ile OyB mepmmii exkcnepuMmeHTaibHM 1Moka3 poni JHK y mepemaui cmamkoBoi
iH(pOopMaIii, po3BIHYABIINHN ICHYIOYE paHille YSIBICHHS PO OUIKOBY MPUPOIY TEHIB.

Ha mouatky 50-x pp. Oputancekuii 6ioximik @Ppenepik CeHrep mokaszas, 1110
OLTKOBUH JIAHITIOT € YHIKAJLHOIO MTOCITIIOBHICTIO aMIHOKHUCIIOTHUX 3aJTUIIIKIB.

B xinmi 50-x pp. Opurtanceki Oioximiku Makc Ilepynr 1 Ixon Kenapro

po3mudpyBaii MPOCTOPOoBY OyaoBy meprux OutkiB. Bxke B 2000 p. Oynm Bimomi
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COTHI THUCSY MPHUPOJAHUX aMIHOKHCIOTHUX MOCTIZOBHOCTEH 1 THUCSYl MPOCTOPOBHX
CTPYKTYp OLIKIB.

[Ipubnau3HO B TOM ’XK€ Yac JOCIIKEHHS aMepuKaHChKoro Oioximika EppiHa
Yapradbda mo3Bommnu oMy  chopmyiroBaTH — MpaBuWiia, M0  OMHCYIOThH
criBBigHommeHHs a.11. B JIHK, o qomomorio Hagami 3poOUTH HAMOUIBIIKMM TPOPUB Y
MOJIEKYJISIpHIN 010J10T1i 1 0/THE 3 HAOUTBIINX BIAKPUTTIB Y O10JI0T1T B3arami.

[{s Bu3HauHa moais BigOynacsa B 1953 p., Koou aMepUKaHCHKUH 1 OpUTaHCHKUINA
MosiekyisipHi 6iosioru Jlkeimc Yorcon 1 dpencic Kpuk, rpyHTyrounch Ha poboTax
Oputancbkux Olodizuka 1 peHtrreHorpada Po3zanin ®pankiin 1 6iodizuka Mopica
Binkinca mo peHTreHo-crpykrypHomy anamizy JIHK, BcTtaHOBMIM ABOXCHIpalibHY
ctpykrypy Monekymu JJHK. Ile BiAKpUTTS A03BOJIMIO BIANOBICTH HAa MPUHILIUIIOBE
MUTaHHA NpO 3JATHICTh HOCIA CHAAKOBOI 1H(pOpMAalli O CaMOBIATBOPEHHS 1
3pO3yMITH MeXaHi3M mnepenayi  Takoi iH@opmarii. [lumu x BueHumu OyB
chopMyNIbOBaHUN TPHUHIUI KOMIJIEMEHTAPHOCTI a.ll., IO Ma€ KIIOYOBE 3HAYCHHS
U1 PO3YyMIHHS MEXaHI3My YTBOPEHHS HaJIMOJIEKYJIApHUX cTpykryp. Lle mpunimm,
KU 3aCTOCOBYETHCSI TEHEp MJIsl OMHUCY BCIX MOJEKYJISIPHUX KOMIUIEKCIB, J03BOJISIE
onucyBaTH 1 1nepeadayaTd YMOBH BHUHHMKHEHHS ClaOKuX  (HEBaJIEHTHUX)
MDKMOJICKYJIIPHUX ~ B3a€EMOJIA, IO OOYMOBIIOIOTH MOXKIHUBICTh (OPMYBaHHS
BTOPUHHOI, TPETUHHOI 1 T.A. CTPYKTYpH MaKpOMOJIEKYJ, MPOTIKAHHSI CaMO301pKu
HaJIMOJIEKYJSIpHUX  OIOJIOTIYHUX  CHUCTEM, UI0 BH3HAYAIOTh TaKy  BEJIUKY
PI3HOMAaHITHICTh MOJIEKYJISIPHUX CTPYKTYp Ta iX (yHKIIIOHATBHUX HAOOPIB.

Toni x, B 1953 p. Bunuk Haykowii xypHai «Journal of Molecular Biology».
Horo ouonus J[xou Kenapio, cheporo HayKOBUX iHTEPECiB SKOT0o Y0 AOCIiIKEHHS
CTPYKTYpH rnoOynapHuX OUIKIB. AHAJIOTIYHUNA POCIHCHKOMOBHUI HAyKOBHA
KypHan miJ Ha3Bow «MonekynsipHas Ouonorus» OyB 3acHoBanuii B CPCP
paasHCHKUM 010X1MIKOM 1 MosieKyisspHuM Oiosiorom B.O. Exrensraparom B 1966 p.

VY 1958 p. @pencic Kpuk chopmyiroBaB HEHTPAIbHY JOTMY MOJEKYJISPHOT
OloJorii — ysIBIIEHHS TIPO HEOOOPOTHICTh MOTOKY TeHeThdHoi iHpopmarii Big JJHK
yepe3 PHK go OinkiB. ¥V 1970 p. us qorma Oyna Kinbka MONpaBiieHa 3 ypaxyBaHHIM
HAKOMMYEHUX 3HaHb, OCKUIbKM HE3aJIEKHO aMEPUKAHCHKUM T'€HETUKOM XOyapAoM

TemiHOM 1 aMepUKaHCHKUM O010XIMIKOM, MOJEKYJISPHUM O010JI0TOM 1 BipyCOJIOrOM
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HeiiBinom bantiMopom Oyno BIIKPUTO SIBUIIE 3BOPOTHOI TPAHCKPUIILII — MPOIIEC
yTBOpeHHs1 JnByiaHmtporopoi JIHK nHa wmartpumi oanonanmtoroBoi PHK,  skwuit
BiOYBa€ThCs y OHKOreHHMX BipyciB. IMH OyB BUsABIEHH (epMEHT 3BOPOTHA
TpaHCKpHUIITa3a abo peBeprasa, BiAMOBITAIBHUN 3a 3MIMCHEHHS 1IbOTO mporiecy. Ciif
3a3HAYUTH, 110 CYBOpa HEOOXIJHICTh TMOTOKY TEeHETH4HOi 1H(opmarii Bif
HYKJIETHOBUX KHUCJIOT J0 OUIKIB J0 IUX Mip 3aJIMIIAETHCS OCHOBOIO MOJEKYJSPHOI
61oJ0rii.

VY 1957 p. pansucbkuit 610ximik 1 Mosiekynsipauii 6iosor O.C. ChipiH cHijabHO
3 A.M. beno3epcbKkuM Mokaszaiu, 10, IPH ICTOTHUX BIIMIHHOCTAX Y HYKJI€OTUIHOMY
cknani JIHK 3 pisaux opraniszmis, ckiaa cymapuux PHK nmoaiouuii. Ha mincrasi mux
JAHUX BOHU AIMIUIM CEHCAI[IHHOTO BUCHOBKY Ipo Te, o cymapHa PHK knituau He
MOK€ BUCTYIIATH B SIKOCTI IEPEHOCHUKA reHeTH4Hoi iHpopmanii Big JAHK no Oinkis,
OCKLJIBKH HE BIANOBIJAE il 32 CBOIM CKJIaJ0M. Pa3oM 3 THM BOHHM MOMITHJIH, IO ICHYE
MiHopHa (pakuis PHK, sika moBHICTIO BIAMOBIAA€E 32 CBOIM HYKJIEOTUIHHUM CKIIAIOM
JHK 1 sixa Mo>ke OyTH ICTUHHUM NIEpeHOCHUKOM reHetnyHoi iHdopmartii Bix JJHK mo
OukiB. B pe3ynbTaTi BoHM nepen0ayiiiv iICHyBaHHS BITHOCHO HEBEIMKUX MOJEKYII
PHK, sxi € 3a OynoBow anamoramu okpemux AuistHOK JHK 1 BHKOHYIOTH poiib
MOCEPEAHUKIB TIPU Tepeaadi reHetudHoi iHdopmariii, mo wmictutbes B JIHK, B
pubocomy, € 3 BUKOPUCTAHHSIM IIi€l iHpoOpMaIlli 3M1MCHIOETbCS CHUHTE3 O1JIKOBHUX
MOJIEKYI.

Y 1961 p. mniBaeHHo-adppukancbkuMm Olonorom CimHeeM bpeHHepoM,
bpaHIly3bKUM Te€HETUKOM 1 MikpoOiojgoroMm @Ppancya XKakoOom, aMepUKaHCHKUM
Mikpobiosiorom Metbto Mecensconom 3 oaHoro 6oky 1 @. I'po, @pancya Kaxobom i
dpaniy3pkuM OioxiMikoM 1 Mikpobiosorom JXakom MoHO 3 1HIIOTO, BIEpIIE
OTPUMAHO JOCHiJHE MIATBEP/KCHHS 1CHYBAaHHS TaKUX MOJEKYJI — MaTpU4HOI abo
iHdopmaritnoi PHK. Toxi sk BoHH po3p0o0MIN KOHIIEMITO 1 MOENh (PYHKITIOHATBHOT
omuauil JIHK — omepona, sika mo3BoJMIIa TOSCHUTH, SIK camMe 3I1MCHIOETHCS
pEryJsIisa eKkcrpecii reHiB y npokapior. JlociimkeHHss MexaHi3MiB 010CHHTE3Y Oika
1 IPUHIIUITIB CTPYKTYPHOI OpraHizaiii 1 poOOTH MOJEKYISIPHUX MAIIUH — PHOOCOM —
J03BOJIHIIO C(HOPMYJTIOBAaTH TIOCTYJAT, IO OMHCYE PYyX T'€HETUYHOi 1HdopMalli,

3BaHMM LIEHTPATHHOIO IOTMOIO MOJIEKYJISIPHOT O10J10T1i.
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Y 1961 p. 1 mpoTAroM HACTYMHHUX JEKIIBKOX POKIB aMEepUKAHCHKHUMHU
OloxiMikamMu 1 reHeTukamm XalHpixom Marteem 1 Mapmamiom Hipenbeprom, a
MOTIM 1HIIACHKUM 1 aMEpUKAaHCHKUMU MOJICKYJIsIpHUM Olosiorom Xapom Kopanoii 1
6ioximikom Pobeprom Xomm Oynu mpoBeneHi Kiuibka poOIT 3 pO3MHM(PPOBKU
F€HETUYHOTO KOJy, B pe3yjibTaTi SKUX OyJ0 BCTaHOBJIEHO Oe3MocepeiHii
B3a€MO3B's130K Mik cTpykTyporo JIHK i cuaTe30M OUIKIB 1 BU3HAUYEHA MTOCIIIOBHICTh
HYKJICOTH/IIB, sIKa BU3HA4Ya€ HaOlp aMiHOKUCTOT y Ou1Ky. Takox Oynu oTpuMaHi JaHi
PO YHIBEPCAJBHICTh TE€HETUYHOro koxy. Y 1962 p. reHeTmuHuii koj OyB
po3mMppoBaHUi.

st po3BUTKY cydacHuX ysBiaeHb npo ¢ysHkuii PHK Bupimansaum Oyio
BiAKpuTTa Hekoaytounx PHK, 3po6nene 3a pesynapraramu podiT O.C. Chipina
cnuibHO 3 A.M. benosepcekum y 1958 p. 1 Uapns3om bpennepom 13 criiBaBTOpami 1
aMepuKaHCbKUM MoJieKysipHuM  Oiosorom  Conom [mireasmanom y 1961 p.
B1/IMOBITHO.

Cepiio3HUH PO3BUTOK OTPUMAIM CIOCOOM KYyJIbTUBYBaHHS Ta TiOpuau3ariii
TBAPUHHUX KJIITUH.

VYV 1963 p. ®pancya Kakodom 1 Cinneem bpennepom Oynu chopmyiaboBaHi
ySIBJICHHSI TIPO PEIUTIKOH — IOCIJIOBHOCTh HEBIJI'€MHO PEIUIIKYIOUMXCS TEHIB, IO
MOSICHIOE BAXKITMBI aCIIEKTH PEryJsilii peruiikaliii reHiB.

VY 1967 p. B naboparopii O.C. Cnipina Oyso BOepiie npoaeMOHCTPOBAHO, 1110
¢dopma kommakTHO 3ropHyToi PHK BH3Hauae Mopdosorito puboCOMHOT YaCTUHKH.

Y 1967 p. amepukancbkuM Oioximikom Aptypom KopuOGeprom, OyB
3aiicHeHui cuHTe3 IN Vitro 6iomoriuno akruBHOi JTHK.

VY 1968 p. Oyno 3pobseHo 3HauHe (PyHIAMEHTadbHE BIIKPUTTA. SAMOHCHKUN
oioximik Peitmxki Oxkazaki, BusBuBM (pparmentu JIHK Bizmcrarodoro nasirora mpu
JOCIIIKEHH] TPOIIeCy peruIikailii, Ha3BaHUMU Ha 4decTh Hei ¢parmeHTamu Okaszaxi,
yTouHuia Mexanizm pemikanii JJHK.

Y 1970 p. nesanexno Xoyapmom Teminom 1 JleiBinom bantimopom Oyio
3po0JeHO 3HaYHE BIAKPUTTS: OyB BUSBICHHI (epMEHT peBepTas3a, BIAMOBITATbHUN

3a 3JIMCHEHHS 3BOPOTHOI TPAHCKpHUIIIII — yTBOpeHHs naBoJanitororoi JIHK Ha
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Matpuili oxHosaHioroBoi PHK, sxe BimOyBaeThcs y OHKOTEHHUX BIPYCIB, IO
mictats PHK.

VY upomy x porti, Xapoit Kopanor O0yB npoBejaeHUN XIMIYHUM CUHTE3 I'eHa.

[Ile ogHUM Ba)XJIMBUM JOCATHEHHSIM MOJIEKYJISIPHOI 010J10T1i CTaao MOSCHEHHS
MEXaHI3My MyTalliii Ha MOJIEKYJISIPHOMY piBHI. ¥Y pe3yibTaTi cepii JoCHiKeHb Oyln
BCTAHOBJICHI OCHOBHI THUIIM MyTaIliii: AyIUTiKaIlii, iHBepcCii, aenemii, TpaHcaoKallli Ta
TpaHcno3uuii. lle namo MOXIHMBICTH pO3IIISAIATH €BOJIOLIMHI 3MIHH 3 TOYKHA 30Dy
T€HHUX TMPOIECIB, JO3BOJIMIIO PO3POOUTH TEOPIIO MOJEKYJISAPHUX TOIUH, sKa
3aCTOCOBYETHCS B (DLIIOTEHII.

Jo mouarky 70-x pp. Oynu cPopMysibOBaHI OCHOBHI  MPUHIUIHU
(YHKIIOHYBaHHS HYKJEIHOBUX KHCJIOT 1 OUIKIB B >KMBOMY OprasizMmi. byio
BCTAaHOBJICHO, IO OIIKM 1 HYKJIEIHOBI KHCIOTH B OpraHi3Mi CHHTE3YIOTHCS 3a
MATPUYHUM MEXaHI3MOM, MOJIEKyJa-MaTpuIli Hece B €001 3amudpoBaHy
iH(hopMaLil0 MNpo MOCIIIOBHICTh aMiHOKUCIOT (y OUIKy) abo HyKJIEOTHIIB (B
HYKJICTHOBIH KucioTi). [Tpu perutikaiiii a00 TpaHCKPHIIIIIT TAKOK MATPHIICIO CIYKHTh
JHK, npu Tpancnsaiii abo 3BopoTHiN Tpanckpuriii — MPHK. Takum unrOM, Oynu
CTBOPEHI TEOPETHUYHI TMEepeIyMOBU MJi1 PO3BUTKY MPUKIATHUX HANpPsIMIB
MOJIEKYJISIpHOT 010JI0T11, 30KpeMa, TeHHO1 1HXKEHEePIi.

VY 1972 p. amepukancbki 61oximiku Ilon bepr, I'epbept boep 1 Crenm Koen
PO3pOOMIM TEXHOJIOTII0 MOJIEKYJSIPHOTO KJIOHYBaHHs. Toai HUMM BHepiue Oyna
oTpuMmaHa B mpoOipii pekom6OiHanTtHa JIHK. I{i BMaaTHI eKCIIEpUMEHTH 3aKJIaJIH
OCHOBHM T€HHOI IHXKEHepli, a 1€l pIK BBAXKAETHCS NATOI HAPOIKEHHS ILIbOrO
HAyKOBOT'O HaNpsMY.

Y 1974 p. amepukaHCbKUMH MikpoOiogoramu ['amimproHoM CMmiTOM i
Hanienem Hatancom, Ta mBelapcbkuM MiKpoO10J0oroM 1 reHeTukoM Bephepowm
ApbGepom, Oyu BIIKPUTI pECTPUKTA3H.

1978 p. cTaB POKOM BiKpHTTS CIUIalicHHTy. MOro BiIKpHB aMepHMKaHCBHKHil
MoJieKysspHuid 6100t 1 renetuk dimin [lapm.

Y 1977 p. @penepik Cenrep, 1 HE3aJIe)KHO aAMEPHUKAHCHKI OIOXIMIKH 1

MoJIeKyJsipH1 Oiosiorn Asutan Makcam 1 Yoarep ['inbept po3pobusiv pi3HI METOAU
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BU3HAUYEHHs NEepBUHHOI CTpykTypu (cekBeHyBaHHsA) JIHK. Merox Cenrepa, Tak
3BaHUUN METOJi OOPUBY JIAHIIIOra, € OCHOBOIO CYYaCHOTO METO/ly CEKBEHYBAHHSI.

VYV 1976 p. ®penepik Cenrep po3mmdpyBaB HyKICOTUIHY MTocaiioBHICTh JJTHK
dara ¢x174 nosxxuHo0 5375 HYKICOTUIHUX TIAP.

1981p. — cepnoBUIHOKIITHHHA aHEMIS CTa€ MEPIIOK N'eHETHYHOI XBOPOOOIO,
10 JA1arHOCTY€EThCS 3a Jonomororo ananizy JJHK.

1982-1983 pp. — 3pobneno BiakpuTTa KatamitnyHoi ¢yHkuii PHK B
aMEpUKaHCBhKUX JIabopaTopisiX KaHAJChKOTO MoJeKyssipHoro Oiosora CinHes
OnTMeHa 1 amMepUKaHCHLKOrO MoJieKyssipHoro Oiosiora Tomaca Yeka. Ile 3miHmiio
ICHyIOYE YSBJICHHS IPO BHUHATKOBY pOJIb OUIKIB. 3a aHAJOTI€I0 3 KaTaIITUYHUMU
Oinkamu — ensuMamu, karanituydi PHK Oynu HazBani pubo3zumamu.

VY 1982 p. Tomacom UekoM OyB BIAKPUTUI aBTOCIUIAMCIHT.

VY 1983 p. amepuxaHchbkuil Oi0xiMiK 1 Mojekyisipuii Oionor Kepi Myric
BIJIKpUB TIOJIIMEpa3Hy JAHIOroBy peakuito — [IJIP, 3aBasku sKiid cTamo MOKJIMBO
MITYYHO 3HAYHO 30UTHIIUTH KUIbKicTh Mosiekyn JIHK B po3uuHi 1j1si mojaibIioi
pobotn. Ha choromHimHiA JeHb II€¢ OJWH 3 HAWOLIBII BaXJIMBUX METOJIB
MOJIEKYJIAPHOT O10JI0T1i, HI0 3aCTOCOBYETHCS NPU BUBYEHHI T'€HIB, T€HETUYHOMY
BCTAHOBJICHHI OCOOM 1 BCTaHOBJICHHI CIOPIJHEHOCTi, JOCIIJDKEHHI CIaJKOBUX 1
BIPYCHHMX 3aXBOPIOBAHb 1 T.II.

VY 1990 p. onHOYacCHO TppOMA IpyrHamMu BYe€HUX OyB OMyOI1KOBAHHUI METO/, 1110
JI03BOJISIB IIBUJIKO OJIEP>KYyBaTH B J1abopatopii CUHTETUYH1 (PYHKI[IOHAIBHO aKTUBHI
PHK (wTyuni pubo3umu abo MOJEKYIH, Ki B3a€EMOIIIOTH 3 PI3HUMHM JITaHAAMH —
antamep). L{eit MmeTo oTpuMaB Ha3By «EBOJIIOIIS B MPoOipi». A He3abapoM MicIs
poro, B 1991-1993 pp. B mabopatopii pociiickkoro MosexyispHoro oOiomora A.b.
YerBepiHa Oyrna €KCIIEPUMEHTAJIbHO MOKa3aHa MOXJIMBICTh ICHYBaHHS, PO3BUTKY 1
amruridikarii monekyn PHK y dopmi kosoHiit Ha TBepaux cepenoBuIax.

Y 1996 p. OpuTaHCHKUMHU reHeTuKaMu 1 eMOpiojioramu SAnom
Binmyrom 1 Keittom Kemnbenom OyB yCHIIIHO NPOBEACHUM EKCIIEPUMEHT IO
TreHEeTUYHOMY KJIOHYBAaHHIO TBapHHU. B pe3ynbTaTi JaHOrO €KCIEpPUMEHTY Ha CBIT

3’sBujach BiBI Jlooi — mepin TBapuWHA, OTpUMaHa 3 T€HETHMYHOrO0 KOJy I1HIIOi
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JA0pOCToi ICTOTH NUISIXOM TE€HETHYHOTO KIOHyBaHHA. Ll BHM3HauHa mofis craja
PEBOJIIOIIEI0 Y TEHHIN 1HXKEHEPII.

Y 1998 p. npakTUYHO OJHOYACHO aMepUKaHChKI TeHeTuku Kpeir Memo 1
Enpapro @ailep omucanu croctepirarouuiics pasimie MpyU T'€HHUX EKCIepUMEHTax 3
Oaktepissmu 1 kBiTamMmu MexaHi3M PHK-intepdepentiii, nmpu sKoMy HeBeluKa
naBonanioropa Monekyna PHK  mpusBoauts 10 crenuiyHOrO MpUAYIICHHS
ekcripecii reHa. Binkputts mexanismy PHK-inTepdepenii mae myxe BaxiInBe
NpaKTUYHE 3HAYEHHs JUIsl Cy4acHOi MoJIeKyJsipHoi Oiosiorii. Lle siBume mupoko
BUKOPHUCTOBYEThCSI B HAYKOBHX EKCIICPUMEHTaX B SKOCTI I1HCTPYMEHTY IS
«BUKIIOUEHHS», TOOTO, MPUAYIICHHS eKcrpecii okpeMux reHiB. Oco0nuBuil iHTEpecC
BUKJIMKAHUW TUM, 110 IIeH crociO J103BOJISE 3A1MCHIOBATH OOOPOTHE (THUMYACOBE)
NPUIYIICHHST aKTUBHOCTI  JOCHIPKYBaHUX TeHIB. BeayThcs  JOCHIIKEHHS
MO>KJIMBOCTI 3aCTOCYBaHHSI I[LOTO SIBUINA JIJISl JIIKYBaHHS BIPYCHHMX, MYXJIUHHUX,
JIEreHepaTUBHUX 1 META0OIIYHUX 3axBoproBaHb. Ciig 3a3HauuTH, 110 B 2002 p. Oynu
BIJIKpUTI MYTaHTH Bipyca mojiomienity, 3natHi yaukatu PHK-intepdepenii, Tomy
noTpiOHa Ie KIOMITKa poboTa uisi pO3poOKU MIHCHO €(PEeKTUBHUX METOIB
JIKYBaHHS Ha OCHOBI L[bOTO SIBUILA.

VY 1999-2001 pp. nekinpbkoMa rpymnamMu JOCHITHUKIB BU3HAYEHA 3 JIO3BOJIOM BiJT
5,5 10 2,4 A ctpykrypa 6akTepiansHOi pu6ocoMH.

VY 2001 p. BUeHUMH 3 MIKHAPOJIHOTO KOHCOPLIYMY 1 TPyIu aMEpPUKAHCHKOTO
reHetuka 1 Olonora Kpeiira Bentepa y HailaBTOPUTETHININX HAYKOBUX >KypHAaJlax
cBity «Nature» Tta «Science» Oynu omyOJIiKOBaHI MEpPIIl JaHl MPO F'eHOM JIIOJAUHHU.
[ToBHui1 renom OyB onyOikoBaH y 2003 p. [lybnikyBanHus O0yso 3akiHueHo y 2006 p.

o 2006 p. «Protein Data Bank» (PDB) mictuB maHi mpo mTpOCTOpOBY
ctpykTypy 40000 6151KiB.

KonTpoubHi nMTAaHHSA
1. o BuB4ae MoJekysipHa 61070r1s5?
2. Konu monekysipHa 6ioJorisi movana GopMyBaTHCs, IK OKPEMUI HAPsSIMOK
010x1Mii?
3. Konu 1 kum Oyna BCTaHOBIIEHA IBOXCIipanbHa CTpyKTypa Monekyinu JJHK?
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4. Komu 1 kum Oyna chopMynnioBaHa LIEHTpaJIbHA JOrMa MOJIEKYJISIpHOi 6105101117

5. IlepepaxyiiTe OCHOBHI BIAKPUTTS y cepl MOJCKYISIpHOT 010J10T1i.
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PO3JILI I
CTPYKTYPA I OPTAHI3AIIISA TEHETUYHOT'O MATEPIAJTY

I'maBa 1. CtpykTypa XxpoMocom

1.1. Byaosa xpomocom

Xpomocomu (rpeu. ypdOpo — KoJip 1 oOPO — TiNO) — HYKICONMPOTEiTHI
CTPYKTYpPH B SJIp1 €YKAPIOTUYHOI KIITUHU (KJIITUHH, IO MICTUTH SIAPO), SIKI CTAIOTh
JIETKO MOMITHUMHU y TIeBHUX (ha3zax KIITUHHOTO MUKy (IT1]1 4ac MITO3y — HEMPSIMOTO
MOJIUTY KJIITHH, 200 MEH03y — JIBOXCTYIIOBOTO MOJIITY KJIITHH).

XpoMocoMHU €yKapioTiB MalOTh CKJIAIHy OynoBY. Y HHUX 30C€pe/keHa Ouiblia
YacTHHA CMaJKOBOI 1H(pOpMaIIii.

XpOMOCOMH MPEACTABISIIOTH COOOK0 BUCOKUI CTYMHIHb KOHJEHCALlli XpPOMATUHY
— pedoBuHH, sika noeanye B co61 JIHK, PHK 1 6inkwu.

XpoMaTuH — 1€ JI€30KCUPUOOHYKIICONPOTEi I, 110 BUSBIISIETHCA 1] CBITJIOBUM
MIKPOCKOIIOM Y BHWIJISiII TOHKUX HUTOK 1 TpaHyld. Y TMpoIeci MITO3Y XPOMATHH
IIUISIXOM CIIipaizaiiii yTBoproe 100pe BuauMi (0co0auBo B MeTadasi) CTpyKTypH, 110
IHTEHCUBHO 3a0apBJIOIOTBCS — XPOMOCOMH. XpPOMAaTHH TOCTIMHO MTPHUCYTHIN B
KIITUHHOMY  s7pl. SIKIO XpoOMaTWH YNaKOBaHUW IIUIBHO WOTO HA3MBAIOTh
KOHJIEHCOBaHMM a00 rerepoxpoMathuHoM. Bin no0Ope crnocrepiraeTbcs MiAg
MmikpockoroM. JIHK, mio 3HaxoguThcs y TeTEpOXpOMATHHI HE TPAHCKPUOYETHCH,
3a3BUYal 1€ CTaH XapaKTepHUH I HE3HAUyImMX abo IISHOK, IO «MOBYATH». Y
iHTepda3l TeTepoXpoMaTUH 3a3BUYail  pPO3TAIIOBYEThCS MO mnepudepii  sapa
(mpucTinkOoBHI TeTepoxpoMaThH). [loBHa KOHAEHCAIiSI XPOMOCOM BiOyBa€eThCs
nepes MoJIIJIOM KIITHHHU. SIKIO0 XpOMaTHH yNaKOBaHUM HEILJIbHO, HOTO HAa3UBAIOTh
ey- abo iHTepxpomaTuHoM. lleli Bua XpomarTuHy Ha0araTo MEHII IIUIbHUNA MpU
CIIOCTEPEKEHHI TiJi MIKPOCKOIIOM 1 3a3BUYail XapaKTEPHU3YEThCS HASBHICTIO
TPaHCKPUNIIAHOT akTUBHOCTI. LI[iIbHICTh YNAakOBKM XpOMaTUHy 0OaraTo B 4OMY
BU3HAYAETHCS MOAU(IKAIISIMA CIEIiaTi30BaHNX OUTKIB TICTOHIB — allETUIIOBAHHSM 1

dbochopumoBaHHSIM.
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licronn — ne Outku 3 MosekyssipHolo Macoro 11-21 k/l, mo micTsaTe Oaratro
3QJIMIIKIB aMIHOKHUCJIOT apriHiHy 1 jdi3uHy. [loCiioOBHICTh aMiHOKHMCIIOT TICTOHIB
BHCOKOKOHCEPBATMBHA 1 MPAKTUYHO HE PO3PIZHAETHCS B CaMHUX pPI3HUX TIpynax
Oprasi3miB. 3aBISKHA TMO3UTHBHOMY 3apsily TICTOHH YTBOPIOIOTH 10HHI 3B'SI3KH 3
HEraTUBHO 3apskKeHUMHU (ochaTHUMU Tpymnamu, pO3TAlllOBAaHUMM Ha 30BHIIIHINA
ctoponi noxagiitHoi cmipam JJHK. Icuye 5 Tumis rictonis: HI1, H2A, H2B, H3 1
H4. B sapi K0XHOI KIITHHH TPUCYTHI Onm3bko 60 MITH. MOJEKYNT KOXHOTO
TUIy TICTOHIB, a 3arajbHa Maca TiCTOHIB mpubau3HO AopiBHIOE BMicTy JIHK.
AMIHOKHCIIOTHI 3aJIMILKHU JII3UHY, apTiHIHY 1 KIHIIEBI aMIHOTPYIU TICTOHIB MOXYTb
MoaudikyBaTucs: areTwioBatuca, (ocdopmioBatucs, MeTUIIOBAaTUCA — abo
31MCHIOBATH B3a€EMO/III0 3 OUTKOM YOIKBITUHOM (HETICTOHOBHI O1710K). Moaudikarii
OyBarOTh 3BOPOTHHMH 1 HE3BOPOTHHMH, BOHM 3MIHIOIOTH 3apsj 1 KOH(pOopMario
TICTOHIB, a II¢ BIUIMBAa€ Ha B3a€MOJII0 TICTOHIB MiX co0o0r0 1 3 JJHK. AxTuBHICTB
(epMEHTIB, BIAMOBIJATBHUX 3a MOJI(IKalll, PEryIOeThCA 1 3al€XKHUTh Bl CTali
KJIITHHHOTO 1UKJIa. Moaudikaiii poOasiTe MOKIMBUMU KOH(MOpMaIliiiHi epe0yaoBu
XpoMatuHy. Y sapl €yKapiOTHYHO! KJIITHHH TPHUCYTHI COTHI HAMpPi3HOMAaHITHIIIMX
JHK-3B's3ytounx HerictoHoBuX OUIKiB. KoxeH OIIOK KOMIUIEMEHTapeH NEBHIM
nociigoBHocTi HykieoTuaiB JJHK (caitt JIHK). Jlo 1mi€l rpynu BiTHOCATH CIMEWCTBO
caiT-crienpiyHUX OUIKIB TUIY «IMHKOBI Mayibli». KOXEH «IIMHKOBUN MajeIby»
BITI3HAE MEBHUW CaWT, KWW CKIIAJIAEThCS 3 5 HYKICOTHUAHUX map. [HIe ciMercTBO
caiT-cnenudiyHuX OIKIB — ToMoauMepu. @parMeHT Takoro OiJika, 10 KOHTAKTYE 3
JHK, mae cTpykTypy «cCHipaib-IOBOpOT-CHipaiby. Jlo Tpynu CTPYKTypHHX Ta
PEryJISTOPHUX OUIKIB, SIKI MOCTIHHO acoIiiiOBaHI 3 XpOMAaTHHOM, BIIHOCSTH OUIKU
BUCOKOI pyxomocTi — HMG-6inku (anri. high mobllity gel proteins). Bonu maroTh
MoJIeKysipHy Macy MeHmie 30 kJ[ 1 xapakTepu3yrTbCsl BHCOKHM BMICTOM
3apsAKEHUX  aMIHOKHMCIOT. 3aBAsSKU HEBEIHMKiNA MoJekyisapHii maci HMG-6inku
MarTh BUCOKY pyXJUBICTh Tipu enektpodopesi B [IAAI. Jlo HerictToHOBUX O1JIKIB
HaJeXaTh TakKoX (EepMEeHTH peruTikarii, TpaHCKpPUMIi 1 pemapaiii. 3a y4acTio
CTPYKTYpPHUX, PETYIATOPHUX OLIKIB 1 (pepMEHTIB, IO NPUUMAaIOTh Y4acTh y CHHTE31

JJHK 1 PHK, HuTka HyKJI€OCOM TMEpPETBOPIOETHCS HAa BHUCOKOKOHJEHCOBAHMI
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komruiekc OukiB 1 JIHK. Y1BOopena ctpykrypa B 10000 pa3iB KOpoOTIIE€ BHX1THOT
monekynu JIHK.

BBakaeTbcs, 110 B siApi ICHYIOTh TaK 3BaHl (yHKIIIOHAIBHI JJOMEHU XPOMAaTHHY
(IHK omnoro nomeny wmictuth mpubiam3Ho 30000 m.m.), ToOTO KOXHA JiISHKA
XPOMOCOMH MA€ BIIACHY «T€PUTOPIION.

OCHOBY XpOMOCOMHU CTaHOBUTH JIiHIHHAa (HE 3aMKHyTa B KUIbIIE)
MakpomoJiekyna JIHK 3naunoi nosxunu (Hanpuknaa, y Mmojiekynax JJHK xpomocom
JIOWHYU HaiuyeThes BiA 50 10 245 MIH. ILIL). Y PO3TATHYTOMY BUIJISI JOBKHHA
XPOMOCOMH JIFOJTMHU MOXKE CSITaTh 5 CM.

Jlo ckimamy XpoMOCOMH BXOJATH I'ATh TICTOHIB 1 s HETICTOHOBUX OLIKIB.
Yorupu ricronn H2A, H2B, H3 1 H4 yrBOproroTh OKTaMEpHUIl OUTKOBHI KOMILIEKC
(H2A, H2B, H3, H4)2, xoTpuii Ha3uBarOTb OKTOMEPOM a00 HYKJIEOCOMHHUM KOPOM.
OxTOMep CKIIaJaeThCsl 3 BOChMU O1TKoBUX 100y, Monekyna JJHK «HakpyuyeThes»
Ha TIOBEPXHIO TCTOHOBOTO OKTamepy, 3iikcHioroul 1.75 obGopory (6mm3bko 146
n.H.). Takuii komiuiekc TricroHoBMX OinkiB 3 JIHK  cayXuTh OCHOBHOIO
CTPYKTYPHOK OJIMHUIICK0 XPOMATHHY, SKYy Ha3uBaroTh Hykieocoma. JIHK, mo
3B'I3y€  HYKJICOCOMHI YaCTUHKH,  HA3UBAIOTh  JIIHKEPHOIO JHK. V
cepenuboMy  siHkepHa JIHK cranoButs 60 map H.3. Monekynu ricrona Hl
3B's13yt0Thes 3 JJHK B MiXkKHYKIIEOCOMHUX AUISTHKAX (JIHKEPHUX MOCTIAOBHOCTAX) 1
3aXMIIAOTH 11 JTUISHKA BiA J1i HyKjea3. B nuiomy BCs KOHCTPYKIIIS TPOXH Harajaye
HamucTa. [loCmimOBHICTh 3 TakKuMX HYKJIEOCcOM, 3'eqHaHuX OinkoMm HI, HazmBaeThcs
HyKJIeo(11aMeHTOM, a00 HYKJICOCOMHOIO HUTKOIO, AlaMeTpoM Osin3bko 10 HM.

VY pannii iatepdasi (dpaza G1l) ocHOBY KOXHOI 3 MaWOYTHIX XPOMOCOM
cranoBuTh onHa Mmoisekyna JIHK. ¥V ¢aszi cunresy (S) monexynun JJHK Bxogsats y
npolLec perunikamii 1 moJBoIThCA. Y Mi3HiN iHTepda3i (da3za G2) ocHOBA KOXKHOI 3
XpOMOCOM CKJIAJa€eTbcst 3 NBOX iaeHTHuHuUX Monekyn JHK, mo yrBopummcs B
pe3ynbTaTi perumnkamii 1 3'€IHaHUX MDK Cco000 B pailloHI IEHTPOMEPHOT
nocmioBHOCTI. [lepen mouyaTkoM TONUTY KIITHHHOTO SApa XpOMOCOMa, IO
Mpe/cTaBlIeHa Ha 1€l MOMEHT JIAHIIIO)KKOM HYKJIEOCOM, MTOYMHAE CIipaTi30ByBaTHUCH,
a00 yMmakoBYBaTHCS, YTBOPIOIOYM 3a jgomomororw Oinka HI1 Oinkm  ToBCTYy

XpOMaTUHHY HUTKY, a00 XpomaTuny, aiamerpom 30 HM.
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Xpomatuaa — 1e  Ae30KcupuOOHyKieonporein. MeradasHa xpomocoma
CKJIQZIA€EThCS 3 JIBOX CECTPUHCHKUX XPOMATHJI, 3'€AHAHUX OJHA 3 OJHOIO B 00JACTI
NEPBUHHOT MEPETHKKU — LIEHTPOMEPHU. Y pe3yJIbTaTl MOAAIBIIOT cripaizallil JiaMeTp
xpoMatuau gocsrae o 4vacy Meradazu 700 HM. 3HayHa TOBIIMHA XPOMOCOMH
(mamerp 1400 HMm) Ha cTanii MeTtadaszu A03BOJISE, HAPEIITI, MOOAYUTH 11 B CBITJIOBHIMA
Mmikpockon. KonmeHcoBana xpomocoma Mae Burisg gitepu X (4acto 3
HEPIBHUMH IUIEYMMA), OCKIIBKA JBI XpOMATHAM, IO BUHHUKIM B pe3yibTari
perutikariii, sk 1 paHimie 3'€lHaH1 M cCOO00 B pailoH1 IIEHTPOMEPH.
LlenTpomepa — 1e 0COOJMBMM YMHOM OpraHi3oBaHa IUISHKA XPOMOCOMH,
CHUIbHA JUIsl 000X CECTpUHChKUX XpoMatui. LleHTpoMepa AiIuTh TIJI0 XpOMOCOMHU Ha
NBa 1ieya. B koxxHIN XpoMOCOMI BUAUISIOTH KOPOTKE (p) 1 10Bre (q) miiedi.
VY 3aieXHOCTI BiJl PO3TAlllyBaHHsI MEPBUHHOI NEPETSHKKU PO3PI3HSIOTH TaKi
TUIIN XPOMOCOM:
> PpaBHOILIEYOBi (MeTaneHTPUYHI), KOJIA LIEHTpOMEpa  pO3TallOBaHa
nocepeuHi, a  IuUiedl OpuOJM3HO  PIBHOI JOBXHHH. XpoMocoma Mae V-
noaioHy popmy;

> HepaBHOIUIeYOBi  (cyOMeTraueHTpu4Hi), KOIM  IIEHTpOMEpa 3MillleHa
Bl CEpPEIMHHU XPOMOCOMH, a IIJIe4l HEpIBHOI OBXKUHU. Xpomocoma Mae L-
noaioHy dhopmy;

> NajJu4yKomogioHi (aKpoumeHTpPUYHi), KOJIM TIICHTpOMEpa  3MilleHa JI0
OJIHOTO  KIHII XPOMOCOMH 1 OJTHE TUIeUE AYKE KOPOTKE.

Y  nmeskux XpoMocoMax MOXYTh OyTH BTOPHHHI TEPETSDKKH, IO
BIJJOKPEMJTIOIOTH BiJ] TLIa XpPOMOCOMH JUISHKY, 3BaHy CYIyTHHUKOM, a00 CaTeNliTOM.
XpOMOCOMH, MI0 BOJOIIOTh CYNYTHUKOM NPUHHATO TMO3Hayatu sk SAT-

XpOMOCOMH.

1.2. Xpomocomni abepauii
XpomocomHui abGepamii (XpoMocoMHi MyTamii) — 1€ BHYTPIIHBO- 1
MDKXPOMOCOMHI CTPYKTYpHI Tepe0yqoBH, IO CYMPOBOMKYIOTHCS MOPYIICHHSIM
nopsiAKy hparMeHTIiB XpOMOCOM.

Jlo xpoMocoMHUX abepaliiii BiZHOCATHCA:
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> nedenii (J1aT. deletion — 3HMIEHHS) — BTpaTa AUITHKH XPOMOCOMH.

Po3pi3HaoTh  TepMmiHalbHI  (BTpaTa KIHIEBOI MJUISHKHM XPOMOCOMHM) 1

IHTepKAJISIpHI (BTpaTa JUISHKHA Ha BHYTPINIHINA JUISHII XpOMOCOMHU) JCJEIIii;

> pymiaikamii (s1at. duplicatio — moABO€HHsI) — MMOJBOEHHS JUISTHKA XPOMOCOMH,
1110 MICTUTH I'€HHU,

> iHBepcii — TOBOPOT OKpeMuxX JUISTHOK XpomocomMu Ha 180°. Po3pi3HAIOTH
napaneHTpuuHy (iHBepTOBaHUN  (parMeHT IeXHTh 1O OJuH OIK  BiX
IIEHTpOMEpH) 1 TepileHTpUUHY (IHBEPTOBAHUM (PparMeHT JEXKHUTh IO Pi3HI
CTOPOHM BiJ LIEHTPOMEPH ) 1IHBEPCIi;

> TpaHcJaokamii — OOMIH JiJISHKaMH XPOMOCOM, IIPH SIKOMY BiJIOyBaeThCs
MepeMINIEHHs TEHETUYHOro matepiany Oe3 Woro BTpaTH, abo 3 BTpaToIo.
Po3pizHstoTh 30aancoBaHl, a0 PEUUIIPOKHI TpaHCIOKallli (1B1 HETOMOJIOTIYHI
XpPOMOCOMH  OOMIHIOIOTBCS  JIUISHKAMH 0€3 BTPAaTH T'eHETHYHOI0 MaTepiaiy),
POOEPTCOHIBCHKI TpaHCIOKAIli (BI HETOMOJIOTIUHI XPOMOCOMH OO0'€THYIOThCS
B OAHy Oe3 BTpaTH TE€HETUYHOTO Marepianxy), TPaHCHO3MIi  (mepeHeceHHs
JTIJISHKA XpOMOCOMHM Ha  1HIIIE MiCIle Ha OJHIM Xpomocomi 0e3 BTpaTu
TCHETUYHOTO Marepiainy), He30aJaHCOBaHI TpaHCIOKAIii (MPUCYTHIH 3aiBHiA
dbparMeHT oJiHI€T XpOMOCOMHU Ta/ab0 BTpauyeHa YacTHHA T€HETUYHOTO MaTepiary
IHIIOT XPOMOCOMH) 1 JEUMHTPUYHI TpaHCIOKaIii (YTBOPIOEThCS IAUIEHTPUYHA
XPOMOCOMA 3 BTPATOI TCHETUYHOTO MaTepiany).

JinsHKa, 10 TEpPeMINlyeThCss B PE3yNbTaTli TPAHCHO3MUINT HOCUTH Ha3BY
TpaHCIO30HY. TpaHCro3oHM OylId OTpPUMaHI aMEPUKAHCHKUM TE€HETHUKOM
bap6aporo Maxk-Kimiatok B 1951 p., 3a mo B 1983 p. Bona otpumana HoGemBcbky
npemito 1o (i310JI0Tii 1 METUIIHUHI.

Po3pi3HAIOTH Ba KIIaCH TPAHCTIO30HIB:

> PpeTPOTPAHCNHO30HHU, SIKi TICPEMINIYIOThCS [0 TEHOMY IINITXOM 3BOPOTHOL
TPaHCKPUIILIi;

» JHK-TpaHcmo3oHHM, SKi TICPEMINIYIOTbCS [0 TEHOMY NUIIXOM MPSMOTO
BHUpI3aHHS 1 BCTAaBKH 3 BHKOPHUCTAHHSM KOJYEMOTO TPAHCIIO30HOM (epMeHTy

TPaHCIIO34a3U.
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Cepen MyTallii TakoX PO3PI3HSIIOTH YTBOPEHHS 130XPOMOCOM 1 KUTBIIEBUX
XpOMOCOM.

I30xpomMocoMu — 1€ aHOMaJbHI XPOMOCOMH, SIKIi YTBOPIOIOTHCS Ha CTaii
aHada3u TOAUTY KIITHH, KOJH IIEHTpOMEpa IMOIUIIEThCS TOPU3OHTAIBLHO, a HE
MIOJTIOBXKHBO. B pe3ysbTaTi yTBOPIOETHCS OJTHA XpOMOCOMa 3 IBOMA JIOBTUMH IIJICYHMA
1 0JTHA 3 IBOMa KOPOTKUMH.

KisibueBa xpomMocomMa BUHHUKAE B TOMY BHMAAKy, KOJIH PO3PUBH
CIIOCTEPIraloThes B 000X IIIEYax SKOICh XpOMOCOMH. ATEHTpUYHI (PparMeHTH MpHU

ObOMY BTPA4YAIOTBHCs, @ HCHTPAJIbHA YaCTHHA XPOMOCOMH 3aMHUKAETLCS B KiJ'IBI_[e.

1.3. Kapiorun Jroauuu

Kapiotun — 1nie cykynHicTh O3HaK (KUIbKICTh, po3Mipu, ¢opma 1 T.A.) MOBHOTO
HAO0Opy XpOMOCOM, MpPUTAMaHHA KJIITHHAM JAaHOTO O10JIOTIYHOTO BHUAY (BUIIOBUU
KaplOTHUIl), JAHOTO OpraHi3My (1HAUBIIyaJIbHUIM KapioTUIl) a0o JiHIi (KJIOHY) KIITHH.
KoxHa kimiTHHA Tina JIOAUHU MICTUTH 46 XpoMOocoM. XpOMOCOMH 3aBXkAHM MapHi.
Takum yMHOM B KIIITHHI 3HAXOAUTHCS 23 mapu XxpoMocoM. [lapu BiApI3HSAIOTHCS MiX
cobor0 3a po3MipoMm, (opmMor0 1 po3TallyBaHHSAM LEHTpoMmep. 22 mapu
TOMOJIOTIYH1 OJIHAa OJHIN — ayrocomu 1 onHa mapa (X 1 Y) — crareBi XpOMOCOMH.
HasBHicTh Y-XpoMOCOMH YCIAIKOBYETHCS BUKJIIOYHO MO OaThKiBChKiH siHIl. Came
BOHAa BHM3HAYa€ 4YOJIOBIUY cTaTh 0co0i. B mpomeci ramerorene3y BinOyBaeThCs
BUIIAJIKOBE PO3XOJ/KEHHSI TOMOJIOTIYHUX XPOMOCOM B MEHO031, 1 B KOXHIM 3pisii
CTaTeBIN KIITHHI (TaMeT1) 3aJIMIIAIOTHCS TUIBKU 23 XpOMOCOMU — raruioifHUN Haoip.
[Ipy nboMy B KOXHIM rameTi 3ajMILAETHCS JIMIIE OJHA CTaTeBa XPOMOCOMA.
B SHNEKINTHHT  — T X-XpoMOcoMa, TOJII SK CIIEPMAaTo30iIH 3 PIBHOIO
AMOBIPHICTIO HECYTh SIK X-, Tak 1 Y-xpoMocomy. TakuM 4MHOM cTaTh MalOyTHHOI
0co01 JIeTepMIHYEThCS TEHOMOM criepmaTo3oimy. [lpu 3ammigHeHH! IUTIIOiMHUN
Ha0lp XpOMOCOM BiJIHOBIIFOEThCH.

[Ipn 3ammci HOPMaJIBHOTO KapiOTHUIy I1HAMBIAYyMa BKa3ylOTh 3arajibHy
KUIBKICTh XpPOMOCOM 1 THII CTaTeBUX XpOMOCOM. TakuMm YHWHOM, HOpPMaJIbHHIA

kapiotun 4dojoBika — 46,XY, a xiHku — 46,XX. ['eHOM 40JIOBiKa CKIAga€eThCs 3 25
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XPOMOCOM (TPYII 34ETICHB), 22 3 IKHX — ayTOCOMH, 2 — cTaTteBi Xxpomocomu (X 1Y) 1
1 — witoxonapianeHa (MTIHK). ¥V xiHOK mapa X-XpoMOCOMH PO3TJISIAETHCS SIK
0JIHa, TOMY T'€HOM >KIHKH CKJIaJa€ThCs 3 24 XpoMocoM. B KOXHIM KJIITHHI NPUCYTHI
nopsiaka 1000 MiTOXOHAPiHN, a B KOKHOMY MITOXOHJIPIOHI MIiCTUThCS TpuOian3Ho 10
KUIBIIEBUX MITOXOHAPIAIbBHUX XpoMocoM. Takum unHOM, B KiliTUHaX npucyTtHi 10000
Komii MiToxoHApianbHux XpomocoM. MTJIHK ycmagkoByeTbes BHKIIOYHO TIO
MaTEPUHCHKIN TiHii.

Jlns mporielypy BU3HAUYCHHS KapiOTUIY MOXKYTh OyTH BHUKOPUCTaH1 OyIb-sKi
MOMyJIsALIi KIITUH, SKI JUISTBCSA, [ BU3HAYEHHA JIIOACBKOIO  KApIOTHUILY
BUKOPUCTOBYETHCSI a00 OJHOSIEPHI JICUKOIMTH, OTPUMaH1 3 MPOOU KPOBi, PO3MOALI
AKUX TPOBOKYETHCSA JIOAABAaHHSAM MITOr€HIB, a00 KyJIbTYypU KIITHH, IO aKTHUBHO
IasThess B HOpMi (p10po0aacTy WIKIpH, KIITHHH KICTKOBOTO MO3KY). 30aradyeHHs
MOMYJIAIIl KIITUHHOI KyJIbTYpPH MPOBOAMUTHCS 3YMUHKOIO MOAUTY KIITHH Ha CTajil
Meradaszu MITO3y JOAABAaHHSAM KOJXILUHY — alKaloily, o OJOKye YTBOPEHHS
MIKpOTPYOOUOK 1 «pO3TATYBaHHS» XPOMOCOM [I0 TMOJIOCIB TOAUTY KIITHHH 1
MEPEIIKO/KAE TUM CaMHM 3aBEpIICHHIO MITO3y. OTpuMaHl KIITHHH B CTajli
Metadaszu PikcyroTbes, papOyroTbes 1 poTorpadyroTbes Mg MIKPOCKOIIOM; 3 HA0Opy
onepxkaHux ¢dotorpadiii popmMyeTbcsi CHCTEMATU30BAHUIN KaplOTUIT — HyMEPOBAHHIMA
Ha0Ip Map roMoJIOTIYHUX XPOMOCOM (2yTOCOM), 300paKEHHS XPOMOCOM TIPH I[bOMY
OpIEHTYETHCS BEPTUKAIBHO KOPOTKUMH IUICYMMAa Bropy, iX HyMeparlisi MpOBOIUTHCS
B TOpSIIKY yOyBaHHS PO3MIpiB, Mapa CTaTeBUX XPOMOCOM MICTUThCA B KIHEIb
Haoopy.

[Iporiec BuBYEeHHS OyAOBH 1 KUIBKOCTI XpOMOCOM, 1 rpadidyHuil 3amuc
pe3ynbTaTiB (BU3HAUEHHS KapIiOTUIy) HOCHUTh Ha3By KapiOTHUIMYBaHHS (QaHIL
karyotyping). BisyasibHe mogaHHs MOBHOTO KapioTHITy HA3WBAIOTh KapiorpaMoro.

Jlnst oTpuMaHHS KJIACMYHOTO KaplOTHUIy BUKOPUCTOBYETHCS 3a0apBIICHHS
XpOMOCOM pI3HMMHM OapBHUKaMu ab0 iX CcyMillaMu: y CHUJIY PO3XOJKEHb Y
3B'sI3yBaHHI OapBHMKA 3 PI3HUMHU JUISHKAMH XpoMocoM ¢apOyBaHHS BigOyBaeThbCs
HEpPIBHOMIPDHO 1  yTBOPIOETHCSA  XapakTepHa  Iojlocata  CTPYKTypa,  sKa

npeACTaBisie  CcO00I0 KOMILIEKC TONEpPEeYHUX MITOK, abo cMyr — OeH/iB (aHrJl.
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banding). Ilpu ¢apOyBaHHI XpOoMOCOMH B HIM BU3HAYAIOTHCS TAKOX MIACMYTH
(cybemyru, abo cyOOeH 1) 1 I ICMYTH.

BizyasibHe = MOJlaHHS  TMOBHOIO XPOMOCOMHOTO Ha0opy y BUIJIAII
M0JI0CAaTOl CTPYKTYPH HOCUTDH HA3BY igiorpamm.

CrpykTypa OeHiB BioOpakae JiHIMHY HEOJHOPITHICTb XPOMOCOMHU 1
crenudiyHa i TOMOJOTIYHUX Map XPOMOCOM Ta iX TUISTHOK (32 BUHATKOM
noJiMoppHUX paiioHIB, J€ JIOKANi3yIOThCS PI3HOMAHITHI aJjiebHI BaplaHTH
reHiB). [lepmmii MeToa 3ab0apBlIEHHS XPOMOCOM, IIIO J03BOJIE OTPUMATH TaKl
BHCOKOJICTaI130BaH1 300paxeHHs, OyB pO3pOoO0JICHUN MIBEACHKUM ITUTOJIOTOM
Kacnepconom. Leit METOJ OTpUMaB Ha3BY Q-3a0apBieHHS.
BukopuctoBytoTbes 1 1HIII  OapBHUKU.  Taki METOIUKH OTpUMAIH
3araJpHy  Ha3By  AudepeHuiaabHoro (papOyBaHHS XPOMOCOM.

[TopiBHSIHHA KOMIUIEKCIB O€HJIB B KJIACHYHIM KapioTUMii abo AUISHOK 31
cneuu(pIYHUMH CHEKTPAIbHUMH XapaKTEPUCTUKaMU JO3BOJISIE 1ACHTU(IKYBATH SIK
TOMOJIOTIYHI XPOMOCOMH, TaK 1 OKpeMi iX JIJISHKH, W10 JI03BOJISIE JI€TaJIbHO
BHU3HAYaTH XpOMOCOMHI aOeparrii. Takuii aHai3 Mae BEJIMKE 3HAYCHHS B MEIUYHIM
MPaKTHUIl, JO3BOJSIOYM  JIaTHOCTYBAaTH  PsSII  XPOMOCOMHHUX  3aXBOPIOBaHb,
BUKJIMKAHUX SIK TPYOUMU MOPYIICHHSMHU KapiOTHUIIB (TTOPYIIECHHS YMCIa XPOMOCOM),
TaKk 1 TMOPYLIIEHHAM XPOMOCOMHOI CTPYKTypH a00 MHOXXHHHICTIO KIITUHHUX
KapIOTHUIIIB B OpPraHi3Mi (Mo3ailu3m).

Jlnst  BKa3iBKM TOJIOKEHHsT TIEBHOTO TreHa (JIoOKyca) B XPOMOCOMI
BUKOPHCTOBYIOTh CTaHIapTHY HOMEHKJIATypy. Hampukiaz, sSKio BKa3yoTh, 10 TeH
CFTR posramoBanuit B nauisHii 7q31.2, To 11e 03Ha4ae, M0 BiH JOKATI30BaHUN Y
2-y cy0o6enmi 31 6eHna OBTOToO 1Ieda 7-1 XpOMOCOMH.

B kapiotumni MOXYTb CIOCTEpIraTucs TMEBHI BIAXWUJIEHHS BiI HOPMH —
aHeyIUIoiisA 1 TPUIUIOiNIA. AHEYIUIOiNiA — 1€ CHaJKoBa 3MiHA, MpPH SAKIH YHUCIIO
XpOMOCOM B KJIITHMHaX HE KpaTHO OCHOBHOMY HaOopy. BoHa Moxe BHpaxxaTHCH,
HalpuKJajJ, B HASBHOCTI JOJAaTKOBOI XpPOMOCOMH abo0 B HecCTadl SKOi-HEOyIb
XpPOMOCOMH.

IcaytoTh dYoTHpW OCHOBHI (OpPMU aHEYIUIOIAll: MOHOCOMIsl, TPUCOMIs,

TETPACOMIsl 1 IEHTACOMIs.
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MoHocoMmist — 11e HasBHICTh BCHOTO OZHIET 3 Mapy TOMOJIOTITYHUX XPOMOCOM.
[IpuknagomM MOHOCOMII Yy JIOJMHA € CHHAPOM TepHepa, IO BHUPAKAETHCS B
HAssBHOCTI BChOro OjHieT crateBoi (X) XpomocoMu. TakuM YHHOM KiJIBKICTh
XpOMOCOM cTaHOBUTh 45 — 22 mapu. Ilapa crareBuX XpoMOCOM € HENOBHOIO.
I'enotnn takoi mroauau X0, cTaTh — JKIHOYA.

Tpucomiss — 11¢ HasBHICTH TPHOX TOMOJOTIYHMX XPOMOCOM 3aMiCTh Mapu B
HopMi. Haitbinbin 4acTo y JIOAMHU 3yCTpidaeThcsi Tpucomis mo 16-if xpomocomi
(61BIIIE OJTHOTO B1JICOTKA BHUIIAJIKIB BariTHOCT1). Cepel HOBOHAPOHKEHUX HAWOLIBIIT
MoIIMpeHa Tpucomis no 21-it xpomocomi, ado cunapom Jayna. KuibKicTe XpoMOCOM
B I[bOMY BHUIIQJIKy CTaHOBUTH 47 — 22 mapu. 21 mapa XpoMOCOM MICTUTh OJHY 3aiBY
XpOMOCOMY.

Terpacomiss — 1e HasgBHICTb 4 TOMOJOTIYHUX XPOMOCOM 3aMiCTh Iapu B
JTUTLIOTTHOMY HaOOopPI.

IlenTacomisi — 11 HAsBHICTh 5 TOMOJIOTTYHHX XPOMOCOM 3aMICTh 2-X.

TerpacoMist i MeHTacoMisi 3yCTpiualOThCs HAA3BUYANHO PiAKO. IX NpUKIagaMu y
JIOAUHU MOXKYTh CIYKUTH Kapiothmu XXXX, XXYY, XXXY, XYYY, XXXXX,
XXXXY, XXXYY, XYYYY 1 XXYYY. fdx npaBwio, 3 HapOCTaHHSIM KUIBKOCTI
«3aNUBHUX» XPOMOCOM 301TBIITYETHCS TSHKKICT 1 BUPAKEHICTh KITHIYHUX CUMITTOMIB.

Tpunnoinia npencrapiisie cOO00 HASBHICTh MOBHOTO JOJATKOBOI'O KOMIUIEKTY
xpoMmocoM. Haitbinpim 4YacTo BOHA BHHUKAE BHACHIIOK 3aIlIiTHEHHS JBOMA
criepmaTo3oinamMu (qucrepmisi) abo uepe3 HempaBUJIbHY pPO301KHOCTH XPOMOCOM B
oorenesi. Ilpu IUTOreHETUYHOMY MAOCIIKEHHI BUSIBISIOTH 69 XpoMocoM, TOOTO

KO)KHA XpOMOCOMA TPEACTABICHA B 3 IPUMIpPHUKAX.

KouTposbHi nMTAaHHSA
[I{o peacTaBIsIIOTh COO0 XPOMOCOMHU?
SIky ponb Bifirpae XxpoMaTHH?
CkipKY THUTIB TicTOHIB Bam Bijomi?
Ha ckinbku muteueit moauisse XpoMocoMy IieHTpomepa’?

ki TUIIU XpOMOCOM ICHYIOTh?

o 0 k~ wbhE

[Ilo Take xpomocomHi abepartii?
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7. SIxi BuAM XpOMOCOMHUX abeparliii Bam Bigomi?

8. CKUIbKH BiJIIB TPAHCIIO30HIB PO3PI3HAIOTH?

9. Io npencrasisie cOO0K0 KapioTUIT?

10. Ilo Take kapioTUITyBaHHs?

11. SIxi BigXwieHHS Bl HOPMU B KapioTuri Bu 3Haete?

12. YV yomy nomsirae neHTacomisi?
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I'masa 2. CTpyKTypa HyKJIEIHOBUX KUCJIOT

TpuBanuii yac 3anuIuanocs HEBIIOMHUM, IO IPEACTaBIslE COOOI0 PEYOBHHA,
sKa YTBOPIOE T€H, 37aTHA JI0 CaMOpeIUTiKaIlii, MyTarliii 1 ()eHOTUIIOBAHOTO TIPOSBY.
[lepmri BimoMocTi mpo (i3uyHI 1 XiMIYHI OCHOBH CIAJKOBOCTI OyJIM OTpUMaHi Ipu
poboTi 3 MiKkpoopraniaMamu: OakTepisMu, Bipycamu 1 Oakrtepiodaramu. 11
OpraHi3Mu, paHillle BHBYaeMi SIK 30yAHMKH XBOpPOO IIOJUHHU 1 JOMAIIHIX TBapHH,
BUSBWIIUCS 3pYYHUMM O00'€KTaMM JUId JOCHIIKEHHS PEYOBHMHM CIAJKOBOCTI 1
IPUPOJIU TEHETUYHOTO MaTepiay.

Y 1928 p. 6purancekuii 6aktepionor dpexnepik ['pidiT BHBUaB THEBMOKOKH,
K1 BUKJIMKAJIM 3allaJICHHs JIET€HIB y MUILEH, JUIsi OTPUMaHHs BaKIIMHU. 3'scyBaJiocs,
[0 MHEBMOKOKM OyBalOTh JBOX THIIB: OECKANCylbHI Ta 3 I0JIICAaXapUIHOIO
KarcyJiol, MpU I[bOMY 30yJHUKOM CMEPTEJIbHUX (OpM 3amalieHHs JIETEHIB
BUABWINCS OakTepii 3 TMojicaxapujHow Karcyhoro. Ilpu BBeneHHI MUIIaM
ITHEBMOKOKIB 3 MOJIICAXapuAHOI0 KAICYJIOK CIoCcTepiraiachk 3aru0ens TBapuH. SAKio
MUIIIaM BBOJMJIM ITHEBMOKOKH 0€3 ToJTicaxapuIHOl KarcyJiv, TO BOHU CIIPABIISIIUCS 13
3aXBOPIOBaHHAM 1 BWkuBanu. llpu 1H’ekmii BOMTUX OakTepiil, HE3AJIECKHO BIA
HasBHOCTI a00 BIACYTHOCTI KalCyJdu Ha IX IOBEpPXHI, TBapHMHHM B3arajii He
3aXBOPIOBAJIM 3aMajJ€HHAM JIETeHIB. SIKIO K MUIIaM BBOJIWJIM CyMilll THEBMOKOKIB:
KUBHUX 0€3 KarCyiau 1 BOWTHUX HarpiBaHHsM, aje€ Mar4yuxX Karcyly, TO TBApUHU
THHYJIH.

VY 1bOMy BHITAJIKy 3 OpTaHi3MiB 3aruOJIUX MUIIEH BIAIOCsS BUIUIUTH OakTepii 13
3aXUCHUMH TOJIICAXapUAHUMH KarcylaMd. TakuM YHHOM, B IiX EKCIEPUMEHTaX
OakTepii, sKI HE MAalOTh KamlcCyJ, Opuadaiy 34aTHICTh YTBOPIOBATU ii 3aBISKU
PEYOBHHI CIAJKOBOCTI, siKa mepednuia 3 BOUTHX OakTepiil B »kuBi. Tuibku B 40-x
pp. XX cT. B 1HIIHM JabopaTopii Oyna 3'sicoBaHa Mpupoja Iiel 3arakoBoi peYOBUHU
cnaakoBocTi. PaKkTOpOM, 110 EPETBOPIOE HETIATOTEHHI OECKAaICyJIbHI MTHEBMOKOKH Y
NaTOreHHI 3 MoJicaxapuIHOI0 000JI0HKO0, BUusiBriiaca Mosekyna JJHK.

HyxneinoBi kucnotu Oyniu BIIKPUTH MIBEHIIAPCHKUM (Pi310JI0TOM, TiCTOJIOTOM 1
6ioximikom @pigpuxom Mimepom y 1869 p. Mimep Buaimn JIHK 3 kiaiTuH rHOS

MOIWHU 1 criepMu Jococsi. CrioyaTky HOBAa peyOBMHA OTpUMaia Ha3By HYKJEIH, a
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mi3HIme, Koiau Mimep BHU3HAYMB, IO 11 PEYOBHMHA BOJIOMIE€ KHUCIOTHUMH
BJIACTUBOCTSIMHU, BOHA OTpUMaJia Ha3By HYKJIETHOBOI KHCIIOTH.

B  koxxHOoMy opraHi3mMi HasgBHI 2 TUNM  HYKJICTHOBUX  KHUCJOT:
ne3zokcuprudonykieinosa kucinota (JIHK) 1 pubonykneinosa kucnora (PHK). JIHK 1
PHK ckianaioTbcsi 3 MOHOMEPHUX OJIMHUIb — HYKJICOTH/IIB, CaM€ TOMY HYKJIETHOBI
KHCIIOTH HOCSITh Ha3BY MOJIIHYKJICOTHUIIB.

HyxneiHoBI KHCIOTH — 1€ MOJIEKYJISIPHO-TEHETHYHI CHUCTEMHU YIpaBIiHHS.
BoHu MaroTh BIACTUBOCTI T'€HETUYHOI TMaM'dATi, MEPETBOPEHHS TI'E€HETUYHOI
1H(popMalli, MATPUYHOTO CaMOBIJITBOPEHHS Ta AMHAMIYHOI 3aBagocTiiikocti. Y JIHK
3amu(poBaHa MporpamMa 1 KOHTPOJb OHTOreHe3y (EHOTHUIy Yy BUIJISAL KOAY
CTpYKTypu Bcix OuikiB. I3 3miHamu 1 komOiHamisimu JIHK BigTBOproeTbes 1
MePea€ThCs TOTOMCTBY.

HyxkieiHOBI KUCIIOTH BUKOHYIOTh HACTYMHI (DYHKITIT:

» 30epiranss crnagkoBoi iHpopmarii (JHK);
» 3piiicHeHHs nepeHocy cnaakoBoi indopmariii (JJHK);

» Peanizamis criagkoBoi iHpopmarii (PHK).

2.1. Hykjaeoruaun
2.1.1. byaoBa HyKJIeOTHiB

Hyxkieoruam mpenactaBisiioTb co0oto  (ocdopHi edipu HYKICO3UAIB —
IMKO3UIaMiHIB, SIKI MICTATh a.ll., 3B’sA3aHy 3 caxapoMm (pubo3or, abo
ne30kcupru603010).  KoKeH HYKJI€OTH]T MICTUTh 3 XIMIYHO PO3PI3HIIOUYUXCS
KOMITOHEHTH: T€TEePOLMKIIYHY a.Il., MOHOcaxapuJ (meHTo3y) 1 3amumiok (ochopHoi
KHCIIOTH.

3aJie’)kHO BIJ 4YMCIIa HAsABHUX Y MOJIEKYJl 3aJMIIKIB (OCHOPHOi KHUCIOTH
po3pis3HsaOTh Hykieosuamonodocharu (HMD), nykneosupaudocharu (HIAD) i1
nykineosuarpudocharu (HTD).

Hyxneotuan MaroTh HaCTYIIHY HOMEHKJIATypy (Tadm. 1).

38



Tabnuys 1

Homenxnamypa nyxneinosux xuciom

A3zoTHucra Hyxneo3una Hyxkaeoruna
niacrasa JTHK PHK JTHK PHK
Anenin (A) | [e3okcuanaeHo3uH | AICHO3HMH Je3okcuaneHo3nn AneHo3uH 5'-
5'-tpucdocdar tpudochar (ATD)
(IATD)
I'yanin (G) He3okcuryanosun | ['yano3un Jlezokcuryano3uH ['yanosun 5'-
S-tpudocdar (I TD) | Tpudochar (I'TD)
Hurosun (C) | de30KCUIIUTUANH [yt aua Jle30KCUIIUTUANH Hutuaun 5'-
5'-tpucdocdar tpudocdar (L[TD)
(uITD)
Tumin (T) Jle3okcuTHMIIUH - Jle30KCcuTHMIIUH -
S'-tpudocdar (ITTD)
Ypauun (U) - Ypiaun - VYpinun 5'-tpudocdar
(VTD)

[lento3u B HykjieoTHaax mpenactarieHli adbo pubdoszoro (y ckiaai PHK), a6o
nezokcupu6o3oro (y ckmami JIHK). Hykneotuau, B SKUX € MEHTO3W IMpEJCTaBIICHI
pu603010, HA3UBAIOTh PUOOHYKJIEOTHIAMM, a HYKJIETHOBI KHCIIOTH, MOOYJ0BaHi 3
pUOOHYKJICOTHAIB — puOOHYyKJIeiHOBUMH Kuciaoramu, abo PHK. Hykneoruau, B
SKHAX € MIEHTO3H IpeJiCTaBIeH1 JI€30KCUPH003010, Ha3UBalOTh
Ne30KCUPUOOHYK/JIEOTHIAMH, a  HYKIEIHOBI  KHUCJIOTH, MOOyIOBaHI 3
J€30KCUPUOOHYKJICOTH/IIB — 1€30KCUPUOOHYKIeTHOBUMH KHucjaoTamu, abo JTHK.

HyxkieiHOBI KHCIIOTH 3a CBO€O OYIOBOIO BITHOCATH OO0 KJacy JIHIMHUX
noniMepiB. OCTOB HYKJIETHOBOI KMCJIOTH Ma€ OJHAKOBY OyZOBY MO BCIHA JIOBXKHHI
MOJIEKYJTH 1 CKIIQJIAEThCS 3 YEPEYIOUMXCsl TPYI — IeHTo3a-(hocdaT-eHTo3a.

BapiaGenpHumMu rpynamMu B MOMIHYKJICOTUIHUX JAHITIOTaX CIYXKaTh a.Il. JBOX
TUIIB — NYPUHOBI (mMypuHH) 1 mnipumiguHoBi (mipuminmnam). Jlo nypuHIB
BiTHOCSThCA ajeHiH (A) i ryanin (G), a 7o nipumignHiB — HUTo3uH (C), TUMIiH (T)
1 ypauma (U). To monexkynu JIHK Bxoaste anenin (A), ryanid (G), uurosus (C) 1
tuMiH (T). o monexkynu PHK Bxonmars anenin (A), ryanin (G), nurto3un (C) i

3amicth TUMiHA (T) — yparun (U).
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2.1.2. MeTa00.1i3M HYKJIEOTH/IiB

CuHTe3 mypuHiB 1 mipumiguHiB de NOVO mnpu3BOAWUTH 10 MOHOdocharty,
BianoBigHO IM® 1 YM®. 3 nmx JBOX IONEPETHUKIB CHHTE3YIOThCS BCl 1HIII
HYKJICOTH/IH.

CuHTEe3 TypUHOBUX HYKJIEOTHIIB 3iailicHIOeThcs 3 IM®. B ioro miacrasi
TIMOKCAHTUH TEPETBOPIOETHCA B Bl CTajii BIAMOBIAHO Y aJeHIH abo TyaHiH.
YT1BopeHi mykieosunMmonopochatu AMD i IMD nepexonsats B audocharu AID i
I'’® ma giero  HykieosuadocharkiHazu 1, HapemTi, (GochopHIIOIOTHCS
HyKJIeo3uaupocpaTKiHa3aMu 10 Tpudocdarin ATO 1 ['TO.
Hyxneosuarpudocharun ciuyxarb OyaiBensHumu Onokamu  ana  PHK  a6o
(PYHKIIOHYIOTh SIK KOPEPMEHTH.

[lepeTBOpeHHSI pUOOHYKIEOTH/IIB B I€30KCUPUOOHYKICOTHIN BIIOYBAETHCS HA
ctaaii nudocdatiB 1 KaTanizyeTbes HyKIeo3uaandochaTpeayKTas3oro.

[nsxu OlocUHTE3y MIPUMITUHOBUX HYKJICOTHIIB CKIIAJHINIEC, HIXK MUISTXH
CUHTE3y NMypUHOBHUX HYyKJeoTuaiB. [lepmr 3a Bce Buximnuii YM® dochopuitoerbes
10 -, a  TOTIM tpudochary  VTOD. YTO® NIEPETBOPIOETHCS
uutiguaTpudocparcuntazoro  (CTP-cunraza) B LT®. Tak 5K BIJHOBICHHS
HMIPUMIIMHOBUX HYKJICOTHIIB 10 JC30KCHPHUOOHYKIICOTIIIB BIIOYBAa€ThCS Ha CTamdil
mudocdartis, LITD noBunen OyTu riapomizoBanuii pocdaraszoro go LD, nmicas goro
MOXyTb yTBoputUcs 1D 1 nl{TD.

bynisensuuii 61mox JIHK, nesoxcutuminuatrpudochar n1TTD cunTesyeThes 3
YD B KuUlbka cramid. IligcraBa TUMIH  yTBOPIOETBCS Ha  PIBHI
HyKJeo3uaMoHodochary  mpu  METWIIOBaHHI  JAe30KCHypimumHMOHOpocOaTy.
BignoBimaroTh 3a IO CTamil0 THMIAWIATCHHTa3a 1 JOMOMDKHUN  (QEepMEHT
nuriapodosaTpeaykrasa, ki € BaXIMBUMH MIIIECHSIMH JIJIs J1i IUTOCTAaTHKIB.

Hyxneotnnu HanmexaTth 0 HaWOIBII CKJIAJHUX METa0OJIITIB. Ix Giocuures
BUMarae 0arato 4acy i BACOKMX BUTpAT eHeprii. ToMy 3p03yMisio, 1110 HYKJICOTHIH HE
MOBHICTIO PYHHYIOTHCSI, a 31€01IbIIOT0 3HOBY OepyTh yuacTh B cuHTe31. [lepir 3a Bce
1€ BIJHOCUTBHCSA A0 MYPUHOBHMX MiACTaB aJeHIHY 1 T'yaHiHy. B opranizami BUIIHX

TBapuH Oinu3bko 90%  mNypHHOBHX TIJACTAaB 3HOBY NEPETBOPIOIOTHCS B
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Hykieo3uaMonopocdatu, 38'sa3yrouucsk 3 GPAD. Yyacte nipuMiAMHOBUX MiJICTaB Yy
PECUHTE31 IOCUTh HE3HAYHA.

Po3nag mypuHIB 1 MipUMIIWHIB MPOTIKAE PI3HUMH HUIIxaMu. B opranizmi
JIOJIMHU TIyPUHU PO3MATAIOTHCS 0 CEYOBOI KUCIOTH 1 B Takiil opMi BUBOIATHCSA 13
cevero. [lypuHOBe Kisiblie IPU 1[bOMY 3aJIMIIAETHCS He3aderieHuM. HaBnaku, kijiblie
HOiPUMIIMHOBUX MiACTaB (ypauuiy, TUMIHY 1 [IUTO3UHY) PYHHYETHCS JO HEBEIUKHX
dbparMeHTiB, SKi 3HOBY BKIIOYAIOTHCS B METabOdi3M ab0 MOXKYTh BHBOJUTHCS 3
OpraHi3zmy.

['M® posnagaerbes y Bl cTali 10 r'yaHO31HY, a NOTIM — A0 T'yaHiHy. ['yaHiH
JI€3aMIHY€ThCS 3 YTBOPEHHSAM 1HIIOI IMypUHOBOI MiJCTABU — KCAHTHHY. Y HaWOLIbII
BAXKIIMBOMY LUIAXY po3nany AM®, nykneoTua ne3aminyerbes 3 yrBopeHHsam IMO. 3
IM®, ananoriuno posnany I'M®, yTBOprO€ThCS MypUHOBA IIJICTaBA T1IIOKCAHTHH.
OnuH 1 TOM e PepMEHT, KCAaHTUHOKCUa3a, IEPETBOPIOE TIIOKCAHTHH B KCaHTHUH, a
KCAaHTHH — B CEYOBY KUCJIOTY. Ha KOXHIi 3 IUX cTaiil peakuii B cyOCTpaT BBOJAUTHCS
OKCOTpyIa OKUCJIEHHSM MOJIEKYJIPHUM KHCHEM. B sIKOCTI 1HIIOTO MPOAYKTY peakiii
YyTBOPIOEThCS  TOKCHYHMH — mepokcua  BoaHoo  (HpO,), skuit  BHOanseThCs
MEePOKCHUIA3aMHU.

VY OUIBIIOCTI CCaBIIB CEUOBAa KUCJIOTAa PYHHYETHCS B PE3YJIbTATI PO3KPUTTS
KUTBIS M JI€I0 YPUKA3d 3 MOJAIBIINM BHUBEJACHHSAM 3 OpPraHi3My aJaHTOiHY, 110
YTBOPIOEThCS. B opraHi3mi npumariB, B TOMY YHCII JIOJUHU, QJIaHTOIH He
YTBOPIOETHCS, @ KIHIIEBUM MPOYKTOM KaTabOoII3My IMypPHUHIB € CEYOBa KUCIOTA (K Y
nTaxiB 1 0ararbox penTuiii). Y OUIBIIOCTI 1HIIMX TBapWH Jerpajauis MypUHIB
MPU3BOJUTH J0 aJUTAHTOIHOBOT KUCIIOTH 200 CEYOBHHM 1 TITIOKCIIATY.

[Ipu pyliHyBaHHI MPUMIIUHOBUX HYKJICOTHIIIB BaXJIMBUMU MPOMIKHUMHU
CIOJIyKaMU € BUIbHI MiACTaBU ypauui 1 TumiH. OOujBa 3'€IHaHHS PO3MaJAAIOThCS
OJIHAKOBUM CITOCOOOM: MiIpUMIJMHOBE KUJIbIE CIOYATKy BIAHOBIIOETHCS, a MOTIM
TAPOMITUYHO po3ieruioeThesl. Ha HactynHii ctanii npu BigmeruienHi CO, 1 NHs B
SKOCT1 MPOAYKTY PO3May ypaIlrly yTBOPIOEThCS [-allaHiH, TOAalbIla Jerpaaaris
akoro mnpu3BoguTh g0 auneraty, CO, 1 NH;. AmnanoriuauMm uumHOM 3 [-
aM1HO130MacCIsIHOT KHUCJIOTH, MPOAYKTY PO3Maay TUMIHY, YTBOPIOIOTHCS MPOIIOHAT,
CO; 1 NHs.
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2.2. Jle3oxkcupudonykJieinona kuciaora (JJHK)

VYHIKabHICTh CTPYKTYpH 1 (DYHKIIIOHATbHA 1HIUBIAYyalbHICT Mosiekyn JJHK 1
PHK Bu3HauaioTbcsi iX TEPBUHHOIO CTPYKTYpOIO — TIOCHIJIOBHICTIO a.ll. B
MOTIHYKJICOTUAHOMY JIAHITIOTY.

IlepBunna crpykrypa JAHK. IlepBunna ctpykrypa JIHK npencrasise co6oro
nopsnok uyepenyBands THM® y nominykineotugHoMmy naHiory. Koxna docdarna
rpyna B MOJIHYKJICOTUIHOMY JIAHIIOTY, 3a BUHATKOM (pochopHOro 3amumky Ha 5'-
KIHIIl MOJIEKYJIH, O€pe y4acTh B yTBOPEHHI ABOX edIpHUX 3B'A3KIB 3a yyacTio 3'-15'-
BYIJICIIEBUX AaTOMIB JIBOX  CYCIIHIX  J€30KCHpUO03, TOMY 3B A30K MIXK
MOHOMepaMu To3HavaroThesa sk 3', 5'-bochonuedipni. Kinnesi nykneornnu JJHK
PO3PI3HAIOTH 3a CTPYKTYpORO: Ha S5'-KiHII 3HaxXoauThbcs (ocdaTHa rpyma, a Ha 3'-
KiHIll JaHIora — ButbHa OH-rpyma. 1i kiHii Ha3uBarTh 5'- 1 3'-KIHISAMH.

JIiHIfHY TIOCTIAOBHICTh JE30KCHPHUOOHYKICOTHIIB Y TOJIMEPHOMY JIAHIIOTY
JIHK 3BuMYaiiHO CKOpPOYEHO 3aluCyIOTh 3a JIOMOMOIOI0 OJIHOJIITEPHOTO KOAY,
Hanpukiaa -A-G-C-T-T-A-C-A- Big 5'- mo 3'-kiHng. Y KOXHOMY MOHOMEpI
HYKJIETHOBOI KHUCIIOTH TPHUCYTHIM 3amumok ¢ochoproi kucioru. I[lpu pH=7
¢docaTHa Tpyna MOBHICTIO 10HI30BaHa, TOMY IN VIVO HYKJICTHOBI KHCIIOTH ICHYIOTh Y
BUTJISI/II TTOJTIaHUHIB (MalOTh MHOKWHHUN HETaTUBHHM 3apsii). 3aTUIIKK TIEHTO3 TEX
MPOSIBIIAIOTH TiAPOQiIbHI BIACTUBOCTI. A.M. MaliKe HEPO3YMHHI Yy BOJII, ajie JesKl
aTOMM IIYpPUHOBOTO 1 MIPUMIIMHOBOIO LMKIIIB 3[JaTHI yTBOPIOBATH BOJIHEBI 3B'SI3KH.

Bropunna crpykrypa JHK. VY tpasni 1952 p. Pozanin ®@panxmin micas 100
rOJIMHHO1 ekcno3ullli BosiokoH B-popmu /IHK Ha pentreniBcskomy audpakromerpi,
otpumana gotorpadito S1.

XpecTonoiOHe po3TamryBaHHA JUGPAKIIHHUX TUIIM  CIYXHJIO TPSIMOIO
BKa31BKOIO Ha CTPYKTYpy y BuUrJsial cmipaii. [lomanemmii aHami3z JaHUX J103BOJIUB
®pankiIiH 3poduTH BUCHOBOK, 110 cripans JIHK cknmagaethcss 3 1BOX HHTOK, Y
AKIN dochaTHl Tpynmu  pO3TALIOBYIOTHCS 30BHI, a TIJACTaBU  BCEpPEIUHI
cripam. Bona Takox BuzHaunna kpok cmipaii (0.34 am) ta i mepioauunicts (10
nap Ha BHUTOK). OpaHKIiH 3HANIIA TOACHEHHS (AKTy BIACYTHOCTI AUPaKIIHHUX
IJIIM Ha 4YeTBEPTiM JiHII 1 ocnabieHHs 1HTEHCUBHOCTI IUISIM Ha IIOCTHH JIiHII B

TOMY, 110 HUTKH CIipaji He 3epKaJbHOCUMETPUYHI BIJHOCHO oOcl cmipami. 3a ii
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OI[IHKaMH, OJ[HA HUTKA 3pYyIIeHA MO0 1HIIOI HUTKA IO BEPTUKAI NPUOIU3HO HA
TPU BOCBMUX BHTKa cripaini. L{s peHTreHorpama mnociayskKuja roJJOBHUM MOIITOBXOM
no BiakpuTTsa npocripanbHOocTi JIHK ®pankmia Ta o0y 10B1 MoJei
npoctopoBoi  cTpykrypu  Jxeitmcom Yorconom i dpencicom Kpukom.

VYV 1953 p. dxeiimcom YorconoMm 1 dpencicom Kpukom Oyia 3amnponoHoBaHa
MoJienb BiIKpuTOi iMu mpoctopoBoi ctpykTypu JHK. 3a 1ie Bu3HayHE BiIKpUTTS
Yotcon i Kpuk y 1962 p. orpumanu HobGeniBcbKy mpemiro 1o (i31010Tii 1 MEeIUITHHI.

Bignosigno no moaeni Yorcona-Kpuka, monekyna JIHK mae dopmy cmipani,
YTBOpPEHY ABOMA MOJIHYKJICOTUAHUMH JAHIIOTAMH, 3aKpPYYCHUMHU BiTHOCHO OJMH
omHoro 1 HaBkoso 3arampHoi oci  (JHK-mymnexc). Iloasifima  cmipaib
MIPaBO3aKpy4eHa, NOJIHYKJICOTHAHI JIAHLIOTH B HIM aHTUHapajeiabHi, TOOTO SKIIO
OIMH 3 HUX OpIEHTOBAHMW B HAMPSAMKY 3'—5', TO iHIIMI — B HampsAMKy 5'—3'.
Tomy Ha kokHOMY 3 KiHIIIB Mosiekynu JIHK po3sramoBani 5'-KiHelb OJJHOTO JIAHITIOTa
1 3'-kiHeup 1Horo jganuora. Bei miacrasu nanurorie JJHK po3ramosani ycepenuHi
MoJIBiTHOI cripai, a meHTo30¢ocdaTHUl OCTOB — 30BHI. [[0NIHYKICOTH IHI JIAHIIIOTH
YTPUMYIOTHCSI BIJJHOCHO OJIMH OJHOTO 3a pPaxyHOK BOJHEBHUX 3B'SI3KIB MIX
KOMIUIEMEHTAPHUMH OypUHOBUMHM 1 TMIPUMIJIMHOBUMH a.dl. A 3aBXIU
KoMmIiemMeHTapHo 3'eqnyetbes 3 T, a G —3 C. A 1 T yrBOprotoTh 1iBa 3B'13ku, a G 1 C
— TPH 3B'SI3KH.

[Ipy TakoMy Mo€HAHHI KOXHA Iapa MICTUTh MO TPU KUIbIS, TOMY 3arajJbHHIA
PO3MIp ITUX I1.0. OJTHAKOBHM 1O BCii TIOBXKUHI MOJIEKYJIM. BOIHEBI 3B'A3KM MPHU THITUX
MOETHAHHAX MIACTaB y Mapl MOXJIMBI, ajleé BOHM 3Ha4HO ciaOkinie. [locnigoBHICT
HYKJIETHAIB OJHOTO JIAHI[IOTa TIOBHICTIO KOMIUJIEMEHTapHa  TMOCIIJOBHOCTI
HYKJICOTH/IIB 1HILIOTO JIaHIfora. Tomy, 3riIHO 3 MPaBWJIOM KOMILIEMEHTapHOCTI, abo
npaBwioM Yaprada (y 1951 p. Epsin Yaprad BcTaHOBUB 3aKOHOMIPHOCTI B
CHIBBIAHOIIIEHH] MyPUHOBUX 1 MipuUMiAMHOBUX TifacTaB B Moiekym JIHK), kinbkicTh
nypuHoBux mijictaB (A+G) nopiBHIOE KITbKOCTI mipumiauHoBuX miactaB (T+C).
KoMmmiemeHntapHi migcTaBd YKJIaJ€HI B CTONKY B CepleBUHI cmipam. Mix
MiJICTAaBaMH JIBOJIAHITIOTOBOI MOJIEKYJIM B CTOII[l BHHHUKAIOTH T1Ipo¢oOHI B3a€MOIT,
cTablTi3yroul MOJABIMHY cripaib. Taka CTpyKTypa BHKJIIOYAE€ KOHTAKT a30TiCTHX

3aJIMIIKIB 3 BOJIOO, aJie CTOIKA MIJCTaB HE MOXKe OyTH a0CONIOTHO BEPTUKATHHOIO.
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[l.n. 3;merka 3MimeHi BIZHOCHO OAHA OAHOI. B yTBOpEHIil CTpYKTYpi pO3pi3HAIOTH

JIBa YKOJIOOKU — BEJMKHUH, MMUPUHOIO 2,2 HM, 1 Maui, mupuHoo 1,2 HM. A30THCTI

MIJCTaBU 00JIACTI BEJIMKOIO 1 MaJIoro »OJIOOKIB B3a€EMOJIIOTH 31 CHEHH(pIYHUMHU

O1kaMH, iK1 OEpyTh y4acTh B OpraHizailii CTpyKTypU XpOMaTHHY.

3aJIe’)KHO B1J] KOHIIEHTpAIlli 10HIB 1 HYKJIEOTHIHOTO CKJIaay MOJICKYJIH, TTOABIHHA

croipans JIHK B sxuBHX opraHizMax icHye B pi3HHX (popmax. Po3pizustors A-, B- 1 Z-

¢dopmu JTHK.

» A-¢opma JIHK — 1ie npaBocmipaabHuii KOH(DIpMaIiiHUN CTaH JBOJAHIIOTOBOT
mounekynu JIHK, mo Bunukae npu 75%-0i BOJOrocTi 1 B IPUCYTHOCTI 10HIB KaJilo,
HaTpito abo 1e3110, KUIbKICTh I.1. Ha BUTOK — 11, BiicTaHh MiX ILIL. — 2,56, KyT
oOepTaHHs Mix cycimaimu .1, — 32,7°, niameTp cripaii — 23, Bei MiACTaBH MalOTh
AHTUKOH(OpMAILIIO.

» B-dopma JHK — 1ie npaBocmipaibHuii  KOH()OPMAIiOHUH CTaH JBOJAHITFOTOBOI
Mosekynu JIHK, mo icHye mpu BHUCOKIM BigHOCHIM BosiorocTi (>92%) 1 B
pO3YMHAX 3 HHU3bKOI 10HHOKI CHIIOK. BBaxkaioTb, 10 B JKUBUX KIITHHAX
npaktuyHo Bcs JIHK icaye came B B-dopwmi. Kinbkicts m.m. Ha 1 Butok — 10,
BIJICTaHb MDK mapamu miactaB 3,38, KyT 0OepTaHHS MK CYCIIHIMHU Hapamu
migcTa — 36°, miamerp crmipami — 19, 3aNMIIOK I€30KCUPUO03M 3HAXOOUTHCS B
C2'-engokoH(opmMaliii, BCi MiICTaBU MatOTh aHTUKOH(pOpMaIIito.

» Z-popma JHK — ne nmiBocmipanbHuii KOH(pOpPMAIiHUI CTaH JBOJAHIIOTOBOI
moniekynu JIHK, mo icHye mpu myke BHUCOKHMX KOHIIGHTpAIlisIX cojieil abo B
MPUCYTHOCTI €TaHOJy 1, SIK MPaBWJIO, IPHU 4YepryBaHHl nocmigoBHOCTI (al all)n.
[Ipu 1mpomy xapakTepHO0 ocoOmmBicTio Z-bopmu JIHK € depryBanus
KoH(pOpMalliil 3aMuIIKiB HYKJIeoTUIIB: B nll-maHkax 3aiuinky BYIJIEeBOAY MaroTh
C2'-enmo-, a miactaBu — aHTUKOHopmalio, a B Al-TaHKax 3aJIUIIKd
ne3okcupru6o3u 3HaxonaThess B C3'-eHpo-, a mijcTaBH — B CHUHKOH(OpMaIrii;
KUJTBKICTh IL.TI. HA 1 BUTOK — 12, miamerp cripani 18. Z-¢popma Moxke icHyBaTH in
VIVO (HampHKIIa, Mpy 3aMiHi IATO3WHA Ha METHUJIIIUTO3HMH).

Tperunna crpykrypa JIHK (cycnepadizauis IHK). Koxna monexyna JJTHK

yIaKoBaHa B OKPEMY XpOMOCOMY. Y NHUIUIOTAHUX KIITHHAX JIOAUHU 3HAXOAUTHCS 46

xpomocoM. 3aranpHa gopxkuHa JIHK Bcix xpomocom kmiThHM cTaHOBUTH 1.74
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M, aje BOHA YMaKOBaHa y sapi, JiaMeTp SKOT0 B MUIBHOHHM pa3iB MEHIIE.
[Ilo6 postamyBatu JHK B siapi KiaiTHHU, TOBUHHA

Oytu chopMoBaHa ayke KOMIAKTHA CTPYKTypa. KoMmakTuzaris 1 cyrnepcmipanizaris
JIHK 3piiicHIO€TBCS 32 JOTTOMOTOIO PI3HOMAHITHHX O1TKIB, B3AEMOIIOUNX 3 TIEBHUMH

nociigoBHocTsIMH B cTpykTypi JJHK (aus. posa. I, rn. 1.1).

2.3. PubdonykiaeinoBa kucjora (PHK)

IlepBunna crpykrypa PHK. Ilepunna crpykrypa PHK npencrasisie co6oro
nopsiiok yepenyBanHss HM® y noninykneorunnomy naniory. ¥ PHK, sk 1y JJHK,
HYKJICOTUJIM TOB's3aHi MDK coboto 3', 5'-bochomuedipaumu 3B'si3kamu. Kinii
noninykineotuaaux Janiorie PHK nHeonnakoBi. Ha oaHOoMy KiHII 3HaXOAUTHCS
dochopunvoBana OH-rpynna 5'-ByrnuueBoro aromy, Ha iHmomy Kinui — OH-rpymna
3'-ByryienieBoro aromMa pub03M, TOMY KiHIII HA3WBarOTh S'- 1 3'-KIHIIMHU JIAHIIIOTA
PHK.

[NppokcunpHa rpymna OuIs 2'-ByrjierneBoro aromMa pubo3ud poOUTh MOJEKYIY
PHK  wnecrabinmbHor. Tak, B crabomoigokoBoMy cepenoBuili Monekyian PHK
TAPONI3YIOTHCA HaBITh NMPU HOPMAaJbHIN TeMIlepaTypi, TOAl K CTPYKTypa JaHIfora
JIHK nHe 3MmiHIO€THCS.

Bropunna crpykrypa PHK. Monekyna PHK, na Binminy Big monekynu JJHK,
noOy/soBaHa 3 OJHOTO MOJMHYKJICOTHAHOTO JaHmrora. OkpeMi TUISTHKH JIaHIIOTa
PHK yTBOpIOIOTH crieniaiizoBaHi NeTIl — MUKW, 32 PAXYHOK BOJIHEBHUX 3B'A3KIB
Mix KommieMeHTapaumu a.a. A-U 1 G-C,

Hinsaku nanmora PHK B Takux crmipanbHUX CTPYKTypax aHTimapalesnbHi, ane
HE 3aBXIU TIOBHICTIO KOMIUIEMEHTApHI, B HHUX 3yCTPIYAlOTBbCS HECTapoBaHi
HYKJICOTUHI 3aJUIIKA a00 HaBITh OJHOJIAHIIOTOBI TETJII, SKI HE BIHUCYIOTHCS B
MO/BINHY cripanb. HasBHICTh cmipai3oBaHUX AUITHOK XapaKTepHA I BCIX THIIIB
PHK. Xoua PHK, sax mnpaBuno, npeacraBisie coOOl0 OJHY HHUTKY, LSl HHTKAa,
HaBHBAIOYM cama Ha ce0e, MO)Ke YTBOPIOBATH KOPOTKI MIJSTHKHM MOABIWHOI cripai,
AKa Mae CTPYKTypy A-dopmu 1 30epirae ii HaBith mpu 100%-H0i BojOrocTti, Ha

Biaminy Bin JIHK, sixka pu qanux ymoBax 3apxau mae B-popmy.
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Tperunna crpykrypa PHK. OpnonanmoroBi PHK xapakrepusyroTscs
KOMITAaKTHOIO 1 BHOPSAKOBAHOIO TPETHMHHOIO CTPYKTYpOIO, IO BHUHHUKAE HUISIXOM
B3a€MOJIIi  CHIpaJli30BAaHUX €JIEMEHTIB BTOPUHHOI CTPYKTYpu. Tak, MOXKJIUBE
YTBOPEHHS JOAATKOBHX BOJHEBHUX 3B'SI3KIB MDK HYKJICOTHAHUMH 3aJIUIIKAMHU,
JOCTaTHBO BIJIAJICHUMU OJIMH BiJl OJIHOTO, 200 3B’s13KiB Mibk OH-rpymamu 3aauiikinB
pu6o3u. Tperunna ctpykrypa PHK crabinmizoBana ioHaMu BOBAaJIEHTHUX METAIB,
HampuKIiIa ioHaMu Mg2+, ki 3B'SI3yIOThCSL HE TUIbKH 3 QocaTHUMU rpynamu, aie i
3 M1ICTaBaMHU.

Tumm PHK. V uuronnasmi kimitud npucytHi 3 tunu PHK — tpancnoptai PHK
(tPHK), matpuuni (indopmarmiiini) PHK (MPHK a6o iPHK) i pu6Gocomni PHK
(pPHK). Bonu po3pi3HAI0TECS 3a IEPBUHHOIO CTPYKTYPOIO, MOJIEKYJISIPHOIO MAacolo,
KOH(OpMali€r0, TPUBATICTIO ICHYBaHHS 1, HAaWroOJIOBHINIE, 3a (PYHKI[IOHAJIBHOIO
AKTUBHICTIO.

» Tpancnoptai PHK (TPHK). IIpoctopoBy ctpykrypy Oynb-skux TPHK, He
3aJIeKHO B BIIMIHHOCTEM y TOCHIOBHOCTI  HYKJIEOTHJIB, OIHUCYIOThH
YHIBEPCAIBHOIO MOJICJUTIO «KOHIOIIMHOTO JMcTay. Y KoxkHi monekyn TPHK e
JUISTHKU JIaHLIOTA, sIKI HE OepyTh ydacTb B YTBOPEHHI BOJAHEBUX 3B’SI3KIB MIXK
HYKJICOTUIHUMU  3anuinkamu. Jlo HHUX, 30KpeMa, BIJHOCITH JIISHKY,
BIJIOBIJIAJIbHY 32 3B'S3yBaHHA 3 AaMIHOKUCIOTOI Ha 3'-KIHII MOJIEKYJH 1
AHTUKOAOH  —  CHeUM(pIYHUI  TPUIUIET  HYKJICOTHAIB,  B3a€EMOAIIOYUUN
koMmriemenTapHo 3 kogoHom MPHK. Jlo cknamy nykneotuaiB TPHK BxopsTh
MIHOpHI mTifcTaBu (B cepegnbomy 10-12 migctaB Ha MoJekyny). Bouu
IpeACTaBIICHI METHIOBAaHUMH ITiICTABAMHM, 130MEpPaMH 1 aHAJIOTaMH T PUMIIUHIB.

MiHopHi TifcTaBu BUKOHYIOTH 2 ¢yHKIIIi: BoHU poOsaTe TPHK criiikumu 1o
Iii HykJIea3 HUTOIIA3MHU 1 MATPUMYIOTh NIEBHY TPETHHHY CTPYKTYPY MOJICKYJIH, TaK
K HE MOXYTh OpaTh y4acThb B YTBOPEHHI KOMILUIEMEHTApHUX Map, 1 MPOTUIIIOThH
criipajizalii MeBHUX AUISTHOK B MOJIHYKJICOTUHIM mociigoBHOcTi TPHK. ®yHkIis
TPHK nomnsirae y TpancnopTyBaHH1 aMiHOKHUCIIOT A0 MICISl CUHTE3Y O1JIKa;

» MartpuuHi (indopmauiiini) PHK (MPHK a6o iPHK). [lepBunHna cTpykTypa BCiX
MPHK, He3anexHo Bijl YHIKAJIBHOCTI X KOJAYHYO1 MOCTIJOBHOCTI, MAa€ OJHAKOBY
OynoBy 5'- 1 3'-xinmiB. Tak, Ha 5'-kiHHOI OpuUCyTHIM  MOAM(IKOBaHUMN
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HYKJIEOTH] /-METUITyaHO3uH-5'-Tpudocdar (kem). Kinpka 1ecATKiB HyKICOTHUIIB
B1JIOKPEMITIOIOTH KEIl Bij 1HIIIFOIOYOT0 KOJIOHY, 3a3Buyaii e tpurer -AUG-. 3a
KOJIYIOUOIO JUISTHKOIO CIIIy€ OJUH 3 TepMiHyrounx koaoHiB — -UGA-, -UUA-, -
UAG-. Ha 3'-xinmi 6inbmocti MPHK mpucyTHS mocimioBHICTh HYKJICOTHIIB 3
100-200 aneno3uuMoHodochaTaux 3amumkie. MPHK BukopucTOByeTBHCS SIK
MaTpULIA JUIsl CHHTE3y OLTKa.

» Put6ocomui PHK (pPHK). Pu6ocomui PHK maroTe uncnenHi crmipanbHi JUISTHKH.
Pospizusitors Hactynmni  pPHK: 5SS, 5,8 S, 28S 1 18S (S — koediuieHt
cequmenTanii). pPHK micTaTe aekiibka MOAM(pIKOBAaHMX HYKJIECOTH/IB, YaCTILIE
BCBI'O II¢ METHJIOBAHI MOXigHI a.l. abo pubo3m (2'-metmnapubo3a). pPHK
YTBOPIOIOTH KOMIUIEKCH 3 O1JIKamu, AKl Ha3UBalOTh pudbocomamu. Y
¢ynkuii pPHK BXxoasThs 3miiicCHEHHS MpOIECYy TpaHCIALII 1 Karaji3 yTBOPEHHS
NeNnTUAHUX 3B’ 513K1B MK npueananumu 10 TPHK aminokucnoramu.

Icaytore Takox Hekoaywuwi PHK (anra. non-coding RNA, ncRNA), sxi
npencTaBisaioTh coboto Monekynu PHK, ski He TpaHcmioroTbes B Ounku. Panimie
BukopucToByBaBcs cuHoHiM MaJli PHK (anri. small RNA, smRNA), ane B nanwuii
yac BiH B’K€ HE BUKOPUCTOBYETHCS, TaK sK JAesikl Hekoayroul PHK MoxyTh OyTH nyxe
BEJIMKUMU, HAMpUKIad, Xist.

[TocminoBuicte JIHK, Ha sxiii TpaHckpuOyroThcsi Hekoayrouli PHK, wacro
Ha3uBaTh PHK-renom.

Hexonyroui PHK Bxmtouarote B cebe TPHK, pPHK, taki mami PHK, sax
snoRNA, microRNA, siRNA, a takox nosri Hekoayroui PHK — Xist, Evf, Air, CTN,
PINK.

OcraHHI TPaHCKPHUIITOMHI TEXHOJOTII Ta METOAU TiOpUAN3aIii Ha MIKpoJinax
npunyckaroTh HasgBHICTH OUTbI 30000 nmoBrux Hekonytouux PHK. IIpubnusno Taka

K KUTbKICTh Manux perynsitopaux PHK mictuthbest B reHOMI Muiiii.

2.4. Tiopuau3aunisi HyKJeTHOBUX KHCJIOT
BropuHHa cTpyKTypa HYKJIETHOBUX KHCIIOT YTBOPIOETHCS 3a PAXyHOK CITAOKUX
B3aeMOJiN — BojgHeBUX 1 riapodgoOHux. Tomy skmio Boasuuit po3und JIHK Harpitu
no 100°C, To 3B's3ku, M0 YTPUMYIOTH JIBa JIAHIFOTH TOJIBIMHOI Cripami pa3owm,
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PYHHYIOTBCS. Y pe3yabTaTi pO3pHUBY BOJHEBUX 1 TiAPOPOOHUX 3B'S3KIB JIAHIIOTH
JAHK po3xopnsatsces. Llei npoiiec HOCUTh Ha3By AeHATypamii. Ajie KO pO3YUH, 110
MmictuTh aeHarypoBany JHK, myxe moBuibHO oxomnomxyBaTu 10 65°C, TO MOXYTb
BUWTU JIBOCHIpaNbHI CTPYKTYpH, 1ICHTHYHI BUXITHUM. Takuil Mpoiec OTpUMaB
Ha3By peHarypamii. Ha sBumi neHarypariiii 1 peHaTypailii 3aCHOBaHUM METOJ, IO
HOCUTh Ha3By MOJIEKYJSPHOI riopuam3anii (anrj. molecular hybridization) —
3'eqHAHHS IN VItr0 KOMITIEMEHTapHUX OHOJIAHIIFOTOBUX HYKJICTHOBUX KHCIIOT B OJTHY
MOJIEKYITY.

[Ipomiec riOpuam3aiii MoOKe 3IMCHIOBAaTUCA MIX JIBOMa OyIb-SIKUMU
nanmroramu HykineinoBux kucioT (JJHK-JIHK a6o JJHK-PHK) 3a ymoBu, 1mo BoHuU
MICTATh KOMIUJIEMEHTapHI MOCIIJOBHOCTI HYKJIEOTHIB. Taki TiOpHIHI CTPYKTypH
MOXHa BWAUINTA UEHTPU(PYTyBaHHSIM B Tpaai€eHT] MIUILHOCTI caxapo3u abdo
CIIOCTEpIraTH B €JIEKTPOHOMY MIKpOCKoITi. SIKIo po3unH, 1o MictuTh 3pasku JJHK 1
1 IHK 2, BuauieHi 3 opraHi3miB pi3HMX BHJIB, J€HATYpPYyBaTH, a MOTIM MPOBECTU
peHaTypallifo, TO YTBOPIOIOTHCS JBOCIIPAIbHI CTPYKTYpHU. AJie MOPS 3 BUXITHUMU
JHK 1 1 IHK 2 yTBOpI1oroThCs TiOpuaHi MOABINHI cripadi, siki MicTaTh JaHior JJHK
3pazka 1 1 gjanmror JIHK 3paska 2, ne npucyTHI SK cHapaii3oBaHl, TakK 1
HEeCHipaii30BaHl IUISHKHA. Y HECHipali30BaHUX AUIsSHKaX ¢pparmentu nanioris JJHK
HE KOMIUIEMEHTapH1, TOOTO B X0/ TiOpuan3allii BUXoAsTh HEJOCKOHA1 T10pUIu.

Metoaom MOJIEKYIJISIpHOT T10pUan3aIili MOYKHA BCTAHOBUTHU:

» CXOXICTh 1 BIAMIHHICTh TIEPBHHHOI CTPYKTYpH pI3HHX 3pa3KiB HYKJICTHOBHX
KHCIIOT;

» BigminHicTh JJHK, BuaiieHux 3 opraHi3miB pi3HUX BUIB;

» imentnuHicth JIHK BCiX opraHiB i TKAHUH OJTHOTO OpraHi3My.

[Tpu nposenenni riopuauzanii JJHK-PHK Oynu BuaineHi riOpuaHi MOJIEKYIH,
axi mictiin oaud yanmior JIHK 1 ogun manmor PHK. fkmo qist exciepumMenTty
oymu B34ati JIHK 1 PHK (nmepBuHHMIT TpaHCKPUNT), BUIIIEH] 3 OAHOTO OpPraHi3mMy, TO
YTBOPIOBAJIUCH JOCKOHAN TiOpuau, Tomy Mo wmoiekyina PHK kommnementapHa
nanirory JIHK. T'opunmzarniero JITHK-PHK 6ymno Bmepiie BcTaHOBIEHO, 10 BC1 BUAM
PHK xnitunau Maroth Ha Mojiekyii JIHK koMrmmemeHTapHi AUISTHKH.

KonTpoabHi nuTaHHA
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Konu 1 kum Oynu BIAKPHUTI HYKIJIETHOBI KUCIOTH?

[Ilo npencTaBisOTh COO0I0 HYKICOTU TN ?

Axi Buau HykieoTu 1B Bu 3HaeTe?

CKIIBbKH THITIB a30TUCTHUX MiACTaB icHye? [lepepaxyiiTe miCTaBH KOKHOTO THUITY.
ki azoTucTI mijacTaBu BXoAsaTh 10 ckiaanxy JAHK, a ski go ckmagy PHK?
VY domy nossrae MeTaboi3M HyKICOTUIIB?

Onuite nepBuHHY CTpyKTYpy JHK.

Konu 1 xum Oyna BcTaHOBIIEHA BTOPUHHA CTpYKTypa Mosiekynu JIHK?
[lo mpencrasiisie co6oto BTopuHHAa cTpykTypa JJHK?

. SIxi popmu JIHK Bam Bigomi?

. HaBenute xapakrepuctuku TpetnHHOl ctpykrypu JHK.

. Onuurite nepBuHHy cTpyktypy PHK?

. lllo npexncrasinse coboro BTopuHHA cTpykTypa PHK.

. HaBenuth xapakrepuctuku TpeTnHHOL cTpykTypu PHK.

. Axi Tunmu PHK Bu 3naere. 1o e 3a Tunu?

. o Take nexomyroui PHK?

. ITo Take PHK-renom?

. Y yomy mosisirae TiOpuan3aliisi HyKJI€iHOBUX KUCIOT?

. 1o BimOyBaeThCs Mmig yac IeHaTypallii HyKJIeiHOBOT KUCIOTH?

. Illo MoxHa BCTAHOBUTH METOJIOM MOJIEKYJIIPHOI TOpuan3ariii?
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I'masa 3. CTpyKTypa resa i renoma

I'enomika — HayKda, OCHOBHUM IIPpCAMCTOM BUBYUCHHI SIKOI € TeHH 1 TCHOM

KUBUX OPTaHi3MiB.

3.1. bynoBa rena

Tepmin ren Oyno BBemeno y 1910 p. garcekum reHeTnkoMm Beunemiycom
MoranceHoM i BiIHOCHIOCH 10 TiMOTETHMYHOI OXMHMIU iH(opMalii, o peryire
CHAJKOBICTh 1HJUBIAYyaJIbHUX O3HAK >KUBOTO opranizmy. I[li3Hime, koiau Oyia
BIIKpDUTA XIMIYHA CTPYKTypa I'€HIB, aHWW TEPMIH OTPUMAB IHIIY 1HTEPIPETALIIO.
[Tlin renom posyminmace nuisHka JIHK, sika mpencraBisie co0or0 MOCHTIIOBHICTD
HYKJICOTH/IIB 1 B SIKIM 3aKoJ0BaHa 1H(OpMaLis MpO MOCIIIOBHICTh HYKJICOTHIIB B
THIIH HYKJIETHOBIM KUCIOTI (1HIIUK TeH) a0 aMiHOKUCIIOTHY MOCIIIOBHICTh B OLJIKY.

CykynHICTh TE€HIB OpraHizaMy, mopsij 3 I1HmUMU nociigoBHocTsMu JIHK
CTaHOBUTH IOTO TEHOM.

B xoxai npoekty ENCODE (Encyclopedia of DNA Elements) Oynu oTpumani
PO3CHUIIaHI 10 BCbOMY T'€HOMY CKJIAJIHI €JIEMEHTU PEeryJysilii 1 TpaHCKPUMIIii, 5Ki, He
JTUBIISIYUCH HA BEJIUKY BIJJAJCHICTh OJWH BiJ OJHOTO, 3/1aTHI B3a€EMOIISATA MIXK
co00I0 1 OHOYACHO KOAYBAaTH JCKUIbKA (DYHKI[IOHAIBHUX NPOAYKTIB (OUIKH 1
pizHoManiTHi T PHK). B 3B’13Ky 3 IMM 3’SIBUJIOCH HOBE BU3HAYEHHS TEHY.

I'eH — 11e CYyKymHICTh T€HOMHHUX ITOCIIIOBHOCTEH, IO KOJYIOTH 3UCTUICHHI
Ha01p MOTEHIIIHHO EPEKPUBAIOUNXCS HYHKIIOHATBHUX MMPOTYKTIB.

PHK-kxoaytoui 1 61710K-KOAYIOUl T€HU TPAHCKPUOYIOTHCA 1 4aCTO 00'€ THYIOTHCS
MiJ] Ha3BOI CTPYKTYpHUX TeHIB. J[OCHIPKEHHS OCTaHHIX POKIB BIAKPUIM TaKOXK
PEryJsSTOPHI T€HU, SIK1 K IPABUIIO HE TPAHCKPUOYIOTHCS.

BuauisioTe HaCTYIHI TPYIU PETYISITOPHUX TE€HIB:

» TeHH pelurikamii, o MiCTITh CaWTH, SAKi BIANOBIZAIOTH 3a IOYATOK 1 KiHEIb
perutikauii JJHK;

> TeHU pexkoMmOiHamil, 1m0 MIcTATh crneuudiuHi calTu, SKi PO3MIZHAIOTHCS

peKoMOIHAIIHHUMEU (hEepMEHTaAMU;
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» TeHM cerperailii, iKi BHU3HA4YaIOTh B3aEMOJIIF0 XPOMOCOM 3 arapaToM BepeTeHa B
mporieci Meo3y 1 MiTo3y;

> TeHH, 0 MiCTAThL CAWTH NMPHEIHAHHS (caiTH MimeHi) 11 OiIKiB, TOPMOHIB
Ta JESKHUX IHITUX MOJIEKYII.
IcTHHHA KITBKICTh PErYISATOPHUX TEHIB 1 0araTo iX (QyHKIIM 0 CIpaBXHLOTO
Jacy He B1IOMi.
KoopnuHoBana po6orta (eKcmpecisi) BETUKOTO YHCIia TeHIB MOXKIIMBA 3aBIISIKU
HAsIBHOCTI PEryJATOPHUX MEXaHI3MiB, 1110 BU3HAYAIOTh MICIIE, Yac 1 pIBEHb €KCIpecii
KOHKpETHOTO reHa abo rpynu reHiB. II[o0 excmpecis reHa Oyina peryjibOBaHOIO,
BIH TIOBHHEH MICTUTH  IHIUBIIyaIbHY (PETyJSITOPHY) IO3HAUKY, 3a SKOIO
PEryJIsTOpPHI KOMIIOHEHTH T€HETHYHOI CUCTEMHU KJIITMHU ab0 opraHizMy Morjiu 0
0E3MOMMIIKOBO YMHUTH Ha HHOTO HEOOXIMHUM BILIMB. BiamoBiHO 3 UM Oyjb-sKui
reH CKJIaae€ThCsd 3 JBOX OCHOBHMX (DYHKIIIOHATBHUX YacTUH (TMOCTIJOBHOCTEH
HYKJICOTHU/IIB) — PETYIATOPHOI Ta CTPYKTYPHOI (KOJIyIOUOi).
J1o peryisTopHOi YaCTUHH BIAHOCSTHCS:
> NMPOMOTOPH (IUITHKKA TeHa, A0 sSKuX npueanyerscsi PHK-momimepaza mis
MOYaTKy MPOIIECy TPAHCKPHUIILIIi; pO3TAIIOBaHI HA MOYaTKy reHa — S'-KIHII);

> enxaHcepu (mingHkn JIHK, sKki MOCWIIOIOT TIPOIEC TPAHCKPUMINT 3
HaWOIMKYOTO 10 HUX IPOMOTOPY);

> cailsiencepu (mimsHkn  JIHK, sxi mpurHidyioTe mpoiiec TpPaHCKPHUMIT 3
HAWOIMKYOTO 10 HUX MIPOMOTOPY);

> iHTponm (HEKoIyrO4i TOCHIIOBHOCTI HykiaeotumiB; niasakn JIHK, sxi
po3TarioBadi MK €K30HAMHU; PETYyJIOITh yTBopeHHs pizHoMaHiTHUX MPHK 3a
MPUHITUTIOM OJWH TE€H — JCeKUIbKa (DYHKIIIOHAJBHUX MPOAYKTIB 3a PaxyHOK
aNbTEPHATUBHOTO CIUIAWCHHTY; MOXKYTh MICTUTH B cOO0l €HXaHCEpH 1 I'eHH, SIKi
koaytoTh MikpoPHK);

> tepMminarop (minsaka [IHK, sika TepmiHye mporiec TpaHCKPHIIIi; po3TamoBaHa
Ha 3'-KiHII TeHy).

Jlo CTpYKTYypHO1 YaCTHUHH BITHOCATHCS:

» €eK30HH (KOIYI0Ui MOCIiJOBHOCTI HYKJICOTH/IIB);
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> HeBeJHUKi TUITHKH iHTPOHIB (B JCSIKUX BHITQJKaX, SKIIO BOHU MICTATH B COOi
renu MikpoPHK). Ex30Hu 306epiratoThCsi mia yac cruiaiicuHry 1 3aimaroth 1,5%
BiJl BCbOT'O 5JIEPHOTO T€HOMY.

Yucno ex30HIB 1 IHTPOHIB B T€HAaX MOXKE BapilOBaTH y IIMPOKUX MEXKax.
[lepmriit 1 ocTaHHIi €K30HU YacTo MICTATh HeTpaHckpuOyemi nutssaku JIHK (5'UTR
(anrir. untranslated region) 1-ro ex3ony i 3'UTR ocranHbOr0 €k30HY). [l TOYHOCTI
MPOIIECY CIUIAWCUHTY TIOCHIIOBHICTh IHTPOHIB 3aBXkAu mounHaeThess Ha GT i
3aKiHYyeTbes HykieotuaamMu AG. st OUTbIIoCTi MPOMOTOPIB XapaKkTepHa HasiBHICTb
JIBOX KOHCEpPBATUBHUX TMOCHigoBHOCTEN HYKIeoTu 1B — TATA- 1 CAAT-060KciB.

CrpaBxH cXeMa TE€Hy € MPOCTIHIIO, IO MPOUIIOCTPOBaHA B JIHIKHOMY
Burisal. Hepigko iHGopmaris mpo oauH OLIOK MOKe OyTHM 3aKkofoBaHa B JIBOX
BIIIAJICHUX OJIUH BiJl OJTHOTO TeHaX. B I[bOMy BHMIaJKy TOBOPSTH MPO HENIHIHHY
BIJIMOBIAHICTD MPOAYKTY ekcrpecii nurstaku JJHK, siki #ioro KoaytoTh.

VY BHIIX €yKaploT €HXaHCep MOXXE aKTMBYBATH MPOMOTOP Ha BIJICTaHI, sKa
J0cAraEe JACKUIbKAa COTEH THCSY ILH., 0 € OJHIEI0 3 OCOOJMBOCTEH peryssuii
TPAHCKPUMINi BUIIIX eykapioTiB. Paiion nii eHxaHcepy OOMEXYIOTh CIeIialibHi
MIPUKOPIOHHI €JIEMEHTH, SIKI HOCSITh Ha3BY 1HCYJISITOPIB.

Incynsropu (anra. insulate — i3o110BaTH) — 11€ PETYNSATOPHI €IEMEHTH, K1
OJIOKYIOTh B3a€EMOJIII0 MDK €HXAHCEPOM 1 MPOMOTOPOM, SIKIIO 3HAXOASITHCS MIX
HUMHM.

BrpoBamkyrouncss MK €HXaHCEPOM 1 MPOMOTOPOM, IHCYJSTOp OJIOKYyE
3IaTHICTh €HXAaHCEPY aKTUBYBATH TPAHCKPHUIIIIIIO 3 JaHOTO mpomoTopy. Llel enemeHT
Jie SK HEUTpanbHUW, TOOTO HE MPUMMArOYMil ydacTi y akTuBaiii abo pempecii
TpaHCKpUMIli. [HCYnATOp mNpUNUHSE PO3MOBCIOJKEHHS K TO3WTUBHOI, TaK 1
HeraTuBHOI 1H(poOpMalii Bii eHxaHcepa. [HCyJIsiTopu HE BIUIMBAIOTH O€3MOCEepPEeaHBO
Ha aKTHUBHICTb €HXaHCEPYy 1 MPOMOTOPY, TOOTO IPOMOTOP MOXKE OYyTH aKTUBOBAHUM
TOOWMM IHIIUM EHXAHCEPOM, a CHXaHCEP MOXKe aKTHBYBAaTH OyIb SKWUW IHIIUH
IPOMOTOP.

[aTponu Bmepiie Oynu BusiBieHi y 1988 p. B B-rno6iHi muiri OpuTaHCHKUM
010X1MIKOM 1 MOJIEKYJISIpHUM OiojoroM Piuapgom PobGeprcom. 3a 11e BIAKPUTTS BiH Y
1993 p. orpumar HobeniBcbky mpemito mo (i310J10rii 1 MEAUIINHI.
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[locmimoBHICT  HYKJIEOTHIIB, BIATNOBIAHA  I1HTPOHY, BUIASIETHCT 3
TpaHckpuboBaHoi 3 Hporo PHK B mporeci craiicuHry a0 TOTO, SIK BiAOyJaeThCs
TPaHCJIALIA.

[aTponn xapaktepHi s Bcix TumiB — eykapiotmuHoi PHK, ame Takox
sHaiigeni B TPHK 1 pPHK mpokapioTiB. KigpkicTh 1 JOBXHHA IHTPOHIB JYXKE
PI3HI B pi3HUX BHJIAX 1 CepeJl PI3HUX I'€HIB OJTHOTO OPTraHi3My.

[cHy€ yoTHpH TPYNHU IHTPOHIB:
> saaepHi (cmiIaicocoMHi) IHTPOHH, SKI MiJNAIOTHCSA CIUTAMCHHTY TIPH JOTIOMO3i

cmutaiicocomu 1 MaPHK;
» inTponm rpynu I;
» inTponu rpynu II,;
» inTponu rpynu III.

IaTponu I, II 1 III rpynu 37aTHI 10 aBTOCIUIAMCHHTY 1 3yCTPIYaIOThCS PiJIIE,
HIK CIUTaiCOCOMHI 1HTpoHHU. [HTpoHM I rpymu, sKi 3ycTpidaroThCs y Oakrtepid 1
HAWUTIPOCTIIINX — €IUHUMN KJIac 1HTPOHIB, SKUH BHUMAara€e MpPUCYTHICTh HE3B'S3aHOTO
I'yaHiIOBOrO HYKJIEOTHIY. IX BTOPMHHA CTPYKTypa BiJpi3HAETHCA BiJl BTOPUHHOI
ctpykrypH 1HTpoHIB Il 1 III rpynu. Iatponu II 1 III rpynu cxoxi oauH HA OJHOTO 1
MaloTh KOHCEPBATHBHY BTOPHMHHY CTPYKTYypy. BOHU BOJOJiIOTH BIIaCTUBOCTSIMH,
CXOXKMMH Ha BJIACTUBOCTI CIUIalCOCOMH 1, HMOBIPHO, € 11 €BOJIOIIHHUMU
MOTIepETHUKAMH.

CymapHuii po3mip iHTPOHIB, K MPABUIIO, OAraTopa3zoBo MEPEBUIILYE CyMapHHIA
pO3MIp €K30HIB KOHKPETHMX  TeHiB. TakuM UYHMHOM, T€HOM €yKapiOTHYHOTO
OpraHi3My  MICTUTb  HE€  TIIbKHA MOCIHIAOBHICTb HYKJICOTHAIB 3 T€HETUYHOIO
iHdopmariiero mpo OIKM 1 HYKIEIHOBI KHCIOTH, a W BeIWKa KUIBKICTh
MOCTIJOBHOCTEN HYKJICOTHAIB, 1[0 HE HECYTh TaKoi 1H(pOopMaIii.

Big 3 no 8% reHiB JIOJWHM HE MICTATh 1HTPOHIB 1, MO BCIM BHIUMOCTI,
Koyt oguH MPHK npoayxr.

KpiM 1HTpOHIB B T€HOMI €yKapiOT € BEIHKa KITbKICTh IHIIUX HEKOIYIOUUX
MOCIIJJOBHOCTE ~ HYKJIEOTHJIB, TOMY  3arajbHa JOBXHHA  HEKOAYIOYHX
MOCJIIJIOBHOCTEN HYKJICOTH/IIB B IX T'€HOMI Yy JIECATKU pa3iB MEPEBUILYE JOBKUHY

KOAYIOUHUX TOCIITOBHOCTEH.
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Perynstoppa  vactTuHa  reHa 3a0e3meuye Tepiil  €Tanmu - peanmisarii
F€HEeTUYHO1 1H(oOpMaIlii, 110 MICTUTHCS B MO0 CTPYKTYpHIM yacTuHi. Po3mip reHa
CKJIQIA€THCS 3 PO3MIPIB WOTO CTPYKTYPHOI Ta pPEryiasTOpHOI 4YacTHH. Bu3HaunuTh
MPOTSOKHICT T€Ha HE TaK MpPOCTO, OCOoOIMBO B pasi TeHiB eykapioT. Oxpemi
CJIEMEHTH peryJsITOpHOi 00JacTi TeHiB, HampHWKiIal, CHXaHCEPU, MOXKYTh
po3rammoByBatucs Ha 3Ha4Hii (>60000 11.11.) BificTaHi BiJf CTPYKTYpHOI YaCTHHH T'eHA
K TIepea HEIo, TaK 1 mo3amy Hei abo HaBiTh y HiM camiid. CepemHi po3mipu reHa
moauau ckianarTs mpuomm3no 10000-30000 .. (Bix 22 n.o. (reuu mikpoPHK) no
2,2 MJIH. 1.1 (T€H AUCTPOPiHY).

3a cBOIM (DYHKIIIOHAILHUM MPU3HAYCHHIM T€HU MOXKYTh OyTH MOJIIJIEH] Ha JIBi
TPYIIN:
> rpyna I — reHu, sKi KOOylOTh Oe3mocepeHbO OUIKM (T€HU TPaHCKPUITLIHHAX

dakTopiB, TE€HHM CHUHTE3y (PEPMEHTIB, T€HH PEIENTOPIB, IeHU-MOAUDIKATOPU
¢yHK1Ii OLIKIB);

» rpyna Il — reHu, sKi KOHTPOJNIOIOTH CHHTE3 PUOOCOMAIBHUX, TPAHCHOPTHUX,
SJICPHUX, BENUKHUX Hekoayrounx npomikkie PHK (anrm. large intervening non-
coding RNA — lincRNA) i maiux PHK (perynstopu TpaHCcsmiiHOT eheKTUBHOCTI
MPHK a6o mBuakocti ix merpaganii: miRNA, siRNA i piRNA).

3a XxapakTepoM eKCIpecii TeHH TaKOK MOKYTbh OyTH MO1IEH] Ha JIB1 TPYIIN:

» TeHHU «I0MAaIlHbOIo rocmojaapcTBa» (aHrj. house-keeping genes) — mpoayKTH
X TEHIB HEOOXIJNHI I 3a0e3ledYeHHs >KUTTEAISUIBHOCTI Oylb SIKOTO THITY
KJIITHH;

> TkaHecnenudiuHi reHM — TreHH, sKi 3a0e3MeuyroTh CHeImiali3oBaHi (QyHKIIIT
KJIITUH, TOOTO TeHHW, (PYHKIIOHATHHO AKTUBHI TUIBKM B TIEBHUX THUIAX KJIITHH
(TKaHMHAX) 1 TUIbKM Ha MEBHUX CTAJIIIX OHTOIEHE3Y.

CuMBOIM TEHIB JIIOJIMHU TPUWAHATO THCATA TPOMUCHUMHU JITEpaMH 1
KypcuBoM, Hanpukian reH ACE. Ilponyktu ekcrnpecii TeHIB TeX MHUIIYThCA

MIPOMMCHUMH JIiITepaMHU, ajie 3BUYaiiHUM HadepTanHsM, Hanpukian ¢pepmeHT ACE.
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3.2. lloaimop¢i3m renis

IcHyBaHHs B momyssmii JBOX 1 OUIBIIOrO 4YHCIA ajiejied OJHOr0 TeHYy
Ha3MBalOTh aJjejeMopgizMomM, a6o mogimopgizMom, a OUIKOBI MPOAYKTH, IO
YTBOPIOIOTBCS MiJI Yac eKchpecli HUX BapiaHTIB reHiB — mnojJiMopdguumu, abdo
nojgiMopdamu. BigMiHHOCTI MiX ajeldsiMHd OJHOTO 1 TOrO X T€Ha, SK IPaBUIIO,
MOJISITAlOTh Y HE3HAYHMX Bapiallisax Horo reHeTUYHOTO KOJTY.

binpiricts BigoMux momiMop¢i3MiB BUpakalOTbcs ab0 B 3aMiHaX OIHOTO
HYKJIEOTHay, abo B 3MiHi uyuciaa @parmentis JIHK, mo mnoBToproroThcs.
[Tonmimop(di3Mu HYKJIEOTUAHUX MOCIIAOBHOCTEM BHUSBIEHI Y BCIX CTPYKTYPHHUX
eJIeMEeHTaxX reHOMa: €K30HaX, IHTPOHAX, PETyIATOPHUX AUISHKAX 1 T.J. TUM He MeHII
Bapialii, IO 3a4ilalTh KOAYIOUM (parMEeHTH TeHIB 1 BiAOOpaXaroTbCid Ha
AMIHOKHUCJIOTHIM TMOCTIJJOBHOCTI iX MPOAYKTIB, 3YCTPIYAIOTHCS BIJHOCHO PIJKO.
Jlokyc Ha3uBaeTbcsa MOMMOp(HHUM, SKIIO B MOMYJALIl ICHYIOTh JBa abo Ouiblie
aneneil mporo Jokycy. OnHaKk, SKIIO OAWH 3 ajelliB Ma€ IyKe BUCOKY YacTOTy,
ckaxximo, 0.99 ab6o OibIle, TO BUCOKAa MMOBIPHICTh TOTO, IO KOJICH 1HIIUN aJIe)Ib HEe
Oyne mpucyTHI y BHUOIpIl, B3STOI 3 MOMYJIsAIIi, SKIIO TUIBKK IIs1 BUOIpKa HE Oyne
Iy’)K€ BENMKOI. TakuM YMHOM, 3a3BUYail JIOKYC BU3HAUAETHCA SK MOJIMOPQPHUH,
SKITO0 9acTOTa HAWOLIbII mormupeHoro anens menmie 0.99. Takuii po3mosin Mae
Oy’)k€  YMOBHMH XapakTep 1 B JITeparypl MOKHa 3HAUTH 1HIII KpUTepil
MOIIMOP(HOCTI.

Ha cehoroguimHii JeHb BHUSBIEHO TmoHan 13 MiH. momiMopdi3MiB
(npumyckaeTbcst HAsiBHICTh HE MEHII HDK 20 MJIH.) T€HOMa JIIOJMHHM, Ha YacTKy
SKUX, TOJOBHUM YHMHOM, JIOBOJATHCS OJHOHYKJIeOTHAHI mojimopdgizmu (OHII,
abo cuinmu (anrua. single nucleotide polymorphism — SNP, snip)) — BiamiHHOCTI
nociigoBHocTi JIHK po3mipoM B OIWH HYKJICOTHJ, CETMEHTAJIbHI JIyTUTIKAIlii,
iHcepii/aenemnii — inaenu (anri. indels) 1 iHBepCii.

Buainsiors 1Ba BapiaHTa TeHOMHOTO MOJIMOP(Di3MY:

» KiJbKicHi 3MiHHM B 00J1aCTi JIOKai3amii MiHi- 1 MIKPOCATEIITHUX MOCIIIIOBHOCTSIX
JJHK  (tak 3Bani moBTOpHI momiMopdisMH B TPaHCKpUOyeMHUX 1
HETPAHCKPUOYEMHUX JIISTHKAX );

» SIKOCHI 3MiHHM OKpEMHX HYKJICOTHIB (CHIMU 1 1HAETH).
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B mepmomy BUMagKy MIHJIHMBICTH MO KUTHBKOCTI MOBTOPIOIOUUXCS OJWHHITH
CTBOPIOE CEpil0 ayienied, XapakTep 1 4YacToTa SKMX € YHIKAJbHOIO MJI KOXKHOIO
BapiabeIbHOTO JIOKYCY.

Koxen okpeMuil cHilm Moxe OyTH MpeACTaBICHUN B MOMYMSAIIi 1BOMa, TpbOoMa
a00 YoTHpMa BapiaHTaMH (3a KIJIBKICTIO MOXJIMBUX HYKJICOTHIIB B JaHIM MO3MUIIIT
JHK: A, G, T, C), ognak OuIbLIICTh CHIMIB ICHYE y NBOX BapiaHTax (OlanenbHi),
Hanpukiag, 3amina A Ha G abo T na C).

KoxeH reHeTHYHU JIOKYyC XapakTEepPU3YEThCS MEBHUM pPIBHEM MIHJIUBOCTI,
TOOTO MPUCYTHICTIO PI3HMX aneiniB, ado BapiaHTiB nociigoBHocte [IHK y pizHux
1HIMBIAYYMIB.

CTOCOBHO 10 T€HY aJielll MOAUIAIOTHCS Ha 1Bl TPYIH:

» HOpPMaJIbHi, 200 aJjieJIi IMKOro THIY, TP SAKUX (DYHKIIIS TEeHA HE MTOPYIIICHA;
» MYTAHTHIi, 1[I0 IPU3BOJATH IO OPYIICHHS POOOTH I'eHa.

VY Oynp-KuX NOMyISAUIAX 1 [ Oynb-sIKHX TEHIB ajedl AUKOTO THILY €
[EPEBAKAIOYUMHU.

[Tin myTamiero po3yMiroTh Oyab-siki 3mMiHM B mocnigoBHocTi JIHK HezanexHo
B1JI JIOKaJi3allli Ta BIUIUBY Ha JKUTTE3ATHICTh. TaKUM YMHOM, TIOHSTTS «MYTaIlis €
OUTBIII MIMPOKUM Y TIOPIBHAHHI 3 TIOHATTSIM «MYTaHTHHM ayienb». Y HayKOBIiH
JiTepaTypl MOPIBHSHO YacTO 3YCTPIHYAIOTHCS B MOMYJISIISAX BaplaHTH AUISHOK T'€HIB,
K1l HE MPU3BOAATH 10 MOMITHUX MOPYWIEHb (PYHKIIN, 3a3BUYAN PO3TISAAIOTHCS SIK
HEUTpaJibHI MyTallii a00 TeHEeTUYHI MOJIMOP(I3MH, TOJI SK MOHATTS «MYTaIlisD Ta
«MYTaHTHUH ajieby 3a3BUYail BXKUBAIOTHCS SIK CHHOHIMH.

[lepeBarkHa OUTBIIICTG MyTalld — pe3ydbTaT 3aMIHM OJHOIO HYKJIECOTHIY B
3MICTOBHIN dacTuHi reHa (ex3oH1). [li 3amiHuM 3a3BUuail BIMOYBArOTHCSA IIiJl 4Yac
perurikauii JIHK mpu miarotoBmi kmiTHHM 10 mofiury. Xoya MOpoUEeC perdrikarii
HAJ3BUYAHO TOYHHWM 1 ICHy€ CKJIajHa cucTtema (hepMEHTIB BIII3HABaHHA 1
BUIIPABJICHHSI MOMMWJIOK pEIUIIKalli, TAM HE MEHILI, MOMWIKHU 3yCTPIYatOThCA B
CEpPEIHbOMY 3 YaCTOTOKO 10°-10" na OJVH BKJIFOUEHUW HYKJICOTHU/I.

[HIIMM Ba)XKJIMBUM JIKEPENIOM TOUYKOBHX (HYKJICOTHAHMX) 3aMIiH € MyTareHHUN
BIUTUB pajiarlii adbo xiMiuHux pedoBuH Ha cTpykTypy JHK. OTxe, ToukoBl myTaiii

MOXYTh OYTHM HACHIAKOM XIMIYHHUX, (I3UUHUX 1 €HJOTeHHUX (¢akTopiB. Ko
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MyTallii BAHUKAIOTh B CTATEBUX KIITHHAX, TO BUCOKA IMOBIPHICTH iX Mepenadl B psLy
MOKOJIIHb. YacToTa HapOIKEHHS HEUTPAIbHUX 1 HETATUBHUX MYTallli PO3PI3HAETHCA
MDK MpeCTaBHUKAMU PI3HUX pac 1 €THOCIB, 10 00YMOBJIIOE MK HUMHU BIAMIHHOCTI Y
CXMJIIBHOCTI JIO PO3BUTKY 3aXBOPIOBaHb 1 B POsiBl Oy1b-akuX (heHotumis. CIiiJi TAKOX
3a3HAYUTH, 110 TOYKOBI MYTallii, SIK MPaBUJIO, MAlOTh HE BUIIAJKOBE PO3MIIICHHS B
reHOMI 1 HaBiTh B OKpeMHUX reHax. Hepizko BoHM 30cepekeHi B IKUX0Ch 0OMEKEHUX
ninsakax JIHK. ITomideHo, 1m0 0COOMWMBO YacTO HYKJICOTHIHI 3aMiHU 3adilaloTh
obnmacti CpG-octpiiiB — auisHok JIHK pomxkunoro 200-300 m.m., 3a3Buyait
PO3TAIIOBAaHUX Ha MOYATKYy TPAHCKPHUMIIIIHOI YacTMHU 06araThOX CTPYKTYPHHUX TEHIB
(0c0o06JIMBO TEHIB JJOMAIIHBOT'O TOCTIOIAPCTBA).

He3Baxkaroum Ha  KOMIIAKTHE  PO3TAIlllyBaHHS  TOCJIJIOBHOCTEH, IO
EKCIIPECYIOThCA 1 BIJCYTHICTh IHTPOHHUX CTPYKTYP, MITOXOHApPIAJIbHUA TE€HOM
BIJIPI3HSIETHCS BUPAXKEHOI HECTAOUIBHICTIO — YACTOTA BUHUKHEHHS HOBHX MYTalliid
MT/IHK nepeBumye taky mis siaepunoi JJHK B 10-20 pasiB. Bucokwuii piBeHb
mytareHesy MT/IHK mnosicHioeTbes BiCYyTHICTIO €(EKTUBHUX CHCTEM pernapatii,
3MIHEHUM TEHETUYHHM KOJOM (3aMIHM B TPEThOMY IIOJIOKEHHI KOJIOHIB HE
MPU3BOJATH O 3MIHM AMIHOKMCJIOTHOI MOCHIZIOBHOCTI O11Ka) 1 MPOTIKAalOUMMHU B
MITOXOHJPii OKHCHO-B1JIHOBHUMH IPOIIECAMHU.

B Oubmocti BunazakiB BapiaGenbHicTh MTJJHK oOymoBieHa ToueUHMMUMU
3aMiHaMU MiACTaB (TPaH3ULISIMHU 1 TPAHCBEPCISIMU), PIAIIE — JENelisiMU 1 BCTABKaMU
PI3HOMaHITHOI JJOBXUHH.

HaiiGinpm MiHnMBa 00JACTh MITOXOHJAPIAJBHOTO T€HOMY — KOHTPOJIbHMIA
perion (nmetJjisi 3cyBy, a00 D-netras (anri. displacement loop)) — Takox Bosojie
KOHCEPBATUBHUMH 1 BapiaOebHUMH AUITHKAMU, HAHOUIBII MOTIMOP(PHUM 3 SKHUX €
JIOMEH, po3TamoBaHui Mix mnosumismu 16024 mH. 1 16400 mH., abo
rinepBapiabenbHuii cerMeHT I.

[Tepmia moBHa omyO6sikoBaHa nociinoBHiCTs MTAHK nroaunu, mo otpumana
Ha3By «keMmOpimkcbkoi» (anri. Cambridge reference sequence — CRS), — oxna 3
HAWOUIBII TMOIIMPEHUX CEpeJ] €BPOMEUCHKUX MOMyNsMii. Y 3B'M3Ky 3 LUM
BunUIA0Th Bapiantu MTPHK, Biamoigui (anrmi. Cam) Ta HEBIAMOBiAHI (aHTJI. NON-
Cam) «keMOpiKCBKIii» Bepcii.
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Pi3H1 3MiHM B HYKJICOTHUAHIN MOCTIIOBHOCTI TpaHCKpuOyemux aiasHok JIHK

MOXYTh MO-PI3HOMY NPOSBIATUCA Y heHoTUi (Tadi. 2).

Tabnuys 2
Q@ynkyionanvua suauumicms J{HK-nonimoppizmis
Tun noaimopdizmy Jlokadgizanis dyukuionanbHui epext | YacrtoTa IependauyBanuii
B FeHOMi edexT HA peHOTHUIT
Honcenc Komyroui [epenuacua TepmiHamis Hyxe JlyXe BUCOKHIA
TUITSTHKA aMIHOKHCJIOTHOT HU3BKA
TTOCITI TOBHOCTI
MiceHnc Komyroui 3aMiHa aMiHOKHCJIOTH B Huspka Big HOMipHOFO o
(HEeCHHOHIMIYHMI a0 IUITHKA O1TKY 31 3MiHEHHSIM HOTO JLyXe BHCOKOTO B
HEKOHCEPBAaTUBHUI (hi3uKO-XiMITHIX ..
THI) BJIACTUBOCTEHN 3aﬂe}KH(.)CT1 13.1,[[
JIOKaJI13aIiil
MiceHnc Komyroui 3aMiHa aMiHOKHCJIOTH B Husbka Bix HU3BKOTO 110 TyxKe
(HECHHOHIMIYHMH 200 IUITHKA Oimky 6e3 3MiHH Horo BHCOKOTO B 3aJIEKHOCTI
HEKOHCEPBAaTUBHUIL (hi3uKO-XiIMITHHIX . .
THIT) BJIACTHBOCTCH BIJI JIOKaJ3a Ll
IHcepmii/memernii (3 Komyroui 3MileHAs paMKH Husbka Jly’xe BUCOKHIA B
3MINEHHSAM PaMKH JUTISTHKA 3YMTYBAHHS B KOAYIOUiif 3aJIEKHOCTI BijT
3YUTYBAHHS) JUISHIT 3 HETATUBHUMHU .
HaCJIiAKaMHu JuTst OijKa JIoKaj3anu
IHcepuii/ nenertii (6e3 Konytoui ab6o 3MiHH aMiHOKHCIOTHOT Huspka Bix Hu3bpKOTO 110 yKe
3MIICHHS PAMKH HEKOyr0oul MOCJIITOBHOCTI 31 BCTAaBKOIO BHCOKOIO
3YUTYBaHHS) JUIISTHKH a0o0 Jerelie0 aMiHOKHCIIOT
CeHc (CHHOHIMIYHHI) Konyroui He npussoauTh 10 3aMiHU Cepenns Big HU3BKOTO 10
JUTISTHKA AMIHOKHCJIOTH, aJic MOXKE BHCOKOTO
BIUTUBATH Ha CILJIANCHHT,
crabipHicTs MPHK i
KOH(pOpMaIito O1ITKIB
[Monimopdizm B IIpomorop, He npusBoauTh 10 3aMiHN Binx Bix HA3BKOTO 10
MIPOMOTOPHOM 200 5'UTR, 3'UTR AMIHOKHCIIOTH, aJie MOXKe HH3BKOT BHCOKOTO
PETYISTOPHOM PETiOHi BILTHBATH HA PIBEHB, MicIe 10
i "yac ekcrpecii rena .
CCPCAHLO1
CrnalicCHHTOBUH Mepmi 10 mm. | Moske BIUIMBAaTH HA TPOIIEC Husbka Big Hu3bKOTO 110 TTyxKe
€K30Ha Ha CIUTafiCHHTa BHCOKOTO
KODJIOHI 3
IHTpOHAMU
[aTpOHHMIt B iaTpoHax Moske BIIIMBaTH Ha Cepe TIHSA I[y)Ke HU3LKUI
eKcIpecito reHa abo
crabiapHicTh MPHK
MixreHHuH Hekonyroui Moxe BIIMBaTH Ha Bucoka Jyxe HU3bKUN
JUIISTHKA MK EKCIPECIIo reHa 3a
reHaMu JIOTIOMOT 010 MoauiKarii

eHxaHcepiB, cailieHcepiB
a60 3a paxyHOK 1HITHX
MEXaHU3MIB

YactniHa 3 HHMX HE HAJa€ HISKOTO BIUIMBY Ha CTPYKTYpy 1 (QyHKIIIO

BIIITOBIAHOTO  O1JIKa.

[IpuknagoM Moxe

CIIy’)KUTH

BCINMKa 4YaCTHUHa

3aMiH

HYKJICOTI/I,IIiB, 11O HE MMPU3BOAATb A0 SaMiHICHHSI aMIHOKHCJIOT B cuiy BI/IpO)KIICHHOCTi

TeHETUYHOTO KOy (CHHOHIMIYHI, 200 ceHc (aHTJI. sense) MyTallii; HalmpuKJaa, 3aMiHa

nykiaeotuny T Ha C y kogoHi CCT He mpU3BOAUTH 10 3aMIIEHHS MPOJIIHY Ha IHIIY
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aMIHOKHUCIIOTY). OIHaK €Kl CIHOHIMIUHI 3aMIHU MOXYTh BIUIMBATU Ha CTAOUIbHICTD
MPHK, xapakrtep cruiaiicuHry 1 KoHGOpMaIiio 01JIKiB.
MyTaHTHI ajiesli MOXKyTh OYTH IOJILJICHI Ha TPU KJIacH:

» MyTalii, 0 BeAyTh 10 MOBHOI BTpaTu QpyHkuii (anrJ. loss-of-function);

» MyTamii, o0 CympoBOIKYHThCs KilbKicHUME 3MiHamu BigmoBinaux PHK i
NepPBUHHMX OIJIKOBUX NMPOAYKTIB;

> NOMIHAHTHO-HETaTHBHi MyTamii, $Ki 3MIHIOIOTb BJIACTUBOCTI OLITKOBUX
CyOOIMHHUIb TAaKUM YWMHOM, IO BOHM HAJAIOTh MOUIKO/KYIOUY [II0 Ha
KHUTTE3TATHOCTh a00 (DYHKI[IOHYBaHHS CKCIPECYIOUMXCS THUIMIB KIITHH (AHIJL.
gain-of-function).

HaiiGiapm MOIMIKOMKYIOUYy Ji0 MaloTh MyTallli, sKI HOPU3BOJATH abo 110
YTBOPEHHsI 0e3riy3aoro Oiika, abo 10 NMepeayacHOro 3aKIHYEHHS MOro CUHTE3Y,
TOOTO nenerii abo iHcepilii, 0 HeKpaTHI TPhOM HYKJICOTHJaM 1 TOMY BHUKJIMKAIOUi
3MIIIEHHS] paMK{ 34MTYBaHHS, a TAKOK HOHCEHC (aHIJI. nonsense) MyTallii — 3aMiHU
HYKJICOTH/IIB, MpPHU SKUX YTBOPIOIOTHCA MEpeadacHi TepMmiHyroudi KojoHu. IIposiB
TaKUX MYTaIliil 3aJIGKUATH BiJ] iX BHYTPUTCHHOT JIOKaTi3aIIii.

SIKIIO0 CTOM-KOJOH pO3TAIllOBaHUN B OCTAHHBOMY €K30HI TeéHa abo B Mekax
octanHiX 50-55 HYKJIEOTHUZIIB TMEPEeIOCTAHHBOTO €K30HY, TO YKOPOUYCHHI
(nedexTHuit) 610K yTBOPrOETHCA. HOHCEHC-MyTallli, po3TalioBaHi y OUIbII OJIM3bKUX
70 MOYaTKy TPAaHCKPINUIi JIOKycaX, MPU3BOJATh 10 MmBUAKOI Aerpagamii MPHK 3a
PaxyHOK MeEXaHi3My, BIJIOMOro SIK HOHCEHC-omocepeakoBaHa jaerpagaris MPHK
(aurit. nonsense-mediated MRNA decay — NMD).

HonceHnc-myTanii MUPOKO MOMIMPEHI: Yy CBITOBUX TMOMNYJSLISIX BHUSABICHO
outpmie 2000 TakuX CHIMIB, JIOKAJTI30BaHUX B YCIX XpOMOCOMax (3TiIHO OCTaHHBOI
Bepcii 6a3u nanux cHimiB «dbSNP Build 129»). biusbsko 500 3 HUX 3ycTpiyaroThbes
gacto (rerepo3urotHicth 10-50%), mpu 1boMy OyIb-IKUM IHIWUBIA Y CEPEIHBOMY
MOKe OyTH HOcieM OJin3bK0 50 MyTaHTHUX ajenei (3 Hux 28 aneniB nepedyBaroTh y
TOMO3UTOTHOMY CTaHi, TOOTO y KOKHOTO 1HIMBIAA HE (PYHKIIOHYIOTh SIK MiHIMyM 14
TCHIB).

CyMmicHa 3 XUTTSIM TOMO3UIOTHICTh IO MYTAHTHOMY aJIEJIO 3yCTPIYA€ThCS B

MOMYJIAIISIX Hepinko (He MeHme 99 CHIMmiB), M0 CBIMYUTH MPO B3aEMO3AMIHHICTH
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nesknx reHiB (Hampukian, ACTN3 1 ACTN2) abo mnpo HasBHICTH IHIUX
KOMITEHCAaTOPHUX MEXaHI13MiB.

Pa3om 3 TuM 3apa3 akTUBHO PO3POOJISIIOTECS (PapMaKoJIOTIUHI MpenapaTH, 1o
J03BOJISIFOTh  OiTKaM TIOBHOIIIHHO CHHTE3YBAaTUCS TPU HAABHOCTI IepeayacHUX
TEPMIHYIOUHMXCS KOJIOHIB B T'€HaX, 10 KOAYIOTH 111 OLJIKH.

deHOTUIIIYHAN TIPOSB 3aMiH HYKJICOTHIIB B KOJOHAX TaK 3BaHUX (MiCEHC
(anriI. mMissense) wmyrarii a00 HECIHOHIMIYHMX CHIMIB) 3aJeKUTh BiJ IPHPOIU
BIJIMOBIAHUX aMIHOKHMCJIOTHMX 3aMiH B OUIKY 1 BHJ (YHKIIIOHAJIBHOI 3HAYYIIOCTI
TOTO JIOMEHY, B IKOMY 1€ Bii0ynocs. Tak, 3aMiHM aMIHOKHUCJIOT Y aKTUBHUX IIEHTpax
OUIKIB MOXYTh CYNPOBOJKYBAaTHUCA TOBHOIO BTPaTol0 iX (YHKIIOHAJIBHOL
AKTUBHOCTI, TO/1 SIK HaBITh OUIbII CEpHO3HI MOPYIIEHHS! B IHIIMX YacTUHAx OlIKa
4acTO HAJAalTh ICTOTHO MEHIIMH BIUIMB Ha (eHoTHN. MyTalii Ha CTUKY €K30HIB 1
IHTPOHIB — CIUIAMCUHTOBI MYyTallii — YacTo MOPYIIYIOTh MPOLIECUHT
IIEPBUHHOI'O PHK-Tpanckpunty (y 3B'\I3Ky 3 NOpYUICHHSIM IMpPOIECIB
BIII3HABAHHS CUTHAJILHUX IMOCHIIIOBHOCTEN HykieoTuaAiB Monekyinamu PHK), B
pe3ynbTaTi 4oro BiAOYBa€ThCs ab0 HEMpaBHIIbHE BUPI3aHHS BIAMOBIIHOI IHTPOHHOT
JUJSTHKY 1 TpaHCTsALisT 0e3TITy3/10ro MOJAOBKEHOTO Ouika, ad0 BUpI3aHHS €K30HIB Ta
YTBOPEHHS JI€€TLILOBAHOTO O1IKa.

[TopyliiieHHsT B pETYISATOPHUX JIUISHKAX T'€HIB CYMPOBOKYIOTHCS KUTbKICHUMH
3MiHAMHU BIJNOBIJHOTO MPOAYKTY Ta HE 3a4ilaloTh CTPYKTYpU 1 (YyHKLIOHATBHOT
akTuBHICTI Oinka. [IposiB Takux MyTaimiii BU3HAYAETHCS KOPIAOHHUM pPIBHEM
KOHLIEHTpalii O11Ka, Npu IKOMY HOro (QyHKIIis 111e 30epiraeThbCesl.

OxpemMo Bapto Big3HauuTu pinkicHi cHimu (Hpall-cuinum), acoriiioBani 3
eMIreHETUIHUMH MOTU(DIKaIIIMH (BIUIMBAIOTh HA €KCIIPECIO TEHIB).

Jlo 1HIIIMX THUIMIB FT€HHUX MYyTallli BITHOCSATHCS:
nenenii (BincytHicts pparmentis JJHK);
aymiikanii (moaBoenns pparmentis JJHK);
inBepcii (moBopot dparmentis J[HK);

TpaHcaokanii (oomin gparmentamu JITHK Mix pi3HUMH FreHaMH 1 XpOMOCOMaMH );

YV V VYV VY VY

iHcepuii (aHru. insert — BcTaBasaTu) (BcraBka ¢pparmentis JJHK).
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Yactrra Takux MyTaIlii (gemerii, Tyrumkarii 1 iHcepIlii) BUKINKAE TeHETHIHUN
nucOanaHc 1 MPU3BOJAUTH JI0 CEPUO3HUX MOPYIIEHb CHUHTE3y OlKa, TOMl SK 1HIII
(imBepcii 1 TpaHCIIOKAIIli) 3a3BUYail HE CYMPOBOKYIOTHCS BTPATOI0 a00 MPUI0AHHIM
TeHETUYHOro MaTepiady abo Horo po3puBaMu 1 MOXYThb HISIK HE MPOSBISTHCS B
dbeHoTur, TOOTO BeCTH ceOe K TUTIOBI HEUTpaJIbHI MyTallii.

[cHye TakoX Kjlac AMHAMIYHUX MYyTalliid, a00 MyTalliid eKCIaHcii, MoB'I3aHuX 3
HECTaOUTBHICTIO YHCIIa TPUHYKJICOTHIHUX TMOBTOPIB Y (DYHKIIOHATHHO 3HAYUMHUX
yacTMHaX TreHiB. bararo TpUHYKIIEOTUAHUX TMOBTOPIB, JIOKAJII30BaHUX B
TpaHCKpHOyeMUX ab0 PEryJsaTOPHUX MUISHKAX TE€HIB, XapaKTEePU3YHOThCS BHUCOKUM
pIBHEM TOMYJSALIMHOI MIHJIMBOCTI, y MEXax SKOr0 HE CIOCTEPIraeThbes
(EHOTUIIYHUX TOPYIIEHb. XBOPOOAa PO3BUBAETHCSA JHIIE TOJI, KOJU KUIBKICTh
MOBTOPIB B IMX CalTaXx TMEpEeBHINYyE NEBHUM KPUTUYHHUI piBEHb («XBOPOOH
ekcrancii»: xopes ['enTinrtona, xsopoda Kenesi, psan cnimHorepeOpaibHIX aTakcii).

CremianpHOro po3MISIAY 3aciIyroBYIOTh MYTallli, 3yMOBJICHI 1HCEPIiSIMU
NPOTSHKHUX MOOUThHUX enemeHTiB renomy tuiy LINE, SINE, Ttpancno3onis. B
CIpaBXHIN Yac OTpUMaHi psimi
JOKa3HW 3B'SI3Ky BHYTPINTHROTCHHHUX IEPEMINIEHb IMX EJIEMEHTIB 3 BHHUKHCHHSIM
HU3KHU CIIaJIKOBUX 3aXBOPIOBaHb (Hampukian, remodinii A, HelpodiOpomaTosy,
mionartii [llapko—Mapi—Tyc), a Tako’)k ~ CXWIBHICTIO [0  IIIEMIYHOI ~ XBOpOOH
cepls, apTepilajibHOI TINEepPTeH31i 1 I1HIIMX MYJbTH(PAKTOPIaIbHUX 3aXBOPIOBAaHb.

Ha kiHnmeBuii edekT MyTtarii BIJIMBAaE HE TUIBKK i1 Tum (1HIEIH, CHIIH,
Oymiikamii 1 T.J4.) 1 MICLle pO3TallyBaHHS B T€Hi, ajle 1 TUll TeHIB (TeHH
TPAHCKPUNIIIAHUX (PAKTOPIB, T€HW CUHTE3y (PEPMEHTIB, TEHH pPEIENnTOpiB, T'€HU-
moaudikaropu ¢yukmii O611kiB, renn manmux PHK), B skux nokamizoBaHi myTaiiii.
OCKUIbKM TpaHCKPUMNIIAHI YUHHUKH PErYyJIOIOTh EKCHpecito 0e3midi TeHiB, TO
MyTaIlii B T€Hax, 0 KOAYIOTh 11 PaKTOpH, poOJISITh OUIBII ICTOTHUI e(deKT Ha TPOSsB
SKOI-HEeOyIb O3HAKM, HIXK MYTallll B T€Hax 3 OJAMHUYHOIO (yHKIli€r0. Tak, HEraTUBHI
MyTaIii TEeHIB TPAHCKPUNIIHHUX  (AKTOPIB  peami3ylOThCid MEPEBAKHO Y
BHYTPIIIHROYTPOOHOMY TMEpiOAl, BHUKIMKAIOYM BaXKl KalilTBa 1 1HIYKYIOUH
NepepUBaHHS BariTHOCTI. 3 1HIIOTO OOKY MyTallii, 1110 3a4iNarTh I'eHH, 10 KOIYIOTh

pi3HI (epMeHTH, peani3yloThCsl y BUIJISAAI 3aXBOPIOBaHb HAMuacCTIIIE MPOTITOM
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MIEPIIOTO POKY XKUTTS. MyTarlii reHiB-perenTopiB CTAalOTh OYEBUTHUMH TIEPEBAKHO B
nepioJ CTaTeBOro JIo3piBaHHA. [, HapemTi, MyTalli TeHIB, MTPOAYKTH SKHX
MO (DIKYIOTh (YHKII0O OUIKIB (TpaHCIOPTHI OLIKM, OIIKM MPOIECHHTY Ta iH.),
MPOSIBIISIIOTHCS BXKE Y JOPOCTUX 1HIUBIIYYMIB.

IcHye yHiBepcalibHa CTaHJIapTHA CHUCTEMa JJisl MMO3HAYEHHS PI3HUX MyTallil,
sIKa PO3paxoBaHa SK HA 3aMC aMIHOKMCIIOTHHUX 3aMiH B OUIKaX, Tak 1 Ha HYKJICOTHIHI
3amian Ta nepectaHoBku B JIHK. ¥V mepmomy Bumaaky KoOXHIN aMiHOKHCIOTI
BIJIMOBIAA€ OJHOJITEPHUNA CHUMBOJ (IHOJI TPHOXJITEPHHH CHUMBOJ 3aJIUINAIOTH),
JIBOPYY 3aMHUCYETHCSI HOPMAIBHUN BapiaHT aMiHOKUCIIOTH, MPAaBOPYd — MYTaHTHUH,
a pO3TalllOBaHM B IIEHTPI HOMEDP BIANOBIAAE MICIIO 3aMIHM B JIAHIIOKKY
MEPBUHHOTO MPOAYKTY TPAHCIISIIII.

Hanpuknaz, 3anuc P582S (Pro582Ser) o3Hauae 3amiHy MpOJIIHY Ha CEpPUH Y
582-my monoxkeHHl npoaykry ekcrpecii rena HIF1A. Tak 3amucyroTbest pi3Hi
BaplaHTH aMIHOKHMCIIOTHUX 3aMIH ITPU MICEHC-MYTaIlisiX.

Jliteporo X (ab6o Ter) mo3HayaeThCsl MicCIe 3yMUHKA CUHTE3Y MOJIMENTHTHOTO
JIAHITIOTA TTPU HOHCEHC-MYTaIlisiX.

Hanpuknan, R577X (Arg577Ter) o3Hayae 3aMiHy apriHiHy Ha CTOI-CUTHaN Y
577-my xomoHi o -akTiHiHA-3 (poaykKT ekcrpecii rena ACTN3).

BiacyTHicTh 0iHI€T 200 IEKITLKOX aMIHOKUCIOT MO3HAYAI0Th 3HAUKOM A.

Tak, HalO1IBIT YacTa MyTaIlis, IO TPU3BOANTH 10 MyKoBiciumao3y, A F508 —
Oo3Ha4ya€ BIJACYTHICTh (QeHnananiny y 508-My MonoXkeHHI TpaHCMEMOPAaHHOTO
PEryJIATOPHOTO OLIKa MYKOBICITUO3Y.

Mixuapoauuii ienTp 6iorexnosoriunoi inpopmartii (anra. National Center for
Biotechnology Information — NCBI) mae 6a3y manux nmo OHII (anra. the single
nucleotide polymorphism database — dbSNP). Koxxnomy mnomximopdizmy B 06asi
HAJA€ThCSl OCOOMCTHMH 1HaUBIAyanbHui Homep (anri. reference SNP — rs).
Hanpuknazn, R577X nonimopdizm reny ACTN3 no3navaerses sk rs1815739.

Bimnik nykineorunis B mosekyn JIHK moumHaerbes 3 mepuioro cMHCIOBOTO
KOJIOHY, TaK II0 HYKJIEOTH] MiJ HoMepoMm +1 BIANOBilae MEPUIOMY HYKJICOTHIY B
monekyni k/IHK. Bropy 3a tediero (abo 3mpaBa HamiBo Bix 3'- g0 S5'-KiHIS) Bif
NEPIIOTO KOJOHY HYKJICOTHIM 3alMCYIOThCS 31 3HAKOM «—», BHHU3 3a Teuielo (Big 5'-
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o 3'-kiHUA) — 31 3HAKOM «+». HykimeoTunum ek30HIB MO3HAYalOTh 3arojJOBHUMU
JiTepaMu, IHTPOHIB — MPOMUCHUMH.

Cninm  BpaxoByBaTH, 1[0  OJHOHYKJICOTHIHI  TOMIMOP(I3MH  3aBXKIU
MPECTaBISIOTE CO00I0 BOXAJENbHY CUCTEMY, TOMY HaBiThb NMpU caMiii BHCOKIH
BapiaOebHOCTI TAKOTO CalTy KIJIBKICTh T€TEPO3UTOTHHUX 3a JIAHUM JIOKYCOM OCOOUH
B momyJismii He Oyae mepesunnyBatu 50-55%. Mix Tum rinepBapiaOeinbHi CaTeNiTHI
MOBTOpU NPEICTaBISIIOTh  COO0I0  MyJbTHAJENbHI CHUCTEMH 3  pIBHEM

retepo3uroTHocTi Bia 70 10 90%.

3.3. 'eHoM JTIr0AMHU

I'eHomM — 1I¢ MOBHA TEHETWYHA CHUCTEMa KIITHHH, SKa BHU3HAYAE XapakTep
OHTOI€HETUYHOI'O PO3BUTKY OpPraHi3My 1 CHAJKOBY Nepeaady B psi/il MOKOJIHb YCIX
HOro CTPYKTYpHHX 1 (DYHKIIIOHAJIBHUX O3HAK.

Y reHomi IWIUIOIAHOI KIITHHUA 3 46 XpOMOCOMaMHU MICTUThCS OJU3BKO 6
nukorpam JIHK, a 3arambHa noBXMHa rarmioigHoro Habopy 3 23 XpomocoMm
CTaHOBHUTH ONn3bKO 2,85 mupxa. 1m.H. Liel kinpkocti JJHK mocratHbho 115 KOyBaHHS
JEKUIbKOX MUIBMOHIB TeHIB. AJI€ TICIIs 3aBEPIICHHS] OCHOBHOI YaCTUHU MIXKHAPOIHO1
nporpamu «I'eHOM JIoIMHUY» OyJIO MPUMYIIIEHO, IO CIPABKHE KUIBKICTh T€HIB MOXKE
ckiagat Big 20000 mo 25000. ITouyaTkoBa omiaka Oyma Oinemr Hixk 100000 renis. Y
3B'I3KY 3 YJOCKOHAJIECHHSM METOJIB IOIIYKY TE€HIB (MpPOPOKYBAaHHS T'EHIB)
nepeadavyaeThCsl MOMAJbIIe 3MEHIIICHHS KUTBKOCTI TeHIB. ['€HU JIIOAWMHU CKIIAIal0Th
He O1npme 3% Big Beiel JJTHK.

Ipoexrt «I'eHom moauam» (anri. The Human Genome Project — HGP) —
11e MDKHAPOIHUN HAYKOBO-JAOCTIAHUMN MPOEKT, TO0 PO3MHQPOBI T€HOMY JIOIUHU.

Oro rojoBHOIO METOO OyJI0 BU3HAUYCHHS TOCIIIOBHOCTI HYKJICOTHIIB, SIKi
cknagatore JIHK 1 igertudikyBanas 20000-25000 rewniB y Jt0ICBKOMY TE€HOMI.
[Tpoekt po3pobiisiBcs mounHarouu 3 1984 p., a posnouaBcs y 1990 p., mia erijgoro
Jlermapramenty enepretuku CIIIA (United States Department of Energy — DOE) i
HamionanpHOTO — 1HCTUTYTY smopoB'ss  CIITA (National Institutes of Health —
NIH).  OwuwomuB mpoekt JIxefiMc YOTCOH, skuii OyB royioBoro HallioHaIbHOTO

Hentpy Hocnimkens Jlroncekoro I'enomy nouunatoun 3 1988 p. ¥V kBitHi 1993 p.
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foro 3aminuB amepukaHcbkuil reneTk ®pencic Komning, a 'y 1997 p. Ha3Ba nenrpy
Oyno 3miHeHa Ha Hamionanbauit Incturyt Jlocmimkens Jltoacekoro I'enHomy (aHri.
National Human  Genome  Research  Institute — NHGRI). 3ammanoBanuii
oromker ckmaB 3 wmuipa. $. (1 mykaeotua — 13$). OcHoBHHIA o0csT
CEKBEHYBaHHS OyB BHUKOHAaHUWA B YHIBEpCUTETax 1 JOCHIIIHUIIBKUX HEHTpaxX
CLIA, Kanamu, BemukoOGpuranii, ['epmanii, @panuii, Anownii Ta Kurar. Li kpainu
ckiaand  MDKHapOAHHMIA KOHCOPIIIYM.

[TpuBatHoto xommnaniero «Celera Genomicsy», sikoro kepyBaB Kpeiir Benrep
OyB 3amyllEHWH aHAJIOTIYHUN NapajeIbHUN NPOEKT, 3aBEPIICHUN AEII0 paHille
M1>KHAPOTHOTO.

Y 2000 p. Oyna BumymieHa poOoya YEepHETKa CTPYKTypu TeHoMy. JlaHi
[0 MMOBHOT€HOMHOMY cekBeHyBaHHI0 JIHK mronuHM BueHl moyanu myOJiKyBaTH 3
2001 p. Ilepmi naHi mpo TEHOM JIOJUHU Oylu OmMyOJIKOBaHI MIKHApOIHUM
KoHcopuiymoM 1 rpynoto Kpelira Bentepa B HaykoBuX >XypHanax «Naturey ta
«Sciencey 15 1 16 mororo 2001 p. BiamoBiaHo. [ToBHUIT reHOM OyB OmMyOJIiKOBaH Y
2003p. IlybomikyBanus Oyno 3akiHdeHo y 2006 p. OmgHak 1 ChOTOJIHI JOJMATKOBUMA
aHaJ3 IeSIKUX JIISHOK I11€ HE 3aKiHYCHUH.

[ToBHICTIO BUPIMHUTH MPOOJIEeMH TMOBHOTEHOMHOTO JIOCTI/DKEHHSI TUIBKU
OpsIMUM CEKBEHYBAHHSM HaBpS[ YU MOXJIHMBO, OCKUIBKHM B T€HOMax € JIOKYCH,
HEJOCTYIHI JJIg KIOHYBaHHS, BU3HaueHHsA nepBuHHOI cTpykTypu JIHK abo
OJIHO3HAYHOT PEKOHCTPYKII MPOTSKHUX (PparMeHTIB 4Yepe3 HAsBHICTh BEJIUKOI
KUTBKOCTI romomnociigoBHocteil, GC-0aratux AinsHOK Ta/abo moBTOpiB. ToMy Ha
JaHUM MOMEHT TEXHIYHO HE MPEACTABISETHCS MOXIIMBUM CEKBEHYBAaHHS KIUJIBKOX
JECATKIB JUISTHOK T€HOMY JIIOJMHHU. Pa3oM 3 TUM cy4acHi TEXHOJIOTIi JO3BOJISIOTH
CEKBEHYBATH I'€HOM JIFOJMHU 3HAYHO OUTBIN ePEeKTUBHIIIE, IIBUIYE 1 EKOHOMIYHIIIIE.
[lepmmmu JrOABMH 3 1HAWBIAYyaJIbHO TPOYUTAHUMHU TEeHOMaMmH crtanu Jxenmc
Yotcon 1 Kpeiir Benrep.

Xo4ya METOI0 TPOEKTY 3 pO3MHU(POBKH TEHOMY JIIOJUHH OYyJI0 PO3yMiHHS
OyZ0BH T€eHOMY JIOACHKOTO BUIY, MPOEKT TaKOXkK (POKYCYBaBCA 1 HAa KIIBKOX 1HIIMX

oprasizmax, cepej sKux Oakrtepii, 30kpeMa, kuireuna maauuka (Escherichia coli (E.
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coli)), komaxm, TaKki sk Mymika yepHoOproxas apo3odina (Drosophila melanogaster),
1 CCaBIli, HAITPUKJIAJI, MUIIIA.

CroyaTKy TUIaHYBaJlOCSi BH3HAYEHHS TMOCIHIJIOBHOCTI Ouibllie 3 MIP/I.
HYKJICOTH/IB, III0 MICTSTHCS B TaIIOITHOMY JIIOACbKOMY reHomi. [1oTiMm Kisbka rpyn
OTOJIOCHJIM TpPO CHpoOy pO3UIMPUTH 3aBJAaHHS JO CEKBEHYBAaHHS JUILIOiIIHOTO
reHOMY JIIOJIMHU, cepell HUX MibkHapoaHuil nmpoekT «HapMapy, «Personal Genome
Project», «Roche-454», «Perlegen», «J. Craig Venter™ INSTITUTE — JCVI»,
«Applied Biosystemsy 1 «lllumina». ['eHoM Oyab-SKOTr0 OKpEeMO B3ATOr0 OpraHi3My
(BUKJIIOYAIOUM OJHOSIMIIEBUX OJM3HSAT 1 KJIOHOBAHUX TBApWH) YHIKAJIbHUH, TOMY
BU3HAYEHHS MMOCI1JIOBHOCTI JIFOJICHKOTO T€HOMY B MPUHIIUII, MAa€ BKJIIOYATH B ceOe 1
CEKBEHYBaHHSl YHCIIEHHUX Bapialiii KOXXHOTO TeHa. I[Ipore, B 3aBHaHHA MPOEKTY
«'eHoM ImmOOMHWY» HE BXOAWIIO BH3HAuUCeHHA mnocaigoBHocTi Beiei JIHK, 1o
3HAXOAUTHCS B JIIOJACHKHUX KJIITHHAX; a JIesAKl reTepoXpOMATUHOBI 00JIacTi (3arajiom
0J113bKO0 8% ) 3aMIIAIOTHCS HECEKBEHOBAHUMU J0 CIIPABKHBOTO Yacy.

He3Bakatoun Ha Maike CTOBIJICOTKOBY pPO3MIM(POBKY CTPYKTYpH TeHOMaA
JOJIMHU, ¥ (QYHKIIIOHAILHOMY TUTaH1 T€HOM po3mudpoBaHuii He OuIbIIe HIXK Ha 1-
2%, 0 CBIAYMTH PO HAIIE BIJIHOCHE PO3YMIHHS BJIAIITYBaHHS, IPUHILIMIIIB POOOTH 1
GyHKIIIH €IEMEHTIB TEHOMY.

HaspricTs B kimiTuHax mroguHu moHan 100000 pi3Hux TumiB - OUTKIB i
mosiekysn PHK npumyckae, 1o B cepelHbOMY B OTHOMY T€HI 3aKJiaJieHa 1HpopMaris
PO M'ATh (PYHKI[IHATHHUX MPOIYKTIB.

['enn nmroAWHM BIAJAJNEHI OJMH BlJ OJHOTO MNPOTSKHUMHU MPOMDKKAMU —
creiicepaMu, sKi MalOThb y CBOEMY CKJIaJl BEJIMKY KIJIbKICTh IOBTOPIOBAHUX
nocmaoBHoctedt JIHK. Ili mimsaxku JIHK (97% Bix yciei JIHK), ma0yts, GepyThb
y4acTh y peryJtisiuii ekcrpecii reHiB (mig yac emMOpioreHesy, npu AuQepeHIiIOBaHHI
TKaHWH 1 T.7.) 1 B nponiecuary PHK; BUKOHYIOTH CTpYKTYpHI (QPYHKIIIT; MiIBUIIYIOThH
TOYHICTb TOMOJIOTIYHOTO CHAapOBYBaHHA 1 peKOMOIHAIlll; CHPUAIOTh YCIIIIHINA
perutikarii JIHK.

Kpim renis B JIHK monuam BusBieHo Oe3mid 1HIMX 0a30BHX EJIIEMEHTIB

reHOMY.
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bmuzpbko 50% BChOrO TE€HOMY JIIOJIMHU CKJIAJAETHCA 3 IOBTOPIOBAHUX
MOCIIJOBHOCTEH, 5Kl BKIHOYalOTh B cebe: caremitHi JIHK, iHBepTOBaHi moBTOpH,
MOMIPHI 1 HI3KOKOMIWHI MOBTOPH, MiHI- 1 MikpocareniTHi mochigoBHocti JIHK, a
TaKOX Pi3HI KJIaCH TPaHCIIO30HIB.

Careaitna JIHK — 1e xiac BHCOKONMOBTOPIOIOYMXCSI TOCIHITOBHOCTEH, IO
ckiagae 0au3bko 10% BChOro reHoMY JIFOJUHHU.

Mikpo- Ta MiHi-caTesiTHI moCaigoOBHOCTI (MIKpPO- Ta MiHi-caTesiTn)
IPECTaBIAIOTh CO00I0 0araTOYMCICHHY TpYIy PO3CISHUX IO BChOMY T'€HOMY
BilHOCHO KOpoTkux TaHaeMmHux moBTopiB (KTII (amra. short tandem repeats —
STR).

KTII — e moBTOp ABOX ab0 OuibIIe map O€3MOCepeHbO MPUIISTAIOUUX OJNH
1o oaHoro HykieotuaiB B nociigoBHocTi JIHK. Jlopxuna KTII 3a3Buuaii CTaHOBUTH
Bix 2 no 10 m.m. (manpuxnan, (CATG),) 1 3a3BUyail 3HaXOIUTHCS B HEKOMYIOUIN
IHTPOHH1M 00s1acTi, TOOTO € cmiTTeBOIO JIHK.

MikpocaTeaiT — 11€ KJIac JUHYKJICOTUTHUX MTOBTOPIB.

Mimni-caresiTi MicTaTh Bij 3 10 15 HYKJICOTHIIB.

InBepToBani, a00 3BepHeHi MOBTOPU CTAaHOBIATH 110 5% reHomy. Bonu
CKJIQZIAIOThCA 3 JIBOX TOTOXKHUX KOIIN TOBXKUHOIO 0713bKk0 300 I1.11., OpIEHTOBAHUX B
MPOTWICKHUX HampsiMkax Ha omHid Hutii JJHK 1 nexaTts Ha BiACTaHl BiJ OJHOTO
JIECSATKA THUC. TI.H. OJUH BiJ OJTHOTO.

['pyna momipHO NOBTOPHOBAHUX NOCJTIJOBHOCTEHl yXe TreTeporeHHa 3a
JIOBXKHUHOK 1 KUIBKICTIO KOMIA 1 CTaHOBUTH OnM3bko 35% reHoMmy moauHu. Sk
MPaBUJIO0, BOHU PO3MOJAUICHI JUCIEPCHO MO BCIX XPOMOCOMaM, MPUYOMY BITHOCHO
kopoTki mociuigoBrocti JITHK (1o 300 m.m.), Tak 3Bani SINE-moBTopm (anri. short
interspersed elements — SINE), sycrpivatorbcs Oinbme 1,7 miH. pasiB (1,2 muH.
komiii 3 Alu-cimeiicta, 450000 komiit MIR, 85000 xomiit MIR3). [osmi LINE-
nostopu (auri. long interspersed elements — LINE) — o 1 muH. pasis.

Tpancnozon — e nocnigoHicTe JHK, 3marHa mepemimarucs ycepeauHi
TeHOMY B pE3yJbTaTi MPOIECy, IO HOCUTh Ha3By TPAHCHO3MIli. TpaHCHO30HU
BIIHOCATBCA JI0 MOOUIBHUX €JIEMEHTIB T'eHOMY (BOYJIOBYHOUYUCH B T€HOM, MOXYTh

BUKJIMKATHU MYTallli, B TOMY YMCII 1 Takl 3Ha4HI, sIK XpOMOCOMHI niepebyaoBu). Knac
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LTR-Tpancnio3oniB (anri. long terminal repeats — LTR) Bkirrouae enemMeHTH, 1o 1i0H1
petpoBipycam (0im3pk0 240000 komiii goBxuHo0 6-11 kb). JTHK-Tpancno3onu, 1o
BIJTHOCSITECS /IO JIPYTOTO KJAacy TPAHCIIO30HIB, MEPEMINIYIOThCS HUISIXOM MPSAMOIO
BUpI3aHHSA 1 BCTaBKM 3 BUKOPHCTAHHSAM KOJOBAaHOTO TPAHCIO30HOM (EPMEHTY
tpancno3asu (npubiamu3Ho 300000 komiii goBxkuHOIO 2-3 Kb).

Jlesiki TeHM JIOJMHHU TMOBTOPIOIOTHCS B TE€HOMI BiJ JEKUIBKOX OJMHHIB JI0
JCKIJTPKOX COTEH pa3iB 1 yTBOPIOIOTH MYJBTHIEHH1 cimeiicTBa. Lli reHu 3a3Buyaii
3TpyHoBaHi B KjacTepu (Tpymu MOBTOPIB OJHOIO 1 TOro * a0o0 CIOPITHEHUX TEHIB,
PO3TAIIOBAaHUX TMOPYY HA XPOMOCOMi, IIO BXOASTH A0 CKIAAy MYJIbTHTEHHOTO
ciMelicTBa) B MEBHUX pailloHax oOjHiel ab0 JEKUIbKOX XpOMOcoM (reHu p-, T- 1
snepuux PHK, renu a- 1 -ro06iHiB, TyOyIiHIB, MIOTJIO0IHY, aKTUHY, IHTEpPEPOHY Ta
iH.).

Ocob6nuBe Miclie cepesl MyJIbTUTEHHUX CIMEHCTB 3aliMaloTh CylepreHu — JTyKe
BEJIMKI KJACTEPU 13 COTEHb (DYHKIIOHAIBHO 1 CTPYKTYPHO PpOJAMHHHUX T'€HIB
(HampuKkIaa, KOMIUIEKC, SKMW KOHTPOJIOE TOJIOBHI AHTUTEHH TICTOCYMICHOCTI,
KOMIUJIEKCH, SIKI KOHTPOJIOIOTh CHHTE3 BaXKKUX Ta JIETKUX  JIQHIIOTIB
IMYHOTJI00YJIIHIB).

B Garathbox MyJIbTUTEHHUX CIMEHCTBaxX MOpsia 3 (PYHKIIOHAIHHO aKTUBHUMU
r€HAMU MICTSTHCS MCEBJAOTeHN — MYTaIlIfHO 3MIHEH1 MOCTiIOBHOCTI, Jy>KE€ CXOXI1 3a
CBOEID CTPYKTYpPOIO 3 TMEBHMMH HOPMaJbHUMH TeHamu. He3Baxaroum Ha Te, IO
NICEBJIOTEHU MOXXYTh TPAaHCKpUOYBaTH, iX (PYHKI[IOHAJIbHE MPU3HAYEHHS B TEHOMI
BUBUYEHO MOraHo. Jleski 3 HUX MOXYTh OpaTH ydacTb B PEryJsiiii ekcropecii 3a
nonoMororo koxyBanus Maiaux uHTepdepyrounx PHK (MiPHK i SiRNA), abo depes
TPAHCPETYJIALII0 €KCTIPECcii TOMOJIOTIYHUX TEHIB.

B reHomi mroMHM MPUCYTHI TaKOXX HYKJICOTHU]IHI MOCIITOBHOCTI, TOMOJIOTTYH1
reHaM JICSIKUX BIPYCIB.

mtIHK npencrapisie co00r0 reHoM KIITHUHHUX OpTraHellyl — MITOXOH/IPIH.

Cunre3 JIHK B MITOXOHIpisSiX MPOXOAWTH HE3AJEKHO BiJ CUHTE3Yy SAEPHOI
JHK, a cnankyBaHHA 1i€i LWTOIUIa3MAaTUYHOI TEHETUYHOI CTPYKTYpH —
MITOXOH/IPIAIBHOT XPOMOCOMU —BIJIOYBA€ETHCSI B HOPM1 CTPOTrO IO MAaTEPUHCHKIN

miHll. MuTOXOHApIadbHA XPOMOCOMa IMpPEJCTaBiIeHA KUIbLIEBOIO BOJIAHIIOTOBOIO
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mounekynoro JIHK, sika mpucyTHs B opraHeni y BUIJIAAlI KOBAJIEHTHO 3aMKHYTOI
cynepcmoipaiizoBaHoi  (GopMu, acomiiioBaHOi 3  BHYTPIIIHBOI  MEMOpaHOIo
MmitoxoH pii. Koxkna opranena mictuth Bif 1 10 10 monexyn mTAHK, 1110 cTaHOBUTH
1000-10000 komiii Ha KIITHHY. SIK TpaBWIIO, OJWH OPTaHI3M BOJOJIE €TUHOIO
dbopmoro MT/IHK, ToOTO O1HMM TramioTUOM, yCIiaJKOBaHUM 10 MaTEPUHCHKIH JIiHII.

Bucokwii CTYIIIHb BHBUYEHOCTI TE€HETUYHOTO amapaTy MITOXOHJPIii
O0OyMOBJICHUI HEBEIMKUMU PO3MipaMu MITOXOH/IP1aIbHOTO reHOMY, IO
BIJIPI3HSAETHCS IIUIBHOIO JIOKAMI3aIll€l0 T'eHIB, BIICYTHICTIO IHTPOHIB 1 MPOTSKHUX
HETPAHCKPUOYEMUX JUISIHOK.

MitoxoHaApiaIbHUN TEHOM JIIOJWHHU sABJIsSE€ C000r0 HeBenuky (16569 11.H.)
kuibLieBy moisiekyny JIHK 1 koxye 13 OUTKiB — KOMIOHEHTIB €H3UTUYHUX CHCTEM
okucaoBaIbHOTO (pochopuntoBannd, rean 22 TPHK 12 pPHK. V psam 1Hmmx
BU/JIIB MITOXOHPiaIbHUN T'€HOM JIFOAUHU BIJPI3HAETHCS HAUO1IBIITO KOMITAKTHICTIO
Tyt renn OutkoBoro xkomiuiekciB 1 pPHK weprytoreesa 3 renamu TPHK, a mikrensi
TUISTHKA TIPEACTaBICHI KOPOTKUMH, B JCKIJIbKA HYKJICOTHAIB, BCTaBKaMU. CIUHOIO
IPOTSHKHOIO, 07M3bKO 1,1 THC. I.H., HEKOJIYIOUOI CTPYKTYPOI MITOXOHAPIaJIbHOTO
TCHOMY € KOHTPOJIbHUH perioH (metns 3cyBy, abo D-meris), AUISHKH SKOT
3a0€3Meuy0Th acoIlalio MITOXOHAPIaTbHOT XpOMOCOMH Ha MEMOpaHi OopraHenu i
MICTATh CTPYKTYpH, HEOOXITHI JJIA IHILIAIii Ta PeryJssuii NpoueciB perunkamii 1

tpanckpunuii Mt IHK.

KoHTpoJIbHI NTUTAHHSA
[Ilo BuB4ae renomika?
Komnu 1 kum OyJ10 BBEIEHO TEPMIH «T€H»?
[Ilo mpexacraBiisie co60r0 TeH?
SIxi rpymnu peryisITOPHUX T€HIB BUAUISIOTH?
[Ilo BIZHOCUTHCS 10 PETYISITOPHOI YACTUHU T'eHY?
SIKy pyHKI1I1I0 BAKOHYTh IHTPOHH?
SIxy Ha3By Mae aunsaka JIHK, sika TepmiHye npoiiec TpaHCKpHUIILi?

[I{o BiAHOCHUTHCS IO CTPYKTYPHOI YaCTUHU TeHy?

© 0o N o g~ w DN E

IIlo Take ex30HU?
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10. SIky QyHKIIiI0 BUKOHYIOTH 1HCYJISITOPH?

11. Cxinbku rpy1 iHTpOHIB icHye? [lepepaxyiiTe i rpymnu.

12. Ha ckibKM Tpyn MOXYTh OYTH TOJUICHI T€HH 3a CBOIM (yHKI[IOHATBHUM
npuszHaueHHsM? [1]o 1e 3a rpynu?

13.Ha ckigpku rpyn MOXXyTh OYTH TOIJICHI TEHHU 3a XapaKTEepPOM CBOEI €KCIpecii?
Onuite 1i rpynu?

14. o npencrapisie cOO0I0 TEHETUIHHUHN MOTIMOPPizM?

15. IIlo Take 0AHOHYKJICOTHAHI TTOJTIMOP(iIZMU?

16. Cxinpku BapiaHTIB TeHOMHOTO mosiMopdizmy Buninstors? o e 3a BapianTu?

17. Ha CKUTbKH TpYyIl CTOCOBHO JI0 T€HY, MOIUISIOThCS aneni? OnuuriTh 1l rpymnu?

18. II1o po3yMifOTh TiJ MyTaIli€r?

19. [Io BIZHOCHUTHCS IO HAHOLIBIII MIHJIMBOI 00JIACTI MITOXOHIPIAIBHOTO TeHOMY?

20. Ha siki x1acu MOKyTh OyTH TOJIUJIEHI MyTaHTHI1 ajneii?

21. Slxi myTanii BUKIUKAIOTh T€HETHYHUN AucOaNaHc 1 MPU3BOIATH IO CEPHO3HUX
MOpYIIEeHb CHHTE3Y O11Ka?

22. OnuiniTe TPUHITMIIOBY CXEMY 3aIUCy 1 HyMepallli HyKJICOTHIIB.

23. Illo mpencTaBisie COOOX0 TEHOM JTFOAUHU?

24. [llo Bam Bigomo mipo mpoekT «I'eHom JiroauHm»?

25. 3 yoro cknagaeTbes 6m3pK0 50% BChOTO TEHOMY JIFOUHU?

26. o mpencramnsie coboro mitoxouapiansHa JJHK?
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I'naBa 4. 30epiranns i Mmogu@ikanisi reHETHYHOT0 MaTepiary

4.1. Pertikanis JIHK

XKusi opranizamMu mpoTAroM S-(a3zud KIITHHHOTO ITUKITY, SKa MEepeaye MOALTY
KJIITUHA, TOABOIOIOTH BMiCT JIHK Takum 4umHOM, 10 KOKHA MOYipHS KJIITHHA TICIIS
NoAUTYy OTpUMy€e Hablp XPOMOCOM, IIGHTHMYHMM OaThKiBChbKiM KiiThHI. I[Ipoiec
MOJIBOEHHS XPOMOCOM HOCHUTH Ha3By pemJikamii (peaymiikanii). Perumikais
npeacTasisie coooro cuure3 JTHK.

XpomocoMa MICTUTh OJIHY Oe3nepepBHY nBoxiaHIoropy mouekyny JIHK. ITpu
peIuTiKamii KoXHe KOJ0 BUXimHOI (0aThKiBChbKOi) nBoxiaHioropoi JJHK ciayxuTh
MaTPUIICI0 JUISI CHUHTE3y HOBOTO (JOYIPHHOTO) KOMIUIEMEHTAPHOTO JIAHIIIOTA.
HoBocTBOpena mojiBiiiHa criipalib Ma€ OJUH BUXIJIHUM (OaThbKIBCHKHUI) 1 OJIUH 3HOBY
CUHTE30BaHMi (ouipHiit) nanmtor. Takuit Mmexanizm noaBoenHs JIHK otpumaB Ha3By
MOJIYKOHCEPBATUBHOI PETLTIKAITI].

MexaHi3M OYKOHCEpPBATUBHOI perutikaiii 0yB posmudposan y 1967 p. Peiimxki
Oxkazaxi.

[lepBuHHA CTPYKTypa HOBOTO JIAHIIOTA BU3HAYAETHCS MIEPBUHHOIO CTPYKTYPOIO
BUXIJIHOTO  JIAHIIOTA, TOMY II0 B OCHOBI MOro YTBOPEHHS JI€KUTb MPUHIIHUII
komriemenTapHocti mijictaB (G=C 1 A=T). ®epmenTtu 1 OUIKH, MO0 TPUIAMAIOThH
y4acTh y perutikaii, HIOBUHHI MPalioBaTH MBHUAKO 1 TOYHO. L{i yMOBM BUKOHYIOTHCS
3a JIOTIOMOT'010 0COOJIMBOTO MYJIbTU(PEPMEHTHOTO KOMILIEKCY.

Penuikariiro Mo)XHa oaiInTH Ha 4 eTaru:
iHiniamiro — yrBOpeHHs periiKaTUBHOT BUJIKH;
€JIOHTAIII0 — CUHTE3 HOBUX JIAHIIIOT1B;

BHUKJIIOYCHHS NIpaliMepiB;

YV V VY VY

TepMiHaIil0 — 3aBEPIIICHHS CUHTE3Y JIBOX JAouipHixX jaHuoris JJHK.

Inimianis penuikanii. Cunre3 JIHK y eykapioTiB BijmOyBaeThcsi B S-dazy
KJIITHHHOTO LMKTY. [HINIaMio pertikaiii peryitoTh cineudiyHi CUrHaIbH1 O1JIKOBI
MOJIEKYH — (pakTopH pocTy. DakTOpu poCTy 3B’SI3YIOTHCA 3 peLenTopaMu MeMOpaH
KJIITHH, Kl TepefaloTh CUTHAJ, IO CIOHYKaE€ KIITHHY J0 IOYaTKy perutikarii.

Cunte3 HOBHMX ojaHoJaHIoroux mojekyn JIHK moke BinOyTucs TUIBKH TIpH
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PO301KHOCTI OaTHKIBCHKHX JIAHLIOTIB. Y MEBHOMY CailTi (TOYKa MOYATKy perumiKariii,
abo opimkuH) BiIOyBaeThes JokalbHa neHarypaiiis JHK, manitorn po3xoasarbes i
YTBOPIOIOTHCSA J[BI PEIUTIKATHBHI BUJIKK (Ha3By OTpMMaHa 3a XapakTepHy Y -1MoJ1i0Hy
dbopmMy), MO PyXarThCs B MPOTHUIICKHUX HaIpsiMKax. B yTBOpeHH1 perurikaTUBHOI
BUIKU IIpUiiMae y4dacTh psija OuikiB 1 pepmenTiB. Tak, cimerictBa JJHK-Tomoizomepas
(I, II 1 III), BomomirouM HYKJIEa3HOIO AaKTHUBHICTIO, Oepe ydacTb y perymsmii
cynmepcmipanizamii  JIHK.  Hampuknan, JHK-tomoizomepaza [  pospuBae
docdhoedipauii 3B'I30Kk B OAHOMY 3 JIAHIIOTIB TOJABIAHOI Cripaii 1 KOBaJCHTHO
MPUENAHYETBCA 1O S'-KiHIA B Toull po3puBy. Ilicia 3akiHUYeHHS (OpMyBaHHS
PEIUTIKaTUBHOI BUJIKH (DEPMEHT JIIKBIY€E PO3PUB Y JIAHIIOTY 1 BIAOKPEMIIIOETHCS Bl
JIHK. Po3puB BojgHeBuX 3B'a3kiB B jABojaHItorosiii mosekym JHK 3miiicHioe
depment JIHK-xenmikaza. JIHK-xemikaza BukopuctoBye eHeprito ATD mua
posruriTanHs noasiitHoi cmipani JIHK. ¥V pesynbrari BiiOyBaeTbes po3KpydyBaHHS
ninsiHky - cynepcnipanizoBanoi Mosiekynau JHK. V miarpumii miei ainsaku JJHK B
pO3KpydeHOMY cTaHi OepyTh yuacTh SSB-0inku (anr. single strand binding proteins
—SSB), T00TO OLIKH, 10 3B'SI3yHOThC 3 OfHOMaHIoropuMu Hutkamu JTHK. SSB-
O11KU, HE 3aKpUBAIOYM A30TUCTHUX I1JICTAB, 3B'I3YIOThCA 3 oJHoJaHIrorosor JJHK no
BCIi JOBXKHMHI PO3AUIMBIIMXCSA JIAHIIOTIB 1 TakUM YHHOM 3amo0IiraroTh iX
KOMILJIEMEHTAPHOMY CKPYYyBaHHIO i YTBOPCHHIO «IITTAITEOK . Bonn
BOJIOIFOTH BEJINKOIO CHOPITHEHICTIO A0 OJHOoMaHIforoBux auasHok JIHK,
HE3aJIeXKHO BiJI MEPBUHHOI CTPYKTYPH JIAHIIIOT1B.

Enonramis pemuikanii. Permikamis JIHK 3mpidicHioerscs  [IHK-3anexxuumu
JHK-nomimepazamu.

CyOcTpaTamu 1 JpKepenaMu €Heprii Ais CHHTe3y NpPOAYKTY ciyxatb 4
makpoeprigynux 3'eqHanusa — JAT®O, al'TO, allT® 1 aTTd, nns axkrtuBamii sIKUX
HEoOXimH1I 10HM MarHito. Heltpanizyroun HeraTUBHUN 3aps/l HYKJICOTHIB, BOHH
HBULLYIOTh X peaKIiiiHy 31aTHICTb.

@®epMeHTH MPOSBISIIOTh KaTANITUYHY AKTUBHICTh TIJIBKA Yy TPUCYTHOCTI
MOTIEPETHBO PO3KpydeHoi maTpuuHoi aBosaHiporooi JIHK. CunTes maHIioris
JJHK  mpoxomute y  HampsMmky 5'—3' 3pocrardoro JaHiora, ToOTO
YeproBuu HYKJICOTHU] MIPUETHYE€THCSA no cBobomHoro 3'-OH-kinHis
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MOMEPEAHHOT0  HYKJICOTUAHOTO  3anuiuky. CHHTe3yeMHi — JAHIIOr  3aBXKIU
aHTHUIIapaJieJieH MaTPUIHOMY JIAHIIOTY. Y X0/l peruIikailii yTBOPIOIOThCS 2 TOUIpHIX
JIAHITIOTH, 1110 TPEICTABIIAIOTH COO0I0 KOl MATPUYHUX JIAHIIIOT1B.

VY cunresi eykapiotnunux JJHK 6epyts yuacts 5 THK-nomimepas: a, B, v, 01 €.
JIHK-nonmimepasu po3pi3HAIOTh 3a KUIBKICTIO CYOOJMHUIIb, MOJICKYJISPHIA Maci,
acouianii 3 pi3HUMHU JAOMOMDKHUMH OUTKaMHU, sIKI IPUCKOPIOIOTH IpoIec 010CUHTE3Y
JHK, 1 pyukmionansHoMy npusnayeHHto. JJHK-nomimepasu a, B, 8 1 € 6epyTh y4acTb
y cunte3l IHK B sapi xkmitun, JIHK-nonimepasza y — y perutikaiiii MiTOXOHIpiaabHOT
JHK. JHK-momimepa3zu B, 0 1 € HE MOXYTh IHILIIOBATH YTBOPEHHS JTOYIPHIX
JIQHITIOT1B, TaK SIK HE MAIOTh CIIOPIAHEHOCTI 10 oguHOouHO1 HUTKU JIHK.

[Himiroe perumikanito JJHK-nonimepasa o, sika KOMIUIEMEHTapHa IEBHOMY CalTy
onnonanioropoi JJHK. Ilpuennytouuce no nwwsoro, JHK-momimepaza o cuHTe3ye
HeBenukuii pparment PHK-npaiimep, abo PHK-3aTtpaBky 110 ckinagaerbes 3 8-10
pubonyxkieotuais. JIHK-nonimepasa o ckinagaeTbes 3 4OTUPbOX cyooauHuIb. KoxkHa
3 cyOoauHUIL (EpMEHTY BHKOHYE TEBHY (YHKIIIO: «BITI3HABaHHSI» CaUTy
perutikaiii, cuate3 npaiimepa (8-10 puboHykIeoTHIIB) 1 CHHTE3 (PparMeHTa JaHIIora
JIHK (6mm3bko 50 neszoxkcupubonykiieotuiB). Takum unnoMm, JIHK-momimepasa o
CUHTE3Y€E OJITOHYKIICOTH I, 10 MICTUTH puban3Ho 60 H.3. [lepmri 8-10 nmpeacrasneni
puboHyKIeoTHAaMH  (mpaiiMep), a pemta —  J€30KCHPUOOHYKICOTHIAMHU.
Omnironykneorun, cuHte3oBanuii JIHK-momimepas3oro o, 0 YTBOPIOE HEBETUKHMA
JIBOJIAHITIOTOBHM (pparMeHT 3 maTpuiiero, n1o3Bosie npueanatucs JJHK-momimepasi 6
1 IPOJIOBXKUTH CUHTE3 HOBOTO JIAHIIOTa B HAmpsMKYy BiJ 5'- 10 3'-KIHIIS 1O X0y
po3kpydyBaHHs perurikatuBHOi Buiku. JIHK-momimepasa 6 mociioBHO HapoIIye
JIAHITIOT, KPOK 32 KPOKOM MPHUEIHYIOUH 10 HHOTO BIAMOBIIHI JIE€30KCUHYKJICOTHIH.
Bu6ip JIHK-mosimepa3oro o ueproBoro HYKJIEOTHIY BH3HAYAETHCS MATPUIICHO.
Bromtouenns aezokcupudonykiieosuaMonodocdatiB 10 3pocratouoro ganirora JJHK
CYIPOBOJIKYETHCS T17pOJIi30M MaKpOepTriyHUX 3B'A3KIB BIJIMOBITHUX
Hykineosuarpudocdarie 1 BimmemieHasMm mipodocdary (HAP207). Emnepris
MaKpOEpriuHUX 3B'A3KIB BUTpadaeThCcs Ha yTBOopeHH: 3',5'-pochomiedipHux 3B'sI3KiB
MK OCTaHHIM HYKJIEOTHAOM 3pocrtatodoro sanmtora JIHK 1 mykneorumom, 1o

IIPUENHYETHCA. BKIIOYEHHA HYKIEOTHAy A0 cuHTedyemoro Janmora JIHK
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HEMOXXJIMBO 0€3 TMOMepeAHbOro 3B'SI3yBaHHS Aa30THCTOI MIJACTaBH BOJHEBUMHU
3B'I3KAMU 3 KOMILJIEMEHTApHUM HYKJIEOTHIOM MartpuyHoro uanimtora. JIHK-
nojimepazu (o, B, v, 61€) MOXKYTh CHHTE3yBaTH HYKICOTHIHUN JIAHIFOT JIKIIIE
B HampsAMKY 5'—3', MAaTpUYHMIA JAHIIOT 3aBXK/IM 3YUTYETHCS B HAMPSAMKY 3'—5'".

B  koXHIM perunkaTuBHIA BWIII W€ OJHOYACHO CHHTE3 JBOX HOBHUX
nanmrorie.  Hampsim cuntedy manmtora JIHK 30iraetbest 3 HampsiMKOM pyxy
PEIUTIKATUBHOI BWJIKH JIMIIE€ JJI OJHOTO 31 3HOBY  CHHTE30BAaHHWX JIAHIIIOTIB
(maupyrounit naniror). Ha iHIIomy MaTpuyHOMYy JIaHIIO3€B1 CHHTE3 JTOYIPHBOT
JNHK  3midicHioetsest  aBoma  ¢gepmentamu:  JIHK-momimepazoro o 1 JJHK-
MOJIIMEPA30I0 € B HANpsIMKY 5'—3', ajie mpoTH pyxy peIuIliKaTuBHOI BUJIKU. Tomy
IHIIMI  JIAHUIOT  CUHTE3YEThCS TPEPUBHUCTO, KOPOTKHUMH (PparMeHTaMu, SKi
Ha3uBaloTh «(pparmentamu Oxka3aki» (Oymu onmcani Peitmki Okazaki y 1968p.).
Houipuit nanmtor JJHK, cunte3 sikoro BinmOyBaeThcsi (pparmMeHTaMu, HOCUTHh Ha3BY
BijicTatouoro Janiora. Koxken ¢parment Okazaki (mpubnuzHo 100 H.3.), MICTUTH
npaiimep. [lpaitmepu Bunanse JJHK-momimepasa B, mocTymnoBo BiAIIEIUIIOYH 3 5'-
KiHIs  (parMeHTy mo ojxHomy pubonykieotuny. o OH-rpynmu wa 3'-kiHmi
nonepeauboro gpparmenty JIHK-nonimepasa § npueanye 1e30KCUPUOOHYKICOTHIA B
KUTBKOCTI, 1[0 JOPIBHIOE BUPI3aHOMY MpaiMepy 1 TAKUM YMHOM 3alOBHIOE TPOJIOM,
0 BUHUKAE Npu BUAaleHHI pubonykieotuaiB. ®epment [IHK-miraza kartanizye
yTBOpeHHs (pochoauedipHoro 3B'a3ky mix 3-OH-rpymnoro ae3oxkcupu®o3u OJHOTO
dparmenty nanirora JJHK 1 5-pocharom Hactymuoro ¢pparmenty. Peakiiis npoTikae
3 Burparoro eHeprii AT®. Takum uumHOoM, 3 Oe3mul ¢parmenTiB Oka3zaki
YTBOPIOETHCS Oe3nepepHuii nanior JJHK.

JIHK xpomocomu moauHu MicTUTh prubau3Ho 150 muH. m.H. Permikariis Takoi
BEJIMKOI MOJIEKYJM 31 BUAKICTIO 50 HYKJIEOTHUIIB B XBWJIMHY HIja O mpuOIU3HO
800 rommu. Tomy inimiamis cuntedy JIHK BinOyBaeTbcs B JekiibKOX caiTax
XpOMOCOMHM, SIKI HA3MBAaIOTh caiiTaMu iHimiamii perutikamii, abo opixxuHAMH
(aHra. origin — moxomkenHs) perutikamii (oriC).

TepMiH «callT» BUKOPHCTOBYIOTH JUIsl MO3HAYEHHA J00OT MIJISTHKA TE€HOMY.
Opixinyd perutikaiii MarTh MEeBHY HYKJICOTHAHY MOCHIIOBHICTh. [lociimoBHICTh

JIHK, oOMexxeHy nBoMa OpiPKMHAMH PETUTIKaIlii, Ha3WBalOTh OJMHMIICIO PeTUTiKaIlii,
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abo pertikonoM. Ha opimxunax 3a yuactio JIHK-tomoizomepasu 1 iHimitoeTbes
JIBOHAIpABJICHA pEIUTIKallis. YTBOPIOIOTBCA JIBI  PEIUNKATUBHI ~ BWJIKH, IO
NEPEMINIIOIOTHCS B MPOTWICKHUX HampsMax 10 THUX Tip, TOKU HE 3yCTPIHYThCS 3
HACTYITHUM PEIUTIKOHOM, TOOTO pEIuTiKaIlis MPUIIUHSAETHCS, KOJIU 3yCTPIYarOThCS /B
peTUTIKaTUBHI BUJIKH.

[Ticnst 3aBepuieHHs peruiikaiii BiOYBa€ThCS METWIIOBAHHS HYKJICOTHIHUX
3aNUIIKiB HOBOCTBOpeHux nauioris JTHK.

MeTuibHI TpyIu MPUETHYIOTHCS 10 BCIX 3QJIMINKIB aJICHIHY B TOCHIIOBHOCTI -
GATC-, mpu iboMy yTBOPIOETHCS Ng-METHIIaICHIH, & TAKOX MOYKIIMBE METHITFOBAHHS
uTo3uHy B mochigoBHOCTI -GC- Ta yTtBOopeHHs Ns-metmwiuuro3uny. KinbkicTb
METHUJIOBAaHUX MiJICTaB JNOpiBHIOE MpuOim3HO 1-8%. Monudikartis BinOyBaeThcs 3a
y4yacTio ()epMEHTIB, BIAMOBigarouux 3a mporec MetwmoBanHs — JIHK-
metunTpanchepas 1, 3a 1 3b (DNMTI, DNMT3a 1 DNMT3b). Bonu
BUKOPUCTOBYIOTh B SIKOCTI JIKE€peina METWIBHUX TPyl S-afAeHo3WIMeTIOHIH (SAM).
DNMTI1 e HHK-metuntpancdepazoro, ska miarpumye metwioBanuii cran JIHK,
NPUEAHYIOYM METHIIBHI Tpynu A0 ojaHoro 3 janmoriB JIHK B Toukax, ne iHIIHM,
KOMIUIEMEHTapHUN oMy JiaHifor, MmetuinoBanuil. bitok DNMT3L € romonoruaaum
iHmuM DNMT-0inkaM, ajle He Ma€ KaTaTUYHOI aKTUBHOCTI. 3aMICTh I[bOTO,
DNMT3L  miarpumye wmeTtwnaTpancdepasu, CHOpUSIOYA  3B'I3YBaHHIO  IIHUX
depmentiB 3 JIHK 1 ctumynoroun iX akTUBHICTb.

[IpuenHanHs METHJIBHUX TPy JI0 3aJIMINKIB aJCHIHY Ta IIMTO3WHY HE MOPYIIy€E
KOMILIEMEHTapHOCTI JaHItoriB. HasBHicTe MeTmnbHMX Tpyn B janmiorax JJHK
HEOoOXimHE Ui (OPMYBaHHS CTPYKTYpU XPOMOCOM, a TaKOX ISl PeryJIsilii
TpaHcKkpumili rexis. [Iporsarom HerpuBanoro yacy B mosekyni JJHK mocminoBHOCTI -
GATC- MeTunoBaHi 1O aJIeHIHY TIJIbKM B MaTPUYHOMY, ajie¢ HE B HOBOMY JIQHIIIOTY.
L{s pi3HHIIST BUKOPUCTOBYETHCS (DepMEHTaMU pemnapariii s BUMPABJICHHS TOMUJIOK,
K1 MOXKYTh BUHMKATH TIPU PeIUTiKalii.

Oynkiia JJHK-meTwmroBaHHsS 10 IUX Mip HE MOBHICTIO 3p03yMijia. 3a OCTaHHI
poku Oysio 3amponoHOBaHO JeKiabka Bepciit pomi JJHK-meTtumtoBanHsS: KOHTPOJb
eKCrpecii TeHa, KOHTPOJIb IUTICHOCTI XpOMOCOMHU, KOHTPOJIb MPEPEeKOMOIHAHTHUX

nomii. ['imoTe3oto mpo posb JIHK-mMeTritoBaHHS B TEHOMI € IPUTTYIIIEHHSI PO T€, M0
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e 3aXMCHUW MeXaHI3M TMpoTH BOYAOBYBaHHA B TE€HOM 'mapa3uTHUX'
MOCJTIIOBHOCTEHN TUITY PETPOBIPYCHUX €JIEMEHTIB.

Tepminamis pemuikamii. Ha koXHOMY KIHIII XpPOMOCOMHM  IMPUCYTHS
cnenuiyHa HYKICOTHIHA TMOCTIIOBHICT,. BoHa TIpeAcCTaBiIeHa YHUCICHHUMU
moBTOpamMu (COTHI ab0 HaBITH TUCAYl pa3iB) omironykieotuniB -GGGTTA-, ski
HOCSITh Ha3BYy TEJIOMEpHOI mociigoBHOcTi, abo  TemomepHoi JIHK. HasBHicTb
TeJIOMEep HEOOXiMHO JUIs 3aBEpIICHHs peruliKamii KIHIEBUX 1H()OPMAaTUBHUX
MOCTIJOBHOCTEH XpOMOCOM, TOOTO JJisg 30epiraHHs reHeTuyHoi 1H(opmartii. [Ticis
3aBEpIIEHHsA  peruvlikamii  XxpoMocomMu  S'-kiHIi  jgouwipHix Jjadmorie  JHK
HeZ00yI0BaHi, TOMY IO TICs BUAAJICHHS IMpaiiMepiB Il (parMeHTH BUSBISIIOTHCS
HenoperutikoBanumuu. Ile BimOyBaetbess Tomy, mo JIHK-momimepasza [, sika
BIIMOBIJ]a€ 3a 3allOBHEHHS MPOJIOMa, YTBOPEHOTO IMICJ BUJAJICHHS MpaimMepa, He
Moxke Bectu cuHTe3 jaHmora JIHK Big 3'- go 5'-kinnmg. TakuM 9uHOM, B XOJl
KOYKHOTO LUKy perutikanii 5'-KiHII CHHTE€30BaHUX JIAHLIOTIB CKOPOUYYIOThCS. Auie
Taki BTpaTH HE MPEACTaBIAIOT, HEOE3MEYHOCTI MJisi TEeHEeTU4YHOi 1HQopMarllii
xpomocoM, Tomy Mo BkopoueHHs JIHK iime 3a paxynok temomep. Ilim wuac
HaCTYMHOro IWKIY perurikamii  5'-kinmi janmorie [IHK 3HOBY 3anmumnaroThbest
He00yoBaHUMHU. TakuM YMHOM, 3 KOKHUM KmiTuHHUM noaiioM JIHK xpomocom
OyIyTh TOCHIAOBHO 3MeHIIyBaTucs. CKOpOYEHHS TeIoMep B OUIBIIOCTI KIITHH B
MIpy iX CTapiHHS — BaXKJIMBUN (PAKTOpP, IO BU3HAYAE TPUBAIICTD KUTTSI OPTraHi3My.
IIpoTte B eMOpioHANPHUX Ta IHIIMX KIITHHAX, MO0 IIBUIKO MOJUISIOTHCS BTPATH
KIHIIB XpOMOCOM HEIOIMyCcTuMi, Tomy 1110 BkopoueHHs1 JJHK Oyzae BinOyBaTucs myxe
IIBUJIKO. B CYKap1OTUYHUX KITITUHAX € dbepmeHT TeromMepasa
(mykneoruainTpancdepasa), mo 3abe3nedye BiIHOBICHHS HEIOPEIUTIKOBAHUX S'-
KIHIIIB.

Jlo ocobOnuBocTeld 1BOrO (PEPMEHTY BITHOCATH MPUCYTHICTH Yy SKOCTI
npocretnyHoi rpynu PHK. ®parment PHK B akTuBHOMY LIEHTpI TeloMepasu
CIIYKUTh MAaTPUIICIO TIPH CHUHTE31 TEJIOMEPHUX TMOBTOPIB XPOMOCOM. 3a JOMOMOTOI0
PHK @¢epMeHT KommiieMeHTapHO NPUKPIIUIIOETHCS 10 3'-KIHLA HEZ00yT0BaHOTO
nouipupboro nanirora JHK. Temomepaza 3a NpUHIMIIOM KOMIUIEMEHTAPHOCTI

MOCHiIOBHO TmoAoBkye 3'-kiHenp Janmiora JIHK Ha oaWH rekcanykieoTun
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-GGGTTA-. Cunre3  3zamxmaum uzae Big 5'- go 3'-kxinmsg. Ilotim  Temomepasa
smimyetrbes o Jjanmiory JIHK Ha omuH TenmoMep 1 modnMHae CHHTE3 HOBOTO

dparmenty -GGGTTA-.

4.2. Penapaunisa JJTHK

[Iporec, 1mo M03BOJISE KUBUM OpraHizMaM BIJHOBIIOBATH MOIIKOKEHHS, IO
BuHukaoTh B JIHK, HazuBaoTh penapauiero. Bei penaparriitni MexaHi3Mu 3aCHOBaHI1
Ha Tomy, mo JIHK —nBomaHimroroBa moiiekysia, TOOTO B KIITHHI € JB1 KOIIii
reHeTU4HOoi 1HQopmarii. Ko HyKIEOTHIHA MOCIIJOBHICTE OJHOTO 3 JBOX
JIQHIIIOTIB BUSBIISETHCS IOIIKOHKEHOIO (3MIHEHOI0), JIaHI MOYKHA BITHOBHUTH, TaK SIK
Opyruil (KOMIUIEMEHTAPHUI ) JTAHLIIOT 30€pEeKEHUN.

[Iponec pemaparnii BigOyBaeTbcsi B Kiibka eTamiB. Ha mnepmomy erami
BUSBIISIETHCSL TOPYIIEHHST KoMmIuiemMeHTapHocTi yanmiorie JJHK. ¥V xoxi apyroro
eTamy HEKOMIUIEMEHTapHUM HYKJIeoTHJ a00o TUIbKM  MiJCTaBa YCYBAa€ThbCs, Ha
TPETHOMY 1 YETBEPTOMY €Tamax iJie BiIHOBJIEHHS LIIICHOCTI JIAHIIIOTa 33 TPUHITUTIOM
KoMIieMeHTapHOoCTI. OTHAK Y 3aJIEKHOCTI B/l TUIY TIOMIKOKEHHS KIJIbKICTh €TaIliB
1 (hepMeHTIB, 5Kl OepyTh YUacTh y HOr0 YCYHEHHI1, MOXe OyTH Pi3HOIO.

Jyxe pinko BimOyBarOThCS YIIKO/KEHHS, SKI 3a4MMaloTh OOWIIBa JAHIIOTa
JIHK, TOOTO mOpyIIEHHS CTPYKTYpHU HYKJIEOTHAIB KOMIUIEMEHTapHOi mapu. Taxi
MOIIKO/DKEHHST B CTAaTeBUX KJIITHHAX HE pamapyroTcs, Tak SK I 3TiHCHEHHS
CKJIaJIHOI pemapallii 3a y4JacTiO TOMOJIOTIYHOI peKoMOiHaIii moTpiOHAa HAasBHICTH
JTUTLIOIAHOTO HA0OPY XPOMOCOM.

Vi nomkomkenns JJHK mopiisiioTeest Ha 1Ba THIIN:
> CIOHTAHHI MOIIKOIKEeHHS,

» IHIYKY€Mi MOIMIKO/IKEHHS.

Cnontanni nomkomkenus JHK. TlopymieHHs: KOMIIEMEHTapHOCTI JIAHITIOTIB
JHK  MoxyTh  BiIOyBaTHUCS  CIOHTaHHO, TOOTO 0e3 ywacTi Oynb-sIKHX
MOMIKO/DKYIOUMX  (DaKTOpiB, HANpPUKIAA B pe3yJbTaTi TMOMHIOK peruliKarii,
JenypyHi3aIlii, 1e3aMiHyBaHHS HYKJICOTHIIB.

Homuaku pemuikamii. TounicTte perutikamii JHK gyxe Benuka, aine

npuban3Ho oauH pa3 Ha 105-106 H.3. BiAOyBalOTbCS MOMHIKH CIApOBYBaHHS, 1
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Toni 3amicte mapu HykineotuaiB A-T, G-C B pgouipusomy manmiory JIHK
BUSBIISIIOTECA ~ BKJIIOYEHUMH  HYKJICOTHJIM, HEKOMIUIEMEHTapHI  HYKJIEOTH]IaM
matpuuyHoro janmrpora. Omnak JIHK-momimepasu & 1 € 3aaTHI MiCHs NMpUETHAHHS
4eproBoro Hykjaeotuaa y 3pocrtarounii jganimor JJHK pobutm kpok Hazax (B
HanpsMKy Bix 3'- 10 S5'-KiHIL) 1 BUpI3aTH OCTAHHINA HYKJIEOTH[, SKIIO BiH HE
KOMIUIEMEHTApHUNA HyKieoTuay B MartpuuHoMmy djanmiory /JIHK. Iler mnponec
BUIIPABJICHHS MIOMUJIOK CIIAPOBYBaHHS (UM KOPEKIIisl) 1HKOJIM HE CHPAllbOBYE 1 TOJ1 B
JIHK micist 3akiHUeHHS peruTikaiii 3ajuIlaloThCsd HEKOMIUIEMEHTapHI1 IMapu, THM
oumbme, mo JIHK-momimepaza o mo30aBieHa KOPUTYIOUOTO MEXaHI3My Ta
CIIOMUJISIETHCS YaCTIIIe, HIXK 1HIII MOJIMepasy.

[Ipy HenmpaBWIBHOMY CHApOBYBaHHS B MEPBHHHIN CTPYKTYpl JOYIPHBOTO
nanrora JIHK He3BuuaiiHI MmiicTaBU HE 3'SBISIOTBCS, MOPYLIEHA TUIBKU
KOMIUIeMeHTapHIicTh. Cucrema pemapaiiii HEKOMIUICTUIEMEHTAPHUX Iap IOBHHHA
B110yBaTUCS TUIBKU HA JOYIPHBOMY JIAHLIOTY 1 pOOUTH 3aMiHy HEKOMILIEMEHTAPHUX
MiJICTaB TUIBKKA B HhOMY. DepMeHTH, 110 OepyTh y4acTh Y BUJAJICHHI HEMPABHIBHOI
napy HYKJICOTH[IB, PO3IMI3HAIOTh MATPUYHUHN JIAHIIOT 10 HASBHOCTI METHUJIOBaHUX
3aMIIKIB  afieHiHy B mociigoBHOCTAX -GATC-. Ilokm migcTaBu HYKJICOTHIHUX
3QJIMIIKIB B JIOYIPHROMY JIAHITIOTY HEMETHJIOBaHI, (DEPMEHTH TOBWUHHI BCTUTHYTH
BUSIBUTU MOMMJIKY PEIUTIKAIlli 1 YCYHYTH Ti.

PosnizHaBanHs Ta BuUIaJNeHHS (NepIIMd eTam) HE KOMIUIEMEHTapHOTO
HYKJICOTUTy B1OYBa€ThCS 3a Y4YacTIO CIielialbHUX OUIKiB mut S, mut L 1 mut H.
KoxxeH 3 OUIKIB BHUKOHYEe CBOIO crneuu@piuny QyHkuiro. Mut S 3HaXoauTh
HENpaBWIbHY Mapy 1 3B'A3yeTbcs 3 UM (pparmentoM. Mut H mpuennyerscs 1o
MetunoBaHoi (mo  axeHiny) guisHkn  -GATC-,  posramoBaniii  moOnau3y
HeKoMIUIeMeHTapHo1 napu. CronyyHuM enemMeHToM MiK mut S i mut H cmyxuts
Outok mut L, #oro mpuemHaHHS 3aBepUIyE YTBOPEHHS AKTHUBHOTO (HEPMEHTY.
®dopmyBanHsa KoMIwiekcy mut S, mut L 1 mut H Ha minsHI, M0 MICTUTh MOMUJIKY,
cnpusiec mposisy y Oinka mut H enmonykieazHoi aktuBHOCTI. DepMeHTATUBHUN
KOMIUIEKC riapomi3ye pochoedipHuii 3B's130K B HEMETUIIOBAHOMY JIAHITIOTY.

Jlo BUIBHMX KIHI[IB JIAHIIOTAa MPHUENHYETHCS E€K30HYKJIea3a (APyruil eram).
Biamernoroun no oqHOMY HYKJIEOTUIY B HaNpsAMKY Bif 3'- 10 5'-KiHIA TO4IpHBOTO
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JAHIIOra, BOHA YCyBa€ AUIAHKY, IO MICTUTh HEKOMIUIEMEHTapHy mapy. [Ipomom
3a0ynoBye JIHK-momimepaza [ (Tpertiii eram), 3’€¢JHaHHS OCHOBHOI 1 3HOBY
CHHTE30BaHOI JUISHOK JaHIora karamsye depment JJHK-niraza (uerBepTuii eram).
Jnsa yernimuoro ¢yHKIioHyBaHHs ek3oHykieasu, JJHK-nonimepasu B 1 JHK-nirasu
HeoOX1JHa y4acTh y penapailii xemikazu 1 SSB-011ki1B.

Jenypunizauis (anypunizauisi). /IHK xoxHOT KIITUHU JTIOAMHM BTpayae 3a
100y Omm3pko 5000 TypHHOBHMX 3alUIIKIB BHACTIOK PO3pUBY N-TIIKO3UIHOTO
3B'SI3KY MK ITYPHUHOM 1 JI€30KCHPUO030I0.

Tomi B monekyni JIHK nHa Micmi mux MijcTaB  yTBOPIOETHCA MUISHKA, IO
no30aBiieHa a30TUCTUX MiAcTaB. BoHa HOCUTH Ha3By amypMHOBOIO caiity, abo All-
caiity (aHrJj. apurinic site — AP-site). Tepmin «All-caliT» BUKOPHCTOBYIOTh TaKOX
y Tux Bunazakax, koau 3 JHK BunagaroTe mipuMiIMHOBI MIJICTaBH 1 YTBOPIOIOTHCS
amipuMinuHoBi caiitu (aHri. apurinic-apyrimidinic site). Lleit Tan yIkoKeHb
ycyBae ¢epment JIHK-iHceprasza, skuii MOXKe NPUEAHYBATH 10 JE30KCHPUOO3U
MiJICTaBy Yy BIAMOBIAHOCTI 3 MPABUJIOM KOMIUIEMEHTAPHOCTI. Y 1bOMY BHUMIAAKY
HeMae HeoOXimHOCTI po3pizaru nanmor JJHK, Bupizati HenpaBuiaIbHUN HYKJICOTHI 1
penapupyBaTi pO3pHB.

Je3aminyBanHs. Peakilii ge3aMiHyBaHHs IIUTO3UHY Ta MEPETBOPEHHS HOTo B
ypalu, aJIeHIHy B TIIIOKCAHTHUH, TYaHIHY B KCAHTHH B1I0yBalOThCS 3HAYHO PiJILE,
HDK JAemypuHi3allis, 1 ckiaaaaoTs 10 peakuiid Ha OMH T€HOM Ha J100Y.

BumnpaBienHss 1poro BUIY CIIOHTAHHOTO IOLIKOMKEHHS BiAOYBaeTbcsi B 5
etamiB. Y penapaiii npuitmae ydacth JIHK-N-rmikosinaza, sika rigposizye 3B'sI3KU
MDK aHOMAJIbHOIO TIJCTaBOIO 1 JE30KCHPHO03010 (MepIuMid eTam), B pe3yibTari
yTBOproeThest All-caiit, sikuit po3mizHae pepment All-ennonykieasa (Apyruii eram).
Sx tineku B nanuory JIHK BuHukae po3pus, B poOOTY BCTymae e oAUH (pepMeHT —
All-ex30HyKIea3a, SKUW BIIIMICIUIIOE BiJ JaHIIOra JE30KCHPU003y, MO030aBJICHY
nifctaBu (Tperti eram). Y nanmory /IHK 3'siBisieTbes mposiom po3mipoM B OJIMH
wykiaeorun. Hactymawit depment JJHK-momimepaza [ go 3'-kiHIsE po30pBaHOTrO
JAHIIOTa TPUEAHYE HYKJICOTHA 3a MPUHIIMIIOM KOMILIEMEHTApHOCTI (YeTBepTHii

eran). {00 3'eqHaTu nBa BUTbHMX KiHIA (3'-KiHEIb BOYJIOBAHOTO HYKJIEOTHUIY 1 5'-
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KiHEI[b OCHOBHOTO JIaHIIOTa), oTpioeH me oxuH depment — JIHK-niraza (n'sruii
eTam).

HepenapyeMo 1 Tomy HeOe3nme4yHO Jie3aMiHYyBaHHS METHJIOBAHOTO ILIUTO3UHY.
[IpogykT #oro CHOHTAaHHOTO JAe3aMiHyBaHHS — TUMIiH, HopMmanbHa ans JIHK
mijcTaBa, sika He posmizHaeThes JJHK-N-Tiiko3inazoro.

InayxoBani momkomkenuss JIHK. [HayKoBaHI MONMIKOKEHHS BHHHKAIOTH B
JIHK B pe3ynbTati BIUIMBY PI3HOMAHITHUX MYTareHHHUX (akTOpiB K XIMIYHOI, TaK i
pajianiiftHol IpUpPOIH.

YTBOopeHHss nuMepiB mipumiguHoBux miacram. [lin gieto YOO mnoasiitHUit
3B's130Kk Mk C5 1 C6 aTomamu BYTJICIIO B CKJIa/l MIPUMIMHOBUX IiJICTaB (TUMIHI 1
IIATO3WHI) MOXE PO3PHUBATUCSA. ATOMH BYIJICIIO 3QJIAINAIOTHCS TOB'SI3aHUMHU OJTHUM
3B's3KOM. BijcTanp MK HapajieibHUMU TUIOIIMHAMHU MiACTaB MOJIHYKICOTHUIHOTO
JNAHIOTa, y SAKOMY BinOyBcsi pospus, nopiHioe nmpuonusHo 3,4 A. Il Bincransb
JI03BOJII€ 3BUILHUBIIMMCS BajieHTHOCTIMU MK C-C aroMamMu MipUMITUHOBHUX
miJICTaB, po3TamoBaHux nociaigoBHo B jdaHiory JIHK, chopmyBaTtu nukioOyTaHoBe
KUIbIIE. Y 3aJeXKHOCTI B TOro, sKi IMIJICTaBU 3'€qHAHI B JUMEp, iX HA3HBAIOTh
JUMEpamMu TUMiHY, IUTO3UHY 200 TUMIH-LIUTO3MHOBUMHU IUMEPAMHU.

Bunanenns mipuMiguHOBHUX JUMEpIB BIAOyBaeTbcs Tij fAi€0  (GepMEHTY
doTonmasmu.

doTosiaza po3LIEIUIIOE 3B'SI3KM MK CYCIIHIMU MIPUMIAMHOBUMHU TiJCTaBaMH,
AK1 TITBKA YTBOPWIIKCS 1 BITHOBIIIOE HATUBHY CTPYKTYpY. Y (GoTOm1a31 € IiIsgHKa, a00
cama noriauHarouya (oToHM (y CUHIN YaCTHHI CHEKTPY), a00 3A1MCHIOYA 3B’ I3yBaHHS
3 KoakTopamu, aJcopOyIOUUMH CBITIO0. TaKMM YHHOM, CBITJIO aKTHBYE (poTomiasy,
saka posmizHae numepu B omnpomiHeHoi JIHK, mpuemnyeTbcsi 10 HUX 1 po3pHUBaE
3B’SI3KM, SIKI BUHMKIM MK MIPUMIAMHOBUMHU KUIbIsiMU. Ilicias mporo QepmeHT
BiaiseTbes Big JJHK.

Homkomkennss miacrap JHK ximiunmmu myrarenamm. A.n. B [JHK
MOXYTb MiJaBaTUCS PI3HOMAHITHUM TMOIIKO/DKEHHSAM: aJKITyBaHHIO, OKHCIJICHHIO,
BIIHOBJIEHHIO a00 3B'SI3yBaHHIO IMiJACTaBH 3 (HOpPMAMITHUMHU TPYITyBaHHIMHU.
Penapariis mounnaetscst 3 npueananns  JHK-N-rmikosinazu 10  yHIKOJDKEHOI
migctaBu. Icaye  Oe3miu  JIHK-N-rmikosimas, cmemudigyaux 10  PI3HUX
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MoaudikoBanux miacTtaB. epMeHTH T1APOTITUYHO PO3MICTUIIOIOTH N-TIIKO3UTHUHI
3B'SI30K MK 3MIHEHOIO MIJICTABOIO 1 IE30KCUPUO03010, 1€ MPU3BOIUTH 10 YTBOPEHHS
All-caitty B nanmtory JIHK. Pemaparis All-caility Moxke BigOyBaTucs ab0 TUIBKH
mpu ydacti JIHK-iHceprasm, ska mnpuemnye 1m0 1I€30KCHpUOO3U TIACTaBy
BIJIMOBIAHOCTI 3 TPaBUIIOM KOMIIJIEMEHTAPHOCTI, a00 3a y4acTIO BChOTO KOMILICKCY
depmeHTiB, ki 6epyTh yuacTh y pemnapariiii: All-engonykneasu, All-ex3onykieasu,

JHK-nomimepasu 1 JJHK-nirazu.

4.3. Pexomoinanin JIHK

I'eneTuuna pexoMOiHALisA — 1€ TEPEpPO3NOALT TEHETHYHOIO MaTepiary
(JIHK), 1mo mpuBOIUTH 1O BUHUKHEHHS HOBUX KOMOIHAIli reHiB. PekomOiHalis
MOK€e BIIOYBAaTHUCS NUIAXOM OOMIHY KIIITHHHUMU SApaMH, HuIMMH Modekyinamu JTHK
a00 YyacTMHAMHU MOJEKYJI. Y TOW 4Yac sK mporecu perurikamii ta pemapaiii JJHK
3a0€31e4y0Th BIATBOPEHHS 1 30€pEKEHHA T'€HETUYHOI0 MaTepiairy, peKoMOIHalis
PU3BOJUTH J0 F€HETUYHOI MIHJIUBOCTI. PexomOiHarlisi BiIOyBa€eThCS MPH perapartii
nByHiTeBux pospuBiB B JIHK 1 s mpopoekeHHs perurikaiii B pas3i 3yNMUHKH
peTUTMKAaIIiHOT BUJIKH.

BuninisitoTs Tpu TUIIM pEKOMOIHAITI:
» 3arajbHa (rOMOJIOTiYHA);
» caiiT-cnenu@ivyHa;
> BHUNaJAKOBa (He TOMOJIOTIYHA).

3aranpHa pekoMOiHalis BiIOYBA€ThCS, SK MPABWIO, MK MNPOTSHKHUMHU
TUISTHKAMA 1iI€HTHIHAX a00 TOMOJIOTIYHHMX H.II. 11 9aCTO HAa3WBAIOTH rOMOJIOTIYHO0
pexomOinamieo abo kpocuHroepoMm. I[lpu 3aranpHiil pekomOiHaii BiOYBa€ThCS
po3puB aABoX romojoriuaux auistHok JIHK, 1 kokeH 3 KIHIIIB OJHOTO CErMEHTY
3'€IHYETHCS 3 BIAMOBIIHUMH KiHIISIMH 1HIIIOTO TaKWUM YWHOM, 110 OOMJIBI MOJIEKYJIH,
IO YTBOPWJIHCS, MICTATh pi3HI (pparmentu o6ox JHK, ski npuiimaroTe y4yacTh B
pexkoMOinHartii. CaiiTu, 3a SKUMH BIOYBAIOTHCS PO3PUB 1 3'€THAHHS KOXKHOTO 3 JIBOX
JAHITIOTIB, AYX€ YacTo He 30iratoThCs. PO3pI3HAIOTH OJMHAPHMNA 1 TMOABIHHUIA

KPOCUHTOBEPH.
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3BHUaliHO 3arajibHa peKoMOiHallisl BiIOYBA€TbCA MIDK TOMOJOTIYHUMHU 1
ajeNnbHUMU JUISHKaMH pizHux Mojekyn JIHK, ame BoHa Moke BimOyTuCS 1 Mix
TOMOJIOTIYHUMH, ajie HeaJeJbHUMHU OOJacTIMU PEKOMOIHYEMHUX  MOJIEKYd. Y
bOMY BHUNAAKYy OJMH 3 MPOIYKTIB pekomOiHalii BTpauae yactuny JAHK, a inmmit
HaOyBae «3aiiBUi» cerMeHT. Takuii mpolec OTpUMaB Ha3By HEPIBHOIO
KPOCHHTOBEpY.

[HOI1 pexoMOiHaIlis BiZOYBAETHCS MK HEaleIbHUMU AUISHKaAMH OJHI€ET 1 TI€T 5K
XpPOMOCOMHM  (HanpuKiIaa, MDK IOBTOpioBaHMMH TmociigoBHocTssmu JIHK) 3
BIINOBITHOIO BTPATOIO AUISTHKH, 1110 JICKUTh MIXK CalTaMU peKOMOIHAIII1.

Ha BinMiHy BiJl yXe pO3IVISIHYTUX BHUIIAQJKIB JEsSKI pPEeKOMOIHAIIMHI MOl
HEPEUIPOKHI. fIK HACTIOK, OJIUH 3 YTBOPEHUX MPOAYKTIB € 1JEHTUYHUM OJHI€T
3 BHUXIJHUX MOJIEKYJ, a IHIOMKA BIAPIZHAETbCA BIA 000X mapTHepiB. Takwii
IPOLEC YACTO HA3UBAETHCS TEHHOIO KOHBEPCIEIO.

PekomOiHalisi Ha3MBAa€ThCS CaWT-COEU(IYHOIO, SKIIO CaWTH pa3puBy 1
3'€/lHaHHA y JIBOX PEKOMOIHyeEMUX MoJieKydax abo IBOX (parMeHTax OJHI€T 1 Ti€l K
moniekynu JIHK 3Haxomsiteess B Mexax JOCUTh KOPOTKHX — cHEHUpIYHUX
TOMOJIOTIYHUX HYKJICOTUIAHUX TOCHIIIOBHOCTEH, SK TMpaBuWio, He Ouibiie 25
HYKJI€OTU1B. Taki KOPOTKI MOCIIIIOBHOCTI MOKE€ MaTH TUTBKU OJMH 3 MapTHEPIB, a00
oOuaBa Sk mpuKIax MEepuIoro BapiaHTy MOKHA MPUBECTU TPAHCIO3MIIT JIESIKUX
MOOUIBHMX €JIEMEHTIB Yy €y- 1 MpOKapioT, a APyroro — IMpoIlec IHTerpari-
puerviends JJHK ¢ara A 3 xpomocomu E. Coli. Mabyth, 3araibHa pekoMOiHaIis
MDK OyIb-KUMH TapaMyd TOMOJIOTIYHUX MOCHIAOBHOCTEH 3AIMCHIOETBCS 3a
JIOTIOMOTOI0 OJTHOTO 1 TOTO * KOMIUIEKCY (DEpPMEHTIB, 3 1HIIOTO OOKY, AJsi KOXKHOTO
BUIAJIKY calT-crierugiyHo1 pekoMOiHaIlii HeoOX1JHMM CBii HAOIp PepMEeHTIB.

PexoMOiHailisi MK HETOMOJIOTIYHUMH HYKJICOTHIHUMH  TOCIIJOBHOCTSIMHU
(meromosioriuHa pekoMOiHaIlis) BiIOYBa€ThCcsl BETbMU 4acTo. J[o HeroMmomorigyHoi
pekoMOiHaIli MOXHA BIJHECTH MPOIIEC BUIAIKOBOTO BOYIOBYBaHHS BIPYyCHOI a0bo
miasmigaoi JIHK y JIHK xmituH TBapuH, B pe3ysbTaTi 4Oro B PEIUTIKYIOUUXCS
reHoMax IanoBaBipycCiB 3'sABiseTbea Oe3miu Aenenii 1 ayrumikaiiii. Kinmi posipBaHoi
JIHK MOXyTb 3'eqHATHCS, HABITh SIKIIO BOHU HErOMOJIOTMYHI. B Aeskux Bumagkax

pekoMOiHaIliss  BiIOYBA€ThCS MK  IMOCHIAOBHOCTAMH, IO MICTATh  KUIbKa
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TOMOJIOTIYHUX TI.M., 800 MK KOPOTKHMH YaCTKOBO TOMOJIOTIYHUMU IUISTHKaMu. AJe,
SIK TIPABHJIO, PEKOMOIHYEMI CETMEHTH HE MalOTh TOMOJIOTTYHHUX MOCIIIIOBHOCTEH.

[Ilo6 M™orma BIZOyTHCS TOMOJIOTIYHA pPEKOMOIHAIlll MK TMOJABIHHUMH
CHIpansiMU, KOXKEH 3 YOTHUPHOX JAHIIOTIB MOBMHEH OYTH pO3ipBaH 1 MOTIM 3'€HAH 3
HOBHUM IapTHEepOM. BiamoBimHi JaHIOrM 000X JHHIAHUX TOMOJIOTTYHHX
nymiekciB JIHK wagpizatorhess 1 BUTBHI KIiHIT OJHIET CIipami CHAapOBYIOTHCS 3
KOMIUIEMEHTApHUMH JUITHKaMu iHmoi. Ilepexpect cTabimizyeTbes 3IIMBaHHAM
KIHI[IB JIOHOPHUX JIAHITIOTIB 3 BUIBHUMHU KIHISIMU PEIUIIIEHTHOI cmipam. Touka
MepexpecTa JIAHLIOTIB, M0 OOMIHIOIOTHCA, NEPEMINIAETHCS Y3II0BXK CHipajied —
npoliec, HazuBaeMuii Mirparieto TuUiku. [Ipu 1poMy BiIOyBa€eThCcsl OJHOYACHA
PO301KHICTB JIAHLIOTIB BUXIJIHUX CIIpajeil Ta iX peacowialis 3 HOBUMHU IMapTHEPaAMHU
3 YTBOPEHHSM JOYIpHIX AyIiekciB. CTPyKTypu, IO TPH IbOMY YTBOPIOIOTHCS
HA3MBAIOTbCA CTPYKTypamu XOJijes, a JaHa MOJieJIb TOMOJIOTIYHOT peKoMO1HaIi —
Moie/uTr0 Xoutijes (Ha imM'st OpuTaHChKOro TeHeTnka PoOina Xodiges, SKuid  BIepIIe
3aMpoOnOHYBaB 110 MOJIENb Y 1964 p.).

Crpykrypu Xodmifes MOXYTh MEPEeXOJIMTH B peKOMOIHAHTHI TOJIBIMHI criipai
IIUISIXOM BHECEHHS PO3PUBUBY 1 3'€IHAHHS JIAHIIOTIB JBOMa aJlbTePHATUBHUMHU
cocobamu. OnuH crnoci®é moindrae B po3pi3aHHl 1 3'€IHaHHI TEpPeXPenryrunxcs
JaHIoriB. JlBa peUMNpPOKHI MPOAYKTH MOXKYTh YTBOPUTHUCS, SIKIIO PO3PHUB 1
MoJaJIblle 3'€JHAHHS JIAHUIOTIB BiAOYAYThCA B TOYILl MEPEXPEILECHHS B CTPYKTypax
a00 1o JiHIT MepeTUHY YOTHUPHOX JIAHITIOTIB B 130MepHii CTpykTypi Xomiaes. Po3mip
(¢parMeHTiB, [0 OOMIHIOIOTBCS 3aJIEKUThH BiJ BIJCTaHl, Ha Ky BiAOynacs Mirpamis
TUIKK 710 akTy pekoMOiHaiii. B ocHOBI pekoMOiHaiii JaHOTO THITY JICKUTH
TOMOJIOTIYHE CIAapOBYBAHHS JIAHITIOTIB, [0 HAJIEXaTh ABOM pizHuM cmipansm JIHK,
TOMY IIBHJIIE 3a BCE BOHA BIAOYAETHCS B TOMY MIiCIll, /i€ TaKe CIIapOBYBaHHS
MOXJIMBO a priori 1 JIe roOMOJIOTiYHA ITOCIIIOBHICTh JOCHTH BEJIMKa, 100 Morja
BIIOYTHCS MITpalis FUJIKK B paMKax CTPYKTYPH 3 JIAHILIFOT'aMH, 1[0 CXPECTUIIHCS.

Y xomi wmirpamii TUIKM TpH TapyBaHHI JAHIIOTIB, M0 HAJIEKATh PI3HUM
CripayisiM, YTBOPIOIOTHCS TETEPOAYIUIEKCH. Y TaKuX TeTepoAyIieKcax B Mexkax
CErMEHTY MIDXK CaliTOM TMOYaTKy YTBOPEHHsS CTPyKTypu Xodjiaes 1 calToM

KPOCHUHTOBEPY MOKE YTPUMYBATHUCA TIO OJIHIM 4YM OUIbIE MOMHUIKOBO CIApPEHUX
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migcTaB. BoHM BHUOANSIOTBECS Tak camo, K Oynb-siKi MOAU(DIKOBaHI IMiJICTaBH TPH
penapanii JIHK. Opnak, OCKIIbKM BHIAJICHHS MOXE OyTH OyIb-IKUM Yepes
MIOMHUJIKOBO CIapeHi MiJCTaBu, B 000X PEKOMOIHAHTHHUX CIIpalsiX B JJAHOMY CaWTi
MOKYTh BUSIBUTHCSI OJTHAKOBI II.II., TOOTO peKOMOIHAIIIS /ISl BOTO CalTy BUSBHUTHCSA
HEPEUNPOKHOI. TakuM 4YMHOM, KOKHA 3 PEKOMOIHAHTHUX CIipanell Moxe OyTu
CX0a Ha OyJb-sIKMH 3 MOYATKOBUX IYIUJIEKCIB Y THX MO3MIIAX, A€ MOYaTKOBO BOHU
PO3PI3HSITUCS.

AJNbTEpHATUBHUM MeEXaHI3M CIIUIbHOI pEeKOMOIHAIlli BKJIIOYAE YTBOPECHHS
JIBOJIAHIIIOTOBOTO PO3PHUBY B OAHOMY 3 AYyIUIEKCIB-TIapTHepiB. [lani 3a momomMororo
€K30HYyKJIea3 B MICI pPO3pUBY YTBOproeTbcsa mpojoMm. Ilpu mapyBanni  3'-
OJIHOJIAHIIFOBOTO KIHIIS MPOJIOMY 3 KOMILJIEMEHTAPHUM JIAHIIOTOM 1HTAKTHOI CHipal
B OCTaHHIN yTBOPIOETHCS METIIS.

Po3mip 1i€i mermi 30umbmIyeThess y Mipy — Toro, sk JIHK-momimepasa
HapoIye 3'-kiHeUp  JIAHLIOTa, W0 «BKJIWMHUBCS». Y MIACYMKY JpYyrui
OJTHOJIAHIIOTOBUM ~ KIHELb  MpOJIoMa  CHApOBYETbCSI 3  KOMIUIEMEHTapHOIO
MOCJIITOBHICTIO B TETJI, 10 MEPEMIIIIOEThCSA. Y pe3ylbTaTl TAaKOTO CIIapOBYBaHHS
YTBOPIOETHCS cHCTeMa «mpaiimep- wmatpuus », 1 JHK-nomimepaza cunTesye
HEJ0CTAIOUMI JIAHIIIOT, 3aTIOBHIOIOYH TPOJIoM. JIiryBaHHS TBOX 3pOCTArOYMX KIHIIIB 3
BUXIJIHUMHU JTAHLIOTaMU TPU3BOJIUTH 10 YTBOPEHHS MOABIHHOI CTPYKTypH XOJiaes
(TOOTO CTPYKTYpH, B AK1i JBI cipaji o0'eqHaH1 ABOMA NEPEXPECTIMU, IO OAHOMY Ha
KOXXHOMY KiHIII TIPOJIOMY).

Mirpartiis TUIKH B OJJHOMY a00 000X MEPEKPEecTsAX IMepecyBac oOujiBa MICIIs
3YEIUICHHA B OyAb-IKOMY HANpsMKy, NpH I[bOMY B JUISHKaX, L0 (IaHKYIOTb
MPOJIOM, MOXKYTh BHUHHUKATH TOMIJIKH. [loMim Takux CTPYKTYp MOXKE WTH JIBOMa
croco0aMu — 3 IEPEXPECTSIM 1 6€3 HbOTO, 3 YTBOPEHHSAM YOTHPHOX TYTUIEKCIB.

YTBOpeHHS MOMHJIKOBHX Tap (T€TepOAYIIEKCIB) B palioHaX, M0 (IAHKYIOTh
IPOJIOM, 3YMOBIIIOE HAOYTTS SIK PELMIPOKHUX, TaK 1 HEPEUUITPOKHUX PEKOMOIHAIIIM
MDK TEHETHYHHMH MapKepamu. SIKIIO JBOJIAHIIOKKOBUH PO3PUB BIIOYBAETHCS
mobmm3y (abo B Mekax) AUISTHKH, 1€ MK CITIPAIIMUA € BIAMIHHOCTI (3aMiHH MiACTaB,
nenenii, iHBepcii, 1Hceplii, 1 T.I.), TO PEKOMOIHAHTH YCHAJAKYIOTh HYKJICOTHIIHY
MOCJTIIOBHICTH MApTHEPA, Y IKOTO PO3PHUBY HE B1IOYBaIOCH.
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HepeuumnpokHa 3aranbHa peKOMOiHaLlisl BUKOPUCTOBYETHCS 1 MpH pemnaparii
nesikux nowkopkeHs JJHK. Hanpukinaz, skimo TMMiHOBI f1uMepy He OyJin BUIATICHU
3 Y®-onpomidenoi JIHK no toro, sik 10 HMX migidnuia peruiMKaTUBHA BHWJIKA, TO
CHUHTE3 KOMILJIEMEHTAPHOTO JIAHIIOTa B I NIUISHII HE MOXKe OyTH 3aBepIICHU.
OCKUIbKY TUMIHOBI AUMEPH, 110 3HAXOASATHCSA HABIPOTH MPOJIOMY, HE MOXKYTh OyTH
BUIICTUICH], 3aJHMINAETHCS OJWH NUIAX JUISl MOPSATYHKY XpOMAaTHIW —BUKOPUCTATH
TeHETHYHY 1H(OPMAIIiII0 TOMOJOTIYHOT CECTPUHCHKOI XPOMATHAM 1 3arlOBHUTH
npojoM. [l 1bOro 3acTOCOBYEThCS TaKWW >K€ MEXaHi3M, fK JUIsl pernaparii
MIPOJIOMIB.

VY 3aranbHiii pexomOiHaiii OepyThb ydacTh JBa croeruiyHuX (epMeHTH
1 e KiIbKa (PEPMEHTIB, SIKI KaTaldi3ylOTh TaKOX MPOLECH peIulIKallii 1 pernaparuii
JIHK.

Opun 31 cnenuiyHuX (EepMEHTIB, HEOOXITHUX JJI1 YCHEIIHOI TOMOJIOTIYHOT
pexkoMOiHalli, Ha3uBaeTbcs recA-OuTkoM. BiH karamizye OOMIH OJAMHOYHUMU
JAHIIOTaMU, BUKOPUCTOBYIOUM eHeprito Tiaponizy AT® no AJID i1 HeopraHiuHOTo
dochary. RecA-zanexne BnpoBamkeHHs omHojaHioroBux JIHK mo maymmekcy —
nepiuii eTan pekoMOIHAIIMHUX MPOLECiB y pamMkax o0ox cxeM Xomiges Ta
MEXaHI13MY 3 YTBOPEHHS IBOJIAHIIOTOBUX PO3PHUBIB.

Hpyruii pepMeHT, o CKIATAEThCS 3 TPhOX OKkpeMux cyoonunuis (B, C 1 D) 1
ToMy HazuBaemuil recBCD-HyKi€a3010, BOJIOAIE €HJIO- 1 €K30HYKJICA3HOI0, a TaKOXK
rejliKa3HOK aKTHUBHOCTSAMHU. MexaHi3M Horo Aii 40 KIHIS HE BCTAHOBJICHUM, OJHAK
BiomMo, 1o recBCD-nykneasza iHaykye pospuBu B ayruiekcHid JIHK 1 3aBasku
MpUTaMaHHINA i# TeNiKa3HIi aKTUBHOCTI pa3oM 3 recA iHiIil0€ peKOMOiHAIIHHUN
npoLec.

[nentudikoBaHo Takoxk GEPMEHT, SIKUW PO3pi3a€ BY3JIU B CTPYKTypax XoJijes.
3a HOro y4acTio yTBOPIOIOTHCS JIMIIKI KIHITI, 10 3'€IHYIOTHCS JIIra301o.

VY 3aranpHiil pexomOiHalii OepyTh ydacThb TakKoX renikazu 1 SSB-Oiiku, 1o
3B's13y10ThCs 3 ofHoyaHIorooo JJHK. Obunsa BoHM HeoOXiaH1 11 3a0e3meueHHs
MpoLEeCcy MIrpamii FIKH.

Sk BigoMo, epeMIIICHHIO JIAHITIOTIB M1l Yac Mirparlii ruiku crpusie Pol I, a 'y

3'eqHAHHI po3ipBaHuX JaHItoriB 6epe yuacts JJHK-niraza. [l 3HATTS TOMONOT1UHUX
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oOMeXeHb TpHU PO3KPyUyBaHHI cmipaial 1 Jisi PO3IUIYTYBAaHHS TEPEKPYUCHHUX

CTPYKTYp, MaOyTh, TOTPIOHI (hepMeHTH Tomoizomepasa Tuny I 1, MOxKIMBO, Tipasa.

© © N o 0 &~ w DN E

KoHTposibHi nuTaHHS
VY yomy nosisirae nponec perutikarii JJHK?
Ha ckinbku etaniB moauisieTbes perntikamisa? [lepepaxyiite 1 eTamny.
o BimOyBa€eThCs i Yac iHImiamii pervTikamii?
ki 3MiHM BII0OYBAIOThCS 111 Yac eJI0HTaIlll perIiKarii.
o Take OpIKUHU peTuTIKaIli?
Jiist woro notpi6Ho MeTmmoBanus JJHK?
Sk BinOyBaeThcsa MmeTmiitoBanus JJHK?
OnuuriTe TPUHIMI pOOOTH TEIOMEPA3H.
SIky Ha3By HOCHTH MpOIIEC, IO JO3BOJISIE KMBUM OpraHi3MaM BiJHOBIIIOBATH

MOIIKOKEHHS, 1110 BUHUKaIOTh B JIHK?

. Ha sx1 Tumm noginsirothest omkomkerds JJHK. 1o e 3a Tumm?
11.
12,
13.
14.
15.
16.
17.
18.
19.
20.

VY yoMmy moJsiAraroTh MOMUJIKU PEIUTIKALT 1 K BOHH YCYBalOThCS?
ki eranu nezaminyBaHHs Bu 3Haete?

[lo mpencTaBisitoTh cOO0O 1HIyKOBaH1 mommkopxeHHss JJHK?
[Ilo Take reHeTUYHA PEKOMOIHAIIS?

ki TunU pekoMOIHaIllT BUIUISIOTH?

VY yomy nosiirae KpOCUHroBep?

SAxi Buam kpocuHrosepy Bam Bigomi?

OnuiuiTh reHHy KOHBEPCIIO.

Sk BinOyBa€eThCS BHYTPIIHHOMOJIEKYJISIpHA peKoMOiHaIis?

OnuiiTh MOJIeNIb TOMOJIOTIYHOT peKoMO1HaIli1 Xouiaes.
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I'naBa 5. Excripecisi reHeTHYHOT0 MaTepiajay

Excnpecis rediB — e mporiec, B X0/l SKOTO crHajkoBa iHdopMallis Bl T'eHa

MEePEeTBOPIOETHCS Ha (QyHKIIOHATBHUHN poaykT — PHK a6o 6imok.

5.1. BiocuHre3 Oijika
biocunre3 Oiaka — ckuagHWE  OaraTOCTamiMHWA  MPOIEC  CHUHTE3Y
MOJINENTHUIHOTO JIAHIFOTa 3 aMIHOKHCJIOTHHX 3aJIMIIKIB, IO BiAOYBa€ThCsS Ha
pubocoMax KJIITHH )KMBUX OpPraHi3MiB 3a y4acTio Mosiekys M- 1 TPHK.
biocunTe3 Oinka MOXHA PO3AUIMTH HA CTajli TPAHCKPHIILIi, TPOLIECUHTY Ta

TPaHCJIALIII.

5.1.1. Tpanckpunuis

Tpanckpunuis — e nponec cunresy PHK 3 Bukopucranusm IHK B sixocTi
Martpuili. TpaHCKpUMIliSA € MEPIIOI0 CTAI€0 peati3allii reHeTUYHoi 1H(opMarlii B
KIIITHHI. Y X0/l IPoliecy TPaHCKUMIIT yTBOPIOOThCs MoJiekynu MPHK, siki cimykath
MaTpULEIO JIJISl CUHTE3Y OUIKIB, @ TAaKOXX TPAHCIOPTHI, puOOCOMaJIbHI Ta 1HILII BUAM
mosiekys1 PHK, 1110 BUKOHYIOTH CTPYKTYpHI, aJalITOPHI Ta KaTATITUYHI (QYHKIIII.

Tpanckpuniiisi y eykapioTiB BinOyBaeTbcs B sAlpl. B OCHOBI MexaHi3My
TPAHCKPUIIIIT JIEKUTh TOW K€ CTPYKTYPHHM TPUHIUI KOMILJIEMEHTApHOTO
cnapoByBanHs miactaB y moJiekyini PHK (G=C, A=U 1 T=A). IHK cnyxutb TiibKku
MaTpUIICIO 1 B X0/ npolecy  TPaHCKpUIIII — He 3MIHIOETHCA.
Pu6onykneosuarpudocharu (ATD, I'TO, UTD 1 YTD) — cybecTpatu 1 Kepena
eHeprii, HeoOXigHI HJs TPOTIKAHHS TMOJiMepa3Hoi peakii, yrBopeHHs 3',5'-
dochoauedipHoro 3B's13Ky MK puboHyKiIeo3uIMOHODOoChaTamu.

Cunre3 monekyn PHK nounHaeTbcs B BU3HAYEHUX MOCIITOBHOCTSIX (CaiTax)
JIHK, axi Ha3uBaroTh MPOMOTOPH, 1 3aBEPIIYETHCA Y TEPMIHIIOUUX JUISTHKAX (cCallTu
tepminanii). Jingaka JIHK, oOMexxeHa mpoMOTOpoM 1 caliTOM TepMiHallil, SBJISE
COOOI0 OJMHUIII0 TPAHCKPINLIIT — TPAHCKPUNTOH. Y €yKapioTiB 10 CKIady

TPAHCKPUIITOHY, SIK MPABUIIO, BXOJAUTh OJIMH I'€H, a Y IPOKAPIOTIB JEK1JIbKa.
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VY KOXXHOMY TpPaHCKPHUIITOHI MPHUCYTHS HEiH(POpMATHBHA 30HA, sIKA MICTHUTb
crietndiyHl TMOCIIIOBHOCTI HYKJIEOTHIIB, 3 SKHUMH B3a€EMOJIIOTh PETYISATOPHI
TPaHCKPUMITIKHI (aKTOPH.

CroiBBigHOIIEHHS 1HGOPMATUBHUHOI Ta HEIHGOPMATUBHOI YacTUH Yy
TPaHCKPHUITOHAX €yKapioTiB CTAHOBUTH Y cepeaHboMy 1:9, a y mpokapiotaB — 9:1.

CycigHi TpaHCKPUNITOHHM MOXYTh OyTH BIIIJICHI OJWH B OJHOTO
Herpanckpuobyemumu minsakamu JIHK. Tlomin JIHK wHa 06e3mid TpaHCKpUIITOHIB
JO3BOJIAE€  3IIMCHIOBATH 3 PI3HOIO AaKTHUBHICTIO 1HJWBIAyaJbHE 3YHUTYBaHHS
(TpaHCKpHIILIiIO) pI3HUX TEHIB.

VY KOXHOMY TPaHCKPUNTOHI TPAaHCKPUOYETHCS TUTBKH OJIMH 3 JBOX JIAHIIIOTIB
JIHK, sxnii Ha3WBa€eTbCs MATPUYHHUM, OPYTHUW, KOMIUIEMEHTAPHUUA HWOMY JIAHIIOT,
Ha3uBaeThesl kKoayrounM. Cunte3 nanitora PHK ine Big 5'- no 3'-kiHus, npu npoMy
matpuunuii sanmor JIHK 3aBkau aHTUMapasieneH CUHTE3yeMiN HYKIIEiHOBIN
KHUCJIOTI.

Tpanckpunilisi He ToOB'A3aHa 3 (azamMu KIITHHHOTO IMKIY. Bona Moxe
IIPUCKOPIOBATHCA 1 CIOBUIBHIOBATUCS B 3aJIEKHOCTI Bl TOTpeOM KIITHHH a0o
OpraHi3Mmy B IEBHOMY O1JIKY.

biocunTes PHK 3naiticaroersest JIHK-3anexxaumu PHK-monmimepazamu. Y sapax
eykapiotiB BusiBiaeHo 3 cnenianizoBani PHK-nomimepasu: PHK-nomimepasa I, sika
cunresye npe-pPHK; PHK-nmomimepasza II, BiamomimanbHa 3a cunTe3 npe-mPHK;
PHK-nommepaza III, sika cuntezye mpe-TPHK. PHK-nonimepasu mnpencraBistoTh
co0010 omiroMepHi (hepMEHTH, 110 CKIIAAIOTHCS 3 NEKUTBKOX cyOoauHuI — 20, B, B'-
1 6. CyOoauHUIl G BUKOHYE PETYJSITOpHY (YHKINIO, 1€ OAUH 3 (aKTOpiB 1HIIIAI]
tpanckpuniiii. PHK-nmomimepaszu I, 11 1 III, BmizHatoTe pi3Hi mpomotopu. Bonwm
MICTATH Pi3HI 32 OyZA0BOIO CyOOUHHII G.

Tpanckpunuiitni ¢axropu. Tpanckpunuiiini ¢axkropu ad6o daxkropu
Tpanckpunuii (T®) — e Oinku abo OUIKOBI KOMILJIEKCH, SIKI B3a€EMOJIIOTH 3
MEBHUMH PETYJISTOPHUMH CaWTaMd 1 MPHUCKOPIOIOTH ab0 CHOBUIHHIOIOTH MPOIIEC

TPAHCKPHUIILII].
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[Ticns nmepemimenns T B sApo KIITUHU, BOHU CHENU(IYHO B3a€EMOAIIOIOTH 3
JIHK, abo crexioMeTpuyHO B3a€EMOJIIOTH 3 1HIIUM O1JIKOM, SKHUUA MOXE yTBOPIOBATH
crienudiunauii 10 nocaigoBHocTi JJHK kommeke «6imok-IHK.

T® GesnocepenHbO HE OEPYTh yUacTh B KaTAMITHYHOMY akTi yrBopeHHs PHK,
asie HeoOX1JIH1 JIJIsl MPOXOIKEHHSI OCHOBHHUX €TalliB TPAHCKPHUIIIIT 1 11 peryiroBaHHS.

B pamkax Takoro Bu3HaueHHA Ounku Tumy hsp90, 1Mo yTpUMYIOThH
TPAHCKPHUIILIKMHI (AKTOpU B IMTO30J, BHUKIIOYAIOTBCA 3 po3risiay sk TO.
PerynsTopni depMeHTH, K1 3IHCHIOIOTh CBIM BIUIMB 3a JOMOMOTOI KaTaJiTUYHOT
AKTUBHOCTI, @ HE Yepe3 CTEXIOMETPUYHI B3aEMO/IIi, TAKOX HE MOBHHHI PO3IJIAIATUCA
ak T®. Hapemri, HEe BIIHOCATbCS A0 TpaHCKpumuiiHux QakropiB 1 taki JHK-
3B'13y10ul OUTKH, SIK TICTOHM, JJIS SIKUX XapaKTepPHU HU3bKUI PIBEHb CIIELM(PIYHOCTI
npu B3aemonii 3 JHK. o crocyerbes rpynu sinepuux OutkiB HMG, TO BOHHM
MICTAThH K OUTKH, 10 Hecnenudiuno 3B's13ytoThes 3 JJTHK (HMG 1 1 HMG 2), tak 1
peanbHi T cimelictB SRY abo Sox.

3a (yHKIIOHATBFHOIO O3HAKOI0 MPUUHSATO PO3PI3HATH TPU Kiacu (aKTopiB
TPAHCKPHUIIIIi:

» N0 TEepIIOr0 KIJacy BiTHOCITHCS OCHOBHI (haKTOpU TPAHCKPHUMINI, MIO0
3a0€e3neuyoTh HeperyJbOBaHU 0a3alibHUI PIBEHb TPAHCKPUIIIIT 1 HYHKIIIOHYIOTh
B KJIITHHAX BCiX THIIIB;

» N0 JApPYroro Kiacy BITHOCATHCS (AKTOpU TPAHCKPHUMINI, M0 crenudigHo
B3a€EMOMIIOTH 3 TneBHUMHU TnochigoBHocTssMu JIHK, sxi € ocHOBHMMH
peryisaTopaMu TPAHCKPUIIIIII 1 3a0€3MeuyI0Th TKaHeCTIeH1(PIYHY €KCIPECIIO TeHIB;

> tpetiii k1ac T® (y tomy uwmcii uucienni TAF-6inku (anrn. TAB-associated
factors)) mpexacraBieHuit OiKaMH-KOAKTHBATOPAMU TPAHCKPHIIIL, sKi IFOTH
y3roJIKEHO 3 OCHOBHUMH 1 TKaHecnelupiyHuMU ¢dakTopamu, 3a0e3nedyroun
OUIBIII TOHKY PETYJISIII0 TPAHCKPHIIII.

TAF-¢dakTopu BiApI3HAIOTBCS BiJi OCHOBHHUX (DaKTOpIB 1 AaKTHUBATOPIB
tpanckpuniyi. Ilicas knonyBanus reHiB TAF-dakTopiB Ta ouMilieHHS KOJOBaHUX
UMY TeHaMu O1KiB 3'scyBaiiocs, o TAF-6inku 3a6e3meuytoTs Pi3udHy B3aEMO/IIO
MIXK aKTUBATOPaMH TPAHCKPHUIILII Ta OCHOBHUMH (DAKTOpaMu, OCKIJIBKM BOHU MAalOTh

3MATHICTh 3B'si3yBatu Oumku o0ox rpym. Ti x ¢yskmii BmactuBi SRB-6inkam
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ApLKIKIB. TakuM YMHOM, KOAKTUBATOPH TPAHCKPHUIMIIT € OlIKkaMu-aianTepami, 1o
3a0€3MeuyIOTh NIEPEHECEHHS PETYJITOPHOIO CUTHAJY BiJl TKaHecrenupiyHuX OLIKIB-
aktuBatopiB Tpanckpumniiii 10 PHK-nommepasu 11.

T®, mo 3B’ s3y10Thes 3 JIHK, MOXyTh BIIIMBAaTH HA TPAHCKPUIIIIO TEHIB Yepes
KUJIbKa MEXaH13MiB:

» y OUIBIIOCTI BUBYEHHX 1O TEMEPINIHBOTO Yacy BHUMAAKIB TQ CTUMYIIOIOTH
dopmyBanHs komruiekcy npeininiaiii Ha TATA-60kci — iHILIATOPHOMY €IeMEHTI
3a paxyHOK B3aeMOJlli iX TPAHCAKTUBYIOUMX JOMEHIB 3 KOMIIOHEHTaMU
0a3aJIbHOrO0 TPAHCKPUIIIIIHHOTO KoMIUIekcy (abo OesmocepenHbo, abo dYepes
KOAKTUBATOPH/MEIIaTOPH );

» neski T® BUKIMKAIOTH 3MIHH CTPYKTYpH XPOMATHHY, POOISIYM HOTo O1IIbIn
noctynHuM juist PHK-nomimepas;

» ixmi T® € 1onoMi>KHUMH, CTBOPIOIOYH onTUManbHy koH(popmaliro JJHK mas mii
IHIIMX TPAHCKPUIIUIAHUX (HaKTOPIB;

» Bimomi T®, gKi MPUTHIYYIOTH TPAHCKPHIIIIIO 32 PAaxXyHOK Oe3rmocepeaHboi ii
CBOIX 1HTIOyIOYMX JIOMEHIB, a00 TOpYIIyIOUd CIHUIbHE (DYHKI[IOHYBaHHS
KOMILJIEKCY TPAHCKPUIILIMHUX (PAKTOPIB BCEPENMHI PETYIATOPHOI 00JacTi reHa
(mpomMoTOpa abo eHxaHcepa);

» HapemrTi, € TD, axi cami He 3B's13yr0Thes 3 JIHK, a 00'eqHyrOTHCS B OLIBIN CKITa/IHI
KOMIUIEKCH 3a JOIIOMOTI0I0 O1IIOK-OUIKOBUX B3a€EMO/IIMN.

CrnenudiyHICTh B3a€MOJIT TPAHCKPUMIIHHUX (HAKTOPIB 3 PO3MIZHABAEMUMU
HUMHU  PErYJISTOPHUMH  TOCHTIIOBHOCTSMU TEHIB BH3HAYAETHCA  TEPEBAXKHO
ocoomuBoctsimu  ix  JIHK-3B'sisyroumx jgomeniB  ([A3/l). barato ¢dakropis
3B'si3ytoThes 3 JIHK y Burmsal nuMepiB (MyJabTUMEpIB), 1 CKIad IUX KOMILJIEKCIB
TaKOX MO’KE€ BIUIMBATH Ha crienudiunicTh 3B's3yBanHs 3 JJHK.

[IpomonoBana kiacu@ikaiis TPAaHCKPUNIIAHUX (HAKTOPIB CHUPAETHCS HaA
CYKyIHICTh BiactuBocteit ix J3/1. B geskux Bumaakax BpaxoBYHOTHCS 1 0COOJIMBOCTI
auMepr3aliiauX JgoMeHiB Td. TakuM YWHOM, OCHOBHI MiApO3aiumM Kiaacudikamii
BHU3HAUAIOTHCA BUXOASYM 3 (PYHKIIOHAJIBHHMX 1 CTPYKTYpHUX KpuTepiiB. OauH 3
HIDKYUX PIBHIB 1€papXii 3a/1a€ThCsl TeHAMU, 110 KOJYIOTh TPAHCKPUIILIHHI (hakTopH, a
HAWHWKYUN BIAMOBIAE PI3HUM OLIKaMm, IO YTBOPIOETHCS MPHU aTbTEPHATUBHOMY

89



crutaricunry onHiei mpe-MPHK. 3ampononoBana knacugikaiiisi 103BOJsI€ IPUIUCATH

OKPEMOMY TpPaHCKPHUMIIHHOMY (akTopy AECATKOBUHN KiIacu(iKalllMHUN KOJ, 10

BIIMOBIAa€E HOTO MPUHAIEKHOCTI A0 meBHOiI rpynu Td. JIpa Oinka pi3HUX

010JI0TIYHUX BUAIB TPU HASABHOCTI BUPAXKEHOI (PYHKIIOHATBHOI a00 CTPYKTYpHOI

TOMOJIOT11 PO3MIISAAIOTECS B paMKax 3alpOIIOHOBAaHO1 Kiacudikallii K OJIUH 1 TOM ke

dakrop. OmHak yacto OyBae BakKO ab00 HABITh HEMOKJIMBO BCTAHOBUTHU BiIHOCHHHU

noMi0HOCTI MIX TPAHCKPUMIIMHUMH (DakTOpamu, TMOXOMKEHHS SKUX CHUJIBHO

PI3HUTBCS, HAPUKJIa, OlIKaMu XpeOeTHUX 1 koMax. Tomy B OuIbIIOCTI BUIaakiB TO

XpeOeTHNX, KOMax, BUIIUX POCIUH 1 TpUOIB MPUIHUCYIOTHCS B IIM Kiacudikauii 10

PI3HUX TPYIIL.

BignoBimHo 10 3amporoHoBaHoi cxemMu Bce Td 3a  KIIOYOBUMH
ocobnuBocTsmu J[3/] po3aineHi Ha YOTUPHU HACTYITHUX CYIEPKIIACH:

» cynepkiac 1: dakropu, /3] sxkux 30aradeHWid TMO3UTHUBHO 3apsKCHUMHU
aMIHOKHUCIIOTHHMH 3aJTuIKamMu (aHrt. basic domain, 284 unHHMKA);

» cynepkiac 2: dakropu, y skux JI3/[ momern ¢opMyeTbecs 3a  y4acTio
KOOPJAMHOBAaHUX 10HIB IMHKY (aHri. zinc-coordinated DNA-binding domain, 148
YUHHUKIB).

» cymnepkiac 3: dakropu, mo wmaioth JIHK-3B's3yrounii MOTHUB THITY CITipajib-
noBopoT-cripais (anri. helix-turn-helix DNA binding motif, 369 ynHHHKIB);

» cymnepkiac 4: pakropu, y SKuxX moBepxHs, mo koHTakTye 3 JIHK, npencrasnena y
BUTJISAII CKJIQJHUM YMHOM OpraHizoBaHOro ckedomnma 3 6era-uutok. KoHTakTh 3
JIHK B 1ipoMy BHIAAKY 371HCHIOIOTHCS TI0 Mastiii 6opo3enii (anri. betta-scaffold
factors with minor grooves contacts, 156 YMHHUKIB).

IcHye Takox Benmka rpymna TpaHCKPUMNIIIHHUX (HaKTOPIB 3 HEBIJOMOIO B JaHUH

yac CTPYKTYypHOIO oprasizauieto JI3/1, ski Hanexatb 10 yMoBHOTO cynepkiacy 0.

HaiiMmenyBanHsI O1JIbIIT HU3BKUX PIBHIB Kiacudikarlii 00paHi JOBITLHUM YHHOM

(3a anazorier 3 kiacugikamiero Oiojoriuaux BuiiB). [lo-mepime, y BiaNmOBiIHOCTI 3

OCHOBHHMH CTPYKTYypHUMHU Xapaktepuctukamu J[3][ BusHaueni meBHi kiacu. Lli

KJIACH € 3arajJbHONPUNHATUMHU B JIITEpaTypHHUX JKepenax. Bonu Bukopucrani B 0asi

nannx TRANSFAC 1 omwmcani tam y Ttabmumi CLASS. V¥V 6inbiiocti BUTAIKiB

MIPUHATICKHICTD SKOro-HeOyApr T 1m0 meBHOro Kiacy, 3a3HayeHa B Kiacudikaiii, He
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BUKIIMKA€ CYMHIBIB. 3a OCTaHHI POKM B1AOyJOCS JHIIE KUTbKa 3MiH B PO30OHUTTI
(dakTOpiB HA PiBHI KJIaciB, HAHOLIBIIT KPYIHUM 3 AKUX € 00'eqHanHsa T tumiB Myb 1
Ets B 3arayibHMif KJ1aC YUHHUKIB, 1110 MAIOTh TPUNTOPAHOBUHN KIIACTEP.

VY OUIBIIOCTI KJIaCiB MO HA TPYIH IIIJIKOM OYeBHIHMNA. Tak, ycepennHi Kiacy
bZIP ¢aktopu tumie AP-1, CREB, i C/EBP BigHeceHi 10 OKpPEeMHX PpOMIMH, IO
3yMOBIIGHO, B Tepuly dYepry, BiaMmiHHOCTsAIMU VY ¢dopmyBanHi JHK-OimkoBux
KOMIUIEKCIB. Y Oaratbox poauHax Kiacudikailis Moxe OyTH MpOJOBKEHA IUIIXOM
noainy ciMeiictBa Ha migpoauHu. [lpu moOymoBi koay kiacudikaiii KoOXKHIN
MIIPOJMHI, 110 BXOAUTH O CKJIAQy CIMEWCTBA, NPUMHUCYEThCA NMEeBHUM HOMep. [lpu
pomy 1udpa «0» BUKOPUCTOBYETHCA HapiBHI 31 3HauymuMu mudpamu (1, 2, ...) 1
TUX (PaKTOpIB, SKI MOKM HE MOXYTh OyTHM MPUIIHCAHI A0 SKOi-HEOyAb 3 BIIOMHUX
nigpoauH. Ilpore, B psal BUMAIKIB pO3NOALT HA MIIPOJMHNA HE MAa€ CEHCY (B MEpILy
4yepry Mpu HasBHOCTI OOMEXKEHOTO Ha0Opy YMHHUKIB). TakuM YMHOM, YETBEPTUI
piBeHb Kiacudikaii (MIpoInHa) € HEOOOB'I3KOBUM.

3aranpHe YHUCIIO PETyJISTOPHUX OUIKIB CTAHOBUTH Kibka THCSY. KokHOMY
¢dakTopy BIAMOBIIAE M'ATU3HAYHHUMN [IUGPOBHI KO, TIepIna mudpa sIKOTO BITHOCUTHCS
70 CymepKIacy, Apyra — 0 Kjacy, TpeTs — 10 CIMEHCTBa, YeTBepTa — A0 MiIPOIUHH,
n'siTa € BUJOBOIO XapaKTEPUCTUKOIO (aKTopa.

binbmicte T® mMatoTh MOYJIbHY OYJOBY 1 MOXYTh MICTUTH:
> I3[

» IuMepH3aliitHuil (oyiroMepu3amiiiauii) momMeH. barato ¢akTopiB 3B'SI3yIOThCS 3
JIHK y Burinsaai 1uMepis, a A€sKl y BUTJISAII KOMILIEKCIB OUIbII BUCOKHX MOPSJIKIB.
VY OGinbpImocTi BUMAAKIB BIAMOBIAAE 3a 11€ JTOMEH (PYHKI[IOHAIBHO 00'€THAHWMA 3
JICIIK

» TpaHC-aKTHBYIOUMH  ab0  TpaHC-pempecyloduii  JAOMEH, SKHid  4YacTo
XapaKTEPU3y€e€ThCS MIABUIIICHUM BMICTOM TI€BHHX aMIHOKHCIOTHUX 3aJIHIIKIiB.
Hanpuknan, a1 akTUBalIMHUX JOMEHIB BJIACTHMBA 30aradeHiCTh TIIyTaMIHOM,
MIPOJIIHOM, CEPHHOM/TPEOHIHOM a00 3aIUIITKAMH KUCIUX aMIHOKHUCJIOT;,

» MOAYJIIOI0YY 001acTh, sIKa 4acTO € MIMICHHIO g Moaudikyouux (EepMeHTIB,
31€01IBIIIOTO MPOTETHKIHA3Y;

» JIraH/A-3B'S3yI0YHI IOMEH.
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SIKIo  TICTOHOBI  OUIKM  TMEPEBAXKHO  PETYNIOIOTHCS — AllETUIIIOBAHHSIM-
JealleTUIIFOBaHHIM, TO HETICTOHOBI — ¢ochopuintoBaHHAM-1ePoChHOPUITIOBAHHSIM.
['pae Takoxx podab MeTUIIOBaHHSA-AeMeTHIIOBaHHA 1 AJ[®-pubo3uitoBaHHS.
dopMyBaHHS (KOHJIEHCAIlisI) XPOMOCOM TIOB'si3aHa 3 (pocopmiroBaHHSIM TiCTOHIB, a
MOCHUJICHHS TPAHCKPUIIIT — 3 allETUIIOBAHHSAM B HUX 3aJIMILKIB JI3UHY.

SlnepHi penenTopu — 1€ HETICTOHOBI O1IKH, 0 MpeEACTaB0Th codoro JIHK-
3B'SI3yI04l TPAaHCKPUMIINHI (aKTOpH 3 KOHCEPBATHBHOIO JTOMEHHOIO OPraHi3ali€lo,
AKTUBHICTh SIKMX KOHTPOJIIOETHCA JIMOPUILHUMHU Jliranaamu, GochOopuIroBaHHAM 1
B3a€EMOJISIMM 3 IHIIUMHU OUTKaMU. BIIBIIICTh SAEPHUX PELENTOPIB JIOKAI130BaHO
(He3aneXHO BijJ HASBHOCTI JITaH/a) Maike BUKIIOYHO B KIITHHHOMY SJIpi, TOML SIK
OCHOBHA YaCTHHA PELETITOPIB CTEPOi/IIB 32 BIJICYTHOCTI JIITAHy MOKE 3HaXOAUTHUCS B
uuroruiazmi. HesanexxHo Bin Tumy peuentopa BIIMOBIIHUN JIIraHJ BUKIMKAE
BHYTPIIIHbOSAIEPHUHN TIEPEPO3NOILT PEUEIITOPIB MikK HYKJICOIIA3MOI0 1 XpOMaTHHOM.
JliraunamMu  SIIGPHUX PELENTOPIB € TIIIOKOKOPTUKOIIU, MIHEPaJTOKOPTUKOIIH,
IIPOTreCTepOH, AaHJPOTCHH, €CTPOTeH, €KJII30H KoMax, 25-TiIPOKCIXOJECTEepiH,
TUPOKCUH, PETHMHOEBA KHUCJIOTAa 3 BITaMiHy A, KalbliiTpion 3 Bitaminy /I,
efiko3aHoinu, MenatoHiH. Ilicms B3aemopli JiraHaa 3 peUenTopoM, YTBOPEHUM
TpaHcKpuniiiuuii dakrop nos's3yerbes B JIHK abo 3 mpomoTopom rena (01u3bKO
100 HykJ€OTHAIB; Ma€ MIUISHKH 3B's3yBaHHs OuikiB-perynaropis 1 JHK-3anexnoi
PHK-nommepazu 2, mae Onoku-noBatopu TATA, CAAT 1 GC, npomotop €
ACUMETPUYHMM), 00 3 EHXaHCEPOM, aKTUBYIOUUM EKCITPECIIO0 TPYIH TeHIB (OJIM3bKO
1000 He TIIBKM B CBOiM XpOMOCOMI; BILJIMBA€ 4YEpe3 CHelialbHI OUIKH, M0
BIUTUBAIOTh HA TMPOMOTOPH) ab0 3 caillieHCepOoM, IHTHOYIOUMM EKCIIPECII0 TPYIH
T'CHIB.

binok cuptyin (7 BUIIB) MPOBOAUTH JI€ALIETUIIOBAHHS OUIKIB-TICTOHIB, IO
BIUIMBAE€ Ha MOCUJICHHS MaKyBaHHsS 1 KOHJEHCAIII0 XPOMATHHY, IO B CBOIO Yepry
BIIMBae Ha TpaHckpuriito. Cuptyin SIRT6 rpae posib B roMoi0riyH1i peKkoMOIHalii
(HR, d¢opma pemapaiii IBOXHUTKOBHX pO3PUBIB 3a Y4YacTIO TOMOJIOTIYHHX
XpOMOCOM) LIUISIXOM JIealleTHIIIOBaHH 1 cTalimizanii penapamiinux gpepmentiB CtIP 1
DNA-PCs. lenemnist SIRT6 y mMuiieit mpu3BOAUTE 10 CKOPOUCHHS TPUBAIOCTI KUTTS

1 pO3BUTKY cuHApoMy mpuckopeHoro cTapinHsa. Cuptyin SIRT1 aktuByerbcs
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docdomiecTepazoro-4, Ky B CBOIO YEPry aKTHUBYE pecBeparpost (heHom 31 MIKIpKU
YEpBOHOI'O BUHOTPALY).

®depment momi  (AAD-puboza) mnoaimepaza (anrr.  Poly (ADP-ribose)
polymerase, PARP-1) pubo3wmroe Oinku 3a ydactio HAJI, mo mnpu3BOAWUTH 10
YTBOpPEHHs HiKOoTHHaMminy iHrioyrodoro cuptyidn. PARP-1 e perymsropom NHEJ,
BER, a Takox Oepe ydacTh y MIATPUMII TOBXKHHH Telomep. BusBiena mo3uTuBHa
Kopemsis Mk akTuBHICTIO PARP-1 B MoOHOHyKIeapHUX KIIITHHAX KpOBI 1
TPUBAIICTIO KUTTS 13 BUIIB CCABIIIB 1 JIFOJUHHU.

NF-kB — Tpanckpumifiauii (akTop, M0 aKTHBYEThCS aKTUBHUMH (QOpMaMu
KHCHIO, a TaKOXX BBEJEHHSIM B KIITKy (eHnobapbitary abo mposideparopom
nepokcuaoM. AKTUBaIlS BiAOYBa€eTbCA OMOCEPEAKOBAHO, OCKUIBKUA MPSIMHUI BIUIKB
akTUBHUX (opM KucHIO Ha ounieHudt NF-kB He BruBae Ha Hhoro. AxktuBaiiisi NF-
kB, Buknukana Y®O a6o TNF-anbha, Moxxe 3M1MCHIOBATUCS SK 32 TUM e IIIIXOM,
1o ¥ aktuBaiis c-jun: yepes ras-raf-MAPKK curnanpamii noisx, Tak i yepe3 TNF-
anbda-penentop. NF-kB konTpomioe yTBopeHHs OaraThox (HakTOpiB pOCTy Ta
notpiObeH i  HOpMaibHOI  mpomidepariii  cToBOypoBuX  KiIiTiH.  OCKIUIBKH
TpaHckpunuiiiHi ¢gakropu NF-kB 1 c-jun MOXyTh akTHUBYBAaTHCS 3a 3arajJbHUM
[UIIXOM, TO HE BUKIIOUEHO ICHYBAaHHS SIKOTOCh HEBIJJOMOTO PEIENTOpa aKTUBHHX
dbopM KHUCHIO, KWW MIPUBOJUTH B 10 C-SIC, 3alyCKalOUM KackaJ KiHa3HUX peakiliil.
MoxnuBO, 10 aKTUBaIlil HEBIJOMOrO pelenTopa MoB's3aHa 31 3MIHOIO
criBBigHomenHss SH- 1 SS-rpyn. Ha xopucth 1150T0 CBi4aTh JaHi, 110 BBEACHHS N-
AUEeTWI-LIUCTEIHY, CIOJYKH, 10 30UIbIIyEe pPIBEHb BIJHOBJIEHOTO TJYyTATIOHY B
KJIITHHI, 3armo0irae aktuBarii MAP-kina3, Bukiankanoi H202.

PPAR € miraHn-iHaymiOenTbHUME — TPAHCKPUMNIHHUMU — (daKTopamMu, sKi
HajeXxaTh 10 HAACIMEUCTBA SJIEPHUX PEIENTOPIB TOPMOHIB. 3B'A3yIOYUCH 3
PETIHOTIHUME perienTopoM X B SKOCTI MapTHEPA, BOHU 3aIyCKAIOTh TPAHCKPHUIIIIIO
reHiB, MO MICTATh ocobnuBy mocuigoBHICTh JIHK, sika nHasuBaeTbess PPRE (anri.
Peroxisome Proliferator Response Element). B sikocti miranais PPAR BuctymaoTth
KK ab6o ix moxinni. PPARa ekcrnipecyeTbces B TkaHWHAX, /i€ TOTPiOEH BUCOKHI pIBEHb
MiToxoHaApiasibHOTO okucieHHs KK, ToOTO B mediHIl, HUPKax, Cepill, CKEICTHUX

M's3ax 1 criHmi  cymuH. Bin  aktuByetbes KK,  eiikozanoimamu, 15-d
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npocrarnaganaomM, okuciaeHumu JKK. Bin perymoe ekcrpeciio reHiB, 0 CHPUSIOTH
OKHCJICHHIO JIMOIAIB 1 JIINONPOTEIHIB MeTaboi3My (Hampukiad, TOJOBHOTO
anoinonpoTeiHy BUCOKOI HiiabHOCTI Apo A-1). Takum umHoMm, PPARa npotumie
MeTabOoIIYHOMY CHHAPOMY 1 CTAPIHHIO B LIJIOMY.

[Ipy MOmIKO/KEHH] KIITUH PI3HUX OpraHiB 1 TKaHWH, HE3aJEKHO BiJl MPUYHUH
[[BOTO TMOIIKO/KEHHS, BIAOYBAETHCS MY)KE IIBUAKA HECHEIHM(IUHA aKTUBALIS PATY
reHiB (c-fos Ta c-jun garoTh O1IKH, sIKI 00'€IHYIOTHCS B aKTiBYIOUuid npotein — AP-1,
akuit BrizHae mnocainoBHiCTh TGACTCA, c-myc 1 nur77 — KOIYIOTh pPELenTop
[JIFOKOKOPTHUKOIIB), sIKI OyJld YMOBHO O0O0'€qHaH1 MiJ Ha3BOI «HErailHl TeHH
MpeJpaHHboi  peaklii». IX  NPOAYKTH  SBISAIOTECA — IPOTOOHKOTEHAMH i
MIPOANONTO3HUMHU (PAKTOPAMHU.

AKTHBaLllI T€Ha C-jun MOKE peali3yBaTUCA dYepe3 pi3Hl LUIAXU nepenadl
MITOTUYHOT'O CUTHATY, B TOMY YHCJ 4epe3 MOCTIJOBHUHN JAHIIOT (POCPOKIHAZHUX
peakiiiii, y4JacHHMKaMHu $KOI € TpPOAYKTH TeHiB C-SIC, c-ras, c-raf, MAPKK,
MAPK/EPC (MEK). AxTuBHI ()OPMH KHCHIO OMOCEPEIKOBAHO aKTHBYIOTh (DYHKIIT
OiNKIB IIUX TeHiB. Y KJIITHMHAX 3 MyTalisMH B I'eHax C-SIC, C-ras abo c-raf axrtusHi
(GopMH KHCHIO HE31aTHI aKTUBYBATH TPAHCKPHUIIIIHHMIA (hakTop c-jun.

['ern c-myc xomye 610k, 1o 3B's3yerbes 3 JJHK 1 € pakTopom Tpanckpumiiii.
[Iponykt rena c-myc perymtoe ekcrpecito A0 15% Bcix reHiB, 3B'SI3yeTbCs 4Yepes
eHXaHCepHI  mocaigoBHOCTI  (anria.  E-boxes) 1 mocuiioe  aKTUBHICTH
anetwiTpancdepasu rictoniB. MyTtanTH1I Bepcii reHa MYC (IPOTOOHKOTEH) BUSBJICHI
B 0araThOX MyXJMHAX, MPHU IbOMY T€H €KCIPECYETHCS MOCTIHHO, 10 MPU3BOAUTH 10
MOpPYIICHHST peryismii OaraThb0X TE€HIB, B TOMY WYHCI, BIAMOBITAJBHUX 34
mpoJtiepartiro KIiTHH.

Ras — 1e ciMelcTBO TeHIB, a TAaKOXK OLIKH, SIKI BOHM KOJIYIOTh — TaK 3BaHi MaJll
G-6unkn (mami ['Td-a3m), siki € MeMOpaHO3B'A3yBAIBHUMH OiKaMu, 1m0 OepyTh
y4acTh B Iepellaul CUTHAIY B aJCHUIATIMKIIA3HIA 1 KaJbli€BI MECCEHKEPHUX
cuctemMax. BoHU perymorTh po3MHOXKEHHS KmTHH. [leski wmyrtamii MOXyTb
MPU3BOJUTHU JI0 MOCTIHHOI akTuBalii Ras, 1m0 mopyiiye peryssiiio HoaLTy KIITHH.
[lomunku B perynsuii Ras MOXyThb NOpUBECTH 10 3pOCTaHHSA NYXJIUHU 1

MmetacTazyBaHHs. JliiicHo, B 20-25% myXJuH JIOJWHU BUSABJICHO MyTalli B reHi Ras,
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IO I IBUIIYIOTh HOTO aKTUBHICTh, a B ICSIKUX TUMAX IMyXJIMH 111 TIUdpa TOXOIUTh 10
90%. CymnepcimeiicTBo 015kiB Ras siBisie co6oto mani ['Tda3u 1 Bkitouae B cede Ras,
Rho, Arf, G-6i10k Rab i Ran (Bchoro 6u3pko 100 OiIKiB).

['er C-Src xomye OUTKM — HEPEUENTOPHI THUPO3WHIIPOTETHKIHA3M CCaBIlIB. Y
XpebeTHUX BiOM1 JeB'STh KiHa3 Src-cimerictBa: Src, Yes, Fgr, Fyn, Lyn, Hck, Lck,
Blk Ta Frk. Bci BoHu akTUBYIOTHCS aKTUBHUMH (DOPMaMH KHCHIO.

p53 (Ginok pS53) — me TpaHCKPUMLIHHUK (HAKTOp, IO PEryjroe KIITHHHUAN
UK. p53 BUKOHYE QYHKIIIIO CyIIpecopa yTBOPEHHS 3JI0SKICHUX MyXJIMH, BIAMIOBITHO
red TP53 € antnonkoreHom. MyrTartii reHa TP53 BUABIAIOTHCS B KIITHHAX OJM3BKO
50% paxoBux myxiuH. Haifuacrime ioro Ha3uBaroTh «30epiraueM abo BapTOBUM
reHomy» (anri. Guardian of the genome). CBoroo Ha3By OUIOK OTpuUMaB 3a
MOJIEKYJIIPHY Macy, ska Oyna Bu3HaueHa 1o roro pyxy B [TAAID' — 53 k/la. PeanbHa
MOJICKyJIsipHa Maca Oinka craHoBuTh 43,7 k/la. [loxubka B mepBiCHOMY BU3HA4YCHHI
MOJIEKYJISIPHOT Macu BUKJIMKAHA HAsBHICTIO O€3J1i4l 3aJIMIIKIB MPOJIIHY B CKJIal pS3,
AK1 YIIOBUIBHIOIOTH pyX OU1Ka B reii. ['eH moannau, mo koaye OUToK pS3, Ha3UBAEThCS
TP53. Xpomocomna noxkanizaiist reHa — 17p13.1. Jlroncekuit 610k pS3 ckiIagaeTbes
3 393 aMIHOKHCIOTHHX 3aJIMIIKIB 1 Ma€ 5 JOMEHIB:

» N-KiHICBHI JTOMEH, KM aKTHBYE TPAHCKPHUIIIiO (aHriI. transcription-activation
domain — TAD), aMiHOKHCIOTHI 3aIMIIKH 1-42;

» Oaratuil TPOJIIHOM JOMEH, BXKJIMBUH [UIS amoNTOTHMYHOI AaKTUBHOCTI P53,
aMIHOKHCJIOTHI 3aauiuku 80-94;

» JI3/1 («1MHKOBHIA MMajielby ), aMiHOKUCIOTHI 3amumiku 100-300;

» JIOMCH, BIJTIOBINAIBHHK 32 OJIITOMEpH3aIlio (TeTpaMepu3allis JyKe BaXIIMBa IS
aKTUBHOCTI P53 in vivo), aMIHOKUCIOTHI 3anumiku 307-355;

» C-xiHneBuit 1oMeH, 3anisaui y Bin'eqnanni J3/] Bing JIHK, aminokucmoTHi
sanumku 356-393.

Myrtauii, iHakTUBYIOYl pS53 mNOpU OHKOJIOTIYHIA TpaHchopmarlii, 3a3BUYaAl
3auimaroth J3J1. 1li myTarii npu3BoasITh 70 HE3MATHOCTI Oiika pS3 3B's3yBatucs 3
JHK 1, oTxe, BUKOHYBaTH (YHKIIO aKTUBaTOopa TpaHCKpumiii. Taki myTarii
3BUYAHO € pelecUBHUMH. Y pa3l MyTaliid B JOMEHI, IO BIJANOBiAaE 3a

OJIITOMEPH3aIlif0, MyTaHTHUHN OIJIOK 4acTO 3JaTHUI YTBOPIOBATH JUMEpPHU 3 OLIKOM
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IUKOTO THUMY, 1HaKTUBYIOUM Horo. Taki Mmyrtamii € momiHaHTHUMH. binok p53 e
IPOJYKTOM TIeHa-cympecopa MyxJuHH TP53 1 eKchpecyeTrhCsi y BCIX KIITHHAX
opranizaMmy. Ilpu BIACYTHOCTI VIIKO/P)KEHh TE€HETHYHOTO amapary Oulok p53
3HAXOAUTHCS B HEAKTUBHOMY CTaHi, a Tipu mosiBi momkomkeHb JIHK aktuByeThes.
AKTHBaIlis mosisirae B TpuadaHHi 3aaTtHocTi 3B's3yBatucsa 3 JIHK 1 akTuByBatm
TPAHCKPHUIILIIIO TEHIB, fAKI MICTATh Yy PpEryJISATOpHI o001acTi HYKICOTHUIHY
MOCITIIOBHICTh, sIKa Ha3WBAaeThCs pS3-response element (mimsaka JIHK, 3 skoro
3B's13y€ThCsl OUTOK p53). Takum unHOM, pS3 — hakTOp, AKHUM 3aImycKae TPAHCKPHUIIIIIO
IpyIU T€HIB 1 KWW aKTUBYEThCS TPU HakonuyeHH1 nomkokeHb JJIHK. Pezynbratrom
akTuBaiii p53 € 3ynuHKa KiITHHHOrO mHukiy 1 perdrikamii JJHK, mpu cumsHOMYy
CTPECOBOMY CUTHAJII — 3aIlyCK anonTo3y. bilok p53 akTUBY€EThCSA MPU YIIKOIKEHHSIX
TCHETUYHOTO arapary, a TaKOX MPU CTUMYJIAX, SIKI MOXKYTh MPUBECTH JO MOIIOHUX
MOIIIKOJKEHb, 200 € CUTHAJIOM MPO HECHPUATIMBUIN CTaH KIITHHH (CTPECOBUIM CTaH).
@OyHkUiA OlKa pS3 mossirae y BUAAICHH] 3 MyJy PEIUNKYIOYUX KIITHH THX KIITHH,
Kl € TOTEHIIHHO OHKOTeHHMMH (3BificM oOpa3Ha Ha3zBa Oiunmka pS3 — 30epirau
reHomy). Lle momanHs miaTBEpAKYEThCS THM (DakToMm, 110 BTparta QyHKII Oika pS3
MoXxe OyTu BcTaHOBJeHa B ~ 50% BHUMNAAKIB 3JIOSKICHUX MYyXJUH JIOAUHU. Y
peryisiii akTUBHOCTI Oinka pS3 MpoBiJIHA POJb HAIEKUTH MOCTTPAHCISALIMHUM
MoaudikaiisM OuTka 1 HOro B3aeMojlii 3 IHIIMMHU Oikamu. AKTUBaiis Oiika pS3
BIIOYBA€THCS y BIANOBIAb HA YUCIEHHI CTPECOBI CTUMYJH, Takl SIK Oe3rocepeHi
nomkopkeHHss JIHK (kmacuunuii  ctumyst), TOIIKOJKEHHS amapaTry cerperarii
FEHETUYHOrO0 Martepianly (HampuKiad, MITOTUYHOTO BEpETeHa), 3MEHILICHHS
KOHIICHTpAIlli BUIbHUX PUOOHYKIICOTHIIB, TIMOKCis, TEIJIOBUWA IIIOK, BHCOKA
koHeHTpauis NO (MOHOOKCHIY a30Ty), 10HI3ylO4Ue BUIIPOMIHIOBaHHS. Y HIBHAKO
npoiidepyrounx KiIiTHHaX OyJio BUSABICHO 30UIbLIEHHS KOHLIEHTpauii Oiika pS3 B
MOPIBHSHHI 3 KJIITHHAMH, IO IOAUIATHCS TOBUILHO. 3HAYCHHS 30UIBIICHHS
KOHIIEHTpaIlii pS3 B JMaHOMY BHUIIQJKy IOJISITAE B TOMY, IO KIITHHH, SIKi IIBHJIKO
perutikytors JIHK, Oinpm cxuibHI 10 BUHUKHEHHS IOUIKOJKEHb TE€HETHYHOTO
amapary, HiX, Hanpukiaz, Henpoiidepyrodi kmntauan y ¢aszi GO. Omxe, 301IbIeHHS
KOHIIEHTparii pS53 — 1€ MiAroToBKa KIITHHU JJIs IIBHAKOI PEakiiii Ha MOKJIMBE

BUHUKHEHH nomkopkeHb JJHK. OdeBuano, M0 11 3yNUHKHA KIIITHHHOTO IHKITY B
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YMOBax CTUMYJIALIT posidepartii mo3akIiTHHHUMHA POCTOBUMH (paKTOpaMu MOTpiOHA
BUIllA KOHILEHTpamis pS53, HbK B ymoBax ¢da3zu GO. Bhacmijgok cyBoporo
MOCTTPAHCIAIIMHOTO KOHTPOJIIO aKTHBalii Oulka pS3, BUCOKa KOHIICHTparlis Olika
p53 cama o cobi1 He Befe A0 ioro aktuaiii. KonnenTpariis 6i1ka pS3 301abIIyeThCS
B pe3yJbTatTi 3HATTA 1Hri0yBaHHs TpaHcii oro MPHK. [puaymenns tpancsii
BiJIOYBA€ThCS B Pe3yJbTaTi 3B'I3yBaHHS PETYISTOPHUX OUIKIB 3 TOCHITOBHOCTAMU
HykineoTuaiB B 3'-HerpaHcmoemit ob6macti MPHK. Moaudikamis 6Oinka  p53
MPU3BOJIUTH 10 MOTO aKkTHBaIlii. JIaTeHTHUH (HEaKTHUBHUM) O1710K P53 JOKaTI3yeThCs
B LIUTOIUIa3M1 (IpUHAWMHI Ha JIESIKUX CTaAIsAX KJIITUHHOTO LIUKITY). AKTUBHUHN O1JI0K
P53 nmokamizyeThes B sApi KINTHUHU. [Ipu BIZICYTHOCTI CTPECOBOTO CTUMYITY OUIOK pS3
Ma€e KOpOTKUH mepiof HamiBpo3mnany (5-20 XB 3a51e)KHO BiJ TUITY KIITHH). AKTHBAITIS
Olnka moB's3aHa 31 30UIBIICHHSIM HOTO CTalLIBHOCTI. Y peryisuii ctaduibHOCTI (1
aKTUBHOCTI) O11Ka p53 rosioBHA PoOJib HANEXKUTH OUTKY Mdm?2.

[Ipy HOpManpHUX YMOBaxX B KIITHHI E€KCHPECYIOTbCS 1 OUIOK p53, 1 OLI0K
Mdm2. ®yukiis 6iika Mdm?2 criodatky Oyiia BCTaHOBJIEHA y MHUIINIEH, 3BiJCH Ha3Ba
Mdm?2 (anrir. mouse double minute chromosome amplified oncogene — OHKOreH,
akui OyB amrutipikoBaHMl Ha XpomocoMi Tuiy «double minute»). 'omonoriunmii
red moguan HDM2 takox € onkoreHoM. N-kiHieBuil gomeH Oinka Mdm?2
3B'13y€ThCsA 3 N-KIHIEBUM TPAHCAKTUBYIOUMM JIOMEHOM Ouika pS53. Takum yuHOM,
ook Mdm2 nepemkomkae akTuByrouid aii Oinka pS3. KpiM Toro, KomIwiekc
Mdm2:p53 € iuribiTopoMm TpaHCKpumIli (MMOBIPHO, BHACIIIOK 30€pEKECHHS
3natHocTi O11ka pS3 go npueananus a0 JAHK). binok Mdm2 € depmentom rpynu E3
CUCTeMH YOIKBITMH-3aJI€KHOTO MPOTeodizy, nmpuuomy Mdm2 cneundiunuii 1momno
oinka p53. Le o3naudae, mo Oinok Mdm2 kaTani3ye mepeHEeceHHs aKTHBOBAHOIO
yOikBiTHHY 3 (hepMenTy rpynu E2 Ha 6inok p53. Takum ynHoMm, Oimok Mdm?2 e E3-
mirazoro. MapkipoBanuid yOikBiTHHOM Outok p53 € cyOctpatom s 26S-
IpPOTEacOMHU, AKa 3A1MCHIOE MPOTEOJII3 MOJIeKyJ Oiska pS3. B HecTpecopHUX yMOBax
MOCTIHO yTBOPIOEThCS KoMriekc Mdm2:p53 1 3milicHIOeThCs ipoTeoniz pS53. [um
MOSICHIOETBCSI HU3bKa KOHIIGHTpalliss pS3 B KITHHI B BIJACYTHICTH CTpECY.
IlentpanbHa ponb Oinka Mdm2 B nerpaaparii Oinka pS3 MIATBEPKYETHCS 1 TUM

dakToM, MO0 MOAABaHHS 1O KIITHH MOHOKJIOHAJBHUX AHTUTUI JI0 KOMILIEKCY
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Mdm2:p53 npusBOAMTH 10 3HAYHOTO 3OUIBIIEHHS KOHIEHTpamii Oimka pS53. 3
HaBEJICHUX MIPKYBaHb TaKOX 3pO3YMILJIO, 110 MiABHUIIEHA ekcrpecis O6iika Mdm2 e
OHKOT€HHHUM (paKTOPOM, a caM O1JI0K CJIiJT BIIHECTH 10 MPOTOOHKOTreHHuX. Kpim 26S-
MPOTEaCOMHU TPOTEOIi3 OlKa p53 MoOKe 3MIMCHIOBATHCS UCTETHOBUMH MPOTEa3aMu
cimerictBa C2, 5Kl TaKOX B1JIOMI SIK KajblaiHU. AKTUBOBaHUHN OUIOK pS3 CTUMYIIOE
excrpecito reHa Mdm2. Takum YUHOM, JUISL PETYIALIT aKTHBHOCTI Oika pS53 icHye
MeXaHi3M HETaTHBHOTO 3BOPOTHOTO 3B's3Ky. ['eH MdM2 € mi3HIM reHOM cepes] THX,
EKCIPECII0 SKUX CTUMYITIOE OUIOK pS3. BigHOCHA TpaHCAKTHBYIHOYa aKTUBHICTh OLJIKa
pS3 momo MAmM2 i iHmWMX TeHiB-MmimieHed pS53 3amae TOH YaCOBHUU MPOMINKOK,
OPOTATOM SIKOro pS53 Moke BUKOHYBaTH cBOi (yHkiii. Dynkimis 6inka Mdm2 B
MapKyBaHHI Ouika pS53 s jgerpananii, MaOyTh, HE € YHIKaJIbHOI, OCKIJIBKH
3B's13yBaHHs KiHasuw JNK 3 Oinkom pS53 npu3BOAUTH 110 YOIKBITWJIIOBaHHS 1
MOJIBIIOIL Jerpaaartii pS3.

3anpornoHOBaHO JCKUIbKAa MOJIeJied MOJIEKYJISpHUX MEXaHI3MIB aKTHBallii
Oinka p53. Jlani Mozeni CX0Xi B TOMY, 1110 BOHM BPaxXOBYIOTh LIEHTPAIbHY POJIb Ol1Ka
Mdm2 B perymsmii crany Oiunka pS53. Tinbku mepina i3 3amponOHOBAHUX MOJEIIEH
oTpuMaja HaWOUIbII TOBHE MIATBEPKEHHS, TOJI SK IHIII MIATBEPJKEHI TIIbKU
4acTKOBO. JleTaJlbHO OXapakTepu3oBaHa rpymna OUIKiB, ska BKJIIOYAE KiHa3u, POJIMHHI
kina3u PI(3)K (anri. phospho-inositide 3-kinase; ¢ocdoinosit 3-kinaza). HaitOimbIm
BIIoMUM OuIKOM JaHoi rpynu € 6u1ok ATM (anri. ataxia telangiectasia mutated).
ATM — O01710K, MYTOBaHHMM TNpPHU KOMIUICKCHOMY 3aXBOPIOBaHHI, SIK€ BKJIIOYAE
CUMIITOMH aTakcii 1 Teneanrioekresii. bimok ATM i cnopigHeH1 oMy OUIKK Trpynu
PI(3)K BuKOpHCTOBYIOTH OAMH JOMEH Ui CHEHU(pIYHOTO 3B'S3yBaHHA 3
nBonanioropuMm pospuBoM JIHK. Tlpu mpomy 3miHIOE€TBCS KOHGOpPMAIIS BCHOTO
Olyka, B TOMY 4YHCII 1 JAPYroro JAOMEHY, SKWHU BOJIOAI€ KIHA3HOK AaKTHUBHICTIO.
3B's;3yBanHs Oinka ATM 3 nBomaniroroBum pospuBom JIHK mnpuzBoauts 10
akTUBallii KiHa3HOi akTUBHOCTI Ou1ka. Kinaza ATM dochopumroe Outok p53 mo
saqumky Serl5. Kinmaza DNA-PK (anrn. DNA-dependent protein kinase) —
MpOTEiHKIHA3a, AaKTHBHICTH K01 3anexkuth Bix 3B's3yBanHa 3 JIHK. Bona
dbochopuitoe 6110k pS3 mo 3anumkax SerlS 1 Ser37. [laHi 3aUIIKA CEPUHY, a TAKOX

nepenbauyBani caitu dochopumoBanHs Thr18 1 Ser20 posramoByrOThCS B Tiid
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yacTuHi Oinka pS53, ska B3aemomie 3 Ouikom Mdm2. Ilepenbadaerscs, 1mo B
dbochopunboBaniii ¢popmi 6110k pS3 He B3aemojie 3 O6uKoM Mdm?2, 1o 301IbIIyE
nepioj] HamiBpo3mnaay Oiaka pS3 1, MOXKIMBO, MPU3BOAUTH 10 Moro akTtuBarli. Takox
Oyl10 ToOKa3aHo, IO M HOPMalIbHO (YHKIIOHYIOUOi KIITHHA  OJHOTO
nBosanitoroporo po3puBy JHK nocrathbo juist aktuBamii Oiika pS53 1 3ynuHKA
KIITUHHOTO LuKiIy. [[pyra rimoTe3a mpuryckae, mo (GpochOopuiooThCsS 3aTUIIKA
6inka Mdm?2, sixi po3TamioBaHi B 4yacTHHI Oifika, BIAMOBINAJIbHOI 3a 3B'I3yBaHHS 3
o11xoM pS53. PesynbraTom € nucomiartis komruiekey Mdm?2:p53. Takuii rinoTeTHaHui
caiit ¢dochopuntoBannss OyB 3ampornoHoBaHui Ha Oiky Mdm2. Ilpu 1pomy
nependavyaetbesi posib kKiHazu DNA-PK B docdopuntoBanni. [lana monens He
BUKJIIOUA€E TONEpeIHI0. Tperd rinoTe3a npumnyckae, mo ¢gochopuwnoerbes Mdm?2, 1
1€ MPU3BOUTH N0 1Hr10yBaHHs E3-nirasnoi aktuBHOCTI Outka. Kommiekc Mdm?2:p53
HE JIUCOLIIIOE, aJie OJTHOYACHO OUIOK pS3 HE MapKYEThCS JJI JIerpajiallii.

KpiM poO3riasHyTHX MOCTTpaHCISLIMHUX Moaudikamid pS53  miagaeTbes
AIETUJIIOBAHHIO 1 TJIIKO3WJIIOBAHHIO, 1110 TPU3BOIUTH 10 30UIbIIeHHS apiHHOCTI O1TKa
p53 no caiitiB 3B's13yBanHs B JJHK.

binok p53 akTUBYeThCA Yy  BIANOBIAL Ha MIABUIIEHY EKCIPECIIO
nporoonkoreHiB Ras, Myc, B-Karenina 1 amenoBipycHoro onkoreHa FEJ1A. lle
JIOCTOBIPHO BCTAHOBJIEHA Ol0XIMIYHA TOJisl OTpUMaja TMOSCHEHHS TUIbKW MICHs
BcTaHOBJEeHHs poiii Ouka pl9ARF (anrn. product of alternative reading frame of
INK4a gene). pl9ARF — oGinkoBuii mpoaykt reHa INK4a, skuit 3uuTyeThes 3
aNbTEPHATUBHOI PAMKM 34YUTyBaHHS 1 mae Mmacy 19 k/la. IliaBumena ekcnpecis
OHKOTCHIB NIPHU3BOJWUTH JO 3HAYHOIO NOCHICHHS ekcrpecii Oinka pl9ARF, mro
MPUHANMHI YaCTKOBO OOYMOBIICHO 301JBIICHHSM KOHIICHTpAIlli TPaHCKPHUIIIIHHOTO
dakropa E2F. binok pl9ARF cuntedyerbcsi B pe3yibTaTi 3UMTyBaHHS
anbTepHaTuBHOI pamku reHa INK4a. I'en INK4a — ue ren-cynpecop myxJivHU, SIKHil
kpiMm p19ARF konye Oimok pl16INK4a (anra. inhibitor of cyclin-dependent kinases
Cdk4.6). p16INK4a e inribitopom nuxmia-3anexanx kiHaz Cdk4.6, skuii mae macy
16 x/la. binok pl19ARF 3B's3yerbest 3 Mdm?2 1 B menmrii mipi 3 p53. 3B's3yBaHHs 3
Mdm2 npuzBoauth a0 iHriOyBanHs E3-miraznoi aktuBHOcTi Mdm2. OTtxke,

301bIIeHHsT KOHLeHTpamii Oinka pl9ARF mpu3BoauTh 10 3MEHIIEHHS MIBUAKOCTI

99



nerpanaiii pS3 i Beae a0 30UIbIIEHHS KOHIEHTpaii p53 1 gam a0 akTuBarli Oinka
pS3.

AKTHBOBaHUMN 010K p53 € cnenudiyauM TpaHCKpUMIiHHUM (hakTopom. I'eHu,
TPAHCKPUIIIIIIO SIKAX CTHUMYJIOE€ OUIOK p53, KOAYIOTh OUIKHU-KOMIIOHEHTH
aroNTOTUYHOI TporpaMu (TIPOAMONTOTHYHI KOMIIOHEHTH) 1 OLIKH, SIKI PeryJoTh
KJIIITUHHANA UK. AKTUBOBAaHHM OUTOK pS3 cympecye TpaHCKPUIIIiio psaay reHiB. Llei
CyIpecylouuil e(eKT He TMOB'S3aHUil 3 CYNPECOpPHOIO (YHKIIEID KOMIUIEKCY
Mdm2:p53, Tak sSK JaHUH KOMIUIEKC CYNpPECye€ TPAaHCKPHUIII0 THX TIEHIB, SsKi
aKTUBYIOThCS OUIKOM pS53 (He mnoB'a3aHux 3 OutkoM Mdm2). V¥V Toif xe uyac
cynpecopauii edext Ounka pS53 crocyerbes iHIIOro Habopy reHiB. Pempecis
TPAHCKPUMIli MpPUHANMHI YaCTKOBO TMOSCHIOETHCS TUM, 110 OUIOK p53 dopmye
KOMIUIEKCH 3 Hecneuu(piuHMMH TpaHcKpunmiiHumu ¢aktopamu. Cepen HUX
BunUIst0ThCst 010K TBP (anrn. TATA-box binding protein) , sikuii 3B'SI3yeThCs 3
nociigoBHicTio TATA), 6ok CBF (anrn. CCAAT binding factor) 6inok, sikuit
3B's3yerbcst 3 mocaigoBHicTIo CCAAT 1 6imok SP-1. Tob6to, p53 6nokye
TpPaHCKPIMIIio reHis, ookytoun TATA-OGokc.

[Ipn HOpManbHOMY 30UIBIIEHHI AKTUBHOCTI MPOTOOHKOTEHIB (HAMPUKIA[, B
pe3ynbTaTi nepenadi npoiideparuBHOTO CUTHAIY BiJ PEIIENTOPIB [UTOIIA3MaTHYHOT
MeMOpaHM) aKTUBaLlisl MPOTOOHKOTEHIB HOCUTh TUMYACOBUM XapakTep 1 3HAYUMOTO
30utblueHHs koHuUeHTpawii pl9ARF He BinOyBaerbcs. PesynmbraTom mnepenaui
npoJiiepaTUBHOIO CUTHAIY € OJHOYACHO aKTHBAIlisl MTPOTOOHKOTEHIB 1 1HAKTUBAIIIS
p53. Taxk, nna uurtokiHiB bFGF (anrn. basic fibroblast growth factor) — ocHoBHUI
daxTop pocty didopodmactie i IGF-1 (anra. insulin-like growth factor 1) — incymnino-
noji0Horo ¢akropy pocty tumy 1, Oyjo0 mokasaHo, 110 OJAHHUM 3 HACHIJKIB iX 1ii €
30uUTbIIEeHHST KOHIeHTpauli Mdm2. AHTuanontoTMyHa it pPOCTOBUX (DAKTOPIB,
MO>KJTUBO, pealli3y€eThCs micis Jii pS3.

I'en p53 konye mpuHaiiMHI Ba OUTKM 3 A€IIO Pi3HO1 peryisiieto (aBi hopmu
BUHUKAIOTH B pe3yJIbTaTi anbTepHAaTUBHOTO crutaiicuury npe-MPHK). Takox icHYIOTH
JaHi, K1 BKa3ylOTh Ha MOXJIMBICTh ICHYBaHHS LIJIOT Tpynu OUIKIB, POJUHHHUX O1JIKY
p53, HaMO1IBI OXapaKTEPU30BaHUM 3 HUX € 010K p73. CiMEMCTBO KIIITUHHUX O1JIKIB

Bcl-2 napaxoBye 17 uneniB. binku poaman Bcl-2 mposBISIOTH MIMPOKHIA CIIEKTP
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aKTUBHOCTI BiJ 1HT10OyBaHHS amonTo3y 1o Horo iHaykiii. CimeiictBo Bel-2 Bkiouae
10 cebe cyOciMencTBa, sIKi PI3HATHCS (YHKIIOHAIBHO 1 CTPYKTYypHO. CyOCIMEHUCTBO
Bcl-2 (Bcl-2, Bcel-XL, Bcl-w ta iH) — HaiOLIbIn OJM3bKI TOMOJIOTH-IHT10ITOPH
anmonrto3y. binku cyOcimeiicte Bax 1 BH3 € mpomortopamu amomro3y. AmnomnTo3s
aCOI[IOETHCA 3 PI3HUMHU 3MIHAMH B MITOXOHJAPISX, BKIIOYAIOYM BUBLILHEHHS
nutoxpomy C B rutoruiazmy. Bel-2-poauHai 611K BKITIOYEH] B PETYISIIIO WX 3MiH
nusixoM ¢GopMyBaHHS KaHaliB B MeMOpaHi, yepe3 siki uToxpoM C HaaAXOIUThH B
ruroruiasmy. [Ipu npomy Bel-2 1 Bel-XL inri0yrote Bukua nutoxpomy C, a Bax —
ctumymtoe, ane Bcel-2 moxke iHriOyBaTu 31aTHICT Bax 10 (opMyBaHHS KaHAIB.
Kpim Toro, Bcel-2 1 Bel-XL moxyTth 3B'sizyBatu nutroxpom C 6e3mocepenHbo i
BUTICHATH MHOro 3 aIloNTOCOMHM, 3amoOiraroud IIMM aKTHBalilo kacmas. Bcl-2
KOJY€TbCSI MPOTOOHKOT€HAMU 1 € BHYTPIIIHBOKIITHHHUM MEMOpPAHO3B'SA3yI0UUM
OinkoM, OnokyrounM amnonTto3. Llei OUToK eKcrhpecyeThCsi Ha Psifi TEMOMOETUYHHUX
KJIITHH, Ha MAaJliTHI30BaHOMY 1 He3B's3aHOMYy 3 myxiuHOro emitenii. ['en Bcl-2
BUKOHY€E YHIKQJIbHY CEpeJl OHKOTEHIB CCaBI[IB (DYHKIIIO SIK HEraTUBHOTO PEryjsiTopa
anonto3y. Brepiie e Oyno BUSABICHO MPU BUBYEHHI XPOMOCOMHHUX TPAaHCIIOKAIIIM,
TunoBux 11 mmM@om. Kpim Toro, Bel-2 nos's3anuii 31 cTOBOypOBHUMH KIIITHHAMM,
KOMMITYIOUMMH JU]epeHIiroBanHs 1 MopdoreHnes. 3MeHIleHHs KoHleHTparlii Bcl-2
MPU3BOJIUTH KIITUHU J0 aronTo3y. 3 1HWoro 00Ky, noHaaekcnpecis Bel-2 3axuinae
KJIITUHU BIJl CMEPTI, ajie 1Ie He MPU3BOAUTH 0 O€3cMepTsa HOpMaJbHI KIITHHU 1 HE €
MPUYKUHOIO MYXJIMHHOI TpaHchopmartrii Takux kiaiTuH. ['eTeporennicTs excnpecii Bel-
2 y nyxJuHax nepeadaydae pi3Hi LUISIXM peryJsisuii reda. Jlo Toro x, ekcrpecis OiJika,
acoliiioBaHa 3 TMEPEIPaKOBUMH YpaXEHHSIMH, MOKJIHMBO, IOB's3aHa 3 PAHHBOIO
CTa/li€l0 yTBOpeHHS NyxyuHU. bimok Bcel-2 Takoxk mnoB'si3aHuil 3 HasABHICTIO
PE3UCTEHTHOCTI MyXJIMHU 70 Tepamii. KpiM Toro, mporHocTU4YHe 3HAUYE€HHS eKCIpecil
Bcl-2 nokazano i IeKiIbKOX BHIIB MyXJIMH, TAKHX K HEXOKKIHCHKa JiMdoma,
CKBaMO3Ha KJIITHHHA KaplUMHOMA, KapIMHOMAa MOJIOYHOI 303U, KapIHHOMa
KOBYHOTO Mixypa 1 Tumoma. [lopymenns perymsiii excripecii Bel-2 cocrepiraerbes
y TMali€HTIB 3 MHOXHHHOIO MI€JOMOIO 1 TOCTpUM Miejoneiikozom. Bcel-2 0Oys
3aMpONOHOBAHUI B SIKOCTI KOPUCHOTO MapKepa JUisl OLIIHKK aJieKBaTHOCTI Tepartii [L-

2, Hanpukiaj, y nauienTis 31 CHI/I.
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Cranii Tpanckpunuii. B mnpormeci TpaHCKpuMIii po3pi3HAIOTH 3 cTafil:
1HIIIAIlI}0, EJIOHTAIIIIO 1 TEPMiHAIIIIO.

Inimiamis. AxTuBaiiss MpoMOTOpPY BiJOYBAa€ETHCS 3a JOMOMOTOK BEJIHUKOTO
6inka — TATA-dakTopa, 3BaHOTO Tak TOMY, IIO BiH B3a€MOJi€ 31 CHEHHU(IYHOIO
MOCTIAOBHICTIO HYKJIeoTH 1B TpomoTopa — TATAAA- (TATA-60Kkc).

[Mpuennanns TATA-daktopa mnonermrye B3aemofito mpomoropa 3 PHK-
noJyiiMepazoro. @akTopu iHiLialli BUKIMKAIOTh 3MiHy KoHpopMarliii PHK-nonimepasu
1 3a0e3MneuyloTh PO3KpydyBaHHS NpubIn3HO omHoro BuTka cmipani JIHK, Tob6to
YTBOPIOETHCSI TPAHCKPUIILIHHA BHUJIKA, B SKIA MATpPHUIS JOCTYMHA [JIsl CHHTE3Y
nanuora PHK.

[licns Toro, sk CHUHTE30BaH OJIrOHYKJIeoTHn 3 8-10 H.3., G-CyOOIUHMIIA
Bipauisietbest Bim PHK-momimepasu, a 3amicTh Hei 10 MoJieKynau (epmeHTa
PUEIHYIOTHCS JIEKIbKa (haKTOPIB €TOHTall]].

Enonranisi. ®aktopu enoHramii mjaBuILyoTs akTuBHICTH PHK-nommMepasu 1
noJIeTIIy0Th po30ixkHicTh NaHMmoriB JIHK. Cunre3 monexkynu PHK #ine Bing 5'- no 3'-
KIHII KOMIUIeMeHTapHo MatpuunoMy JdaHirory JJHK. Ha cranaii enonrartii, B o6acti
TPAHCKPUIIAHOT BUJIKH, OJHOYACHO PO3JAUIECHI MPUONN3HO 18 HYKICOTHIHUX map
JHK. 3pocratounii kinens yganmora PHK yTBoproe tTmMyacoBy riOpuaHy cripaib,
onu3pko 12 map H.3., 3 marpuunuM nadmrorom JHK. V wmipy npocyBanns PHK-
moJiiMepasy Mo MaTpHIll B HAPSAMKY Bif 3'- 10 5'-KiHIIA momnepeay Hel BinOyBaeThCs
PO3XOJIKEHHS, a 0331y — BIAHOBJICHHS oBiHHOI criipam JJHK.

Tepminanisi. Po3kpyuyBanus mnojsiiiHoi cmipani JIHK B oOnacti caiity
TepMiHaIlli poOUTH HOTO MOCTYITHUM /i PaKTOPy TepMiHAIIi. 3aBEPIIYETHCS CUHTE3
PHK B crporo Bu3HaueHWX MAUISHKaX MAaTpUIll — cadTax TepMiHaiii, abo
TepMmiHaTopax. MakTop TepMiHALlll MOJETIIY€E BiAIaJICHHS TEPBUHHOTO TPAHCKPUIITY
(npe-MPHK), sixuii komriementapeH wmatpuii, 1 PHK-momimepasu Big matpwiri.
PHK-nonmmMepaza Moke BCTYNUTHM Y HACTYNHMA UK TPAHCKPUIIIT MicCIs
MIPUETHAHHS CYOOIUHHUII G.

[Tomin mpomecy TpaHCKpPUMIi Ha CTaAll € CHOPOIIEHOK MO0, BiH
BUKOPHUCTOBYETHCS JJISl 3pYUHOCTI onucy mMexaHi3miB 0iocunte3dy PHK. ¥V 3BuuaitHux
ymoBax xonodepment PHK-momimepas eyOakrtepiit ans iHimiamii TpaHCKPHMII He
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BuMarae aonatkoBux ¢akropiB. Cunte3 PHK, skuii He 3anexuTh BiJ MPUCYTHOCTI
pPETYJISATOPHUX MOJIEKYJl, OTpMMaB Ha3By 0a3ajbHOI TpaHckpunuii. ba3anbHa
TPAHCKPHUIIIliS HE MOXKE BIJIOYBAaTUCS 1N VIVO, 1 IIel TEPMIH BUKOPHUCTOBYETHCS TIIbKH
Ipu OmucCl pe3ynbTariB gociixeHs cuatesy PHK in vitro, B 6e3kIITHHHEX cucTeMax
TpaHckpumnii. Ha BiaMiHy Big 1boro Jyisi TO4yHOI iHimiamii TpaHckpumiii PHK-
noJsiiMepa3oro Il moTpibHa HAsIBHICTH, KpiM 1i CyOOMHHUIIb, 11€ i OCHOBHHUX (PaKTOPIB
TpaHCKpuIiii — OUIKIB-aKTUBATOPiB Ta OUIKiB-penpecopiB. Taka TpaHCKpHIILIs

oTpuMasia Ha3By IHAYKOBaHOI, 800 aKTHBOBAHOI.

5.1.2. IIpouecinr

Hocrrpanckpunuiitna mogugikaunis ado npouecinr PHK — e cykynHicTh
MPOLIECIB, SKI MPU3BOIATH 10 neperBopeHHs npe-MPHK B 3piny MPHK.

[lepBunHi Tpanckpintu MPHK, nepi Hi>k Oy1yTh BUKOPUCTaHI B XOJ1I CHHTE3Y
Ol1Ka, MAalThes paay KoBaieHTHUX Moaudikamii. [i Mogudikaiii HeoOX1aH1 AJis
¢ynkuionyBanHs MPHK B sikocti matpwuiii.

KenyBanns. Moaudikamii npe-MPHK noumnaroTbest Ha cramii enoHrarii.
Konm nmomkuHa mEepBHHHOTO  TpaHCKpuUNTy  npocsirae  mpubmuzno 30 H.3.,
BIIOyBaeTbCs  KeMyBaHHA Horo 5'- KiHHg. 3iHCHIOE KemyBaHHS (epMEHT
ryasutinTpaicdepasa. Bona riposizye Makpoepriyiuii 3B's130k B MoJiekyii I'TO Ta
npueanye Hykiaeoruaaudocharauii 3amumok S'-pocdatHoi rpynu A0 S'-KiHIA
cuntezoBanoro (parmenty PHK 3 yrBOpenusm 5',5'-pocdomuedipHoro 3B's3Ky.
[lopanplle METUTWIIIOBAHHS 3aJUIIKy ryaHiHy B ckiaal ['T® 3 yrBopeHHsM Ny-
METHJITYaHO31HY 3aBeplilye (pOpMYyBaHHS Kemy.

MoaudikoBanuii 5'-kiHelp 3a0e3neuye iHIlIaliio TPAHCIALIl, MOJO0BXKYE Yac
xutTs MPHK, 3axumaroun ii Bim aii 5'-ek3oHykiea3 B nurormiazmi. KemyBaHHs
HEOOXITHO IS 1HIMiaIrii cuHTe3y Oinka, Tak sk iHimirotoul tpumetn AUG 1 GUG
PO3MI3HAIOTHECA PUOOCOMOIO TUIBKU SIKIIO MPUCYTHIA Kern. HasBHICTH Kemy TakoX
HeoOXigHa M1 poOOTH CKIIamHOT (PEPMEHTHOI CHCTeMH, 110 3a0e3Medye BUAAICHHS
IHTPOHIB.

3'-KiHelb OLIBIIOCTI TpaHCKpUNTIB, cuHTe30BaHux PHK-nmomimepasow I,

TaKOXX MITA€Tbcss MoAudikaiii, MNpu K creuiaJbHUM (EpPMEHTOM MOIiA-
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noJiiMepa3oro GopMyeThCs MOMIA-TIOCTITOBHICTD (MOM1A-«XBICT»), IO CKIATAETHCA 3
100-200 3anauImIkiB ag€HUIOBOI KUCJIOTH.

CurnasioM 710 moyartky nosiajicHiUIoBaHHA € mociigoBHicTh -AAUAAA- Ha
3poctatouomy JaHirory PHK.  ®epment momiA-momimMepasa, TPOSBISIOYH
€K30HYyKJIea3Hy AaKTHBHICTh, po3puBae 3'-ocdoedipHuii 3B'SI30K TICHS MOSBU B
nanirory PHK crmenmdiunoi mocmimoBHocTi -AAUAAA-. Jlo 3'-kiHIS B TOYIN
pO3pUBY noJriA-mosimepasa HapOIILy€E MO A -«XBICT». HasBHicTh
nomAmnociigoBHocTi Ha 3'-kiHIl nosermye Buxigx MPHK 3 snpa 1 ymoBuibHIOE T1i
TIAPOII3 y IUTOIJIA3MI.

depmeHTH, IO 3AIMCHIOIOTH KEMyBaHS 1 TOMIaJACHIIIOBaHHSA, BHOIPKOBO
noB'a3yroThcs 3 PHK-nomimMepasoro 11, 1 3a BiACyTHOCTI noJiMepa3yu HEaKTUBHI.

Cmuaiicudr. 3 TOSIBOIO METOAIB, IO JO3BOJSIOTH BUBYATH IEPBUHHY

renomMHoi JIHK, Oyyio BCTaHOBJIEHO, IO BOHU HE KOMIUIEMEHTapHI, a JOBXKHHA
reHa B KUTbKa pasiB OUIbIIE «3p1a0i»
MPHK. ITocnigoBHOcTI HykieoTiniB, ski mpucytHi B JHK, ame He BXomsate 10
cknany 3punoi MPHK, Oynu Ha3BaHl HEKOAYIOUMMH, a00 IHTpOHAMH, a
nociigoBHocTi, nmpucytHi B MPHK — kxonyrounmm, a6o ek3oHamu. TakuM YuHOM,
MIEPBUHHUN TPAHCKPHUIIT — II€ CYBOPO KOMIUIEMEHTapHA MaTPHIll HYKJICTHOBA KHCJIOTa
(npe-MPHK), 10 MiCTUTB SIK €K30HM, TaK 1 IHTPOHH. J[OB’KMHA IHTPOHIB CTAHOBUTH
Biz 80 10 1000 nykneoruaiB. [1ocmioBHOCTI IHTPOHIB «BUPI3aIOTHCS» 3 IEPBUHHOTO
TPAHCKPUMNTY, a KIHII €K30HIB 3'€JHYIOTbCSI OJUH 3 oagHUM. Taky Moaudikariro PHK
HA3WBaIOTh CIJIaliCHHIOM (aHrJ1. to splice — 3pomyBaTn). CritaiicuHr BiiOyBa€eThCs
B SJIpl, @ IO IHMTOILIa3MHU HAJIXOJAUTh BxKe «3pijna» MPHK.

['enn eykapioTiB MICTATh OLIbII€ IHTPOHIB, HIK €K30HIB, TOMY JIy>K€ IOBTI
moniekynu  npe-MPHK  (6mm3pko 5000 HykimeoTuaiB) micis — CIUIAHCHHTY
NEPETBOPIOIOTHCSA B OUIBII KOPOTKI Mosiekysn nuroriazmMaruunoi MPHK (Big 500 o
3000 HyKJIE€OTHIIB).

[Tpouec «Bupi3aHHS» 1HTPOHIB HpoTikae 3a ydactio 1stw MIPHII, sxi 3

OinkaMu (GOPMYIOTh CTPYKTYPY, SIKa HOCUTh Ha3BY CILIANCOCOMH.
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o cxnany msaPHII Bxoauts mana sinepna PHK (MaPHK), nykneornanuii nasior
SIKO1 TIOB'SI3aHUM 3 OLTKOBUM KICTSIKOM, IO CKJIAJAETHCA 3 JIEKIIBKOX MPOTOMEpPIB. Y
criaicuHry 6epyThb ydacts pizHi MaPHII.

HyxeoTuani mociiIoBHOCTI IHTPOHIB (PYHKIIIOHATBHO HEAKTHUBHI. AJie Ha 5'- 1
3'-KIHIIIX BOHU MaroTh BHcokocmernudiuni mocaigoBHocTti — AGGU- 1 GAGG-
BIJIMOBITHO (CAlTH CIUIACUHTY), SIK1 3a0€3MeUyIOTh iX BUIAJICHHS 3 MOJICKYJIU TIpe-
MPHK. 3miHu cTpyKTypH IMX TMOCTIAOBHOCTEH BIUIMBAIOTH HA MPOIEC CILIAHCHHTY.

Ha mnepunit cranii mpoumecy MsPHII 3B's3yroteess 31 cnenudiuHUMEU
MOCJIIIOBHOCTSIMA TIEPBUHHOTIO TPAHCKPUNTY (CalTH CIUIACHHIY), Jajil 0 HUX
npuennytorbes iHm MSPHIL Tlpu ¢dopmyBanHi cTpyKTypu crialicocoMu  3'-KiHEllb
OJIHOTO €K30HY 30JMKYyeTbCs 31 S5'-KIHLIEM HacTymHOro ek3ony. Craiicocoma
KaTalizye peakiiro posmerwieHHs 3',5'-gpocdoauedipHoro 3B's13Ky Ha KOPAOHI €K30HY
3 1HTpoHOM. [lOCIHiOBHICTH IHTPOHY BHIANSETHCS, a JIBa E€K30HU 3'€IHYIOTHCS.
Yr1Bopenns 3'.5'-pochonuedipHoro 3B'A3Ky MK JABOMA €K30HAMH KaTalli3ylHOTh
MaPHK, 1o BXOoasTh B CTPyKTypy CcCIulaiicocoMu. Y pe3ynbTaTi CIUTAMCHHTY 3
nepBuHHUX TpanckpuntiB MPHK yTBOpiotoThes monekymnu «3pinoi» MPHK.

AJIbTepHATHUBHUI cruiaiicuHr. J[ns faeskux TeHIB ONHCaHl albTepHATHBHI
IUISIXM CIUIAHCHHTY 1 TOJIaJCHUTIOBAHHS OJHOTO 1 TOrO  TpaHCKpHUNTy. EK30H
OJTHOTO BapiaHTy CIUTAMCHHTY MOXE BHSIBUTHUCA IHTPOHOM B aJbTCPHATUBHOMY
nuisixy, TtoMmy Mmoisiekyau MPHK, yTBopeHi B pe3ynbTaTi anbTepHATUBHOIO
CILIAaCHUHTY, PO3PI3HAIOTHCS HAOOPOM eK30H1B. Lle mpU3BOINUTH 10 YTBOPEHHS PI3HUX
MPHK 1, BimoBiIHO, pi3HHUX OLJIKIB 3 OJJHOTO TMEPBUHHOTO TPAHCKPHUIITY.

Bubip ogHOro 3 NUIsAXiB (aJbTePHATUBHUMN CIUTAWCHUHT) Ta OJHOTO 3 MOXKJIUBUX
CalTIB TOMIAJICHUIIOBAHHS T'pa€ BAXIWBY POJb B TKaHWHOCTEHHM(IUHINA eKcrpecii
reHiB. Pi3HI BapiaHTH CIUIACMHTY MOXYTh NPHU3BOAUTH 10 YTBOPEHHS PI3HUX
130bopm omHOTO 1 TOrO K Olnka. Hampukmnan, TeH TPOTMOHIHY CKIAma€eThes 3 18
€K30HIB 1 KOJy€ 4YHUCJIEHHI 130popMH 1IbOro M'si30Boro Oinka. Pi3Hi 130¢opmu
TPOIIOHIHY YTBOPIOIOTHCS B PI3HUX TKAHMHAX HA MIEBHUX CTAIISX iX PO3BUTKY.

Ipouecinr 1- i pPHK. I'enu, mo KoayioTh OUIBIIY YaCTHHY CTPYKTYPHHX

PHK, tpaunckpubyrorbcss PHK-momimepazamu | 1III. HykneiHoBi  KuCIOTH —
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MONEPETHUKU TPHK 1 pPHK — migmatotecs B siapi po3MICIUICHHIO 1 XIMIYHIH
Moaudikalii (MpoIeciHry).

[TepBunnuii Tpanckpunt TPHK mictutre 6mm3pko 100 HykiI€OTHIIB, a IMICHS
npouecinry —/0-90 u.3. [loctrpanckpumniiitai Moaugikaiii IEpBUHHUX TPAHCKPIITIB
TPHK BinOyBatoThes 3a yuactio PHK-a3 (pubonykneas). Tak, dopmyBanHs 3'-
kiarm  TPHK  karamizye PHK-aza, mo mpeacrasmisie co6oro 3'-ex30HyKIeasy,
«BApI3al0uM» TO OJHOMY HYKJICOTHUIY, IOKH He JaocsirHe mociigoBHOCTI -CCA,
onnakoBoi s Bcix TPHK. s neskux TPHK dopmyBanns nocaigosaocti -CCA Ha
3'-kiHIi  (aKmenTOpHUN  KiHEIb) BiIOYBAaEThCA B  PE3yJbTaTi  IOCIAOBHOTO
npUeIHaHHA IMX TpboX HykjieotuniB. [Ipe-TPHK wictuth BChro oauH iHTPOH,
mo ckinamaerses 3 14-16 wmykmeotwaiB. BumaneHHs  iHTpoHy 1 CIUIAHCHHT
MPU3BOJATE 10 (OPMYBaHHS CTPYKTYpPH, SIKa HOCHTH Ha3BY aHTHKOJIOHY .
AHTHKOJIOH OpeACTaBisie CcOOO0K  TPUILUIET HYKJICOTHAIB, IO 3a0e3nedye
B3aemoziro TPHK 3 kommementapuum kononom MPHK B xoai cuHTe3y OLIKIB.

Y kiiTMHAX JIIOJUHU  MICTUThCA ONM3bKO coTHI Komid reny pPHK,
JIOKaTI30BaHUX Tpynamu Ha m'sti xpomocoMmax. ['enun pPHK tpanckpubyrorscs PHK-
noyiiMepasorw | 3 yTBOPEHHAM 1I€HTUYHUX TPAHCKPUIITIB. [lepBuHHI
TpaHCKpuNTU  MawTh JAoBkuHy Onu3pko 13000 u.3. (45S pPHK). Ilepmr Hix
MOKUHYTH SIIPO B CKJIaJl pubocoMHOi yacTuHku, mosiekyna 45S pPHK mignaetbes
nporiecinry, B pesynbTaTi yrBoproeThess 28S pPHK (6mu3bko 5000 HYKIE€OTHIIB),
18S pPHK (6mm3bk0 2000 HykieoTinos) 1 5,8S pPHK (6mm3pko 160 HykieoTuais),

SK1 € KOMIIOHEHTaMU pUOOCOM. [HIlIa YacTUHA TPAHCKPUIITY PYUHYETHCS B SIPI.

5.1.3. Tpancasiuist
Tpancasimieo Ha3uBalOTh 3A1MCHIOEMUH pUOOCOMOIO CHHTE3 Oulka 3
aminokucimor Ha wmatpumi  MPHK. Tlepexman indopmamii, ykmageHoi B
noHykKiIeoTHAHIN mociaigoBHocTi MPHK, B aMIHOKMCIOTHY MOCIIIOBHICTh OlIKa
noTpedye TMEBHOTO CMocoO0y KOAyBaHHS abo mudpyBaHHSA, TOOTO I1CHYBaHHS
BHUPA3HOTO 3aKOHY, 3a SIKMM dYepryBaHHi 4oTupbox HykineoTuaiB B MPHK 3amae

crietuQiyHy MOCII1I0BHICTh aMIHOKUCIIOT Y OLIKY.

106



I'enernunuii koa. HeoOximHICTh KOAYBaHHS CTPYKTYpH OLUIKIB B JIIHIWHIN
nociigoBHocTi HykieoTuaiB MPHK 1 JIHK npoaukroBaHa TuM, 110 B XOA1 TpaHCIAIIIT
HEMa€ BIAMOBIIHOCTI MDK KUIBKICTIO MoHOMepiB B matpuiii MPHK 1 mpomykri —
OlIKy, IO CHHTE3YEThCS, a TaKOX BIACYTHS CTPYKTypHa TMOAIOHICTE MIX
moHomepamu PHK 1 Oinka. lle BukiItouae KOMIUIEMEHTapHY B3a€MOIII0 MiX
MaTPHUICI0O 1 TPOAYKTOM — TPHUHINI, 32 SKAM 3IIACHIOEThCS TOOyA0Ba HOBHUX
mouekyn JJHK 1 PHK B xoni pemutikaiii 1 TpaHCKpHITLI].

3BIIM CTAa€ 3pO3yMUIMM, IO MOBUHEH ICHYBaTH «CJIOBHUK», IO JO3BOJSE
3'scyBaTH, siKa MOCHAOBHICTh HykJeoTuaiB MPHK 3a0e3nedye BkItOUeHHSA B OLIOK
aMIHOKHUCIIOT B 3aJaHiil mochigoBHOCTi. Llell «CIOBHHMK» OTpUMaB Ha3BY
reHeTU4YHOro, 0ioJI0riYHOr0, HYKJEOTHAHOr0, a00 aMiHOKHMCJIOTHOrO Koay. Bin
103BOJIsI€ UGPYBATU aMIHOKUCIIOTH, 1110 BXOJATH 10 CKJIaay O1JIKIB, 3a JIOMOMOIOI0
neBHoi nocnigoBHocTi HykiaeotuaiB B JIHK 1 MPHK. [Ins Hboro xapaktepHi neBHi
BJIACTUBOCTI.

OaHuUM 3 OCHOBHUX IHUTaHb MpHU 3'SICYBaHHI  BIACTUBOCTEH Komy OyJo
NUTAaHHS TPO KUIBKICTh HYKJICOTH/IIB, SIKA TMOBUHHA BHU3HAYaTH BKJIIOYCHHS B
O1710K O/IHIET aMIHOKHUCIOTH. Binpasy Oysio 3po3ymifio, 110 1€ YKUCI0 HE MOXe OyTH
piBHuM 1 abo 2, Tak K B IIbOMY BHUMNAQJKy KUIbKICTh KOAYIOUHUX EJIEMEHTIB Oy/e
HEJIOCTaTHBOW it mudpyBaHHs 20 amMiHOKHCIOT B OuUIkax. KidbKicTh KOIyrouux
MOCTIJOBHOCTEHN 3 4 HYKJIEOTU/IIB MO TPU JOPIBHIOE 4°=64, 0 TOHAT HiX y 3 pa3u
NEePEBUINYE  MIHIMAJIBHY  KUIBKICTh, SIKa  HEoOXimHa i KoxyBaHHS 20
amiHokucaotr. Hapami Oyno BCTaHOBJICHO, W0 KOAYOUMMH €JIEMEHTAaMU B
mupyBaHH1 aMIHOKHCJIOTHOT MOCITIIOBHOCTI € TPIMKU HYKJICOTH/IIB, a00 TPHUILIETH,
K1 OTpUMAaJI Ha3BY KOJAOHIB (KOAYIOUYMX TPUHYKJIEOTH/AIB).

CeHc komOHIB cTaB 3po3yMutnid B 60-x p. XX CT., KOJU, BUKOPUCTOBYIOUH
OC3KIIITUHHY CHUCTEMY CHHTEe3y OUIKiB (Tabis. 3) 1 CHHTeTHYHI MOJIPUOOHYKICOTUIH
13 337]aHOI0 TOCJIJOBHICTIO HYKJICOTHAIB B AKOCTI MmaTpuli, Mapman HipenGepr 1

JI>x. MatTei cuHTe3yBaJIM MOJIINENTUIN TEBHOT OYIOBH.
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Tabnuys 3

OcHOBHI KOMNOHeHmU OLIKOBOCUHME3YIOY0I cucmemu

Ne Heooxigni DyHKuii
3/n KOMIIOHEHTH
1 AMIHOKHUCIIOTH CyOcTpatu j1s1 CHHTE3Y OUIKIB
2 TPHK Ananropu. B3aeMon1it0Th aKIIENTOPHUM KiHIIEM 3
aMIiHOKHUCJIOTaMH, a aHTUKOAOHOM 3 KomoHoM MPHK
3 aa-TPHK-cunrerasu Koxxna aa-TPHK-cuHTeTa3a Karamisye peakiito crnenndiyHoro
3B’s13yBaHHs OJHI€T 3 20 aMiHOKHUCIIOT 3 BignoBigHow TPHK
4 MPHK Marpuist MiCTUTB JTiHIHHY TOCTIIOBHICTh KOJOHIB, BU3HAYAIOUY
MIEPBUHHY CTPYKTYPY OLIKIB
5 PubGocomu Micus cuHTe3y O1LIKIB
6 ATOiI'TO Jlxepena eneprii
7 binkoBi akTopu 3a0e3neuyroTh MpoLec TPaHCIIIIT
1HiTanii,
eJoHTaIlli 1 TepMiHarii
8 lonu marHiro Kodakrop, crabinizyrounii CTpyKTypy pudocom

Tak, Ha Marpull Moji-Y, M0 CKIAJAETbCs TUIBKH 3 3anuiikiB YM®, OyB
OTpUMaHMi mnojideHuIanadidy, a Ha wmartpuui nomi-I[ — nomimposiH. 3 1bOro
BuruBao, mo TpurieT -UUU koaye amiHOKUCTIOTY deHuanaid, a Tpuret -CCC
— aMIHOKHUCJIOTY TIPOJIiH.

Y HacTymHUX eKCHEpUMEHTaX BHUKOPHCTOBYBAJIM 3MIIIaHI CHUHTETUYHI
MOJIIPUOOHYKIICOTHAN 3 BIIOMUM CKJIQIOM. Y pe3yabTaTi Ii€i poOOTH Baanocs
BCTAHOBUTH, II0 3 64 KOJIOHIB BKJIIOYECHHS AaMIHOKHCJIOT JIO IOJIIIENITHIHOTO
JIAHITIOTA, IO CUHTE3YyeThed, mudpye 61 Tpurmer, a 3 iHmmx — UAA, UAG, UGA He
KOJIYIOTh BKJIFOUEHHSI B OLIOK aMIHOKHUCJIOT 1 OTpUMAaJIl Ha3BY oe3rny3aux, abo
HOHCEHC-KO/OHIB. [Ipore  Hamanmi  Oyno  mokasaHo, 101(0) Il TPUILIETH
CUTHAII3YIOTh TPO 3aBEpUICHHS TPaHCIAIIi, 1 TOMYy 1iX CTald Ha3UBaTH
TEPMIHYIOUUMHU, a00 cTon-KooHamu (Stop).

Komorn MPHK 1 tpumnern wnykneorumaiB B koxaytouid wutmi JIHK 3
HaIpaBJICHHSIM BiJ 5' 10 3'-KiHIISI MalOTh OJTHAKOBY IMOCJIOBHICTh a.I1., 32 BUHATKOM
toro, o B JIHK 3amicts U, xapakrepHoro ayist MPHK, ctoits T.

Cneungivynictb reHeTH4HOro koay. KokHOMYy KOJOHY BIANOBINAE TIIbKU
OJIHA [€BHA aMIHOKHUCJIOTA. Y IIbOMY CEHCl TeHETUUHUI KOJI CYBOPO OJTHO3HAYHUM.

Bupoaxennicts reneruudoro koay. ¥ MPHK 1 JIHK mae cenc 61 Ttpurmer,

KOXHHUM 3 SKMX KOAY€ BKIIOYEHHS B OI0K ofHiel 3 20 aMiHOKUCIOT. 3 IbOTO
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BUIUIMBAE, M0 B iHPOPMAIIMHUX MOJICKYJIaX BKIIOUEHHS 10 OIIKY OHIET 1 Ti€l X
aMIHOKHCJIOTH BU3HAUYAIOTh AEKIJIbKAa KOAOHIB. LI BIAcCTUBICTh M€HETUYHOTO KOMIY
OTpUMaJlia Ha3By BUPO>KECHHS.

Y JIOAMHYU OJTHUM KOJIOHOM 3ami(poBaHi TIIBKU 2 aMiHOKUCIOTH — METIOHIH
1 Tpunitodan, TOJIl SIK aMIHOKUCIIOTH JICUIIMH, CEPiH 1 apTiHiH — IIICThMAa KOJOHAMHU, a
aMIHOKHCIIOTH aJlaHiH, BajiH, TJIIUH, MPOJIH 1 TPEOHIH — YOTHpMa KojoHamu. B
tpumierax st monekyian PHK, aykneorun T 3mintoerscs Ha U.

HanMipHICTh KOJyIOUMX IOCIOBHOCTEH — HAMIIHHIIIA BJIACTHUBICTH KOIY,
TOMY II0 BOHA MIJBHILYE CTIMKICTh 1H(QOPMALIHHOTO CTpyMy 10 HeOJiaranpisiTHUX
BIUTMBIB 30BHINIHBOTO 1 BHYTPIIIHKOrO cepefoBuil. IIpu Bu3HaYeHHI TPUPOAU
aAMIHOKHCJIOTH, SIKa TIOBUHHA OyTH BKJIIOUYEHA 10 OLIKY, TPETId HYKJIEOTH y KOJOHI
HE Ma€ TaKOro BaXKJIMBOIO 3HAYEHHsA, SK mepur aBa. [[ns 6araTbox amMiHOKHCIOT
3aMiHa HYKJICOTUY Y TPETiH MO3HUIIIT KOJOHY HE MO3HAYAE€ThCS HA MOT0 3HAYCHHI.

Jliniitnicts 3ammcy iHgopmamii. Ilix yac tpancnsauii kogonn MPHK
«UUTAIOTHCS» 3 (PIKCOBAHOI CTAPTOBOT TOUKHU TOCTIZIOBHO 1 HE TEPEKPUBAIOTHCS. Y
3anuci iH(opMalii BIJICYTHI CHTHAJIM, IO BKa3yHOTh Ha KiHEIb OJHOTO KOJOHY 1
MMOYaTOK HACTYITHOTO.

Komon AUG € iHIIIIOIOYAM 1 MPOYUTYETHCSA SK HA TOYATKY, TaK 1 B IHIIUX
ninssakax MPHK gk MeionuH. HacTymnHi 3a HUM TPUIUIETH YUTAIOTHCA MOCIIIOBHO
0e3 Oyab-sIKMX MPOMYCKIB aX JI0 CTOM-KOJOHY, Ha SKOMY CHHTE3 IMOJIMENTHIHOTO
JIAHITIOTA 3aBEPITYETHCS.

YHiBepcajibHicTh. /[0 HETaBHBOrO Yacy BBaxkasaocs, IO KOJ € aOCOJIOTHO
yVHIBEpCaJbHUM, TOOTO CEHC KOJOBHX CJIB OJHAKOBHMA ISl BCIX BHUBYECHHUX
OpraHi3miB: BipycCiB, OakTepiii, pPOCIWH, 3E€MHOBOJHHX, CCaBI[iB, BKJIIOYAIOUYH
moaudy. Ilpore mi3Hime cTago BiIOMO OJHE BUKIIOUECHHS, BHUSBHWIOCS, IO
mitoxoHApiankHa MPHK wmicTtuth 4 TpurmieTd, o MarTh 1HINE 3HAYSHHS, HDK B
MPHK snepnoro noxomxenns. Tak, B MPHK mitoxonapiit tpumier UGA koxaye Trp,
AUA — Mer, a AGA 1 AGG npouuTyroThCs K JOJATKOBI CTOIM-KOJAOHHU.

Koaineapnictb reHy i mnpoaykry. VY mnpokapioTiB BHSBICHA JiHIiHA
BIJIMOBIAHICTh TOCIIJIOBHOCTI KOJIOHIB TE€HY 1 IOCTIJJOBHOCTI aMIHOKHUCIIOT Y
O1TKOBOMY TIPOTYKTI, TOOTO ICHY€E KOJIIHEAPHICTh TeHY 1 TPOIYKTY.
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VY eykapioTiB TOCHIIOBHOCTI MiACTaB B T€HI, KOJIHEApHI aMiHOKUCIOTHIN
MOCTIAOBHOCTI B OUIKY, NMPEPUBAIOTHCS ITpoHAMHU. TOMYy B €yKaplOTMUHMX KITITHHAX
aMIHOKHCJIOTHA TIOCJIIIOBHICTh Ol7Ka KOJIIHEapHa IMOCiJOBHOCTI €K30HIB B T'€H1 a0o
3piniit MPHK micist mocTTpaHCKpUMIIITHOTO BUJATICHHS IHTPOHIB.

Pubocomu. PuGocomm nmnpeacTaBisioTh Cc000I0 PUOOHYKICOMPOTEiTOBI
YTBOPEHHS — CBOEPITHI «(paOpHuKu», HA SKUX He 301pKa aMiHOKUCIIOT B OLIKH.

EykapioTuuni pubocoMu MaioTh KOHCTaHTY ceauMmenTarlii 80S i ckiamaroTbes
3 408 (masioi) 1 60S (Benukoi) CyOOAMHMUIIb.

Koxna cybonuuuis Bkiatouae pPHK 1 6inku. ¥V 40S cyOonauHUIIO BXOAUTH
pPHK 3 koncTanToro cemumenTartii 18S 1 6ausbko 30-40 OunkiB. Y 60S cyOoauHuUI
BusiBiieHo 3 Buau pPHK: 5S, 5,8S 1 288S 1 61u3bko 50 pizHUX OUIKIB.
binku BXoasTh 10 ckiagy CyOOAMHHUIL PUOOCOMHM B KIUIBKOCTI OJIHI€T KOMIi 1
BUKOHYIOTh CTPYKTYpPHY (QYHKIIIIO, 3a0e3neuyroun B3aemojiro Mix M- 1 TPHK,
MOB'SI3aHUMU 3 aMIHOKHCJIOTOIO a00 TIETITHIOM.

V¥ npucyrnocti MPHK 40S 1 60S cyboaunuiil 00'€IHYIOTHCS 3 YTBOPEHHSIM
NMOBHOI puOOCOMHU, Maca Kol mpuOim3HO B 650 pasiB OUIbIIE MAacH MOJEKYJIU
reMOTJIOO0IHY.

VY pubocomi € 2 nentpu s npueanannas mosekyn TPHK: aminoanmnbauii (A)
1 nentuawiibHui (P) neHTpH, B YyTBOPEHHI SIKMX O€pyTh ydyacTb OOMBI CyOOJMHHIII.
Pasom nentpm A 1 P Bxmouatore Auisinky MPHK, piBHy 2 komonam. Ilixg wac
TpaHcnanii meHtp A moB's3ye depment aminonmia-TPHK-cunterasy (aa-tPHK),
OyloBy $IKO1 BH3HA4a€ KOJOH, IO 3HAXOJMUTHCS B 00JacTi I[OTO LEHTPY. Y
CTPYKTYP1 IIbOTO KOJIOHY 3aImu(poBaHa MPUPoO/ia aAMHUHOKICIIOTH, sika Oyjie BKIIIOUCHA
0 3pocTardoro mnojinentuaHoro jaHmrora. Ilentp P 3aiimae menrtummi-TPHK,
to0T0 TPHK, moB'A3ana 3 nenTUIHUM JIAHITIOKKOM, SIKHH BJKE CHHTE30BaHUI.

HenTpanbHa gormMa MoJiekyJspHoi Oiosiorii. IlenTpanbHa 1gorma
MOJIEKYJISIPHOI Oiosiorii — 1€ y3arajpHIOIOUE MPABUJIO peai3allii T'e€HEeTUYHOT
iHdopmartii: iHbopmMaIlis mepeaacThCcs Bi HYKJICTHOBUX KUCIOT A0 OlKa, ajie HE B
3BOpOTHOMY HanpsMKy. [IpaBuno 6yno chopmynsoBano @pencicom Kpukom y 1958

p. 1 NPUBEICHO Y BIAMOBIIHICTh 3 HAKONMUUYCHHMHU Ha TOW yac manumu B 1970 p.
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3rigHo omy, nepexin renernanoi iHdopmanii Big JJHK no PHK 1 Big PHK go Ginka
€ YHIBEpPCaJIbHUM JJIs BC1X 0€3 BUHATKY KJIITUHHUX OPraHi3MiB.

Januii mepexia JeKUTh B OCHOBI OIOCHHTE3y MakpomoJiekys. Perumikarii
iHpopmaniinuit  mepexin JHK—/IHK,

reHoMa BIJIOBIIa€e TpaHCKpumuii —

JNHK—PHK, a tpancnamii PHK—Oimok. ¥V mnpupoai 3ycTpidyaroThCs TaKOX
nepexonu PHK—PHK (pennikamis y BipyciB), PHK—/IHK (3BopoTHs TpaHCKpHIILIis
y BipyciB), JIHK—06inok (npsima tpancisimist y E. coli), a Takox 3Mina koHpopmariii
npioHiB (OLIKIB, 10 ICHYIOTh Y JABOX (hopMax) IO IMEepPelacThCcs BiJl MOJEKYJIU 0
MoJIeKyH (Tadi. 4).

Tabnuys 4

Cnocobu nepeoaui ingpopmayii 32i0H0
LlenmpanvHoi 0oemu monexynsapHoi bionoaii

ITpouec 3arajabHi CneniajapHi HeBinomi
Penunikarris JAHK—JIHK PHK—PHK binoxk—JIHK
Tpanckpunuis | JJHK—PHK | PHK—JIHK binok—PHK
Tpancsmis PHK—6inox | JIHK—06im0x | binok—0imok

Crapii Tpancasiuii. ¥ xoni cunresy Oinka npountanss iHpopmanii MPHK iine
B HAIPsIMKY Bix 5'- o 3'-KiHIL, 3a0e3neuyroun CuHTe3 nenTuay Bia N- 1o C-KiHIs.

Koxna eykapiotnuna MPHK koaye OymoBy TUIBKA OJHOTO MOJIMENTHIHOTO
naHirora (ToOTo BOHa MOHOUMCTPOHHA), Ha BIIMIHY BiJ npokapiotnuHux MPHK,
SIK1 4aCTO MICTATh 1H(POPMAIIIFO PO ACKLIbKA MENTHIB (TOOTO BOHH MOJIIIUCTPOHHI).
[{i BIAMIHHOCTI BUKJIMKaHI TUM, 1o y mnpokapioriB JJHK mnoz0aBieHa iHTpoHIB, i
PHK-nonmimepaza TpaHckpuOye IiISSHKH, TPOYUTaHHS 1HGoOpMarii 3  SKUX
HiANOPAIKOBYETBCS  3araJlbHOMy pPEryjisiTOpHOMY MexaHiMmy. KpiMm Toro, Ha
nomiuctpoHHux MPHK cuHTe3 Oulka MOYMHAETHCS JO TOTO, SK 3aKIHUYETHCS 1X
BJIACHUN CHHTE3, TOMY IO TPOIECH TPAHCKPHMIII 1 TPaHCIIII HE po3aiieHl. Y
€yKapioTiB TPAHCIALIA MPOTIKAE B IMTOIUIA3MI, KyId 3 SiApa MOCTYMYIOTh BKe
«3pim» MPHK.

IToxii Ha puOOCOMI BKIIFOYAIOTH €TAlM 1HIMIAIli, eTOHTaIlii 1 TepMIiHaIIii.

Inimiamia. [Himiamis TpaHcnsmii € mMoOMi€r0, B XOJ1 SKOi BiI0OYyBaeThCs

YTBOPEHHS KOMILTEKCY, 1m0 BKmodae Mer-TPHKM", MPHK i puGocomy, ne TPHK,™"
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— iuimiroroua MetioninoBa TPHK. V¥V mwomy mporieci 6epyTh ydacte He mentre 10
dakrTopiB iHimialii, ski mo3HayaThes gk eiF (anri eukaryotic initiation factors) —
eykapioTuuHi (akTopu iHIIHAIli 13 3a3Ha4eHHSIM HoMepy 1 Jitepu. Crnouatky 40S
cyOoauHUIT puOOCOMHU 3'€MHYETHCS 3 (DakTOpoM iHIIaIi, SKUA TEPemKoKae ii
3B'si3yBaHHIO 3 60S cyOoauHuIEI0, aje CTUMYII€ OO0'€qHaHHS 3 TOTPIMHUM

M
KOMILIEKCOM, 1110 BKItouae Met-TPHK;

, eIF-2 i 'T®. I[Totim et Tenep Bke OLIBII
CKJIaJHUN KoMILieke 3B's3yeThes 3 S'-kinnem MPHK 3a ygactio gexinbkox eiF. Oaun
3 (bakTopiB imimianii (eiF-4F) Bmi3Hae i mpueaHyeThes 10 kemy Ha Mojekyiai MPHK,
TOMY BIH OTpHMaB Ha3By Kem3B’sizytouoro Ouika. IIpukpenusmmcs 1o MPHK, 40S
cyOOAMHUIIS TTOUYMHAE KOB3aTH Mo Hekoayrouid yactuni MPHK no tux mip, nmoku nHe
JOCATHE 1HILIIOIYOro KOMOHY (cTapt-kojoHy) AUG koayrodoi HYyKICOTHIHOI
nocaigoBHocTl. KoB3anns 40S cybonunuili no MPHK cynpoBomkyeThes riipoaizoM
AT®, eHepris sKOTO BUTpAyaeTbCcs HAa TOJOJIAHHS JUISHOK CIipaimizaiii B
HeTpaHcnipyemii yactuai MPHK. B eykaploTHuHUX KIIITUHAX HEKOAYIOUl JIJISTHKH
MPHK MaroTh pi3Hy noBxkuHy, ane 3a3Buyail Big 40 mo 80 HyKJIEOTHIIB, XOo4a
3YCTPIYarOThCs 00J1aCTI 3 MPOTSHKHICTIO OLbie 700 HYKJI€OTH/IIB.

HocsrayBimm noyatky koayrodoi mnociigoBHocTi MPHK, 40S cy6Gomaunuis
3YMUHAETHCS 1 3B'A3Y€TbCA 3 IHIMMH (akTopaMu 1HIINAIIi, MPUCKOPIOIYHMHU
npuenHanass 60S cyOommnmmi Ta yrBopeHHs S80S pubocomMum 32 paxyHOK
rigponizy I'T® go T'AD 1HeopraniuHoro gocdarty. [Ipu ubomy dpopmyrorbes A-
1 P-nentpu pubocomu, npudomy B P-mientpi omuuserbcs AUG-komon MPHK 3
PHUEIHAHOIO IO HHOTO Mer-tPHKM®",

VY knitTuHax € 2 po3pizHsatouuxcs 3a cTpykryporo TPHK, 1o Bmi3HatoTh KOAOH

Mer,

AUG. T=imitorounii komoH BmizHaeTbes TPHK; ™ a tpunmetn MPHK, mo xomyroTh

BKJIFOUCHHS METIOHIHY y BHYTPIIIHI IiISHKY OiKa, IPOYUTYIOThC iHmmoro TPHK™ .
Enonranis. Ilo 3aBepmiensi inimiamnii pubocoma posramoByetrbes Ha MPHK
TaKUM YMHOM, 110 B P-11eHTp1 3HaxoauThes iHiMioduit kogoH AUG 3 npueaIHaHo0

10 Hboro Mer-TPHEKM®

, @ y A-IIGHTpl — TPUILIET, IO KOAYE BKIIOUCHHS MEPIIol
aMIHOKHUCIIOTH CiHTe3yemoro Oinka. [lami mnouyumHaeTbcs HaMTpUBamiIMKA —eTarl
O17IKOBOT'O CHHTE3Y — €JIOHTallis, B X0/l sikoro pubocomMa 3a jpornomoror aa-TPHK

nocnigoBHo «uutae» MPHK y Burmsni TpumieriB HyKJICOTHIB, CIIIYyIOUHX 3a
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HIIIFOIOYUM KOJJOHOM B HANPSIMKY Bi7 5' 10 3'-KiHIIS, HAPOIIYIOYH TMOIMETTTHIHUN

JIQHIIIOT 33 PaXyHOK MOCJIIOBHOTO IPUETHAHHS aMIHOKHCIIOT.

HyxkneoTtuaHa mOCHIIOBHICTh, SKa IMOYHMHAETHCS 3 1HIIIIOIOYOTO KOJIOHY,
MOJIISE HACTYNMHI HYKJICOTHAM Ha TPUIUIETH, 5Kl KOJAYIOTh aMIHOKUCIOTH, 1
3aBEPIIYEThCS TEPMIHYIOUYUM KOJOHOM, HA3WBAETHCS PAMKOIO 3YMTYBaHHS. ICHYye
TIIBKA ~ TPU  MOXJIMBOCTI  TpaHCHALII  HYKJICOTHUAHOI  IMOCHIJOBHOCTI IO
aMIHOKHCIIOTHOI B 3aJIOKHOCTI Bif cTapT-KoAoHy. IIpu 1My amiHOKHCIOTHA
MOCTIIOBHICTD 3MIHIOEThCA. Hikue HaBeAeH! TPU MOXKJIIMBI paMKH 3YMTYBaHHS JIs
nociigoBHocti GUACGUAAGUAAGUAUGGACGUA:

» Pamka 3untyBanus 1: GUA CGU AAG UAA GUA UGG ACG,;

» Pawmka 3untyBanns 2: .G UAG GUA AGU AAG UAU GGA CGU;

» Pawmka 3untyBanus 3: . GU ACG UAA GUA AGU AUG GAC GUA.

[aTepBanm Mik cTapT- 1 CTOI-KOJIOHAMH HA3MBAETHCSH BIAKPUTOH PaMKOIO
3unTyBaHHA (aHIJI. open reading frame — ORF).

Myrartisi, B pe3yJIbTaTi SIKOi BCTABIISIETHCS a00 BUIATISETHCS OAUH HYKJICOTH]T 1
3MIHIOETBCS paMKa 3YMTYBAHHS, HAa3UBAEThCSA 3ABUTOM paMKku. OCKUIBKH
MOCJIJOBHICTh HOBOI PaMKH 34YUTYBaHHS MOBHICTIO BiMIHHA BiJl MMOYaTKOBOI, BCS
nojaybllla aMIHOKHMCIIOTHA TIIOCIIIOBHICTh OyJe 3MIHIOBATHCS IIICIS MYTaIlii.
@yHKIIs TaKoro O1Ka 0yJie MOBHICTIO BTPAY€HOIO.

BxitoueHHsT KOKHOT aMIHOKUCJIOTH B OUIOK BiOyBaeThcs B 3 cTajli, B XOAl
SIKHX
» aa-TPHK Kx0xHOT aMiHOKHCJIOTH, [0 BXOAUTH 10 O1JIKa, 3B'A3y€ThCS 3 A-TIEHTPOM

pubocomu;

» nenrtun Bin nentuauia-TPHK, mo 3Haxomutbes B P-1ieHTpi, IpUETHYETHCS 10 O-
NH,-rpynu aminoanunsHoro 3anuiiky aa-TPHK A-1ieHTpy 3 yTBOpEHHSIM HOBOT'O
MENTHIHOTO 3B'SI3KY;

» TIOJIOBXKEHA Ha OJIMH aMIHOKUCIOTHHH 3aiuiiok nentuaui-TPHK nepemimnroeTscs
3 A-LIeHTpy 110 P-11eHTpy B pe3ysbTati TpaHCIoKaIli pudocomu.

Tepminaunisi. Tepminaiist TpaHCHALIT HACTA€ B TOMY BUIIAAKY, KOJU B A-IIEHTP
pubocomu notparuisie 10 ogHoro 31 cromn-koaoHiB: UAG, UAA a6o UGA. [ns cTon-

kozoHiB Hemae BignoBimHux TPHK. 3amicte mporo no pubocomu mpueaHyoThes 2
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OukoBux 3BiMbHIOIOYMX (akropu RF  (amrn. releasing factor) a6o dakropa
TepMmiHanii. OquH 3 HHUX 3a  JIOIOMOTOI0 MENTUIUITpaHC(epa3sHOro LEHTPY
KaTali3ye TIIpOJIITUUHE BIMIEINICHHsS cuHTe30BaHoro nentuay Biax TPHK. [ammii 3a
paxyHok eHeprii rizpoiizy [ T® Buknaukae qucorriarito pudocoMu Ha CyOOTMHMIII.

MatpuuHa mnpupoAa TMpoleCy TPAHCIALIL TPOSBISIETCS B TOMY, IO
MOCTIIOBHICTh HamxomkeHHs aa-TPHK B pubocomy mms cuHTE3y Oinka CyBOpO
nerepminoBaHa MPHK, To0TO mopsigok po3TamryBaHHS KOJOHIB B3JOBX JIAHITIOTA
MPHK onHo3HauHO 3amae CTpyKTypy cHHTe30BaHOro Oiika. Pubocoma ckanye
nanmor MPHK y Burisal TpurieriB 1 MOCTIOBHO BIAOMpPAaE 3 HABKOJUIIHBOIO
cepenoBuia «HeoOximH1» aa-TPHK, 3BuIbHsI0UM B X0M1 eJOHTAIli JeallljibOBaHi
TPHK.

Mana 1 Benuka cy0OIuHULII pUOOCOMH B MPOLECI TPAHCIALIT BUKOHYIOTh pPi3HI
¢dynkuii: mana cy6'onunung npueanye MPHK 1 nekonye iHdopmaliiro 3a 101oMororo
TPHK Ta mexaHi3aMy TpaHCIIOKallii, a BeJIMKa Cy0'oJJMHULA BIANOBIAAE 32 YTBOPEHHS
NENTUIHUX 3B'S3KIB.

Hocrrpancasimiiini Moamdikanii. IlominenTuaHi  JaHIIOTK  MOXYTh
MIJJaBaTUCA CTPYKTYpHUM MojudikamiaM, ado Oyayyd i€ MNOB'S3aHUMHU 3
pubocomamu, abo micnsi 3aBeplieHHs cuHTe3y. Lli koHdbopmariiiHi 1 CTPYKTypHI
3MIHU MOJINENTUAHUX JIAHIIOTIB OTPUMAJIM Ha3BY MOCTTPAHCISLIAHUX 3MiH. BoHu
BKJIIOYAIOTh ~ BHUJAJCHHA YAaCTHHHM  TOJINENTHIHOTO JIAHIIOTA, KOBAJCHTHE
IPUEIHAHHA OJHOTO 200 KUIBbKOX HU3BKOMOJICKYJISIPHUX JITaHAIB, HAOYTTs OLIKOM
HaTUBHOI KOH(opMaIii.

barato momudikamii 3mivicHototeess B EP. Tyt BimOyBatorbest  dommiHr
MONIMENTHIHUX JIAHIIOTIB 1 (OpMyBaHHS  yHIKaIbHOI  TPETHHHOI  abo
YETBEPTUHHOI CTPYKTYpH OUIKIB. J{Jis1 miATpUMaHHA HATUBHOI KOH(OpMaIli MoJieKy

BEJTMYE3HE 3HAUYCHHS Ma€ MpaBuiIbHE (OPMYBaHHS TUCYIb(ITHUX 3B'SA3KIB.

5.2. Peryasuisi reHHoi ekcnpecii
Peryasimisi ekcnpecii reHiB jgae KaiTHHAM KOHTPOJb HAJ CBOECKO CTPYKTYPOIO
Ta (YHKIIED 1 € OCHOBOKW ix jaudepeHilitoBaHHs, MopQoreHesy 1 ajamnrarii.
Excripecist reHiB € cyOCTpaToM sl €BOJIOLIMHUX 3MiH, TaK SIK KOHTPOJb 32 4acoM,
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MICIIEM 1 KITbKICHUMHU XapaKTePUCTUKAMU €KCIpecii OTHOTO TeHa MOXKE MaTH BILIUB
Ha (QYHKIIT IHIIUX TEHIB B I[IJIOMY OpraHi3Mmi.

Opranizanis xpomatuHy. VY KIITHHaX CCaBIIB TOPAI 3 aJalTUBHUM
pEryioBaHHSAM, IO 3abe3reuye MPUCTOCOBYBAHHS OPraHi3My A0 MIHJIMBHX yYMOB
BHYTPIIIHBOT'O 1 30BHIINIHBOTO CEPEIOBUIIN, ICHYIOTh MEXaHI3MHU, SKi 30epiraroTh
cTabuTbHY (iCHYIOUY TMPOTITOM YChOTO JKHTTS KJIITHHMA 1 HaBiTh 0Oaratbox ii
TeHEpaIliil) penpecito OJHUX TeHIB 1 ACTPECIIO 1HIIHX.

B sanpax nudepeHiiioBaHUX KIITHH XPOMATHH Ma€ Take YKIaJaHHS, IO
TUIbKU HEBEJMKa KIJIBKICTh T€HIB (4acTo MeHie 1%) MOCTymHO aJis TPaHCKPHUIIIII.
Po3pi3HAI0TH NIISHKY reTepoxpoMatuny, B skux JJHK ynakoBana gyxe KoMmakTHO i
HEJOCTYITHA JUIsl TPAHCKPHIILII, 1 AUISHKYA €yXpOMaTUHY, IO MAalOTh OLIbII pHUXJIE
yKkaagaHHs 1 37aTHi 3B's13yBati PHK-nonmiMepasy. ¥V pi3HuX Tumax KiaiTHH B 001acTi
€yXpOMaTHHY IONAaJaloTh pI3HI I'€HH, a 1€ O3Hayae, L0 B PI3HUX TKAHUHAX
TPAHCKPUOYIOTHCS Pi3H1 AUISTHKYA XPOMATUHY .

3MiHa KinbkocTi reHiB. 30UIbIIEHHS KIUIBKOCTI TeHIB (amIutidikairis)
BUKOPUCTOBYETHCSI OPTraHI3MOM B TOMY BHIIJIKy, KOJM BUHUKAE HEOOXIJHICTh
30UIBIIIMTH CUHTE3 MEBHOIO N'EHHOrO MPOAYKTY. baraTto reHiB, 10 KOAYIOTh OLIKH
a6o PHK, HeoOxinHI opraHi3My y BEIMKUX KUIBKOCTX (Hampukiand, rictond, TPHK,
pPHK), mnocrtiiino mnpucytHi B amrmutidikoBaHoMy crtadi. Tak, y moauau 20%
3araJbHOTO T€HOMY CKJIQJA€ThCS 3 NUISHOK, L0 KOAYITh T-, p- 1 saepHi PHK,
OCTaHHI 3 SKUX 3a0e3leuyrTh MocTTpaHckpumiiiai  Momudikamii  PHK.
AMitipikoBaH1 JUISTHKA MOXYTh PO3TAallIOBYBATHCS OJIMH 3a OJHUM (TaHAEMHO) B
xpoMocomi abo yTBoproBaTH mo3axpomocomHi (parmentu JJHK, mo HasuBaroThbes
NOABIMHUMYU MiHi-XpoMocoMaMH. Ix po3mip konuBaeThes Big 100 1o 1000 kxino6as —
kb (1 kb = 1000 m.H.). Onucano Oinmbire 20 TeHIB 3AaTHUX aMmIUTipiKyBaTH TPU
MEBHUX YMOBaX.

Brpara reHeTM4HOro Martepiajgy — JOCUTh PIAKICHUH CIOCIO peryJssuii.
HaiiGinpm sickpaBuii MPUKIIA] BTPATH BCIX T€HIB 32 PaxyHOK pyHWHYBaHHS sjpa —
MpoIriec J03piBaHHSA epuTporuTiB. HectabinmbHi amrutipikoBaHi T€HH 1 MOABIHHI
xpoMocoMH. BoHHM, sK mNpaBuiio, 3HUKAIOTh Yy HACTYMHUX TreHepallisx. Brpara

TeHeTUYHOTO0 MaTepialy BinOyBaeTbcs B TMpoLecl J03piBaHHSA JIMQOLHUTIB 1
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YTBOPEHHS IUJIa3MaTUYHUX KIITUH PI3HUX KJIOHIB, IO CHUHTE3YIOTh CEKpeTyeMi

dbopmu IMyHOTJIOOYITIHIB.

IlepeOynoBa reHiB. Y BHIIMX OpraHi3MiB, Tak camMoO SIK 1 y IIPOKapiOTiB,
BiJI3HAYAIOTh IMpoliec 0OMiHy, IEPEMIILIEHHS TeHIB MIXK XpoMocoMamM# abo BcepeanHi
XpOMOCOM, 00'€IHAHHS T€HIB 3 YTBOPEHHSM 3MIHEHOI XPOMOCOMH, SIKa MICII TaKUX
CTPYKTYpPHUX 3MiH 37]aTHA JI0 perutikariii i tpanckpumniii. Lleit nmpoiec orpumaB Ha3By
«TEeHETHYHOT pekoMOiHamii» (auB. po3xm. I, ri. 4.3).

Peryasinin  TpaHckpumnuii. MiHiManbHUI  cHMHTE3  Oyab-SKoro  Oiika
MIITPUMYETHCS. B TOMY BUIAJIKY, SKIIO 10 TATA-AiAsSHII TPOMOTOPY NPUEAHYETHCS
TATA-3B's3ytounit 6110k, Qakropu Tpanckpumnuii 1 PHK-momimepaza, 1o
YTBOPIOIOTH 1HIIIIOIOUMA KOMILIEKC, IO 3/1ACHIOE CHUHTE3 HEBEJIUKOI KUIBKOCTI
MPHK. ®opmMyBaHHS KOMIUIEKCY — OaraTOpIBHEBUM  MPOLIEC, BiJi YTBOPEHHS SKOTO
3aJIeKUTh MIBUAKICTH 1HIMIANII TpaHckpumii. [nentudikoBano nonan 100 pizHUX
OUIKIB, 3JaTHUX B3aEMOIIATH 31 cHEeUU(IUHUMH (PI3UYHUMH PErYyJISTOPHUMHU
nociaiioBHocTsiMu  JIHK, BruMBaroyun TOJOBHUM YHHOM Ha TPOLEC CKIIaJaHHS
TPAHCKPUMIIHHOTO KOMITJIEKCY Ta MBHUAKICTh TPAHCKPHIIII.

[li 6inku MaTh OAWH ab0 KUIbKa JIOMEHIB, siKi 3a0€3Meuyl0Th BUKOHAHHS
pPEryasTOpHUX (QYHKIIIH.

Po3pi3HAI0TH HACTYIIHI BUJU JOMEHIB:

» JIHK-3B'sizyroui nomenn ([A3/1), BimmoBimandpHI 3a BII3HABaHHS 1 3B'I3yBaHHS
perynsTopHux (akTopis 31 cnenudiyHuMu AUTstHKaMu Ha Mostekyai JIHK;

» JI0MeHH, 10 AKTHBYIOTh TPAHCKPHIIIiI 332 PaxXyHOK 3B'sS3yBaHHS 3 OiIKaMHu
OCHOBHOTO  IHII[IATOPHOTO  KOMIUIGKCY:  TPAHCKPUIIIIMHUMH  (aKTOopamH,
koakTtiBaropamu i PHK-momimepasoro;

» aHTHpeNnpecOpPHi JOMeHM, 3aB/IIKH SKUM OUJTKHM 3/1aTHI B3a€MOJIISITH 3 TICTOHAMM
HYKJIEOCOM 1 3BUIBHATH TpaHckpuOyemi minsHku JIHK Big 3B'sI3ky 3 mumu
IHT10ITOPHUMU CTPYKTYpaMu;

> NOMEHM, IO 3B’S3yIOTh JIraHAW, TPHEIHAHHS SKUX 10 OlIKa 3MiHIOE HOro

koH(popmarrito i 3abe3neuye 3B's13yBanHs 3 Mosiekyoro JIHK.
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[Ipuennanns niranna ao peuentopy yrBoproe JIHK-3B’s3yrouy AuistHKy, 110
BIlI3HA€ crnenudiuyHy TMOCTIOBHICT B peryisrtopHoit 3oHi JHK 1 i#;ykye
TPAHCKPHUIIIIIIO IIEBHUX T'€HIB.
Ha monexymi /IHK na Bigctani 100-200 m.m. Bijg cTapTOBOi TOUKH TPAHCKPHIILIIT
€ xopotki cnenudiuai mociaigoBHocTi [JHK: CAAT-enement a6o CAAT-60kc, CG-
O0KC 1 OKTaMepHU# OOKC (BKJIIOYA€E § H.3.), IO BII3HAIOTh TPAHCKPUIIIINAHI (PakTOpH.
i enemMeHTH € y BCiX KIITHHAX, 1 KOHCTUTYTUBHO €KCIPECYEMi T'€HU MaIOTh MOTPEOy
TUIBKKM Yy HUX. B TOM ’ke 9ac ajig TeHiB, IO IMIAIOTHCS aJalTUBHIA peryssiii,
BusBlieHHI aurtHKE Mosekynu JIHK, sxi Bmameni (mo 1000 i OGurbmie 1.m.)  Bif
IPOMOTOpY, aje TeX MpHuiiMaroul y4yacTh y perymsmii  Tpanckpimmii. Il
HYKJICOTH/IHI MTOCIII0BHOCTI OyBatOTh 2 THIMIB:
> enxancepu — gqinsHku JIHK posmipom 10-20 m.m., ski 3B'SI3yl04HCH 3
PEryJIsSTOPHUMHU OlTKaMH, 3a0€3MeUyI0Th 301IBIIICHHS MIBUIKOCT1 TPAHCKPHIIIIIT.

> cailsiencepu — pausakn JHK, sxi 3B'si3yrounch 3 peryasTOpHUMHU OlIKamH,
3a0e3NeuyloTh 3MEHIIEHHS MBUAKOCTI TpaHckpumuii. Ilponec mnpurHiueHHs
eKcrpecii MeBHOro reny abo Tpymnu reHiB HOCUTh Ha3By cailjieHcinry. CailieHCiHT
reHiB MOXe BigOyBaTUCA SK Ha pIBHI TpaHCKpUNIli, Tak 1 Ha
MOCTTPaHCKpUIIIIHHOMY piBHI. CalJICHCIHT Ha PiBHI TPAHCKPHIIIIIi € pe3yIbTaTOM
Moau(ikailii TICTOHIB, B TETEPOXpPOMATHHI, $Ka MNPU3BOJUTH JO TOTO, IO
BianoBigHl auisiHku JIHK cratoTe HemocTymHuUMHM JUisl amapary TpPaHCKPUITIT
(PHK-momimepasa) Ta pakTopiB TpaHCKPHIMIII.

CailJIeHCIHI Ha TOCTTPAHCKPUMNIIMHOMY pIBHI € pPE3yJlbTaToOM pyHHYBaHHS
(merpamamii) MPHK BigmoBimaux reniB. PyitnyBanns MPHK mnepemkomxkae
TpaHCIAIii 1 GOpMyBaHHIO POAYKTY T'eHa (3a3BUYai, MOMINENTHIY, O1JIKa).

3aranpHUN MeXaHI3M MOCTTPaHCKpUILIHHOrO caineHcinry — ne uusix PHK-
inTepgepenuii (anr;i1. RNA interference, RNAI), sxa npencrapise cod6or0 mporiec
OPUAYLIEHHS! eKCIpecii reHa Ha CTafll TPAHCKPUIILIi, TPaHCIALIi, AeaJeHITIOBaHHS
a6o perpananii MPHK 3a nonomoroto manux monekyn PHK.

3a nposenenna PHK-intepdepentii Binnosigarots MaJi inteppepentni PHK

a6o0 kopotki iHTepdepentni PHK (anr;a. small interfering RNA a6o short

interfering RNA, siRNA), ski Oymu Biakputi y 1999 p. rpymoro OpUTaHCHKUX
117



MOJICKYJIIpHUX OioJyioriB mix kepiBHuITBOM JleBima bomkomOa, SK KOMIOHEHT
CHUCTEMH TOCTTPAHCKPUIIIMHOTO caiieHCUHTy TeHiB y pociuH. IIpomec PHK-
iHTepdepeHIlii nounHaeTbes 3 1ii pepmenty Dicer, sskuii po3pizae JTOBI1 MOJICKYJIH
naBonanioropoi PHK Ha kopoTki ¢pparmentu nopsiaky 21-25 nykineoruaiB — SIRNA.
OnuH 3 NBOX JAHIIOTIB KOXKHOTO (PparMeHTa Ha3WBaIOTh «CHPAMOBYIOUMM». Ll
onuonaniroroa PHK nani Bkimouaetsest g0 ckiagy PHK-6inkoBoro komruiekcy
RISC (amri. RNA-induced silencing complex). B pesynbpraTi aktmBHOCTI RISC
onnonaxirorosuit pparment PHK 3'eqHyeThCs 3 KOMIUIEMEHTApHOIO MOCIIIOBHICTIO
Mosekynu MPHK 1 Buknukae pospizanus MPHK Oinkom Argonaute abo iHTriOyBaHHs
TpaHcysanii Ta/abo meaaeHiuroBanHs MPHK. 1l moaii mpu3BoasaTh 10 NPpUIyIICHHS
eKcrpecli BIANOBIZHONO IeHy TOOTO CaMIEHCIHTY, €(EKTUBHICTh SKOTO OOMEXeHa
KoHLeHTpauissMu Moiekyn Manux PHK — siRNA 1 mikpoPHK.

CenextuBHuii epexr PHK-inTepdepeniii Ha ekcmpecito TeHIB poOUTH il
KOPUCHUM 1HCTPYMEHTOM i AOCHIIPKEHb 3 BUKOPHUCTAHHSAM KYJBTYp KIITHH 1
KMBUX OPraHi3MiB, TaK SK CHHTeTW4YHI JBoJisHIoroBi PHK, BBemeHi B kmiTuHw,
BUKJIMKAIOTh cymnpecito crnenudiuanx reHiB. RNA1 BUKOPUCTOBYEThCS IS
BEJIMKOMACIITaOHUX JOCHDKEHb B Taly3l 010XiMii, MOJEKYJISpHOi 010JI0Tii,
ICHeTHUKH, OloTexHojorii Ta MemuuuHW. Tak, Hanpuknaa, PHK-iaTepdepeniiro
BUKOPHCTOBYIOTh /IS CHUCTEMAaTHYHOTO «BHUKIIOUEHHS» TEHIB B KIITHHAX 1
BCTAHOBJIEHHS (DYHKIIII I'€HIB MPY BUBYEHHI MOUTY KIITUHH.

OOuBa NUIAXU BUKIOYEHHS T€HIB BUKOPUCTOBYIOTHCS JIJISl PETYJISALIT BIACHUX
reHiB. MexaHI3MH CailJIeHCIHra TaKOX 3aXWIIAI0Th OPraHi3M BiJI TPAHCIO30HIB 1
BipyciB. ToMy MeXaHI3MH CaillieHCIHTa T€HIB MOXYTh OyTH YaCTUHOIO €BOJIOLINHO
CTapoOJaBHBOI IMyHHOI CHCTEMH, 110 3axHIae Bix uyxkopinnoi JJHK.

EnemenTn BianoBiai, abo cis-eeMeHTH — 1ie peryisatopHi nociigoBHocti JTHK,
3arajgpHl JUIsi TPynW TeHiB. BoHM 3a0e3neuyroTh KOOPAMHOBAHY PETYISINIO
TPAHCKPUINLIi IeHIB 1, SIK MPABUJIO, PO3TALIOBYIOThCS HA BiACTaH1 mpuoanu3HO B 250
I.II. BUIIE NPOMOTOPY KOKHOTO reHy. B IHIIOMY 1Li HYKJIEOTH]IHI MOCIIIOBHOCTI
MaroTh 0araTo CIUILHOTO 3 €HXaHCEPaMHU.

IocrTpanckpunuiiina peryiasinisi. B opranizmi TBapuH 1CTOTHE 3HAYEHHS B

3a0e3neyeHH] Pi3HOMaHITHOCTI OUIKIB BiJITpae MOCTTPAHCKPUILIAHUN TPOLECHHT
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PHK. OcHoBHi 3ac0o0M Takoi peryJsiii — ambTepHATUBHUN CIUTalicUHT (nuB. po3a. 11,
1. 5.1.2) 1 3mina crabumeHOCcTi PHK.

CrabinpHicTh Mojekyal MPHK — ¢dakTop, 3MiHa SKOro BIUIMBa€ Ha PIBEHb
tpancmauii. Crabimizamis MPHK mnpu  ¢ikcoBaniifi  MBHAKOCTI TPaHCKPUIILIT
IMPU3BOJINTH J0 HAKOMWYEHHs 1 30UIBIICHHS KUIBKOCTI YTBOPIOEMOTO OI1JIKOBOTO
npoaykry. Ctabinizamiss MPHK nocsiraeTbes 3a paxXyHOK MOJOBXKEHHS Yacy ii )KUTTS.

Peryasinis Tpancasuii i nocrrpanciasiniina peryasinisa. i Bugn perymsmii
JOCSTAIOThCS 32 PAXyHOK 3MIHM IIBHIAKOCTI TPaHCHAIII 1 BIAMIHaX B TPHUBAJIOCTI
KUTTS MOJIEKYJI O1IKa.

3MiHA MIBUAKOCTI TPAHCIAIIT 3a0e3MeuyeThCsl PETyNATOPHUMHU OUIKaMu 1
3QJICKUTH Bl BMICTY MEBHOTO OUIKa B KIITHHI. KO0 HOro BMICT JIOCTaTHIii, TO
CUHTE3 MMPUITUHAETHCS, a SKIIO Hi — MPOIOBKYETHCS.

ITicns Toro, sk OUIKM CHHTE30BaHI, Yac IiXHbOTO JKUTTS PETYITIOETHCS
dbepMeHTaMu TpoTeazaMH. Y KOXKHIM KIITUHI MIBUAKICTH PO3IICTUICHHS O1IKIB
Bapiloe B IMIUPOKUX Mexkax. DepMeHTH, IO KaTali3yIOTh PEryJsTOPHI peaxiii
MeTa0OIIYHUX TUIAXIB, SK MPAaBUJIO, MiAAAIOTHCS MIBUIAKOMY PO3MICIIIICHHIO, TOMY
IIBUJIKICTh OHOBJICHHS IIUX MOJICKYJ JOCUTh BUCOKA. Di310JI0TTUHUI CTaH OpraHi3My
TAaKOX BIJIMBA€ HA TPUBAIICTH XKUTTA OUIKIB. KpiMm Toro, icHye moTykHa cucrema

3aXHUCTY, 10 3a0e3Meuye MBUJIKE PO3LIEIUICHHS Ae(PEKTHUX OUIKIB.

KoHTpoubHI NMTAHHSA
o Take ekcnpecis reHiB?
[ITo mpeacTaBisie coboro GiocuHTe3 O11Ka?
[IIo Take TpaHCKpHUTIITisi?
TpaHCKpUIITOH — LIE. ..

Sxi xiracu GakToOpiB TPAHCKPHUIIIIIT PO3PI3HSIIOTH 32 (PYHKI[IOHAITBHOIO 03HAKOIO?

o 0 k~ w DdPE

Yepe3 ski MeXaHI3MU TPAHCKPUIILIAHI (AKTOPU MOXKYTh BIUIMBATH HAa
TPAHCKPUTIIIIIO TeHIB?

/. Ha sxi cynepkiiach TOAUISIOTh TPAaHCKPUMIINHI (aKkTopyu 3a KIIOUOBUMU
ocobmuBoctsimu JIHK-3B's13ytounx 1oMeHiB?

8. Illo mpexacTaBist0Th COOOIO sIAEPHI perienTopu?
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9. Illo Bam Bigomo mpo 6iok p53?

10. Cxinbku cTajiid BKItouae npoiec Tpanckpumniii? Io e 3a cramii?

11. IIlo BigOyBa€eThCS MMij1 Yac TePMIHAIT TPAHCKPUITITIi?

12. Ilo Take iHAyKOBaHA TPAHCKPUIIIis?

13. Illo nmpencrasisie co6oro nporecinr PHK?

14. YV yomy nossirae kenmyBaHHs?

15. 1o Take crutaiicuur?

16. Illo popmye crnaticocomy?

17. OnuniiTe anbTepHATUBHUMA CIIJIAHCHHT.

18. 11lo mpencrasisie coO00 MPOLEC TPAHCIISILII?

19. IIo Take reHTHYHUH KO1?

20. 1o € xoayrounmMu ereMeHTaMH B MK(PyBaHHI aMIHOKHUCIOTHOT MOCITiTOBHOCT1?

21. Y domy mossirae cnenu@igHiCTh TEHETHYHOTO KOAYy, a y dYoMmy HOro
BHUPOJIKEHHICTb?

22. Ha yoMy 3acHOBaHa yHIBEpPCAIbHICTh TEHETUUHOTO KOy ?

23. Onuiite 6y/10By puOOCOMH.

24. SIky GyHKIIi}0O BUKOHYIOTh prubocomMu?

25. Kum 1 xonu Oyna chopmyiiboBaHa IEHTpaIbHA JI0TMa MOJICKYJISIpHOT Oi0Jorii? Y
YoMy BOHa NOJIsITae?

26. IlepepaxyiiTe cTafil TpaHCISIIII.

27. 1o BimOyBa€eThCs Mij Yac eJIOHTaIlli TPAHCIIAIII?

28. 11lo Ha3uBa€eTHCA BiIKPUTOIO PAMKOIO 3UNTYBaHHS?

29. SIki mocTTpaHcsAiiHl Moaudikarii Bam Bigomi?

30. SIKMM YMHOM 3M1MCHIOETHCS PETYJIIALIS TeHHOI eKCIpecii?

31. o € nocuTh PiIKICHUM CIIOCOOOM PETYJIsLIl TeHHOI eKCIpecii?

32. Sk BiaOyBaeThCs nepedyaoBa reHin?

33. OnuuIiTh 3arajiIbHUN MEXaH13M MOCTTPAHCKPUMIIHHOTO CAMJICHCIHTY.

34. Y yomy noJiAirae MOCTTPAHCIIALINHA PeryisLis FeHHOI eKCIpecii?

35. UumM 3abe3nedyeThCsi 3MiHa MIBUAKOCTI TPAHCISIIT?
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Pozain I11.
CTPYKTYPA 1 ®YHKIHIOHYBAHHS BIJIKIB

IIporeomika — Hayka, OCHOBHMM MPEIMETOM BHBYEHHS $KOi € OUIKM 1 iX
B3a€EMOJII1 B KMBHUX opraHizmax. [IpoTeomika JOCIiKy€e «BUPOOHUIITBO» OUIKIB, iX
JEKOMIIO3HIIII0 1 3aMiHy, BHBYA€ K OUIKM MOJU(DIKYIOThCS MICISA iX CHUHTE3Y B
oprasi3mi.

[lenTtpanbHa poap OUIKIB B oprani3mi Oyja BuzHaHa y 1926 p., koiau
amepukancbkuil ximik [xeitmc Camuep — naypeat HoOeniBcbkoi nmpeMii mokaszas, 10
(depmeHT ypeasa € OuUIKoM. Inest mpo Te, 1110 BTOpUHHA CTPYKTYypa OUIKIB — PE3yJIbTatT
YTBOPEHHS BOJHEBUX 3B'SI3KIB MK aMiHOKHCIOTaMH, Oyia BHUCIOBJIeHa Biibsimom
ActOepi B 1933 p., ane amepukaHcbkuil Ximik 1 kpuctanorpad Jlaitnyc Ilominr
BBAXKAETHCS TMEPIIUM BUYEHUM, SKHUH 3MIT YCHINIHO TMepeAdadyuTd BTOPUHHY
cTpyKTypy OunkiB. ITi3Hime amepukancbkuil XiMik Yonrep Kay3sman, cnivparouuch Ha
poGotu narcekoro Oioximika Kas Jlingepctpem-Jlanra, BHIC BaromMuil BHECOK Y
PO3yMIHHS 3aKOHIB YTBOPEHHSI TPETUHHOI CTPYKTYpHU OUIKIB 1 poJii B I[bOMY IpoOIIeci
rigpodoonux B3aemonid. Y 1949 p. ®@penepik CeHrep BHU3HAUYMB aMIHOKHCIOTHY
MOCJIIJIOBHICTD 1HCYJIIHY, TMPOJEMOHCTPYBABIIM TaKUM CIIOCOOOM, IO OUIKHM — IIe
JHIAHI TOJIMEPH aMIHOKHUCIIOT, a He 1X po3raixyXeHi (SK y JesSKUX IyKpiB) JaHITIOTH,

KOJIOIAH a00 IIIKJIOIH.

I'maBa 1. CtpykTypa, BJacTUBOCTI i QyHKIIOHYBaHHSA AaMiHOKHCJIOT

1.1. bynoBa, BIacTHBOCTI i PyHKIIT aMiHOKHCJIOT
VY ckimami OiKIB B OpraHi3mi JIFOAMHHM 3yCTpIYaloeThes TUTbkH 20 o-
aMiHOKACIOT. OfHl 1 TI ) aMIHOKHCJIOTH TPHUCYTHI B PI3HUX 3a CTPYKTYPOIO 1
dysHkuisiMu Outkax. [HAMBIAYaNbHICTh OLTKOBMX MOJIEKYJ BU3HAYAETHCS MOPSAIKOM
YepryBaHHS aMIHOKUCJIOT y OLIKy. AMIHOKHUCIOTH MOKHA PO3IJISAaTH K OyKBU

andaniTy, 3a IOMIOMOTOIO SIKUX, SIK Y CJIOB1, 3aUCy€eThbes 1HPopMmaris. [TocaimoBHICT
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aMIHOKHUCIIOT y 011Ky Hece 1H(opMaliio mpo MoO0yIoBY MPOCTOPOBOI CTPYKTYPH 1
byHKIIIT JaHOTO O1TKA.

AMiHOKApOOHOBiI KMCJIOTH a00 AMIHOKHCJIOTH — II¢ OpraHiuHl CIIOJYKH, B
MOJIEKYJ1 AKUX OJTHOYACHO MICTATHCS KapOOKCUIIBHI 1 aMiHHI Ipynu. AMIHOKUCIOTH
MOXYTh PO3TJISIAATHCS K TMOXiJHI KapOOHOBHX KHUCJIOT, B SKMX OJIMH ab0 KiJbKa
aTOMIB BOJIHIO 3aMiHEHI Ha aMiHHI TpyMu. AMIHOKHCJIOTH MPEACTaBISIOTH COOOIO
0e30apBHI KpHUCTaJi4HI PEYOBUHH, J0Ope PO3UYMHHI y BoAi. barato 3 HuUX MaioTh
COJIOJIKUM CMaK.

HasBHICTh aMiHO- 1 KapOOKCWJIBHOI TpyH, 3'€THaHUX 3 OJHHM 1 THM XK€ O-
BYIJIELIEBUM aTOMOM — 3arajbHa CTPYKTypHa OCOOJMBICTH aMiHOKHUCIJIOT. Paaukain
aMiHOKUCIIOT (R) B mpocTOMy BHUMA/IKy MPEACTaBICHUI aTOMOM BOJIHIO (TJIILUH), aje
MOK€E MaTH 1 OLIbII CKJIaJAHY OYJIOBY.

Y BOAHMX pO3UMHAX MpU HEUTpanbHOMY 3HaueHHI pH o-amMiHOKHCIOTH
ICHYIOTh Y BUTJISA/I1 OIMOJIIPHUX 10HI1B.

Icaye 20 aminokmcior. 19 3 20 aMiHOKHUCIOT MICTATH B O-ITOJOXKEHHI
ACUMETPUYHMIA aTOM BYIJICIIO, 3 SKMM TOB'S3aHi 4 pi3HI 3amimatoul rpynu. B
pe3ynbTaTi Ll aMiHOKUCIOTH B MPHUPOJlI MOXYTh 3HAXOAUTHCS B JABOX PI3HUX
13oMepHUX (popmax — L 1 D. BUHATOK CTaHOBUTH aMiHOKHCIIOTA TJIIMH, SIKa HE Mae
ACUMETPUYHOIO 0O-BYIJIELEBOr0 aToMa, Tak SIK ii pajuKai MPEeACTaBICHUN TUIbKU
aTOMOM BO/THIO.

VY ckiani 6inKiB mpucyTHI Tilbku L-13omepu aminokucinoT. Yucri L-a6o D-
CTEPEOI30MEPU MOXKYTh 3a TPUBAJIMKA TEPMIH MHUMOBUIBHO 1 HE(pEpMEHTATHUBHO
MEPETBOPIOBATUCS B €KBIMOJISIpHY cyMiml L- 1 D-13omepiB. Lleit mporiec Ha3uBaroTh
pauemi3zamnier. Pamemizariis koxxHO1 L-aMiHOKHCIIOTH MPW aHii TeMIiiepaTypi iae 3
MEBHOIO IMBHIKICTIO. [[f0 00CTaBMHY MOKHa BUKOPHCTOBYBATH IJIsi BCTAHOBIICHHS
BiIKy mrofeil 1 TBapuH. Tak, y TBepniii emani 3y0iB € OLJIOK ACHTHUH, B sIKOMY L-
acnapTar nepexoauTh B D-i3omep mnpu Temmeparypi Tula JIIOAWHHU 31 IIBUAKICTIO
0,01% mna pik. B nepion ¢popmyBanHs 3y0iB y JEHTHHI MICTUThHCS TUIbKH L-130Mep,
TOMY 3a 3MicTOM D-acmapTaty MOXHa po3paxyBaTH BiK 00CTEKyBaHOTO.

B tabin. 5 npencraBieH1 aMiHOKHCIIOTH 11X YMOBHI CKOPOYEHHHI.
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Aminoxkuciomu i ix YMOBHI CKOPOUEHHsL

Tabnuys 5

AMIHOKHCJI0TA TpooxJirepHe Aminokuciaora | TpboxuitepHe | OmHoJiTepHe
(kupuJ.) MO3HAYEHHS (nar.) NMO3HAYEHHS NMO3HAYEHHS
(knpuJ.) (1ar.) (ar.)
AnaHin Ana Alanine Ala A
Aprinin Apr Arginine Arg R
Acnaparin AcH Asparagine Asn N
Acmaprat Acn Aspartate Asp D
(acmaparinoBa (aspartic acid)
KHCJIOTA)
Bauiin Ban Valine Val V
licTuaun I'ic Histidine His H
[mitus i Glycine Gly G
I'nyramar Ty Glutamine Glu E
(rryramiHOBa (glutamic acid)
KHCJIO0TA)
[yramin Inu Glutamine Gln Q
[3oneiux e Isoleucine lle I
Jleituun Jleit Leucine Leu L
Jlizun JIi3 Lysine Lys K
MertioHiH Mert Methionine Met M
[Tposnin ITpo Proline Pro P
Cepun Cep Serine Ser S
Tpeonin Tpe Threonine Thr T
Tuposun Tup Tyrosine Tyr Y
TpunTodan Tpu Tryptophan Trp W
deHinanaHin den Fenylalanine Phe F
[ucrein [uc Cysteine Cys C

Bci 20 aMIHOKHMCIIOT B OpraHi3Mmi JIFOJAMHH PI3HATHCA 32 OYJOBOIO, pO3MIpaMHU
Ta (PI3UKO-XIMIYHUMHU BJIACTUBOCTSMHU PaIUKaIIB, MPUEIHAHUX 10 O—BYIJIELIEBOTO
aToma.
AMIHOKHUCIIOTH KJIaCU(IKYIOThCS MO paaukany, (QyHKIIOHAIbHUM TpyIaM,
kinacax aminoarmi-TPHK-cunTeTas, numsixam ix OGloCHMHTE3y, 37aTHOCTI OpTaHi3My
CUHTE3YBAaTH iX 3 MONEPEIHUKIB Ta XapaKTepy KaTadoJi3my.
3a paguKanoM aMiHOKUCIOTH PO3AUISIIOTECA Ha YOTUPH TPYIIH:
> HeNMOJIAPHi: TJIIMH, ajlaHiH, BajiH, 130JICHIWH, JICWIWH, IPOJiH, METIOHIH,
¢deHinanai 1 Tpuntodax;

> NOJIPHI He3apsiiKeHi (3apsiim ckoMmneHcoBaHi) nmpu pH=7: cepin, TpeoHiH,
LIUCTETH, acrapari, rIyTaMiH 1 THPO3UH;

» ToJsIpHi 3apsiaKeHi HeraTuBHo npu pH<7: acnaprart i riryramar;
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> NOJIAPHI 3apsiaxeHi no3uTuBHO npu pH>7: ni3uH, apridid 1 TICTUANH.
3a CBO€H XIMIYHOIO OyJO0BOIO aMIHOKHCJIOTH PO3IUISIOTHCS Ha YOTHUPH
byHKIIIOHATBHI TPYIIN:
> ajidgaTuuHi:
® MOHOAMiHOMOHOKAPOOHOBI: ITIIMH, alaHiH, BaJllH, 130JICUIIMH 1 JICHITUH;
® OKCHMOHOAMIHOKAPOOHOBI: CEpHH 1 TPEOHIH;
* MOHOAMiHOAUKAPOOHOBI: acnapTar i rayTamar;
® aMiu MOHOAMIHOAUKAPOOHOBMX: acraparif i [NIyTaMiH;

® /IHAMiIHOMOHOKAPOOHOBI: JII3MH 1 apriHIH;

cipkoMmicTsui: IMCTETH 1 METIOHIH,
apoMaTH4Hi: QeHUIaNaHIH, TUPO3UH 1 TpUNITOaH;

reTepolUKJIIYHI: TpunTodaH, riICTUANH 1 TPOIiH;

YV YV V

iMiHOKMCJIOTH TIPOJTIH.
Ilo xnacax aminoauun-TPHK-cuHTETa3 aMiHOKMCIOTH PO3AUISIOTHCA Ha JBa
KJIACH:
» kaac I: BamiH, i30JCHIMH, JCHIIMH, LHUCTEIH, METIOHIH, IJIyTaMaT, TJIyTaMiH,
apriHiH, THPO3UH 1 TpUNTO(DAH;
» kdaac Il: roinuH, anaHiH, IPOJiH, CEPHH, TPEOHIH, acapTar, acnaparii, TiCTUIUH
1 ¢eHinanaHig.
JI71st aMIHOKHMCIOTH J134H 1CHYI0Th amiHoanmi-TPHK-cunTeTaszn 060x knacis.
[nsxu 6i0cMHTE3Y MPOTETHOTEHHUX aMIHOKUCIIOT pi3HOIUIaHoBl. OHa 1 Ta K
aMIHOKHCJIOTa MO€ YTBOPIOBATUCS PI3HUMU HUIgxaMu. Jlo TOro >k abCOMIOTHO Pi3HI
HUIIXKA MOXYTh MaTu Jy’Ke cX0x1 etanu. [Ipore, MaroTh Micle 1 BUlpaBiaHi crpoou
kiacuikyBaTH aMIHOKHUCIOTH MO INUIsAxXaM iX OlocuHTe3y. IcHye ysBIEHHS Tpo
HACTYMHI OIOCMHTETHYHI CIMEHCTBA aMIHOKMCIIOT: acmapTary, riiyTaMary, CepuHY,
nipyBaty 1 meHTo3. He 3aBXIu KOHKpPETHY aMiHOKHUCIOTY MOKHA OJHO3HAYHO
BIJTHECTHU JI0 MEBHOTO ciMeicTBa. POOIATHCS MONpaBKU JJisi KOHKPETHUX OPraHi3MiB
Ta BPAxOBYETHhCS TMEPEBAXKAIOUMNA NUIAX. 3a JOMaMd AaMIiHOKHCIOTH 3a3BUYal
PO3MOAUIAIOTE Ha T’ SITh CIMEHCTB:
» ciMeiicTBO acmaprary: acmaprar, aclaparid, TPEOHIH, 130JCHIIMH, METIOHIH i

JI13UH;
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ciMeiicTBO riryTamary: riiyramar, TJyTaMiH, apriHiH 1 IPOJIiH;
ciMelicTBO mipyBaTy: ajaHiH, BaJiH 1 JCHIUH;

ciMelCTBO CEPUHY: CEpHH, [IUCTEIH 1 TTIIHH;

YV V V V

ciMeiicTBO MeHTO3: TicTHINH, (DeHITATaHIH, THPO3HH 1 TPUNITO(aH.
deHinagaHid, TUPO3UH, 1 TpUNTO(AH 1HOAI BUIIAIOTH B CIMEHCTBO IIUKIMATY.
[To 3maTtHOCTI oOpraHi3aMy CHHTE3yBaTH 3 TMONEPETHUKIB aMiHOKUCIOTH

PO3AUIAIOTHCA HA AB1 TPYIIN:

> He3aMiHHi (MOBHHHI MOTPANJISITH 3 i’KeK0). BaJIiH, 130JeHIINH, JICHIIUH, TPCOHIH,
METIOHIH, JII31H, (PeH1JaNaHiH, TPUNTO(paH, apriHiH 1 TICTUANH;

> 3aMiHHi (MOXKYTh CHHTE3yBAaTHCH B OPTaHi3Mi): TJIIMH, aJlaHiH, IPOJIiH, CEPHUH,
LMCTEIH, acapTar, aclaparii, r’IyTaMar, TIIyTaMiH 1 TUPO3HH.

Knacudikariisi aMiHOKHMCIIOT Ha HE3aMIHHI 1 3aMIHHI HE T1030aBlieHa HEJIOTIKIB.
Hamnpukinan, TUpO3UH € 3aMiHHOIO aMIHOKHUCIIOTOIO TUIBKH 32 YMOBHU JOCTaTHHOIO
HaJIXO/KeHHST (eHUtanadiny. Jlng XBopux (EHUIKETOHYPIED THUPO3UH CTa€
HE3aMIHHOI aMIHOKHMCIIOTOIO. APriHIH CHHTE3YEThCS B OpraHi3mi JIOAUHU 1
BBAXKAETHCS 3aMIHHOIO aMIHOKHUCIIOTOIO, aji€ y 3B'A3KY 3 JICSIKUMU OCOOJIUBOCTSIMU
oro merabodi3My MpH MNEBHUX (I310JOTIYHUX CTaHAX OpraHizMy MoOe OyTH
NPUPIBHIHUN 70 HE3aMIHHOI aMIHOKHMCIOTH. [ICTUIMH TaKOX CHUHTE3YEThCS B
OpraHi3Mi JIIOJWMHHU, ajieé HE 3aBXKAU B JOCTATHIX KUIBKOCTSAX, TOMY ITOBUHEH
HaAXOJMUTH 3 15KEIO.

bionerpanaiiis aMiHOKHCIIOT MOXE HTH PI3HUMH HUISXaMH. 3a XapaKTepOM
MPOJIYKTIB KaTa00J13My MPOTETHOT€HH1 aMIHOKHUCIIOTH AUIATh HAa TP TPYIIH:

» TJIIOKOTeHHi (Tpy po3maji Jar0Th METa0OJITH, He TiABUIIYIOTh PIBEHh KETOHOBUX
TiJ1, 37JaTHI BIIHOCHO JIETKO CTaBaTH CyOCTpaToOM JIJIsl TJIFOKOHEOTeHEe3y: IMipyBar,
a-KerorimyTrapar, cykuuHii-KoA, dymapar, okcanoanerar): riilldH, ajlaHiH, BajiH,
MPOJIiH, CEpHWH, TPEOHIH, IMCTEIH, METIOHIH, acmapTar, achaparid, rIyTamar,
TJIyTaMiH, apriHiH 1 TICTUIUH;

» KeToreHHi (posmagarothesi J0 ametwi-KoA 1 ameroamerwn-KoA, 1o

MiBUIIYIOTh PIB€Hb KETOHOBUX T1J Y KPOBI 1 IEPETBOPIOIOTHCS B MEPIIY YEPry Yy

TN ): JISULHH 1 JII3UH;
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» TJIIOKO-KeTOTeHHi (mpu po3maji yTBOPIOIOTHCS METAa0OJITH 000X THIIIB):
130J1eH1IMH, eHlIaIaHiH, TAPO3UH 1 Tpuntoda.

@OyHKIii aMiHOKUCJIOT. 3HA4YEHHS aMIHOKHUCIOT [JIsi OpPraHi3My B TEpIIy
Yepry BH3HAYAETHCA THUM, IO BOHU BHUKOPUCTOBYIOTHCS [UIsl CHHTE3y OILJIKIB,
MeTa0odI3M SIKUX 3aiiMae o0coOJMBE MiCIle B IMpolecax OOMIHY PEYOBHH MiX
OpraHi3MOM 1 30BHIIHIM cepenoBuIiieM. [[0SCHIOETBCS 1€ TUM, 10 OITKH BXOMSTH B
yCcl OCHOBHI CTPYKTYpHI KOMIIOHEHTH KJITHH, TKaHWH 1 OpraHiB, BUKOHYIOTbH
dbepMeHTaTHBHI (PYyHKIIII, OEpyTh y4acTh B MEPEHECEHHI PEUOBHH Yepe3 MeMOpaHu 1
T.1. BaxxymBy poiib B KoopAuHalii poOOTH BCIX CHCTEM KJITUH BIIITPalOTh O17IKOBI
TOPMOHU. AMIHOKUCIOTU O€3MOCepeIHbO OepyTh y4acTh B O1OCHMHTE31 HE TIIbKU
O1IKIB, aJie 1 BEJTMKOI KUIBKOCTI 1HIINX O10JIOT1YHO aKTUBHUX CIIOJIYK, 1110 PETYJIIOI0Th
Mpolec OOMIHY pPEYOBMH B OpraHi3Mi, TakUX SK HEMpOMEIiaTOpu 1 TOPMOHU —
MOXI1JTHI aMIHOKHUCIIOT. AMIHOKHUCJIOTH CIy>KaTh JOHOpaMHU a30Ty MPU CHUHTE31 BCIX
a30TOBMICHUX HEOUIKOBUX CIIOJIYK, B TOMY YHCIl HYKJIEOTHAIB, TEMa, KpPEaTHHY,
XOJIIHY Ta IHIUX pedyoBUH. Karaboii3M aMIHOKHUCIOT MOXE CIYKHTH JKEpPEIoM
eneprii as cuaresy AT®. Exnepretuyna (yHKIisI aMIHOKHCIIOT CTa€ 3HAYYIIOK TIPH
rOJIONYBaHHI, JAESKUX TMAaTOJOTIYHUX CTaHax (Hampukiaa, IYKpOBHM pgiader) i
nepeBaxHo OuUTKoBoMy XapuyBaHHI. Came OOMIH aMiHOKHCIOT 31HCHIOE
B3a€MO3B'A30K PI3HOMAHITHUX XIMIYHUX MEPETBOPEHD B ’KUBOMY OPTaHI3MI.

AsaHiH Gepe ydacTh y CTBOPEHHI €HEPreTUYHOIr0 3arnacy TJIFOKO3W B MEYiHIl
Ta M's3ax Yy BUDIAAl TiikoreHy. [linTpumye piBeHb TJIIOKO3W B KpPOBI.
BUKOpHUCTOBYETBCS SIK JIPKEPENO €Heprii M'si3aMu 1 KJIITHHAMU MO3KY, CIpHE
BIJTHOBJICHHIO MICIIA TPaBM, Oepe ydacThb B MPOIECI CTBOPEHHS IMYyHOTJIOOYIIHIB 1
AQHTUTI, MOXXE€ TPHUNMATUCSA B IMIJBHUIICHOMY JO03yBaHHI Tepell CHOPTUBHUMH
TPEHYBaHHSIMU JJIs CTBOPEHHS 3aIacy eHeprii.

APpriuiH crpusie maiomMy piBHS TOPMOHY POCTY B KPOBI, 3HIKYE PIBEHb KHUPY
B Oprasi3mi, Oepe ydacTb B MpOLIECax POCTYy M'A30BUX KIITHH, Oepe y4yacTb B
YTBOPEHHI KOJlareHy, 3amo0irae (i3uyHid 1 PO3YMOBIM BTOMi, IIiJIBUIIYE
BUTPHUBAIICTb, BAKIUBHUM JIJIs1 30epexkeHHs 1 301IbIIeHHsI 00CIry M'sI30BO1 TKaHUHH,
IPUCKOPIOE 3arO€HHS TpaBM. 30UIbIIYE cliepMaToreHes, Oepe ydacTb B yTBOPEHHI

HACiHHOI piauHHU, cKianaoun maibke 80% ii oOcary. Poouth mo3uTHBHUI BIUIMB Ha
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CCC, po3mmproe CyauHH, 3amo0irae mosBl aTepPOCKICPOTUYHUX OJIAIIOK, HOPMAaJTI3y€e
AT, CTUMYJTIO€ IMyHHY CUCTEMY.

Acnaparin cripusie IepeTBOPEHHIO BYTJIEBOAIB B M'SI30BYy €HEPIiI0, MiABUIILYE
aKTUBHICTh IMYHHOI CHCTEMH, 30UIbIIyE OMIPHICTh OPraHi3My HECHPUSTIUBUM
dakTopam, a TakoX CTOMJICHHIO, MIJBUIIYE BUTPUBAIICTb, HOPMAJI3Y€E MPOLECH
30ymxeHHs 1 ranbmyBanHsa B LIHC, miaBuilye geTokcukaiiiiHy (yHKIIO MEYiHKH,
Jl€ SK TEmaTompoTeKTOp. € KPUTUYHO BAXJIMBUMH [JIsI POCTY 1 PO3MHOKEHHS
JIEWKO3HUX KIIITHH MPH JCSIKUX BHAAX JIM(OJICHKO3Y.

AcnapTar BiIrpa€e BaXJIUBY poJib B OOMIHI a30THCTHX PEYOBUH, Oepe y4acTh
B YTBOPEHHI MIPUMIAMHOBUX TIJCTaB 1 CEUOBMHU. AcHapariHoBa KHUCIIOTa, SK 1
acmaparif, € KpUTUYHO BaXXIMBUMH JUISI POCTY 1 PO3SMHOXKECHHS JICHKO3HUX KIIITHH
MpU JAeSKUX BUAAX JTIMGOICHKO3Y.

BaJiiH BUKOPHCTOBYETHCS M'SI30BOI0 TKAHMHOIO B SIKOCTI JKEpesa eHeprii mij
Yyac IHTEHCUBHUX (PI3MYHUX BHpaB, OEpe ydyacTb B YTBOPEHHI 1 3allacaHHI TIIKOTEHY,
HEOOX1THUI 11 BITHOBJICHHS TKAHWHU 1 MIATPUMKH a30Ty B opraHizMi. BamiH €
OJIHUM 3 TOJIOBHMX KOMIIOHEHTIB B POCTI 1 CUHTEe31 TKaHuH Tuna. [liaBuniye m's30By
KOOPAMHAIIIIO 1 3HI)KYE YYTIUBICTh OPTraHi3My J0 000, X0JI0y Ta CIIEKH.

Fictuaun 6epe yyacTh B CUHTE31 POTEiHY, CIPUSIE 3POCTAHHIO 1 BiTHOBJICHHIO
TKAHWH, € MONEPEIHUKOM TIyTaMiny. BXoauTh 10 ckiaay Mi€IiHOBUX OOOJIOHOK, IO
3aXMIIAI0Th HEPBOBI KIITUHU. MoOKe NOKpallyBaTh 1 HOpMali3yBaTH (DYHKIIIIO
[UTYHKOBO-KUIIKOBOTO TPAaKTy, CTUMYJIO€ YTBOPEHHS T€MOTJIO0IHY 1 JICHKOIIUTIB.
Chpusie TOKpalleHHIO CTaTeBOi (PyHKIIIi, TOMY IO € MOMEPEIHUKOM TiCTaMiHy 1
MIJCUITIOE cTaTeBe 30y/keHHs. Cripuse BUBEICHHIO BAXXKUX METATIB 3 OpraHizmy. 3
TICTUJIMHY CUHTE3YEThCSI KAPHO3WH — MOTYXHHUI M'SI30BUI aHTHOKCUAAHT. ['icTUINH
BXOAUTh JO CKJIaJy AaKTUBHHMX LEHTPIB Oe3iidul (epMEHTIB, € TMOMEPEIHUKOM B
OiocuHTe31 rictamidy. ['icTMIMH — ogHA 3 ICTOTHMX aMIHOKUCIIOT, IO CIpHSE
3pOCTaHHIO 1 BI/ITHOBJICHHIO TKAHUH.

[ainuH Tpae BaXJIMBY pOJb y CHHTE31 IHIIUX aMiHOKHMCIIOT, HYKJIETHOBUX Ta
’KOBUHUX KHCIOT B opranizmi. HeoOxiguuit mmst HopmaneHoi mismpHOcTi LHHC,

OIATPUMKK  370POB'SE MPOCTaTH, TOKpaIlye IMyHHY CHUCTEMY, 3HUXKYE pPIBEHb
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XOJIECTepUHY, TMOKpallye KHCHEBE >XUBICHHS opraHiB, HopMmanizye AT 1 piBeHb
IIyKPY B KPOBI.

I'myramin € HaWOUIBII YacTO 3yCTPIYAEMOIO aMIHOKHCIOTOK B TKaHWHAX
MycKynaTypu. [TyTamiH CIyXUTh EHEPTeTUYHHM TMaJIMBOM TPU BUCHAXKIWBIN
po0oTi, Oepe ydacTb B CHHTE31 OUIKIB CKENETHOI MYCKYyJIaTypH, BijnoBigae 3a 35%
BCHOTO a30Ty, SIKMW MPOHUKAE B M'S3M, CTBOPIOE aHAOOJIYHI YMOBH BiJHOBIJICHHS 1
pocTy M'si3iB, 6epe ydacTh y BUpOOJICHHI TOPMOHY POCTY, SIKUH CIIpHsie MeTa00i3My
KUPIB B OpraHi3aMi 1 MIATPUMYE 3POCTaHHS M'S30BOi TKAaHWHHU, MIJICHIIIOE CHUHTE3
TECTOCTEPOHY.

[ayramar HelTpani3ye MIKIAJIKMBI TPOIYKTH OLIKOBOTO OOMIHY, 3B'SI3yIOUHUCH 3
aMlakoM 1 yTBOpIOrouM IiryTaMiH. OcoOJIMBO BaXXJIMBHMA LIEH MPOLEC B TOJOBHOMY
MO3KYy, TOMY 1[0 TKAaHWHA MO3KY OCOOJIMBO YYTJIMBa M0 MiJBUIIECHHS KOHLECHTpAIIil
amiaky. [ myraminoBa kuciora € 30yuBuM HeripoTpancemitepom B LIHC. Bona Gepe
y4acTh y MIATPUMII M'S30BOT MAacH 1 3MEHILICHH] KUPOBUX BIJIKJIa/ICHb, BIUIUBAIOYU
Ha TOPMOH pocTy. bepe ydacTs y MeTabos113Mi IYKPY 1 )KUPIB.

[3os1eiiluH MeTaboMI3y€eThCS B M'S30By TKAaHUHY, HEOOXITHUN ISl YTBOPEHHS
reMorjo0iHy 1 crabumi3auli piBHS I[yKpYy B KpoBi. BiH IIMPOKO BUKOPHUCTOBYETHCS
CIIOPTCMEHAMH JUIsl BIJIHOBJIEHHS M'S30BOi TKAaHWHMU 1 TIPUCKOPEHHS TPOIECIB
BUPOOJIEHHS EHEePTi.

JleiiumH MeTabomi3yeThCsl B M'SI30By TKaHWHY, BHOCUTH 10% BHecKy B
IMPOJYKIII0 €Heprii MiJ Yac IHTEHCHUBHUX (I3MUYHUX BIIPAB, 3HIDKYE IT1ABUIICHHIMA
pIBEHb LIYKPY B KPOBI, CIpUs€ 301IbIICHHIO BUPOOHULITBA TOPMOHY POCTY, CIPHUSIE
3arO€HHIO YIIKO/DKEHb IMKIPU 1 KICTKOBOI TKAaHWHU, BUKOPUCTOBYETHCS TIPH
TOKCHKO3aX, 3aXBOPIOBAHHSX MEUYIHKH Ta MiCJIs XIPYPTi4HUX OTEpallii.

Jli3uH TpuUrHiuy€e pO3MHOMXEHHS BIPYCiB, YTBOPIOE KApHUTHUH B MPOIEC]
MeTaboIi3My pa3om 3 BiTaMiHOM C, MOKpAIIylOUd CTIHKICTh J0 CTPECIB 1 KUPOBHIA
MeTaboJ113M, MPOTUIIE CTOMIICHHIO, CHpPHUS€ BIAHOBICHHIO KICTKOBOI Ta CHOJIYYHOI
TKaHWHH, KOJIareHy, crpuse abcopOrii KambIlito, mMATpUMye OanmaHc a3ory, Oepe
y4acTh y CHHTE31 aHTUTLI, TOPMOH1B, ()EPMEHTIB, albOyMiHIB Ta AETOKCUKALII.

MertioHiH nepeTBOpIOE HAJAMIPHE HAKOTTMUEHHS )KUPY TEUIHKOIO 1 IEPETBOPIOE

HOTO B E€HEPTiI0, € MOTY)KHUM JIETOKCUKAI[IWHAM areéHTOM, BUBOJHUTH Ba)KKI METaJH,
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MOKpAIlye TPaBJICHHSA, AHTHOKCHJAHT, 3HUIIYBad BUIBHUX pPaJWKaliB, CHpUIE
pereHepartii TKaHUH MEY1HKU 1 HUPOK, 3a1mo0irae BUIaIaHHIO BOJIOCCS 1 MIATPUMYE X
3pOCTaHHs, 3aro0ira€ CTOMJICHHIO, PO3ILIEIUIIOE XOJIECTEPUH, 3a0e3leuye 3aXucT
[MIIOTATIOHY, 3amoliraroyd  HOro posmaay TMpU  TMEePeBAaHTAXKEHHI  OpraHizmy
TOKCMHaMHU. bepe ydacTb B CUHTE31 KapHITUHY.

IIpoJiiH € OCHOBHUM KOMITOHEHTOM KOJIareHy 1 CIpHsi€ MOro BUPOOHUIITBY,
3MIIHIOE CYTII00H, CYXOXKHILJIS, 3B'A3KH, CEPLIEBUI M'sI3, IPUCKOPIOE 3aTOEHHS PaH.

Cepin 3MinHIOE IMyHHY cuctemy. Crpusie HopMmamizalii cTaHy BoJoccs,
mKipu, HIrTiB. HeoOXimHuil st moBHOIIHHOTO oOMiny xupiB 1 KK, m's3oBoro
3pocTaHHs. bepe y4acTh y NpoayKIlil KJIITUHHOI €Heprii, alleTUIXOJIHY 1 TJIIKOTEHY.
IlepeTBOpro€eThCS B IIUCTEIH B mpoueci MeradoinizMy. bepe ydacte y OlocuHTE3I
[IIIHHY, METIOHIHY, HIUCTEIHY Ta TpUNITO(daHY.

Tpeonin Gepe ydactb B mpoliecax pocTy TKaHUH, Oepe ydacTh B Oi0CHHTE31
130JICHIIMHY, CIpUSIE €HEPTOOOMIHY B M'SI30BUX KJITHHAX, CIUIBHO 3 METIOHIHOM 1
acrapTamMoM MIATPUMYE JIIOTPOIHY (PYHKIIIFO MEYIHKU, 3HEIIKO/PKYE TOKCHHH, Tpae
BaXXJIMBY POJIb B YTBOPEHHI KOJIAr€HY 1 €JIaCTUHY, MiIBUIIYE IMYHITET, Oepe y4acTh y
BUPOOHHUIITBI aHTUTLIL.

Tupo3uH CTUMYJIOE€ BUBLIBHEHHS TOPMOHY pOCTY, SIKMM B HPUCYTHOCTI
BiTaMiHy B6 301nbl1ye M'sI30By Macy 1 3HWXKY€E piBEHb XKUpYy B Tull. bepe yyacts y
OlocuHTe3l JgodamMiHy 1 J10(aMiHOBUX pELENTOpPiB, aJgpeHalliHy, TOPMOHIB
IIUTOBUIHOT 3aJl03U, MEJaHIHy, HEHpPOTPaHCMITEPIB, IO PETyIIOITh HACTPIH.
3HIKYE ameTUT 1 3MEHUIYye >KUPOBY Macy. AHTHJICTIPECAHT, 3HIMAae CTpecC,
paTiBIuBICTE 1 Oe3coHHs. Crnpusie (GyHKIIOHYBAaHHIO HAJHUPHHKIB, Timodiza i
IIUTOBUAHOI 3aJI03HU.

Tpunrodan HeoOXigHuN a8 BUpoOHULTBA BiTamMiHy B3 1 cepoToHiHy,
BIJIMOBIIAJIBHOTO 3a HACTPid, SAKICTh CHY 1 COPUUHSATTS O0yt0. 3HIMAae HEPBOBY
Hampyry, ycyBae BIguyTTss TpuBoru. € antuaenpecantoM. Hopwmainizye CcoH,
cTabumi3ye HaACTpiil, 3HWKYE YTBOPEHHS XOJECTEPHUHY, 3HUKYE THUCK, PO3IIUPIOE
KPOBOHOCHI CyIWHHU, Oepe y4dacTb B CHHTE31 aJbOyMiHIB 1 TJIOOYJiHIB, CTUMYIIOE
M1AOM PiBHS TOPMOHY POCTY, SIKUM HEOOX1THUN JJIs1 30UIbIICHHS M'S30BOT MacHu Ta

3MEHILIEHHS MacH >KHUPY, MIJBUIILYE OMIPHICTh CTPecaM, KOHTPOJIIOE arleTUT JIFOAUHU 1
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Horo Bary. BiH 3HMXKY€E TSTy 10 1K1, 0COOIMBO BYTJIEBOIHOI, CIIPUSIE 3HIHKEHHIO MacH
TiJ1a, HOPMAaJTI3y€e aneTUuT Mpu OYyJIiMii 1 aHOPEKCii.

Mdeninananin 1MoTpiOEH 1T CHHTE3Y 1 BHUBUIBHEHHS TOPMOHY pOCTY,
OCHOBHHUU €JIEMEHT Y BHUPOOHMIITBI KOJAreHy 1 CMOMyYHOI TKaHWHU. € TIPUPOTHUM
010JIOTIYHUM CTUMYJISITOPOM MO3KY, Oepe y4acThb B YTBOPEHHI HEHPOTPAHCMITEPIB,
MiBUILYE MPANE3JaTHICTh 1 PO3YMOBY AaKTHBHICTh 1 MaM'siTh, MpUTHIUye OiTb Ta
anetut. @OeHUTaNaHIH — aHTUACNpecaHT. BiH TmoKpamiye HacTpid, H03BOJIIE
CIPABJISITUCS 3 PO3JAPATyBaHHSAM 1 MOYYTTSM TPUBOTH, 3HITH HANPYTy, CTUMYJIIOE
IIMTOBUAHY 3aj03y, Oepe ydacTb B YTBOPEHHI IHCYJIIHY, MENaHiHy (peryJsiii
KOJIBOPY IIKIPH), aJipeHaiHy, HOpaJIpeHATIHY, AONaMiHy, THPOKCUHY, J0(paMiHOBUX
peuentopiB 1 Tupo3uHy. Cropusic BUPOOJICHHIO Ta aKTUBi3alii MOp(hIHOMOIIOHUX
TOPMOHIB , IO 00'€THYIOThCA B Ipyly €HA0p(]iHIB — rOpMOHIB panocTi. Jlornomarae
IPU BITLIITO.

IucTein HeoOXimHMl I CUHTE3y iHCYTiHy. Mloro Hemomik B opraHi3mi Bene
70 TMIABUIICHHS PIBHSA IYKPY Ta 3HUKEHHS KUIBKOCTI JICHKOIUTIB, IIiJIBUIILYE
IMYHITET, 3HIKYE 3aXBOPIOBAHICTh PECHIPATOPHUX IIUISAXiB, TPa€ BAXJIUBY POJb B
YTBOPEHHI LIKIPHOTO MOKpUBY. € aHTHOKCUAAHTOM. lIpHcKOpro€ 3aroeHHs OMIKIB 1
paH, 3HIKYE XBOPOOJIUBICTh MPU 3aMATICHHSIX, 3MIIIHIOE CIIOJTYYHI TKAaHUHU, CIPUSIE
pereHepaitiii TKaHUH WKIpH 1 Bosioccsi. OOepirae BiJ OKUPIHHS NEUIHKY.

Bamu, 13omedinMH 1 JIHOWMH CKJIAJAalOTh KOMILJIEKC AaMIHOKHCIOT 3
posranyxenumu sanioramu — BCAA (anra. branched-chain amino acids). 1li
HE3aMIiHHI aMiHOKMCJIOTH B MEPIILY 4Yepry MeTadoJi3yIThCs y M'si3ax 1 CTAHOBISTH
35% Bcix aMIHOKMCIOT B HUX. BOHM mpuiiMaioTh BaXJIHMBY ydacThb y THpolecax
aHa0oJI3MYy 1 BIJTHOBJICHHSI, MalOTh aHTUKaTabo1yHy 11t0. To6T0 BCAA — 0cHOBHMIA
Marepian s T00yI0BU HOBHX M'S3iB. IX MOHA PO3IVIANATH K OCHOBHE «IIAMBOY
IUI M'A31B, SIK€ MOKpAIly€e CTaH 3[0pOB'S 1 MiJIBUIIYye CHOPTUBHI nmokazHuku. BCAA
BUKOHYIOTh pOJIb CYOCTpaTiB JUisl CHHTE3y M'si30BOro OlIKa 1 MPOAYKIIi €Heprii,
CIIyaTh TMPEKypCOpaMH ISl CHHTE3Y IHIIUX aMiHOKHCJIOT, OCOOJIMBO allaHiHYy 1
[NII0OTaMiHy, € METa0OJIYHUMH MOAYJISATOpaMH, CTUMYJIOIOTh CHHTE3 M'SI30BOTO

npoTeiny 3a paxyHok aktuBailii pepmentiB PI3K 1 mTOR, npuruiuyoTh karadbosizm

130



1 pyliHyBaHHS M'sI31B, CTUMYJIIOIOTh BUPOOJIECHHS aHa0OJIIYHOTO TOPMOHY — 1HCYJIIHY,
CHATIOIOTh JKHP 3a PaXYHOK €KCIpecii JENTUHY B auIonuTax 3a gormoMmororo mTOR.
Kommieke Bcix 20 amimokuciaor 1 komiuiekc BCAA — ogau 13 caMux

e(eKTUBHUX, MOMYJSPHUX 1 3aTpeOyBaHUX CIIOPTHUBHUX XapUOBUX T0OABOK.

1.2. Bypaosa, BracTuBocTi i pyHKUii menTuais

IMenTuau (rpeu. TENTOG — KUBWILHUIA) — T CIMEHCTBO PEUYOBUH, MOJICKYJTU
SKUX MOOYAOBaHI 13 3aJMIIKIB 0-aMIHOKHCJIOT, 3'€THAHMX B JIAHIIOT TMENTHIHUMU
(amimanmu) 3B's3kamu -C(O)NH-. Ile mpupomni ab0 CHHTETHYHI CIIOIYKH, IO
MICTATH JECATKH, COTHI a00 TUCSAYl MOHOMEPHHUX JIAHOK — aMIHOKHCIIOT.

Tepwmin nenTua OyB 3alpONOHOBAHUN HIMEIBKUM XIMIKOM Eminem @imepom,
akuid 1o 1905 p. po3pobuB 3aranbHUil MeToA cuHTE3y nentuaiB. Y 1953 p.
amepukaHcbkui OloxiMmik Bincent Jlto BuHBO CHHTE3yBaB OKCUTOLMH — MEPIIHA
nomnenTuaHuid ropmMoH. Y 1953 p. amepukancekum Oioximikom PoOeptom
Meppidinnom OyB po3pobiaeHuit MeToa TBEPAO(]PA3HOTO MENTUTHOTO CUHTE3Y. 3a 110
metonosorito y 1984 p. Bin orpuma HobemniBchbKy mpemito 1o ximii, a 'y 1998 p. —
npu3 Acotialii po3poOHUKIB O10MOJIEKYJISIPHOTO 00JIaHAHHS 32 BHECOK Y PO3BUTOK
OloMOJNEKyISIpHUX TeXHoJoTiH. Y 1963 p., Ha OCHOBI TBepAO(}A3HOTO MENTUIHOTO
CHHTE3y OyJM CTBOPEHI aBTOMATHUYHI CHHTE3aTOpU MEeNTUIIB. BukopucraHHs
METO/IB CUHTE3Y MOJINENTHAIB JO3BOJIMIO OTPUMATH CUHTETUYHUN 1HCYNIIH 1 JesKi
bepmeHTH.

Ha croromuimHiA neHp Bimomo Outemre 1500 BuOIB MENnTHIIB, BU3HAYEHO iX
BJIACTUBOCTI Ta PO3pPOOJIECHO METOJU CHHTE3Y.

Mornekyna mnentuay — L€ MOCHIAOBHICTb aMIHOKHUCIOT: JBa 1 OLjblle
aMIHOKHCJIOTHHX 3aJIMIIKIB, 3'€¢JHAHUX MDK COOOI0 aMIJHHM 3B'I3KOM, CKJIaJaroTh
nentua. KiTbKiCTh aMiHOKHCIOT B MENTHII MOKE CHJIBHO BapitoBaTH. | BIAIIOBIIHO
710 1X KUIBKOCT1 PO3PI3HSIIOTH:
> oJIironenTHIH — MOJICKYJIH, 10 MICTATH JI0 JECATH aMiHOKHUCIOTHUX 3aJIHIIKIB,

1HO/I B 1X HA3Bl 3Taaye€ThCs] KUTHKICTh aMIHOKHCIIOT, IO BXOJATH JO iX CKJIamy,

HaIPUKIIA, TUTICTITH/I, TPUTICTITHI, IEHTANENTH/] Ta 1H.;
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> NoJinenTHAM — MOJEKYJIH, IO CKIaAy SKUAX BXOAUTh OLibllIe JAECATH
aMIHOKHCIIOT.
Crnonyku, 1O MICTITh OUIbIIE CTa AaMIHOKMCJIOTHHUX 3aJIMIIKIB, 3a3BUYal
HA3WBAIOTHCS OLTKAMH.

[Ipote 1eil moail yMOBHUM, €Kl MOJIEKYJIM, HAMPUKIIA, TOPMOH TIIIOKAroH, SIKUN

MICTUTH JutIe 29 aMiHOKUCIIOT, HA3UBAIOTh O17TKOBUM TOPMOHOM.

3a AKICHUM CKJIaJJOM PO3PI3HIIOTH HACTYITHI MENTU/IH:

» TrOMOMeEpPHi MeNnTHAU — CIOJYKH, IO CKIAJAIOThCS TITBKHA 3 aMiHOKHCIOTHHUX
3aJIUIIKIB;

» rerepoMepHi MeNTHAH — PEYOBHUHU, JIO CKJIAy SKHUX BXOJSATH TAKOXK HEOUTKOBI
KOMITOHCHTH.

[lenTuam TakoX MOAUISIIOTHCS 32 CIIOCOOOM 3B'SI3KY aMIHOKHUCIIOT M1k CO0010:

> TOMOJUTHI — [ENTHIA, AaMIHOKHCIOTHI 3ajWIIKA SKHX 3'€QHaHl TUIBKU
MENITHIHUMU 3B'I3KaMU;

> TeTepoAMTHI TENTUIN — CIOJYKH, B SIKAX KpiM TICOTHIHUX 3B'A3KiB
3yCTpivaroThes e ¥ nucynbdiaHi, edipHi Ta TioedipHi 3B'SI3KH.

JlaHIII0KOK TTOBTOPIOBAHUX aTOMIB HA3UBAEThCA MENTUIHUM ocTOBOM: (-NH-
CH-OC-). Hinsuka (-CH-) 3 aMiHOKMCTIOTHUM pajiukaioM yTBoproe 3'ennanns (-NH-
C(R1)H-OC-), 3BaHe aMiHOKHCJIOTHUM 3aJMIIKOM. N-KIHIIEBUH aMiHOKHCIOTHHN
3aJMImIOK Mae BinbHY o-amiHorpymy (-NH), B Toit wac sik y C-KiHIIEBOTO
aMIHOKHCJIOTHOTO 3QJIMIIKY BIJIbHOIO € a-KapOokcuibHa rpyma (OC-).

[lenTuau po3pi3HAIOTHCS HE TUIBKM 3a aMIHOKHUCIOTHMM CKJIAJoM, a ¥ 3a
KUIBKICTIO, @ TaKO0X pO3TAallyBaHHIO 1 3'€JHAHHIO AMIHOKHCIOTHHMX 3aJHILIKIB Y
nomnentuaauid JaHIrokoK. [puknan: Tlpo-Cep-Ilpo-Ana-Tic 1 T'ic-Ana-ITpo-Cep-
IIpo. He3Baxkarounm Ha OJHAKOBUM KUIBKICHUH 1 SIKICHUM CKJIaJ, 11 TENTHUIA MaloTh
30BCIM Pi3H1 BIACTUBOCTI.

HenTuanuii (amMiguuii) 3B'A30K — 11€ BUJI XIMIYHOTO 3B'SI3KY, 110 BUHUKAE TIPU
YTBOPEHHI OLIKIB 1 TENTUIIB B pe3ysbTari B3aemomii o-aminorpynu (-NH2) omniei
aMIHOKHCIIOTH 3 o-KapOokcuibHOIO Tpymnoio (-COOH) iHmoi aMiHOKHCTOTH. 3 JBOX
amiHokucyaoT (1) 1 (2) yTBoproeTbcs aunenTu ] (JAHIIOXKOK 3 JBOX aMIHOKHCIOT) 1

MOJIEKYJIa BOAH.
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3a wi€0 K CXeMOow pubocoma TeHepye 1 OUIbLI JOBI1 JAHIIOKKA 3
aAMIHOKHUCJIOT: MOoJinentuau 1 Ouiku. Pi3HI aMiHOKUCIIOTH, SIKI € «OyIiBEeIbHUMH
OsiokaMuy» TSl O1J1Ka, BIJIPI3HAIOTHCS pagukaioM R.

[leTnanuii 3B'A30K Ayke MIIHUI, 1 B HOpMaJbHUX KIITUHHUX yMoBax (37°C,
HelTpansHuil pH) MUMOBOJI1 HE po3puBaeThes. IlenTuaHuil 3B's130K pyHHYETHCS TIPH
Ii1 Ha HBOTO CHEIIAJIbHUX MPOTEONITUYHUX (PepMEHTIB (aHri. protein — 610K 1 lysis
— py¥HYBaHH) — MpOTea3 1 NENTHATIAPOIIas.

KinpkicTh aMIHOKMCIOTHMX 3aJHUIIKIB y CTPYKTYpl OI10JIOTIYHO aKTUBHHUX
nenTuaiB Moxe BapioBatu Bia 3 10 50. Jlo ogHUX 3 HaOUIbII MaJE€HbKUX MENTH/IIB
MO>KHA BIJTHECTHU Ti-PEOTPOMIH-PUITI3UHT-TOPMOH 1 IITyTaTiOH (TPUMEHTHIN), a TAKOX
eHkedaliHu, SIKI MalTh y CBOEMY CKJIaal S5 amiHOKHCIOT. OJHaK OUIBIIICTh
010JIOTIYHO AaKTUBHUX MENTUIIB Ma€ B CBOeMY ckiaal Ourpmie 10 amiHOKHCTIOT,
Hampukiaaa Hedponentun Y (peryidarop ametuty) MICTUTh 36 aMiHOKHUCIIOT, a
KOPTIKOJIi0eprH — 41 aMIHOKHCTIOTY.

Jlesiki 3 menTuAiB, 30KpeMa OUIBIIICTh MENTHIHUX TOPMOHIB, MICTSATh MENTHIH]
3B'SI3KM, YTBOPEHI 0-aMIHOTPYIOK 1 0-KapOOKCHUIBHOK TPYMOI  CYCIIHIX
aMIHOKHUCJIOT. SIK TpaBUJIO, BOHM CHHTE3YIOTbCSI 3 HEAKTHUBHUX OLIKOBUX
MOTEPETHUKIB, B SKHX CHEIU(IYHI MPOTEONITUYHI (PEepMEHTH PYHHYIOTH TMEBHI
MEeTTHU/IHI 3B'SI3KHU.

3MiHAa B aMHHOKHMCIIOTHOMY CKJaJl MENTUIIB YacTO MPU3BOAUTH A0 BTpaTH
OJIHMX 1 BUHUKHEHHS 1HIINX O10JIOTTYHUX BIIACTUBOCTEA.

B opranizmi nroauHu BUpPOOJIsie€ThCA O€3/iu MenTHaiB, Mo OepyTh y4yacTh B
perymsiii pi3HUX OIOJIOTIYHHUX TMPOIIECIB 1 BOJOJIIOTH BHCOKOK (Di310JI0TTHHOIO
akTUBHICTIO. DYHKITIT MENITHIIB 3aJIEKATh BiJl iX IEPBUHHOI CTPYKTYPH.

Biakputi 1 BUBYEHI B JaHUM 4yac MENTHIM MOKHA PO3JUIMTHA HAa TPYNH 3a ix
OCHOBHOIO ()1310JI0T1YHOIO JTI€10:

» TCNTHIH, 0 BOJOIIIOTh TOPMOHATBHOIK aKTUBHICTIO (OKCHTOIIMH, Ba3OIPECHH,
PUII3UHT-TOPMOHH TiMOTajlaMyca, MEJIaHOIUTCTUMYIIIOIOYUN TOPMOH, TIIOKaroH
Ta 1H.);

» TENTUAM, IO PEeryJIiI0Th MPOLECH TpaBleHHs (TacTpHH, XOJEIUCTOKIHIH,

Ba301HTECTIHAIIIUI MENTH], IUTYHKOBUN THIUOYIOUMiA IENTH/ Ta 1H.);
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» TENTUAH, 10 PEryiroloTh TOHyC cynuH 1 AT (OpaaukiHiH, KadiAiH, aHT10T€H3UH
1);

» TeNTUAW, 10  PEeryloTh  aneTuT  (entuH,  HedpomenTuna Y,
METaHOIUTCTUMYITIOIOYHI TOPMOH, 0-€HAOP(IHM);

» TCHTHIH, IO BOJOJIOTH 3HEOOIOI0U0I0 Ji€r0 (eHKedaainu, eHaopdiHu Ta iHII
omioigHi mnentuau). 3HeOomorunid edeKT IUX TMenTHAIB B COTHI pasiB
nepeBeplIye aHAIbIe3yIUrii epekT MOpPiHy;

» mnenTtuam, sAki OepyTh ydacte y perymsanii BHJI, B OioxXiMiuHHMX Tporiecax,
MOB'SI3aHUX 3 MEXaHI3MaMU CHY, HaBYaHHs, TaM'sITi, BUHUKHEHHS MTOYYTTSI CTPaxy
1T.1.

OpHak Takui po3noOAiT MENTUIIB BKpaid yMOBHM. 3'IBHIIMCA AaH1 PO TeE, LIO0
0araro MeNnTHIIB MAarOTh IIMPOKUA CcHekTp aii. Tak, MeIaHOLMTCTHUMYJIOKYHIA
TOPMOH, KpIM CTHUMYJISLII MITMEHTOYTBOPEHHS, Oepe ydacTb Yy peryisilii aneTury
(pa3oM 3 JIENTUHOM MPUTHIYYE CIIOXKUBAHHA 1K1 1 € aHTAroHICTOM HelponenTuaa Y).
Y Tolt ke uyac o-eHIOp(DiIHM, KpIM aHAIBre3yIoUoro eQeKTy IMiJICHUITIOI0Th
CIOKMBaHHS TKi, TOOTO € cHuHeprictamMu Heuponentuaa Y. BasompecuH, kpim
AHTUA1YPETUYHOTO 1 CyIMHO3BYKYBaJbHOTO €(EKTy, Ma€ BIACTUBICTh MOKPAILYBaTH

IaM'siTh.

1.3. BbiocuHTe3 aMiHOKHCJIOT

B opranizmi JIOIMHM MOKJIHMBHUH CHHTE3 BOCHBMH 3aMIHHHMX aMiHOKHCIIOT:
alaHiHy, acmaprary, acapariiy, CEpuHy, MIIUHY, IIyTaMary, DIyTaMiHy 1 OpOdiHY.
ByrneneBuii ckener HmUX aMiHOKHCIOT YTBOPIOETbCS 3 TIIIOKO3U. (-aMIHOTpYIIa
BBOJUTHCSA y BIATOBIAHI O-KETOKHUCJIOTH B PE3YJIbTATI PEaAKIliil TpaHCaMiHyBaHHS.
VYHiBepcalbHUM  JTOHOPOM  O-aMIHOTPYNU  CIOyKuTh  riyTamar.  [llmsxom
TpaHCaMIHyBaHHSl 0-KE€TOKHCIIOT, IO YTBOPIOIOTHCS 3 TIIIOKO3H, CHHTE3YIOThCS
aMIHOKHUCIIOTH. ['JTyTaMar TakoK yTBOPIOETHCS MPHU BiIHOBIIOBAILBHOMY aMiHYBaHHI
0-KeTOTJIyTapaTy riyTamaTaerigporeHasu. L{i peakiii o000poTHI 1 BIIITPaOTh BEJIUKY
POJIb SIK B TIPOIIECI CHHTE3y aMIHOKHUCJIIOT, TaK 1 pH iX katadomi3mi. Taki peakiii, ski

BUKOHYIOTb MOJIBIMHY (PYHKII10, HA3UBAIOTh aM(100IYHUMHU.
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AMinmu TayTaMiH 1 acmapariH CHHTE3YIOThCS 3 BIJIMOBITHUX JHUKAPOOHOBUX
aMIHOKHUCJIOT — IJTyTaMiHy 1 acriapariny.

Cepun yTBOpIO€ETHCA 3 3-Pocdoriminepara — NPOMIKHOTO MPOAYKTY TIIKOMI3Y,
KU OKHCIIOEThCs 0 3-(ocdomipyBata 1 TOTIM TPAaHCAMIHYETHCS 3 YTBOPEHHSIM
cepuHa.

['miuH CUHTE3YETHCS IBOMA IUITXaMH:

» 3 CEepUHY 3a y4YacTI0 MOXimHOTO (OJIi€EBOI KHUCIOTH B pe3yJdbTari Mdii ce-
PUHOKCUMETUNTpaHCPEpasy;
» B pe3ynbTaTi Aii PepMeHTy TIIIIUHCHHTA3H.

[Iponin cuHTE3yeThCs 3 TIyTamaTy B JIaHIIO31 O00OpoTHUX peakiid. [li x
peaKIlii BAKOPUCTOBYIOTHCS 1 IIPU KaTaboI13M1 IIPOJIITA.

KpiM BoCcbMU TepepaxoBaHUX 3aMIHHUX aMIHOKHCIIOT, B OpraHi3Mi JIOAUHU
MO’KYTh CUHTE3YBATUCS 11I€ YOTUPU aMIHOKHUCIOTU. YacTKOBO 3aMiHHI aMIHOKHUCIIOTH
apriHiH 1 TICTUAUH CHUHTE3YIOThCSl CKIIAJIHUM IUIIXOM B HEBEIMKHUX KUIBKOCTSX.
Benuka iX yacTuHa MOBMHHA HAAXOAWUTHU 3 Dketo. CHHTE3 apriHiHy BinOyBaeTbcs B
peakiisix opHITUHOBOTO nukKiIy. ['icTuana cunTezyeThest 3 AT® 1 pubo3u. Yactuna
IMIJJa30JIbHOTO IUKIYy TICTHJIMHY YTBOPIOETHCS 3 IyPUHOBOIO s/ipa afcHIHY,
JHKEpeNioM sIKoTo ciaykuTh AT®, iHIIa 4acTUHA MOJIEKYJIH — 3 aroMiB pubo3u. [Ipu
IbOMY YTBOPIOETbCS  S-hochopubo3iiamiH, SKUM OKpIM CHUHTE3Y TICTUIUHY
HEOOXITHUN JJi1 CUHTE3y MypuHiB. JlJii CMHTE3y YMOBHO 3aMIHHMX aMIHOKHUCIIOT
TUPO3UHY 1 ITUCTEIHY MOTPiOHI HE3aMiHHI aMIHOKUCIOTH (EeHLIaJaHiH 1 METIOHIH
BIJIMOBIAHO. YTBOPEHHS IHIIUX aMIHOKUCIOT TaKOXX MOXIJIMBE MPU HASBHOCTI
BIJMOBIIHUX (-KETOKHUCIIOT, Kl MOXYTb TpaHCaMiHyBaTHUCS 3 TIiyTamaTy. Takum
YIHOM, HE3aMIHHOIO YaCTHHOIO MOJIEKYJIHM aMIHOKHCIIOT € iX BYTJICLIEBUI CKeJeT.
JIkepenoMm Takux HE3aMIHHUX O-KETOKHUCJIOT CIYy>KaTh TUIbKM OUIKH i%i. BUHSITOK
CTAaHOBJISITH JII3UH 1 TPEOHIH, fAKI HE MIIAI0ThCS TpaHCaMiHyBaHHIO, iX O-
KETOAHAJIOTU 3 TKEK MPAKTUYHO HE HAAXOASATh 1 B OPraHi3Mi HE CHHTE3YHOThCA.

€mHe pKepeso UX aMiHOKUCIOT — Xap4yoBi OUTKH.

KoHTpoJIbHI NUTAHHS

1. IIlo BuB4ae mpoteomika?
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[Ilo mpencTaBIsArOTh COO0I0 aMIHOKHUCIOTH?
CKUTbKH aMIHOKHUCJIOT iCHY€E?

[Tepepaxyiite BimoMi Bam aMiHOKHCTIOTH.
SIkuM YMHOM KJIacu(]PiKyIOTh AMIHOKHCIOTH?
Hapeauth kimacudikaiiiro aMiHOKUCIIOT.
Onuiite QyHKIT KOXKHOT aMIHOKUCIIOTH.

[lo Take menTuau?

© ©o N o g B~ w DN

Axum yrHOM KJ1acu(PiKyrOTh TENTUINA?
10. 1o mpencrapisie coO0r0 MENTUIHUHN 3B’ I30K?
11. Sxi rpynu nentuaiB Bu 3Haere?

12. OnumriTe NUIIXu 610CHHTE3y aMiHOKHUCIIOT.
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I'naBa 2. CtpykTypa, BJacTHBOCTI i PyHKIiOHYBaHHA OijIKiB

Binku (nmporeinm a6o mojinmenTHAM) — 1€ BUCOKOMOJEKYJSPHI OpraHidyHi
PEYOBHUHM, IO CKJIAAIOTHCS 13 CIOITYYEHUX B JIAHLIOXKOK TMENTHIHUM 3B'S3KOM O-
aMIHOKHCIIOT. B KMBHX Opra"izMax amMiHOKHCJIOTHHM CKJaJ] OUTKIB BHU3HAYAETHCS
TCHETUYHUM KOJOM, MPH CHHTE31 B OLIBIIOCTI BHUMAIKIB BHKOPUCTOBYETHCS 20
CTaHIAPTHUX aMIHOKHUCIOT. be3miu ix komOiHaiiil 1ai0Th BETUKY Pi3HOMAHITHICTh
BJIACTHBOCTEH MoJiekyn OuikiB. KpiM TOro, amiHOKHCIOTH y CKiazal Olika 4acTto
H1IAI0THCS MMOCTTPAHCAIIMHUM MO (IKAIisAM, K1 MOXKYTh BUHUKATH 1 IO TOTO, SIK
OUI0K OYMHA€E BUKOHYBATH CBOIO (DYHKIIIO, 1 MiJT 4ac MOro podoTH B KIITHHI. HacTo
B JKMBHX OpraHi3Max KuIbKa MOJIEKYJ OUIKIB YTBOPIOIOTh CKJIAQJHI KOMILUIEKCH,
HaIMpUKIaa, POTOCHHTETUIHNN KOMILICKC.

bisiku knacu@iKyroTh 32 HACTYITHUMU TapaMEeTPAMHU:
3a (popMoOI0 MOJIEKYJI: TI00YIIApHI 1 QiOpUIIsIpHI;
10 MOJIEKYJISIPHii Maci: HU3bKOMOJICKYJISIPHI, BUCOKOMOJIEKYJISIPHI, TOIIO;
3a XiMi4HOI0 Oy/10BOI0: HAIBHICTh a00 BiJICYTHICTh HEOUTKOBOT YaCTHUHU;
10 BUKOHYBAa€EMHUM (PYyHKIIisIM: TPAHCIIOPTHI, 3aXUCHI, CTPYKTYpHI 1 1H.;
Mo JIOKaJi3auil B KJIITHHI: sICpHI, IUTOIIa3MaTH4HI, JII30COMaJIbHI, TOIIIO;

1o JiokaJizauii B opranizmi: OUTKH KpOBI, IEYIHKH, CEPIs, TOIIIO;

V V V V V V V

10 MOKJIMBOCTI aJalTUBHO PEryJlOBATH KiIbKICTh JaHUX OiIKiB: OUIKH, 1110
CUHTE3YIOThCS 3 MOCTIMHOI HIBUJKICTIO (KOHCTHTYTMBHI) 1 OUIKH, CUHTE3 SIKUX
MOJKe TTOCHITIOBATHUCS MPH BILTUBI (hakTOPiB cepenoBuina (iHAyIi0eIbHi);
> 3a TPUBAJICTIO JKUTTSl B KJITHHIi: BiJ Xy)Ke IIBHUAKO OHOBIIOIOUWXCS OLITKIB
(Menire 1 roa.) 10 ay’Ke MOBIIBHO OHOBITIOIOUUXCS OUTKIB (THOKHI 1 MiCsIIi);
> 3a CXOKMMH JUISTHKAM TEPBUHHOI CTPYKTYPH i crniopigHeHuM QyHKILisIM
(cimeiicTBa OUIKIB).
3a XIMIYHOIO OyT0BOIO O1JIKM KJIAaCU(IKYIOTHCS Ha /1Bl TPyIH:
» mpocTi 6i1ku 260 NPOTeiHN;

» CKJIQ/JHi 0ijiku a60 npoTeiau.
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[Iporeinn mnoOynoBaHi 13 3aJMIIKIB 0-aMIHOKUCIOT 1 TMpH TiIPOi3i
pO3MaaloThCsl TUIBKU Ha aMiHOKHCIOTU. [lo mpocTopoBidt OymoBi 1 PO3YMHHOCTI
NPOTEIHU MOAUISIOTH Ha!
> T1J00yJAPHI — BOJOPO3YMHHI OUIKH, 3araibHa (popmMa MOJNEKYJIH OibII-MEHII

chepuuHa:

e agbOymMiHM — po3uMHHI y BoAl B mmmpokomy iHTepBam (pH Big 4 mo 8.5),
ocinatoth 70-100%-HuM po3unHOM CyNIb(aTy aMOHII0;

e NOJiQyHKIIOHAJIBHI TJIO0YJIHM 3 BEJIMKOI MOJIEKYJSIPHOIO MAacoOlo, BaKue
PO3UMHHI Y BOJl, PO3YMHHI B COJIbOBUX PO3YMHAX, YACTO MICTATH BYIJIEBOJHY
JaCTUHY;

® TiCTOHM — HU3BKOMOJICKYJIAPHI OLJTKA 3 BUCOKUM BMICTOM B MOJICKYJII 3QJIMILKIB
apriHiHy 1 JII3UHY, 10 00YMOBIIIOE X OCHOBHI1 BJIaCTHBOCTI,;

® MPOTAMiHM BIAPIZHSIOTHCS 1€ OUIBII BUCOKUM BMICTOM apriHiHy (10 85%), sk 1
TICTOHH, YTBOPIOIOTh CTIMKI acOLIaTH 3 HYKJIETHOBUMH KHCJIOTaMHU, BUCTYHAIOTh
SK PETYJIATOPHI Ta pernpecopHi OUIKU — CKJIaI0Ba YaCTUHA HYKJICOIIPOTETHIB;

® MpPoOJIAMIHH XapaKTEPHU3YIOThCSA BHCOKHMM BMICTOM TJIyTaMiHOBOi kuciotu (30-
45%) 1 mpostiny (10 15%), Hepo34uHHI y BO1, po3uuHsAI0TECSA B 50-90% eTanoni;

® TJIYyTeJiHU MICTITH OMU3bKO 45% TIIyTaMiHOBOT KUCIIOTH.

> (iOpUIsIipHi — yTBOPIOIOTH MOJIMEPH, iX CTPYKTypa 3a3BUYail BUCOKOPETYIISIpHA i
MIATPUMYETHCS, B OCHOBHOMY, B3a€EMOJISIMM MK PI3HMMH JIaHLtoramu. BoHu
yTBOPIOIOTh  MiIKpo(ilaMeHTH, MIKpOTpyOOuKH,  GiOpwin, MiATPUMYIOTh
CTPYKTYpY KJIITHH 1 TKaHuH.[IpoTeinu mnpenctaBistoTh COO0K JBOKOMIIOHEHTHI
O1IKH, B IKMX KpIM MENTHIHUX JIAHLIOTIB (IIPOCTOro 01J1Ka) MICTUTHCS KOMIIOHEHT
HE aMIHOKHUCIIOTHOI MPUPOJIM — MPOCTeTHYHA rpymna. [Ipm rigpomizi CkiIagHux
OUIKIB, OKpIM BUIBHUX aMIHOKHCIIOT, 3BUIBHSEThCA HEOUIKOBAa dYacThHa abo
MPOJYKTH ii po3maay. B SKOCTI MPOCTETUYHOI TPy MOXYTh BUCTYMATH Pi3HI
OopraHiuHi (BYTJIE€BOM 1 JIMIIN) Ta HEOPTaHivHI (METaIN) PEYOBUHH.

Cepen npoTeiiB BUAUISIOTH HACTYITHI OCHOBHI KJIacH:

» TJIKONMPOTEIAHU, 110 MICTITh B AKOCTI MPOCTETUYHOI IPYNU KOBAJEHTHO IMOB'3aH1
BYIUICBOJ/IHI 3aJIMIIKH Ta 1X MIJKJIAC — MPOTEOTIIIKAHU, 3 MYKOIOJicaxapiIHUMHU

NPOCTETUYHUMHU TpynamMu. B yTBOpeHHI 3B'A3Ky 3 BYIJICBOJHHUMHU 3aJIUIIKAMU
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3a3BUYail OepyTh ydacTh TIAPOKCHIIbHI TPYIU CEpUHY abo0 TpeoHiHy. Bemmka
YacTHHA MO3aKJIITHHHUX OUIKIB, 30KpeMa, IMyHOTJIOOYJIIHM — TJIKompoTeiau. B
IpOTEOTJIiIKaHaX BYIJIEBOJHA YacTHHA CKiagae ~95%, BOHM € OCHOBHUM
KOMITIOHEHTOM MDKKJIITUHHOTO MAaTPUKCY;

> JIINOMPOTEiAn, MO0 MICTATh B SKOCTI MPOCTETUYHOI YACTHHH HEKOBAJICHTHO
noB's3aHi  mimiaun. JlimompoTeian, yTBOpeHI  OlIKaMHU-amoJiNnonpoTeiHaMu
3B'SI3YIOTHCS 3 HUMHU JIIIJaMU 1 BAKOHYIOTh (DYHKIIIIO TPAHCTIOPTY JIITIiB;

» MeTaJIONpPOTeian, 10 MICTATh HET€MOBI KOOPJAMHAIIIIHO TOB'A3aHI 10HU MCTAIB.
Cepen MmeTanonpoTeiliB € OUIKM, SIKI BUKOHYIOTH JIETIOHYIOYl 1 TpPaHCIOPTHI
dbyHkuii (HampUKIaA, 3ali30BMICHI (QepuTHH 1 TpaHcPepuH) 1 QGepMeHTH
(HampuKIIa, UHKOBMICHI KapOoaHTiApa3a 1 pi3HI CYNEepOKCUIIUCMYTAa3H, IO
MICTSITh B SKOCTI aKTMBHUX IEHTPIB 10HM Miji, MapraHiiio, 3aji3a Ta IHIIUX
METaliB);

» HYKJeompoTeiau, mo MicTsaTh HekoBaneHTHo no's3anl JJHK a6o PHK, 30kpema,
XPOMATHH, 3 IKOTO CKJIaIal0ThCSI XPOMOCOMH, € HYKJIEOIIPOTEIIOM;

> ¢docdomnporeinu, MO MICTATh B SKOCTI MPOCTETUYHOI TPYHH KOBAJICHTHO
MoB's13aHi 3anuiku GochopHOi KUCIOTU. B yTBOpeHHI ckilagHoedipHOTro 3B'SI3KY 3
dochaTtom OepyTh ydacTb TIIPOKCWIIBHI TpPymu cepuHy abo TpEoHIHY,
docdornpoTeinoM €, 30KkpeMa, Ka3eiH MOJIOKa;

> xpomompoteigzu — 30ipHa Ha3Ba CKIAQAHMX OUIKIB 3 3a0apBiIeHUMHU
MPOCTETUYHUMHU T'PyMaMHu Pi3HOI XIMIYHOI mpupoau. JIo HUX BIZHOCUTHLCS Oe3mid
OUIKIB 3 METaJOMICTSI4O0 MNOP(OUPUHOBOK MPOCTETHYHOIO TPYIO0, IO
BUKOHYIOTh Pi3HOMaHITHI (QyHKIT — TeMOonpoTeinu (OUTKH, 110 MICTATh B SKOCTI
MPOCTETUYHOI TPYNMU TeM — TEeMOrJo0iH, IUTOXPOMH Ta 1iH.), XJopodinu,
bnaBornpoTeiny 3 GIaBIHOBOIO TPYIOIO Ta 1H.

binku maroth nyxe ckiaagHy OymoBy. IlenTuaHi JaHIIOTH MICTSTh JECSITKH,

COTHI 1 THCSYl aMIHOKHCJIOTHHUX 3aJIMIIKIB, 3'€HAHUX MIIMHUMH IIEITHIHUMHA

3B'I3KaMU. 3a PaxyHOK BHYTPIIIHbOMOJICKYJSPHUX B3a€EMOJIA OUIKH YTBOPIOIOTH

MIEBHY IMPOCTOPOBY CTPYKTYPY, SKa HA3MBAEThCS KOH(popmauiecro 6inakiB. JliHiitHa

MOCTIIOBHICTh aMIHOKHCIOT Yy OIKy MICTUTh iH(opMalio mpo MnoOyaoBy

TPUBUMIPHOT TMPOCTOPOBOI  CTPYKTYpH. Po3pi3HsitoTh 4 piBHI CTPYKTYPHOI
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oprasizaifii OiJKiB, SKI Ha3MBAIOTbCS TMEPBUHHOIO, BTOPUHHOIO, TPETHHHOIO Ta
YETBEPTUHHOIO CTPYKTYpamHu.

[cHytoTh 3aranbpHl mpaBuiia, 3a SKAMH iae (QOpMyBaHHA MPOCTOPOBUX
CTPYKTYp O1JIKIB.

IlepBunHa CTpyKTypa OijiKka. AMIHOKHCIOTHI 3aJUIIKKM B TEHTHIHOMY
JIAHITIOTY OI7KIB YEPryIOThCS HE BUITQJKOBHM YHWHOM, a PO3TAIIOBaHI B TIEBHOMY
nopsnaky. JIiHifHY TOCTIAOBHICTh aMIHOKHUCIOTHUX 3QJMILIKIB B MOJINENTUAHOMY
JIAHIIOTY HA3WBAIOTh MEPBUHHOK CTPYKTYPOIO OijlKa.

[lepBrHHA CTPYKTYypa KOXKHOTO 1HAMBIIYAJIBHOTO O1JKa 3aKOJI0BAHA B IEBHOMY
re’i. Y mpoiieci cuHTe3y Oi1Ka, TOOTO TpaHCAIil, 1HQOpMaIlis, 10 3HAXOJAUTHCS B
reHi, cnoyatky nepenucyerbcsi Ha MPHK, a motim, BukopucroBytoun MPHK B sikocTi
MaTpHuili, Ha puOOCcOMI BiIOyBa€eThCs 301pKa MEPBUHHOI CTPYKTYpH OlJIKa (JIUB. PO3L.
I, tn. 5.1.3). Koxken 3 50000 iHAuBigyaqbHUX OIUIKIB Opra”i3my JIIOJAMHH Mae
VHIKaJIbHY [JI1 JaHOro OulKa TMEepBUHHY CTPYKTYpy. Bci Mosiekynu gaHoro
1HUBITyaJIbHOTO OUTKa MalOTh OJTHAKOBE UEPryBaHHS aMIHOKHUCIOTHHUX 3aJIMIIKIB Y
OUIKy, 110 B TIEPIINy Yepry BiAPI3HSAE JaHUM IHIMBIAYyaTbHUN OUIOK Biff OYyJb-IKOTO
1HIIOTO.

JIiHIMHI MOTIMEeNTHIHI JAHIIOTH 1HIUBIyaIbHUX OLIKIB 3a paxXyHOK B3a€MOJIIi
(yHKUIOHATBHUX TPyH aMIHOKHMCIOT Ha0yBalOTh MEBHY IPOCTOPOBY TPUBHUMIPHY
CTPYKTYpY, SIKa Ha3UBa€Thbcsl KOHGopManielo Oiika. Bci MoeKynu 1HAUBITyaTbHUX
OuIkiB (TOOTO THX, IO MalOTh OJHAKOBY TMEPBUHHY CTPYKTYpPY) YTBOPIOIOTH B
pO3uMHI OAHAKOBY KoHQopmartiito. Otxke, Bcsa iHbopmMmalis, HeoOXigHa s
(dbopMyBaHHS IPOCTOPOBUX CTPYKTYP, 3HAXOUTHCSA B IEPBUHHIN CTPYKTYpi OUIKIB. Y
OLIKaxX pO3PI3HIIOTH JBa OCHOBHUX THMH KOH(pOpPMAIll MOJIMENTHIHUX JTAHITIOTIB:
BTOPHHHY 1 TPETHHHY CTPYKTYPH.

BropunHa crpykrypa 6ijika. BropmHHa cTpykTypa 0ijika — mpocTopoBa
CTPYKTypa, IO YTBOPIOETHCS B pe3yJbTaTi B3aeMOIA MiX (YHKI[IOHATLHUMHU
rpynamMy, M0 BXOIATh N0 CKIaAy MNEeNTHAHOTO KicTsaka. [lpw mpomy mnenmTuHi
JAHIIOTY MOXXYTh HaOyBaTH peryjsipHi CTPYKTypd ABOX THIIB: O-cmipaib 1 [3-

CTPYKTYPY.

o-cmipaiab. B maHomy THNI CTPYKTypu MENTUAHUA OCTOB 3aKpy4dyeTbCAd Y
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BUIJISAI CHipaji 3a paXyHOK YTBOPEHHS BOJHEBUX 3B'SI3KIB MK aTOMaMU KHCHIO
KapOOHUIBHUX T'PYIl 1 aTOMaMH a30Ty aMIHOTPYII, IO BXOJSATh JI0 CKJIAy NENTHAHUX
IpyI 4epe3 4 aMiHOKUCIOTHUX 3aJIUIIKA. BOoIHEB1 3B'S3KM OpIEHTOBAHI Y370BXK OCI
cripam. Ha oguH BUTOK a-crmipaii J0BOAUTHCS 3,6 aMIHOKHCIIOTHUX 3aJIUIIKH.

B yTBOpeHHI BOJHEBHX 3B'S3KIB O€pyTh Y4acTh MPAKTHYHO BCl aTOMHU KHUCHIO 1
BOJHIO TIETITUIHUX TPym. B pe3ynbTaTi o-Cripaigh CTATYEThCS O€3IIUYI0 BOTHEBUX
3B's13kiB. He3Bakaroun Ha Te, IO JAaHI 3B'SI3KM BIAHOCSTH 10 PO3PSIy CIaOKUX, iX
KUIBKICTh 3a0e3ledye MaKCHUMaIbHO MOJKIIMBY CTAOUIBHICTH o-cCIipaiii. Tak sSK Bce
rigpoQuIbHl TPyNH NENTUAHOTO OCTOBY 3a3BUYail O€pyTh ydacTb B YTBOPEHHI
BOJHEBUX 3B'A3KIB, TApO(UIbHICTh (TOOTO 34aTHICTh YTBOPIOBATH BOJHEBI 3B'S3KHU 3
BOJIOIO0) O-CITipajiel 3MEHITY€EThCS, a X T1Ip0odOOHICTh 301IBIITY€ETHCS.

o-CripajbHa CTPYKTYpa — HaAlOUIbIN CTiMiKa KoHpOpMaIlisd NENTHIHOIO OCTOBA,
10 BIANOBITA€ MIHIMYMY BUIBHOI eHeprii. B pesynbrari yTBOpeHHS o-Cripajiei
MOJIMENTHAHUNA JTAHLIOT KOPOTIIA€E, ajie SIKII0 CTBOPUTH YMOBHU IJSI PO3PHUBY
BOJHEBUX 3B'SI3KIB, TOJIMENTUIHUNA JIAHIIOT 3HOBY TIOJIOBXKUTHCA. Paaukanu
aMIHOKHCIIOT 3HAXOASAThCS Ha 30BHINIHIA CTOPOHI O-CHipalli 1 CHpSIMOBaHI Bij
MENTUIHOTO OCTOBY B CTOpOHH. BoHM He OepyTh ydacThb B yYTBOPEHHI BOJHEBHUX
3B'SI3KIB, XapaKTepHUX JUIsI BTOPUHHOI CTPYKTYypH, ajie JIedKl 3 HUX MOXKYThb
MOpyIIyBaTH OPMYBaHHS O-CITIPATI.

B-crpykrypa. B-ctpykrypa ¢GOpMyeThCs 3a pPaxyHOK YTBOpPEHHs Oe3niul
BOJAHEBUX 3B'SI3KIB MK aTOMaMH TENTUAHUX TPyH JIHIAHUX oOJacTedl OJHOTO
MOJIMENTHIHOTO JIAHI[IOra, 1110 POOUTh BUTMHHU, a00 MK PI3HUMH HOJINENTUIHUMU
JaHIIOraMHu. B-CTpyKTypa yTBOpIOE (irypy, MOIIOHY JHUCTY, CKJIaJCHOMY
«TapMOIIIKOI0» — B-CKJAagyacTuii map.

Ko BoHEBI 3B'SI3KM YTBOPIOIOTHCSA MK aTOMaMH MENTHIHOTO OCTOBA PI3HUX
MOIIENTUAHUX JAHIIOTIB, X HA3WBAIOTh MEXKJIAHLIOTOBHUMH 3B'a3kaMH. BomHesi
3B'S3KM, 110 BHHUKAIOTh MDK JIHIMHUMU [JUISHKAMH BCEpPEAWHI  OJHOTO
MOJIMEeNTHIHOTO JIAHIIOTa, HA3WBAIOTh BHYTPUIAHIIOTOBUMHU. B  o-cTpykTypax
BOJHEBI 3B'I3KM PO3TAILIOBaHI MEPHIEHAUKYISIPHO MOJIMNENTUIHOTO JAHIIOTa. SKIIo

MOB'sI3aHI  TONINENTUHI  JIAHIIOTH  CIPSMOBaHI  MPOTUJICIKHO, BUHHUKAE
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aHTHNapaJieJbHa P-cTpyKTypa, sKkmo X N- 1 C-KIHII HOJINENTHIHUX JIAHIIOTIB
301ral0ThCsi, yTBOPIOETHCS CTPYKTYPA NAPAJIEJIbHOI0 -CKIa14acTOro mapy.
Ha BigMiHy Bix a-cmipajieil, po3puB BOJAHEBHUX 3B'A3KIB, 110 (GOPMYIOTH [3-
CTPYKTYpH, HE BUKJIMKAE MOJIOBXKEHHS TaHUX JIJSTHOK MOMINENTUIHUX JaHIIOT1B.
Heperyasipui BTOpuHHI cTpykTypH. Y OUIKax BiJ3HA4arOTh o00OJacTi 3
HEPETYJISPHOIO BTOPUHHOIO CTPYKTYpOIO, $KI YacTO Ha3UBAIOTh Oe€3NaJHUMHU
kiyOkamu. BoHu mpencraBieH] NeTAenOIOHUMHE 1 KIJIBIIETIOJIOHUMH CTPYKTYPaMH,
[0 MalOTh MEHINY PETYJSPHICTh YKJIQJaHHS, HDK OINMCaHI BHINE o-CHipaidb 1 [3-
cTpykrypa. OfHaK 1 BOHM HE TaK CHJIBHO BapilOIOTh BiJ OJIHIE€I MOJEKYIH OiIKa 10
iHIoi. Y KOXHOMY I1HAMBIAyaJdbHOMY OUIKY BOHH MalOTh CBOI (hIKCOBaHY
KOH(opMaIlito, sKa BHU3HAYAETHCS aMIHOKHUCIOTHUM CKJIaJ0M JaHOI JiJISTHKU
JAHIIOra Ta OTOYYIOYUX HOro AUISTHOK. TepmiHOM Oe3najHuil KIyOOK TakoX 4acTo
Ha3WMBaIOTh JICHATypOBaHWIl OUIOK, IO YTBOPUBCA TMICIAs PO3PUBY CIAOKHX
BHYTPIITHROMOJIEKYJISIPHHUX 3B'SI3KIB 1 BTPATUB CBOIO BIOPSAKOBAHY CTPYKTYPY.
Tperunna crpykrypa Oisika. TpeTuHHa cTpyKTypa Oijika — 11€ TpUBUMIpHA
IPOCTOPOBa CTPYKTYpa, 110 YTBOPIOETHCS 3a PAXYHOK B3a€MOJIA MK paauKallaMu
aMIHOKHCJIOT, SIK1 MOKYTh PO3TAllIOBYBAaTUCS HA 3HAYHIN BIJICTAHI OJIUH Bl OJTHOTO B
MOJIMENTUIHOMY JIAHIIOTY. VY ii yTBOpEHH1 MPUIMAIOTh Y4acTh €J1€MEHTH BTOPUHHOI
CTPYKTYpPH — O-CHipaJib 1 B-CTpyKTypa.
VY (dhopmyBaHHI TPETUHHOI CTPYKTYPH OLJIKIB O€pyTh y4acTh HACTYMHI 3B'S3KU:
> rinpodooHi B3aemonii. [Ipu ykiagaHHI TOMIMENTHIHAN JAHIFOT OUTKAa MparHe
MPUIHATH EHEPreTMYHO BUTIAHY (GOpMYy, IO XapaKTEPU3YETbCS MIHIMyMOM
BiTbHOT eHeprii. Tomy rinmpodgoOHI paavKady aMiHOKHCJIOT TParHyTh [0
o0'elHaHHA BCepenrHl TNOOYIApHOI CTPYKTYPH PO3UYMHHHUX Y BOJ1 OUIKIB. Mix
HUMHM BHHUKAIOTh TakK 3BaHl TiApodoOHI B3aeMOli, a Takox cuiu Ban-mep-
Baanbca Mik OaM3bKO MPWICTIUMHU OJMH JO OJHOTO aroMamu. B pesymnbTaTi
BcepeAnHi O1IKoBOi r1o0ynu popmyerbes rigpododHe sapo. 'apodinabHi rpynu
MENTUIHOTO OCTOBY MpU (POPMYBaHHI BTOPUHHOI CTPYKTYPH yYTBOPIOIOTH O€3iy
BOJHEBHUX 3B'SI3KIB, 3aBJSKH YOMY BHKIIIOUAETHCS 3B'SI3yBaHHS 3 HUMHU BOJAU Ta

pyHHYBaHHS BHYTPIIIHBOI, IIUIBHOI CTPYKTYpH O171Ka;
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> ioHHi Ta BoaHeBi 3B's3kM. [1npodinbHI paguKamTu aMiHOKHCIOT MPAarHyThb
YTBOPUTH BOJHEBI 3B'S3KH 3 BOJOI0 1 TOMYy B OCHOBHOMY PO3TallOBYIOTHCS Ha
NMOBEepXHi O171K0BOI MoJiekysu. Bci riapodineHl rpynu paaukaiiB aMiHOKHUCIIOT,
0 OMUHUJIMCS BCepeauHi TiapodoOHOTO sSapa, B3aEMOJIIOTH OJUH 3 OJHHM 3a
JIOTIOMOTOI0 10HHMX 1 BOJHEBUX 3B'A3KiB. [OHHI 3B'I3KM MOXKYTh BHHHUKATH MIXK
HEraTUBHO 3aps/DKEHUMHU (aHIOHHMMH) KapOOKCHMJIBHHUMH TpyHaMH paguKajiB
acrmapariHoBOi 1 TJIyTaMiHOBO1 KHCJIOT 1 TTO3UTUBHO 3apsPKEHUMH (KaTIOHHUMH )
rpylaMu pajJuKaliB JIi3UHY, apriHiHy abo ricTuiuHy. Bo/iHEB1 3B'I3kM BUHUKAIOTh
MK TiApoQiIbHUMU He3apsamkeHnMH Tpynamu (Takumu sk -OH, -CONH2, SH-
rpynu) 1 OyIb-KUMU I1HIIMMH TiApOOUIBHUMH TIpynaMu. bigku, 110
(GYHKIIIOHYIOTh B HEMOJISIpHOMY (JIIMIJHOMY) OTOYEHHI, HaNpuUKiIaa OUIKH
MeMOpaH, MarTh 3BOPOTHHI MPUCTPIi: TiAPOQUIBbHI paguKadd aMIHOKUCIOT
po3TamioBaHi BcepeAuHI OuUIKa, B TOM dYac SK TiIpooOHI aMIHOKUCIOTU
JIOKaJI130BaHl HAa MOBEPXHI MOJIEKYJM 1 KOHTAKTYIOTh 3 HEMOJSPHUM OTOYEHHSIM.
Y KOXHOMY pa3i paJdKaid aMIHOKUCIOT 3aliMarOTh HaWOLIbII BUTITHE
OloCHEPTeTHYHE TOJIOKEHHS,
> KOBaJIeHTHI 3B'si3kM. TpeTHHHY CTpPyKTypy Heskux OinKiB cTablmi3yloTh
mucynb(diaHl 3B'A3KH, SKI YTBOPIOIOTHCS 3a paxyHOK B3aeMmofii SH-rpym mBox
3anumikiB mucteiny. Lli aBa 3anumiku OMCTEIHY MOXKYTh 3HAXOAMTHUCA HAJIEKO
OJIMH BIJl OJHOTO B JIHIMHIA NMEPBUHHINA CTPYKTypl OUIKa, ane npu (GopMyBaHHI
TPETUHHOI CTPYKTYPH BOHHM 30JUKYIOTHCS 1 YTBOPIOIOTH MIIIHE KOBAJICHTHOE
3B'I3yBaHHS paJuKalliB. BiIbIIICT, BHYTPIIIHBOKIITUHHUX O1IKIB MO30aBieHE
mucynbdimanx 3B's3kiB. OmHaK Takl 3B'SI3KM  TMOMMPEHI B  OlIKax, 10
CEKpPETYIOThCSA KIITMHAMH B TIO3aKJIITUHHUN TpocTip. BBaxkaroTh, mo 11l
KOBAJICHTHI 3B'A3KM CTaOUI3YIOTh KOHQOpMalilo OUIKIB T1o3a KIITHHU 1
3ano6iraroTh ix JeHarypaiii. [lo Takux OIIKIB BiIHOCSATH TOPMOH IHCYJIH 1
IMYHOTJIO0YJIIHH.
Bci Oinmku 3 OMHAKOBOIO TEPBHHHOIO CTPYKTYpPOIO, IO 3HAXONATHCS B
OJIHAKOBUX YMOBaX, Ha0yBalOTh OJIHAKOBY, XapaKTEPHY JIJIsl JAHOTO 1HAUBIAYaIbHOTO
Oinka koHdopMallio, 0 BU3HAYAE Horo cnenudiuny ¢yHkiio. OyHKIIOHATLHO

aKTUBHY KOH(opMaIlito OiJTka HA3UBAIOTh HATHBHOKO CTPYKTYPOIO.
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[TligTpumanHs xapakTepHoi g Oulka KoHopMalli MOXIJIMBO 3aBISKU
BUHUKHEHHIO O€3Jliul CIa0KUX 3B'S3KIB MIXK PI3HUMH JUISHKAMH IOJIENTHIHOTO
naniora. OIHaK OUTKK CKJIaJal0ThCS 3 BEIMUE3HOIO YHCIIa aTOMIB, IO 3HAXOIATHCS
B MOCTIHHOMY (OpOYHIBCBKOMY) pPYyCi, 1[0 MPU3BOAUTH JO HEBEIUKUX IMEPEMIIICHb
OKpEeMUX JUISHOK MOJIMENTHIHOTO JIAHIIOTa, sIK1 3a3BUYail He MOPYIIYIOTh 3arajibHy
CTPYKTYpY Oinka i oro gyHkiii. OTxe, O1IKH MatOTh KOHGOPMAIITHY JTa0TBHICT —
CXUJIBHICTh JO HEBETUKUX 3MIH KOH(OpMAIli 3a paxyHOK pPO3PUBY OJHHUX 1
YTBOPEHHS 1HIIMX cla0kux 3B's3kiB. KoHdopmarliis Oiika MOXKe 3MIHIOBATHCS TIPH
3MiH1 XIMIYHUX 1 PI3UYHUX BIACTUBOCTEN CepeloBUIIA, a TAKOXK MPHU B3aEMO/I1i OlIKa
3 IHIIMMHU MoJekynaMu. [Ipu npomy BiOyBa€eThCs 3MiHA MIPOCTOPOBOI CTPYKTYpPHU HE
TUIBKU JIUISIHKH, 110 KOHTaKTYy€ 3 1HIIOK MOJIEKYJIO, a ¥ KoHdopmallis Oinka B
uiomy. Kondopmariiini 3MiHM BIAITPalOTh BEJIWYE3HY poib Yy (YHKLIIOHYBaHHI
OUIKIB y JKMBI1H KITITHHI.

JMenartypauis 0ijkiB. Po3puB BeIUKOiI KIJIBKOCTI CTA0KUX 3B'S3KIB Y MOJIEKYJI
Ol1Ka MPU3BOJIUTH 10 PyWHYBaHHs ii HATUBHOT KOH(opMariii. Tak sik po3puB 3B'sI3KIB
mij Ji€r0 pi3HUX (PAaKTOPIB HOCUTH BUMAIKOBUN XapakTep, TO MOJIEKYJIH OJIHOTO
IHAUBIyaJIbHOrO OlIKa HaOyBalOTh y PO34MHI (POpMYy BHIAIKOBO CHOPMOBAHHUX
0e37aHIX KIIYOKIB, IO BIAPI3HAIOTHCS OJUH Bl OJJHOTO TPUBUMIPHOIO CTPYKTYPOIO.
Brpara HaTMBHOT KOH(pOpMAILIl CYPOBOJKY€ETbCS BTPATOIO crenupiuHol (yHKIIT
oinkiB. Lleit mpoliec HOCUTH Ha3BYy JAeHATypauii Olika.

[Ipu nenatyparii Oijka He BiAOYBa€ThCS PO3PUBY MENTUIHUX 3B'SA3KiB, TOOTO
MEpBUHHA CTPYKTypa OuIKa He mopyuryerbea. B nenarypoBanoMy OuIKy riapo¢oOHi
paauKay, siKi B HaTUBHIM CTPYKTYpl MOJIEKYJIM 3aXOBaHI ycepeauHi riapopoOHOro
sapa, BUSBJISIOTBCSA Ha MOBEpxHi. IIpM JOCHTh BHCOKIM KOHIGHTpaIii Oinka i
BIJICYTHOCTI CHJIBHOTO BIJIITOBXYKOYOTO 3apsily MOJEKYIH MOXKYTh O0'€ THYBaTHUCS
OIMH 3 OJHUM TiApoHOOHUMHU B3aEMOMISIMU, MPU ILOMY PO3UYMHHICTH OlIKa
3HIDKYEThCSL 1 BiOyBaeTbcs yTBOpEHHsI ocaay. KommakTHa, HIIbHA MPOCTOPOBA
CTPYKTypa HaTUBHOTO OUIKa MpHU JACHATYpaIlil pi3K0 30UIBIIYEThCSI B po3Mipax 1 cTae
JIETKO JOCTYIHOIO JJsi PO3MICIUICHHS TMENTUAHUX 3B'S3KIB  MPOTEOJITUYHUMHU
dbepmentamu. JleHaTypailito OUIKIB BUKJIUKAIOTh YMHHUKH, IO CHPUSIIOTH PO3PUBY

riipo@oOHNX, BOAHEBUX Ta 10HHUX 3B'SI3KIB, 110 CTA0LTI3yIOTh KOHPOPMAIIiIO O1JIKIB:
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> BHcoOka Temmepartypa (nmonan 50°C), mo 30i1blIye TEMJIOBHM pyX aTOMIB B
MOJIEKYJI1 1 TPU3BOAUTH 10 PO3PUBY CIAOKUX 3B'A3KIB;

> iHTeHCHBHE CTPYUIYBAHHSI PO3YHUHY, L0 NPUBOJIUTH IO 3ITKHEHHS OIJIKOBHX
MOJIEKYJ 3 TOBITPSHUM CEPEAOBUIIEM Ha TMOBEpPXHI po3ainy ¢a3 1 3MiHU
KOH(opMaIlii ux MOJICKYIT;

> OpraHiuHi pe4yoBMHHU (HANpHUKIal, €TWIOBUN CIUPT, (PEHON 1 HOro MOXIIHI)
3/1aTHI B3a€EMOJIATH 3 (PYHKIIOHATBHUMH IpynaMu OUIKIB, IO MPU3BOAMUTH J0 iX
KoH(opmariiaux 3MiH. s neHaryparii OUIKIB y O10XIMIYHUX JOCITIIKCHHSIX
4acTO BUKOPUCTOBYIOTh CEYOBUHY ab0 T'yaHIAIHXJIOPiJI, Kl YTBOPIOIOTH BOJHEBI
3B'SI3KM 3 aMIHO- Ta KapOOHUIBHMMHU TpyNaMy HENTHIHOTO OCTOBA 1 JACSIKUMU
(YyHKLIOHATBHUMHU TpYNaMH pPaJUKalIiB aMIHOKUCIOT. BigOyBaerbcs po3puB
3B'SI3KIB, fIKI O€pyTh y4yacTb y (hOopMyBaHHI BTOPHMHHOI Ta TPETHUHHOI CTPYKTYpH
HATUBHUX O1JIKIB, 1 yTBOPEHHS HOBHUX 3B'SI3KIB 3 XIMIYHUMHU PEareHTaMu;

» KHUCJIOTH i Iyru, 3miHiooun pH cepenoBuina, BUKIUKAIOTh IEPEPO3MOIL 3B'A3KIB
y MOJIEKyi OlJIKa;

» COJIi BaKKMX MeTaJiB (Taki sIK MiJlb, PTyTh, CPi0JIO, CBUHEIIH Ta iH.) YTBOPIOIOTH
MILIHI 3B'S3KH 3 BaXJIMBUMHU (DYHKIIOHAJIbHUMHU IpylaMu OUIKIB (Hailyacriie 3 -
SH), 3miHI0I04M X KOH(QOPMAIIiIO 1 AKTUBHICTb;

> NeTepreHTH — PEUOBUHH, IO MICTATH TiApoQOOHMI BYTIIEBOAHEBHI paaMKan i
riapodiIbHy QYHKIIOHANBHY Tpyny (Taki peYOBHUHHU HA3UBaIOTh aM(Pi(hUILHUMH).
INapodobui pamgukanu OUIKIB B3aEMOJIIOTH 3 TiAPOGHOOHMMH YacTUHAMU
JETEpreHTIB, IO 3MIHIOE KOH(opmauio OinkiB. JleHaTypoBaHUM Mia JAi€r0
JIETEPTeHTIB OUIOK 3a3BUYail 3alUIIAEThCS B PO3UMHEHOMY BHUIJISAI, TaK SIK
riapodiabHI YaCTUHU JICHATYPYIOUOi PEYOBHMHU YTPUMYIOTh HOTO B po3umHi. J[o
HaWUOLIBII BIIOMUX JETEPIeHTIB BIAHOCATH Pi3HI MUJIA.

CynepBTOpuHHA CTPYKTYypa Oijika. [IpoctopoBa cTpykTypa KOKHOTO Oijika
IHIUBIIyaJIbHA 1 BU3HAYAETHCS MOTO MEPBUHHOIO CTPYKTyporo. OpHaK MOpPIBHSHHS
KoH(opMaIliii pi3HUX 32 CTPYKTYPOIO 1 QYHKINISIMH O1IKIB BHSIBUJIO HASIBHICTh Y HHUX
CXO’KHX CIIOJIy4E€Hb €JIEMEHTIB BTOPUHHOI CTPYKTypH. Takuii cienuiuHuil mopsiox
(opMyBaHHSI BTOPMHHUX CTPYKTYp Ha3UBAaIOTh CYNEPBTOPHMHHOI0 CTPYKTYPOIO

oinka. CynepBTOoprHHA CTPYKTypa Oiika PopMyeThCs 3a paXyHOK MiXKpaIUKaTbHIX
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B3aemoniid. IleBHI XapakTepHi TO€THAHHA O-CIIpalied 1 P-CTPyKTyp Hacrto
MO3HAYAIOTh SIK «CTPYKTYPHI MoTUBM». CrienndiuHe IpOCTOPOBE pPO3TAILIYBAaHHS O-
cripajei 1 B-CTpyKTyp popMyeThesl 3a paXyHOK MIKpaJUKaJIbHUX B3a€MO/TIN.

» CYNepBTOPHUHHA CTPYKTypa Tumly P-004yoHka. Taka CTpyKTypa MIMCHO Haramye
OOUYOHOK, JIe KOXXHa [-CTpyKTypa po3TalloBaHa BCEpeJHWHI 1 MOB'3aHa 3 -
CHIPAJBHOIO IUISHKOIO TOJIIMENTHIHOTO JIAHITIOTA, 10 3HAXOMATHCS Ha IMOBEPXHI
Mosiekynu. CynepBTOPUHHY CTPYKTYpy y BUDsial [-O04oHKa MaroTh JesiKi
dbepMenTH, HanpukiIag TpiododocdarizoMmepasa 1 OJIUH IOMEH MpPyBaTKIHA3M.

> CYNEepBTOPHMHHA CTPYKTypa THIY O-CHipajdb-moBOPOT-o-cnipanab. e
CTPYKTYpHUI MOTHB BuUsiBlIIeHO B Oaratbox JIHK-3B's3yrounx Oinkax. Bemuxuit
xonobok JIHK noOpe mnpucrocoBanuid st 3B'si3yBaHHSA OLIKIB, 110 MAarOTh
HEBEJIMKI CHIpaJIbHI JUISHKH. B qaHuil cTpyKTypHHII MOTUB BXOASTH JB1 O-CIIpal
— OJHa KOpOTIIA, IHIIA JIOBIIA, 5Kl 3'€lHaHI TOBOPOTOM TOJIMENTUIHOTO
JaHIora. bulbll KOpOTKa o-CIipajb PO3TAIIOBYETHCS BIIOMEPEK KOJIOOKA, a
JIOBIIIA — Y BEJIIMKOMY >KOJIOOKY, YTBOPIOIOYHM HEKOBAJIEHTHI clienu]ivHi 3B'S3KU
paauKariB aMiHOKUCTOT 3 Hykieotuaamu JIHK.

» CYNEpBTOPHHHA CTPYKTypa y BHIVISAI «IHMHKOBOr0 mnaablsi». llei Bunm
CYNEpPBTOPUHHOI CTPYKTYpU TakKoXX dyacTo Bia3HadaroTh B JIHK-3B's3yrounx
Oinkax. «lluHkoBHIl majenb» — (QparMeHT OUIKa, IO MICTUTH Osnu3bko 20
aMIHOKHCIIOTHUX 3aJIUINKIB, B SKOMY aTOM IIMHKY TOB'S3aHUN 3 paauKaiaMu
YOTUPHOX AMIHOKHMCIIOT: 3BHYAWHO 3 JBOMA 3aJMIIKAMH ITUCTEIHY 1 JBOMa —
rictuauny. B nesaxux BUMagkax 3aMiCTh 3JIMINIKIB TICTUUHY TaK0X 3HAXOATHCS
3aJUIIKY UCTETHY. J[Ba OJIM3BKO JIexKauuX 3aIUILIKy HUCTETHY BIAJIIICH] Bl ABOX
IHIIMX 3aJIMIIKIB TICTUIUHY (200 HUCTETHY) aMIHOKUCIOTHOO MOCII0OBHICTIO, 10
CKJIaJIa€ThCsl MPUOTU3HO 3 12 aMiHOKMCIOTHUX 3anumikiB. Ll maimsHka Oiika
YTBOPIOE O-CHipasib, SIKa MOXE CHEIU(pIYHO 3B'I3YBATHUCS 3 PETYISITOPHUMU
ninssakamMu - Benukoro skojobka JIHK.  Cnenudiunicts B3aemomii  JIHK-
3B'si3ytouoro Oinka 3 meBHOl0 obnactio JIHK 3anexxuts Bim mOCHiIOBHOCTI
aMIHOKHUCIIOTHUX 3QJIAIIKIB, PO3TAIIOBAHUX B 007ACTI «IIMHKOBOTO MAJTBIIS.

» CYNEpBTOPHUHHA CTPYKTYpa y BHIVISAAI «JIeHIMHOBOI 3aCTiOKH-0JIMCKABKHY.

Heski JIHK-3B's13yr04i 6151k o1iroMepHi, TOOTO MICTSTh B CBOEMY CKJIaJll KUIbKa
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MOJIMENTUAHUX JaHIoriB. KpiM Toro, icHyroTh OUIKH, fKI (YHKIIOHYIOTH B
KOMIUIEKCI 3 1HImMMHU Oinkamu. O0'enHaHHS MPOTOMEpPiB ad0 OKpeMUx OUIKIB B
KOMIUJIEKCHU 1HOJII 3IIHCHIOETBCSI 3a JIOMIOMOTOI0 CTPYKTYPHUX MOTHBIB, 3BaHUX
«1eHIIHHOBOIO 3acTi0OKOI0-0JIMCKaBKOI0». Ha moBepxHI KOXHOTO 3 JBOX
B3aEMOJIIIOUMX TOJINENTHIHUX JIAHIIOTIB a00 OUIKIB € a-CrHipaibHa JiISHKA, 110
MICTUTh NMPUHANMHI 4 3aJUIIKU JeHiuHy. JISHIIMHOBI 3aIUIIKA PO3TAIOBYIOTHCS
yepe3 KOxHI 6 aMiHOKHCIOT OJWH BiJf OAHOTrO. Tak sIK KOKE€H BUTOK O-CITipai
MICTUTh 3,6 aMIHOKHUCIOTHUX 3aJIMIIKH, PaJAUKaId JICWIMHY 3HAXOASThCS Ha
MOBEPXHI KOKHOTO JPYTroro BUTKa. JIEWIIMHOBI 3aJIMIIKKA O-CIipall OHOrO OlIKa
MOKYTh B3a€MOJISTH 3 JICHIIMHOBUMHU 3aJIMIIKAMU 1HIIOTO OUIKa 3a TOTIOMOTOIO
riapooOHNX B3aEMOIN, MOEAHYOUN iX pa3zoM. IIpuknanom 3'eqHaHHs OLIKIB 3a
JOTIOMOT'OK0  «JIEMIIMHOBOI 3aCTIOKU-OJIMCKABKW» MOXYTh CIY>KHTH TICTOHH, O
CKJIQJly SIKUX BXOJUTH BEJIMKA KUIbKICTh MO3UTHBHO 3aPSKEHUX aMiHOKHCIIOT —
apriHiHy 1 J3UHY. MOJEKyJlu TICTOHIB O00'€IHYIOTbCS B KOMIUIEKCH, IO
CKJIQJIAIOThCAd 3 8§ MOHOMEPHHMX OUIKIB 3a JOTOMOTOI0 <JICHMIIMHOBUX 3aCTiOOK-
OJIMCKaBOK», HE3BAXKAIOYU Ha T€, III0 BC1 MOHOMEPH MAaIOTh CHJIbHUM MO3UTUBHUIN
3apsi.

JloMeHHA CTPYKTypa Oijika. SIKIIO MOMMNENTHIHUNA JIAHIIOT OiTKa MICTUTh
O1nbie 200 aMIHOKHUCIIOT, SIK MPaBUIIO, HOTO MPOCTOPOBA CTPYKTypa chopMoBaHa y
BUTJISIA1 IBOX a00 OinbIe moMeHiB. JlIoMeH — 1€ AUISHKA MOJIMENTHIHOTO JIAHITIoTa,
sKa B TIpolieci popMyBaHHS MTPOCTOPOBOI CTPYKTYPH TpHa0aia He3aJIeKHO BiJl IHITUX
JUJISTHOK TOTO 3K JIaHIIora KoH(opMailito mio0yisipHOro Oiika.

Tak, nerkuil naHitor imMyHornoOyniHy G ckiamaeTbcs 3 JIBOX JOMEHIB. B
NeSKNX  BUMAAKaX JOMEHAMH  HA3WBAIOTh  OKPEeMl  CTPYKTYpHI  JJISTHKH
[IOJIIIIENITAAHOTO JIAHIFOTA.

YerBepTHHHA CTPYKTYpa Oisika. barato OUIKIB MICTATh y CBOEMY CKIIaJl
JUIIE OJWH TOJUNENTUIHUM maHIor. Taki OLIKM Ha3WMBalOTh MOHoMepamu. Jlo
MOHOMEpPHHX OIJTKIB BIHOCATH 1 OUIKM, IO CKIAMAIOTHCA 3 JEKUIHKOX KiJl, aje
3'€THAHUX KOBAJCHTHO, HAMPHUKIAJI AUCYIb()IAHUMHU 3B'sI3KaMU (TOMY 1HCYIIH CIiJ
PO3TJISIATH SIK MOHOMEPHUHM OUIOK). Y TOM ke yac ICHYIOTh O1IKH, 10 CKJIaJar0ThCs

3 ABOX 1 Ounplie mnodinentugHuX maaHuiorie. Ilicns ¢opMmyBaHHS TpPUBHUMIPHOL
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CTPYKTYPH KOXXHOTO TMOJINENTUAHOTO JIAHITIOTa BOHU 00'€THYIOTHCS 33 JOMTOMOTOIO
THUX K€ CIAa0KUX B3a€MOJIH, sIKI Opaii y4acTh B YTBOPEHHI1 TPETUHHOI CTPYKTYpH:
rigpopoOHMX, 10HHUX Ta BoJAHEBUX. KigbKiCTh 1  B3aeEMOpO3TalllyBaHHS
MOIMENTHIHAX JIAHIIOTIB Yy TPOCTOPI HAa3WBAIOTh YE€TBEPTHHHOIO CTPYKTYPOIO
Oinka.

Oxpemi MONINENTUAHI JAHIIOTH B TaKOMY OUIKY HOCATH Ha3By MPOTOMEPIB,
abo cy0oaumHHIb. bBiTOK, 1m0 MICTHUTH B CBOEMY CKJIaJl KUIbKa TPOTOMEPIB,
Ha3UBaIOTh 0JiroMepHuM. /[0 ckjiaay ogiroMepHUX OUIKIB MOXKE BXOJUTH Bl ABOX
70 JEKIIbKOX AECATKIB MPOTOMEPIB, X0Ua HAMOUIbII YacTO 3yCTPIYalOTh OUIKH, IO
MICTSTh BiJ ABOX J0 YOTHPHOX IMOJINENTHIHUX JIAHLIOTIB (IMMEpPHI 1 TeTpaMepHi

Oinkm). B Tabnuui 5 HaBegeHAa HOMEHKJIaTypa YeTBEPTUHHOI CTPYKTYPH OLIKIB.

Tabnuys 6
Homenxnamypa wemsepmunnoi cmpykmypu 0iiKie
KisnbkicTs Ha3sga 6inka KiabkicTn Ha3sga 0inka
npoToMepiB npoToMepiB
(cy0oamHMub) (cyOoamHMUb)

1 Monomep 13 Tpunexamep
2 Humep 14 Terpagexamep
3 Tpumep 15 IlenTanekamep
4 Terpamep 16 I'excanekamep
5 ITenTamep 17 I'enranexamep
6 I'excamep 18 Oxragekamep
7 I'enramep 19 Honanexamep
8 Oxramep 20 Eiiko3amep
9 Honamep 21 21-mep
10 Jlexamep 22 22-mep
11 YHaekamep 23 23-mep
12 Jonexamep - -

OmniromepHi O1JIKM MarOTh BEJIMKY MOJEKYJSIpHY Macy. Biiku 3 MOJIEKyIsIpHOT
macoto Ouremie 50000/l mnOpakTUYHO 3aBXKAM MICTATH KiIJIbKa MOHOMEPHHUX
MONIMEeNTHIHUX JIAHIIOTIB. Y TIOPIBHSHHI 3 1HAUBIAyAIBHUMH MOHOMEPHUMH
O11KaMu OJIITOMEPU BUKOHYIOTh OUIbII CKIIAAH1 (YyHKIIII.

Po3mizHaBaHHS 1 NOpUEIHAHHS OKPEMHUX MPOTOMEPIB OJIFOMEPHOro Ollka
B1I0YBAIOTHCS 3aBISKH (DOPMYBaHHIO Ha iX MOBEPXHI KOHTAKTHUX AUTTHOK. OcTaHHI
CKJIaJIAlOThCA 3 PaJAMKaiB aMIHOKHCJIOT, 310paHMX B JIaHOMY MiCIll B TIpOIIECi
YTBOPEHHSI TPETHMHHOI CTpyKTypu Oinka. CyKyNHICTh LHMX paaukaiiB (opMye
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YHIKaJdbHI MOBEPXHI, 3/1aTHI 3 BHUCOKOI cHenU(]PIuHICTIO 00'€eqHYBaTHCS OAMH 3
onHuM. CnenudiyHICTh 3B'A3yBaHHS KOHTAaKTHMX JUISHOK BH3HAYa€ThCS iX
KOMITJIEMEHTAPHICTIO. 3anajuHu 1 BUCTYIIM Ha TOBEPXHI OJHIET MOJEKYIH MOBUHHI
30iraTcs 3 BUCTyIaMH 1 3amajuHaMi Ha MOBEPXHI 1HIIOI MOJIEKYJIH, K JBa IIMATKH
HEpIiBHO po3ipBaHoro mamnepy. KpiM Toro, «¢yHKIIOHAIBHI TPyNu paJvKaiB
aMIHOKHCIJIOT Ha O/IHIM KOHTaKTyIOYiil MOBEPXHIi MOBUHHI YTBOPIOBATH CIIA0Ki XIMIUHI
3B'SI3KM 3 paJUKaiaMM aMIHOKMCJIOT Ha 1HINIA moBepxHI. B o0xacTi KOHTaKTHUX
MIOBEPXOHb 3a3BHYall MICTUThCA Oarato TiapogoOHMX paauKaIiB aMIHOKHCIOT, B
pe3yabTari 00'eqHaHHsA SKUX (PopMmyeTbesi TiapodoOHE SAPO OJIrOMEPHOTO OlIKA.
[NapodineHl paguKaad MOXYTh YTBOPIOBATH BOJHEBI Ta 10HHI 3B'S3KU. Takum
YUHOM, B3a€EMOJIS MPOTOMEPIB 3AIMCHIOETBCA B 0araThOX TOYKAX KOHTAKTYIOUUX
MTOBEPXOHb, 3 YTBOPEHHSM JIECATKIB CIA0KUX 3B'S3KIB. 3aBISKU I[bOMY KOHTAaKTHI
MOBEPXHI 3'€IHYIOTbCS 3 BHUCOKOIO CHEUU(PIYHICTIO, 1 TMOMWIKUA (POopMyBaHHS

YETBEPTUHHOI CTPYKTYpHU O1IKIB MPAKTUYHO BUKIIFOUEHI.

KoHTpoubHI NMTAHHSA
1. o npencrasise codboro OLTKKU?

2. 3a SIKUMHM MapaMeTpamu KIacuikyroTh O1IKU?

w

Ha ckinpku Tpyn 3a XiMiuHOIO OynoBoro kKiacudikyrorbes Ounku. Illo me 3a
rpynu?
Sxi xinacu npoteiniB Bam Bigomi?

o Take koHpopmalis O1IKIB?

4

3)

6. Onumith NepBUHHY CTPYKTYpY OLIKA.

7. Illo mpexacrapisie cOO0K0 BTOPUHHA CTPYKTYpa O1y1Ka?

8. HaBeauTh XxapakTepuCTUKHU TPETUHHOI CTPYKTYpHU OLJIKa.

9. Sxi 3B's3ku OepyTh ydacTh y GOpMyBaHHI TPETUHHOT CTPYKTYpH OLITKIB?
10. IIlo mpencrapisie coO0r0 MeHaTypailist OUIKiB?

11. Ilo Bam BiioMO MpO CYNEPBTOPUHHY CTPYKTYpY Oisika?

12. SIxi BUIM CynepBTOPUHHOI CTPYKTYpH OLIKa iICHYIOTh?

13. IIlo Take noMeHHa CTPYKTypa OiyiKa?

14. OnuiIiTe 4eTBEPTUHHY CTPYKTYpPY OLjIKa.
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15. 1o Take omiromepHuii O1T0K?
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I'masa 3. ®oainr OLIKIB

dopmyBaHHS TPUBUMIPHOI CTPYKTYPH OUIKIB — HaWBaKJIMBIIMINWNA O10JI0TTUHHIMA
IIPOIIEC, TaK K BiJl MPOCTOPOBOI CTPYKTYPH OUIKIB 3aJICKUTh iX Ol00T14HA (PYHKITIS.

[Iporec 3ropraHHsS MOJTINENTHIHOTO JIAHIIOTA B MPABHIBHY MPOCTOPOBY
CTPYKTYpy OTpHMaB Ha3By (ouainry OiakiB. [HIUBIAyanbHI OUIKH, TPOIYKTH
OJTHOTO TE€HAa, MAaIOTh 1JIEHTUYHY AaMIHOKHCIOTHY IOCTIIOBHICTE 1 HaOyBalOTh B
OJTHAKOBUX YMOBax KJIITHHH OJHAKOBY KoH(opmarlito 1 QyHkuiro. Lle momoxxeHHs
MIATBEP/DKYEThCSA  3JATHICTIO JICIKUX OIIKIB Imcis  JeHaryparii (mpu  sIKii
BIIOYBA€ThCSA PO3PHUB CIHAOKMX 3B'S3KIB, ajl€ HE MOIIKOIKYEThCA IEpBUHHA
CTpPYKTypa OUIKIB) CIIOHTAHHO BIJIHOBIIOBATH CBOIO YHIKaJIbHY KOH(pOpPMAIIiIO 1
(yHKIIO.

JloBruii yac BBaXkaJlocs, 1110 MPOIEC JIeHaTypallii OUIKIB He3BOPOTHIN. OHaK
BUSIBUJIOCS, IO €Kl OYHIIEHI 1 JeHaTypoBaHl OUIKK 34aTHI B JOCIIIHUXYMOBaX
BIJIHOBJIIOBaTH KOH(OpMaLlll0 NPy BUIAJIEHH] JE€HATYpylOUnx areHtiB. Ha moudartky
60-x pp. XX cT. BUSBIIH, IO MPOIIEC ACHATYpAIlil OUIKIB MOke OyTH o0opoTHUM. Lle
BIIKpUTTA OyJi0 3pO0JI€HO MpU BUBYEHHI JeHaTypalii puboHykieasu — (hepMeHTy,
[0 po3ueruitoe 3B's13ku MK Hykiaeotuaamu B PHK. PuGonykiieaza — rino0ynspHuii
OUIOK, IO MICTUTh OAWH MOJINECHNTUIHUM JIAHIIOr, IO CKiIagaeTrbea 3 124
aMiHOKMCIIOTHHX 3alHINKiB. Moro koHdopMmarmito crabimizyrots 4 mucynbdimmi i
0e3m14 cnabkux 3B'3KiB. OAHAK SKIO HUISIXOM J1aJli3y OYMCTUTU pUOOHYKII€a3y BiJl
JICHATypyIOUUX  areHTiB, (epMeHTaTHBHAa  aKTHUBHICTh  OiTKa  TOCTYIIOBO
BIIHOBMIOEThCA. Llell mpoliec Ha3uBaeThCcs peHaTypamielo, abo peHaTiBaliero
Oinka.

OpHak y KJIITHHI KOHIEHTparisi OUIKIB HACTIJILKA BHCOKA, IO ICHYE BETUKA
NMOBIpHICTh B3a€MO/I1i OUIKIB 3 HechopMOBaHOI KoH(popMariero. Ha ix moBepxHi
PO3TaIIOBYIOThCS TiApOodOOHI pamuKanu, CXWwibHI A0 00'enHanHs. Tomy s
O0aratbox OJIKIB, 110 MarlOTh BHCOKY MOJEKYJSIPHY Macy 1 CKJIaJHYy MPOCTOPOBY
CTPYKTYpPY, (OJTIHT MPOTIKAE 3a YYacTIO CHEIlaabHOI Tpymu OUIKIB, SKI HOCATH

Ha3By manepoHis (¢ppanu. shaperon — HsHs).
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Y mpomeci CUHTE3y TOJIMENTUIHUX JIAHIIOTIB, TPAHCIOPTY iX dYepe3
MeMOpaHHU, TIpU CKJIaJaHHI OJITOMEPHHUX O1JIKIB BUHHMKAIOTH MPOMIXKHI HECTaOUIbHI
KoH(opMmarlii, CXuiabpH1 J10 arperariii. Ha 3HOBY cuHTe30BaHOMY MOJINENTHAI € 6e3mid
riipogoOHNX paAuKamiB, SKIi B TPUBUMIPHIA CTPYKTYpl 3axoBaHi ycepeauHi
Mosiekynu. ToMy Ha yac ¢dhopMyBaHHS HAaTHBHOI KOH(pOpMaIlii peakiiiiHO-31aTHI
aMIHOKHCIJIOTHI 3QJIMIIKKA OJHUX O1NKIB MOBHHHI OyTH BIJJOKpEMJICHI BiJ TaKHUX K€
rpyn iHmmx Oinki. [llamepoHu mpeAcTaBisAiOTH COOOIO BHSIBICHI OUIKH, 37aTHI
3B'I3yBaTHUCS 3 OUIKaMU, IO 3HAXOASAThCS B HECTIMKOMY, CXWJIBHOMY JO arperarii
ctaHl. Bonu 31aTH1 cTabum3yBaTH iX KOHQOpMallio, 3a0e3neuyrodu (oJJiHT OLIKIB.

Cepen mianepoHiB po3pi3HSIOTh:

» KOHCTHTYTHUBHIi (BUCOKMU 0a3ajibHHII CHHTE3 SKHX HE 3aJCKUTh B CTPECOBHUX
BIUIMBIB Ha KJIITUHU OPTraHi3My);

» ingynide/bHi, CHHTE3 SIKUX B HOPMAJIBHUX YMOBax He ciaabo, aje mpu CTPECOBUX
BIUIMBAX Ha KJIITUHY PI13KO 30uUIbIIyeThes. [HayHiOenbHl manepoHu BiTHOCSTh 10
OUIKIB TEIJIOBOro IOKY (BHepiie Il OUIKKM OyiM BUSBICHI B KIITHHAX, SKi
nijgaaBaincs BIUTMBY BHCOKoi Temrepatypu) — HSP (anrg. heat shock protein),
HIBUIKANA CUHTE3 SIKUX B1I3HAYAIOTh MPAKTUYHO y BCIX KIITHHAX, SIKI M1IaI0ThCS
OyAb-SIKUM CTPECOBHUM BILTUBAM.

BianoBizHO 10 MOJEKYJSPHOI MAacH BCl IIANEPOHU MOXKHA PO3AUIUTH Ha 6
OCHOBHUX TPYII:

BucoxomoJiekyJsipni — 3 mosekysipHoro Macoro Big 100 qo 110 k/1;

II1-90 (Hsp90) — 3 monekynsapHoi Macoro Bia 83 1o 90 k/1;

II-70 (Hsp70) — 3 monekyasipHOT Macoro Bijx 66 10 78 k/1;

III-60 (Hsp60);

I11-40 (Hsp40);

YV V V V V V

HHU3bKOMOJIEKYJISIPHI — 3 MOJIEKYJIsIpHOIO Macoto Bif 15 mo 30 k/1.

[Ipu cunte3i O11kiB N-KiHIIEBa 00JaCTh MOJINENTUY CUHTE3YEThCS paHille,
Hik C-xinneBa. [Jlns dopmyBanns koHdopmallii OiTka TOTpiOHA WOTO TIOBHA
aMIHOKHCIJIOTHA TOCJII0OBHICTh. TOMy B mepio cHHTE3y Oinka Ha pruOOCOMI 3aXHUCT
peaKIiiHO-31aTHUX pauKaiiB (0co0JUBO riipodoOHUX) 3a1HCHIOOTH manepoHu LI-
70.

152



[1-70 — BUCOKOKOHCEPBATUBHUH KJIac OUIKIB, KU MPUCYTHIN y BCIX BLAIIIaX
KIITUHYU: 1nuToriasmi, sapi, EP, mitoxonapisx. B o61acTi kapOOKCHUIBHOTO KIHIIS
€IMHOTO TOJIMENTUIHOIO JIAHIIOra IIANepoHIB € NUISHKA, YTBOPEHA paJuKaIaMU
aMIHOKHCIIOT y (popMmi Gopo3eHkn. BoHa 31aTHA B3a€EMOISATH 3 TUITHKAMU O1TKOBUX
MOJIEKYJ 1 PO3TOPHYTUX MOJINENTUAHUX JIAHIIOTIB JIOBXKUHOIO B 7-9 aMIHOKHCIIOT,
30araueHux TiIpopoOHUMH paaukamamMu. B cuHTe3yeMOMy MOJINENTHAHOMY
JAHITIOTY TaK1 JUTHKA 3YCTPIYarOTHCS MTPUOJIM3HO Yepe3 KOkHi 16 aMiHOKHCIIOT.

@dongiHr 6araThbOX BHCOKOMOJEKYJISIPHUX OUIKIB, IO MAarTh CKJIAIHY
KOoH(opmaIiio (Hampukiaa, IOMEHHY OYJIOBY), 3AINCHIOEThCA B CHEI1AIbHOMY
npocropi, chopmoBanomy tanepoHamu I11-60. I11-60 ¢yHKIIOHYIOTH Yy BHUTJISII
OJIITOMEPHOT'0 KOMILIEKCY, 10 CKiIaaaeThes 3 14 cybonuuuib. [I-60 yTBOpIOIOTH 2
KUTBIIS, KOKHE 3 SIKHX CKJIAJAEThCs 3 7 CYOONMHHMIIb, CIIOMYYCHUX OJWH 3 OJHHM.
Cy6oaununsg II-60 ckmamaerbcss 3 3 JOMEHIB: aliKajdbHOTO (BEPXIBKOBOIO),
MPOMI>KHOTO 1 €KBaTOpIAJIbHOTO. BepxXiBKOBHI JOMeH Mae psan riapodoOHUX
3QJIMIIKIB, 3BEPHEHUX Yy TOPOXKHUHY KUIBIH, C(HOPMOBAHOTO CYOOIMHUIISIMH.
ExBatopiansHuii nomeH mae AUISTHKY 3B's3yBaHHs 3 AT® 1 Bonogie AT®d-azHoro
aKTUBHICTIO, TOOTO 31aTHU TiaponizyBaTd AT® no AJID 1 H3PO,.

[ITarepoHOBHMIT KOMITJIEKC Ma€ BUCOKY CIIOPIIHEHICTHh A0 OLIKIB, HA MOBEPXHI
SKUX € €JEMEHTH, XapaKTepHi JJII HE3BEPHYTUX MOJIEKYJ (Hacammepen MUTSTHKH,
30araueni  rigpopoOHuMHM  pagukanamu).  IloTpamisitoun B~ MOPONKHUHY
[IAMIEPOHOBOTO KOMIUIEKCY, OUIOK 3B's3yeTbcs 3 TiApohOOHUMHU paguKaiaMu
anikanbHux auIsiHOK II-60. V' cnenudiuHomMy cepenoBuull i€l MOPOKHUHU, B
130/1511i1  BiA  IHIOMX MOJIEKYJ KJIITHMHM B1IOyBaeTbcs mepedip MOKIMBHUX
KoH(popmarrii 611Ka, TOKK HEe Oy/ie 3HAMIeHa €JMHA, CHEPTeTUYHO HAWO1IbII BUT1/IHA
koH(popmarliisi. BuBuibHeHHs Oinka 31 C(OPMOBAHOIO HATHMBHOK KOH(OpMaII€o
CyNpOBOKY€EThCS Tipoizom AT® B ekBaTopiaiIbHOMY JTOMEHI.

ko 610K He MpuAOaB HATUBHOI KOH(GOPMAIIii, TO BiH BCTYIA€ B TOBTOPHUMN
3B'I30K 3 MIANIEPOHOBUM KOMILIEKCOM. Takuii manepoHo3aleHuM (OIIHT O1IKIB
BHUMarae BUTpaT BEJIMKO1 KIJTbKOCTI €HEPTii.

TakuMm ynHOM, cuHTE3 1 (OIAIHT OUIKIB MPOTIKAIOTh 32 YYacTHO PI3HUX TPYII

[IanepoHIB, 10 TMEPEINIKOKAIOTh HeOQKaHUM B3aEMOJISIM  OUIKIB 3  1HIIUMH
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MOJIEKYJIaMH KJIITHHU 1 CYIPOBOKYIOTh 1X 10 OCTaTOYHOTO (hOpMyBaHHS HATHBHOI
CTPYKTYpH.

[Ipu nii pizHux cTpecoBux (akTtopiB (BHCOKa TemIepaTypa, TiINOKCis,
iHpekmisa, YPO, 3mina pH cepemoBuima, 3MiHa MOJSPHOCTI CEpPEIOBUINA, is
TOKCUYHUX XIMIYHUX PEUYOBUH, BAKKUX METANIB 1 T.I.) B KIITUHAX IMMOCUIIIOETHCA
cunte3 OunkiB HSP. Maroun BHCOKY CHOpPIAHEHICTh N0 TiAPOPOOHUX AUIIHOK
YaCTKOBO JICHATYPOBAaHHUX OUIKIB, BOHM MOXYTh MEPEIIKOKAaTH iX TIOBHIN
JeHaTypaili 1 BIJHOBJIIOBATH HATHUBHY KoHdopmallio OiIkiB. BcraHoBieHO, 1110
KOPOTKOYACHI CTPECOB1 BIUIMBU 30UIbIIYIOTH BUpoOieHHs HSP 1 miaBuiyrorh

CTIHKICTh OPTaHi3My JI0 TPUBAJIMX CTPECOBUX BILIUBIB.
KoHTpoJsbHi nMTAaHHSA
. o Take onainr OLIKIB?

. o npexncrasisie cobor0 Mpolec peHaryparii?

1

2

3. Illo Take maneponu?

4. Slxi BuaM mIarepoHiB pO3pi3HAIOTH?
5

. Ilo mpexacraisie coO00 MIANIEPOHOBUI KOMILIEKC?
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I'naBa 4. ®yHKI[IOHYBaAHHS OUIKIB

3B’s13yBaHHs OijkiB 3 Jirangamu. KoxkeH 1HIUBIAyaJbHHUI O1J0K, IO Mae
YVHIKQJIbHY MEPBUHHY CTPYKTYpY 1 KOH(opMaIlito, BOJOIIE 1 YHIKAILHOIW (PYHKIIIETO,
0 BiApi3HsSE HOro Bix BeixX iHIMX OukiB. Habip iHAMBiAyanbHUX O1IKIB BUKOHYE B
KIITHHI O€37114  pi3HOMaHITHUX 1 ckiagHux ¢Gyskmid. HeoOxigHa ymoBa mis
(GyHKITIOHYBaHHS OUTKIB — IPUETHAHHS 10 HHOTO 1HIIOT PEYOBUHH — JIiraH/A.

JliranmamMu  MOXYTh OYTH SK HHU3bKOMOJEKYJSPHI PEYOBHUHH, TaK 1
MakpoMmoJiekynu. B3aemopiss Oulka 3 JIraHIoM € BHCOKO CHEHU(IYHOW 1
BU3HAUYA€ThCsl OYIOBOIO NIUIIHKK O17Ka, 3BAHOrO0 LHEHTPOM 3B'sI3yBaHHsS Oiika 3
JirangaoM abo aKTUBHUM LEHTPOM.

AKTHMBHMI LeHTpP OLIKIB — 1€ MEeBHA JUISTHKA OUTIKOBOI MOJIEKYJIH, SIKa K
MPaBUJIO, 3HAXOJUTHCS B ii MOrauOJeHH! («KHUIlleH1»), cHopMOBaHIl paauKaiaMu
aMIHOKHUCIIOT, 310paHiX Ha TIEBHIM MPOCTOPOBIN NUISHII NpU (GOpMYBaHHI TPETUHHOI
CTPYKTYpH 1 3JaTHIA KOMIUIEMEHTAPHO 3B'A3yBaTUCS 3 JIFaHAOM. Y JIHIAHINA
MOCJIITOBHOCTI TIOJIIMENTHUIHOTO JAHIIora paJuKaid, 1o (QOpMYyIOTh aKTUBHUN
IIEHTP, MOXYTh 3HAXOJIWTHUCS Ha 3HAYHIA BIJICTaHI OJWH BiJ OJHOro. Bucoka
cnenupIuHICTh 3B'A3yBaHHs OlIKa 3 JIIraHI0M 3a0€3MeUyeThCS KOMILIEMEHTAPHICTIO
CTPYKTYpPH aKTHUBHOTO IIEHTPY OUIKa CTPYKTypi Jjiranmy. JliraHg MOBHHEH Matu
3IaTHICTh BXOJIUTH 1 MPOCTOPOBO 30iratucs 3 KOH(MOPMAIED aKTUBHOIO LIEHTPY.
Ileit 30ir Mmoxe OyTH HEMOBHUM, ajie¢ 3aBMAsiKU KOH(pipMarliiiHii J1aOUTbHOCTI OlJiKa
AKTUBHHUM ICHTP 3JaTHUM JI0 HEBEJIMKHUX 3MiH 1 «IiAraHseTbes» mia jiranga. Kpim
TOTO, MK (YHKIIOHAJbHUMHU TpyNaMu JiraHaa 1 paJdKalaMH aMiHOKHUCIOT, W10
YTBOPIOIOTH AKTUBHUI IICHTP, MMOBUHHI BUHUKATH 3B'SI3KH, SIKI YTPUMYIOTh JITaH]l B
AKTUBHOMY IICHTPI. 3B'SI3KM MIDX JIITAH/IOM 1 aKTUBHUM IIEHTPOM O1JIKa MOXYTh OyTH
AK HEKOBAJICHTHUMHU (10HHUMU, BOJAHEBUMHU 1 T1ApOHOOHUMH), TaK 1 KOBAJCHTHUMHU.
AKTUBHUH TIeHTp O17Ka — BITHOCHO 130JIbOBAHA BiJl OTOYYIOUOT0 010K CepeoBHUIIa
OUIsiHKa, copMoBaHa aMIHOKHMCIOTHUMH 3alulIKaMd. B il AUIAHII KOXEH
3aJUIIOK 3aBASKH CBOEMY IHIWBIAYaJbHOMY pPO3MIipy 1 (DYHKIIOHAJIbHUM TpyrHam
dopmye penbed aktuBHOro HeHTpy. OO'€eqHAHHS TaKUX aMIHOKUCIOT B €IUHUN

GyHKIIIOHATBHUN KOMIUIEKC 3MIHIOE PEaKIiiHy 3J1aTHICTh iX pajuKalliB, MOII0HO 10
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TOr0, SIK 3MIHIOETbCS 3BY4YaHHS MY3MYHOTO 1HCTpYMEHTYy B aHcambOimi. Tomy
aMIHOKHUCIIOTHI 3aJIMIIKH, IO BXOIATh JO0 CKJIAJy AaKTHUBHOTO ILIEHTPY, 4YacTo
HA3MBAIOTh «aHCAMOJIEM» aMiHOKHUCIIOT. YHIKajibHI BIACTUBOCTI aKTUBHOTO LIEHTPY
3aneXaTh HE TUIBKH BiJ] XIMIYHUX BIACTHBOCTEH (POPMYIOUMX HOTO aMIHOKHCIIOT, aje
1 B1J1 iX TOYHOI B3a€EMHOI Opi€HTaIlil B MpocTopi. ToMy HaBiTh HE3HAYHI MOPYIIEHHS
3aranbHOi KoH(popmarii Oika B pe3ynbTaTi TOYKOBUX 3MIH MOTrO MEpPBUHHOI
CTPYKTYypu ab0 yYMOB HAaBKOJHUIIHBOTO CEPEIOBHUINA MOXYTh MPHUBECTH 10 3MiHU
XIMIYHUX 1 (YHKIIOHAJIBHUX BJIACTUBOCTEH pajuKaiiB, 1m0 (HOPMYIOTh aKTUBHUU
LIEHTp, MOPYIIyBaTH 3B'A3yBaHHs Olnka 3 JjiranaoM 1 #Horo dyHkimio. [lpu
JieHaTypallli akTUBHUWA LEHTp OUIKIB pYWHYEThCS, 1 BIIOYBa€ThbCcs BTpaTa ix
010JI0T14YHOT aKTUBHOCTI. YacTo akTUBHUI LEHTP (POPMYyeTbCS TAKUM YUHOM, IO
JOCTYIl BOJIM [0 (PYHKIIOHAIBHUX Tpyn HOTO pagukaiiB OOMEXKEHUW, TOOTO
CTBOPIOIOTHCSI YMOBHU Ui 3B'3yBaHHs JiraHja 3 paJuKaJaMd aMiHOKuciIoT. B
ACSIKAX BUMAAKaX JITaHJ MPHUEIHYETHCA TIIBKA IO OJHOTO 3 aTOMIB, IO BOJIOMIE
MEBHOIO pEakliiHo 3AaTHICTIO. lleHTp 3B's3yBaHHs Oulka 3 JIraHAOM 4YacTo
PO3TaIIOBYETHCA MK IoMeHaMu. Pi3H1 oMeHU B OLITIKY MOXKYTh MEPEMIIIATUCS OJUH
II0JI0 OAHOTO MPH B3aEMO/IIT 3 JIraHI0M, 110 MOJIETHIYE MoAanblie (yHKIIOHYBaHHS
O1JIKa.

OcHOBHA BJIACTUBICTH OUIKIB, 10 JIEKUTh B OCHOBI iX (DYHKI[1Hi — BUOIPKOBICTh
MPUETHAHHS JI0 TEBHHUX MJUISHOK OITKOBOI MOJIEKYJIHM CHeudIuHUX JIraHdiB.
Jlirannamu MOXXyTh OyTHM HEOpraHiuHi (4acTO 10HM METaJiB) 1 OpraHiuHl PEYOBUHH,
HU3BKOMOJIEKYJISIDHI 1 BHUCOKOMOJIEKYJIIDHI PEYOBHUHU. [CHYIOTH Jiranjau, siKi
3MIHIOIOTh CBOIO XIMIUHY CTPYKTYpPY IpHU NPHUENHAHHI 10 aKTUBHOTO IIEHTPY O1JIKa
(3MiHM cyOcTpaTy B aKTHBHOMY IHEHTpi (GepMeHTY). TakoxX ICHYIOTH JITaHIId, IO
NPUEIHYIOTECS A0 OlIKa TIIBKM B MOMEHT (DYHKIIIOHYBaHHS 1 JIFaHAM, MOCTIIHO
MOB'S13aH1 3 OLIKOM, 10 BUKOHYIOTh TOOMIXKHY POJIb IpU (DYHKIIOHYBaHHI O1JIKIB.

VY THX BUNaAKax, KOJM aMIHOKHCIOTHI 3aJMILKH, 0 (GOPMYIOTh aKTHUBHUUN
LEHTP, HE MOXKYTh 3a0e3MeunTr (PYHKIIOHYBaHHs JaHOTO OLKa, 10 MEBHUX AUISHOK
aKTUBHOTO LIEHTPY MOXYTh NMPUEAHYBATUCS HEOLIKOBI MOJIeKy/IH. Tak, B aKTUBHOMY
IeHTpl OaraThoX (epMEeHTIB MPUCYTHINH 10H Merany (kodakTop) abo opraHiyHa

HeOlkoBa Mojekyna (kodepmenT). HebOinkoBy dacTwHy, MIITHO TIOB'SI3aHy 3
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aKTUBHUM IIEHTpOM Oinka 1 HeoOXigHy s Horo (yHKIIOHYBaHHS, HA3WBAIOThH
POCTETUYHOIO TPYTIOIO.

3'elHaHHS TPOTOMEPIB B OJITOMEPHOMY OUIKY — TpPUKIaA B3aeMOJIIi
BUCOKOMOJIEKYNIApHUX jiranAiB. KoxkeH mporomep, 3'eAHaHMid 3  IHIIUMHU
IPOTOMEPOM, CIY>KUTh JUIsl HUX JITaHJIOM, TaK CaMO SIK BOHHU ISl HbOTO.

[Honi mpuenHaHHs OyAb-sSKOTO JiraHfa 3MiHIOE KOHQopMmarllito Oinka, B
pe3ynbTaTi 9oro GOPMYETHCS IEHTP 3B'SI3YBAHHS 3 1HITUMU JIITaHIAMHU.

[IIBuaKiCTH B3a€MO/IIT 011K 3 JIITAHJIOM BU3HAYAETHCSI KOHIICHTpAIlIIMH O1JIKa 1
JraHay B pO34MHI, a TAKOXK CTYIIEHEM KOMIUIEMEHTAPHOCTI O1JIKa 1 JIraHaa.

Xoya B3aeMOJIisl JIITaHy 3 aKTUBHUM IIEHTPOM O1JIKa € BUCOKOCHEIU(DIYHOIO,
3aBK/IM MOYKHA M1II0paTH 1HILY pEYOBUHY, SIKAa TaK caMO OyJie B3aEMOJISITH 3 OLIKOM.
Jliranp, o B3aemMoji€e 3 OUTIKOM 1 MOPYIIy€e Horo (yHKIIi10, HOCUTh Ha3BYy iHribGiTOpa
Oinka. SIkmo 1 pedyoBHHAa MO CTPYKTYpl CXOKa Ha JraHja, ii Ha3WBalOTh
CTPYKTYPHHUM aHAJIOroM Jiranaa. Bona Tak camo B3aeMojii€ 3 aKTUBHUM IIEHTPOM
Ou1Ka. AHaor, 1110 3aMIIII0e TPUPOAHUIM JIIraH | B aKTUBHOMY IIEHTP1 O17Ka 1 3HUKYE
1ioro GyHKIII10, HOCUTh HA3By KOHKYPEHTHOTro iHridiTopa Oinka.

KoakTnBaTop TpaHckpumuii npeactanisie co000 KOPAKTOp TPaHCKPHIILII,
AKUW aKTUBY€E TpaHCKpUIIi0, He 3B's3yrounch 3 JIHK Oesnocepennro. AkTuBallis
oOyMOBJI€Ha 3B'I3yBaHHSIM KOAKTHUBAaToOpa 3 (akropamMu TpaHCKpUOIi 1 3
komiiekcoM PHK-nonimepasu 3 mpomotopoMm. KoakTUBaTOp yTBOPIOE «MICT» MIX
(dakTopamMu TPAHCKPHUMIIIT 1 TPAHCKPUIIIIIHTHIM KOMIIJIEKCOM.

Kopenpecop mpezacraBisie co00I0 HEBETUKY MOJEKYTy, IO TOB'SI3yEThCS 3
HEAaKTUBHUM pENpecopoM (amopenpecopoM) 3 YTBOPEHHSM KOMIUIEKCY, SIKAN
MIPUETHYETHCS 710 onepaTopa i 6JI0Kye TPaHCKPHUIIIIIFO.

@ynkunii OinkiB. Tak camo gk 1 HYKJIETHOBI KHUCIOTH 1 iHIN O1070T14HI
MaKpOMOJICKYJI (TIOoicaxapuau 1 Jmaun), OUTKM — HEoOXigHI KOMIIOHEHTH BCIX
KUBHUX OpPraHi3MiB, BOHU O€pyTh y4acThb B OLIBIIOCTI KUTTEBUX MPOIECIB KIITHHH.
binku BXomATh 10 CKIaAy KIITUHHUX CTPYKTYp — OpTraHeld, CEKpEeTYIOThCs B
MO3aKJIITUHHUM TPOCTIp AJii OOMiHY CHUTHajJaMU MDK KJIITHHAMH, TIAPOMi3y 1Kl 1
YTBOPEHHST MDKKJIITUHHOT pEYOBUHM. binku 3I1MCHIOIOTH OOMIH pPEYOBHMH 1

€HEepreTHYHI IEPETBOPECHHS.
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binku BUKOHYIOTH B OpraHi3Mi HACTymH1 (QyHKITIT:

» cTpyKTypHY ¢yHKmito. CTpyKTypHi OIJKHM IIUTOCKENETy, SK CBOTO pOIY
apMmatypa, HaJaloTh (GopMy KIITHHAM 1 OaraTboM OpraHoijiaMm i 6epyTh y4acThb y
3MiHI (QOpMH KIITHH. BiTbUIICTE CTPYKTYpHHX OUIKIB € (iTaMEHTO3HUMHU
Oinkamu. Hampukiaa, MOHOMEpH akTHUHY 1 TyOymiHy — 11 TJI00YJISIpHI, pO3YMHHI
Olnku, ane micas modiMepusaiii BOHM (OPMYIOTH JOBT1 HUTKH, 3 SIKHAX
CKJIQ/Ia€ThCS LIUTOCKEIIET, 10 JT03BOJISIE KIITHHI miATpuMyBatu Gopmy. Konares i
€JIACTHH — OCHOBHI KOMIIOHEHTH MIXKJIITUHHOI pEYOBUHU CIIOJYYHOI TKAHUHH, A 3
1HIIIOTO CTPYKTYPHOTO O1IKa KEPATUHY CKIIAJal0ThCs BOJIOCCS 1 HITTI;

» 3axucHy (pyHKUio. [CHyIOTh IeKiibKa BUIiB 3aXUCHUX (PYHKIIIH O1IKiB:

e ¢iznuHmii 3axucT. Y HbOMY O€pe y4acTh KOJIAreH — OUTOK, SIKHUil YTBOPIOE OCHOBY
MDKKJIITHHHOI PEYOBHHM CHOJYYHUX TKAaHUH (y TOMY YHCII KICTOK, XpSIla,
CYXOXXWJIb 1 TTMOOKHUX IIapiB mikipu (nepmu)). KepaTuH, 1o CTaHOBUTH OCHOBY
POTOBUX IMUTKIB 1 BOJIOCCS Ta IHIIIX MOXIAHUX emiepMicy. 3a3Budail Taki OiIKu
pO3MIIAIal0Th K OUIKK 31 CTPYKTypHOW (yHKUiewo. [lpukmagamu wie€i rpynu
O1IKiIB cykaTh (HiOpUHOTEH 1 TPOMOIH, K1 OEpyTh Y4acTh y 3rOPTaHHI KPOBI;

e XxiMiyHMH 3axucT. 3B'I3yBaHHS TOKCHHIB OUIKOBUMH MOJEKYJIaMH MOXKE
3a0e3neuyBaTu ix AeTokcukauiro. OcoO0NMBO BaXIJIMBY pPOJb B JACTOKCHKALIL Y
JIOMHU BIAITpalOTh (EPMEHTH TMEUiHKH, [0 PO3IICIUTIOITh OTPYTH abo
NEPEeBOJAITh iX y pPO3YMHHY (QOopMy, MO0 CHpUA€ iX MIBUAKOMY BHUBEACHHIO 3
Oprasi3my;

e imMyHHuH 3axucT. BiUiku, mo BXOIATH M0 CKJIaay KPOBI Ta 1HMIMX O10JIOTTYHHUX
piauH, OepyTh y4acTh B 3aXMCHIN BIANOBI/I OPraHi3My sIK Ha MOUIKOXKEHHSI, TaK 1
Ha aTaky naToreHiB. bUIKM cucTeMU KOMIUIEMEHTY 1 aHTUTLIA (IMYHOTJIOOYJIIHN)
BIJTHOCSITHCA 710 OLTKIB APYTOi TPYIH, BOHU HEUTPaTi3ylOTh OakTepii, Bipycu ado
Yy)KOpIJHI OUTKM. AHTUTLIA, IO BXOIATH O CKJIQAy aJanTaTUBHOI IMYHHOL
CUCTEMH, MPHUETHYIOTHCS [0 UYXOPIAHUX A JAHOTO OpraHi3My pE4yOBHH,
aHTUTEHIB, 1 TUM CaMHUM HEUTPaNI3yIOTh X, COPSIMOBYIOYH J0 MICLb 3HHUILEHHS.
AHTHTIIa MOXKYTh CEKPETYBATUCS B MDKKJIITUHHUM MPOCTIp ab0 3aKpiIItoBaTUCS
B MeMOpaHax creriaigizoBanux B-miMQonuTiB, sSKi HA3WBAIOTHCS MIA3MOIIUTAMH.

Y Toit uwac sk (epMEHTH MalTh OOMEXKEHY CIIOPIHEHICTh J0 CyOcTpary,
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OCKUIbKM 3aHAATO CHJIbHE TMpHETHAHHS JO0 CyOCTpaTy MOXKe 3aBakaTu
MPOTIKAHHIO KaTalli3yeMOi peakili, CTINKICTh MPUETHAHHS aHTUTUI 0 aHTUTCHY
HIYUM HE OOMEKEHA;

peryasitopny (¢yHkmiro. barato mporeciB BcepenMHI KIITHH PETryIOI0ThCS
O1IKOBUMH MOJIEKYJIaMHU, SIKI HE CIY>KaTh Hl JKEPEIOM eHeprii, Hi OyaiBeIbHUM
MarepiaioM s KITHHU. L[{i OUTKM peryiorTh TPAHCKPHIIII, TPAHCIAIIIO,
CIUTaliCHHT, a TAKOK aKTUBHICTb IHIIMX OUIKIB Ta 1H. PerynsTopHy GyHKIIIIO0 OLIKH
3MIMCHIOITh a00 3a paxyHOK (EpMEHTAaTUBHOI AaKTUBHOCTI (HaAIpHUKIA,
MpOTEiHKIHA3M), ab0 3a paxyHOK CHeUU(PIYHOro 3B'SA3yBaHHS 3 IHIIMMU
MOJIEKYJIaMH, SIK TPaBWJIO, BIUIMBAIOYOIO HAa B3a€EMOJII0 3 IIUMH MOJEKYJaMU
(depmenTiB. Tak, TpaHCKpUNLsS TEHIB BHU3HAYAETHCS MPHUEIHAHHAM (PAKTOpPIB
TPaHCKpUILIi — OUIKIB-aKTUBATOPIB 1 OUIKIB-PENPECOPIB  JI0 PErYyJIATOPHHUX
NoCIiTIOBHOCTEH TeHiB. Ha piBHI TpaHcsii 3untyBanHs 6aratbox MPHK Takox
PEryJIOeThCA TpHENHAHHIM OUIKOBUX (akropiB, a aerpaaamis PHK 1 OinkiB
TaKOX MIPOBOAUTHCS creIiaai30BaHUMHU O1IKOBUMU KOMILIEKCAMH.
HaiiBaxnmuBinny pojib B PEryisiii BHYTPIIIHBOKIITUHHUX TIPOIIECIB TI'ParOTh
MPOTETHKIHA3U — (PEPMEHTH, SIKI AKTUBYIOTh 200 MPUTHIYYIOTh aKTUBHICTh 1HIIHUX
OUIKIB NUISIXOM MIPUEIHAHHS 10 HUX (pochaTHuxX rpym;

curHajgbHy ¢ynkniw. CurHanpbHa (QyHKIIS OUIKIB — 1€ 3JaTHICTh OUIKIB
CIY>)KUTH CUTHAJIBHUMH PEUYOBHHAMH, TEPEAA0ud CUTHAUM MK KJIITHHAMHU,
TKaHWHAMH, OpraHaMu Ta pI3HUMHU oOpraHizMamMu. Yacto curHanmbHy (YHKIIO
00'€IHYIOTh 3  PEryJAaTOpHOI, TaK SK 0Oarato BHYTPIIIHbOKIITUHHUX
PETyJIATOPHUX OUIKIB TEXK 3A1MCHIOIOTH Nepenady curHaniB. CUrHanbHY (QyHKIIIO
BUKOHYIOTh OUIKM-TOPMOHHU, IIMTOKIHM, (akTopu pocty Ta 1iH. ['opMoHH
NEPEHOCATHCS KpOB't0. BUbIIICTh TOPMOHIB TBapUH — 1€ OUIKKM ab0 MEenTHH.
3B's13yBaHHS TOPMOHY 3 PEIENTOPOM € CHUTHAJOM, IO 3allyCKae B KIITHHI
BIJIMOBIHY peakiito. ['OpMOHM perystol0Th KOHILIEHTPALII0 PEYOBHH B KPOBI 1
KJIITUHAX, 3pDOCTaHHS, PO3MHOKEHHS Ta iHII nporecu. [Ipukiamom Takux OUIKIB
CIY>)KUTb 1HCYJH, SKHI PEryjo€ KOHIEHTpAIil0 TIOKO3u B KpoBi. Kmituxu
B3a€MO/IIIOTH OJIMH 3 OJJHUM 3a JOTIOMOT'OI0 CUTHAJIBHUX OLJIKIB, 110 TEPEIat0ThCs

yepe3 MDKKIITUHHY pedoBUHY. Jlo Takux OLIKIB HaleXKaTh, HAIPUKIA/, LIUTOKIHU
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Ta ¢akropu pocTy. [[uToKiHM — HeBeNWKI MEnTHAHI 1HPOPMAIlIHHI MOJEKYIIH.
BoHu perynmoTh B3a€EMOAII0 MDK KIITHHAMM, BHU3HAYalOTh iX BHKUBAHHA,
CTUMYJIIOIOTh a00 TPUTHIYYIOTH PICT, audepeHIiitoBaHHs, (YHKIIOHATbHY
aKTUBHICTb 1 alonTo3, 3a0€3MeUyIOTh Y3rO/HKEHICTD JII IMyHHOI, €HJJOKPUHHOT Ta
HEpBOBOi cucteM. [IpUKIagOM I[MTOKIHIB MOXE CIYKUTH (PAKTOp HEKPO3y
MyXJIMHH, SIKUNA TIepe/la€ CUTHAIN 3arajleHHs] MK KIIITHHAMU OpraHi3My;
TpaHCHOPTHY (yHKUi0. Po3umnHI OlnKM, 1Mo OepyTh ydacTb B TPaHCIOPTI
MaJiiX MOJIEKYJ, TOBUHHI MaTH BUCOKY CIOPIIHEHICTh (aiHHICTB) A0 CyOCTpary,
KOJIM BIH MPUCYTHIM y BUCOKIM KOHLIEHTpALli 1 JErKO HWOro BUBUIBHITH B MICLSAX
HU3bKOT KOHIIEHTpalii cyOctpary. [lpukiiamom TpaHCHOPTHUX OLIKIB MOKHA
Ha3BaTU TeMOIJIOOIH, SKUU MEPEHOCUTh KHCEHb 3 JIET€Hb /0 PEIITH TKAaHUH 1
BYIJICKUCIIMM Ta3 BiJ] TKAHWH JI0 JIETE€Hb, a TAKOXX TOMOJIOTIYHI HOoMy O1IKH,
3HAMIEH] y BCIX IapCTBaX >XMBHUX OpraHi3miB. [leski mMeMOpaHHi OUIKU OepyTh
y4acTb B TPAHCHOPTI MAJIUX MOJIEKYJ yepe3 MeMOpaHy KIITHHHU, 3MIHIOOYH 1l
POHUKHICTB. Jlimigaui KOMIIOHEHT MeMOpaHu BOJOHEITPOHUKHUI
(rimpodoOHuii), mo 3amobirae audysii MNOJIPpHUX ab0 3apspKeHUX (10HH)
MoJieKyJ. MemMOpaHH1 TpaHCHIOPTHI OIKU MPUUHSITO MOAUISITH Ha OLTKH-KaHAH 1
OUIKU-TIEpEHOCHUKH. BiIKu-KaHamu MICTSATh BHYTPIIIHI 3allOBHEHI BOJOIO TIOPH,
AK1 I03BOJISIIOTH 10HaM (4epe3 10HH1 KaHaiu) abo MoJIeKyJiaM Boau (depe3 OUTKH-
aKBallOpMHU) Tepemimarucs uepe3 MemOpany. bararo 10HHMX KaHaliB
CIEIIaTI3yIOTbCSl Ha TPAHCIOPTI TUIBKM OJHOTO 10HA. Tak, KamieBl 1 HATpPieBl
KaHaJIA 4acTO PO3PI3HAIOTH 111 MOMAI0HI 10HU 1 MPOIMYCKAOTh TUIBKA OJUH 3 HUX.
binku-nepeHoCHUKHU 3B's13yI0Th, MOAIOHO (hepMeHTaM, KOKHY CTEPIIHY MOJIEKYITY
a0o0 10H 1, Ha BiAMIHY BiJ KaHAIIB, MOXYTh 3/[ICHIOBATH aKTUBHHUI TPAHCIIOPT 3
BukopuctanHsiM eHeprii AT®. «Enexrpocranuist kmtuan» — ATO-cuHTa3a, gka
sniicaioe cuHTe3 AT® 3a paxXyHOK MPOTOHHOTO TPAJIE€HTA, TAKOXK MOXE OyTH
BiJIHECEHA JJO MEMOpaHHUX TPAHCIIOPTHUX O1JIKIB;

3anacHy (pe3epBHY) ¢yHkuHilo. J[o Takux OLIKIB HajexaTh TaK 3BaHI Pe3epBHI
O1JIKM, SIK1 3aMacaroTbCsa B SIKOCTI JKepesa eHeprii 1 peyoBUHU B SHLEKIITHHAX
TBapWH, OITKM TPETUHHUX OOOJOHOK sk (OBaJbOYMIHM) 1 OCHOBHHUM O170K

MoJIoKa (Ka3zeiH). BOHM TakoX BHUKOHYIOTb, TOJOBHUM YHHOM, >KUBHIIBHY
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¢yHkmito. Pan iHmmx OIKIB BUKOPHUCTOBYETHCS B OpraHi3Mmi fK JKEpEIo
aMIHOKHUCJIOT, SIKI B CBOIO 4Yepry € TonepeaHuKamMu O10JIOTIYHO aKTUBHUX
PEYOBHH, IO PETYIIOITH MPOLECH METa00I13MY;

> peuentopHy ¢yHkmio. binkoBi pernenTtopu MOXYTh SK 3HAXOJUTUCS B
UTOIIa3Mi, Tak 1 BOyJOByBaTHcsi B KIITUHHY MemOpany. OpHa dYacTuHa
MOJICKYJIA PELEeNToOpa CHPUMMAE CUTHAN, SKUM HaW4acTIIle CIYXUTh XiMidHA
peUoOBHHA, a B JEAKUX BHIMAJKaX — CBITJIO, MEXaHIYHMU BIUIMB (HANPUKIA,
PO3TATHEHHS) Ta IHIN CTUMYIM. [lpuw BIUIMBI CHUTHaNy Ha TMEBHY AUISHKY
MOJIEKYJIU — OUIOK-penenTop — BiAOyBaroThCs ii KOH(opmauiiiHi 3MiHu. B
pe3ynbTaTi 3MIHIOETbCS KOH(OpMallis 1HIIOT YacTHHI MOJEKYJH, IO 3I1HCHIOE
nepeayy CUTHaNly Ha 1HINI KJIITHHHI KOMIIOHEHTHU. ICHye Kijbka MEXaHi3MiB
nepeaadl curxany. Jeski penenTopu Karaiai3yloTh IEBHY XIMIUYHY PEaKI[ito, 1HII
CIyaTh 10HHUMH KaHajaMu, sIKI TpH Jii CHUTHaJIy BIJIKpUBAIOTHbCS abo
3aKpPUBAIOTHCS, TPETI CHEU(PIYHO MOB'S3YIOTh BHYTPIIIHBOKIITHHHI MOJIEKYJIU-
HOCEpPETHUKH. Y MeMOpaHHUX pelenTopax YacTHHA MOJIEKYJIH, IO 3B'A3YIOThCA 3
CUTHAJIbHOI MOJIEKYJIOIO, 3HAXOAWUTbCS HAa MOBEpPXHI KIITUHU, a JOMEH, IO
nepeiae CUrHaja —BCepeInHi;

» MOTOpHY (pyxoBy) ¢ynkuiro. [limii kmac mMoTtopHuX OUIKIB 3a0e3redye pyx
OpraHi3aMy, HaIlpHUKIaJ, CKOPOUYEHHSI M's31B, Y TOMY YHCI JOKOMOIli (MI103UH),
MEepeMILIEHHS! KIITUH BCEPEIWHI OpraHi3aMy (Hampukian, ameOOinHui  pyx
JEUKOIUTIB), PyX BIMOK 1 JDKTYTHUKIB, @ TaKOXX AKTHUBHUU 1 CHPSMOBaHUUN
BHYTPIIIHbOKIIITUHHUM TpaHCOPT (AMHEIH 1 KiHe3iH). JMHEIHM 1 KiHE31HU
MPOBOAATH TPAHCHIOPTYBAHHS MOJIEKYJ y3J0BK MIKPOTPYOOUOK 3 BUKOPUCTAHHSAM
rigpomizy AT® B sikocTi mkepena eHeprii. JMHETHNM NEPEHOCATh MOJIEKYJIH Ta
opraenu 3 mnepudepuuHUX YaCTHH KIITHHH Yy HANpSIMKy IO IEHTPOCOMH,
KIHE31HU — B MPOTWICKHOMY HampsMKy. [[uHEiHM TakoX BIAMOBIAAIOTH 32 PyX
BIMOK 1 JUKryTUKiB. LlUTOma3MaTuyH1 BapiaHTH MIO3UHY MOXYTh OpaTH y4acTb B

TPAHCTIOPTI MOJIEKYJI 1 OpraHOi/NiB MO0 MiKpO(HIaMEeHTaM.

KoHTpoJIbHI NUTAHHS

1. o mpeacrapmnsie co6010 Jirans?
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2. o Take akTUBHUI LIEHTp O1IKIB?
3. 1o Bu 3naete mipo inridiTop O1aKa?
4, CTpyKTypHUM aHAJIOT JIiTaHaa — IIe. ..

5. SIki ¢pyHKIIT BUKOHYIOTH O17IKM B oprani3mi? Onumrite i GyHKII.
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PO3LJI IV
IHEPCOHAJIBHA 'EHOMIKA

I'naBa 1. InTepnpuranisa pe3yabTaTiB MOJEKYJISIPHO-

IFCHCTUYIHOI'O TECTYBAHHSA

IlepconajibHa reHOMiKa — pO3/1JIOM T€HOMIKH, MOB'S3aHUM 3 CEKBEHYBaHHSM 1
aHaimizoM TeHoma JoAuHH. Ilicia po3mupoBKHM TeHOTUNY HOro MOXKHA
MPOAHAJII3YBATH 3a JOIMOMOTOI OMYOIIKOBAHOI JIITEpaTypu JJisi BUSHAUEHHS DPIBHIO
CXWJIBHOCTI JI0 PO3BUTKY 1 MPOSIBY MEBHUX (PI3UYHUX Ta TCUXIYHUX 3H10HOCTEM
JIOJMHU, a Tak0oX HMOBIPHOCTI PHU3WKY BHUHUKHEHHS 1 PO3BUTKY CIHAJKOBHX 1
MYJIbTU(HAKTOPIAIbHUX 3aXBOPIOBAHb.

[IpakTidHe 3acTOCYBaHHS 3HaHb MPO MOJEKYISAPHI MEXaHi3MH, IO JIeKATh B
OCHOBI 1HJMBIIyaJIbHUX BIAMIHHOCTEH Yy PO3BUTKY 1 IpPOsABl (PI3UYHUX 1 MCUXIYHUX
3110HOCTEH, MOB'sI3aH1 3 TPbOMA ACTIEKTAMU:

» opieHTari€er i Bimbopom;
> ONTUMI3AI€I0 1 KOPEKIIIEIO TPYAOBOTO 1 TPEHYBAIBHOTO MPOIIECY;
> Mnpo(diIaKTHKOI 3aXBOPIOBAHb.

B dxocti mnpukiany IHTEpOpUTALil pe3ybTaTiB MOJIEKYJISIPHO-TEHETUYHOTO
TECTyBaHHS, HaBeAeMO (hi3UYHI 310HOCTI JIFOIMHH.

Sk BiAOMO, HEaJAeKBATHUIM BUOIp BUAY (PI3UUHOI AISUIBHOCTI CYIPOBOJIKYETHCS
dbopMyBaHHSIM HeEpaIlOHATBHOT (PYHKIIOHAIIBHOI CHUCTEMHU aJanTaiili 3 BEJIUKUM
YUCJIOM  3aiiBUX, HeehEeKTHBHUX 1 HABITh HEAONUIBHUX  (YHKIIOHATBHUX
B3a€MO3B'A3KIB, HAPYTOI0 KOMIIEHCATOPHUX MEXaHI3MiB, YCKIIAIHEHHSM B1JHOBHUX
IIPOIIECIB, TOBIILHUM PO3BUTKOM (PI3MUHMX 3AI0HOCTEH, CKIIAJIHUM JOCSATHEHHSM
BUCOKOTO  pIBHA  MpoQeciiHOl  MalCTepHOCTI,  HEBTIIHUM  MPOTHO30M
NEPCHEKTUBHOCTI 1, HApEUITi, 3YNUHKOIO 3pOCTaHHS MAaNCTEpPHOCTI Yy 3B'SI3KY 3
BUYEPIIaHHSAM T€HETUYHOTO PE3EPBY OPraHi3My.

JlisSIbHICTD, TOB'sI3aHa 3 MIABUIICHUMHU (PI3MYHUMH HABAHTAKCHHSIMHU, HEPIIKO
OpU3BOAUTH /O PO3BUTKY pI3HMX mnaronoriii. Haamiphi mposnonroBani ¢i3uuHi

HABAHTAXKCHHS MOXYTh MPU3BECTH J0 TpuBajoi rimepdyHKmii  cepusg 3
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MOAAJIBIIUM PO3BUTKOM BUpaXEHOI TinepTpodii Miokapna, sSika HE TIIbKU
NEPEIIKO/KAE 3POCTAaHHIO MAaWCTEPHOCTI, a W CTa€ MNPUYMHOI (POopMyBaHHS
«On4avoroy cepiis 1 BAHUKHEHHS apUTMIM.

Y 1upoMy TIUIaHI MOKJIMBOCTI MOJIEKYJSpPHOI TEHETUKH (3aCTOCyBaHHS
TCHETUYHUX MapKepiB y MOE€JHAHHI 3 (PEHOTHIIYHOIO JIarHOCTHKOIO) JO3BOJISIOTH
HaJaBaTH JOTIOMOTY CIEIlialicTaM y:

» BU3HAYCHHI CXMIBHOCTI AITEH 1 MiUTITKIB 0 MEBHOTO BHIY PYXOBOI MISUTBHOCTI
(mpodeciiina opieHTaris i Bigoip);

> MiABUINEHHI 3pOCTaHHS (I3MYHUX MOKA3HWKIB 3a paxyHOK ONTHUMi3allii Ta
KOPEKIIIl TPYIOBOTO 1 TPEHYBaJIbHOTO MPOLIECY;

» npo(iTaKTHIN Pi3HUX 3aXBOPIOBaHb, MIOB'SI3aHUX 3 MPOGECIHHOIO TiSTBHICTIO.

Ponp (axiBuiB y ramy3i MOJIEKYJSIPHOI F€HETHUKH, TaKOX IOJSArae B migOOp1
ONTUMAJIBHOI PYXOBOi JISJIBHOCTI JIJIi KOHKPETHOI JIOJIMHU 3 ypaxyBaHHSAM ii
F€HETUYHOI KOHCTUTYIIII.

Pa3om 3 TuM Tpeba BiJI3HAYUTH, 110 OCTaTOYHA KIJIbKICTh 1HAWUBIAIB, K1 JOCSTIIH
BUCOKOTO PIiBHA TmpodeciiiHoi 1 CHOPTHBHOI MaMCTEpHOCTI, BCE K TakKu
BCTAHOBJIIOETHCA HECHAJAKOBUMHU (akTopamu (BIICOTOK peajizallii TeHETUYHOIrO
MOTEHINATY 3aBXKIN HUKYE TECOPETUIHO OUYIKYBAHOTO) 1 3aJIEKUTh, B TOMY YHMCIIi, Bij
3aMMTIB CYCIIJIbCTBA.

Pazom 3 ThM Tpeba BIA3HAYMTH, 110 OCTATOYHA KUIBKICTh I1HAMBIIIB, SKi
JOCATJIM BUCOKOTO PIBHSI CIIOPTUBHOI MailCTEPHOCTI, BCE  TaKW BCTAHOBIIIOETHCS
HECMaJKOBUMH (pakTopamH (BIACOTOK peani3allii FeHEeTUYHOrO MOTEHIaly 3aBXIu
HIKYE TEOPETUYHO OYIKyBAaHOr0) 1 3ajJeXUTh, B TOMY 4YHCHII, BIJ 3alUTIB
cycmiibcTBa. Ha MiATpUMKY TinmoTe3w Mmpo 3arajbHy CXUIBHICTH O TIEBHUX BUJIIB
CIOPTY MO>KHA HAaBECTU MPUKJIIAIU MO YACTOTI 3yCTPIYAEMOCTI PI3HUX ajesiel I'eHiB,
acoIliiioBaHUX 3 PYXOBOIO MisUTbHICTIO. Tak, Ha miacTasi aHamizy G/C nomiMopdizmy
7 iaTpony reHa PPARA moxHa BUIIIMTH 1HIUBIAIB 3 HasBHICTIO anenet G (Hocii
reHotumiB GG 1 GC) a6o C (uocii renotuniB GC 1 CC). byno BusiBieHo, 1o 4acTora
syctpivaemocti PPARA G anens 3naunmo Bulle cepes craepis, a uacrora PPARA C
anenst — cepen CpuHTEpiB 1 BakkoatrieTiB. [lomiOHMIT aHTaroHi3M ajeneil, KoJu
MepIviA  ajneidh TeHa MpUBEpPTaE 10 BHAIB CHOPTY OAHIET MeTabOIIYHOT
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CHPSIMOBAHOCTI, a IPYTHil — 10 BU/IB CHOPTY 1HIIOTO METa0O0JIYHOI CIIPSIMOBAHOCTI,

BusiBnenuii takok gt ACE 1/D, HIF1A Pro582Ser i PPARGC1A Gly482Ser

nomimopdizmiB. Ha mijgcraBl 1UX JaHUX MOXHA TMPHUITYCTUTH, IO HOCIHCTBO

oyan-sxux aneneit reniB ACE, HIF1A, PPARA i PPARGC1A e oOMexye JTI0ANHY B

MO>KJIMBOCTI 3aHTh BUJAMU CIIOPTY B3arai.

Po3mmdpoBka NmepBUHHOT CTPYKTYPH BCHOTO T€HOMY JIOAMHH, HACHUYEHICTH
F€HOMY BHUCOKOMOMIMOPGHUMH AUISHKAMH, SKI € 3pyYHUMH MOJICKYJISIPHUMU
MapKepaMmH, HasBHICTb XPOMOCOMOCIEHHU(PIYHUX 1 JIOKycCHeUDIYHUX KIOHOTEK
JNHK, knonorexk ekcopeciitHoi  k/IHK, mumpoki MOXIHMBOCTI aHa3y F€HOMY
JIOJIMHU 3a JIONOMOroio OioiH(OpMAIlifHUX TEXHOJOTIH 1 3'ACYyBaHHS CMHCIOBHUX
HYKJICOTUJITHUX TOCIIJIOBHOCTEM SAKICHO 3MIHWIM MiAX1A A0 iAeHTu(ikailii TeHiB.
CyuacHa ctpareris KapTyBaHHS (Pi3UYHUX 3410HOCTEN BKIIIOYAE TaKi MiAXOIU:

» anamiz 3ueruieHHs (auri. linkage analysis). Ileii Meron 3acHOBaHMiA Ha
MPOCTEKYBAaHHI KOCErperalii reHiB Npu nepeaadi Bij 0aTbKiB J0 HAIIAAKIB B PSILY
MOKOJIIHb. AHaNi3 34YeIJIEHHS — 1€ BUBYEHHS BIAMOBIIHOCTI CIIOCTEPIraeMoi
KapTUHU Cerperaiii 03HaK 1 TeHETUYHUX MapKepiB y POJOBOJII 1 MEBHOT MOJEI
ycnaakyBaHHA. [Ipy 1bOoMy po3paxoBYyHOThCA MIaHCHU (MMOBIPHOCTI) 3a 1 MPOTHU
3ueryieHHss B AaHiil cim'i. KiabKiCHMI TMOKa3HUK 34YEIIEHHS — IIe Jorapudm
CIIBBIJTHOIIEHHS IIAHCIB (MPaBIOMOAIOHOCTI) 3a 1 MPOTU 3YEIUICHHS — JIoA-Oan
(anrn. LOD score), sikuii MOYXKHa OOYMCIUTH ISl PI3HUX 3HAYEHb PEKOMOIHAHTHOL
¢pakuii (O) — Bix 0 g0 0,5. 3HaueHHs O, NpU SIKOMY JI0A-0aJI MAKCUMaJIbHUH, 1 €
HalOIbII WMOBIPHA OLIHKAa JMCTAHIII MIX TEHETMYHUM MapKepoM 1
nepe0adyBaHUM I€HOM O3HAKH. 3YCIUICHHS € CTaTUCTHYHO 3HaunmuM (P<0,05),
AKIIO Jioa-0an nmopiBHIOE 2,0, 1 MiATBEP/HKCHUM, SKIIO JIOA-0al TepeBHUIILy€e
noporose 3HaueHHs — 3,0 (11 BeJIMUMHA O3HAYa€, 10 WMOBIPHICTh 3YEIJICHHS B
20 paziB BuIlEe WMOBIPHOCTI HOoro BijicyTHOCTI). B manuii yac aHami3 34uerieHHS
IPOBOJSATh, BUKOPHUCTOBYIOUM BEJMKY KIJIbKICTH MapKepiB, PO3MOAUICHUX IO
BCbOMYy TeHOMY — Bijl 500 70 KUJIBKOX JNECATKIB THCSY (MYJBTUIOKYCHUN aHali3
3ueruieHHs). [lpu 1bOMy pO3paxOBYETHCS CHIBBIIHOIIEHHS WMOBIPHOCTEH st
KOXKHOT'O 1HTEpBaJIy MDK JIBOMa CYCIAHIMU MapkKepaMu. [HTepBan 31 3HaYEHHSIM

non-6ama, MO0 TEpPEBUIIYe IOPOroBe, 1 € HaWOLIbII HMOBIPHOIO 00JACTIO
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Jokaunizaiii resa (miATBeppKyoUYe KapTyBaHHsA). B iHTepBanax, 1 SKUX JoA-0at
HUKYE BHUKJIIOYAEMOIO IMOPOryY, JIOKai3allisl I'eHa BHUKIIOYAETHCS (BUKIIOYAEME
KapTyBaHHs). MyJIbTUIOKYCHUHN aHaji3 34eIJICHHsS BUMara€e BEJIUKUX OOUYHCIICHB,
Uig  AKUX  cremianbHo po3pobneni mporpamu — LINKAGE, FASTMAP,
EXCLUDE Ta 1. AmnHam3 34emjieHHS — OCHOBHHM METOJX T€HETHYHOI'O
KapTyBaHHS TIPOCTUX MOHOTCHHHMX O3HAaK (XBOpo0), SKIIO BigOMI THI
yCHaJKyBaHHSA O3HAaKU Ta PIBEHb MEHETPAHTHOCTI (KJIACHYHMA, MapaMeTpUYHUN
aHaji3 3uerieHHs). HeBipHo 3amaHi mapaMeTpu MOXKYTh MPU3BECTH J0 HEBIPHUX
BHCHOBKIB;

METOJI 1ICHTUYHHUX 32 TOXO/PKEHHAM (CHUIbHUX) aneniB, abo IBD-anamniz (aHr.
identical by descent — IBD) — 1ie HemapaMeTpuyHMiA aHAITI3 3USTUICHHS, TP IKOMY
iH(opMalil0 NpPO 34YEIUIEHHS OTPUMYIOTh TUIBKM Ha OCHOBI YCIAJIKyBaHHS
MapKepiB B mapax (3A0pOBUI/XBOpUil) poaudiB 0€3 anplOpHUX MPUITYIICHb MPO
TUIl CMAJKYBaHHS Ta 1HIIMX XapaKTepUCTUK. Takuii HemapamMeTpuYHUM MiIXid €
MEHIII CYBOpHM, aje, WMOBIpHO, OIbII €()EKTUBHUM: Yy (3I0POBHI/XBOpHUIL)
POJMYIB MOBUHEH BUSBIIATUCS HAJIMIIOK 3araJIbHUX ajeiIiB HaBITh IIPU HETIOBHIN
MEHETPAHTHOCTI1, HAsIBHOCTI (denokomnii, JTIETUYHOI TETEPOreHHOCTI Ta
BHCOKIM YacTOTI ayensi, 34eruieHoro 3 (eHoTurioM. MeToa 3araibHUX anelnei
JI03BOJIIE  BUSIBUTH, HACKUIBKM 4YacTillle, B TMOPIBHSIHHI 3 BHUIIaJIKOBOIO
Cerperami€ro, mnapa poJauyiB 3 MEBHUM (EHOTUIIOM YCHAIAKOBYE OJHY 1 Ty X
(imeHTHYHY 32 TOXO/HKEHHSIM) KO0 IIISHKY reHoMy. Hanpukian, poaunHi napu
MOXXYTh MaTH a00 HE MaTH OJMH 3arajibHUH 3a MOXOPKEHHSAM aJieNlb M0 KOKHOMY
nokycy. IMoBipHicTh 3arampHoro anens (IBD-mokasHuK, ogy NpH BHIIQAKOBIN
MEH/IETIEBChKIH cerperarlii JopiBHIOE 1/2. SIKIOo )k MapKepHH JIOKYC 3YETUICHHH 3
denoTunom, napu (310pOBHII/XBOPUI) POANYIB MOBUHHI MaTH 3arajJlbHUM ajenb
4acTille, HiXK Y TTOJIOBUHI BUTIAAKIB. Y MPAKTHUIl (DI3UYHOT KyJIBTYPH 1 CIIOPTY TieH
METOJ] Tepeadayae CKaHyBaHHS BCHOTO T'€HOMY 3a JTOTIOMOTOI0 BEIHMKOTO YHCIa
TeHETUYHUX MAapKepiB 3 BIJOMOIO XPOMOCOMHOIO JIOKAJI3aIll€l0 Ha MpPeaMeT
acouianid MeBHUX JIOKYCIB 3 pi3HOMaHITHUMHU KijgbKicHUMHU (QTL-kapTyBaHHA,
Hanpukiaa, MCK, nmoka3HHMKIB HIBUJIKOCTI 1 CHJIM ) 1 SKICHUMH (HAIPHUKJIA,

HasBHICT, a00 BIJACYTHICTb CHOPTUBHOTO pO3psimy) o3Hakamu. Hamami
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nependavaeThCsl TMPUIUIPHE CEKBEHYBAHHS UISHOK, PO3TAlllOBAaHUX HABKOJIO
3HAWJIEHUX JIOKYCIB, 1 BUSIBJIEHHS B HUX MOJIMOP(I3MIB, 3UCIJICHUX 3 BIJIOMHUMU
TeHETUYHUMH MapKepaMu;

JOCTIKEHHS acollialliil y momyisiisX, Ha BIAMIHY BiJ ABOX MOMEPEIHIX METOIIB
IFeHETUYHOIO0 KapTyBaHHS, 3aCHOBAaHE HE Ha aHaji3l Kocerperaiii T€HEeTHYHOTO
MaTepialy B CIM'IX, a Ha TOLIYKy NOMyJsiiiHuX Kopemsmii. Lleit merox e
HAWOUIBII TOIIMPEHUM 1 3aCTOCOBYETHCS JUIsl BUSBICHHS 1H()OPMATUBHUX
NOJIMOP(HUX JIOKYCIB, acOILIMOBaHUX 3 PI3HUMH (PI3UYHUMHU 1 TCUXIYHHUMHU
3ni0HOoCTAIMU  mtoguHU. [lomyk  momiMopdHHMX — TeHIB-KaHAMAATIB Ta  iX
BUKOPUCTAHHS y BHUBYEHHI TE€HETHUYHOI CXWJIBHOCTI JO BHUKOHAHHS PI3HUX
(I3MYHUX HaBaHTAaXEHb 3aCHOBAHUM HAa 3HAHHI MOJEKYJSIPHHX MEXaHI13MIB
M'30B0i a00 OyAb-sIKOI IHIIOI JISJIBHOCTI 1 MPUIYIIEHHI, 10 MNOmiMopdizm
JTAHOTO TE€Ha MO’K€ BIUIMHYTH Ha pIBEHb META0OJIYHUX TMpoleciB abo Ha
Mopho(dyHKIIOHATBHI ~ OCOOJMMBOCTI  opraHizMy. JlociipkeHHsT — acoriaiii
nomMopdi3MiB  TEHIB-KaHIUJATIB 3acHOBAHE Ha JEKUIBKOX METOJUYHUX
miaXoaax:

JOCIIJKEHHSI «BUMAJOK-KOHTpOJbY» (aHri. case-control study), mpu sikomy
MIPOBOJUTHCS TONIYK MOMYJISIIIIHHUX KOPETSIid B 4acToTax ajesieil (reHOTHITIB,
TaIIOTHINIB, TAIUIOTPYI). Y KJIACHYHOMY BUMAAKYy BOHHU MPEACTABISAIOTH COOOIO
MOPIBHSIHHS JOCHIDKYEMUX 3 1HAMBIJAMH, 10 HE MaTh TPYJA0OBOro abdo
CIIOPTUBHOTO CTaXy 3 TI€l K momymsiii. Hampuknaa, reHeTHaHnii Mapkep (aemb
JTAHOTO TE€HY) BBAXKAETHCS ACOLIMOBAaHUM 3 BUTPUBAIICTIO (ajiejh BUTPUBAJIOCTI),
AKIIO MOro dYacTtoTa cepes AochimkyemMux 3Haummo (P<0,05) Bumie, HIXK B
KOHTPOJBHIM BHOIpI, 1 Mae TEHACHIIO 0 IMMABUIICHHS 13 3POCTaHHAM
kBamidikanii (e peHoMeH BigoOpaxae mpoiiec Bi100py);

OJTHOMOMEHTHE (TomepeydHe) Jaochi/pkeHHs (aHrn cross-sectional study) —
MPOBEJICHHS KOPEJAIINHOTO a00 MOPIBHSJIBHOIO aHali3y TeHOTUIIB 3 JIAHUMHU
OJTHOPA30BOTO OOCTEKEHHS (JIOCHTIKEHHSI «TE€HOTHM-(PEHOTHUID); HAMPUKIIA],
aHTPOTNIOMETPIs,, TICTOMOPPOMETPIs, CHIPOEPrOMETPisi, BHU3HAUYECHHSA PIBHS

(b13UYHOT MIArOTOBICHOCTI, 3MarajabHO1 YCIIIIHOCTI Ta 1H.);
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3. nuHamiuHe (TTO3M0BXKHE a00 JOHTITIONHE) nocmikeHHs (anri. longitudinal study)
— MPOBEJICHHS KOPEJALINHOr0o a00 MOPIBHSJIBHOIO aHajli3y Te€HOTHIIB 3 JaHUMU
OaraTopa3oBUX 0OCTEKECHb BUIIPOOOBYBAHUX (aHATI3YEThCS €DEKT TPEHYBaHH).

AcoriaTuBHI  JOCTIDKCHHS TMPOBOASTh 3 BUKOPUCTAHHSM PI3HOTO YHCTIA

MapKepiB.

JlocmimKkeHHs, 10 TPOBOIATHECA B paMKaxX MOJCKYJISIPHOI TEHETHKH, 3a

CTPYKTYPOIO MOXKHA KIacu(PiKyBaTH HACTYITHUM YHHOM:

OIKC OKPEMHUX BHUIIAJIKIB;

OMKC cepli BUMA/IKIB;

JOCIIJIKEHHS «BUTIAJOK-KOHTPOJIbY;

aHaJIITUYHE OJHOMOMEHTHE JTOCIIIKEHHS;

MPOCNEKTUBHE TUHAMIYHE JOCIIIKEHHSI;

vV V V V V V

MeTaaHai3.

Bupainenns mnigBuOipok (WiArpymn) 3a sSIKOHO-HEOYb O3HAKOIO (HAIpPUKIA,
CTaTTIO, BIKOM, CIEIllaji3aili€r), WMOBIPHO 3JaTHOMY BIUIMHYTH Ha pe3yJbTaTu
JOCITIJKEHHSI HOCUTh Ha3By crpaTudikaiii (posmapyBaHHs). Y JOCIIIKEHHSIX
«BUNAJOK-KOHTPOJIbY» BHUJM PYXOBOi MJISTHOCTI MOAUISIIOTH HA PI3HI  TPYNH
BIJIMTOBITHO, HANIPUKJIAA, 32 TUIIOM eHepro3ade3nedeHHs (Pi3MYHOTO HaBaHTAKCHHSI.
Y 1upomy BHMNAAKYy B OJHOPIIHUX Tpymnax (i310J0riYHI 3aKOHOMIPHOCTI, WIO
BUKOPUCTOBYIOTBCS B TPYAOBOMY a00 TpEHyBaJlbHOMY IMpolieci MOBUHHI OyTH
onHakoBUMU. KpiM 03HaK, 110 XapaKTePU3yIOTh PO3BUTOK BUTPUBAJIOCTI, IIBUIKOCTI
1 cunu, OepyTh 0 yBaru MOTYKHICTh BUKOHYBaHOI (P13MYHOI pOOOTH 3 MOALIOM Ha
MaKCHUMaJIbHYy, CyOMakCUMaJlbHy, BEJTUKY, OMIPHY 1 3MIHHY, a TaKOX HUKJIIYHICTb
HABAHTAKCHHS 3 TOJIJIOM Ha MHUKIIYHY (IUKIIYHI BUAU CIOPTY) 1 aAlUKIIYHY
(aruKIIYHI BUAM CHIOPTY) poOoTy. Bynb-sike AOCHIKEHHS B 3aJIEKHOCTI BiJl TOTO,
HACKUIBKM HaiiHI OTpUMaHI B HbOMY PE3yJbTaTH 1 HACKUJIBKA BOHHM 3aCTOCOBHI B
MpaKkTHIll, MOXHA OXapakTepu3yBaTU 3 JBOX TOYOK 30pYy: JOCTOBIPHOCTI
(BHYTPIITHBOT O0OTpYHTOBAHOCT!I) Ta y3arajgbHIOEMOCTI (30BHIIITHBOT
OOrpyHTOBAHOCTI, MPUIATHOCT1).

JIs BU3HA4YEHHST 3HAYUMOCTI MOIiMOpGi3My I'eHa B J1arHOCTHIl CXMJIBHOCTI JI0

MEBHOTO BUY PYXOBOI IIsTILHOCTI HEOOX1THO BPaXOBYBATHU TPU OCHOBHI KPUTEPIi:
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» ¢yukmionansHy 3Haunmicts JIHK-momiMopdismy, 110 3aieKUTh BiJ THITY
nommopdizmy 1 ¥Moro nokamizaiii. [lependbauyBanuii epekt nmommopdizmy Ha
dbenoTun Moxe OyTH ayke HU3bkuM (1 6as 3a 5-0aapHOIO IIKAJIOK), HU3BKUM (2
6aym), momipauMm (3 6anu), BUCOKUM (4 6ayn) 1 ay’ke BUCOKHM (5 6aiB);

» KIUIBKICTh MTOBTOPEHD PE3YJILTATIB HE3AICIKHUX JOCTIKEHD 3a TUIIOM «BHITaJOK-
KOHTPOJIbY;

» YHCII0 TOBTOPEHb PE3YNbTATIB HE3aICKHUX JOCITIHKECHh 338 THIIOM «TE€HOTHII-
dbeHoTUm.

Takum yumHOM, MM Oiible OaniB HaOWpae MEBHUN TE€HETUYHUNA Mapkep 3a
KOXXHUM KpPUTEPIEM, TUM MEHIIIOI MIPOIO BiH MOKE BBAXKaTHUCS JIOKHOMO3UTHBHUM
(pe3ynbTaT apredakty) 1 TUM OLIBIIOI0 MIPOIO BiH € 3HAUUMHUM 1 HAAIMHUM )i
J1arHOCTUKH CXWJIBHOCTI JI0 3aHSTh PI3HUMU BUAAMU PYXOBOI JISIIBHOCTI.

JIJist 3py4HOCTI 3HAYMMICTh MapKepa MOXKHA IMO3HAYaTH y BUIJISAL (popmyiu
ABC, ne A — nependauyBanuii epext nomimopdizmy (6amu: Big 1 1o 5), B — uncino
HE3aJICKHUX JOCIIKEHb 32 THIIOM «BHUIAJOK-KOHTPOJbY», B SKUX OYyJIu MOKa3aHi
cxoxi pesyibTatu (6amu: Big 0 10 n), C — 4nCIIo HEe3aJIeKHUX JTOCTIIHKEHD 32 TUIIOM
«TEHOTUM-(PEHOTHUI», e Oyiu MokKa3zaHi cxoxi pe3ynbratu (6amu: Big 0 10 n). 3
HaBEJICHUX BUIILE MPUKJIAAIB BUIUIMBAE, 1m0 oliHKa 3HauynMocti qis ACE I anmens —
A3B13Ci7, a gmas ACTN3 R577 amens — AsBgCyp. Y po3mmpeHoMy BapiaHTi i€l
(dopMyIH MOKHA TaKOX BPaXxOBYBATH 1HII KPUTEPIi, TaKl, SIK YUCIO TOCHIIKEHD (110
TUIy  «BUIAJOK-KOHTPOJIb» a00  «TeHOTUN-(QEHOTUI») 3  CyNepewWIMBUMHU
(Hampukmnaa, B ABOX poboTax Oyna BusBieHa Oinbmn HU3bKa yactota ACE I anens B
TPyl JOCHIDKYEMHUX B TIOPIBHSHHI 3 KOHTPOJeM) a00 HETaTUBHUMHU (HAMPUKIIAM, Y
TphOX poOoTax He OyB BusiBieHui 3B'si30k ACE 1 anens 31 CXWIBHICTIO 7O 3aHSThH
PYXOBOIO AISITBHICTIO, CIPSIMOBAHOIO HA PO3BUTOK BUTPUBAJIOCTI) JaHUMU.

[HTepripeTaltis pe3ynbTaTiB MOJEKYJISPHO-TEHETUYHUX JOCTIIKeHh TOBUHHA
MIPOBOJIMTHUCS HA OCHOBI CYMapHOT'O BHECKY T€HOTHIIIB 1 ajiejieil T'eHiB Y BU3HAYEHHS
CHaJKOBOT CXMJIBHOCTI JI0 PYXOBOI1 MIsUTBHOCTI 1 IO PO3BUTKY MPOQECIHHUX MaTOJIOTIN

JIFOANHU.
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BigmoBimHo 1m0 (QyHKIIOHATBHOI 3HAYMMICTI TMEBHUX ajelied  TEHiB,
acoliiioBaHUX 3 PYXOBOIO MISJIBHICTIO, KOXXHOMY aJieil0 MPUCBOIOETHCS YMOBHA
OJIMHUIII 3HAYUMOCTI — Oall.

VY 3a7eXHOCT1 BiJ KUTBKOCTI OaiiB 1 SIKICHOTO CKJaay KOMOiHalil TeHOTHUIIIB y
JTOCIIKYEMUX MOKHAa BU3HAUUTU 4 THUINY CXWJIBHOCTI JIO PO3BUTKY 1 MPOSBY
¢i3nuHuX 3110HOCTEH:

» HU3bKa CXUIIBHICTH (BM3HAYAETHCS HA INJCTaBI TOTO, IO CEpPeJl BEIUKOI BUOIpKU
BUCOKOKBaTI(p1IKOBAHUX 1HAMBITYYMIB BIJICYTHI HOCIl TAaKOTO MIHIMAQJIBHOTO YHCIa
CHPUSIOYMX KOHKPETHIN AISUIBHOCTI anesiei abo SKII0 y HUX BIJICYTHI 3HAACH] y
BUINPOOYBAHOTO HETATUBHI MYTallii, 10 BIUIMBAIOTh HA pe3yjIbTaT) O3HAYAE, 110 €
BHCOKa WMOBIPHICTh TOTO, IO IHAMBIL HE 3MOXE TOAOJATH  3aJaHuil
HEOOXITHUI pIBEHb B MEBHIN Ipymi BUAIB PyXOBOi AISIBHOCTI, IO MHOTPEOYIOThH
MEePEBAXKHOTO MPOSABY OyIab-aK01 (h13M9HOI 3/110HOCTI (BUTPUBAIIOCTI, MIBUIAKOCTI,
CUJIM, CHOPUTHOCTI, THy4KkocTi). Ilo Bcii BuaMMOCTI, 10 Ii€l Kareropii
JTOCITIDKYBaHUX OYAyTh CTaBUTUCS 1HAMBIAA 3 HETaTUBHUMM MYTallisMHU, IO
BUKJIMKAIOTh IHTOJIEPAHTHICTD JI0 (PI3UYHUX HABAHTAKCHB;

» MoMipHa CXWJIBHICTh — € BIJHOCHA WMOBIPHICTB, IO IHAMBIX 3MOXKE MOCSITTH
BUJIATHUX PE3YJIbTATIB Y TiH TPYMi BUAIB PyXOBOI MISIIBHOCTI, JIe MOTPIOCH MPOSsB
MeBHOI (P13UYHOI 3110HOCTI;

» BUPaXKCHA CXWIBHICTh — BEIWKAa HMOBIPHICTH, IO I1HIWBIT 3MOXKE JIOCSATTH
BUJIATHUX PE3YJIBTATIB Y TiM TPYIMi BUAIB PyXOBOI MISIIBHOCTI, JIe MOTPIOEH MPOSsB
MeBHOI (P13UYHOI 3110HOCTI;

> SCKpaBO BHpakeHa CXMJIBHICTh — Jy’K€ BEJIHMKa WMOBIPHICTB, IO 1HIUBII 3MOXKE
JOCSTTA BUJATHUX PE3YJNbTATIB y Tid TPymi BUAIB PyXOBOI ISUIIBHOCTI, €
noTpiOeH MPosB NEBHOI (Pi3UUHOT 311OHOCTI.

Ha mizmcraBi BUSIBIEHHS CXUJIBHOCTI JI0 PO3BUTKY 1 MPOSIBY OKpeMHX (Di3UIHUX
3n10HOCTEH,  AJIA  JIOCHIIKYEMOro TiAOWpaeThcs HaOIp Tpyn BHUIIB PYXOBOi
TUSTBHOCTI, /IO SIKUX BIH CXWJIBHHM (3 ypaxXyBaHHSIM (PEHOTHIIOBHX JaHUX ).

[HMBiAyansHE MOJIEKYISPHO-TEHETUYHE 3aKIIOYCHHS MOBHHHO CKJIAJATHCS 3

HACTYITHUX PO3IiIiB:
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» IepepaxyBaHHs BCiX BHSBJICHHX T'€HOTHIIB 3a JOCITIKyBaHUME JToKycamu JTHK.
s indopmarttist HocuTh KOH(DIACHIIIMHUN XapaKTep, TOMY 1[0 MICTUTh M€HETUYHI
JaHl 1HAMBIJA TIPO HOT0 CXWJIBHOCTH J0 MEBHUX BUJIIB PYXOBOI JISJIBHOCTI 1 MPO
PU3UK PO3BUTKY MYJIbTHU(AKTOPHUX Ta 1HIIMX MATOJIOTIH. 3 Ii€r0 1HPOpMAIIEID
MOXYTh OyTH 03HAMOMJICH]1 BUKJIIOUYHO JOCITIKYEMHM 1 0aTbKU JTOCTIIKYEMOTO 1,
IpU HAIBHOCTI iX J03BOJNY, — ocobucTuil (ciMeitHMil ab0 CHOPTHBHUI) JiKap 1
TpeHep;

» iHTeprpeTaniiiHa YacTHHA. BiAMOBIZHO 10 OTPMMAHMX TICHETHYHHUX JIaHHX
HAJA€eThCs IH(POpMaLisA MPO CXWIBHICTh IHAUBIAA JO PO3BUTKY 1 IPOABY (PI3MUHUX
3M10HOCTEH, a TaKOX NPO PHU3UK PO3BUTKY PIZHUX MATOJIOTIYHHUX CTaHIB 1
3aXBOPIOBaHb (@Jie€ TUIBKM MPHU 3alUTI UUX AAHUX): apTeplajibHa TiNepTeH3id,
aTepOCKIIepO3, MOPYILIEHHS 3TOpPTaHHS KpOBI, rinepTpodis MioKapaa JIBOro
IUTYHOUKY Ceplisd, parrToBa cepleBa CMepTh, I[YKpOBHM miaber 2-ro THUMY,
OKUpIHHA, TocTTpaBMaTH4Hi ypaxkeHHs: HC, 3axBoproBanns OPA Ta iH;

» peKOMEHIalliifHa YacTHHA:

1. nus gocpKy€eMoro MmaOuparThCs TPYNH BUIIB PYXOBOI MISUTBHOCTI, B SKUX BIH
MOX€E JIOCSATTH BUAATHUX PE3YyJIbTATIB, a TAKOX OMUC CWJIBHUX 1 CIaOKUX CTOPIH
CUCTEM OpraHi3My 3 TOUYKH 30pY MOTEHINIATy PO3BUTKY (Hi3UYHUX 3/110HOCTEH;

2. MIETUYHI PEKOMEHMAIlli: CKIAgaloThbcsl Ha OCHOBI TI€BHOI 1HIWBITyaJIbHOI
YyTJIMBOCTI BUIIPOOYBAHUX A0 XapUOBUX PEUOBHH;

3. mpodinakTUYHI PEKOMEHJAIll: BU3HAYAIOTHCS 3aX0au 3  NPO]UIAKTHKU
MyJIbTI(PAKTOPHUX 3aXBOPIOBAaHb 1 MATOJIOTIYHUX CTaHIB, MOB'SI3aHUX SK 3

podeCIHOIO TiSITBHICTIO, TaK 1 CIOCOOOM YKHUTTS.

KouTpoubHi nMTaHHSA
1. IlepepaxyiiTe =~ OCHOBHI  aCHEKTH, SKI CKJIaJalOThb OCHOBY HPaKTUYHOTO
3aCTOCYBaHHS  3HaHb PO MOJIEKYJSIPHI MEXaHI3MH, IO JeXaTb B OCHOBI
1HIWBIAyaJIbHUX BIAMIHHOCTEH Y PO3BUTKY 1 MPOsBi Pi13MUHUX 3A10HOCTEH ?

2.Y 4domy came MOJEKYJspHa T'€HETHKa HaJa€ TOTIOMOTY crieniagictam?
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3. SIxi migxoau BKIIFOYAE CydacHa CTpaTeris KapTyBaHHS (Qi3UYHHUX 3110HOCTEH?

4. 3a KOO CTPYKTypOHO MOXXHA  KjJacu(iKyBaTH  JOCHIKEHHS, 11O
OPOBOJATHLCA B paMKax BHUSIBIECHHS CXHJIBHOCTI O PO3BUTKY 1 MPOSIBY (PI3MUHUX
3n16HOCTEH?

5. SIxki ocHOBHI KpuTepli HEOOXIJTHO BpaxoBYBaTH IpH BHU3HAYEHHI 3HAYUMOCTI
noniMop(di3My TeHa B JIarHOCTHUII CXWJIBHOCTI JI0 TE€BHOTO BHUAY pPYXOBOI
TISUTBHOCTI?

6. CKIJIbKU THUITIB CXWJIBHOCTI JI0 PO3BUTKY 1 MPOsIBY (13MYHUX 3/110HOCTEH icCHY€E?

7. 3 SKAX PO3AUIB MOBUHHO CKJIAJATUCS 1HAMBIAYaJbHE MOJEKYJISIPHO-TEHETUYHE

3aKJIFOYEHHA?
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PO3JILJI V
MOJIEKYJISPHA TEHETUKA
®I3UYHUX 3AIBHOCTEN JIIOTUHA

I'maBa 1. IcTopist po3BUTKY MOJIEKYJISIPHO-TEHETUYHHX JTOCTIIKEHb

CXWJIBHOCTI 10 PO3BHUTKY i NPOsABY Qi3HYHHUX 3Xi0HOCTEH JIOAUHH

Ha mpukinmt 90-x pp. XX c¢T. B apceHaldl TE€HETHKIB 3 SBWIHCH
BHUCOKOE(EKTUBHI €KCIIEPUMEHTAIbHI TEXHOJIOT1I, 10 3a0e3neuyBail MOKJIUBICTb
BU3HAUEHHS MOJIEKYJSIPHUX MEXaHI3MIB ycHaJKyBaHHS (DI3UYHUX 3110HOCTEH
moauHd. Metoau MoJieKyJsipHOi OioJiorii y miil cdepi Boepiue Oyjid 3aCTOCOBaHI
aMepuKaHChKUM 1 OputancbkuM BueHuMU Kitogom bymapom 1 X'to MoHTromepi.

Y 1995 p. Knon bymap mnodaB TIpaHIlO3HUA MIKHAPOAHUI TPOEKT
"HERITAGE" (ckopouenns Bix anri. ciiB HEalth, RIsk Factors, Exercise Training
And Genetics), B sIkOMy OpaJio y4acThb KiIbKa JOCIITHUX IIEHTPIB, 1 BUBUABCS 3B'SI30K
MK T€HOTHMIYHUMH 1 (PEHOTUNIYHUMHU JaHuMHU y noHad 800 oci micis AeKiIbKOX
THXKHIB PI3HUX (PI3MYHUX HaABaHTaKeHb. bymap 1 HOro Kojeru Beau TOIIyK
noaiMOppHUX JIOKYCIB, acoliiioBaHUX 3 (DI3UYHOIO MISIBHICTIO JIIOJUHU B JBOX
Hanpsmkax. OJuH 3 HUX 3aCHOBaHUIM Ha CKaHYBaHHI BCHOTO F€HOMY 3a JJOITOMOTOIO
Ha0oOpa TeHEeTUYHUX MapKepiB 3 BIIOMOIO XPOMOCOMHOIO JIOKTI3aIll€l0 Ha MPEIMET
acoriaifii MEeBHUX JOKYCIB 3 PI3HOMAHITHUMHM KUIbKICHUMHU O3HaKamu. [HIIWN
HANpsSIMOK TPUITYCKA€E MPULLIBHE CEKBEHYBaHHS IIJISHOK, PO3TAlIOBAHHUX HABKOJO
3HAMIEHUX JIOKYCIB 1 BHSIBJICHHS B HUX TOJIMOP(I3MIB, 3YEIUICHUX 3 BIJOMHMH
reHEeTUYHUMH Mapkepamu. [lomryk mnoaiMOppHUX TeHiIB-KaHIUIATIB Ta ix
BUKOPUCTAHHS Yy  BHUBYCHHI TEHETHYHOI CXWJIBHOCTI JI0 BUKOHAHHS Pi3HHUX
($13MYHUX HABAaHTA)KE€Hb 3ACHOBAHUI HAa 3HAHHI MOJIEKYJIIPHUX MEXaH13MIB M'SI30BOTO
ab0 Oynab-SKOr0 1HIIOrO BUAY JISJIBHOCTI 1 MPUMYLICHHI, M0 MOIMOpdi3M AaHOTO
reHa MOXK€ BIUIMHYTH Ha PiBEHb METa0OJIYHUX MpOIeciB B opranizMmi. bymap 3i
CBOIMH KOJIETaMU JOCATIN 3HAYHOTO MPOTPECY B pO3YMIHHI YCNAIKyBaHHS (I3UYHHUX

3M10HOCTEH JIOAMHU 1 MOJIEKYJISIPHO-TEHETHYHOT OOYMOBIIEHOCTI IX PO3BUTKY 1
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nposBy. JlochinHukamu Oyno omy0I1iKOBaHO COTHI poOIT B pi3HOMaHITHUX JKypHajax
T€HEeTUYHOTO, (Di310JI0TTYHOTO 1 MEAUYHOTO HANPSIMKIB, a TOCATHEHHS B I 00J1acTi
BOHU TMPOJIOBXKYIOTh PETYJIIPHO pPE3IOMYyBaTHU B HayKoBoMYy >KypHaii «Medicine
and Sciense in Sport and Exercise» y Burisami «Manu (i3udHOi  aKTUBHOCTI
moauau» (aHria. «The human gene map for performance and health-related
fitness phenotypes»).

[TapanensHo 3 nuM rpyna bymapa cymicHO 3 HIMEUBKUMH Ta (iHCHKUMU
Kojeramu B pamkax npoekty «Genathlete study» 3aliMaeTbcst MONTYKOM M€HETHYHHUX
MapKepiB, aCOLIMOBAaHUX 31 CXWJIBHICTIO IO 3aHATHh BUJAMH CHOPTY, IO HANpaBJICHI
Ha PO3BUTOK BUTPHUBAIOCTI.

VY 1998 p. X'to MoHTromepi Ta HOTro KoJIerH OnmyOJIiKyBaJId pe3yJIbTaTh CBOIX
JTOCHIDKEHb Y HaykoBoMy »kypHani «Nature». Ile Oyma mnepmia crarts 1o
pesynbTaTaM  TOAIOHMX  JOCHIJKEHb. MOHTroMepi  JOCIHIJKyBaB  3B’SI30K
noniMopdizmy reHa ACE 31 3[IaTHICTIO JO CXOJI)KEHHSI Ha TOPU-BICBMUTHCSYHUKH 1
CUJIOBOIO BUTpUBAIICTIO. Y cBiToBUX 3MI pesynbrar 11i€i npaii Oyau migHECEH] SIK
BIIKDUTTA «T€Ha CHOpPTY». BHCHOBKM MoOHTroMepi mOJATadd B HACTYIMHOMY:
HOCiiicTBO MyTaHTHOro BapianTy reHa ACE (ameni D) cnpwusie mposiBy IIBHUIKICHO-
CWJIOBHX 3710HOCTEN, a HOpMaJIbHUM anenb | gae mepeBary mij yac repeOyBaHHS B
YMOBaX BUCOKOTIpP's 1 y MPOSIBI BUTPUBAJIOCTI.

[{i myOGmikallii craqyd MOIITOBXOM JO MPOBEICHHS MOMIOHUX JOCTITKEHb B
THIITMX Ta00paTOpPIsSX CBITY.

B cnipaikHiii yac raiy3b F€HETUYHOI HayKH, SIKa BUBYA€ T€HH BIAMOBIIANbHI 3a
PO3BUTOK 1 TIPOSIB (PI3UYHUX 3M10HOCTEH JIIOAWMHHN, HOCUTHh Ha3By KiHe3i0reHeTHKH.
Po3nin reHoMiKY, SIKWi BUBYA€E BIUIUB (PI3MYHOTO HABAHTAXKEHHS Ha EKCIPECIIO TEHIB,

BIJIMOBIJTHO OTPUMAB Ha3BYy KiHe3i0reHOMiKH.

KouTposbHi nMTAHHSA
1. Konu 3’aBWIHMCH €KCIIEPUMEHTAIbHI TEXHOJIOTII, 1m0 3a0e3meuyBaiu MOXKIUBICTh
BU3HAUEHHS MOJIEKYJSIPHUX MEXaHI3MIB yCHaJKyBaHHA (i3UyHUX 3a10HOCTEN
JIFOJTUHU?
2. XTO CTOSIB y BUTOKIB LIUX JTOCJIIKEHb?
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3. XT0 omy0IIiKyBaB MEPIry HAYKOBY CTATTIO TI0 PE3yJIbTaTaM TaKUX JTOCIIKSHb?

4. Sxuii reH OTpUMaB Ha3BYy «T'€HY CIIOPTY»?
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I'napa 2. I'eneTu4Ha CHAAKOBICTH (PiI3MYHHUX 3MI0HOCTEH JIIOAUHH

Pesynbprati JgOCHIPKEHb 3 BU3HAUEHHS YCHAJKYBaHHSA TICHXOJIOTIYHUX,
ncuxo¢1310JI0TTYHUX, HEUPOAMHAMIYHUX 1 CCHCOMOTOPHUX MOKA3HUKIB CB1IYaTh PO
T€, 1[0 YMM CKJIQJHIIIE MOBEIIHKOBA MISUIbHICTh JIIOJIMHU, TUM MEHII BUPAKECHUM
BIUTUB TEHOTUITy 1 OlibllIa poOJIb HABKOJWIIHBOIO cepedoBuina. Tak, s OUIbII
OPOCTUX PYXOBUX HABUYOK CHAJKOBICTh BHSBUJIACH BHUIIOIW, HUK Ui OUIBII
CKJIQ/IHUX.

Haii011p110t0  MipOl0 T€HETUYHOMY KOHTPOJIFO CXWJIbHI IIBUAKI PYXH, IO
BUMAararoTh, B MEpILy Yepry, ocoONMMBUX MBUAKICHUX BiactuBocteit HC — Bucokoi
7a0UIBHOCTI (IUBUAKOCTI MPOTIKAHHS 30YyJIKEHHS) 1 PyXJIUBOCTI HEPBOBUX IPOLIECIB
(3MiHM 30yIKE€HHSI 1 rajJbMyBaHHS, 1 HaBMaKW), a TaKOX PO3BUTKY aHAEPOOHMX
MOKITUBOCTEH OpraHi3My 1 HAsSBHOCTI IIBHJIKHX M'S30BUX BOJIOKOH Y CKEJETHHX
M'sa3ax. Bucoka reHeTnyHa OOYMOBJIEHICTh OTPUMAaHAa TAKOX JUISl THYYKOCTI. Y
MEHIIN Mipl T€HETUYHUIN BIUIMB BUPAKECHUM /I MOKA3HUKIB a0COIOTHOI M'S30BOi
cuid. Y HaWMEHIId Mipl yCHaJKyBaHHS CIIOCTEPIraeTbcs sl TOKa3HHKIB
BUTPHUBAJIOCTI /10 TPUBAJIOT ITUKIIIYHOTI pOOOTH 1 CIPUTHOCTI.

Tabnuys 7

Biocomoxk ycnaokyeanns @izionociunux i OioXiMIYHUX NOKAZHUKIE THOOUHU

- e %
®dizioJioriyHi i 0ioximMivHi
NMOKA3HUKH yenaKyBaHHs
KEJT 43-78
[Tpupictr MCK 47
VY napauii 00’ em cepiist 29-62
Hiacromiunuit AT y criokoi 24-63
Cxutag M’130BUX BOJIOKOH 45-99
MiHepasibHa IUTBHICT KICTOK 75-83
Konnenrpariis eputpouuTin 42-79
CepenHiii 00’ €M epUTPOITUTIB 94-97
I"'emornobin 37-87
PiBeHb III0KO3H KPOBi 37-67
PiBeHb TECTOCTEPOHY KpOBI 50-69
MaxkcumarnbHa KOHIEHTpallis JaKTaTy KpOBi 28-98
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Tabnuys 8
Biocomox ycnaokysanus gizuunux 30ibnocmetl 100uHU

®dizuyHa 31i0HiCTH %
yCHajKyBaHHS

@Di3uyHa aKTUBHICTb 29-68
[3nyHa aKTHBHICTH 35-83
I3omeTpuuHa cuna 44-96
JluHamidHa cuiia 29-87
ExcrienTpuyHa cuia 62-82
BubyxoBa cuia 61-89
KucreBa quHaMmomeTpis 30-65
IBuakicTs 60-100
Yac peaxiii 40-70
['Hy4KiCTh 50-69
CrpuTHICTH (HEHPOM’s130Ba KOOPAMHALLIS) 41-87
PiBHOBara 30-65

[lepenbavaeTpcs, MO MOKA3HUKKA YCHAJKyBaHHS MpPsIMO HE acOUldOBaHI 3
KUIBKICTIO TEHIB, BIJ SKUX 3aJIC’KUTh PO3BUTOK 1 MPOSAB O3HaKHW. Benuka dactuHa
O3HaK JIIOJIMHU TOB's3aHa 3 poOOTOI0 NMEBHOTO HA0OPY TEHIB (KTAaK YU 1HAKIIE BCE
3aNIeKUTh BiJ] TEHIB», 3a BUHATKOM JESKUX O3HAK, TAKHX, K, HAMPUKIIAI, MOPAIbHO-
€TUYHI), a YUCJIO TEHIB MPOTATOM JKUTTA HE 3MIHIOEThCS. Tum He MeHme Oyro
MOKAa3aHO, 10 3 BIKOM TOKAa3HUKU YCMAJIKyBaHHS MOXYTh 3MIHIOBATHCS: 3 OJIHOTO
00Ky, CEepelOBHUIIHI BIUIMBH MOXYTh TOCHIIIOBATUCS (HAMPUKIAI, Ha >KHUPOBUN
KOMITOHEHT), 3 1HIIOTO — MOCHA0IATHCS (HANMpUKIIal, Ha KOHCTUTYINIO Tiia abo 1Q)
a00 3aJMILATHUCA HAa KOJMIIHBOMY PiBHI, IO CBIAYUTH NP0 AUHAMIYHI KOJUBAaHHA Y
CTYTICHI €KCITpecii TeHIB (a He B 3M1HI iX KIJTLKOCT1) IPOTATOM OHTOTECHE3Y.

B ocHoBI ycniaakyBaHHs, MaOyThb, TexuTh noniMopdizm JAHK, sikuit o0ymoBitoe
IHAUBIyaJIbHI BIJIMIHHOCTI B CTYNE€HI PO3BUTKY 1 MPOSBY TIEBHUX O3HAK.
BucnoBntoeTbest IpUIMyIeHHs, 10 Ha MOKa3HUKH CIMAJKOBOCTI BIUIMBAIOTh KIJTBKICTh
noJiMOpGHUX TEHIB, BIJAMOBIJAILHUX 3a PO3BUTOK O3HakM (1 JOJS B HHX
KOHCEPBATUBHUX TEHIB, SIKI B MEHIIMM Mipl CXWJIbHI J0 3MiH), & TaKOX KIJTBKICTh 1
gacToTta 3ycTpidaeMocTi B momyJsiii JIHK-mommopdizmiB, neTepMiHyOUUX HOPMY 1
nianazoH peakiii. KpiM Toro, Ha nmoka3sHUKM yCNaJIKyBaHHS O3HAKU B MEBHIA Mipi
MOXYTb BIUIMBATH €MTCHETUYHI YNHHUKH.

3Ha4yHy pOJIb Y 3POCTAaHHI PiBHS PO3BUTKY (PI3MUYHMX 3A10HOCTEH TIpae Tak

3BaHA TPEHYEMICTh, a00 3MATHICTh A0 HABUYaHHS JIOJUHU, TOOTO ii 3MaTHICTH
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MiABUITYBAaTH (PYHKIIOHAJTIbHI MOXKJIMBOCTI MiJl BIJTABOM TPEHYBaHHA. UMM HMXK4YE
KOe(IiIleHT CIMagKOBOCTI MEBHOI (PI3MYHOI 3A10HOCTI, TUM BHIIE 11 TPEHYEMICTb, 1
HaBmaku. HaiOinem TpeHyeMuMH (GI3UYHUMU  371I0HOCTSAMH € CIPUTHICTh Ta
3arajqbHa BUTPHUBAIICTh, a HAWMEHII TPEHYEMHMH — IIBUAKICTH Ta THYYKICTb.
CepenHe MOJOXKEHHS 3a TPEHYEMICTIO 3aiimMae cuia. lle miaTBep/KyeThCs JaHUMU
PO CTYMHiHb TPHUPOCTY Pi3HUX (i3WYHUX 3MI0HOCTEH B Tpolleci OaraTopivHOTrO
CIIOPTUBHOTO TPEHYBAHHS: TOKa3HUKU MIBUAKOCTI (CIIPUHTEPCHKUN Oir, TMIaBaHHS Ha
25150 M) 301ab1TyIOTBCS B 1,5-2 pa3u, SKOCTI CHUJTK MPU POOOTI JIOKATBHUX M'SI30BUX
rpyn — B 3,5-3,7 pa3u, npu riaodanbHii podoti — Ha 75-150%, BUTpuBaIOCTI — B
JIECSITKH Pa3iB.

Jl7is ogHMX MTOKA3HUKIB XapaKkTepHa By3bKa HOpMa peakiii. Bonu B cepeaHpboMy
HE3HAYHO 3MIHIOIOTHCSI HaBITh MPU MOMITHUX KOJMBAHHSAX 30BHIIIHIX YMOB, Y TOMY
quCIi TPU TPHBATOMY TPEHYBAaHHI (BHCOKOYCIAAKOByeMi osHaku — H° Bix 60% i
BUIIIC: JIOBXKMHA TLJIa, CKJIaJ M’ SI30BHX BOJOKOH B CKEJICTHHUX M sg3aX, THIIOJIOT1YHI
ocobmmBocti HC Ta iH). [HIIMM Moka3HUKaM MpUTaMaHHA IIMPOKAa HOpMA peakiiii,
10 JIOMYCKa€ 3Ha4yH1 3MIHU y (eHOTHMI (Maca TiIa, KUIbKICTh MITOXOHIPIHA B M'si3i,
MOKa3HUKU 30BHIIIHBOTO JuXaHHS Ta 1H). KommiekcHuil BIUIMB (hakTopa BETUYUHU
3cyBy MOp(}odyHKIIIOHATEHUX MOKA3HUKIB Y pe3yJbTaTi TPEHYBaJIbLHOTO MPOIECY 1
(akTOopa THMYACOBOI XapaKTEPUCTHKU POCTY, PO3BUTKY 1 (PYHKIIOHYBaHHS
OpraHi3Mmy JIFOJIMHU OOYMOBIIIOE Ty UM 1HIIY CTYIIHb TPEHyeEMOCTi. MOXHA BUIUIUTH
BUCOKOTPEHYEMUX, CEPEIHETPEHYEMHUX 1 HU3BKOTPEHYEMHUX Jroei. BusHaueHHs
IHIUBIYyaJIbHOI TPEHYEMOCTI Ba)XJHMBO B CHCTeMl Mpo(eciifiHOi 1 CHOPTHUBHOI
opieHTartii 1 Bimoopy. Hampukian, moeqHaHHS BUCOKOTO BUXIAHOTO PiBHS 1 BUCOKHX
TEMITIB 3POCTAHHSI SIKOTO-HEOY/Ib MOKa3HUKAa TOBOPUTH MPO BEJIHMKY O0JapOBaHICTH
JIFOIMHH.

KpuTtnuHi nepioan OHTOTE€HE3Y XapaKTepU3YIOTbCsA MIABUIICHOIO aKTHUBHICTIO
OKpPEMHUX TEHIB 1 iX KOMIUIEKCIB, 110 KOHTPOJIIOIOTH PO3BUTOK OYyIb-IKHUX O3HAK
opraHismy. ¥ 111 epioju BiIOyBa€eThCs 3HAUHA TIepeOy10Ba PETYISITOPHUX TIPOLIECIB,
AKICHUM 1 KUIbKICHMHA CTPUOOK Y PO3BHUTKY OKPEMHX OpraHiB 1 ()yHKI[IOHAJIBHUX
CUCTEM, pEe3yJbTaTOM YOr0 € MOKJIMBICTH ajanTallii 0 HOBOIO PIiBHSA 1CHYBaHHS
OpraHi3Mmy 1 HOTO B3a€MOIIi 13 CEPEIOBUIIIEM.
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CeHCUTHBHI MepiOAU — 1€ TMEPIOJU 3HKEHHS TEeHETUYHOTO KOHTPOIIO 1
MJBUILIEHOT YYTJIMBOCTI OKPEMHUX O3HAK OpraHi3My /0 CEpPEJOBHUIIHMX BIUIMBIB, B
TOMY 4YHUCJIl MeNaroriyHoro 1 TpeHepchbkoro. CEHCUTUBHI MEpIoaM JUIsl PI3HUX
311I6HOCTEN MPOSABISAIOTHCA TeTePOXPOHHO. CEHCUTUBHUIN MEPi0/I MPOSIBY MIBUIKOCTI,
CIIPUTHOCTI 1 THYYKOCTI B CEpEIHhOMY IpHIIaiac Ha Bik 11-15 pokiB, M's130B0i cuiu —
14-18 poxkiB 1 BuTpuBamocti — 15-20 pokiB. [Ins memaroriB Ta TpeHepiB, SKi
MPAITIOIOTh Y Taly31 ()I3WIHOTO BUXOBAHHS 1 CIIOPTY, 3HAHHS CCHCUTHBHUX IEPiOJIiB
HaJ3BUYalHO BAXXKJIMBO, TOMY IO OJMH 1 TOM k€ 00’€M (PI3UYHOTO HABAHTAXKECHHSI,
YUCJIO TPEHYBaJbHUX 3aHATh, MIAXOMAIB 0 CHApSAMIB 1 T.I. JIMIIE Y CEHCUTUBHUU
nepioJ1 3a0e3neuye HaWOUIBIINKM TpeHYBaJbHUN €(EeKT, SIKUl B 1HII BIKOBI MEPIOAH
HE MOXe OyTh nocsArHyThid. PazoM 3 TUM HaaMmipHi (i3UYHI HAaBAHTAXKCHHS, HE
PO3paxoBaHi HA MOXJIMBOCTI KOHKPETHOTO CIIOPTCMEHA, cCaMe B CEHCUTHBHHI Mepioj
MOXXYTh 3HAYHO 3arajibMyBaTH PO3BUTOK HOTo (i3MYHMX 3/11I0HOCTEH 1 MOAAJIbIIe 1X

BIOCKOHAJICHHA.

KoHTpoubHI NMTAHHSA
J7is IKHX pyXOBHUX HABHUOK CHAJKOBICTH € BUIIIOKO, a IS IKUX HIDKYCIO?
Sxi pyxu HaWOUIBII CXUIIBHI 10 TEHETHYHOTO KOHTPOJIO?
[Io nexuTh B OCHOBI ycTaIKyBaHHS (DI3UYHUX 3/110HOCTEMN?
[Ilo rpae 3HaYHy POJIb Y 3pOCTAHHI PIBHS PO3BUTKY (PI3MUHUX 3M10HOCTEH?
Sxi izuyH1 3110HOCTI € HAUOLIBIT TPEHYEMUMU?

[Ilo 0OyMOBIIIOE Ty UM 1HIILY CTYMIHb TPEHYEMOCTI JIFOIUHU?

N o g bk~ DR

B yomy 3Ha4YeHHS CCHCUTUBHUX MEPiOiB?
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I'maBa 3. MoJieKkyJsIpHO-T€eHETHYHI MapKepu BUTPUBAJIOCTI

MouJekyasipao-renetTuunuii mapkep (JAHK-mapkep) — 1ue neBHuid anenb
reHa (abo TeHOTHI, PI3HOMAaHITHI KOMOIHAIII1 ajeieil 1 TeHOTHUITIB), acoIlIiOBaHUN 3
PO3BUTKOM 1 TMpOSIBOM TMEBHUX (I3UYHUX 3A10HOCTEH, aHTPOMOMETPUYHUMH,
KOMITO3UIIIMHUMH, (Pi310JOTTYHUMHU, O10XIMIYHUMH, IICUXOJIOTIYHUMU Ta I1HIIUMH
MOKa3HWKaMH, a TaKOX 31 CXWIBHICTIO JO 3aHATh TEBHUM BHJIOM TPYJIOBOI
AisTbHOCTI a00 cropTy (TpymHoro BHIIB cropTy). LleHTpanpHa iies MOJEKyISIpHOT
TEeHETUKHU Y JAaHOMY acCIeKTi MOoJIsirae B ysB1 PO T€, 110 1HIWBIyalbHI BIIMIHHOCTI
B CTYNEHI PO3BUTKY THUX YW IHIIUX (PI3UYHUX 1 MCUXIYHUX 3110HOCTEH JIIOJUHU
6araro B yomy ooymoiieHi JJHK-nonimMopdizmamu, sskux HaididyeTbcss He MeHI 13
MJTH.

Jlo cnpaBxHBOTO yacy BUABIECHO 120 reHeTHYHUX MapKepiB, acOLIOBaHUX 3
(G13MYHOI0 AISUTHHICTIO JIFOAWHU. 3T1IHO BHUSBICHUM e(eKkTaM mojJiMopdi3MiB I'eHiB,
BUJIUISIIOTh MAPKEPH, 110 ACOLIIOIOTHCS 3 aHAEPOOHUMHU MOXIJIMBOCTSIMH (M s30Ba 1
KapIiopecipaTopHa BUTPUBATICTh) — 77 MapKepiB 1 aepoOHUMH (IIBUAKICHO-CHUJIOBI
3M10HOCTI: IBUKICTh, BUOYXOBA 1 a0COJIIOTHA cHiia) — 43 MapKepHu.

IcHyIOTh TakoX ajeni, Mo OOMEXYITh (I3UYHY ISUIbHICTH JIFOJAUHM (aenl
1HTOJIEPAHTHOCTI 10 (PI3UYHUX HABAHTAXKEHB) 32 JIOMOMOTOI0 3HIKEHHS a00 HaBMaKu
MIJBUILEHHS €KCIpecli TeHIB, 3MIHM aKTUBHOCTI a00 CTPYKTYpH MPOAYKTIB iX
excrpecli. HacnigkoM Takoro oOMexeHHs pyXoBO1 AISUIbHOCTI B KPAllOMy BHITAJIKY
CTa€ TPUIMMHEHHS pPOCTy (I3UYHUX pE3yJbTaTiB, B HAWUTIPIIOMYy — PO3BUTOK
MaTOJIOTIYHUX CTaHIB.

BiamiTHa  0COONMBICTH MOJICKYJISIPHO-TCHETUYHUX  MapKepiB, 10 HE
3MIHIOIOTHCSL Ha MPOTSI31 YChOTO KUTTS — 1€ MOXKIIMBICTh 1X BU3HAUCHHS 3pa3y MicJIs
HApOJDKEHHS NUTUHU, a 3HAYWTh, MPOTHO3 PO3BUTKY TOKA3HHKIB, 3HAYUMHUX B
yMOBax TPYJOBOi 1 CHOPTHBHOI MISUTBHOCTI, MOJJIMBO CKJIACTH JYyK€ paHo.
MOXIMBOCTI MOJEKYJISpHOI TEHETUKHM  JTO3BOJISIIOTH  HagaBaTH  JOMOMOTY
crieriajgictaM, y BH3HAYCHHI CXHWJIBHOCTI AITEH 1 MIUNTKIB 0 TEBHOTO BUMIY
PYXOBOi JISJIBHOCTI, MIABUIIEHHI POCTY TPYAOBUX 1 CHOPTHUBHUX IMOKa3HUKIB 3a

PaxyHOK ONTHMI3allii 1 KOPEKIlli peKUMy Mparli 1 TPEeHYBaJIbHOTO MPOIIECY, a TAKOXK Y
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npo(diakTUIll  PI3HOMAHITHUX  3aXBOPIOBaHb, TMOB’SI3aHUX 3  MPOQECiiiHOI0
TISUIBHICTIO.
Mapkepu BuUTpuBaJIOCTI JokamizoBaHi B 23 renax, MTIHK 1 Y-xpomocomi
(Tabm. 9).
Tabnuys 9
MO]Z@KyJZ}ZpHO'ZeHemMQHi mapkepu 6umpu6aﬂocmi
I'en XpomocomHa Hoaimopgizm Mapkep
JIOKaJIi3anis BUTPHUBAJIOCTI
ACE 17923.3 Alu I/D |
ADRA2A 10924-q26 6.7/6.3 kb 6.7-kb
ADRB2 5031-q32 Glyl6Arg (rs1042713 G/A) 16Arg
AMPD1 1p13 GInl2Ter (rs17602729 C/T) GIn12
BDKRB2 14932.1-q32.2 +9/-9 -9
EPAS1 2p21-pl6 rs1867785 A/G rs1867785 G
(HIF2A) rs11689011 C/T rs11689011 T
EPOR 19p13.3-p13.2 (GGAA) n noBTopu 185-bp
GNB3 12p13 C825T (Ser275Ser rs5443) 825T
HFE 6p21.3 His63Asp (rs 1799945 C/G) 63Asp
HIF1A 14921-q24 Pro582Ser (rs11549465 C/T) Pro582
KCNJ11 11p15.1 Glu23Lys (rs5219 C/T) Glu23
mTIHK Mt IHK MiTOoXOHApiaJIbH1 TaIUIOrPYIU Cropusarnusi: Hi LO
Hecnpusitnusi: K, J2,
Til3*
NFATC4 14911.2 Gly160Ala (rs2229309 G/C) Gly160
(NFAT3)
NOS3 7936 Gly298Asp (rs1799983 G/T) Gly298
(CA), moBTOpH 164-bp
PPARA 22013.31 rs4253778 G/C rs4253778 G
PPARD 6p21.2-p21.1 rs2016520 T/C rs2016520 C
PPARGCI1A 4p15.1 Gly482Ser (rs8192678 G/A) Gly482
PPARGC1B 5033.1 Ala203Pro (157732671 G/C) 203Pro
Arg292Ser (rs11959820 C/A) 292Ser
PPP3R1 2p15 [IpomoTop 51/5D ol
(CNB)
TFAM 10921 Ser12Thr (rs1937 G/C) 12Thr
UCP2 11913 Ala55Val (15660339 C/T) 55Val
UCP3 11913 rs1800849 C/T rs1800849 T
VEGF 6p12 rs2010963 G/C rs2010963 C
VEGFR2 4911-912 His472GlIn (rs1870377 T/A) 472GIn
(KDR)
Y-xpomocoma Y-xpomocoma INamorpynu Y -xpoMocomu Copusarnusi: E*, E3*
i K*(xP)
Hecnpustnusi: E3b1

OxkpiM TEHEeTHYHUX MapKepiB BUTPHUBAIOCTI BUIUISIOTH TaK0XX T'€HETHYHI

MapKepH «TPEHYEMOCTI BUTPHUBAJIOCTI», sIKi OyJIM BUSIBJIEHI B pe3yJIbTaTi JUHAMIYHUX
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JOCTIIKEHb, KOJIH aHaNI3YeThCsl €(eKT TPEHYBaHHS Ta WOTO 3B’SI30K 3 TEHOTHIIAMU

(tab:. 10).
Tabnuysa 10

Monexynsapno-eenemuyni mapkepu « mpeHyeEMoCmi 6UMpUBAIOCmiy

I'en XpomocomHa IMoaimopdizm Mapkep
JoKaJizanisa BUTPHUBAJIOCTI
ACE 17q923.3 Alu I/D I
T-3892C T
AMPD1 1p13 GInl2Ter (rs17602729 C/T) GInl12
APOE 19913.2 Argl58Cys 158Cys (ApoE*2)
Cys112Arg 112Arg (ApoE*4)
ATP1A2 1921-923 8.0/3.3 kb (02 ex30H 1) 8.0-kb
10.5/4.3 kb (a2 ex3on 21-22) 10.5-kb
CKM 19g13.2-q13.3 Ncol A/G CopusitiiuBuii: AG
Hecnpusatnusnii: GG
GABPB1 15q21.2 rs12594956 A/C rs12594956 A
(NRF2) rs8031031 C/T rs8031031 T
rs7181866 A/G rs7181866 G
HBB 11p15.5 =551C/T =551C
+16C/G (rs10768683) +16C
HIF1A 14921-q24 Pro582Ser (rs11549465 C/T) Pro582
mtIHK mt/IHK BapianTu B no3unisx 16133, 12406, CrpusTiusi: non-
13365, 13470, 15925, 16223 1 Cam B MO3HULIAX
16362 16133, 16223116362
Hecnpusitnusi: non-
Cam B mo3wuiisx
12406, 13365, 13470
115925
NRF1 7932 rs2402970 C/T rs2402970 C
rs6949152 A/G rs6949152 A
PPARD 6p21.2-p21.1 rs2016520 T/C rs2016520 T
rs2267668 A/G 1s2267668 A
PPARGCI1A 4p15.1 Gly482Ser (rs8192678 G/A) Gly482
VEGF 6pl2 (C-2578A) / (G-1154A) / (G-634C) AAGi1CGC
KoMOiHami1 rarIoTUIN

3.1. ALU I/D noaimop¢izm rena anrioreH3uH-1 KOHBEPTY0UYOro pepMeHTy

(ACE)

AmnriotensuH Il € moTy>)XHUM Ba30mpeccopoM 1 alibIOCTEPOH-CTUMYITFOI0OUNM

NEeNTUI0OM, KU KOHTpoJitoe AT 1 pimuHHMM enekTpomiTHUN OanaHc. Lleit dbepment

rpa€ KJIOYOBY POJIb B PEHIH-aHT10TEH3WHOBIM CUCTEMI.

I'en anrioreH3mH-1 KOHBepTYHO4YOro (epmeHry

converting
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Oepe y4JacThb B TEpETBOpPEHHI aHTIOTEH3WHY | B (Di310JIOTIYHO AKTUBHUN TETITH
anrioteHsud II. Xpomocomua mnokamizaiis reHa ACE: 17q23.3. I'en mictuth 26
€K30HIB.

Y 16-My 1HTpPOHI I'eHa CIIOCTEPIraeThCs 1HCEPLUIMHO-AENEIIHHIN momiMop(izM
— I/D. Homep ALU I/D nonimopdizmy rena ACE B dbSNP — 154340. ACE 1 anens
MOB'SI3aHUN HE TUIBKH 31 CXMUJIBHICTIO 0 PO3BUTKY BUTPUBAJIOCTI, ajie U CTIHKICTIO

710 TIMOKCii B yMOBaX BUCOKOTIp's.

3.2. Dral noaimopgizm rena aapeHepriuHoro peuentopa o-2A Tumy
(ADRA2A)

0-2-aIpEHOPEIETITOPU € YJICHAMH CYIEpPCIMEMCTBa PelenTopiB, MOB’SI3aHUX 3
G-6inkom. BoHU BiAirparoTh BXKIIMBY POJIb Y PETYINALIl CHMIATHYHOT aKTHBHOCTI,
o Mae Benuke 3HaueHHs B anantaiii CCC y BiAmoBiab Ha (Pi3UyH1 HABaHTAKEHHS.

0-2-aJIpEHOPEIIETITOP KOAYETHCS TeHOM ajib(ha2 aJpeHepriuHoro peuentopa
(anra. alpha-2 adrenergic receptor — ADRA2A). XpoMocoMHa JIOKaji3allisi reHa
ADRAZ2A: 10924-q26. I'en HE MICTUTh THTPOHIB.

VY 3" UTR-puiaHmi rena crnocrepiraerbest Dral abo 6.7/6.3 kb nomimopdizm,
AKUW TIpeACTaBisiec cOO0I0 HAsIBHICTH a00 BiJICYTHICTh (PparMeHTIB 3aBIOBXKKH 6.7
abo 6.3 kb. Homep momimopdizmy B dbSNP — rs583668. Ilpu nasBHOCTI 6.3-Kb
anenst Oynu BUSBIICHI 3HAYHE MPUCKOPEHHS CEPUEOUTTS, CUMIITOMH BETeTaTUBHOTO
po3iamy, a TaKoXX BeJMKa BTpaTa HATPIIO 3 TMOTOM MPU BUKOHAHHI (h13MYHUX
HABaHTa)XECHb. 31 CXUJIBHICTIO 10 PO3BUTKY BHUTPHUBAJIOCTI MoB'si3anuii ADRA2A 6.7-

kb anens.

3.3. Glyl6Arg noaimop@di3zm rena agpeHepriuHoro peuenropa f3-2A tumy
(ADRB2)
B-2-agpeHopeuentopu, SIK 1 0-2-aJIpeHOPENENTOPH, €  YJEeHAMHU
cymepciMeicTBa perenTtopiB, moB’sizanux 3 G-Outkom. Bonu OepyTh ywacTh B

perynsiii 0aratbox (QPyHKIIIH OpraHizMy.
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B-2-agpeHopenenTop KOAYETbCS TeHOM 0eTa2 aJpeHepriyHoro penentopa
(anra. beta-2 adrenergic receptor — ADRB2). XpomocoMHa JoKai3aijisi reHa
ADRB2: 50931-q32. I'eH HE MICTUTh IHTPOHIB.

Y 1-my ex3oni renHa crnocrepiraetbcs GlyloArg mnomimopdizm, sSkuid
dyHKIIOHATBHO AWCUHTH3Ye penenTop. Homep mnomimopdizmy B dbSNP  —
rs1042713. ADRB2 Glyl6Arg anenb acOLiOEThCS 3 HU3bKOIO IIUIBHICTIO PELEnTopa
1 HHU3PKMMH 3HAQUEHHSMHU CEpLEBOr0 BUKHIY B CIOKOi, HHU3bKHUM pIBHEM
cuctoiuaoro AT, 3MEHIIIEHO0 OpPOHXO/IIATAaI€l0 Ta HU3BKUM PHU3UKOM PO3BHUTKY

OKHUPIHHS.

3.4. GIn12 noaimoppizm rena AM®P-ne3aminazu (AMPD1)

M-130popma AM®D-ge3aminazu, fKa € CIeUU(PIYHOI I CKEJIETHUX M’ SI31B
KOJIYETbCS TEeHOM aJeHO3uHMOHO(pochar ne3aminazu 1 (anria. adenosine
monophosphate deaminase 1 — AMPD1). XpomocomMna nokami3aiis reaa AMPD1.:
1pl3.

VY 34-my wuykieotuni 2-To €K30HY TeHa crioctepiraerbest Glnl2 momimopdizm,
B pE3yJibTaTi SKOro BiIOyBaeThcsi oAHOHYyKJeoTwaHa 3amiHa C nHa T. Howmep
nonimMopdizmy B dbSNP — rs17602729. PesynpraTom moniMopdi3My € HOHCEHC-
MyTalis y 12-My KOJOHI — TIyTaMiHOBUN KOJIOH MEPETBOPIOETHCS B CTOIM-KOJIOH.
[Ipu pmaniii mytawii OJOKYETbCS CMHTE3 JaHIora OulKa, KMl CTae KaTaliTHYHO
HEaKTUBHUM.

Y ipguBinie 3 aedpiuutom AMOD-ne3amMiHa3zM  CMOCTEPITAEThCS  3HIDKEHA
aepoOHa 1 aHaepoOHa Mpare3JaTHICTh Ta IIBUJKE HAKOIMMYEHHS JAKTaTy B KPOBI

Biapasy micist 30-ceKyHAHOro aHaepOOHOTr0 HaBaHTAXKEHHS.

3.5.  I/D nonximopdizm rena opaguxininosoro peunentopa 2 (BDKRB2)
BbpagukiHiH NOCWIIIOE TPOHUKHEHICTh KaIIspiB, 3HMXKYE CYIMHHHUA TOHYC,
MIBUIIYE YAApHUI 00'€eM ceplis, 3aXHIlae MioKap/l Bi 1eMmii, CIpusie CKOPOUYEHHIO
IMIaJK0T MYCKyJIaTypHu OpraHiB, MOIYJIO€ mepenady HepBoBux immyisciB y HC Ta

Oepe ydacTh y penapariii.
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bpaaukininoBuiil perientop P2, KUl € OAHUM 3 OCHOBHUX MEIaTOPIB e(eKTy
OpaJMKiHIHY, KOJY€ThCS TeHOM OpaaukKiHiHOBoro penenrtopa B2 (aHru.
bradykinin receptor B2 — BDKRB2). Xpomocomua jokanizamis rena BDKRB2:
14932.1-932.2.

Y 1-My €K30HI reHa CIOCTepIraeTbes 1HCEPIIHHO-ASHCIIHHUN MoaiMopdi3M
— I/D, saxuit monsirae y BCTaBIll  abo BumamiHHl 9 HykieoTumaiB: +9/-9. Homep
nommopdpizmy B dbSNP — rs5810761. 3 BimcytHicTiO BcTaBku (—9) moOB'si3aHMiA

3HAYHO BUPAXECHUN CYIMHOPO3IINPIOBAILHUN €(EKT.

3.6. Rs1867785 G irs11689011 T mosimopdizmu rena engoreaiaabuoro PAS-
nomena nmporeiny 1 (EPAS1 ado HIF2A)

daktop iHAYKOBaHMI Timokciero 2-ro tumy (anria. EPAS1 — Endothelial PAS
domain protein 1 a6o HIF2a), akTuByeThCsi B yMOBaX TIMOKCIT 1 Tpa€e BAKIUBY POJIb
B MITOXOHAPIAJIBHOMY 1 KaTeXOJaMIHOBOMY TIOMEOCTa3l, B PETryJsilii cepleBoro
BUKHJy, aHTiOreHe3i, aJilmoreHe3i, pPEMOACIIOBaHHI CyAMH 1  MPOYKIIi
€pUTPOIIOETHHY.

@akTOp KOAYETHCS T€HOM eHA0Te ] iaJbHOro PAS-nomena mporeiny (aHrJ.
endothelial PAS domain protein 1 — EPAS1, a6o hypoxia inducible factor 2 —
HIF2A, alpha subunit (basic helix-loop-helix transcription factor)). Xpomocomua

nokamizaris rena EPASL: 2p21-p16.

3.7. (GGAA)N 185-bp noaimopdi3m rena penentopa epurponoernny (EPOR)
EpuTpornoeTrH € OCHOBHMM pEryisiTopoM eputponoesy. Jlo Tux mip Moku He
MOpyIIeHa OKCHUTCHAIllsl TKAaHWH, KOHIICHTPAIsl EpPUTPONOETUHY 1 00'eM
HUPKYJIOIOYUX EPUTPOLUTIB, 3aJMINAIOTHCS MOCTIMHMMH. B  ymoBax rimokcii
KUIBKICTh IHUPKYJIIOIOYOTO B TUIa3Mi €PUTPOIOETHHY 3poctae mpubimzHo B 1000
pasiB i gocsirae 5-30 oa/mi1. Y BiINOBIAL HA 3HKEHHS KUCHIO (PAKTOP, 1HIYKOBAHUMN
rinokcieto (HIF-la), aktuBye BupoOneHHs: epurpornoetuny. OyHKIII epUTPOIIOETHHY
3MIACHIOIOTHCS yepe3 creuu@iyHi MmoBepxHeBl peuentopu (anri. erythropoietin

receptor — EPOR).
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Penienitop epuTpONOECTHHY KOIYETHCS T€HOM PelenTopa epuTPONoeTHHY
(anra. erythropoietin receptor — EPOR). Xpomocomua nokamizaiis rena EPOR:
19p13.3-p13.2.

Y 5'-¢pmankyrodomy perioni TeHa Mk -618 Ta -420 HykIeoTHaaMu
crnioctepiraetbcst (GGAA)n 185-bp momimopdizm. Homep nonimopdizmy B dbSNP —
rs71164195.

3.8. C825T moJimopdizM rena ryanid 38’sizyrouoro nporeiny 3 (GNB3)

G-6utoxk  mpencTaBisie  COOOI0 TETEPOTPIMEp SKHHA CKIATAETBCS 3 TPHhOX
cybonunmib: o, B 1 y. BiH Oepe ydacTb B mpolieci NMPOBEASHHS BHEKJIITUHHHUX
CUTHAJIIB.

G-01710K KOYEThCS T€HOM TyaHiH 3B’SI3yH040ro nporeiny 3 (aHri. guanine
nucleotide binding protein (G protein) a6o beta polypeptide 3). XpomocomHa
noxkamizamis rena GNB3: 12p13.

CrnaiicuaroBa wmyrtaniss — 3amina C Ha T y 825-if mosumii reHa,
CYNPOBOIKYETHCS TIOPYIICHHSIM peruikaimii 9-ro ek30Hy, M0 BeIe 10 BTpaTu
YaCTUHU TOJIMENTUIHOTO JIAHIIOTa, SKUW CKianaeTbest 3 41 aminokucioru. Homep
nomimopdpizmy B dbSNP —  rs5443. Hocii GNB3 825T anenst Oinbiior0 Miporo
CXWJIbHI JI0 3HWXKEHHS >KMPOBOI Macu Yy BIANOBiAb Ha JleTy abo (i3uyHi

HaBaHTaXXCHHAI.

3.9. H63D noaimop¢izm rena remoxpomartosy (HFE)

CriagkoBHii TEMOXPOMATO3 — II€ 3aXBOPIOBAHHS JIIOJUHU, [0 BUKIUKAETHCS
HaIMIpHUM HAKOMUYCHHSM 3ajli3a B TMEUIHIN, MIAIUIYHKOBIM 3a1031 Ta I1HIIUX
OopraHax 1 TKaHUHax.

I'en remoxpomaro3sy (anri. hemochromatosis — HFE) xoaye memOpaHHuit
O1710K, HEOOX1MHUH IS HOPMaIbHOI PEryJslii CHHTE3y XeNCHAiHA B TMEYIHIl Ta
OTIOCEPEAKOBAHOTO XEIICUJIIHOM TPAHCIIOPTY 3aji3a 3 €HTEPOIUTIB, TENATOIMTIB Ta
MakpodariB. XpomocomHa jokam3zaiis rera HFE: 6p21.3.

VYV 187-i1 mo3utii 2-To €k30HY TeHa crnoctepiraetbess H63D momimopdizm —

3amina Hykneotuay C Ha G, sika mpu3BoauTh 10 3amimeHHs His Ha Asp B 63-my
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KOZOHI. MyTariisi acouiifoBaHa 3 BUCOKMM HAacCHYE€HHAM TpaHc]epiHa 3aii3oM 1
BUCOKHUM piBHEM (epiTHHY 1 dYacTillie 3YCTPIYaeThCs cepell JOBIOKUTEINIB, HikK

mojed 3 cepeAHbOr0 TpuBaiicTiO KUTTA. Homep mnomimopdizmy B dbSNP —

rs1799945.

3.10. Pro582Ser moaimopdi3m rena ¢gaxropa, inaykyemoro rinokciero 1
(HIF1A)

dakrop, inaykyemuii rinokciero 1 (HIF-1) Biamosigae 3a peryssiito ekcrupecii
TeHIB, MI0 3a0e3MeuyloTh aJanTalilo KITHH A0 Tinokcii. ToO6To BiH €
TPAHCKPUIILIHHUM.

@akTOp KOAYETHCA TIeHOM (paKkTopa, IHAYKYyeEMOro rimokciero 1 (aHru.
hypoxia inducible factor 1 — HIF1A, alpha subunit (basic helix-loop-helix
transcription factor)). Xpomocomna sokamizariist rera HIF1A: 140921-g24.

Y 12-mMy ek30Hl TreHa cnocrtepiraerbesi  Pro582Ser mnommopdizm, 1o
npenctasisie coboro 3aminy C Ha T, sika mpu3BoAUTH 10 3amiiieHHa Pro Ha Ser y
582-My TM0J0XE€HHI aMIHOKHUCIOTHOI TMOCIigoBHOCTI Oinka. Jlanuii momaiMopdizM
nigsuilye craduibHicTh Onka HIF-la) 1 30utblye CTIMKICTh KIITHH 10 TIMOKCIi.

Howmep nmomimopdizmy B dbSNP — rs11549465.

3.11. Glu23Lys nogimop¢izm rena ATP-3a/1e:KHOT0 KAJIEBOT0 KAaHAY
nigpoaunn J, 11-ro Tumy (KCNJ11)

binok ATd-3anexxHoro kameBoro kanamy, niapoauuau J, 11-ro tuny npuitmae
y4acTh y BYTJI€BOJHOMY OOMiHi. BiH rpae posib BUNIPSIMHOTO KaHaiy, MPOIMYyCKAaluu
KaJTiid 10 KTITHHY 1 Mai>ke He BUITYCKAarO4YH HOro 3 Hel.

binok konyethcsi reHoM AT@-3a/1€2KHOT0 KAJTI€EBOr0 KaHAJAy MiAPOAUHU J,
11-ro Tuny (aHra. potassium inwardly-rectifying channel, subfamily j, member
11 — KCNJ11). Xpomocomna nokamizaris rena KCNJ11: 11p15.1.

VY reni cnocrepiraetbest Glu23Lys momimopdizm — 3amina C wa T, mo
npu3BoAUTh A0 3amimeHHs Glu Ha Lys B 23-My aMiHOKHCIOTHOMY TOJOXEHHI

Oinka. Llewt momimopdism acorifioBanuii 3 peHOTUIAMHU, 1110 MAIOTh BIAHOIICHHS 0
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OOMIHY TJIOKO3M Ta 1HCYJNiHy, moka3HukiB podotu CCC Ta macu Tina. Homep

noimopdizmy B dbSNP — rs5219.

3.12. Glyl60Ala noaimopdizm rena smepuoro pakropa akruBoBaHux T-kjiTuH,
C4 (NFATC4 a60 NFAT3)

SAnepHi ¢akropu aktuBoBaHux T-kmituH (aHria. nuclear factor of activated T-
cell — NFAT) npeacraBisitoTh cO0OI0 TPAaHCKPHIIIIKWHI (aKTOpH, SIKi MPUAMAIOThH
y4dacTh y JudepeHIlitoBaHHI aIuIONUTIB 1 MeTadodi3Mi JKHUpIB, aHTiOreHesi,
3pocTaHHi Miokapay, po3Butky HC, xonaporeHesi, neTepMiHallli ckjiaay M’ s30BUX
BOJIOKOH, €HEPreTUYHOMY 1 KHCHEBOMY  3a0e3MledeHHI  M'S30BOi1 JISUIBHOCTI,
M'S30BOMY Ta BYTJIEBOJHOMY METa0013MI.

@akrop NFATC4 konyerbcs reHom siiepHOro (paxkropa akruBoBaHux T-
kiituH, C4 (anria. nuclear factor of activated T-cells, cytoplasmic, calcineurin-
dependent 4 — NFATC4, ado NFAT3). Xpomocomua sokanizamis rena NFATCA4:
149l 1.2.

B xonyrouiit o6macti rena crioctepiraetbes Glyl60Ala momimMopdizm — 3amiHa
G nHa C B 2-My ek30Hl, fika nOpuBo3AuTh A0 3amimeHHs Gly nHa Ala B
amiHoKkucIoTHOMY monoxkeHHi 160. Homep momimopdizmy B dbSNP — rs2229309.
NFATC4 Glyl60 anmenb acomitoeTbCsi 3 HU3BKUM PH3UKOM DPO3BHUTKY TinmepTpodii

MIOKap/y JIBOT'O HUTYHOYKA CEPLIS.

3.13. E298D noJjimopdizm rena enporesianbHoi NO-cuatazu (NOS3)

Oxcun azory (NO) — oMH 3 HaWBaXJIMBIMKUX O10JIOTIYHUX MemiaTopiB. BiH
npuiiMae y4acTb y 0aratbox O10XIMIYHMX Ta (hi310JIOTIYHUX MPOIECaX, TAKUX SK
Ba3oJlIaTallisl, 3HMKEHHS arperaiii TpoMOOIUTIB, PI3HOMAHITHI peakiii IMyHHOI
CUCTEMH, HEHUPOTPAHCMICIA, PEryJisilis TOHYCYy TIJIaJKuX M's3iB, 3a0e3neueHHs
CKOPOYYBaIbHOI (PYHKIIIT MIOKAp/y, PETYTIOBAHHS CHOKUBAHHS TJTIOKO3H.

NO-cuHTa3a KOIYEThCS TeHOM eHaoTediaabHoi NO-cuHTa3u (aHri. nitric
oxide synthase 3 (endothelial cell) — NOS3). Xpomocomna sokamizaiis reaa NOS3:
7936.
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B 7-my exk3oni rena cnocrtepiraetecs  E298D momimopdizm. Homep
nomimopdizmy B dbSNP — rs1799983. E298D nmoniMopdi3zm acoriiifoBaHuii 3 BUCOKHM
piBHEM CepIIeBOTO BUKHIY IpH BHUKOHAHHI (DI3MYHUX HABAHTAKEHb CEPEIHBOI
IHTEHCHUBHOCTI 1 OLJBIII BUCOKMM 3HWXKEHHSAM miactoniyHoro AT B pesymnbrati 20-

THKHEBUX TPEHYBaHb a€pOOHOI CIIPSIMOBAHOCTI.

3.14. Rs4253778 G nosiMop}i3zM reHa o-penentopa, aKTuByeEMoOro
npoJigeparopamu nepoxcicom (PPARA)

binok PPARa — 1e TpaHCKpUMNIIHHUN YMHHHK, SIKAA BXOJIWUTH A0 CIMEWCTBA
PPAR 1 npuiimae ydacTh y peryssiii JMmiJIHOTO 1 BYTJIEBOJAHOTO METabOi3My Ta
€HEepPreTHYHOMY romMeocTasi. BiH Takox BIANOBIA€E 3a PETYJIALII0 Baru Tuia.

BiIOK KOIyeThCS TeHOM (-peuenTopa, aKTUBYEMOro mpo.tidgepaTopamu
nepokcicom (anrJ. peroxisome proliferator-activated receptor alpha — PPARA).
XpomocomHa jokamizaris rena PPARA: 22¢13.31.

VY 7-My iHTpOHI reHa crnoctepiraerbes rs4253778 nonimopdizm — 3amina G Ha

C B nmoJioxkenHi 2528.

3.15. Rs2016520 C noaimopgizm rena o-penentopa, akTHBYEMOT0
npoaideparopamu nepokcicom (PPARD)

binok PPARS — ne TpaHCKpUNIIIHUI YWHHUK, SIKUA BXOIWUTH IO CIMECTBa
PPAR 1 mnpuiimae y4acTh y peryitOBaHHS T€HIB, 3aJy4y€HUX JI0 PI3HOMAaHITHUX
MeTa0OJIIYHUX MPOIIECIB.

bilok KOmyeThCS TeHOM O-pelenTopa, aKTUBYEMOro mposaigeparopamu
nepokcicom (aHrj. peroxisome proliferator-activated receptor delta — PPARD).
XpomocomHa jokamiizamis rena PPARD: 6p21.2-p21.1.

VY HerpaHcmoeMiil yacTuHi 4-r0 €K30HY reHa crocrtepiraetbes s2016520

nosimopdi3zm — 3amina T na C.

3.16. Gly482Ser noaimopgizm rena koaktusatopa PPARy, 1a (PPARGC1A)
[lpy migBUIIEHHMX 3amUTax TKAHWH OpPraHi3My B  OKHCIIIOBAJILHOMY

dochopumoBaHHl CyOCTpaTiB, 3HAYHO 3POCTAE EKCIIPECISi TFeHa KOAKTHBATOpPa
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PPARy, 1la (anra. peroxisome proliferator-activated receptor gamma,
coactivator 1 alpha — PPARGC1A). Xpomocomua jnokami3aiiisi rena PPARGCI1A:
4p15.1.

Y 8-my ex3oHi reHa cnocrtepiraetecsi Gly482Ser mnomimopdizm, sSKuid
npejacTaBisie coboro 3aMiHy G Ha A B monokeHH1 1444. 1s 3amina nNpu3BOAUTH 10
samimends Gly Ha Ser B amiHokucimoTHOMy mosiokeHH1 482 Oinmka PGC-la. Homep
nommopdizmy B dbSNP — rs8192678. ITonimopdizm acorriioBaHuil 13 3MEHIICHHIM

MITOXOH/IP1AJIBHOTO 610TreHe3y Ta OKUCIIOBAIBHUX MPOLIECIB B KIIITHHAX.

3.17. Ala203Pro i Arg292Ser nosimopdizmu rena koaktusatopa PPARYy, 1P
(PPARGC1B)

®yHKUisA TpaHCKpunuiiHoro koakrusatopa PGC-1p nondrae B akTHBYBaHHI
dakTopiB, WO PETYIIOIOTh EKCIPECII0 T'eHIB, 3allyY€HUX Y MITOXOHApIaTbHUN
OloreHes Ta METa0OIII3M.

PGC-1B komyetscsi reHoM koaktuBatopa PPARy, 1B (anri. peroxisome
proliferator-activated receptor gamma, coactivator 1 beta — PPARGC1B).
XpomocomHa jokamizaris rena PPARGC1A: 5933.1.

3 pyXOBOIO JiSTTBHICTIO JIFOJAMHM acoIliiioBaHi nBa nojiMopdizmu reHa — Ala203Pro 1
Arg292Ser. Homepu mnomimopdizmiB B dbSNP — 157732671 1 rs 11959820
BIJIMOBITHO.

VY nmomimopdizmi Ala203Pro cnioctepiraetbes 3amina G Ha C, a y monimMopdizmi
Arg292Ser — 3amina C Ha A. Ala203Pro momimMopdi3mM acolitoeTbess 3 HHU3BKUM
PU3BUKOM PO3BUTKY OKHUPIHHA Ta TinepTpodii MioKapay JiBOTO IUIyHOUYKA CEpI,
MOJINIIICHHM ~ METa0O0i3MOM  TJIIOKO3M 1 BHCOKOIO (hi3UYHOIO MpaIie3JaTHICTIO.
Arg292Ser po3risiialoTh B SKOCTI  MPOTEKTUBHOTO MOMIMOPQI3MY ILIOAO PHU3UKY

PO3BUTKY LIyKPOBOTO JiabeTy 2-TO THIY.
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3.18. 51/5D noaimopgi3m rena peryastopHoi B cyooqunumi
nporeinTpancdorasu 3, a (PPP3R1 ado CNB)

Ca’*-kanbLiMoy TiH3aIeKHA npoteindocdaraza abo KaJbIiHEBPIH,
npuiiMae  ydacTh B CHUTHQJIBHUX NUIIXaX, HEOOXITHMUX NJIsl PEryJsslii TeHIB Ta
010JIOT1YHUX BIJMIOBIICH HA 30BHIIIHIO CTUMYJIAIIIO B PI3HUX TUMAX KIITHH.

KanpiiineBpiH  KOAyeTbcsI  reHOM  peryjsitopHoi B cyGoaunmui
nporeinTpancgorasu 3, o (anri. protein phosphatase 3, regulatory subunit B,
alpha — PPP3R1, aoo calcineurin B — CNB ). XpoMocoMHa JOKaji3alis I'eHa
PPP3R1: 2pl5.

VY npomoTtopi rena, B mo3uiliax Big —1059 no —1063 cnocrepiraerses S51/5D

nomimopdizm. Homep momimopdizmy B dbSNP — rs3039851.

3.19. Serl2Thr noaiMmop¢izm rena MiTOXOHAPiaIbHOr0 TPAHCKPUIIIIHHOTO
¢akrTopa A (TFAM)

EneprozabesneueHHs M'S30BOi AISUIBHOCTI a€pOOHUM IUISIXOM  MOKJIMBO
excrpecito rediB MT/IHK BianoBigae cnemianbHii O1710K — TPaHCKPUNLIHHUN QakTop
A.

bilok KOAy€eThCs TeHOM MITOXOH/APiaJibHOI0 TPaHCKpumuiiinoro gakropa
A (anra. transcription factor A, mitochondrial — TFAM). XpomocomHa
noxkamizamis rena TFAM: 10921.

Y 1-my ek30H1 reHa cnoctepiraetbcs Serl2Thr mnomimopdizm, gxuit
npu3BoauTh 110 3aMminu G Ha C. B pesynbrarti BinOyBaeTbes 3aMmiieHHs Ser Ha Thr y
12-my xomoni. Homep momimopdizmy B dbSNP — rs1937. Serl2Thr momimopdizm
acoliiioBaHMi 3 HHU3bKUM PHU3UKOM PO3BUTKY TrinepTpodii MioKapay JiBOTrO

[UTYHOUKY ceplis Ta BUCOKUMHU 3HaueHHsIMU MCK 1 MakcHMasbHOI MOTYKHOCTI.

3.20. Ala55Val nojimopdizm rena po3’eanyBanbHoro oiaka 2 (UCP2)

UCP2 — npeacraBHuK ciMeiicTBa po3'eAHYBaJIbHUX OLIKIB, AKHI Oepe ydacTsb y
perynsiii oOMiHy »XHpiB, TEPMOI'€HE31, BUTpATi €HEprii, HeUTpasizaiii peakTUBHUX
dopm kucHto 1 HeriponpoTekilii. UCP2 Takok BIUIMBAE HAa CEKPEIIIIO 1HCYIIIHY.
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UCP2 xonyeTbCs TeHOM PO3’€AHYBAaJbHOro Oiika 2 (aHrj. uncoupling
protein 2 (mitochondrial, proton carrier) — UCP2). XpomocomHa jiokai3aiiisi TeHa
UCP2: 11g13.

[Tomimopdizm AlaS5Val npencrapnsie co6oro 3aminy C Ha T 1 acoIitoeThes 3
HU3BKOIO YTHIII3AII€I0 JKUPHUX KHUCIOT, 3HMKEHOIO BUTPATOIO EHEPrii B CIIOKO,
BHUCOKOIO MeTaboMiuHOI0 e(EeKTUBHICTIO M'SI30BOi  AISUIBHOCTI  Ta  (PI3UYHOIO

aktuBHicTIO. Homep momimopdizmy B dbSNP — rs660339.

3.21. Rs1800849 T moaimopgizm rena po3’ennyBasnbHoro diika 3 (UCP3)

UCP3, sx 1 UCP2, € npecTaBHUKOM CIMEUCTBA PO3'€IHYBALHUX OUIKIB, SKUN
Oepe y4yacThb y TPAaHCHOPTI )KUPHUX KUCIOT, TEPMOPETYJIALI], MIATPUMII FTOMEOCTa3y
[IFOKO3H, HEUTpai3amli peakTMBHUX (DOPM KUCHIO.

UCP3 konyeTbCcs TeHOM PO3’€IHYBAJIbHOro Oiika 3 (aHria. uncoupling
protein 3 (mitochondrial, proton carrier) — UCP3). XpomMocomHa Jiokai3ariis TeHa
UCP3: 11qg13.

B npomotopi rena cmoctepiraetbes rs1800849 momimopdizMm, axuit
npeacrapisge coboro 3aminy C Ha T 1 acomiroeTscs 3 MIABUIIEHUM pPIBHEM
JIMOMPOTEiHIB BUCOKOI IIIJIBHOCTI, 3HIKCHHMMH 1HJIEKCOM MacH Tijla 1 pIBHEM

)I(I/IpOBiI[KJ'IaI[CHHH Ta BUCOKHMMH anO6HI/IMI/I MOXJIUBOCTSIMU.

3.22. Rs2010963 C nojimop@izm rena pakropa pocra eHA0Teil0 CyIHMH A
(VEGFA)

daxrtop pocrty enpotenito cynua VEGF BiHOCUTBCS 10 OCHOBHMX YHMHHUKIB,
K1 Oe3rmocepeHb0 BIUTMBAIOTh Ha picT cyauH. VEGF — me rimikompoTeiH, mio
3B'I3Y€ThCA 3 KJIITUHAMU KPOBOHOCHUX 1 JIM(PATUYHUX CYJIUH 1 CTUMYIIOIOE iX
npouridepartiro, CIpuse 3pOCTAaHHIO M’ I30BUX BOJIOKOH 1 3aXHIIA€ MIOTC€HHI KIIITHHH
BiJI aroMNTOo3Yy.

VEGF koaye ren ¢axkropa pocra eHaoTesdild cyaiuH A (aHrj. vascular
endothelial growth factor A — VEGFA). Xpomocomna noxkamizamis rena VEGFA:
6pl12. Ilpu ¢i3MYHUX HaBaHTAXKEHHSX aepOOHOTO XapaKkTepy €KCIpecis I[bOT0 reHa

CYTT€BO TI1JIBUIILYETHCS.
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B nmpomoTtopHiit obnacTi rena crnoctepiraerbes rs2010963 nonimopdism, sikuii

nosisirae y 3amidi G Ha C B nojoxkeHH1 —634.

3.23. His472GIn noJsimop¢di3m resa peuenrtopa 2-ro Tuny (paxkropa pocty
enporedriro cynnn (VEGFR2)

Sx 1 y Bumanky 3 renom VEGFA, B pe3ynbrari (i3MUYHHX HaBaHTaXCHb
aepoOHOr0 XapakTepy EKCIIpecisi reHa peunentopa 2-ro tumy ¢akropa pocrty
engoreniro cynmH (anri. vascular endothelial growth factor receptor 2 —
VEGFRZ2, ado kinase insert domain receptor (a type Il receptor tyrosine kinase)
— KDR) tex cyTTeBO miaBUIINY€EThCsA. XpoMocoMHa Jiokaizaiis rena VEGFR2: 4q11-
gl2.

Jo ¢yHkuioHansHUX noiiMopdi3MiB  reHy  BingHocuThes — His472Gln

nosimMopdizm, skuid nojisrae y 3amini T Ha A. Homep momimopdizmy B dbSNP —

rs1870377.

KoHTpoubHI NMTAHHSA

1. IIlo npencrapisie cOO0I0 MOJICKYJISIPHO-TEHETUUHUM Mapkep?

2. SIxi Mapkepu BUIIISIOTH 3T1IHO BUABJICHUM eeKTaM momiMopdi3miB reHiB?

3. CKiIbKM B CHpaBXHIA Yac BIIOMO MOJEKYISIPHO-TEHETUYHUX MapKepiB,
acoliiioBaHUX 3 PO3BUTKOM 1 MPOSIBOM BUTPUBAJIOCTI?

4. Slki reHeTUYH1 MapKepHU «TPEHYEMOCTI BUTPUBAJIOCTI» Bu 3HaeTe?

5. 3 AKUMH 3410HOCTAMHM, OKPIM BUTPUBAJIOCTI, OB’ s13aHuil ACE I anens?

6. AJenb SKOTO TeHY aCOILIIETHCS 3 HU3BKOIO MIITBHICTIO PEeIenTopa i HU3bKUMHU
3HaYEHHSIMU CEPLIEBOTO BUKHY B CIIOKOi, HU3bKUM piBHEM cucTojiiyHoro AT,
3MEHIIIEHOI0 OPOHXOAJIATALIEI0 TA HU3BKUM PU3UKOM PO3BUTKY OXKUPIHHS?

7. Sxuit mommopdizm, noB’s3anuit 3 AM®-ne3aminazoro, Bam Bigomuii?

8. B skux ymoBax akTuByeThcsi reH EPAS1?

9. Sxy pons Bimirpae Pro582Ser monimopdizm rena HIF1A?

10. Axuii moniMopdizM acoriioBaHuil 3 PEeHOTUNAMHU, 1110 MAIOTh BiTHOIIEHHS 710
0OMIHY TJIFOKO3HM Ta 1HCYJIHY, ToKa3HUKIB pooot CCC Ta macu Tina?

11. 3 yum acomiioBanuit E298D nonimopdizm rena NOS3?
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12. Slxuii momimMopdi3M acouifoBaHU 13 3MEHIICHHAM MITOXOHIPIaTbHOTO
OloTreHe3y Ta OKMCIIOBAJIBHUX MPOIIECIB B KIITHHAX?

13. Arg292Ser mnomimopdizm rena PPARGC1B posrisgaioth B SIKOCTI
MPOTEKTUBHOTO ToNiMop(dizmMy 10 meBHoro 3axBoproBanHs. o me 3a
3aXBOPIOBAHHS?

14. Sxuii moniMopdi3M acorifoBaHUM 3 HU3BKUM PU3UKOM PO3BUTKY TimepTpodii
MiOKapay JIiBOTO MUIYHOUKY cepis Ta Bucokumu 3HaueHHsMH MCK 1

MaKCHUMaJIbHOI MOTY>KHOCT1?
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I'naBa 4. MoJjieKyJsIpHO-T€eHETUYHI MApKePH MBUIKOCTI i CHJIn

Jlo CIpaBXXHBOTO MOMEHTY OIMCAaHO SK MIHIMyM 6 mojaiMopdi3MiB T'€HIB,

acOIIOBaHUX 31 CXHJIBHICTIO IO PO3BUTKY MIBUAKOCTI 1 cwm (Tadm. 11).

Tabnuys 11
MonexynsapHo-eenemuuni mapkepu weUOKOCMI i CUIU
I'en XpomocomHa Hoaimopgizm Mapkep
JoKaJi3anisa MIBHAKOCTI/CHIN

ACE 17923.3 Alu I/D D
ACTN3 11g13.1 Arg577Ter (rs1815739 C/T) R577

AR Xql1/2-q12 (CAG), L(>22)
HIF1A 14921-q24 Pro582Ser (rs11549465 C/T) 582Ser
PPARA 22013/31 rs4253778 G/C Rs4253778 C
PPARD 3p25 Prol2Ala (rs1801282 C/G) 12Ala

B 1abn. 12 npencrasiieHi MONEKYISPHO-TEHETUYHI MapKepH, 1110 aCOLIIOI0ThCS
3 MPUPOCTOM IMOKA3HUKIB IIBHJIKOCTI 1 CWJIM Yy BIJAINOBIAb Ha TPEHYBaHHS aepoOOHOI

CIIPSIMOBAHOCTI.
Tabnuys 12

MonexynapHno-eeHemuuni mapkepu, Wo acoyitoromspcsi 3 NPUPOCMOoM NOKA3HUKIG
WBUOKOCMI [ CUNU Y 8IONOBIOb HA MPEHYBAHHS AePOOHOI CNPAMOBAHOCHIT

I'en XpomocomHa IToaimopdizm Mapkep
JIOKaJi3anis LHIBHAKOCTI/CHJIN
ACE 17923.3 Alu I/D D (nuHamMiyHa cuiia)
I (i3omeTpuuHa cuiia)
ACTN3 11913.1 Arg577Ter (rs1815739 C/T) Arg577
AMPD1 1p13 GInl12Ter (rs17602729 C/T) GIn12
IGF1 12922-923 (CA), (>192/192/<192) 192
IL15 4931 rs1057972 A/IT rs1057972 T
IL1I5RA 10p15-p14 rs2296135 A/C rs2296135 C
PPARG 3p25 Prol12Ala (rs1801282 C/G) 12Ala
PPP3R1 2p15 [IpomoTop 51/5D 51/51 (B xomOiHamii 3
(CNB) IGF1 192 anenem)
—420 C/G —420C
RETN 19p13.2 398 C/T 398 C
540 G/A 540 G
TNF 6p21.3 —308 G/A -308 A
VDR 12g13.11 Taqg | T/t (rs731236 C/T) t
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4.1. ALU I/D noaimop@}i3M resa anrioreHsuH-1 koHBepTyH040ro pepmMeHTy
(ACE)
VY 16-My IHTPOHI I'eHa CIIOCTEPIraeThCs 1HCEPIIIHHO-ACNCIIHHUNA MoaiMopdi3M
— I/D. Homep momnimopdizmy B dbSNP — rs4340. Ha Binminy Big ACE 1 anmens, saxuit
acorioeTses 3 ButpuBamictio, ACE D anenp acomiroeTbest 3 pO3BUTKOM IIBHIKOCTI,

CWJIY 1 M’I30BO1 MacCH.

4.2. Arg577 nonimopdizm rena a-akrunina-3 (ACTN3)

0-aKTUHIHUA € aKTHH3B S3YyBAJIbHUMH OUTKaMu. Y  CKEJIETHUX M A3aX BOHH
CKJIaJIafOTh JOMIHAHTHHM OLIKOBUM KOMIIOHEHT Z-JiHii capkoMepa. Lleif KoMIoHEeHT
dbopmye CITKOBY CTPYKTYpPY, fika 0O0'€eHye TOHKI (PiaMEHTH, IO MICTATh aKTUH
1 cTabuli3ye CKOpPOYYBAJIBHUHN amapaTr M’ si30BUX BOJOKOH. OKpiM BUKOHAHHS ITi€l
byHKIIIi, cCapKOMEpHI O-aKTHHIHU B3a€MOJIIOTH 3 OLTKaMH, 3aJly4YeHHUMH Yy Oe3iiu
CUTHAJIBHUX NUIAXIB. 0-aKTHHIH-2 €KCIIPECYe€ThCs] TOJIOBHUM UYHMHOM Yy MiOKapml 1
OKHUCJTIOBAJIbHUX M’ SI30BHX BOJIOKHAX, a O-aKTHUHIH-3 — Y TJIKOJITUYHUX IMIBUIKUX
M’si30BUX BoJiokHax tumy Il d/X 1 B MeHmIiii Mipl y OKMCHUX IIBUAKUX M’ SI30BHX
BoJIokHax Tumy I[la. Y moBUIbHHX M’S30BHX BOJIOKHax Tumy I, o-akTuUHIH-3 He
EKCIIPECYETHCS 30BCIM.

0-aKTUHIH-3 KOJYEThCS TeHOM (-aKTHHiHA-3 (aHru. actinin, alpha 3 —
ACTN3). Xpomocomna mokami3ariis rena ACTN3: 11ql3-gl4.

VY 16-My ex30HI reHa cnoctepiraetbcsi Arg577 nomimopdisM, sikuil mossirae y
3amini C Ha T. B pe3ynbTaTi 1i€i 3aMiHA KOJOH, IKUH KOJAy€e Arg, MepeTBOPIOETHCS B
CTOM-KOJIOH 1 3YIIMHSE CUHTE3 MOJIMENTHIHOTO JIaHIfora o-akTuHiHa-3. Hecraua o-
aKTHHIHA-3, B CBOIO YEPry MPHU3BOJUTH O HU3BKOTO PIiBHS PO3BUTKY IIBUIKICHO-

cuoBux 3a10H0cTel moauan. Homep nomimopdizmy B dbSNP —rs1815739.
4.3. (CAG)n L (>22) noaimop¢izm rena penenropa anaporeny (AR)

Penenitop anaporeny — 1ie  TpPaHCKPUMNINAHWUN (PakTop, BIAMOBIMAIOYHMMA 3a

PETYIISAIII0 M'SI30BOT MacH JTIFOJMHHU.
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PenenTop KoayeTbCs TreHOM penentopa anaporeny (aHria. androgen
receptor — AR), skuii B 3HAuYHIA Mipi EKCIPECYEThCSA y CKEJICTHHX M s3aXx.
XpomocomHa jokamizaris reda AR: Xql2.

Y  1-my ex3oni rena cnocrtepiraetecsi (CAQG), mnomimopdizm. Homep
nosimopdizmy B dbSNP — rs137852589. V nopwmi kinbkicte CAG-noBTopiB rena AR
KOJIMBAETHCA B Mekax Bifg 8 mo0 31, mo 1 Bu3HaA4ae momiMopdi3Mm mporo rexHa. Bei
aneni 3 kutbKicTIO CAG-TIoBTOPIB 110 22 KIacuQiKylOThCs K S-aneni, a anemi 3 22 1
Buiie CAG-nopropamu sik L-aneni. BianmoBiHO, YOJIOBIKK MOXYTh OyTH HOCISIMH
reHoturnib SO (<22) abo LO (>22), a xxinku — Hocisimu reHotumiB SS, SL 1 LL. AR L-

ajienni JaroTh JIESKY MepeBary B HAPOIIyBaHHI M’ SI30BOT MacH 1 pO3BUTKY CHIIH.

4.4. ProS582Ser nonimopgizm rena pakropa, iHIyKyeMoro rinokcier 1
(HIF1A)

Y 12-mMy ek30Hl TreHa cnocrtepiraerbesi  Pro582Ser mnommopdizm, 1o
npenctasisie coboro 3aminy C Ha T, sika mpu3BoAUTH 10 3amiiieHHa Pro Ha Ser y
582-My TM0J0XE€HHI aMIHOKHUCIOTHOI TMOCIigoBHOCTI Oinka. Jlanuii momaiMopdizM
nigsuilye craduipbHicTh Olnka HIF-la) 1 30utblye CTIMKICTh KIITUH 10 TIMOKCIi.
Homep monimopdizmy B dbSNP —  rs11549465. /lanuii momimMopdi3M acoIitoeThes
HE TUIBKHU 31 CXUJIBHICTIO O PO3BUTKY BUTPUBAJIOCTI, @ i 3 PO3BUTKOM IIBHJIKOCTI 1

CHIJIN.

4.5. Rs4253778 C nojgimopdizm resa o-penentopa, aKTUBYEMOI0
npouidepaTopamu nepokcicom (PPARA)
VY 7-My iHTpOHI reHa crioctepiraeThes rs4253778 nmomimopdizm — 3amina G Ha
C B monoxenni 2528. Ha Biaminy Binm PPARA G anens, sikuil acomitoeTbes 3
BurpuBamictio, PPARA C amenb acoIlifOeTbCA 3 PO3BUTKOM INBHAKOCTI, CHJIH 1

M’S30BO1 MacH.
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4.6. Prol2Ala nosaimopgizm rena y-penentopa, akTHByEMOI0
npoJidgeparopamu nepokcicom (PPARG)

Tpanckpunmiiinuii  pakrop PPARy2 mnpwuitmae ydacth y perynsiii T'eHiB,
3B’A3aHUX 3 CHHTE30M TPUTIILEPHUIiB, TU(PEPEHIIIIOBAHHIM aIUIIOIMTIB 1 Mi0OIACTIB,
YYTJIUBICTIO TKAHHH JI0 1HCYJIIHY, aKTUBHICTIO OCT€00JIACTIB 1 OCTEOKIACTIB.

DakTOp KOAYETHCS TFeHOM Y-pelenTopa, aKTHBYEMOIO MpoJiidepaTropamu
nepokcicom (peroxisome proliferator-activated receptor gamma — PPARG).
XpomocomHa jokamizaiis rena PPARG: 3p25.

V ek30H1 B crioctepiraetecst Prol2Ala nonimopdizm —3amina C Ha G B 34
MOJIOKEHH1, 10 MNPU3BOAUTH N0 3amimieHHs Pro Ha Ala B aMiHOKHCIOTHOMY
nonoxxkeHHi 12 13opopmu 6inka PPARy2. Homep mnomimopdizmy B dbSNP —
rs1801282. ITomimopizM acoIlito€TbCs 3 TMOMMIICHHM TIIKEeMIYHHM TpodiieM y

BIJIMOBIAbL Ha (hI3WYHI HABAHTAKEHHS.

KoHTpoJsbHi nMTAaHHSA

1. OnuiiTh MOJEKYJISIPHO-TEHETUYHE MapKePH MIBUAKOCTI 1 CHIIH.
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I'naBa 5. 3’Bs130K piBHS eKcnpecii reHiB 3 PO3BUTKOM i MPOSIBOM

$izuunux 37i10HOCTEH JIIOANHH

Po3BuTOK 1 MposiB Pi3MUHUX 3AI0HOCTEH JIIOAUHU 3QJICKUTh HE TUIBKHU Bif
HAsBHOCTI TUX YH 1HIIMX MOJIMOP(HUX BapiaHTIB I'€HIB, a i BIJl PIBHS €KCIIpecii Iux
rediB. KpiM TOro, iHTEHCHBHICTh POOOTH T'€HIB 3MIHIOETHCS y PI3HUX JIIOJEH MO-
pizHOMY. HeoOxi1HO 3'sicyBaTH, SIK MiABUILYETHCS EKCIPECisl TEHIB Y KOXKHOI OKpeMOi
JIOAVMHU TPU IHTEHCHUBHUX KOPOTKOYACHMX (DI3MUYHMX HaBaHTAXKEHHSAX abo MpH
TpUBAJIN poOOTI 3 MOMIPHUM HaBaHTaXEHHSM. He MeHII BaXXJIMBUM € MUTaHHA PO
T€, K EKCIPECYIOTbCS TE€HH B TE€TEPO3UTOTHOMY CTaHi, TOOTO NpU HAsIBHOCTI
COPUSTIIMBUX 1 HECHPUATIMBHX MOMIMOpP(HHUX ajened B OJHOMY TeHoTunl. Yu
Opalloe OJUH 3 ajlelliB 1 KO TaK, TO SKUW? A SKIIO MpalioloTh 00HIBa,
0OyMOBJIIOIOUN CEpeHINA pIBEHb CHHTE3Y BIANOBIAHOrO (hepMeHTy? be3 3'scyBaHHs
PIBHIB €KcIpecli TIeHIB B KOXXHOMY KOHKPETHOMY BHUIAJAKy HE MOKIMBHMA
KOHPEKTHUU mpodeciiiHuii 1 CIOpTUBHUN BiAOIp, a TaKOX BUOIP ONTHUMAIBHOI
CUCTeMH TPYIOBOIO 1 TPEHYBAJIbHO-3MarajibHOTO MpOIECY Ta 1HIWBIAYaTbHOTO
MEAUKO-010JI0TTYHOTO 3a0€3MeYeHHS.

®di3UYH1 HABAaHTAXKEHHS SBIIAIOTH COOOI0 Pi3HI 32 CTUMYJIOM 30BHIIIHI BIUIUBH,
Kl TPU3BOJATH [0 CHEUU(DIYHUX CTPYKTYPHUX Ta METaOOMIYHUX 3pyLIeHb Yy
KIIITUHAX cKeleTHUX M'si3iB. KopoTkodacHe ¢i3nuHe HaBaHTaKEHHS MPU3BOJIUTH 0
3MIHU €KCIIpECii COTEHb I'€HIB, SIKa MOBEPTAETHCS 10 BUXIAHOTO PIBHS Yepe3 ACsKUn
yac (CeKyHAM, XBWIMHHU, TOAWHM). Tak, HampuKiaJ, BCTAaHOBJICHO, IO (i3UUHI
HaBaHTa)XEHHsI 3MIHIOIOTh €KCIIpecito 573 reHiB B M's13ax cTerHa JoauHu. HaBiTh He
HAATO IHTEHCHBHI (DI3UYHI HABaHTAXKEHHSI 3HIKYIOTh PU3MK PO3BUTKY aAiabery 1
oxxupinHsa. Brums iine yepe3 metmmoBanns JIHK 1 € mpukinagom emireHeTHuHUX 3MiH
B T€HOMI.

JloBroTpuBaiy aganrtaiiro 10 (HI3MYHUX HAaBAHTAXEHb PI3HOIO CIPSIMyBaHHS,
MalyTh, MOYKHa PO3IJIAIATH K BIJMOBIIb OPraHi3My Ha CYKYIHICTh OJTHOPa30BHUX
G13UYHUX HABaHTaXXEHb, SIKI MPU3BOAATH 10 TII0OAIBHUX 3MIH B CUCTEMI PETyJISIi
TeHHOI eKcmpecii. Y AesKuX AOCHIIKEHHSIX OyJIo BCTAHOBJIEHO HASBHICTh CTIHKO1

eKCIIpecii COTeHb T'eHIB y CIOPTCMEHIB 1 JOOPOBOJBIIB Yy BIANOBIAL HA TPHUBAII
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¢bi13udHI HaBaHTaXXEHHSI aepoOHOro Ta aHaepoOHOTO xapakTepy. BcraHomneHo, 1o
pPIBEHBb €KCHpecii TeHiB, BIAMOBIIAIBHUX 32 MITOXOHJIpiaJbHUM Ol0TeHe3, OKUCICHHS
’KUPIB 1 BYTJIEBO/IIB, MO3UTUBHO Kopemtoe 3 mokasHukamMu MCK y cTtaepiB, B Toi yac
K pIBEHb €KCIpecii TeHIB M'S30BUX OLIKIB KOPETIOE 3 TOKa3HUKaMH CHIIA Y
TpoeOOopITiB. MiXk CIIOPTCMEHAMH MPOTHICKHUX TPYyN € BIJIMIHHOCTI B €KCIIpecii 1o
110 HAWMEHIIIE ABAISTH TCHAM.

OdeBuaHO, MO KapTUHA TPOo(dUII0 TeHHOI eKcmpecii Oyae 3MiHIOBAaTHCS B
3QJIEKHOCTI Bl yacy 3abopy OiompoOu. MokHa NPUIYCTUTH, IO B Pe3yJIbTari
NETPEHYBAaHHS MICHs TpUBAIMX (I3UYHUX HABAHTaXXEHb, EKCIIPECii TEHIB B
CKEJIETHUX M'si3ax JIIOJAWHM Tpuiie A0 BuxigHoro piBHsA. OJHAK 3BakKaroyW Ha
1HUBITyaJIbHI BIIMIHHOCTI (BUCOKa Y1 HU3bKa M'€HETUYHA CXWIBHICTh O PO3BUTKY 1
MposiBy (p13MYHUX 3A10HOCTEM) BHXIJIHI PIBHI I'€HHOI €KCIPEeCcii B CKEJIETHUX M's3ax
MOXKYTb BIJIPI3HSITHCS MK JIOCTIHOIO 1 KOHTPOJIBHOIO TPYIIaMH.

HaykoBi nociikeHHs BUSIBUIM TEBHI T'€HHU, €KCIIPECisl SKUX MiJIBUILYEThCS
IpY TPEHYBaHHI BUTPUBAIOCTI 1 cuutk (Tadu. 13).

Tabnuys 13

['enu, akmuenicms sSKUX nidsuwjeHa npu MpeHy8anHi BUMpPUBAIOCMI | CUIU

DyHKIiOHAJBHA IPyna CuMBOJIM TeHiB
CtpyKkTypa, pO3BUTOK Ta CHI3L1, CLEC3B, COL11A2, KCNMB3, LMO7, MRCL3 (B),
CKOPOUYYBaHHSI CKEIETHUX PEX12, PPP1R12A, PRKG1, SPRR1A, SSPN, UTRN (C)
M’s131B
Enepretuunuit Mmetabounizm ALOX15B, ARSF, AMY1A, ARPP-19, BPGM, CBR3,
CYP3A7, CYP4B1, DLAT, GALE, GOT1(B), LDHB (B), ME1,
SGPL1
MiToxoH IpiaIbHI OLTKH ACSL6, ATP5F1, BCKDHB, FXN, MDH1 (B),
MTCP1, MTRR, MTX1, NDUFB2, NDUFB3, NDUFBS,
SDHB, UQCRB
ImyHHa BignOBiAb APLN, ATP6V0OA2, CCL22, CCL26, CCRL1, CD1A, CDS8A,
CSF2RA, GPX3, PF4, TGFBI (B)
Mertaboii3M OiIKiB AIP (C), APBA3, GZMM, KLK11, MSRA, PALM2-

AKAP2, PTS, SERPINBS, SOLH, SULT1C1, SURF5,
MAG, UCHL3(C)

KiTHHHMH MUK Ta CDC2L2, CDK2, DNAJA2, ENPEP, ESM1, NEK1, PDCDS5,
npomideparis PMS2, RARRES1, S1000A2, TGFBR2, WDR45
TpaHcHopTHi GLTKH CLTB (B), CNGB1, NBEA, NUP155, SCFD1, SLC15A3,
SLC16A7 (B), SLC4A7, SLC6A12
AHrioreHes EPASL (B), FIGF, FLT4, SH2D2A

CHTHATBHA TPAHCAYKILIA ARHGAPG (C), CALCR (C), FSTL3, GPR34, GRB7, HMHAL,
HUNK, ITSN2, LIFR, NRAS, P2RY5,
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PLAZ2R1, PLEKHGG6, PRR5, PTPN4, PTPO, PTPRE,
RAB33A, RAPGEFS5, SOS2, STAC, TEK

TpaHCKPUTIIIiS 1 TPAHCISAIISA APOBEC1, ATF1, ELF3S1 (C), HOXD8, KCNIP3, KRR1,
LDB2, LMO4 (C), NRF1, PER3, PMS2L1, REV1L, ROD1,
RORA, SIRT6 (C), SKIV2L2, SOX12, TCF21, TCF4, TRPS1,

ZNF187
KinituaeMil nuKI ta CDC2L2, CDK2, DNAJA2, ENPEP, ESM1, NEK1,
npoidepartis PDCD5, PMS2, RARRES1, S1000A2, TGFBR2,WDRA45
Possutok ta gynkiii Heriponis | AGRIN, EFNB2 (B), GBX2, NEDD1 (C), NOVA1, PCDH12,
SYP
IHmi pynkuii (mesxi He ARMCX1, ASMTL, BEST1, CAST, CCDC19, CCDC?95,
BH3HAYCHI) CYB5D2, JPH3, REEP2, SCHIP1, SDF4,TBC1D22A, VSIG2,

ZDHHC2, LOC651370, LOC90925, FANCF (B),
C120rf32,CDSN (C)

B 1abn. 14 HaBemeHi cMMBOJIM, XpOMOCOMHA JIOKaJTi3allisl, TOBHI Ha3BH I'€HIB 1

byHKIIT O1IKIB, SIKI BOHU KOAYIOTb.

Tabnuys 14
Cumeonu, XpOMOCOMHA JIOKANI3AYIs, NOBHI HA368U 2eHI8 [ (DYyHKYII OLIKI8, sIKI BOHU
KOOyIOmb
I'en Ta iioro
XPOMOCOMHA IloBHa Ha3Ba rena ®yHkuis 0inka B opranizmi
JoKadizamis
ACE I'en anriorensun-1 Karanizye nepeTBopeHHs aHT10TeH31Ha-
(17923.3) KOHBEPTYIOYOro ¢pepMeHTa | y anrioren3un-11, perymorounii
(Angiotensin-I converting enzyme) | cyauHHUIT TOHYC, 3BY)KYIOUH TPOCBIT
CYIMH
ACTN3 I'en anbda-akTuHIAY 3 Crabinizye CKOpouyBaIbHUMN anapar
(11913- q14) (Actinin, alpha 3) IIBHJIKAX M'S30BUX
BOJIOKOH
ADRA2A I'en anbga-agpeHopenenrtopa, MemOpanHuil 02-agpeHopenenTop 10
(10g24- g26) i 2A HOpaJIpeHaliHy, cpuse 0aapOpoCTi Ta
(Alpha-2A adrenergic receptor) Ba30KOHCTPIKITIT
ADRB2 I'en Oera-2 ampeHepriyHOTO MewmOpanuuii B-agpeHopenenTop
(50931-932) peuenTopa JI0 HOpaJIpeHaliHy, aKTUBY€
(Beta-2 adrenergic receptor) TJIIKOTEHOJII3 Ta JIMOJi3 IS €eHEPTeTUKH
M’s131B
AGT ['en anrioreH3uHOTEHY Bracninok ekcrpecii nae
(1942-43) (Angiotensinogen) aHT10TEH3WHOTEH
AGTR1 (3qg21- I'en penentopa 1 Tuny AHTI0TEH3UHEPT1YHUN PeLenTop
25) aHrioreHsuny Il Ha MeMOpaHax IJ1aJIeHbKUX M S31B
(Angiotensin Il receptor, type 1) CY/IMH JUTSL 3BY)KEHHS CYIMH
AMPD1 I'en aneHo3uH-MoHOdOChAT- Karanizye peakiiito
(1p13) ne3aminasu | ne3aminyBaHast AMO y
(Adenosine monophosphate 1HO3MHMOHO(OCHAT y CKEIETHUX M's3aX
deaminase 1)
AR I'en peuenropa anaporeny Snepuuii peuenrop 10 5-
(Xq11-12) (Androgen receptor) JIUTIIPOTECTEPOHY, BILIMBAE HA
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00’€M CKeJIETHUX M'S31B

AVPR1
(12q14-15)

I'en peueniropa aprivin-
Bazompeciny, Tur la
(Arginine vasopressin receptor 1A)

OnocepeIKOBy€e CUTHAJIA apTiHiH—
Ba30IIpeCiHa, BiIMOBIAAE 32 BAYKIHBI
(G yHKIII1 TOJIOBHOTO MO3KY, OB’ s13aHi 3
€MOIIiSIMH, TBOPYICTIO, TEMIIEPAMEHTOM,
MOBEIHKOIO Y CYCITUIBCTRI,
Ba30KOHCTPIKITIEIO

BDKRB2
(603.2)

I'en penenropa OpanuKiHiHy,
tun B2
(Bradykinin receptor B2)

OmnocepeakoBye 1it0 OpaJAuKiHIHY —
CYAMHOPO3LIMPIOBAIILHOTO (haKTOPY,
aHTaroHicTa aHrioTeH3uny Il

CNB
(2p15)

I'en kanbiineBpuHy B
(Calcineurin B)

Hedbochopmiitoe TpaHCKPUIIITIHHI
¢dakropu cimeiictea NFAT, mio
NPU3BOMTS JIO AKTHBAITiT
eKcrpecii reHiB, MPUIMalYNX y4acTh y
rineprpodiuHiii BiANOBiAI MiOKapay

COL1A1

I'en konareny Ttun I anbga 1

@i0punspHuii OLIOK, KU CKI1a1ae
OCHOBY CIIOJIY4YHOT TKAHUHH OpraHi3My
Ta 3a0e3mnevye 11 MIIHICTh Ta
€JIaCTUYHICTh

CYP1A2
(15¢24.1)

I'en muroxpomy P-450-1a2
(Cytochrome 1a2)

JleTokcuKaIliss KCeHOOIOTHKIB IIJIAXOM
T1IPOKCHITFOBAHHS

FABP2
(428-31)

I'en Ginka, 3B’SI3y1040T0
YKUPHI KUCIIOTH, THIT 2
(Fatty acid-binding protein)

Bepe yuacts y abcopOii Ta
TPAHCHOPTYBaHHI JXUPHUX KHCIIOT

HIF1A
(14921-924)

I'en akTopa, iHIyKYyEMOTO
rinokciero 1A
(Hypoxia-inducible factor 1, alpha)

3armyckae eKCIpecito reHiB, 10
MIJBUIIYIOThH aJalNTalilio OpraHu3My B
yMOBax Tinokcii (T1iKodIi3, picT CyIuH Ta

iH.)
FTO I'eH, acouiiioBanwmii 3 @DyHKIIIS [ILOTO TeHY Ha JTaHUH Yyac
(16q12.2) KHUPOBOIO MACOIO HeBizoMa
(Fat mass and obesity associated —
FTO)
EPAS1 I'en ennoreniansHoro PAS- 3amyckae eKCIpecito TeHiB,
BIH XK€ JoMeHa, outoK 1 MIBUIIYIOYUX a/IallTaIlll0 OpraHi3My B
(HIF2A) (Endothelial PAS domain protein | ymoBax rimokcii (TJikoi3, picT CyJIuH Ta
(2p21-p16) 1) BiH xe iH.)
I'en ¢paxTopa, IHAYKyEMOTO
rinokciero 2A (Hypoxia-inducible
factor 2, alpha)
EPOR I'en penieriropa OmnocepenKkoBye Aito
(19p13.3- €pPUTPONIOECTUHY E€PUTPOIIOETUHY HA EPUTPOIIOE3 Y
p13.2) (Erythropoietin receptor) YEePBOHOMY KiCTKOBOMY MO3KY
MB I'en miorno0iny Kucens-3B’a3ytounii 61510k
(22911 - (Myoglobin) CKEJIETHUX M'SI31B Ta MiOKapIy
22q13)
MTHFR I'en MeTunenrterparigpo- Binirpae kia0490BY poJib pu
(1p36.3) ¢donarpenykTasu nepeTBopeHHi (onaty (Bitamin B9 abo
(Methylenetetrahydrofolate Bc) y akTuBHY opmy TeTpariapodosar
reductase ) JUIsl CHHTE3Y ITypHHIB Ta TAMIHY
MYF6 I'en miorenHoro akropa 6 Binnosigae 3a kiHeBe
(12921) (Myogenic factor 6) JqudepeHIiFOBaHHS
M'SI30BHX BOJIOKOH Ta 3JUTTS Mio(hiOpui
NFATCA4 I'en simepHoro (hakTopa

Perynsiis excripecii 6araTh0X reHiB,
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(14911.2) AaKTUBOBAaHUX T-KIITHH 3aJIy4eHUX J10 aepoOHOro MeTaboIi3My,
(Nuclear factor of activated T-cells, M’SI30BOr'0 CKOPOYEHHs, aKTHBYE T-
cytoplasmic 4) Mot
NOS3 T'er NO-cunTasu 3 ®epmeHT cuaTe3a NO, 1110 BUKITHKAE
(7936) (Nitric oxide synthase 3) CYJAMHOPO3IIMPIOIOYHIA eeKT
PPARA I'en anba-penenropa, Perymntoe akTHBHICTD T'€HIB,

(22912-913.1)

AKTUBYEMOTO
npoutipeparopamu
MIEPOKCICOM

(Peroxisome proliferator activated

receptor alpha)

BIJIMOBIIaI0YMX 32 OOMiH BYTJICBOIIB Ta
KUPIB

PPARG I'en ramma-penentopa, Perymntoe akTHBHICTb T'€HIB,
(3p25) AKTHBYEMOTO BIJIMOBI/IAI0YMX 32 OOMiH BYTJICBOIIB Ta
npoutipeparopamu KHPIB
MePOKCICOM
(Peroxisome proliferator-activated
receptor gamma)
PPARGC1A I'en koaktuBaropa PPARG, KoaxTuBye 1ito psiia TpaHCKPUTIIIHHIX
(4p15.1) tun 1A (Peroxisome proliferator- (hakTopiB, PETyNIIO€ MITOXOHAPIATbHHIMA
activated receptor gamma, Oiorenes Ta 0OMiH PEYOBHUH
coactivator 1 alpha)
PPARD I'en nenpra-penentopa, Perymntoe akTHBHICTP T'€HIB,
(6p21.2- aKTUBYEMOTO TIpoiideparopaMu BIJIMOB1Ial0UMX 32 OOMIH BYIJIEBOJIB Ta
p21.1) MEPOKCiCOM KHPIB
(Peroxisome proliferator- activated
receptor delta)
SERT I'eH nepeHOCHUKA CEPOTOHIHY TpancnopTye cepoTOHIH —

(17q11.1-q12)

(The serotonin transporter)

HeWpomeiaTop, 1o
PEryIo€e CKIAAHI MOBEIIHKOBI peaKilil
Ta Yepe3 CHUHHUI MO30K aKTHBYE
PYXOBY aKTHUBHICTb

SLC9A9
(3024)

I'en HaTpiii-BOJHEBOTO
10HITY, ciMeicTBO 9, uiieH 9
(Solute carrier family 9
(sodium/hydrogen
exchanger), member 9)

IIpuiimae yyactp y
TpaHCMeMOpaHHOMY OOMiHI HaTpito Ha
BOJICHb KJIITUH MO3KY, M S31B Ta
Miokapay

TFAM
(10g21)

I'eH MITOXOHIpiaILHOTO

TPaHCKpUILIHHOTO dakTopa A

(Transcription factor A,
mitochondrial)

AKTHBYE TPAHCKPHUIILIIO
MITOXOH/IpiaTbHUX TEHIB
U perutikanito Mitoxonzapiansaoi JJHK

UCP1
(4931.21)

['en po3’eqHyBaNbHOrO OiNka
1 (Mitochondrial uncoupling
protein 1)

[Ipuiimae yuacTb y po3’€aHaHH1
OKUCHEHHS Ta (hOCHOPUITIOBAaHHS

UCP2
(11q13)

['en po3’eqHyBaNbHOrO OiNka
2 (Mitochondrial uncoupling
protein 2)

[IpuiimMae yuacTb y po3’€aHaHH1
OKUCHEHHS Ta (hOCHOPUITIOBAaHHS

UCP3
(11q13)

['en po3’eqHyBaIbHOTO OlIKA
3 (Mitochondrial uncoupling
protein 3)

[Ipuiitmae yuacTh y po3’eqHaHHI
OKHCHEHHS Ta (ochopriroBaHHs,
TPAHCIOPTI KUPHUX KUCIIOT

VDR Bsmi
(12913.1)

Penenrrop Bitaminy D
(Vitamin D receptor gene
polymorphism Bsmi)

Perymtoe excrpecito O1KiB,
3aTy4eHHX JI0 TOMEOCTa3y Kalblilo Ta

bocdopy

VEGF

I'en dakTopa pocTy eHIOTeNis

3011bIITyE POHUKHICTH CY/HH,
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(6p21)

CyAuH

(Vascular endothelial growth

factor)

KUTBKICTh KPOBOHOCHHUX Ta JIiM(paTHUYHUX
CyAuH

1. CkiIbKM B CIpaBXHIM Yac BIJIOMO MOJICKYJSIPHO-TEHETUUYHUX MAapKepiB,

KoHTpoJibHi nuTaHHs

acoliOBaHUX 3 PO3BUTKOM 1 MMPOSIBOM IIBUIKOCTI 1 CHUIIH?

2. Ha Bigminy Big ACE I anenst, skuil acoIlilO€ThCS 3 BUTPUBATICTIO, 3 PO3BUTKOM

yoro acoiroerbcsas ACE D anens?

3. Mo Joro mpu3BoauThH HECTAYA O-aKTHHIHA-3?

4. TlomiMopdi3Mm SKOTo reHy 30UIbIIy€e CTIAKICTh KIITHH 0 Tinokcii? OnuiriTh

JaHUU TOJIIMOP(I3M.

5. Sxuit momiMopdi3M aCOIIIOETHCA 3 TOJIMIICHUM TIKEMIYHUM TpodiaeM y

BIJIMOB1AbL HA (hI3WYHI HABAHTAXKEHHS?
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I'maBa 6. 3acTocyBaHHSI TEHHOTO JOIIHTY

MaiibytHe (dapmakoreHeTHKH 1 (apMaKOr€HOMIKHM, BXE ChOTOAHI IUKTY€
HEOOX1/IHICTh PO3BUTKY HOBOTO HANPSMKY B JAHMX 00JACTAX — poO3poOIll METOIIB
BUSIBJICHHSI TEHHOTO JOIIHTY.

B octanHi poku Bce OUIBIINN PO3BUTOK OTPUMYE T€HHA TEpartisi, 3aCHOBaHa Ha
BBEJICHHI B KJIITUHY TEpPANEeBTUYHOIO I'eHA, KM MOKE€ KOMIIEHCYBATH (PYHKIIIIO
aHoMayibHOTO a00 BiAcyTHhOro TeHa. ['enermunuii matepian (JJHK a6o PHK),
YKJIaJIeHUl y Bipyc abo Jdimij, MOTparvisie B OPTraHi3M HUIIXOM MPsSIMOi 1H'€KIii B
OpraH-MillIeHb, a00 3a JIOMOMOI'OI0 aepo30JIiB MPH JIET€HEBOMY 3acTocyBaHHI. [Ipu
BeeneHHi /IHK B opranism, renm 3matHi iHaykyBatn PHK, sxka B cBoro uepry
CUHTE3Y€ BIAMOBIAHUM OL7IOK, SIKUW Mae TepaneBTUYHUM edekt. L[i meTonu reHHoi
Tepamii  po3poOJIAIOTBCS  JJIsi  JIIKYBaHHS  TAIlIEHTIB 31  CMEPTEJIbHUMU
3aXBOPIOBAHHAMMU, JJIS IKMX HEMAE IHIIUX CIIOCO01B JIIKYBaHHS.

VY cnopti reHHa Teparis MOXE€ BHUKOPUCTOBYBATUCS Ul JIIKYBAaHHS TpPaBM,
TaKHMX SIK M'I30B1 YIIKOJKEHHS, pPO3PUBH 3B'SI30K 1 CyXOKUJIb, IEPEIOMIB KICTOK, L0
BUMarae BEJIMKUX 3yCWib 1 yacy. [lepeHeceHHsl reHiB, 10 KOJIYIOTh HEOOXiIHI
pocToBi (hakTOpW, B TONIKO/KEHY TKAaHUHY CHpPHUS€ TMPUCKOPEHHIO pereHepartii
TKaHUHHUX Je(EKTIB, BAKIIUKAHUX TPABMOIO.

['enna Tepamis BXe TMpUNANUIA Yy BEIUKANA CIOPT, aje BOHA MOXKe
3aCTOCOBYBATHUCS 1 B IKOCT1 T€HHOTO JOIIHTY.

I'ennunii gomiHr mpezactaBisge co00l0 HETepaneBTUYHE 3aCTOCYBaHHS TEHIB,
TCHETUYHHUX EJIEMEHTIB a00 MOJYJSATOPIB T'€HHOI EeKCIpecii, 10 MarTh 3IaTHICThH
NiJBULIYBaTH CIOPTUBHI pe3yibTaTH. BBeAeHHS cHopTcMeHam TIeHiB, SKi
MPOIYKYIOTh «BHYTPIIIHI» O10JIOTIYHO aKTHBHI PEYOBUHHM, MOXE TMIJIBUIIUTH IX
¢13uuHi MOKJIMBOCTI. CHOPTCMEH, SIKMUW MIAJIA€ThCSA TEHHOMY JOIMIHTY, OTPUMYE
JOJIaTKOBY KuUIbKiCTh reHetnyHoi iHpopmamii (JJHK ado PHK) mnuisixom renno-
TEpaneBTUIHUX MAHIMYJISIIIN.

OpHuM 3 TeHiB, 110 BUKOPUCTOBYIOTHCSA JJI1 TEHHOTO JAOIMIHTY, € TeH EPO (ren
EpUTPOIIOETHHY), KU KOJy€ epUTpomnoeTHH. BBeaeHHs M01aTKOBOI Komii 1bOTO

reHy B OpraHi3M JIOAWHHM 1HAYKYE€ MOCHUJICHY MPOIYKIII0 €pUTPOLUTIB KpPOBI, LIO
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crpusie 301TBIICHHIO MEPEHECEHHs KUCHIO BiJ JIETEHIB 0 TKAHWH, TMiABUIIYIOYN
BUTPHBATICTb.

Iamum Bitomum reHoMm € |GF-l (iHCymiHO-moai0HuN pocToBuii ¢aktop 1),
BIJIMOBIIaJILHUH 32 30UTBIIICHHS M'SI30BOT MacH, sika 3a0e31MeuyeThbest 0€3 CIIOPTHBHUX
TpeHyBaHb 1 (i3MYHUX HaBaHTakeHb. |GF-l, mBuame 3a Bce, 3aMiHUTL 3a00pOHEH1
3apa3 aHaboumiuHi cTepoinu. OcobmuBicTs reHa |GF-I momsrae B ToMy, 110 BiH MOXKe
BUKOPUCTOBYBATUCS SK «PEMOHTHUW TEH», IO MPUCKOPIOE TPOIEC pereHepartii
M'S30BUX TKaHUH, SIKI YaCTO MOUIKOKYIOThCS uepe3 Pi3uyH1 nepeBaHTaxeHHs. [cHye
OJM3BKO T'SATH Bapiallid 1bOTO «T€Ha HeBpaznmmBocTi». Ha BimMiny Bing rerma EPO,
edbextn IGF-1 He momuMprOOTHCS Aami NMEBHOrO M’si3a, B SKWW MOr0 BBENH, TOOTO
SKIIO 3pOOMTH 1H'EKIII0O B M'A3 HOTHM, M'A30BI TKAHUHHU CEPISl CIOPTCMEHA HE
30UIBIIYIOTECSA. A JIsl TOTO, 0O BU3HAYUTH, YU OyJia 3po0JieHa 1H'€KIIisl IIbOTO I'eHa,
HEOOX1THO OpaTH 3pa3oK M'S30BOi TKAHMHU MPSAMO B TOYIl 1H'€KINi, SIKYy 3HAUTH
Maike HEMOKJIUBO.

['eHHMIT JOMIHT TaKOX MOXXE BUKOPUCTOBYBATHCS JUIsl CTUMYJIIOBaHHS
3pOCTaHHSI HOBUX KPOBOHOCHUX CYJWH, IO CIpHsi€ 301TBIICHHIO JOCTABKUA KUCHIO 1
MOKUBHUX PEUYOBHH JO TKaHWH. J[7s 1mi€ei MeTH Mo)Ke BUKOPHCTOBYBATHCS TEH,
BIJIMOBIATBHUM 3a CHHTE3 (pakTopa pocTy enpoTenito cyaud — VEGFE. Y teparmii meit
reH BXX€ BUKOPHUCTOBYETHCSA JUIsl (POPMYBAaHHS IIYHTIB Yy MALI€HTIB 3 1MIEMIYHOIO
XBOpOOOIO ceplsl 1 3aXBOPIOBAHHAMHU TNepupepruuHux apTepiid. Bekropu 3 reHom
VEGF TakoX MOXYTb CIY>KUTHU B IKOCT1 T€HHOTO JOIIHTY.

B sAKoCTI TeHHOTO MOMIHTY MOXYTh TaKOXX BHKOPHUCTOBYBATHICS TEHH, IO
CHUHTE3YIOThb PEYOBHHHU, fAKI OJOKYIOTb YTBOpPEHHS abo e(QeKTH MIOCTaTUuHY,
BIJIMTOBIJTAIOUOTO 332 KOHTPOJIb 3pOCTaHHS M's31B. 3aCTOCyBaHHA OJIOKATOpPIB
MIOCTaTUHY CIPUS€E ICTOTHOMY 301IbIIEHHIO M'30BO1 MacCH 3a paxyHOK TinepTpodii 1
rinepmiazii. Y meaunuHi 1ieid Meton OyB TpH3HAYEHUUN JUIs JIIKyBaHHS M'SI30BO1
nuctpodii romenHa 1 MiOTOHIYHOT JUCTPOdii.

®apmaxosoriuni npenapatd AICAR ta GW-1516 mepebynoBytoTh pobOTy
reHiB B Opranizmi. MexaHi3M Jii IKUX mpenapaTiB MOB'SI3aHUHN 3 BIUIMBOM Ha MPOLIECH
BUPOOJICHHST €HEPrii, BOHU MiABUIIYIOTh YTBOPEHHS 1 MOJAJIbIIE OKUCICHHS JIMIAIB 1

301IBIIYIOTh HIBUAKICTE KPOBOTOKY, 110 3a0e3mneuye cTabuIbHUI TPAHCHIOPT JIIMiJIIB
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1o Micup ix merabomnizmy. Kpim Toro, AICAR ta GW-1516 nos'a3ani 3 nporecamu
MeTa0o0Ii3My BYTJIEBOIIB — TOJOBHOI €HEPTETUYHOK CYOCTAHIIEI0 TPU TPUBAIOMY
¢b13uyHOMY HaBaHTa)XKeHH1. BOHM 301bITyIOTh BMICT BUJIBHUX KUPHUX KUCIIOT B 000X
TUTIaX M'SI30BUX BOJIOKOH — IIBUAKWX 1 MOBLIBLHUX, Yepe3 3MiHY PiBHIB OUIKIB, IO
OepyTh y4yacTh y JIMITHOMY OOMIHI 1 MIABUIIICHHS BMICTY TJIFOKO3HM B OUIUX M'SI30BHX
BoslokHaX. AICAR , ocobmmBo B moemnanni 3 GW-1516, aktuBye Omuspko 40 %
TEeHIB, SIKI BKJIIOYAIOTHCA MPH pEaTbHUX 1HTEHCHUBHUX (DI3UYHUX HaBaHTAKEHHSX.
[Ipemapatu, 3aJe)KHO BIJ I1HTEHCUBHOCTI (DI3MYHOTO HABAHTAKCHHS, 3HAYHO
MIJBUIYIOTh MpalEe3aTHICTh y BIPaBaX Ha BHUTPUBAIICTh LUISIXOM, MaOyTh,
INEPETBOPEHHA  ILIBUJIKOCKOPOUYIOUMXCS  M'A30BUX  BOJOKOH B OUIbII
eHeproe()eKTUBH1, JIIIJIOT€HEPYIOYl, MMOBUIBHOCKOPOUYYIOUMCS M'SI30BI  BOJIOKHA.
HebGe3neka BxuBanHs AICAR ta GW-1516 B TOMy, 1O BY€HI HEIOCTATHBHO
JOCIIKYBaJIM HACHIJKA BIUIMBY IIpenapaTy Ha OpraHi3M JIIOJWHH, 30Kpema,
MOTEHIIIHO BOHM MOXyTh HeraTuBHO BrumBaTd Ha CCC 1 mpuBecTd A0 1H(APKTY
Miokapaa. Bigpasy x micis MosiBM MpenapariB, BUCHUMH OyB pO3pOOJICHUN METO.
BU3HAYCHHS HAsSBHOCTI iX B ceul. byB BUBeIEHUN CepellHINi MOKA3HUK, BIAXUICHHS
B1Jl SIKOTO 1 TOKA3yIOTh HABHICTh B OpraHi3Mi 3a00pOHEHOTO Ipemnapary, Micis 4oro
IIPOBOJIMTHCS JOJATKOBHUM aHAI3 MPOO.

['ennuii gomiHr Okl €()EKTUBHUMN, MOPIBHAHO 3 XIMIYHUM, MPU LbOMY Ha
JAHUW MOMEHT HE ICHYE aJIeKBaTHUX METOMIB JIarHOCTUKH MOro 3acTOCyBaHHS. Y
TOM K€ Yac HEKOHTPOJIHOBAHE MTPOBEACHHS T€HHOI Teparii B CIIOPTUBHUX IUISIX MOXKE
MPU3BECTU [JI0 CEPHO3HMX HETaTUBHUX HACTIAKIB JUIS 3JI0pPOB'SS CIIOPTCMEHIB.
[linBuiieHa MPOAYKINiS HaBITh HENIKIIJIMBOI, «PiAHOI» O10J0TIYHO aKTHUBHOI
PEYOBHHM B OPTraHi3Mi HEMUHYYE TOPKHETHCS PETYIISITOPHUX CUCTEM, IO CTEXKATh 3a
OaslaHcOM O10JIOTIYHO AKTHMBHUX pEYOBUH Yy KpoBi. llepenbGaunTtii moBrorpusai
HACJIKY TaKUX BTPY4YaHb — JIOCUTh BXKKE 3aBIAHHS.

JIHK, sika BUKOpPUCTOBYETHCS JIsl IEPEHECEHHSI T€Ha, € IPUPOAHOIO 1 TOMY HE
BifmpizHa Bix BiacHoi JIHK cnoprcmena. MomudikoBanuii T€H HOCTaBISIETHCS B
Oprasi3M 3a JIOMIOMOT0I0 BekTopa, 1mo MictuTh JJHK. Busnauntu HasiBHICTH BEKTOpA,

YaCTOK BIPYCiB a00 XIMIYHUX areHTiB MOKHA TUIBKU HIJISAXOM O10TICIi y MiCIIl 1H'€KIIii,
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ONHAK JUJIsl I[bOTO Tpeda 3HATH, 1€ TOYKa YKOJY, A0 TOTO X IiJJaBaTH BCIX
CIIOPTCMEHIB 1HBa3WBHIHN MpoIieaypl BKpait HeOaxaHo.

[Ipu BuKoprcTaHH1 0araTbox (POpM Ir€HETUYHOTO JIOMIHTY HEMae HEOOX1THOCTI
MpsIMOTO BBE/ICHHS I'eHIB B HE0OXiaHUI opraH-mimenb. Hanpukian, ren EPO MoxHa
BBECTH MPAKTUYHO B Oy/Ib-sIKYy TOUKY TiJa JUIsl JIOKAJIbHOT MIPOJIYKIIIi €pUTPOIIOETUHY,
KU TOTIM MOTpanuTh B KPOBOTIK 1 OyJae BIUIMBAaTH Ha KICTKOBUHA MO30K. Y
OUTBIIOCTI BUMAJAKIB TEHHUM JOMIHT TPHU3BOAUTH JIO0 YTBOPEHHS MPOTEIHY,
IICHTUYHOTO BJIACHUM MPOTEiHaM crnopTcMeHa. TUIbKH PIBEHb LIOIO MPOTEIHY B
KpOBI MOK€ BKa3yBaTH Ha 3acTOCyBaHHs JomiHTry. [Ipo 3acTocyBaHHS TE€HHOTO
JIOTHTY 3 BBEJEHHSM TeHa £PO MoXke CBIIYUTH MiJABUIICHUN PiBEHb IeMOTJI001IHY 1
reMatokpuTy. OHaK T€HH MOXKHA PETYIIOBATH, BKIIOYAIOYHU iX 1 BIIKIIOYAIOYH 32
JOTIOMOT'OI0 CTICLIAIbBHUX MEIUYHUX MTPEnaparis.

Y 2003 p Oyno 3aBeeHO TeEpIly B CBITI KPUMIHAIBHY CIpaBy IIpo
3aCTOCYBaHHA B CHOPTI F'€HHOTO JOMIHrY. MoBa IJie Mpo 3aCTOCYBaHHS PEMOKCITEHY
— Tpernapary Ha OCHOBI MOMYJSPHOTO B T€HHIM 1HXKEHEpIi aJleHOBIPYCHOTO BEKTOPY,
Hecyuoro red EPO. Himeubkuii Tpenep-excrnepumentarop Tomac CrHpiHTIITEHH
BUIPOOYBaB JaHUI Mpenapar Ha CHOPTCMEHax 10 18 pokiB, HE AyMarouu Npo Te, 0
HaQ/JTMIIOK EPUTPOINOETHHY MOXKE MPUBECTH N0 3TYIIEHHS KPOBI 1 YTBOPEHHIO
TpoMOiB. PapmakoioriyHa ¢pipma-BUpOOHUK po3po0Jsiia el npenapar Jjs XBOPUX
aHEMI€l0, a He IS CIIOPTY.

Cyasiau 3 TOTO, 3 SIKOIO IIBHJKICTIO BIIPOBAHKYETHCA K T€HHUN JOMIHT, TaK 1
1HII JOCSATHEHHS Cy4acHO1 010JI0Tii Ta MEAUIIMHHU, € peajibHa 3arpo3a Toro, 1o Taki
YaCTKOBO TE€HETHYHO-MOJU(]DIKOBaHI CIIOPTCMEHU 3'SBISATHCA paHilie, HiXK OyIyTh
OoQiIIAHO CXBaJICHI KIITHHHI TEXHOJOTII JIIKyBaHHS XBOPHX 1 CIIOPTHUBHI 3MaraHHs
NEPETBOPATHCS HA O10TEXHOJIOTTYHI TOHKH TAKUX CIIOPTCMEHIB.

BusiBjieHHS TEeHHOTO JOMIHTY B CIPaBXHIM Yac € OJHIE€I0 3 HAWTOJIOBHIIIUX
3agad BAJIA, sxe BUIIE HA pO3pOOKY METO1B MOT0 BUSABJICHHS, OJIM3bKO MiJIbHOHA
7onapiB Ha pik. B ocTanH1 pokH 3aBISKHM ycmiXaMm y COMaTU4HIN TeHHIN Teparii 0yso
BIIKPUTO HOBHUI METOJl BU3HAYECHHS TeHHOTo jomiHry. llei meTton 3acHoBaHMii Ha
spiPCR (auru. single-copy primer-internal intron-spanning PCR — spiPCR). s
HOro MpoBEACHHS JTOCUTh 3pa3Ka LIJIbHOI KpoBl. B OCHOBI IIbOTO N1arHOCTHUYHOTO
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METOJly JIeXKHUTh BIAMIHHICTH B CTPYKTypl MiX TpaHcreHnoro (THK) i renomuoro
JIHK — TIHK He MiCTUTh YacTHH 1HTPOHHUX MOCHIAOBHOCTEH. UyTIUBICTE METOTY

no3poJjisie BusaBiATH TAHK y BenuuesHiit kimbkocTi reHomHoi JTHK.

KoHTpobHI nUTaHHSA

1. OnumiiTh 3aCTOCYBaHHs T€HHOTO JIOTMIHTY.
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PO31JI VI
MOJIEKRYJISIPHA TEHETUKA
IMCUXIYHUX 3JJIBHOCTEM JIOJUHU

I'maBa 1. MoJsieKky/JIsIpHO-T€eHETHYHI MApKePHU PUC TeMIIEPAMEHTY |

0COOMCTOCTI JIIOAUHHU

Ilcuxoreneruka (rpem. psyche — aymia i genesis — MOXOKEHHS) — HayKa Mpo
CIAJKOBICTh 1 MIHJIMBICTh ICUXIYHMX 1 TNCHUXO(I310JI0TIYHUX BIJIACTUBOCTEH, IO
BUHHUKJIAa HAa CTHUIIl TICUXOJIOTli 1 TEeHEeTHKU. Y 3axigHid JiTepaTypi YacTilie
3aCTOCOBYETHCS TEPMiH «T'€HETHKA MOBEAIHKI» (aHTI. behavioral genetics).

[IpenMeToM TICUXOT€HETUKH € B3a€EMOJIis CIAJKOBOCTI 1 CEpeloBHINA Y
dbopMyBaHHI MIXKIHJIUBIAYaJIbHOI BaplaHTHOCTI TICUXOJIOTIYHUX  BJIACTUBOCTEU
JOJMHU (TEeMIEpaMEeHTY, KOTHITUBHUX 1 pyXxoBux G¢yHKIIH). B octanHi poku
AKTUBHO PO3BUBAIOTHCA TaKl rajy3l NCUXOT€HETUKH SIK T€HETHYHA MCUX0(i310J0ris,
10 JIOCHI/IKY€E CIMAIKOBI Ta CEPEIOBHIIHI IETEPMIHAHTUA O10€TEKTPUIHOI aKTUBHOCTI
MO3KYy, T€HETHMKa I1HAMBIAYaJIbHOIO PO3BUTKY, & TAaKOXX I€HOMIKAa TMOBEIIHKH, IIO0
BHBYAE BIJIMB FEHETUYHMX €(EKTIB HA IOBEAIHKY 1 pi13H1 BUIU NICUXOMATOJIOTIH.

MoJiekyasipHa NCHXOTeHeTHKA 3aliMaeThCsd BHUBYCHHSM pOJIi TEHIB Yy
PO3BUTKY 1 MPOSIBI PI3HOMAHITHUX PUC TEMIIEPAMEHTY 1 0COOUCTOCTI JIFOAUHHU.

Jlo TemmepaMeHTy TpaJMIIHO BIAHOCATH XapaKTEPUCTUKH 1HAMBIAA 3 OOKY
JTUHAMIYHUX OCOOJMBOCTEH oro mcuxivyHoi misuibHOCTI. [IpoGnema momryky reHiB,
mo OepyTh y4acThb Yy PO3BHUTKY PHC OCOOMCTOCTI Ta TEMIIEPAMEHTY, HaJ3BUYAHO
aKTyaJbHa SK JJIs Kpamoro po3yMmiHHS iX poii y ¢OpMyBaHHI HOPMaIbHOI
MOBE/IIHKH, TaK 1 MOBEAIHKOBUX PO3JIaJIiB 1 €pEKTUBHOCTI iX JIKyBaHHS.

BBakaeTbcs, MO0 JWTSIYMA TEMIEPAMEHT € TPEIUKTOPOM MOMKIUBUX
MOBEIHKOBUX MpoOsieM. OCKUIBKH PUCH TEMIIEPAMEHTY 3HAXOIATHCS TIiJ BIUTHBOM
TaKMX YMHHHUKIB HAaBKOJHUIITHHOTO CEPEAOBMINA SK CTHUIb BUXOBAaHHS, HACHUJILCTBO B
JTUTUHCTBI, CE30H HAPOKCHHS, COIAJIbHO-EKOHOMIYHUN CTaTyCc, TO TII€BHA

MOBE/IIHKA OATHKIB 10 BIIHOLIEHHIO JI0 IXHIX JITeH T03BOJIUTh YHUKHYTH HETAaTUBHUX
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MPOsIBIB OCOOMCTOCTI (PO3BUTKY 30BHIIIHBO- 1 BHYTPIIIHBOHANPABICHUX MPOOJIEM
MOBEJIIHKK) 1 TPU3BEAE 0 YCHIIIHOI colliaiizaiii 1HauBiAa Ta GopMyBaHHS 3pijioi
0COOHUCTOCTI.

3riHO 3 pe3yabTaTaMu OJi3HIOKOBHX 1 CIMEHHUX JOCITIIKECHb, MOKA3HUKH
yCHaJKyBaHHS Ui PUC TeMIepaMeHTy cTaHoBiATh 40-60%, mpuuomy, ekcrpecis
TeHIB BapilO€ B MPOIECI 1HIUBITYaTbHOTO PO3BUTKY IHAWBIAA 1 3HAXOIUTHCS MiJ
BIUTUBOM (PAKTOPiB HABKOJIHMIIHBOTO CEPEAOBHUIIIA.

Icayroul  mcuxoO6iosoriyHi  MOJEIl  MPHUITYCKalTh, 10  (OpPMYyBaHHS
OCOOUCTICHUX PHUC OIMOCEPEKOBAHO (PYHKIIIOHYBAHHSIM HEUPOMEIIATOPHUX CUCTEM
MO3Ky. OCTaHHIM YacoM B PE3yJbTaTi MOJEKYJISIPHO-TEHETUYHUX JOCIIIKEHb
(30KpeMa, MOBHOI€HOMHOTO aHaJi3y 3YEIUICHHS) BYEHI BUSBUIU PANl <JIOKYCIB
KUIBKICHUX XapaKTePUCTUK» MJI1 BJIACTUBOCTEH OCOOMCTOCTI, OJHAK, JIIMITYHOUUM
dakTopoM y momrykax crenu@iuHuX TEeHIB € CKJIQJHICTh BHUSBJICHHS T€HETHUYHOI
acoriamii BHacHiok ii HeBenukoro (mo 1,5 %) edekty. OuiHKa emicTaTUYHOTO
e(eKTy BEJMKOro 4YHcia (PYHKIIOHATHHUX KaHIUJAATHUX MAapKEpiB 1 BIUIUBY
(akTOpiB HABKOJIMIIIHBOTO CEPEOBUINA € HEOOXITHOK YMOBOIO TPHU TMPOBEIEHHI

TaKOT0 POy AOCIIIKEHb.

1.1. TeHu cepoTOHiIHePriYHOI cUCTEMH

Cepotonin (S-rigpoxcurpuntamid, 5-HT) — ropmMoH Ta OJuH 3 OCHOBHHUX
HelpoMeniaTopiB. 3a XIMIYHOKO OyJOBOIO CEPOTOHIH BITHOCHUTHCS 10 Ol10T€HHHX
aMiHIB, Kiacy TpuntamiHy. CepoTOHIH YTBOPIOETHCA 3 aAMIHOKHCIOTH TpUOTO(DaHy
HUIIXOM il MTOCJIIJOBHOTO 5-T1IpOKCHUITIOBAaHHS dbepMeHTOM 5-
TPUNTO(AHTIIPOKCUIA30I0 B pe3yiIbTaTl 4Oro BUXOIUTH S-Timpokcutpuntodan (5-
I'T) 1 moTiM nexapOOKCUITIOBAHHSI OTPUMAHOIO S-T1APOKCUTpUNTOohany GpepmMeHTOM
TpunTodanaekapOOKCHUIA3010.

B ocHOBI (yHKIIIOHYBaHHS CEPOTOHIHEPTIYHOI CUCTEMH JICKUTh BUIIICHHS
CepOTOHIHY, abo S-rimpokcutpunTtaminy (anria. 5-hydroxytriptamine, 5-HT) B
CHHANTUYHY IIIIMHY. B ocTaHHIi BiH YacTKOBO 1HAKTUBYETHCS 1 YaCTKOBO
3aXOIUTIOETHCSL  HA3aj MPECHHANTUYHUM TepMiHaioM. Came Ha I MpOIECH

BIUTMBAIOTh AHTUCNPECAHTH OCTaHHBOI TeHepallii, SKi OTpUMali Ha3By 1HT10ITOPIB
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3BOPOTHOTO 3aXOIUICHHA CEpPOTOHIHY. PenenTopu cepoTOHIHY MNpeAcTaBieHl SK

METa0OTPOIMHUMH, TaK 1 10HOTPOMHUMM. BChOTO HalIuyeThCA CIM THUITIB TaKUX

peuenropis, 5-HT 1-7, npuuomy 5-HT 3 ioHOTpOIIHI, pemiTa — MeTabOTPOIIHI:

>

A\

5-HT 1 tum, mo HapaxoBye KijgbKka miaTumiB: 1A-E, ski MOXyTh OyTH sIK TIpe- Tak
1 TOCTCUHANITUYHUMH, IPUTHIUYE aJICHUIATIUKIIA3Y;

5-HT 4 1 7 — cTuMymI010Th aICHIIATIIMKIIA3Y;

5-HT 2, mo HapaxoBye kinmbka miaTumiB: 2A-C, sfiKi MOXYyTb OYTH TIIbKU
MOCTCHHANTUYHUMHU, aKTUBYE 1HO31TONTpHbOoChAT;

5-HT 5A migTun Takox NpUTrHiYye aJleHUIaTINKIIA3Y.

Kopotka iHhopmarrisi mo CepoTOHIHOBUX peIenTopax:

miarun 5S-HT1A: nokamizamiss — aapo mBa; e(eKTopHa cucTeMa — 1Hr10yBaHHS
aZIeHIIaTIUKIa31; QYHKIIS — ayTOPElenTop;

5-HT1B: uopHna cy6craniiis; 1HTIOyBaHHS aICHUIATIIMKIIa3H1; ayTOPELENTOP;
5-HT1D: cynuHHM TOJOBHOTO MO3KY; 1HTIOYBAaHHS aJl€HUIATUUKIIA3H; 3BY>KCHHS
CyIUH;

5-HT1E: xopa; cmyracTe TU10; 1HTIOyBaHHS aJCeHUIATIIMKIIA3H;

5-HT1F: ronoBHuii Mo30k; nepudepis; iHri0yBaHHs aeHIIaTIUKIa3H;

5-HT2A: TpomboumTu, rmaaxi m's3u, Kopa; aktusailis ¢ocdomninazu C; arperartis
TPOMOOIIUTIB, CKOPOUEHHS M'A31B, HEHPOHAIIbHE 30YKEHHS;

5-HT2B: nno nutynka; aktuBauisa pocdominazu C; CKOPOUEHHS;

5-HT2C: xopioinne crnetinns; aktuBaiis pocdomninazu C;

5-HT3: nepudepuuni peuentopu; 10OHHUW MeXaHI3M (YTBOPEHHS KaHAJIB —
360inpmieHHs TpoHUKHOCTI Na i K); HelipoHanbHe 30yMIKCHHS, BHBLIbHCHHS
CEPOTOHIHY;

5-HT4: rinokammn, NIUTYHKOBOKHIIKOBUN TpaKT; aKTUBAIlS aJeHUIATIIMKIIA3H;
HeWpoHaJIbHE 30y KCHHS, BUBUTLHEHHS allECTUIIXOJIIHY.

CtpykTypa CEpOTOHIHY Ma€ CXOXKICTh 31 CTPYKTYpPOK TICUXOAKTHBHOL

pedoBunan JIC/] (mietunaminy d-mizeprinoBoi kucnotu). JIC]] mie sik arOHICT ACSKUAX

5-HT peunenrtopiB Ta iHTiIOy€e 3BOPOTHE 3aXOIJICHHS CEPOTOHIHY, 30UIBIIYIOYN HOTO

3MICT.

212



Heiiponu, 1mo € mxepeiaoM HUIAXiB CEPOTOHIHEPTIYHOT CUCTEMH, 3HAXOIATHCA
NEPEeBaXKHO B KOPI TOJIOBHOTO MO3KY 1 B arjJOMEpOBAaHOMY BUIJIAJl B MEPEIHHOMY
(pocTpanpHOMYy) 1 3aJHBOMY (KayJallbHOMY) sJipax IIIBA MO3KOBOI'O CTOBOypa.
KriTuau cepoTOHIHEpriyHOi CHUCTEMH 3rpyNoBaHI B CTOBOypi MO3Ky B 9 sjpax,
no3HaueHnx sk B1-B9 BigmoBimHo g0 ix po3ramyBaHHsa. B sagpax  miBa
CEpOTOHIHEPTIYHI HEUPOHM JIOKAII3YIOTbCA Pa3oM 3 HEHpOHAMHU 1HIIOT XIMIYHOI
npunanexxHocTi (TAMK-epriuaumu, o BUALISAIOTE cyOcTaHIio P, enkedaninoBumu
Ta iH).

KiiTuHHI eexkTh CepoTOHIHY pI3HOMaHITHI, ajié B OCHOBHOMY MAalOTh
IHT10ITOpHUM, TanbMiBHUM XapakTep. DYHKIlS PelUenTopiB BKIOYAE SIK MPSAMY
peryJsililo 10HHUX KaHadiB, Tak 1 OaraTocTyneHeBy, MoB's3aHy 3 G-Ouikamu 1
dbepMeHTamu, iX perysanio. @akTUYHO B MO3KY MICTUTHCS 1-2% BChOTO CEpOTOHIHY,
HasiIBHOTO B OPIaHi3Mi, a epeBakHa HOT0 YaCTHHA BUSBIISETHCS B EKCTPAHEBPAIbHUX
CTPYKTypax, 10 YCKJIaJHIOE BUKOPUCTAHHS MOKa3HUKIB META0O0II3MYy CEPOTOHIHY
st orinku crany HC. Beck meTabomniuauii 000pOT CepOTOHIHY B HEPBOBIM TKaHMHI
ICTOTHO 3aJICKUThH BiJl aKTUBHOTO TPAHCIOPTY B MO30K TpUNTO(aHy 1 MOB'A3aHUN 3
GYHKUISIMU TPUOTO(PAHT1IPOKCUIIA3H, AEKAPOOKCHIIa3n apOMaTUYHUX aMIHOKUCIIOT 1
moHoamiHokcuaazn (MAQO). OCHOBHUM KIHIIEBUM META0OIITOM CEpOTOHIHY € 5-
rigpokcuingoionTora kuciora (5-I'TOK).

VYyacte cepotoniny B AisuibHOcTi [IHC pizHomanitHe. lle Hacammnepen
3YMOBJICHO THM, III0 BOHA CYMPOBOKYETHCS 3MIHAMH METa00J113My B 01K 3HM)KCHHS
CMOKMBAHHS MO3KOM TJIFOKO3HM, TMOTJWHAHHS KHUCHIO, JAaKTaTiB 1 HEOPTaHIYHUX
¢docdaris, a Takoxk mopyueHHsM criBBiaHomeHHS Na 1 K. BeranosneHo 30yuiuBy
J110 CEpOTOHIHY Ha MapacUMIIATUYHUNA BT CTOBOYpa TOJIOBHOTO MO3KY 1 JIIMOIYHY
30HY KOpH. BiH akTuBye OynbOapHUN BIAAUT PETUKYISPHOI (popMallii, ajie raJbMye
nepeaady iIMITyJIbCiB Yepe3 30pOBUil OYyrop, MO30IKMCTE TLIO 1 CHHAIICH KOPY BEJIMKUX
NiBKYJIb TOJOBHOTO MO3Ky. KpiM TOro, € CBIJUEHHS BIUIMBY CEPOTOHIHEPT1YHOL
CUCTEMH MO3KYy Ha 30Y/UIMBICTH BAa30MOTOPHUX 1 TEPMOPETYJISATOPHUX IEHTPIB, a
TaKOX OJIFOBOTHOTO IICHTPY.

3riIHO Cy4YacHHUM YSBJICHHSIM, CEPOTOHIH BiJIIpa€ OCHOBHY POJIb Y PErysIlii

HACTPOIO. 3 MOPYyIIEHHAM (QYHKIIII CEpPOTOHIHEPTTYHOT CUCTEMHU MOB'A3YIOTh PO3BUTOK
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MCUXIYHUX TMOPYIIEHb, IO BHBISIIOTHCS Jempecielo 1 TpuBororw. Haamumiok
CEpPOTOHIHY 3a3BHYail BUKJIMKAE MaHIKy, B TOW Yac sIK HEAOJIK, BUKIUKAE JCTPECIIO.
JledbinmuT MOHOAMIHIB, 10 SKMX BIJIHOCUTBCS CEPOTOHIH, 3JaTHUN MPHU3BOJUTH 0
MOPYIIEHHSI CUHANTUYHOI Mepeaayl B HelpoHax JIMOIYHOI cucTeMu 1 GopMyBaTu
JETIPECHBHI CTaHU, 10 MPOTIKAIOTh Y BUIJISAA1 PI3HOMAHITHUX KJIIHIYHO OKPECICHUX
cuHapoMmiB. BioxiMiuHI JOCHIIPKEHHS JO3BOJWIM 3PO3YyMITH, YOMY PS XapyOBHX
MPOAYKTIB MOXKE CIYXHUTH CBOEPIAHUMHU Jikamu Bia nemnpecii. [Ipu emomioreHHOMy
Xap4yoBOMY MOBOJIPKCHHI, KOJIM MAIlI€HTH 1ASTh JJIS TOTO, 1100 TMOJIMIIATA HACTPIH,
3MEHIIUTHA TYTY 1 amarito, BOHU BOJIIOTH JO JIETKO3aCBOEMOi BYTJIEBOJHOI iXKI.
[TinBuIeHHS HAAXOKEHHS BYTJICBOMIB MPU3BOAUTH 10 TINEPrIiKeMii 1 CIiJoM 3a
HEI0 [0 TINepiHCYyJiHeMil. Y CTaHl TINepiHCYJIIHEMIi 3MIHIOETbCA MPOHUKHICTh
reMaToeHuedatyHoro Oap'epy s aMIHOKUCIOTH TpUNTOpaHy — MONEpEIHUKA
CEpPOTOHIHY, OTXKe, 30UIbIIyeThcss cuHTe3 ocTtaHHboro B I[HC. Ilpuitom ki mMoxke
OyTH CBOEPIAHUM MOAYJISATOPOM piBHS cepoTtoHiHy B [[HC — migBumieHHs #oro
CUHTE3Yy, MOB's3aHe 3 MOTIMHAHHSAM BYTJIEBOJHOI 1Ki, MPU3BOJUTH OJIHOYACHO JIO
MOCHJICHHS TIOYYTTSI HACUUEHHS 1 10 3MEHIICHHSI JEMPECUBHUX MPOSBIB. TuM camMum
OyJl0 HAOYHO IIOKa3aHO: OyiiMmisg 1 Jenpeciss MalwTh 3arajbHUM O010XIMIYHUN
MaTOrCHETUYHUN MEXaH13M — JAChIIHUT CEPOTOHIHY.

CepoToHiHEpriyHa CHCTEMa MAa€ BIJHOIICHHS A0 PI3HUX BHUIIB COLIAIBHOL
MOBEJIHKHA (Xap4yoBOi, CTaTeBOi, arpecMBHOI) 1 eMoliil. HeillpoeHaOKpHHHI PUTMH,
HACTpPiM, COH, ameTUT 1 KOTHITHUBHI (YHKIII MOIYIIOIOTHCS CEPOTOHUHOBOIO
CHUCTEMOIO CepelHhOro MO3Ky. CEepOTOHMHOBA CHCTEMa IHIIOI YAaCTUHU MO3KY —
npedpOHTANTEHOT KOPH — TOPYIIYETHCS MPHU PI3HUX BUIAX ACOLIAIBHOI MOBEIIHKH
(ayTo- 1 ekctepoarpecis, BOMBCTBO). BBakaeTbcs, 110 BUCHAKEHHS CEPOTOHIHOBOI
CUCTeMH TPEePPOHTAIBHOI KOpPU OOYMOBIIOE TIOBEIIHKOBE PO3rajbMyBaHHS.
BuBdeHHS BMICTY CEpOTOHIHY B KpOBI MOKAa3aJi0 OUTBII IMIMPOKI MEXI KOJUBAHHS
HOro 3MIiCTy y XBOpHUX HAa MM30(QPEHII0 B MOPIBHAHHI 3 1HIIMMHU XBOPUMH 1 3
MICUXIYHO 3JI0POBHMH ocobamu. Y 0araThbOoX JOCTIDKCHHSIX OyJI0 TakKoX
MPOJEMOHCTPOBAHO 3HMKEHHS B TKaHMHU MO3Ky camoryOmiB piBHs S5-I'TOK. Ile
MOCIIY>KWJIO MiJICTABOIO ISl TIMOTE3H, 3TITHO 3 SIKOIO TaJIbMyBAaHHS METaOOII4HOIO

000OpOTY CEPOTOHIHY B JESKUX BIJALIaX MO3KY, 30KpeMa, B CTOBOYPOBUX CTPYKTypax
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1 mpe@poHTaNbHIA KOpi, € OAHUM 3 HEHPOOIOJOTIYHMX MeEXaHi3MIB (OpPMYBAHHS
CyilMIaapHO1 MOBeAIHKU. Ha chOroNHINIHIN JeHbh CEpOTOHIHOBA CHCTeMa HaWOLIbIIT
BUBYCHA 3 IMX TIO3MINHA, 1 BCl aBTOPH CXOIATHCS B TOMY, IO JACHIIMUT
CEPOTOHIHEPTIUHOT Memiallii € BaKJIMBUM MEXaHI3MOM CYIlIUIAIbHOI MOBEIIHKH. Y
KEPTB CYilUIy 1 B OCI0 3 BUCOKMM PH3UKOM CYillUIy, HaliMOBIpHIIIE, Ma€ MiCIe
JIOKaJIbHE 3HMKEHHSI CEPOTOHIHOBOI Mejiallii, M0 CYMPOBOMKYEThCS MiBUIICHHIM
aKTUBHOCTI BIAMOBIIHUX TMOCTCHHANTHYHUX penentopiB. OAHUM 3 BaKIMBHUX
MIITBEP/DKEHb 111€1 TOYKU 30py € €(hEeKTUBHICTh aHTHUICIPECAHTIB — OJIOKATOPIB
3BOPOTHOTO 3aXOIJIEHHSI CEPOTOHIHY MPHU AENPECiSX 3 CYilUIaIbHUMU CIIPOOAMHU.

[cToTHE 3HAYEHHS HAJAETHCA CEPOTOHIHY B JISJIBHOCTI AHTUHOIMIIETITUBHOI
CUCTEMH, ILEHTPAJIbHOI peryisiii O0JbOBOI YYTIMBOCTI. 3HMKEHHA HOTO 3MICTY
MPU3BOJUTH 10 OCIA0JICHHSI aHAJIbIETUYHOrO €(PEKTY, 3HHKEHHSI 00JIbOBUX MOPOTIB,
OUTBIIIA YacTOTI PO3BUTKY OO0IHOBUX CHHIApPOMIB. Bix BMicTy ceporoniny B IIHC
3QJIEKUTh 1 CTYIIHb BHUPAXKEHOCTI 00JI€3aCHOKIAIMBOI J1i MOpQIHY Ta IHIIUX
HApPKOTHUYHUX aHAJIBIE€TUKIB. BBakaroTh Takoxk, 10 aHAITETUYHA Jisl CEPOTOHIHY
MOXE OIIOCEPEAKOBYBATHCS CHIAOTCHHUMH OIllaTaMH, OCKIIBKH BiH  CIIpHUSIE
BUBUIbHEHHIO B-eHA0pQiHY 3 KIITHH NepeaHbo1 101 rinodiza. Micuese (Hanpukiai,
BHYTPIIIHHOM'SI30B€) BBEJICHHSI €K30T€HHOTO CEPOTOHIHY BUKJIMKAE CHIIbHUIA O1NIb Y
Miclll BBEJEHHSA. IMOBIPHO CEpOTOHIH MOpPSAJ 3 TICTAMIHOM 1 MpOCTarjaHAHuHAMM,
MOAPA3HIOIYN PEUENTOpU B TKAHWHAX, BIAICPA€E pOJb Yy BUHUKHEHHI OOJIBOBOL
IMITYJIbCAIIIT 3 MICIISl TTOIIKOKCHHS a00 3aItaJIcHHS.

CepoTOHIHEpriYHa cHCTEMa MO3KYy Oepe y4acThb y peryisiii cekcyaiabHOi
MoBeJiHKA. BcTaHOBIEHO, 110 MIABUIICHHS PIBHS CEPOTOHIHY B  MO3KY
CYNPOBOKYETHCSl MPUTHIYCHHSM CTAaT€BOi aKTUBHOCTI, a 3HIKEHHS HOTO BMICTY,
HaBIaKH, BeJe JI0 11 MABUILEHHS.

Brmnue cepoToHiHy Ha (YHKINI OESIKUX C€HIOKPUHHUX 34703 OO0YMOBIICHUH,
Ma0yTh, HE TUIBKH HOTO MPSIMOIO JI€I0, ajie 1 EHTPaJIbHUMH MeXaHi3MaMu, TaK SK B
nmoAOyropHiii 00JacTi MO3KY BHSIBIICHI TEPMIHAIM CEPOTOHIHEPTIYHMX HEHPOHIB,
CTUMYJISIS SKUX CYHOPOBOKYETbCA TOCUJICHHSM BUIUICHHS KOpTiKomiOepiHa 1

COMaTOTPOIHOr0 TOpMOHY. BakiiuBuMm € 1 Ta 00CTaBHHA, 1110 CEPOTOHIH CTUMYJIIOE
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CEKpelil0 aJpeHaliHy 1 HOpaapeHaJiHy B MO3KOBIA YaCTMHU HAJHUPKOBHUX 3aJI03.
HaitimoBipHiIie 11e 3A1HCHIOETBCS TaKOXK Yepe3 rirnoTajaMo-TinodizapHy CUCTEMY.

Posnang 1MKiIy CcOH—HecmaHHST TpU  Jempecii TOB'SI3aHO  TaKOX 3
JicMeTaboIIi3MOM CepOTOHIHY. BiH perymioe 0-coH, iHIiIitoe ¢a3zy MBHIKOTO CHY.
[TopyiieHHs: CHY MOXYTh OyTH SIK OCHOBHOIO (1HO/1 €IMHOI0) CKaproro, I0 MacKye
Jenpecito, Tak 1 oaHiel0 3 Oaratbox. lle 0coOmmMBO WITKO BUIHO Ha MPHKIAAlI Tak
3BaHOI MPUXOBAHOI (JIapBipoBaHoi) aenpecii (mempecii 6e3 aenpecii), OCKIIbKUA TpH
naHii (GopMi marosorii posjaagu CHY MOXYTh OyTH BEIy4uM, a 4acoM 1 €IUHUM
MIPOSIBOM 3aXBOPIOBAHHS.

[Ipy oOIiHIII CXWUJIBHOCTI JO aJIKOTOdI3My, OCOOJIMBa YyBara MPUILISIEThCS
aHali3y TEeHETUYHOIO MOJiMOp(]i3My CEpOTOHIHOBOTO peunenTtopa miakiuacy 2A (5-
HT2A), Tak gk cepoTOHIH Oepe y4acThb y PeryJsiiii CloKuBaHHs ankorouto. [Tpuitom
AJIKOTOJII0 TTOCHJIIOE BUBUIBHEHHS KaTEXOJIaMIHIB 1 3MIHIOE KOHIICHTPALIIIO OITiOiiB,
MPU3BOAUTL JO THUMYACOBOI AaKTHUBAIli CHUCTEMHU TMIJIKPIIUICHHS, IO BUKIUKAE
MO3UTUBHY €MOIlINHY peakiito. Y JoauHu TeH 5-HT2A 3HaXOAUThCS Ha JOBIOMY
ruiedi 13-it xpomocomu B Jokyci q14-q21 1 XxapakTepusyeThesl paaoM momMopdizmiB
B KOJYIOUll o0nacTi, 3 AKUX AlanensHuil nonimopdizm (1438 G/A) B mpoMOTOpHiii
00JIacTi PO3IIIAIAE€THCA B SKOCTI TEHETUYHOTO MapKepa, 3YeIUIEHOTO 3 HEPBOBO-
MICUXTYHUMHU 3aXBOPIOBAHHSAMM, B TOMY YHKCII1 1 31 3JI0BKUBAHHIM AJIKOTOJIEM.

Byno BUSIBIEHO, 110 KOJMBAHHS PIBHS CEPOTOHIHY B IUJIa3Mi KOPEIIOOTH 3
TUHAMIKOIO Hamaay MirpeHi 1 Oyma copMysibOBaHa «CEPOTOHIHOBA TIMOTE3a»
MirpeHi. B ii marorenesi i MexaHi3max Jiii aHTUMITPEHO3HOTO 3ac001B O€pyTh y4acTh
mumie  geski  cnenudiuai  miarunmu - 5-HT1-penenTopiB,  JOKadi30BaHUX B
1epedpanbHUX CyAMHAX 1 CEHCOpPHOMY sfpi Tpiiiyactoro HepBy. I[lokazaHo, m1o
HEHPOHU CEPOTOHIHEPTIYHOTO JOPCATBHOTO sijipa miBa (0JIHa 3 OCHOBHUX CTPYKTYP
€HJIOTEHHOT aHTHUHOIMIIETITUBHOI CUCTEMH) 1 HOPaJPEHEPriueHOi OJAKUTHOI TUISIMHU
CTOBOYpa MarOTh YUCIIEHHI IPOEKIIi1 JO CYJIMH TOJIOBHOT'O MO3KY 1 CHIHAJIBHOTO SApa
TpilivacToro HepBy. BcTaHOBIEHO, IO Ha MNPECHHANTUYHUX  3aKIHYCHHSIX
TpituacToro HepBy JokamizoBaHi 5-HT1D-peuentopu 1 penentopu A0 €HAOTEINIHY.
BoHu 3HaxonsThes 3a Mexamu reMaroeHuedaniyHoro Oap'epy, a iX akTUBallisd

MPU3BOUTH JI0 1HTIOyBaHHS BUAUICHHS HEHPOMENTH IIB KAIBIIUTOHIHY, CyOcTaHii P
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1 JI0 TIOMepeKEHHST PO3BUTKY HEHUPOTeHHOro 3amnajeHHs. BignmoBigHo g0 1ri€i
KOHIIETIIii, Mpu MirpeHi (hopMa aceNTUYHOTO HEUPOTEHHOTO 3aMaJIeHHs ) KPUTUIHUI
dakTop MMOBIPHO HEHPOreHHOI a00 TOPMOHAJIBHOI MPUPOAN AHTUJIPOMHO AKTHBYE
NepUBAcCKyIsIpHI aepeHTHI TepMiHalu TpiyacToro HepBy. Lle Bukimkae
JENOJIIPU3AIII0 HEPBOBUX 3aKIHYEHB 1 BUJIUICHHS 3 HUX MOTYKHUX Ba30AUIATYIOUUX
1 QJITOTEHHUX PEUYOBUH — HEHPOMENTH/IIB KAJIBLUTOHIHY, cyOcTaHuii P, HeHpoKiHIHY
A 1 Ba3oiHTecTIHATBHOTO TlenTUAY. [laHi HelponenTuau BUKIMKAIOTH PO3IINPEHHS
CyJIHH, 30UIBIIICHHS! MPOHUKHOCTI CYJIMHHOI CTIHKH, MPOIOTIBaHHS OIJIKIB IUIa3MH 1
(OpMEHHX €JIEMEHTIB KPOB1, HAOPSIK CYJIMHHOI CTIHKU 1 IPUWIETNIUX AUITHOK TBEPAOI
MO3KOBOi OOOJIOHKH, JETPaHyJsIII0 TYYHUX KIITHH, arperamilo TPOMOOIIUTIB.
KinneBuM pe3ynapTaToM HEWPOreHHOTO 3amajeHHs 1 € Oulb. 30LIbIIEHHS BMICTY
BUIBHOTO CEpPOTOHIHY IUIa3Mu B (a3y Hamajay MITpeHl MOB'A3YI0Th 3 PO3NaIoM
TpoMOOLUTIB. BoruumieBa HEBpOJIOTIYHA CHUMIITOMATHKA, XapakKTe€pHa Ji I[bOTO
eTany MITPEHO3HOI0 Harajly, BAHUKA€ BHACHIJIOK 3BY)KEHHS LepeOpaIbHUX CYJIUH 1
3HWKEHHS KPOBOTOKY B OKpEeMHUX JAUISHKaxX MO3Ky. Y a3y rosoBHOro 0010
CIIOCTEPITA€ThCS 30UIBIIICHHSI €KCKPEIlii CEPOTOHIHY 1 MOro MeTaloJiTIB 3 ceuero 1
nojajiblle 3HIWKEHHS HOro BMICTY B IUla3Mi 1 CHMHHOMO3KOBiM piguni. [le
OpU3BOJUTh JO 3HIDKEHHS TOHYCY IepeOpalbHUX CYAHMH, iX HaJAMIPHOMY
PO3TATYBaHHIO, MMEPUBACKYIIPHOMY HAOPSKy, MOAPa3HEHHIO OOJIBOBHX PEIEHTOPIB.
€ miacTaBu BBaXKaTH, 110 Y XBOPUX MITPEHHIO € T'€HETUYHO 3yMOBJICHHI Ae(eKT
0oOMiHY CEpOTOHIHY, SIKMM MOKe OyTH 3yMOBJIEHHMM OaraTbMa (pakTopamu, B TOMY
YUCII NOPYLIEHHSAM MeTa0odi3My TPOMOOUUTIB, AePIiIUTOM (DEepMEHTy, 0 pyHHYE
tupamid B [IIKT (ume miarBepmxyerbest HasBHICTIO 3axBopioBaHb LIIKT y 3naunoi
KUIBKOCT1 OC10, fIKI CTpaKJar0Th HAa MITpeHb). Y 0e3001eBOMy mepiojl MIrpeHi
BUSBJICHO MIJABUIIEHHS YYTJIMBOCTI CEPOTOHIHOBUX 1 HOPAAPEHAIIHOBUX PELIENTOPIB
CYIMHHOI CTIHKH. BcepeawHl CyIWHM aKTHBYEThCS arperarisi TPOMOOITUTIB, IO
CYHPOBOJIKYETHCA BHUAUICHHSM CEPOTOHIHY. 3HMXYEThCS BMICT MAQO, 110 Takox
MPU3BOAUTH J0 ACENTHUYHOTO HEMPOTEHHOTO 3aMaeHHs CyIMHU.

OnHuM 3 HEMPOXIMIYHUX MEXaHI3MIB (DOpMYBaHHS EMIJIENTUYHOI aKTUBHOCTI €
3MiHa 00MiHy Tpuntodany — «BuTik» Horo okucieHHs B [IHC 3 cepoToniHOBOTO Ha

KIHYpeHIHOBUH HUIAX. B pe3ynbrari B TOJOBHOMY MO3KY 3HH)KYETHCS PIBEHb
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CEpOTOHIHY (TaJIbMIBHOTO HEHpoMeziaTopa) 1 3poCTae piBEHb KIHYpPEHIHY, SKH
NiABUINY€E 30y/UIMBICTE HEWpPOHIB MO3Ky. OJHAaK, BCTAaHOBJIEHO, IO CEPOTOHIH
nornepekae y MUILIECH PO3BUTOK CYJOM, II0 BUKJIMKAIOTHCS KHUCHEM. buibin Toro,
OyAy4u BBEJICHUM B COHHY apTepiio, BIH MOXKE MPUIMHUTH PO3BUTOK cydoMu. [leski
IpPOTUCYJIOMHI  Tipenapatd  (¢peHoOapOiTay, AWIAHTHH Ta 1H) IJIBHIIYIOTh
KOHIICHTpAIlII0 CEpOTOHIHY B MO3Ky. Bimoma 1 BjJacHa TPOTUCYIAOMHA JIis
cepoToHiHy. BiH mMOJOBXYy€ TMO3WTUBHICTG CHY, BHUKIHUKAHOTO OapOiTypaTamu.
Oco01MBO BHUpa)XeHYy rajbMIBHY J1}0 CEpPOTOHIH HaJa€ Ha KOPY BEIUKHUX MiBKYJb.
[anbmyrounii e(heKT CepoTOHIHY OOYMOBIIEHHH HOro Oe3mocepeAHiM BIUIMBOM Ha
CHUHArcu MO3Ky. BaxinBo Te, 110, HaJlal0ouu TajbMIBHUN BIUIMB Ha KOPY BEJIMKHX
MIBKYJIb 1 3a/I1IF04y CHUCTEMY 30pOBOT0 Oyrpa, CEpOTOHIH HE MPUTHIYY€E aKTUBHOCTI
PETHKYISIpHOI (opmarllii cepenHboro Mo3Ky. He MeHIm BupakeHHMM € #oro
BJIACTUBICTh BUOIPKOBO 30Yy/KyBaTU MIAKIPKOBI CTPYKTYPH, TOB'SI3aHI 3 PEAKIIIEIO
npoOymkeHHs. CepoTOHIHY NpUTaMaHHA 3JaTHICTh AaKTHUBYBATH XOJIHOECTEpasy
TOJIOBHOTO MO3KY, 3aBJSIKM 4YOMY BIH € HE TUIBKM XIMIYHUM MeEIiaTopoM, ajie 1
MOIU(IKATOPOM 1T alleTUIIXOIIHY.

BinoMo, 110 cepOTOHIHEPriYHI HEHPOHU IIBA CEPEIHBOIO0 MO3KY 1HHEPBYIOThH
nepeOpalibHl CYJIMHM 1 iX aKTHBHICTh BIUIMBA€ Ha I1HTEHCHBHICTH MO3KOBOTO
KpoBOTOKY. HalOinpin BUpa3Hi 3pyIHIEHHS CHOCTEPIraroThesl MpHU  LepeOpaTibHUX
iHCynbTax. EKcnepuMeHTalbHI JaHi Ta KIIHIYHI JOCHIPKEHHS CBIIYaTh PO
MOJIMBY Yy4acTb CEpPOTOHIHY B IaTOT€HEe31 TOCTPUX MOPYILIEHb MO3KOBOI'O
KpOBOOOITy, 30KpeMa IIIeMIYHHUX I1HCYJIbTIB. Y ILbOMY IUIaHI CIIiJI BpaxOBYBaTH
aHriocrmacTuyHi  €PEeKTH CEepOTOHIHY, peali30BaHl  OMOCEPEIKOBAHO  Uepe3
rinorajamyc 1 mpu Oe3mocepeaHbOMY BIUTMBI Ha MOPQOJIOTIYHO 3MiHEHI CyIAWHH
MO3Ky. llpomy, MaOyTh, mepeaye 3MiHa BMICTY CEpPOTOHIHY B PEYOBHHI MO3KY.
BcraHnoBieHe 3HayHE MiABHUILEHHS BMICTY CEPOTOHIHY B CHMHHOMO3KOBIH PiAMHI
XBOpUX CyOapaxHOiJadbHUM KPOBOBHUJIMBOM, YCKIATHCHHM  «BIACTPOUCHUMY
Ba30CMa3MOM 3 PO3BUTKOM 1H(APKTY MO3KY — CBIAOLTBO MPO OE3CYMHIBHY y4acTb
OO OIOTEHHOTO aMiHy Y Ba30KOHCTPUKTOPHOMY €(eKTi BITHOCHO LepeOpalbHUX

CyJIVH.
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B Tabnumi 15 mpencrasieHi TOJNOBHI '€éHU CEPOTOHIHEPTiYHOT CHCTEMHU Ta iX

3B’S30K 3 0COOMCTUMH XapaKTCPHUCTUKAMMU.

Tabnuysa 15
THonimopghizmu eenie cepomoninepeiunoi cucmemu ma ix 368 30K 3 0cooucmumu
xapakmepucmuxkamu
I'en IMoaimopgizm POyHKIIOHATBHICTD ®dizionoriyHuii NposiB
ajens
I'en Tpancnoptepa L/SB ITpu xopoTkomy (S) VY HociiB LL renotumy
ceporoniny (SHTT, IIPOMOTOPHOMY aJieni TpaHcropTep HiABHILEH] IPAaTUBINBICTh
SERT a6o SLC6A4) perioni CepaToHIHY Ta HEraTUBU3M
EKCIIPECYETHCS B
MEHBIIIH Mipi, HIXK TIPH
nosromy (L)
I'en peuenropa C (-1019) G (rs | PiBeHb TpaHCKpHIIIIIi VY HociiB G anens
cepoToHiHy 1 A 6295) anenst G puie, Hixk C | MIIBUNICHAA HEBPOTU3M Ta
(BHT1A) anens YHUKHCHHS 30UTKY
I'en penenropa T102C PiBens TpaHckpumii Hocii C anenst MeHbIn
CepOTOHIHY 2 A (rs6313) anens T Bume, Hixk C | arpecuBHi 1 OLIBII CXHIIBHI
(5HT2A) ayens 710 Jenpecii
I'eH MOHOAMIHOKCHIA3HU VNTR B PiBenb TpaHCcKpumIIii V HociiB aneis 3 3
A (MAOA) IIPOMOTOPHOMY |  aJienst 3 3 HOBTOpaMHu MIOBTOpPAMH ITiIBUIIICHA
perioni BHIIIE, HIX 3 4 HMOBIpHICTh BUHUKHCHHS
arpecuBHOI Ta
AHTUCOIL1aIbHOT TOBENIHKA
I'en A218C PiBenb TpaHcKpumiii ¥V HociiB C anens piBeHb
tpunrtodanrigpokcunasu | (rs1800532) anens A suie, Hix C TPUBOXKHOCTI 1 HEMPSAMOi
1 Tuny (TPH1) aness BOPOXOCTI N1ABUIICHUN
I'eH HelpoTpONiHOBOTO Val66Met Cexkpenis 3piioro Met- | Anens 66Met noB’si3aHuit
(bakTopy pO3BUTKY (rs6265) BDNF 6inka B 3 T ABHUIIEHOIO
mo3ky (BDNF) HENpOHax 3HWKEHA Yy TPUBOXKHICTIO, OLIBII
nopiBHsHHI 3 Val- CJ1a0KOI0 eni30AMYHOI0
BDNF 6Ginkom 1am’sITTIO Ta 3HUKEHOIO
AKTUBHICTIO TIMTOKAMITY T[T
Yac MpoleciB
3anam’ ITOBYBaHHS
I'ena TpaHcnmoprepa ceporoHiny (SHTT, SERT a6o SLC6A4)

po3ramoBanuii Ha 17 xpomocomi B obnacti ql1.1-q12. Ilpu ananizi nommophHUX
BapiaHTiB reHa BusiBneHud VNTR-momimopdisM, nokanizoBanuii y 2-My IHTPOHI, 3
nsoma TunoBumH (12 1 10 oauHUIL MOBTOPY) 1 OJHUM «piAKiCHUM (9 onMHMIIb
MOBTOPY) aJIeJIIMH, a TAaKOXK MOJIMOP(di3M B MPOMOTOPi reHa (moia ado iHcepiris 44
n.11.). [Ipu kopoTkoMy ipoMoTOopHOMY e (S) TpaHCIIOPTEp CEPOTOHIHY B MEHIIIIH
MIpl TpPaHCKpUOYEThCA 1

BIIMOBIAHO B MEHINIM Mipl MpeaCTaBICHUN Ha
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NpeCcHHANTUYHI MeMOpaHi, Hix npu nosromy anem (L). I'en SHTT noB’s3yi0Th 3
PO3BUTKOM JIETIPECii 1 )KaXOM, TOMY BiH HEO(]IIIHHO HOCUTH BIJINMOBIAHI Ha3BH — «T'€H
JIENPECii» Ta «TeH Kaxy».

I'en penentopa ceporoniny (5H72A) 3aaxomuThes B 13 XpoMocoMmi 1 MICTHTB
3 ex3o0Ha 1 2 iHTpoHU. OauH 3 HAWOUIBII 3HAYYHIUX MOJIMOPGI3MIB — 1€ 3aMiHa
T102C (rs6313). Amnens T moB’s3aHWil 3 TMIJIBHINCHOIO EKCIPECI€I0 TeHa B
nopiBHsHHI 3 ameneM C. [lokazaHo, mo y HociiB TT reHoTury arpecuBHICTb BUIIIE,
HiX y HocliB C anensa. KpiM arpecMBHOCTI BiJl HIUIBHOCTI PEIENTOPIB CEPOTOHIHY
3aNeXUTh MIBUAKICTH PO3BUTKY BTOMHU. bByno BHSBIEHO, IO TpHU PETYISIPHUX
G13MYHUX HaBaHTaXKEHHsSX MUIbHICTE SHT2A 3pocTae, miABUIIYIOTHCS HACTpid 1
(¢13M4Ha Mpane3aTHICTb. AJie TpH TPUBATUX (PI3MUHUX HABAHTAXKEHHSAX BUCOKOI
IHTEHCUBHOCTI IIUJIBHICTh IIMX PELENTOPiB Majae, MOTIPIIYyeETbCsl HACTPId 1
30UTBIITY€ETHCS 3arajibHa BTOMA.

I'en moHoamiHokcugazu A (MAOA) 3HaXogWThCeI B X-XpOMOCOMI,
CKJIAZa€eThes 3 15 ex30HiB 1 14 1HTPOHIB Ta KOJIye OUIOK po3MipoM 527 aMIHOKUCIIOT.
B reni npucyTHs HeBenHMKa KUIBKICTh moniMopduHux caiitoB. Ockinbku reH MAOA
3HAXOAMUTHCS B X-XpOMOCOMI (HOJIOBIKH HECYTh TUIBKH OJIMH BapiaHT T'€HY), TO SIKIIO
HOCHMHI ajiesb MOB’S3aHUM 3 MOHMXEHOI0 aKTHUBHICTIO (DEpMEHTY, TO y YOJIOBIKIB
e GeHoTun oOOB’SI3KOBO MPOSIBISETHCA. 3 E€KCIPECIEI0 T€HY IMOB’A3aHUM TIIBKU
oauH nomimopdizm — VNTR 30 n.H. B IpOMOTOPHOMY pPETiOHI TeHY. ICHYIOTh ajnerni 3
2;3; 3,5, 4; 51 nyxe pigko 3 6 moBropamu. Haitbiy1b111 yacTo 3ycTpiyaroThes ajedi 3 3
14 nmoBTOpaAMH.

3/1aTHICTh MOHOAMIHOKCHJIa3 METa0O0J13yBaTH HEHUPOTPAHCMITTEPH JT03BOJISE
BIJIHECTH iX JIO T'CHIB-KaHIWJATIB, BIMOBITAIBHUX 32 PO3BUTOK IOBEIIHKOBUX PHC,
NOYYTTSl CHOPUMHATTS dYacy 1 MNCHXIYHUX 3axBoptoBaHb. MAOA € ¢epmeHTOM
30BHIIIHBOT MEMOPaHU MITOXOH/IPIH, 1110 KaTalli3y€e OKUCICHHS aMIHOTPYT 010T€HHUX
1 KceHoO010TiuHUX amiHiB. MAOA mnepeBaXxHO OKUCIIOE OI0r€HHUN aMiH (CEpOTOHIH,
nodamin, agpeHamin 1 HopaapeHanin) B [IHC 1 mepedipnunux TkanmHax. barato
aHTHUJICTIPUCAHTIB Ta MpEnapariB, II0 3aCTOCOBYIOTHCS MPH JIIKYBaHHI IiJIBUIICHOI

30yuBoCTi € iHridiTopamu MAOA.
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CunibHa Hectaua MAOA npu3BOJIUTh 10 IMIOYJbCUBHOI MoBeaiHku. Ocodbu 3
MOHUKEHOI0 aKTUBHICTIO (DEPMEHTY YacCTO XapaKTEPHU3YIOThCS IMITYJIBCUBHICTIO Ta
arpecuBHoo noBeAiHko0. ['en MAOA moB’s3yl0Th 3 PO3BUTKOM arpecii, ToMy BiH

Heo(iIIfHO HOCUTH BIJINMOBIIHY Ha3BY — «T'€H arpecii» abo «reH BoiHay.

1.2. T'enm nopamiHepriuHoi cucreMu

['opMoH nodaMiH € OTHUM 3 XIMIYHUX (PAaKTOPIB BHYTPIIIHHOTO MiAKPITIIICHHS
(®BII) 1 cinyXUTh Ba)JIMBOK YAaCTUHOK «CUCTEMH BUHArOpOAM» MO3KY, OCKIIbKU
BUKJIMKAE MOYYTTS 3aJ0OBOJICHHS, YUM BIUIMBA€ Ha IMPOIIECH MOTHBAIlli 1 HABYAHHS.
JobaMiH TPUPOJHUM UYUHOM BHUPOOJIAETHCS y BEIUKUX KIIBKOCTSX MiJ dac
MMO3UTHUBHOTO, 33 CY0'€KTUBHHUM ITOJaHHIM JIOJUHU, TOCBIAY — HANIPUKIIA, TPHHAOMY
CMa4yHOi TXi, NPUEMHUX TUIECHUX BIAYYTTIB, CEKCY, a TaKOX HApPKOTHKIB.
Heiipo6ionoriyni €KCepuMEHTH TMOKa3alid, 1[0 HaBITh CIOTagud IpPO TMO3UTHUBHE
3a0XOUEHHA MOXXYTh 3OUIBIIUTH piBeHb ModaMiHy, TOMY JaHUW HEHpoMeIiaTop
BUKOPHCTOBYETHCS MO3KOM JUISl OIIIHKH 1 MOTHBAIlli, 3aKPIIIIOOYM BaXKJIMBI IS
BIDKUBAHHS 1 POJIOBXKEHHS POAY Jii.

Jodamin Tpae BaxXIUBY poJib B 3a0€3MEUEHHI KOTHITUBHOI iSUIBHOCTI.
AxTuBarlis 1odaMiHEprivyHOI epeiaydl HeoOX1Ha IPH Ipoliecax MePeMUKAHHS yBaru
JIOAWHU 3 OJIHOTO €Tally KOTHITMBHOI [ISUIbHOCTI Ha 1HIMMN. TakuM YHUHOM,
HEJ0CTaTHICTh J0(aMiHEpTiyHOi Tepenayl MPU3BOIUTH 0 MiABUIIEHOI 1HEPTHOCTI
XBOPOTO, fIKa KIIHIYHO TIPOSIBIAETHCS YIMOBUIBHEHHSM KOTHITHBHUX MHPOLECIB
(bpamidpeniss) 1 mepceBepamisiMu. JlaHi mOpymieHHS € HAWUOUIBII TUTIOBUMU
KOTHITUBHUMH CHMIITOMaMH XBOpoO 3 10(aMiHEpriYHOK HEIOCTaTHICTIO —
Hanpukiaa, xBopoou Ilapkincona.

[Tonepenuukom modaminy € L-Tupo3uH (BiH CHHTE3yeTbCs 3 (eHITaNaHiHy),
AKUW TIIPOKCHIIOETHCS (PEPMEHTOM THPO3UHTIIPOKCUIIA3010 3 YTBOpPEHHSM L-
Huokcudeninananiny (3,4-muokcudeninananiny, JJODA, L-JIODA), skuii, B CBOIO
qyepry, JeKapOOKCUITIOEThCS 3a aonomMoro ¢epmenty L-JIODA-aexapObokcmmasm i
NepeTBOPIOEThC Ha AodaMiH. Llel mporec BiiOyBaeThbCcs B IUTOIIA3Mi HEMPOHY.

[ToctcunanTuuni nogamiHOBI perentopu BiaHOCcAThCA A0 cimeiictBa GPCR. Ichye
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[IOHAaWMEHIIIe M'ATh PI3HUX MIATHUIIB A0(daMiHOBUX perenTtopiB — D1-5. Penentopu
D1 1 D5 BonoAIlOTE JOCHTH 3HAYHOIO TOMOJIOTIEIO 1 MOB'si3aH1 3 OlIKoM GS, saxuii
CTUMYIIIOE aJICHUIATIIMKIIa3y, BHACIIIOK YOT0 iX 3a3BUYail PO3MIISIIAIOTh CHIJIBHO SIK
D1-noxi6ni penenropu. Pemra penentopis nigpoanau noaioHi D2 1 nos's3ani 3 Gi-
OlIKOM, SIKMI 1HTIOYe aJeHUIATIMKIIA3y, BHACIIJIOK YOro ix oO0'€IHYIOTh ITij
3arajbHOI0 Ha3BOI0 D-2-moni6Hi penentopu. TakuM 4nHOM, 10QaMiHOBI PeLIENITOPU
BIIIrpalOTh  POJb  MOMAYJISATOPIB  JIOBFOCTPOKOBOI  TMOTEHIHMAMii. YdYacTb y
«BHYTPIIHBOMY MIAKpiIIeHHD» Oepyte D2 1 D4 penentopu. VY  BeNIHMKHX
KOHLIEHTpalisAx nopaMiH TaKOX CTUMYJIIO€ o- 1 [-agpeHopeuentopu. Brime Ha
aJipeHOpElenTOpy  MOB'A3aHMM  HE  CTUIBKM 3 MIPSIMOI0  CTUMYJIALIEIO
aJpEeHOPENeNTOPIB, CKUIBKU 31 3JAaTHICTIO J0()aMiHy BUBLIBHATH HOpAIAPEHAIIH 13
rpaHyISIpHUX MPECHHANTHYHUX JIEN0, TOOTO HAJaBaTH HENpPSIMY aJAPEHOMIMETHYHY
T1O0.

3 ycix HevponiB IIHC Ttinpku 6nu3pko 7000 BupoOssitoTh nodamid. Bimomo
KUIbKa g0¢aMiHOBUX sjIep, po3TalioBaHuX B MO3Ky. Lle myromomiOne siapo (7aT.
nucleus arcuatus), mo gae cBOi BIIPOCTKM B CEepeIMHI MiAHECEHHs rimoTajaMyca.
JlodbaMiHOBI HEMPOHU YOPHOI CyOCTaHIIT MOCUIIAI0Th AaKCOHU B CTPUATYM (XBOCTATE 1
yeueBuIenoaioue saapo). OcHOBHUMU JOoPaMiHOBUMHU NUISIXAMH €:

» ME30KOPTHUKATBHHN NUIAX (MPOIIECH MOTHBAIII] Ta EMOIIIiHI peaxirii);

» Me30JIMOIYHUHN NUIAX (MPOIYyKyBaHHS MOYYTTIB 3aI0BOJICHHS, BIAIYTTSI HATOPOAU
1 0akaHHS);

» HIrpocTpiapHuil msX (pyxoBa akKTUBHICTb, EKCTpamipaMiHa CUCTEMA).
JlobamiHepriuHi  MACHCTEMHM  3HAXOIATHCS I KOHTpojieM abo  cami

KOHTPOJIIOIOTh HOpaJipeHepriuHi, cepotoHinepriuni, 'AMK-epriuni, xomHepriyHi,

MEJaTOHIHEprivyHi, TIyTaMarepriuyni, nentuaepriydi cucrtemu. ['AMK-epriuni i

CEPOTOHIHEPTIUHI CHCTEMH 3HAxXOJIAThCS B AHTArOHICTUYHUX BIAHOCHMHAX 3

no(gaMiHEpTiuHOI0 CUCTEMOIO, a HOpaJpeHepriyHa 1 aodaMiHepriyHa CHCTEMH B

pi3HHX (PYHKITIOHAIBHUX CTaHax (YHKIIIOHYIOTH OJHOHAMPABICHHO: SK B TEPIOA

HECHaHHs, TaK 1 B mepio cHy. B3aemonii qodamiHepriuHOl 1 XOMIHEPTriuHOT CUCTEMH

CKJ'IaI[Hi, B YMOBax MaTOJIOTTYHUX HpOI_ICCiB AKTUBHICTH MUX CUCTEM HCOJHO3HAYHaA.
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Haii6inp1m1 BiTOMUMH MATOJIOTISIMU, TOB'SI3aHUMU 3 A0(aMIHOM, € MIH30(PPEeHis
1 MapKIHCOHI3M, a TaKOXX OOCECMBHO-KOMNYJbCUBHUM po3iaa. Pi3HI He3alexHi
JTOCIIIDKEHHS MOKa3aliy, 1o 0arato ocid, Skl CTpaxaaloTh Ha MIKM30(QPEHII0, MAIOTh
MiABUIICHY O0(QaMiHEpriyHy AaKTHBHICTh B JACSIKUX CTPYKTypax MO3KY, 3HIKEHY
nodaMiHEPTiYHY aKTUBHICTh B ME30KOPTHUKAIBHOMY HIIAXY 1 MpedpOHTAIBHINA KOPI.
[TapkiHCOHI3M TOB'SI3aHU 3 MOHM)KEHUM BMICTOM JoQamiHy B HIrpoCTpiapHOMY
NUIAXy. 3 MOPYIICHHAM J0(aMiHEepriyHol CHCTEMHU MOB'S3YIOTh Takl pO3Naau, SK
aHTE/IOHIs, Jenpecis, TeMEHIls, MaToJOoT1YHa arpeCUBHICTD, (hiKcallis MaTOJIOTTYHUX
MOTATIB, CHHJIPOM IEPCUCTYIOYOi JIAKTOpEi-aMeHOpei, IMIOTEHIs, aKpoMeraiis,
CUHPOM HECMOKIMHUX HIT 1 MePIOANYHUX PYXiB B KIHI[IBKaX.

3apa3 BxKe He MIJJISAra€ CYMHIBY BaXXJIMBICTh POJIl JopaMiHEPrivyHOl Iepeaayl B
KOHTPOJII MOTHUBAI[IMHUX 1 MI3HABAJIIbHUX MPOLECIB, a TAKOXK aJanTalii 10 CTPECOBUX
cutyamii. Jlo aodamMiHOBUX TEHIB TCHUXOEMOIINHUX XapaKTEePUCTUK JIIOJIMHU
BIIHOCATBCS HACTYIIHI TE€HU: T€HHW, [0 KOAYITh S5 OCHOBHUX J0(amMiHOBUX
peuentopis (DRD1, DRD2, DRD3, DRD4 i DRD5S); nodamiHoBuii TpaHCHIOPTED
(DAT abo SLC6A3), sikmii Oepe y4acTh y BTOPUHHOMY 3aXOIUICHHI godamiHy 3
CHHANTUYHOI MIUIMHU MDK Jo(amMiHEepriYyHUMU HEHPOHAMU CEpPEHbOIO0 MO3KY;
katexon-O-metmnrpanchepaza (COMT), ska BigmoBigae 3a  1HAKTHBALIiO
KaTeXxoJIaMiHIB B TOJIOBHOMY MO3KY; THpo3uHTriapokcmiaza (TH), ska € mBUAKICTh-
TMITYIO4UM  (pepMeHTOM B OIOXIMIYHOMY  JIaHIf031 CHUHTE3y JodamiHy,
HOpaJpEeHANIHY Ta aJpeHaiHy Ta JesKl 1HIII.

B Tabmuui 16 mpeacraBieHi TOJOBHI FeHU JO0(PaMIHEPIiyHOI CHUCTEMH Ta iX
3B’SI30K 3 OCOOMCTHMH XapaKTEPUCTUKAMH Ta KOTHUTUBHUMH 3110HOCTSIMHU.

Tabnuys 16

LHonimopgizmu eenie doghaminepeiunoi cucmemu ma ix 36 130K 3 0cooucmumu
Xapaxkmepucmukamu ma KOCHUMUSHUMU 3010HOCMAMU

I'en Hoaimopgizm DYHKIIOHATBHICTH aJjieist diziosoriuynnii nposiB
DRD2 Taql (T/C) T (abo Al) anens — HU3BKA Bucoxuii piBeHb iHTETIEKTY Yy XKIHOK,
cnopizaenicte DRD2 no nodaminy i iHAEKCY BepOaIbHOI 1 3aranbHOL
HU3bKa MidbHICTE DRD2 KpPEeaTHBHOCTi, BHCOKUI KOE(IIieHT

«IIOIIYKY HOBH3HMY, Ti/IBHUIIICHA
30y/UTMBICTh Ta IMIYIbCHBHICTh

DRD3 Ser9Gly (A/G) Ser9 (a6o Al) — HH3bKA CIIOPiTHEHICTD Husbkuii KoeillieHT «IoryKy
DRD3 no nodaminy HOBU3HW», BUCOKA IMITYJIbCUBHICTD Y
TeTepO3HUIrOT
DRD4 | IloBropu no 48 m.H. BigminHocTi y edekTHBHOCTI epenayi 7 NOBTOPIB — BUCOKHH KOE(illieHT
B 3 ex3oHi (2-10 CHUTHAJIIB «TIOIIYKY HOBU3HUY», BUCOKHH PU3HUK
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MTOBTOPIiB) PO3BUTKY CHHIIpOMa JAeilUTy yBaru ta
TinepakTUBHOCTI

DAT TToBTopH 1O 40 1.H. 9 moBTOpiB — BUCOKA ekcmpecis DAT i 10 OBTOPIB — BHCOKI TTOKa3HUKH
B 3'UTR obmacri (3- BHCOKHH PiBeHb 3BOPOTHHOTO IIBUAKOCTI, BUCOKHH PU3UK PO3BUTKY
13 moBTOpIB) 3axoruteHHs nodaminy (10 moBTOpiB — zernpecii i cHHApoMa nedinuTy yBard Ta
HU3BKHHN PIBEHB) TiIIepaKTHBHOCTI
COMT Val158Met 158Met anens — HU3bKa aKTUBHICTD 158Met anens — BUCOKiI KOTHUTHBHI
(bepmeHTy 3II0OHOCTI, BEJIMKA KITBKICTB Cipol

PEYOBUHH Y TOJIOBHOMY MO3KY, HU3KHH
PH3HK PO3BUTKY JeNpecii, 3HIKEHA
(hi3nuHa arpecUBHICTH

TH TCAT-noBTopu B 1 BigminHocri y excripecii TH 8 OBTOPIB — BUCOKI KoedilieHTH
inTpoHi (5-10 «HEHPOTH3MY» Ta «PAHUMOCTI»
MIOBTOPIB)

I'en katexoa-O-metunrpancdepasa (anria. catechol-O-methyl transferase
— COMT) BigHOCUTBCS 70 CiMEWCTBa TeHiB Jo(aMiHEPriYHUX CHUCTEM 1 Bimirpae
KJIFOUYOBY pOJIb y po3Mmajil JogaMiHy B NpedpOHTANBHIN KOpi MO3KY. Y 4-My €K30HI
rena COMT 3yctpiuaeThCsi 3aMiHa TyaHIHY Ha aJIeHIH, fKa NPU3BOAUTH [0
3aMIIlICHHS BaJliHy Ha METiOHIH B moyiockeHHi 158 depmenty (Vall58Met).

HociiictBo 158Met anenst acomiiioBane 3 Ouibil (B 4 pas3u) HIZBKOIO
aKTUBHICTIO (hepMEHTy y mopiBHSHHI 3 Vail58 amenem, a 3Ha4uTh, 1 3 OLIBIIOIO
KOHLIEHTpaui€ew aodamiHy B npedpoHTalbHIA Kopi MO3Ky. [JlocmixeHHsaMHu OyJo
BCTaHOBJICHO, 1110 JITH 1 MIITKU y Bill 9-17 pokiB 3 Val/Met reHOTUIIOM B pi3HUX
NICUXOJIOTIYHUX 1 MOTOpPHUX (TOKa3HUKUA TMaM'sTi, yBard, KOOpJWHAII PYXIiB,
HIBUJKICTh PYXOBUX pEakiliil) MOKa3ylTh Kpaill pe3yiabratd. KpiM TOoro, mpu
BUBUEeHHI acormiarii Vall58Met nonimopdizmy reny COMT 3 eMOIIHHUMU TPOSIBAMH
y JKIHOK, OyJI0 BCTaHOBJCHO B3aeMo3B's30k COMT Vallb8 amens 3 miABHINECHOO
(13MYHOI0 arpeCUBHICTIO.

Penentop AVPRI1 BigHocuThesa 10 curHanbHUX G-OUIKIB 1 € yHIBEpCaJIbHUM
NOCEPETHUKOM TpH Iepefadyl TOPMOHAIBHUX CUTHAIIB BiJ PEUENTOPIB KIITHHHOI
MeMOpaHu 10 opIIOpHUX OUIKIB, III0 BUKJIMKAE KIHIIEBY KIITUHHY BiAmoBias. AVPRI
OTIOCEPEKOBYE CUTHANIM apriHiH-Ba30MPECUHYy, a 3HAYWTh, BIAMOBINAE 3a BAKIIUBI
(GyHKIII TOJOBHOTO MO3KY, TOB'SI3aHI 3 €MOILISIMU, TBOPYICTIO, TEMIEPAMEHTOM,
MOBE/IIHKOIO B CYCIUIBCTBI Ta iH.

Y mnpomoTopi reHa pemnentopa apridin-sazonpecuny 1 o tumy (AVPR1)
BUSIBJICHUHM  MIKpOCaTeNITHUN  moiaiMopdi3M, acoliioBaHUN 3  COIIAJBHOIO

noBeAiHko 1 aytusmMoMm. RS1 1 RS3 wMapkepu acomitoTbCsi 3 BUCOKHUMH
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koedimieaTamMu JTyxoBHOCTI (pe3ynbTar Tecty Tellegen Absorption Scalt — TAS) i

3aJICKHICTIO Big BUHaropoau (pesynbrat Tecty TPQ Reward Dependence).

1.3. T'enu po3ymMoBuX 3Ai0HOCTEl JTHOIMHH

B cnpancHiﬁ qaCc BCACTHCA AKTUBHUM IMIOIIYK MOJICKYJLIPHO-TCHCTUIHHUX

MapKepiB, acOIIHOBAHUX 3 TTOKA3HUKAMU 1HTEICKTYAIbHOT TISITEHOCTI JIFOAMHH.

B Tabmuuer 17 mpencraBieHi y3araibHEHI JaHI MO TE€HaM PO3YMOBHUX

3n10HOCTeW moauHU. Pojib 4acTWHM LMX TEHIB HE MIATBEPJKEHA, TOMY IOTPIOHI

MOJABII JOCIII)KEHHS B IIbOMY HaIPSAMKY.

Tabnuys 17

Lonimopgizmu eenie pozymosux 30ioHocmert 1H0OUHU

I'en IIpoaykr reny DeHOTHI
5HT2A Peuentop cepoToniny 2A Pesynbratu TectiB CPT (Continuous
perfomance test) ta WCST (Wisconsin
card sorting test)
SHTT Tpancnoprep cepaToHiny 1Q
ACE AHTI0TEH3UHIIEPETBOPIOIOYHH (PEPMEHT 1Q
ADRB2 B-2 anpenepriunuii peuentop 3aranpHUM (aKkToOp IHTEIEKTY
ALDH5A1 Anbperigaeriaporesasa 5, Al 3aranbHUN (AKTOP IHTEIEKTY
APOE Aninonporein E ITam’s1TB
BDNF HetipoTpomniHoBuil pakTop po3BUTKY [Tam’ 1B
MO3KY
CAMTA1 Kanpuumonynin3s’ s3yrounii [Tam’ 1B
TPaHCKPHUNLIHHUI akTHBaTOp, |
CCKAR Penentop XonenuucTokiHiny A 3aranbHUM (DAKTOP IHTEIEKTY
CHRM2 XomiHepriuHuil penentop, TUI 3aranbHUM (akTop IHTEIEKTY
MYCKapUHOBUH, 2
CHRNA7 XoJHepriuHui peLenTop, TUIl [Tam’s1Th Ta yBara
HUKOTHUHOBHUM, o7
COMT Karexon-O-metunrpancdepasa Pesynbrat Tecty WCST Ta noriuna
rnam’iTh
CTSD Kancun D 3aranbHU (aKTOp IHTEIEKTY Ta
IIBUJIKICTh NTepepaboTKH iH(opmarii
DISC1 [Topymenuit npu muzodpenii 1Q
DRD4 Penenirop nodaminy 4 ITam’s11H T2 1Q
DTNBP1 Jucbinnun-1 3aranbHUM HaKTOp IHTEIEKTY
FADS2 Jlecarypasa )KUpHUX KUCIIOT 2 TUITY 3aranpHUi (pakTop 1HTENIEKTY Ta Horo
3B’S130K 3 TPYTHUM BHT'OJIOBYBaHHSIM
IGF2R PeuenTop iHCyniHOMOAIOHOTO akTOpa 3aranbHui (aKTOp IHTEIEKTY Ta
pocty 2 Tuiy MaTeMaTH4H1 3/11I0HOCTI
KIBRA Homen, mo mictuts WW ta C2, T 1 ITam’ate
(WWC1)
KL [Tenrtun kmoTO Pesynbratu Tectry MHT (Moray house
test)
NCSTN Hikactpun

IQ
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OXTR Penentop okCcUTOLIMHY 3aranbHUM (aKkTOp IHTETIEKTY
PLXNB3 ITnexcun B3 3aranpHuil (PaKTOp IHTEIEKTY
PPP1R1B ®dochonpoTeiH, M0 PEryIIEThCS 3aranpHuii pakTop IHTEIEKTY

nodaminom ta TAM®D
PRNP [IpioHoBuU# poTein banu 3a mkamoro MMSE (mini-mental
state examination)

S100B S100 xanpIuii3B’ A3yI0unii MpoTein B banu 3a mkanoro MMSE
SNAP-25 CuHantocoManbHUM POTEiH 25 3aranpHUH (aKkTOp IHTEICKTY

WRN [Tpotein cunapomy BeprHepa 3aranpHuid (PaKTop IHTEIEKTY

KouTposabHi nuTaHHs
Ha3BiTh IpeAMET MCUXOTCHETUKH ?
Yum 3aiiMaeTbcsa MOJICKYJIIpHA TICUXOTEHETUKA?
[Ilo mpexacrapiisie cO0010 CEPOTOHIH?
o nexxuTh B OCHOBI GYHKIIIOHYBAHHS CEPOTOHIHEPTTYHOI CUCTEMU?
CK1UIbKY THIIIB PELENTOPiB cepoTOHIHY Bu 3HaeTe?

Sxi1 QyHKIIT BUKOHYE CEpOTOHIHEPriyHA cucTtema’?

N o g bk~ DR

[lepepaxyiite moaiMopdi3Mu TeHIB CEPOTOHIHEPTIYHOI CUCTEMHU Ta iX 3B 530K 3

O0COOMCTUMU XapaKTEPUCTUKAMU JTFOUHHU.

8. lllo Bam Bimomo mpo pobOTy TpaHCcHopTepa CepoToHiHy mpu 1525531
nosimopdizmi rena SHTT, SERT a6o SLC6A4?

9. SIka 3maTHICT MOHOAMIHOKCHA3, IO3BOJISIE BIAHECTH IX O T'€HIB-KaHIWIATIB,
BIJIMOBIATFHUX 32 PO3BUTOK IMOBEIIHKOBHX PHC, MOYYTTS CHPUUHATTS 4acy i
MCUXIYHUX 3aXBOPIOBAHB?

10. 1o npexacrasisie coboro qodamin?

11. 1o nexuTh B OCHOBI (YHKIIIOHYBAHHS JO(PaMIHEPTIUHOT CUCTEMU?

12. Sxi ¢pyHK1ii BUKOHYE 1odaMiHepriyHa cucrema?

13. Tlepepaxyiite monimMopdizmMu reHiB Ao(aMiHEpTiyHOI CUCTEMHU Ta iX 3B’SI30K 3
OCOOMCTUMU XapaKTEPUCTUKAMU JTFOJUHHU.

14. 1o Bam Binomo npo ren COMT?

15. TlepepaxyiiTe reHrn po3yMOBHX 3/1I0HOCTEH JIFOAMHH.
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PO3ALJI VIII
MOJIEKYJIAPHO-BIOJIOI'TYHI METOAU JOCJIIKEHHSA

I'nasa 1. 3a0ip, TpancnopTyBaHHs i 30epiranHs 010JI0TiYHOIO

Marepiajiy

Buxigauit etamn BCiX MOJIEKYJISIPHO-010J0TIYHUX JOCHTIKEHb — 116 OTPUMAaHHS
3paskiB JIHK 1 PHK. [Ixepenom renomnoi JJHK MoxyTh Oyt Oyb-AKi KIITUHH, 1110
MICTATh sApo. B mpakTuil MojekyssipHOi 010Ji0Tii HalvacTille BUKOPHCTOBYIOTb
emiTeNiagbHl a00 OyKajbHI KIITHHM IIOKH, JICMKOITUTH 1 €miTeNialibHl KIITHHH
BOJIOCAHOI UMOYIuMHU (MpU HEOOXIJHOCTI JOBrOTPUBAJIOrO TPAHCIOPTYBAHHS
O0lomarepiany). MOXIUBICTh TPOBEACHHS MOJEKYJISIPHO-010JIOTIYHOTO aHali3zy 3
HEBEJUKOI0 KUIBKICTIO JIETKO JIOCTYITHOTO OloMarepiaiy € METOAMYHOI0 TMEPEBaroro
MeroaiB naHoi rpynu. Bupinena JIHK opnakoBo mnpuaatHa mjis MOpOBEIEHHS

PI3HOMAaHITHHUX JOCIIKEHb 1 MOKE JJOBIO 30epiraTucs B 3aMOPOKEHOMY BH/II.

1.1. 3imkpio OykaabHOro enirenir (0yKkaabHUM 3iIKPIO)

[licns TirieHM TOPOKHUHM pOTa MPOBOAATH peTeIbHE TMPOTUPAHHS
OJIHOPa30BUM CTE€PWJIBHUM 30HJ-TaMIOHOM (Tymndepom abo cBabOM) BHYTPIIIHIX
HIIYHUX MOBEpXOHb. [Iponienypa 3imkpiOy TpuBae 2-3 xB. [Ipu iboMy i yHUKATH
KOHTAaKTy 30H/a 3 3y0aMu, OCKIJIbKA Ha HUX MPUCYTHS Mikpodopa.

[Ticns BinOopy mpoOu BiCh 30H[a BIIIUISIOTH BiJl TAMIIOHY, 3aJIUIIAKOYH HOTO
31 3pa3koM B TMPOHYMEPOBaHINW CTepwibHIM MikporpoOipii. [TogibHa TexHOOTIA
JI03BOJISIE 3/IIMCHIOBATH TPAHCIIOPTYBAHHS, 30€piraHHs 1 HeHTpiQyryBaHHs NpoOu B
NEPBUHHIA MIKpONpOOIpIl, 0 3HAYHO CHPOUIYE MPOUEAYpPY MNPOOOMIArOTOBKH, a
TaKOX 3a0e31meuye eKOHOMIIO MICIIS TTPU TPAHCIIOPTYBaHHI MPOOH.

TakoX BHKOPUCTOBYIOTH CTEPWJIbHI MIKpONPOOIpKKM 31  crneuu(piyHUM
TPAHCIIOPTHUM CEPEAOBUIIEM, K€ MICTUTh KOMIIOHEHTH, IO HPUTHIYYIOTH PICT
MikpoopranizmiB obcsrom 300 mMkia. Y 1bOMY BHUIAIKy aKTUBHUM B300BTYBAaHHSIM

KJIITUHU TIEPEBOSITH 3 TOBEPXHI 30H/a B TPAHCIIOPTHY PIIUHY.
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[Tpo6u no exctpakuii JJHK 306epiratots mpu 20°C.

bykanpHuii 31mkpi0 — HaWOLIBII TirieHIYHUN crocid 3abopy OyKadbHUX
KIITUH, TPOTE iX BUXOAUTH 3HAYHO MEHINE, HIK IpPH 3MHUBax 3a JOMOMOTOIO
(1310JI0T1YHOTO PO3UYUHY.

OcTaHHBOIO PO3POOKOIO ISl 3AIMCHEHHS OYKAIBbHOTO 31IIKPIOy € creniaabHui
npuctpiit  «EasiCollect'™». Ilpu BHKOHaHHI 3imkpiby, OykambHi KIITHHE
3aXOIUTIOIOTHCS TYOYacTUM aIuIiKaTOpoOM 1 IMOTIM TMEPEHOCIThCA Ha I1HIUKATOPHY
kapty FTA. Kapra FTA npocodena crneuiaibhuM OydepoM, sIKWid Ji3y€ KIITHHH 1
pyiinye Ounku mnpu koHTakTi. JIHK, HaBmaku, 3axumiaeTbcsi BiJ] pyHHYBaHHS
MiKpoOamu 1 BIUTUBOM (pakTOpiB 30BHIIIHBOTO cepenoBuiia. [nagukaropai FTA kaptu
nodapOoBaHi POKEBUM OAPBHUKOM, SIKUH CTa€ OUIMM MPU KOHTAKTI 3 O10JOTTUHUM
3pa3koM (cimHOW0). TakuM 4MHOM, 3a3HAYA€THCS MICIE 3HAXOIKEHHS 3pas3Ky. s
BUKOpUCTaHHA 1HAUKAaTOpHUX FTA KapT A0CTaTHRO HaHECTH O10JIOTTYHMIA 3pa30K Ha
KapTy 1 IpocyIuTH ii npu KiMHaTHIM Temneparypi. JJHK, nos's3ana 3 FTA nanepowm,

npuaTHA TS TIOIAJIBIIOTO aHAITI3Y.

1.2. 3MuB OyKaJIbHOTO eniTenio (0yKkaJabHUM 3MHB)

[Ticnst TirieHW MOPOXKHWUHU POTA MPOBOJAATH IHTEHCUBHE, 3 BUKOPHCTAHHIM
s3uKa, TONocKaHHA porta 8-10 ™M i30TOHIYHMM pO3YyWHOM  XJopimy Na
(biziosoriunuM po3unHOM) 3 goaaBaHHsaM 2 MM anTtukoarynsata EJITA. ITponenypa
TpuBae 1 xB. [liciis mogoCKaHHS poTa, pO3UMH aKypaTHO (0e3 YTBOpEHHs OyIh0aIoK)
gyepe3 KOJICKTOP 3JIMBAETHCS Ha3aj B IPOHYMEPOBAHY CTEPHIIbHY MTPOOIPKY.

[Tpobu 3 Giomoriuaum matepiasiom 36epiratoth npu 20°C go excrpakmii JJTHK.
Cnin 3a3naunth, mo JHK 3 takoro Giomarepiany HEOOXiAHO BUAUIATH SIK MOXKHA
IIBU/IIE B 3B'S3KY 3 HASBHICTIO B HhOMY OaraTtoi Mikpoduiopu, sika IpU3BOAUTH 10
nerpanamnii JJHK. IcTtoTHI Hemomiku Takoro crnoco0y 3a0opy KJIITHH — II€ BHUCOKa
BIPOTIJIHICTh KOHTamiHalli (3MilIyBaHHs) O010mpo0, a TaKOoX HE3PYYHOCTI, WO
BUHUKAIOTh NMPH 37MBaHHI cyMili (1310J0T1YHOTO PO3YUHY 1 CIMHHOI P1IMHU Ha3ald y

KOJICKTOP.
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1.3. 3a0ip BeHO3HOI KPOBi (BEeHOMYHKIIif)

Beno3Ha kpoB, 3 K01 OTPUMYIOTh JEHKOUUTH (Y 3pUIHMX €PUTPOLIUTAX Spa HE
MICTATBCSI), € TPIOPUTETHUM OloMarepialioM Jis TOJANBIIOTO TMPOBEACHHS
MOJIEKYJISIPHO-010JI0TYHOTO aHalli3y. ¥ HOpMI BOHA HE MICTUTh MIKpOQIOpH 1 3 Hei
OTPUMYIOTh JOCTATHIO KUTBKICTh JICHKOIIHTIB.

Kamninsipaa kpoB, X04a 1 MICTUTh HEBEJIHUKY KIJIbKICTh JICHKOIUTIB, ii 3a0ip Bce
K HE € e()eKTUBHUM CITIOCOOOM OTPUMAHHSI 1IOCTATHHOT KUIBKOCTI KJIITHH, 1110 MICTSATh
spa.

3a0ip KpoB1 MPOBOAUTHCSA HATIIE 3 JIKTHOBOI BEHU OJIHOPA30BUM ILIIPHUIIEM
ob0'emom 5 wmi 3 roikoro miamerpom 0,8-1,1 mm. Ilicas 3a6opy, kKpoB 31 mImpwuiia
akypaTHO (0e3 YTBOpPEHHs MIHM) MEPEHOCUTHCS B NPOHYMEPOBAHY CTEPUIIbHY
npoOipKy 3 anTuKoaryiastHToMm (6% posuun EJITA y cmiBBigHomenHi 1:19 a6o 3,8%
po3unH 1uTpaty Na y chiBBigHOIIEHHI 1:9, remapuH B SIKOCTI aHTHUKOATYJSHTA
BUKOPHUCTOBYBaTH He MOxHa). HailkpamuMm cnocoOoM BHMKOHaHHS HpOLEAypU
BEHOITYHKIIIi € 3aCTOCYBaHHsI BaKyTallHepa — CUCTEMHU BaKyyMHOTO 3a00py BEHO3HOI
kpoBi. [Ipobipka BakyTaiiHepa nmoBuHHA MicTUTU aHTUKoaryiassHTu: EJITA (mpobipka
Ma€e KpHIIKY Oy3KOBOro KoJipy) abo nutpat Na (mpo0ipka Mae KpHUIIKY OJaKMTHOTO
KOJTipYy).

[Ticnst 3miiiCHEHHS BEHOIYHKIII OJTHMM 3 BUIIEOMHUCAHUX CMOCO01B, Mpobipka
NEpPEeBEPTAEThCSl KUTbKAa pas3iB (I TMEepeMilllyByBaHHS 3 aHTUKOATYJSHTOM).
[IpoOipky 3 KpoB't0O A0 AOCHIIKEHHS 30€piraroTh y XOJOAWIBHHUKY mpu +4-+8°C
(6axxano He Oinbie 1BOX 710). MoKHA BUAUIMTU 3 KPOB1 JICHKOIIUTH, 3aMOPO3UTH X

1 IEp10IMIHO BUKOPUCTOBYBATH iX mopiii s ekcrpakiii 3 Hux JJHK.

1.4. AMHioneHTe3
ns  orpumanns 3paska JHK  posBuBaroyorocs 1miony — JIFOAWHH,
BUKOPUCTOBYIOThH MPOIIEAYPH aMHIOIEHTE3Y, KOPAOIEHTE3y Ta O10MCii XOpioHY, SKi
CKJIQJal0Th ~ OCHOBY  NPEHaTAJbHOI  TeHEeTHYHOI  JiarHOCTHKH,  abo
npeiMmuianTaniiiHoi renernuHoi giarHocrukm — I/ (anria. pre-implantation
genetic diagnosis — PGD a6o PIGD). III'l mpoBOIUTECS 3 METOK OTPHMAHHS
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Oiomarepiany, ekctpakiii 3 Hporo JIHK Ta 1 amamizy. ITI['J] HeoOximHa mis
BUSBJICHHS Ta MNPO(PUIAKTUKH XPOMOCOMHHUX XBOpPOO, HOCIMCTBA XPOMOCOMHHX
aHOMaJIii, a TAKOXK MOHOTE€HHUX XBOPOO.

AMHioneHnTe3 (aHria. amniocentesis a6o amniotic fluid test — AFT)
Ipe/cTaBiigie cOO0I0 1HBA3MBHY MPOIEAYpPY, fKa MOJSATa€ B MYHKIT aMHIOTHYHOI
00OJIOHKM 3 METOI0 OTPUMAaHHS aMHIOTHYHOI PiTWHU (HABKOJOIUTITHUX BOJ) IS
MOIaJIBIIIOTO JTA0OPATOPHOTO OCIKEHHS.

Y amHIOTHYHIA PIAMHI 3HAXOIATHCSA KIITHHU IUIOAY, IO MPEACTABISAIOTH
co0O0I0 YaCTUHKH EMITENI0, SIKI MICTSITh MOBHUH XpPOMOCOMHHI Halilp MalOyTHHOI
mutuHu. [licns 3a0opy Oiomartepiany 3 aMHIOTMYHOI PIIMHUA BUIUISIOTHCS KIITHHH
IJIOly 1 MOMIMIAIOTHCS B CHEIlalbHE XUBUJIbHE CEPEAOBMILE, JI€ BiAOYBaeTbCA iX
po3MHOKeHHS. OTpUMaBIIM MOTPIOHY KUIBKICTH OloMarepiany, (axiBii MPOBOASTH
excrpakiito 3 Hporo JIHK, a motiM Bci HeoOXimHI JochimxkeHHs. JlaHa mpouenypa
BHMarae 3Ha4HUX BUTPAT Yacy 1 MOXKE TPUBATH BiJ 3 10 6 THXKHIB.

AMHIONIEHTEe3 J03Bojisie BUSABUTH mopyumieHHs B JIHK 1 Busnauurtu
OpaBWIBHICTh PO3BUTKY Iiony. IlepemymoBamMu A mpu3HaYeHHsS J1arHOCTUYHOIO
3aX0/y € HAasBHICTb aHOMAaJIIi XPOMOCOMHOTO Ha0Opy 1 CHaJKOBUX 3aXBOPIOBAHb Y
YJICHIB CiM'T MaOYTHBOI TUTHHH, a TAKOK MOKJIMBA M'€HETHYHA CXUJIBHICTD TIJI0/1a JI0
PO3BUTKY MPOOJIEM CIIMHHOIO 1 FOJIOBHOIO MO3KY. Jl0o Ipynu pU3UKY BiIHOCSTBCS
BariTHI JKIHKM, YU BiK mnepeBuilye 35-piuHuil pyOik. Kpim 1poro, nociiiKeHHs
aMHIOTUYHOI P1IMHUA TIPU3HAYAETHCS MPU OTPUMAHH1 HeraTuBHUX pe3yabTaTtiB JIHK-
TECTIB KpoBi. B 1poMy BHUNAAKy aMHIONEHTE3 J03BOJSE OTPUMATH HANWOLIBII
JIOCTOBIpHI JIaHi, 10 CBIMYaTh MPO CTaH Tuiofa. JlochmipKeHHsT aMHIOTHYHOT PiANHU
7A€ MOXKJIMBICTh BHSIBUTH TakKl CEpHO3HI 3aXBOpPIOBaHHA, sSK XBopoOa JlayHa,
cunapoM Kialindensrepa 1 cunapom Tepuepa. Skmo y ¢daxiBiiB € gani mpo
HasIBHICTb y OJHOTO 3 0aThKiB MATOJIOT1i FTEHETUYHOTO PO3BUTKY, IPOBOAUTHCS aHATI3
Ha TPEMET JaHOTO 3axBoproBaHHs. KpiM 1bOro, B XO/i MPOBEACHHS MpEeHATAIBHOI
JIarHOCTUKHU BJAETHCS BHUSBUTH (DEHUIKETOHYpitO, TeMOdiIil0 Ta MYKOBICIIUIO3.
KpiM BuABIEHHS TEHETUYHHX MOPYILIEHb, CIPABXKHE JIOCIIIKEHHS [03BOJIE

BCTAHOBUTHU CTATb MaI\/'I6YTHI>O.1' JAUTHUHH. HpOBe,Z[CHHSI TECTy Ja€ MOJKJIMBICTh
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OTpUMAaTH HAMOLIbII JOCTOBIPHI pe3yabTaTH. MeauuHa CTaTUCTHKA CTBEPIXKYE, IO
CTYIiHb TOYHOCTI MPY BUKOHAHHI aMHIOIIEHTE3y CTAHOBUTH MPUOIN3HO 99,4%.

AMHIOILIEHT€3 MOXHa BHUKOHYBAaTH B TMEPIIOMY, JPYIOMY 1 TpPETbOMY
TpUMeCTpax BariTHOCTI (onTtuManbHO — B 16-20 TwxkHiB BariTHocTi). Haltuacrime
J1arHOCTUKA TMPOBOJUTHLCS Ha 16 THXKHI BariTHOCTI, Mmicis mpoBeaeHHs Y3/, 1o
JI03BOJISIE BU3HAYUTH HAWOUIbII Oe3mevyHe s MioAa Micie 3abopy aMHIOTHYHOI
piauHU.

Jns mpoBeleHHS aMHIoIeHTe3y HeoOximHo Omu3pko 45 xB. Ilpomemypa
BUKOHYETBCS M1 MICLIEBUM HAapKO30M. [1i1 yIbTpa3ByKOBUM KOHTPOJIEM BUOUPAIOTh
miciie myHKIi. [IyHKIit0 mepeBakKHO MPOBOJUTH BHEIUIAIICHTAPHO, y BUIBHIN BijJ
neTesib MYNMOBUHU HaWOUIbIIIM  KuilleHi. SIKII0O TOJKYy HEOOXITHO BBECTH
TPaHCIUIALIEHTAPHO, BUOMPAIOTh HAWOLIBII TOHKY AUISIHKY IUIALEHTH, IO HE MAae
PO3IIMPEHUX MEKBOPCIHKOBHUX MPOCTOPIB. AMHIOLEHTE3 MPOBOJAThH 3a JAOMOMOIOIO
rOJIOK, Kl MaroTh niameTp 18-22G. TexHIYHO aMHIOIEHTE3 BUKOHYIOTh METOJIOM
«BUIBHOI pyKHW» a00 3 BUKOPUCTAHHSM MYHKIIMHOrO ajanrtepa, pO3MIIIEHOr0 Ha
KOHBEKCHOMY  a0IOMiHANTBHOMY JaT4MKy. MOro BHUKOPHCTAHHS  JO3BOJISIE
KOHTPOJIIOBAaTU TPAEKTOPIIO PyXy 1 TIMOMHY 3aHYpEHHS NYHKUIMHOI TOJKHA 3a
JIOTIOMOTOI0 Tpacu Ha eKpaHi MoHITOpa. [lepexoHaBIIUCH B TOMY, IO TOJIKA ITICIIA
MyHKLIi po3TalmoBaHa B MOPOXKHUHI TUIIAHOTO MiXypa, 3 HEl BUTATYIOTh MaHJpPEH,
MPUEAHYIOTH IIIPULL 1 ACHIPYIOTh HEOOX1IHY KUIbKICTh aMHIOTUYHOI piaunHu. Ilicns
IIOTO B MPOCBIT TOJKMA 3HOBY MOMIIMIAIOTh MAHJAPEH 1 BUAAIAIOTH i1 3 MOPOKHUHU
Matku. [licas 3akiHYeHHS TPOLEAYPHU 3M1MCHIOIOTH OILIIHKY CTaHy IJI0/ia — HasiBHICTh
1 4acToTy Moro cepueOuTTs.

[Tin wac mpoBeneHHs TpolLEaypHU, OOJIBOBI BIAUYTTS BIJACYTHI, MPOTE IEAKi
BariTHI *I1HKH BIIYyBalOTh TUCK B MOMEHT 3a00py PIJIMHU 3 MATKH.

[licns BUKOHAHHS aMHHOIICHTE3a JKIHIII HeoOXimHui cnokii. IIpoTsarom
JEKUTBKOX TOJMH BOHA MIOBHHHA YHUKATH CEPHO3HUX (DI3MYHMX HAaBAHTAKCHb.

[Ipn mpoBeneHHI aMHIOIEHTE3Y MOKIJIMBHI PO3BUTOK YCKIAIHEHBb, aje y
OLTBIIIOCTI BUIAIKIB X HE BUHUKAE. JlaHWIT 3axi] MOXKe CTaTH MPUYMHOIO BUKHIHSA,
OlHaK pu3uK cTtaHoBUTH MeHuie 1%. Ilicns BuxkonanHs 3abopy Oiomarepiany B

JESKUX BUIAJKAX Y BariTHUX JKIHOK CIIOCTEPIral0ThCSl KPOBOTEU1 1 CYZOMH, a TaAKOX
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He3HayHa BTpata piauHu. KpiM 1bOro, 10 YCKIAJAHEHb TWICIs aMHIOIEHTE3Y
BIIHOCATBCS 1H(QEKIIHE 3apa’kKeHHS, HAHECEHHS YIIKO/KEHb IUIONY TOJKOK 1
3MIITyBaHHS KPOBI IIPM HAABHOCTI y MaTepli 1 JAWTHUHU PI3HUX TPYI KpPOBI.
dakTopamMu, MmO 30UIBIIYIOTh PU3UK BUHUKHEHHS YCKJIAJHEHb, € OXHUPIHHA 1
NIepEHECeH1 BariTHOIO paHillle ornepallli Ha YepeBHIN MOPOKHUHI.

AOCONMIOTHUMHU  MPOTUIIOKA3aHHSAMU JUJISI  TPOBEJIEHHS  JOCHIDKEHHA €
HAsBHICTh y MaTepl TOCTPHUX 3aMalbHUX MPOIECIB ab0 3aroCTpeHHS XPOHIYHHX
3aXBOPIOBaHb.

[Ipy BUKOHaHHI aMHIOUEHTE3Y B TPETbOMY TPHUMECTpPI  BariTHOCTI
PEKOMEH/IyIOTh BUKOHAHHS MOHITOPHOTO CIIOCTEPEKEHHS 3a CTaHOM 1 pyXxamu
IJIONly, SIKE TpUBAa€ Ha MpoTA31 Beiel npoueaypu. [lpn HEOOX1IHOCTI BariTHIA KiHII
MoOke OyTH Tmpu3HaueHa 30epiraroya, aHTuOakTepiadbHa abo 1HTpaomnepariiiHa

Teparnis.

1.5. Kopnouenres

Kopaouenre3 (anri. cordocentesis adbo percutaneous umbilical cord blood
sampling — PUBS) mnpexncraBnse co0orw iHBa3WBHY MPOLEAYPY OTPUMAaHHS
IMyMOBUHHOI a00 KOPAOBOI  KpPOBI IUIOJA [UJIS TMOJAIBIIOTO J1abopaTopHOTO
JOCTIKEHHS, sIKa 3a3BUYail MPOBOAUTHCS MapasieIbHO MPOIEAY Pl AMHIOIIEHTE3Y.

Kopnorente3 npoBoIUThCs HE paHilie 18 THKHIB recTaillii.

[Ticns mpoBenenHs iHOIIBTpaiiiHOT  aHecTe3li, M7  YJIbTPa3BYKOBUM
KOHTPOJIEM, 4epe3 NEPEeIHI0 YEpPEeBHY CTIHKY BariTHOI JKIHKM pOOJIATH MPOKOJ
TOHKOIO MYyHKIIHHOIO ToJKoio. Ilicis TOro, sk rojika ONUHAETHCA Y COCYII

MyTIOBUHU, OTPUMYIOTb JI0 5 MJT KPOBI.

1.6. Bioncisi xopiony (xopion6iomncist)
Bioncisi xopiony (xopionoioncis) (anri. chorionic villus sampling — CVS)
MIpEICTaBIIsiE COO0I0 1THBA3UBHY MPOIIEYPY OTPUMAHHS 3pa3ka TKAHUHHU XOPIOHA IS
MOIaJIBIIOTO JIabopaTOpHOTO JociimkeHHs OCHOBHI TepeBaru XopioHOiomcii — 11e

BUKOHAHHS J1arHOCTUKM B PpaHHI TEPMIHM BariTHOCTI, IIBUAKICTH OTPUMAaHHSI
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pesynbTaty (B cepenubomy 2-3 mui), JIHK-miarHocTka 3axBOprOBaHHS 1 MOMJIHBE
BHU3HAYEHHS CTATI IUIOMY.

TkaHMHa XOpiOHA, B OCHOBHOMY, MA€ Ty ) T'€HETHYHY CTPYKTYpY, IO 1 I,
TOMY TaKOX MpHUAAaTHA JUIsl MPOBEACHHA FeHEeTHYHOI niarHocTuku. JloctaTHiil oOcsr
TKaHUH XOpioHa naopiBHIOE 10-15 mr. Yactora oTpuMaHHS HEOOXiAHOI KUIBKOCTI
mi010Boro Matepiany — 94-99,5%.

OTpuMaHHS TKAaHMHUA XOpIOHA 3INCHIOIOTH NUISIXOM MYHKIII MaTKU 4Yepes
MepeHI0O YEPEeBHY CTIHKY (TpaHcaOjaoMmiHadbHAa XOpIOHOIOICIA) abo Yepe3 IMiXBY 1
MKy MaTKU (TpaHCLEpBIKaibHA XOpIOHOIOMNCIs) OIONCIMHMUMHM MIMMOISAMU 200
acmipariiiHuM  katetepoM. Bulbip Meroay 3ajeXHTh Bil  0COOJMBOCTEU

pO3TalllyBaHHS XOpP1OHA B MATIII.

KoHTposbHI NMTAHHSA
SAxuM YMHOM 31HCHIOETHCS Mpolieypa OyKaabHOTO 31IKP10y?
Sxi BapianTu OykanbHOTO 31IKpi0y Bam Bimomi?
OnumriTe npoleaypy BUKOHAHHS OYKaabHOTO 3MUBY.
ki yMOBH BUCYBAIOTHCS JJIsI 3200py BEHO3HOT KPOBi?
[Ilo Take amHioLIEHTE3?

Sk BUKOHYETBCS MPOLeTypa KOPAOLECHTE3Y?

N o g bk~ DR

[I{o npencraBise co00r0 XOpioHOIOMCIs?
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I'napa 2. Excrpakuia J{IHK 3 0iosoriunoro marepiaay

2.1. Excrpakuis JIHK 3 6ykajbHoOro eniresiito cCOpoeHTHUM METOA0M

CopOenTHnii MeToj 3acTocoByeThbes mist BuauteHHs JIHK 3 emitemiampHux
KJIITHH, OTPUMAHHX 32 JJOTIOMOT'OI0 OYKaJIbHOTO 31MKPioy.

JHK  BuminstoTh COpOCHTHUM METOAOM BIAMOBIAHO 3 JOJAHOK JIO
BIJIMOBITHOTO KOMIUIEKTY 1HCTPYKII€I0 IIOAO0 3aCTOCYyBaHHSA. MIKpompoOipku 3
npodamu  (MICTATh  3IIKpiOJeHI  KIITMHU 1  TPAHCHOPTHE  CEPEIOBHIIIE)
neHTpudyryrors mpotsarom 10 xB mpu 12000 06/xB. CynepHaTaHT BHUAAISIOTH
BaKyyMHHM acIipaTOpOM 3 BHUKOPHCTAHHSM OKPEMOTO HAKOHEYHHKA, a J0 OCay
nonarTh 300 MK Ji3yrouoro pos3uuHy. Jlami mpoOu peTelbHO MEpeMilllyloTh Ha
BOPTEKCI 1 BCTAHOBIIIOIOTH 10 TepMocTaTy Ha 5 xB nipu 65°C. Jli3aT ueHTpudyryrorhb
npotarom 5 xB mipu 12000 06/xB. CymnepHaTaHT 3a0UpalOTh OKPEMUM HAKOHEUHHUKOM
1 TMepeauBalOTh y HOBI MapKupoBaHi MpoOipku, 1m0 MiIcTATh 20 MKI
PECYCIIEHJIOBAHOTO COPOEHTY. 3 COPOECHTOM MEPEMIIIYIOTh Ha BOPTEKCI, 3aJIMIIAIOThH
Ha 2 XB Ha IITAaTHBi, OTIM 3HOBY MEPEMINIYIOTh 1 3aTUIIAlOTh Ha 5 xB. [lam npobu
ueHTpudyryots mnpotsaroM 30 cek npu 5000 00/XB, cynmepHATaHT BHAAISAIOTH
BaKyyMHHM acIipaTopoM 3 BHUKOPHUCTAaHHSM OKPEMOTO0 HAaKOHEYHHMKA, a JI0 OCaay
nonarTs 500 MKJI BIIMHUBHOTO PO3UYMHY 1 MEpeMimlyioTh Ha BopTekci. [licis mporo
npoou neHTpudyryroTh npotsarom 30 cek npu 10000 06/xB, cynepHATaHT BUIAJISIOThH
BaKyyMHHUM acHipaToOpoM 3 BUKOPUCTAaHHSM OKPEMOTO0 HAKOHEYHUWKA, 1 BIJIMHUBAHHS
noBTOprOtOTh.  CymepHaTaHT MiCJIS BIAMHUBAaHHS BUJAJSIOTH  TOBHICTIO, a
MIKpONPOOIPKU 3 BIAKPUTUMHU KPHUIIKAMU BCTAaHOBIIOIOTH 10 TepMmoctary Ha 10 xB
npu 65°C 10 MOBHOTO MPOCYIITYBaHHS COPOEHTY, 110 MicTuTh ounineny JJHK. ITotim
B npoOipku goxaroTh 50-100 mxn TE-O0ydepa nns emromii JIHK, nmepemimnytoTs Ha
BOPTEKCI 1 MOMIIIAIOTh 10 TepMocTaTy npu 65°C Ha 5 XB, NEPIOJIUYHO CTPYIIYIOUU
Ha BopTekci. MikporpoOipku 1enTpudyryiors npu 12000 o6/xB mpotsirom 1 XB,
nicis yoro cynepHarant mictuth JJHK, rotoBy n0 nocranoBku I1JIP.

MikponpoOipku 3 JHK 36epiratots mpu 20°C abo mpu OBl HHU3BKUX
TEMIlepaTypax y XOJOJWIbHUKAX Ta aBTOMAaTUYHUX cHUCTeMaX O100aHKIHTY.

ITocriitHe po3mopoxyBaHHs po3unHy 3 JIHK g momanmemioi poGotd 3 Hero,
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npu3BOaUTh 10 ii gerpamarii. Tomy Biapasy micns exctpakiii JIHK 3aranbamii
PO3YMH HEOOXIAHO PO3AUIMTU HA Pi3HI YaCTUHHU (PO3ATIKBOTHUTH) 1 PO3MOPOKYBATH
TIIBKU OKpeMmi almikBoTU. Tepmin npumatHocTi npo6 JAHK, BuaineHux copObeHTHUM

METOJIOM, MIPH TOTPUMaHHI YMOB 30epiraHHsl CTAHOBUTH HE MeHIIE 1 poKy.

2.2. Buninenns JIHK 3 OykajbHOr0 enmiTes1il0 MeTO0M JIY;KHOI eKCTpPaKuii

Meton myxHoi ekcrpakuii JJTHK 3acTocoByroTh y pa3i BUKOPUCTAHHS B SKOCTI
OlomaTepiany OyKaJIbHOTO €MiTeNii0, OTPUMAHOI0 3a JOTIOMOTOI0 3MUBY.

BwmicTt npoOipok 3 cymimmio (i310J0TrYHOrO PO3YMHY 1 CIMHHOI PIAMHU
3]IMBAIOTh Yy MPOHyMEepoBaHi 1,5-MUTIMETPOBI MIKPOMPOOIPKH JiI HAKOTMUYCHHS
KJIITUH OyKaJIbHOTO emiTenito. sl HbOoro KITHHU OCAIKYIOTh LEHTPU(PYTyBaHHAM
npotsirom 10 xB npu 12000 06/xB, a cynepHaTaHT BUIAISAIOTH B KOJOY-HAacTKYy,
BUKOPUCTOBYIOYM BaKyyMHHUH BIJICMOKTYBad 1 OKpEMUM HAKOHEUHUK [JISi KOXKHOI
npoou. IIpu HEOOXITHOCTI 110 MPOLEYPY MOBTOPIOIOTH 2-3 pa3u (IJis1 JOCTaTHHOTO
Hakonmu4eHHs1 KmiTtuH). Jlo ocamy momaroTe 1 M (i3i0J0TIYHOTO PO3YMHY, IO
mictute 10 MM EJITA, 1 mnepemimyioTh Ha BoptTekci. I[licms momgansbIioro
ueHTpudyrysanss mpod npotsarom 10 xB npu 12000 06/XB cynepHATaHT BUIAISIOTH
BaKyyMHUM BIJICMOKTyBaueM, a J0 ocanay aojgarTs 0,5 mia 20 MM NaOH. Jami
npoOW peTeNbHO TEPEMINTYIOTh Ha BOPTEKCi 1 BCTAHOBIIOIOTH y TBEPAOTUIbHUI
tepmoctar Ha 20 xB mnpu Ttemmeparypi 95°C. Ilicnst oxonomkeHHS mpoOu
neHTpudyryrors mpotrsarom 10 xB mpu 12000 006/XB mis ocapkeHHsS OUIKIB 1
MPOAYKTIB po3nany kmiTuH. CynepHatant 3 po3unHeHoro B HboMmy JIHK 3abuparots
OKpEeMUM HAKOHECYHHKOM 1 TEpeluBalOTh Yy HOBI MapkepoBaHi mpoOipku. Jlms
HeuTpam3zaiii syxHoro po3unny 3 JJHK B nmpoou gomators 4 mxin 1M HCI. Ilicnsa
3aKIHYEHHS 11€T TpoLeaypy podu rotosi 10 nocranoBku [1JIP.

Tepwmin mpuaaraocti npod JIHK, BuaineHNX MeTOI0M JTY>KHOI €KCTPAKIIii, TPU

JOTPUMaHHI YMOB 30€piraHHsl CTAHOBUTH HE MEHIIIE 5 POKIB.

2.3. Excrpakuis JHK 3 jeiikouuTiB KpoBi cOpOeHTHUM MeTO10M
CopOeHTHHII MeToa Takoxk Moxe 3acTocoByBaTHcs i BuaieHas JIHK i3

JICHKOIUTIB ITCJIS B3ATTS BEHO3HOI KPOBI.
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Y upomy Bumanky JAHK BuainsioTh COpOEHTHUM METOJOM BIAMOBITHO 3
JI0JIaHOIO JI0 BIJAMOBIAHOTO KOMILIEKTY 1HCTPYKII€IO 1010 3acTocyBaHHs. Komriekr
BIJIPI3HSIETbCSI  HASIBHICTIO JIOJIATKOBOTO BIIMHUBHOIO PO3UMHY. Y 3B'SI3KY 3 UM
BunieHHs JIHK 3 yelikonuTiB KpoBi aHAIOTIYHO MPOIEAYpPi, ONMMCaHIA BUINE, aje
JOTIOBHIOETHCSI TPOMUBAHHSIM 32 JOTIOMOI'OI0 I0JJaATKOBOTO BIIMUBHOTO PO3YUHY.

B cmpasxniit yac BuainenHs JHK 3 oTpumanux O10J0TIYHHUX 3pa3KiB €
aBTOMATUYHUM MPOIIECOM 3aBJASKH ICHYBAaHHIO aBTOMAaTUYHHUX CUCTEM (CTaHLINA abo
pOOOTIB) €KCTPAKINT 1 OUUIICHHS HYKJICTHOBUX KHCJIOT, SIKI MAKCUMAJIbHO 3HIDKYIOTh
MMOBIpHICTh KOHTaMiHallii 6iomarepiany. [IpuHuun Aii JaHUX CUCTEM 3aCHOBaHUI Ha
METOJI1 MpulHUIiTaiii (0Ca/pKeHHs) 3 YTBOPEHHSIM CYNEpPHAHTAHTY 1 MPUIUIITATY
(ocany).

Peaxiiii 3a y4acTio HyKJI€iHOBUX KUCJIOT YaCTO BUMAraloTh TOUHUX BIJJOMOCTEH
PO KIIBKICTh 1 YUCTOTY Ipenapary. Tomy Micis eKCTPaKIlii MPOBOASITh KUIbKiCHUM
aHaAJIi3 HYKJIETHOBMX KMCJIOT — Bu3HaueHHs koHueHTpauii JJHK abo PHK B cymimn
abo0 umctoMy mpemapati. /[l KUIBKICHOTO aHalli3y 3aCTOCOBYIOTH METO/U
cnekrpodoToMeTpii 1 hyopumerpii.

Cunexkrpodoromerpisi — 1€ (Hi3UKO-XIMIYHHN METOH AOCIIKEHHS] PO3UYHHIB 1
TBEPAUX PEYOBHH, 3aCHOBAHMW HA BHUBYCHHI CIEKTPIB TOTJWMHAHHSA B
ynbTpadionerosiit (200-400 um), Bugumii (400-760 Hm) Ta iHPpauepBoHid (>760
HM) oOnactax cnekTpy. HykiIeiHOBI KHCIOTH TE€BHUM YHHOM IMOTJIMHAIOThH
ynbrpadioner. Y crnektpodoromeTpax 3pa3ok MiAmaeTbes Al yabTpadiosietry 3
TOBXHUHOIO XBUJl 260 HM, a (POTOETEKTOP BUMIPIOE KUIBKICTh CBITJIA, IO MPOUIILIO
gyepe3 3pa3ok. UuM OibIlie CBIT/IA MOTJIMHEHO, TUM BUINE KOHIICHTPAIlisl HyKJIETHOBOT
KHCIIOTH Y 3pPa3Ky.

®ayopumerpis (GpJyopuCHEeHTHHIA aHAJI3) — 1€ BU3HAYECHHS KOHIIEHTpALii
PEYOBMHHM 32 I1HTEHCUBHICTIO (JIyOpecIeHIlii, 0 BHUHHUKAE TIPU OMPOMIHECHHI
pedoBuHu Y D-mipoMeHSIMHU. 3a BIAMOBITHUX YMOB ITUM IUISIXOM MOXHa BHSIBUTH
HasBHICTh HE3HAYHUX KIJTbKOCTEH PEUOBUHU.

[Ipouec miAroToBKM peakuiiHux cymimen s noctanoBku [1JIP abo mporec
nigrotopku  0i6miorek i NGS-cexkBeHyBaHHS, BIJTHOCATBCS [0 PYTHHHUX

mporenyp. TWM HE MEHII, Bi TOYHOCTI 1 SKOCTI OpraHizailii IaHOTO eTairy
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MPOOOMIATOTOBKY O€3MOCEPEAHBO 3aTICKHUTh PE3yNbTaT MOAATBIINX €KCIIEPUMEHTIB.

Takum yMHOM, BKpail BaXKJIMBO BUKOPUCTOBYBAaTH aBTOMATHYHI PILICHHS Ui €TalliB

J03yBaHHS PIAVHMU.

KoHTpoJibHi nuTaHHS

1. B sxomy Bumagky 3acTocoByIoTh ekcrpakiio JIHK 3 OykambHOro emiteniro
COpOCHTHUM METOJIOM.

2. Onumite Metoauky mnpoBeaeHHs ekcTtpakuii JJHK 3 OykampHOro emirenito
COpOEHTHUM METOJIOM.

3. B sxomy Bumanky 3actocoBytoTh BuauteHHs JIHK 3 emiTemanbHUX KITITHH
POTOBOI MOPOKHUHHU METOJIOM JIy’KHOT €KCTPAKIIII?

4. Sk npoBoautbes excrpakuist JJHK 3 neitkonuTiB KpoBi COpPOEHTHUM METOAOM?

5. [ns doro BHKOpHCTOBYIOTH cniekTpodoTomerpito? Ha dyomy 3acHOBaHUM HaHMA
meron?

6. st 90T0 BUKOPUCTOBYIOTH (hTyOpPUMETPir0?

237



I'naBa 3. Metoau poooru 3 /IHK

3.1. ®parmentyBanns JJHK

Monexyna JIHK ofmiei XpoMOCOME cepeHboro po3mipy mictuts 150x10° m.u.
1 Mae JOBXUHY ONMu3bKo 4 cM. MoJiekylnu Takoro po3Mipy 4yTIUBI JO MEXaHIYHHX
BIUIMBIB, SIKI BHHUKAIOTh Y PO3YMHI B MPOIIEC] €KCTPaKIIii, 1 4acTo GparMeHTyIOThCS.
VY xoni ekcrpakmii orpumytots moiekynu JIHK 3Hauno MeHIe BUXIAHHX, aje BCe
OJIHO JYy>K€ BEJIMKI — TUCSYH ab0 JECATKH THUCSY I.H. Taki MOJIEKYJIU HE3py4H1 JJis
JOCTIIKEHHS, 1 IX JOBOAUTHCS OJJATKOBO (PparMeHTyBaTH.

[Hnsa ¢pparmentyBanus JHK (anri. DNA fragmentation) BUKOPUCTOBYIOTh
OJIUH 3 HAWBaXJIMBIIIUX IHCTPYMEHTIB T€HHOI 1HXKEHEpli — PecTPUKIiI0 (AHIJI.
DNA restriction).

Pectpukitis 3miMCHIOETBCS 3a JIOTIOMOTOK CHAOHYKJEa3, (ePMEHTIB, IO
posuierunoroth JIHK 3a crnenmdiyauMu mociiIoBHOCTIMU HYKJICOTH/IIB BCEPEAMHI
naHmora (Ha MPOTUBAry eK30HyKJIeazaM, skl posmemnoots JHK 3 kiHimiB
mousiekynu). Ili gepMenTn oTpumanu Ha3By PecTPUKIIHHUX eHJI0HYKJea3, alo
pecTpikraz (qgart. restrictio — oOMe)KeHHsI), OCKUIbKM 1X TMPUCYTHICTh B
OakTepilaNbHI KIITHHI OOMEXY€e pICT NEBHHUX OakTeplaJbHUX BIPYCIB, 3BAHHUX
Oakrepioaramu. Pectpikrazm posmemmoots JIHK Ha BiZHOCHO HEBeIWKi
(parMeHTH B AUISHKAX MOCIIJOBHOCTI CYBOPO BU3HAUEHOI CTPYKTYpH. LluM ix BIiiuB
BIJIPI3HSIETHCS B OUTBIIOCTI 1HMIUX (EPMEHTATUBHUX, XIMIYHUX ab0 (I3UYHHX
BILTUBIB, IO TMPHU3BOJATH A0 BumaakoBux pospusiB nanmoorie JJTHK. Pecrpikrasu
(Bxe Bimkputo moHan 500 TUMIB (epMEHTIB LBOTO KJIACY) € YAaCTUHOIO 3aXMCHOI
cucTeMu OaKTepiid, 0 OXOPOHSE BIACHUM T€HOM BiJl 4y KOPITHOI, TOJJOBHUM YHUHOM
BipycHoi, JJHK. PecTpikrasu mpuCyTHI TUIBKM B TaKUX KIITHHAX, SIKI MICTATH 1
cnenu@iuHil MeTwia3u. Poib UX (pEepMEeHTIB — METUITIOBAHHS BJIACHOI (Xa3giChKOT)
JIHK xmitmHM 1 3aXWCT 1i TaKUM YHWHOM Bij Aii pectpukra3. CairT-criemidiyusi
MeTuiIa3a 1 PecTpIKTa3u 3aBXKAM MPUCYTHI B OakTepisix ofHOuYacHO. PecTpukrasu
NPUMHATO IMEHYBATH 3a Ha3BOIO OakTepiH, 3 SKMUX 1X BUALIAIOTH. Tak, Ha3Ba ECORI
CBIQUMTH Mpo Te, 1o ued ¢epment sunainenuii 3 Escherichia coli — E. Coli

(kumkoBoi nmanouku). Ilepira 3 Tppox JiTep adpeBiaTypu BIANOBIAE MEPIii OyKBI
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Ha3Bu pony (E). HactymHi nBi siTepu € moyaTKOBUMHU OyKBaMHU BHIOBOI Ha3BH (c0).
Jlitepa R roBoputh mpo Te, 3 SKOro mramy BuauleHuN depmeHT. Pumcrhka mudpa
BIJIMOBIA€ TIOPSIZIKOBOMY HOMEPY PECTPIKTa3d B Psijii aHAJOTIYHMX (PEPMEHTIB,
BUJIJICHUX 3 I[bOTO MiKpoopraHizmy (Hanpukiaa, ECORI, EcoRll).

Koxxen ¢epMeHT BIIi3HAE CBOIO IME€BHY CHEUHU(pIYHY TOCTIAOBHICTh 3 4-
6, pigme 8-12 mykneoruaiB B aBosanimorosii monekyni JIHK (caiitu pectpukinii) 1
«po3pizaey ii B MICIAX JIOKaMI3aIlil X MOCIiJOBHOCTEH.

Pospizanns JIHK 1o 1nwum calitam TpU3BOAWTE JO YTBOPEHHS «TYITHX)»
(manpuknan, npu aii pectpikrazu Hpal), abo «IUnKUX», TOOTO MEPEKPUBAIOUHUXCS
(manpuxnan, ECORI), kinmiB. J{ns KOHCTpYrOBaHHS TIOPUIHUX MOJIEKYJI OCOOJIMBO
3py4Hi «JMIKi» KiHol. KinbKicTe yTBOprorounxcst pectpukuiinux ¢pparmentis JJHK
[P BUKOPHUCTAHHI OJHIET PECTPIKTA3U 3aJEXKUTh Bl KIJIBKOCTI CANTIB pECTPUKIIII, a
po3Mip (pparMeHTIB BHU3HAYAETHCS TIOJIOKEHHSIM ITUX CaWTIB IO BCil JTOBXHHI
BuximHoi Monekynau JIHK. 3a pomomororo HabOpy pecTpuKTaz MOXKHA po3pizaTH
mouniekyny JIHK Ha dparmentn O6akanoi popxkunu. Hampuknax, Juisi BUBYEHHS
NEPBUHHOT  CTPYKTypu  (METOJI CEKBEHYBaHHs) 3py4Hi ()parMeHTH PO3MipoM
ommsbko 300 mu. Omke, JHK ommiei xpomocomn B 150x10° mu. motpi6bHO

po3pizatu Ha 500000 ¢pparMeHTIB 1 KOKEH 3 parMeHTIB BUBYATH OKPEMO.

3.2. Mouekyasipue kiaonyBanusa JJHK

s poOOTH 3 HYKJICOTUAHUMH TTOCTIJOBHOCTSMH B I'€HaX Ta 1HIIUX JTIITHKAX
JIHK HeoOxi/1HO MaTu TOCTATHIO KUIbKICTh MaTepiana AJis JOCTIIKEHHS.

[le mempocrte 3aBmaHHs, ocobmuBo sikmo mkepenoM JIHK cmyxarh TkaHuHH
moauau. Tomy  pocmimkyBani  ¢parmentn JIHK  3a3Buvail  momepenHbo
aMIUTiQIKYIOTh  (30UIBIIYIOTh KUIBKICHO B MUIBHOHM pasiB), [js TOro 1mo0
OTpUMYBATH iX y Oyab-iKHI yac 1 B HEOOMEKaHil KUIBKOCTI. BUKIIOYHO LIHHUM
IHCTPYMEHTOM Y  BHUpIIIEHHI 1I[i€l npoOieMd  BUSBWIOCS  BUKOPUCTAHHS
pexom6OinanTHux JJHK, To6T0 JIHK, MoOGynoBanux 3 AUISTHOK Pi3HOTO TOXOXKICHHUS.

Jlst oTpuMaHHs 3HAYHOI KUTBKOCTI Olomarepiana, 10 I[IKaBUTh JOCIITHUKA,

IPOBOJSATH MOJIEKYJIsipHE KioHyBaHHs JTHK.
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Mouekyasipie kiaonyBanHsi /JIHK (anria. molecular cloning ado DNA
cloning) — ue mnpoueaypa izossmii meBHoi mocmigoBHocti JHK 1 oTpumanus
0araTbOX KOIMIN i€l TTOCTiIOBHOCTI 1N VIVO.

[ToHATTS «KJIOH» BU3HAYAETHCS SIK BEIWKA TOMYJIAIMIS IACHTHYHUX MOJICKYI,
OakTepiii a00 KJIITHH-HAIIAJIKIB OJHOTO mpenka. KioHyBaHHS J03BOJISE€ OJEPKYBATH
BEJIMKY KUIBbKICTh imeHTnYHNX MoJekyn JIHK. Merox kioHyBaHHS 3acCHOBaHUU Ha
ToMy (akTi, o pekoMmOiHaHTHI (TiOpumHi ado xumepHi) mosekynun JIHK MoxyTh
OyTHM CTBOpPEHI y CKJIaJl BEKTOPIB JUIA KIOHYBaHHS, 10 SKHUX BIJTHOCATHCS
OakTepiasibHl TIa3Miau, ¢aru abo KOCMiAM, 3[1aTHI J0 pervlikaili B Xa3siiChKUX
KJIITAHAX TI1J] KOHTPOJIEM CBOIX BJACHUX PETYIATOPHUX eieMeHTiB. HeoOxinHui
dparment IHK BOynoByerhcsi 10 BekTopHOI Mosiekyau JTHK — Bekropa. Bekrop
3abe3mneuye npoHukHeHHsS pekoMmOiHaHTHOT JIHK no OakrtepianbHuX KIITUH. Takum
IIUISIXOM JIoMararThes amrutidikaiiii pekomoinanTaoi JJHK.

VY KJIacMYHMX METOAMKAaX PECTPHUKIII 1 JITyBaHHSA, KJIOHYBaHHS (parMeHTa
JIHK BKJTIOYa€ 4OTUPH CTAIIi:

» pecrpukiis JJHK;

» mnirysauns JJHK 3 BekTOpOM;
» TpaHC)EKIIis;

» MOJANbIINN CKPUHIHT (BiAOIp).

Bupiniennss BcraBku. Crnovatky HeoOximHo BuauiuTu AutsHky JIHK s
KiIoHyBaHHs. Yacto npenapar JIHK mis xkiioHyBaHHA OTpUMYIOTH 32 JOIIOMOIOKO
pectpukiiii, [1JIP, arapo3noro rens-enexkrpodopesy, oopodoku JJHK ynprpazBykom.
Buninenss BctaBku Moxke OyTH 3p00JIeHO TEXHOJIOTIEI0 KiIOHyBaHHA moTtral, kJ[HK,
HITYYHUM XIMIYHUM CUHTE30M.

Tpauncdopmanis. ITicis niryBanHs mia3Miior0 TpaHcHopMyroTs OakTepii s
HapoiryBaHHsa. [lami OakTepii BUPOIIYIOTH Ha CEJICKTUBHOMY CEPEIOBUIII IS
BIIOOPY KOJIOHIM, IO MICTATh BCTaBKY. [HIMBIAyadbHI KOJOHIi BiAOHpaIOTH 1
BHBYAIOTh HA HASIBHICTH BCTABKHU.

Tpancdexuia. Ilicna niryBanHs peakuiiiHy cymim 3 BOYJOBaHMM B
HEOOX1/IHIM opieHTaIlli BEKTOPOM MOMIIIAIOTh B KJIITUHHU. B 3aleKHOCTI BIJ THUILY

KJIITUH BUKOPUCTOBYIOTh XIMIYHY CEHCUTH3allI0 KIITHH abo enexTpomnopaiito. s
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XIMIYHOT CeHcuTH3allii He MoTpiOHe cremianbHe oOnamgHaHHsA. Enextpomopariiro
BUKOPHUCTOBYIOTh Y pa3i HEOOX1THOCTI BUCOKOI €()eKTUBHOCTI TpaHCPeEKIIii.

Bin6ip. Cnouatky OTpUMYIOTh KYyJbTypH TpaHc(pekoBaHUX KIITHH. Tak sk
OMHCaHI BHUIIE MPOIENYpU YacTO MalOTh HU3BKY €(EeKTHBHICTb, MOTPIOHI criocoou
BUSIBJICHHS KJIITHH, IO MICTATh HEOOXIJTHY BCTAaBKY B MpaBWIBHIA OpieHTaIlli Ta
BIIIIJICHHST TaKUX KJIITHUH BiJ] THX, IO HE MICTATh BCcTaBKU. CydacHi BEKTOpH IS
KJIIOHYBaHHS MICTATh CEJEKTHBHI Mapkepu (K MpaBWIIO, TE€HU CTIMKOCTI [0
aHTUOIOTHKIB) SKI Jal0Th MOXJIMBICTH POCTH Ha CEJIGKTUBHOMY CepeloBUIIl (3
aHTUOIOTUKOM) TUIBKM KJIITMHAM 3 TIPaBUJIBHOIO BCTaBKOW. Bektopu s
KJIIOHYBaHHSI TaKOXX 4YacTO MICTATh MapKepH, 0 OOYMOBIIOIOTH 3a0apBiEHHS
KOJIOHIH, HANpuKJaJ MpU BUPOILYBAaHHI HAa CEPENOBUII, IO MICTUTh S-OpomMo-4-
xJ1opo-3-iaaoin-6era-D-ramakronipanosun abo X-gal (anri. bromo-chloro-indolyl-
galactopyranoside — BCIG).

JI71s1 TOYHOTO MIATBEPIKEHHS YCIIIIHOTO KJIOHYBAaHHS, MOTp1OHA NEpeBIpKa 3a
nonomoroto [1JIP, ITAP® a6o cekBenyBanns JIHK.

B saxocTi BekTOpiB ISl MPOBEAEHHS MOJIeKyJsipHOro KioHyBanHs JIHK,
BUKOPHUCTOBYIOTh OaKTepianbHI MIIa3Miau, paru Ta KOCMIJIH.

BakTepiajbHi miasMigm — 1e HEBEIMKI KiIbIEBI MOJEKYJIU JIBOJIAHITIOTOBOT
JHK, y ¢yHKuii [Kux BXOAWTb, HANpUKIad, 3a0€3Me4YeHHs CTIMKOCTI [0
aHTUOIOTHUKIB JIJISI HECYUMX 1X Xa3sUChKuX KITUH. [1ma3mian BOJIOAIIOTE IeKITbKOMa
BJIACTUBOCTSIMH, K1 POOJISATH iX HAI3BUYANHO 3pYYHUMHU ISl BUKOPUCTAHHS B SKOCTI
BEKTOpIB [JIs1 KJoHyBaHHs. Ilomepme y OakrepiaiabHIA KIITHHI BOHH MOXYTh
icHyBaTH B OJHIM a00 Ge3miul Komii 1 moapyre, Mia3MiIu PEIUTIKYIOThCSI HE3aJIEKHO
Big xassiicekoi JIHK. B Ham wac s OaraThoxX INIa3Mij BKe BiJloOMa IIOBHA
HYKJIEOTHUJIHA MOCHIAOBHICTh. Lle poOWUTh MOXIMBUM TOYHY JIOKAJI3al[ll0 CaWTIB
pectpukitii 1y kinonyBaHHs pparmentiB JIHK. Tlnazminu 3HauH0 MeHIe Xa3saichbKoi
xpomocoMHoi JIHK 1 Tomy moxyTh OyTu jerko BiaiaeHi Bia Hei. KioHoBaHuii
dbparMeHT JIETKO BHIUIIETBCA 3 PEKOMOIHAHTHOI IUIa3MiJM 3a JOIMOMOTO il
PO3IICTUICHHSI TIEI0 X PECTPUKTA3010, MO CaWTy SKOi MPOBOIUIN KOBAJICHTHE

3’eHaHHs «JUNKux» KiHiiB JJHK — niryBanss.
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®aru 3a3Buyail  wmictare miHidHY JHK, B axy Moxyte OyTtm
BOynoBaH1 pparmentu uyxopingnoi JHK 3 skoro-HeOyap 3 HOCTYNHUX CaWTIB
pectpukiii. Xumepny JIHK Buauistiors 3a3Budait icos 3aBEPIICHHS
peKOMOIHAaHTHUM  (aroM JIPUYHOTO LHUKIY 1 BHUXOAY 3piIuX 1H(EKIIHHIX
¢daroBux yactTuHOK. OCHOBHOIO MIepeBaro0 paroBUxX BEKTOPIB Mepel MIa3MiIHUMU €
Te, 10 Ha BIAMIHY BiJ mia3Mif, 3aaTHuX Hectd ¢pparmentu JJHK g0 6-10 tuc. m.H., y
¢daroBy 4acTKy BmaeTbcs BOymoByBatm (pparmeHTH posmipom ao 10-20 tuc. m.H.
Benuuuna kI0HOBaHOTO (PparMeHTy BU3HaAdaeThbes 3araibHOIO KiibkicTio JJHK, 1o
3/IaTHE YIAKOBYBATHCS B TOJIOBKY (ara.

@®parMeHTd 1Ie OUTBIIOr0 PO3MIPYy MOXYTh OyTH KIOHOBaHI B KOCMiJax-
BEKTOpax, MOEAHYIOUHX NIepeBary mia3mif i aris.

Koceminm — ne mnasminy, ki MICTATh cnenu@ivHl JUISTHKY, 10 HA3WBAIOTHCA
cos-caritamu, siki HeoOximH1 s makyBaHHs JIHK dara X B kancua. Lli BekTopm
MOXYTh MIATPUMYBAaTHCS B OakTepilaJibHIM KIITHUHI B IUIA3MIAHIA QopMi, ane
Tak sk Oumema yactuHa JIHK cara 3 xocmigm BuilydeHa, TO BIJNOBIAHO
30UTBITY€ETHCS 1 MOYKJIMBA JOBKHUHA KIIOHOBAHOTO (hparMeHTa.

3BUYAWHUMU JJI1 KOCMI1]] € BCTaBKkU po3mipom 30-50 Tuc. I.H.

[Tini6paB BiAMOBIAHI YMOBH KJIOHYBaHHS, MOKHO JOCSTHYTH TOTO, IIIO B HaOOPi
KJIOHOBaHUX (PparMeHTiB Oy yTh MPUCYTHI MPAKTUYHO BCl T€HU AAHOTO reHomy. Taki
KOJIEKI[i KJIOHIB, OTPHUMaH1 Jii KOHKPETHOTO T'€HOMY, Ha3WBalOTh T€HOMHHUMH
616mioTexkamu. ['enomHa 616;mi0Teka rotyerbes 3 TotanbHoi JIHK kmitunHOT HiHiT 200
TKaHWHH.

3.3. Ammiidikanis JHK

Amiuigikaunisa (anria. DNA amplification, nart. amplificatio — 30ib1enHs)
— 11e 301npmenHs KinbkocTi komii JJHK.

Y  xmituHi  ammumidikariis  BiIOyBaEeThCs B pe3ynbTaTi perutiKarii
JHK, B MTYYHUX  yMoBax 30uibmieHHs yucia konid JJHK nomararotses 3a

JIOTIOMOTOI0 TOJIiMepa3Hoi JaHIorosoi peakiii — [TJIP.
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3.3.1. Honimepa3una Janmorosa peakuis (I1IJIP)

Ioaimepasna JanmioroBa peakunis (IIJIP) (amrn. polymerase chain
reaction — PCR) 6yna Bigkpura Kepi Mymicom y 1983 p., 3a mo y 1993 p. Bin
orpumaB HoOemiBChKy mpeMito 1o Ximii.

Meton ITJIP no3Bossie mignaBaTu crenudivnii aMminiidikamii B ymoBax in vitro
minsakn JIHK  goBXKMHOIO Bij KUIBKOX JIECATKIB JI0 KIIBKOX COTCHB II.H.,
BUKOPHUCTOBYIOUHM sIK Matrpuito Oynb-ski 3pasku [IHK. Heobximna ymoBa s
npoBeaeHHs [1JIP — 3HaHHS HYKJIEOTHIHOI MOCIIIOBHOCTI aMILTi(hiKyeMOi JTIJISTHKH.
Hinsaky nocmimxyemoi JIHK rubpigusyrors 3 JBOMa INTYYHO CHUHTE30BAHHMH
npaiiMepaMu — OJIIroJ1Ie30KCUPUOOHYKICOTUTHUMHU TOCIIJOBHOCTSIMU 3aBIOBXKKHU BiJ
15 no 30 m.H., SKi KOMIUIEMEHTapHi 3'-KIHIAM aMIUTi(IKyeMOT JUISTHKA Ha KOAYIOUl1ii
ta Hekonyrouiil HuTax JHK. Bigcrane MK mpaiiMepamMu BU3HAYa€ JOBXKHUHY
CUHTE3yeEMUX MoJekyn. B skocti wmarpumi ans  cunTe3y npoayktis [LJIP
BUKOPUCTOBYIOTh Oyab-sikuid Tun JJHK: renomuy JIHK mronunu, pi3sHUX BUAIB Mpo- i
eykapioris, JIHK, Bunisieny 3 KyJapTyp KIITHH, «010110T€K» T€HIB 1 IHIIUX JKEPE.
Meron He BuMarae BeNUMKHX KulbkocTel pgochimpkyBanoi JIHK, B mnpunmmmi,
JOCTaTHbO HaBITh OJHIE] MOJEKYJIHM, [0 MICTUTHCSI B OJHOMY BOJIOCI Ha TOJOBI,
OJIHIM Kparuri KpoBi abo cmepmu. Ycmix y po3poOIll MeToay B 3HA4YHIA Mipi
00yMOBJIEHMI BUKOPUCTaHHSM B sIKOCTI (hepmenTy TepmodinbHoi JJHK-nomimMepasu
— Tag-momimepasu, BHIICHOT 3 €KCTpeMalibHO TepModimpHUX Oaktepiit Thermus
aquaticus, mo >KHBYTh y Tapsudx JDKepeiax, 1 TOMY CTidKi A0 Jii BHCOKHX
temriepatyp (ButpumyroTh 94-96°C). Peakmiiina cymim mis otpumanHs JIHK
mictuth gociimxkyBany JIHK, cybOctpatu peakunii — 4 nHT®, 2 mpaiimepn,
TepmocTabinery Taq-momiMepasy i 6ydep mo MicTuTs ioHn Mg,

3Buuaiino mijg yac [JIP npoBomsars 25-30 nukiiiB mosiMepu3aliii, KOXHUNA 3
SKUX BKJIIOYAE 3 €Tary :

» 1 eran — neHarypaiis a00 MIaBJiHHS.

Ha miif cranii peakiiiiiny cymiin HarpiBaroTh 10 temneparypu 94-96°C (abo no
98°C, sKII0 BUKOPUCTOBYETHCS OCOOIMBO TepMOCTaOUIbHA moimepa3a) Ha 0,5-2
XB. Bonanesi 3B’sI3kM Mk gBoMa JaHmoramu JIHK  pyliHyroThCs.

Hocnimkxyema nBonanumioroa JIHK nenatypye 1 mepexoauTb A0 OJAHOHUTTEBOI
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dopmu. [Homi mepen mepmmM MOHUKIOM (0 MOAABAaHHS IOJIMEPA3u) MPOBOISTH
MOTNEepPeHE MPOTPiBaHHS PEAKLINHOI CyMiml MpoTAroM 2-5 XB Uil TOBHOI
JeHatypalili MaTpuIl 1 npaiMepiB. Takuii IPUOM HA3UBAETHCS TapsSYUM CTAPTOM 1
JI03BOJISIE€ 3HU3UTHU KUTBKICTh HECHIEIU(BIIYHUX MPOAYKTIB PEaKLIii;

> 2 eranm — riopuam3anis  ado Bigman JHK 3 mnpaiimepamu.

Konu naniforn po3idnuincs, TeMmmepaTrypy 3HIKYIOTh, 1100 mpaiimepu
MOIJIM  KOMIUIEMEHTApHO 3B's3aTucs 3 ojHonaHiroroBor marpuuer /JHK. B
pe3ynbTari YTBOPIOETHCS JABOJIAHLIIOTOBA [INsSTHKAa Ha KokHiM 3 HuTok JIHK.
Temneparypa BiAnally 3aJ€KATh BiJl NpaiiMepiB 1 3a3BU4Yail BUOMpaeTbes Ha 4-5°C
HUKYE 32 IX TeMmIeparypy miaBiiHHs. HempaBuiabHuit BUOiIp Temmepatypu Bimany
MPU3BOJUTH a00 110 MOTaHOro 3B'A3yBaHHS MpaniMepiB 3 MATPULCIO (IIPU 3aBHILEHIN
TeMrneparypi), abo 10 3B'SI3yBaHHS B HEBIPHOMY MICIl 1 TOSBM HecHeuipiaHuX
NpOAyKTiB (Mpu 3aHmKeHIM Temmeparypi). Yac cramii Biamany ckimanae 30 cek.
OpHouacHo, 3a Le yac MojdiMepa3a B)KE€ BCTUIAa€ CHUHTE3YBATH KIJbKA COTEHb
HyKJI€OTH1B. TOMy pEKOMEHIyeThCs MIIOMpaTH MpaiiMepu 3 TEMIEPaTyporo
rutaBniHHAS Bute 60°C 1 mpoBOAUTH BiANAI 1 €IOHTAIII0 0JIHOYAacHO, Tipu 60-72°C;
> 3 eTam — eJIOHramis.

JIHK-nonimepasa peruiikye MaTpuyHUi JAHIIOT, BAKOPUCTOBYIOUU MpaiiMep B
AKOCT1 3aTpaBku. llosimepa3za MmoyMHae CHUHTE3 IHILIOIO JIAHIIOra BiJ 3'-KIHIA
npaiimepa, SKui 3B's13aBCs 3 MATPUIIEIO, 1 PYyXAETHCS Y30BXK MATPULIl B HANPSMKY Bij
3' no 5'-xinng. TemnepaTypa enoHraiii 3ajaeXuTh Bi mojiMepasu. Tag-mosiMepasa
HalOIbl aktuBHa npu 72°C. Yac enonrauii 3anexuts sk Big tuny JHK-
moyMepasu, Tak 1 Bif JOBXKUHU amiutipikyemoro ¢QparmenTta. 3a3Budail dvac
eJIoHTalli NPUIMAlOTh PIBHUM OJHIM XBWJIMHI Ha KOXHY THCsAdy I1.m. Ilicns
3aKIHYEHHS BCIX LMKJIIB YacTO MPOBOMSATH IOJAATKOBY CTaiit0 (hiHAIBHOI eJOHTaIlli,
o0 100yayBaTH BCi OHONIAHIIOTOBI (pparmenTu. s cramis tpuBae 7-10 xB.

[Torim 3HOBY HacTae eTam IUTABIIHHSA, KOJMHM 3a paxyHOK IIiABHIICHHS
temriepatypu cunte3 JIHK npunusserbes, 1 JBOXHUTKOBA TIISTHKA MK MaTPUIHUMH
1 3HOBY cuHTe30BaHuMu Mojekynamu JIHK nenatypye. Y apyromy i HacTymHHX
UKJIaX MpaiiMepu TiOpuau3yroThcss 3 BuxigHoro wmatpuuHoro JHK 1 3HOBY

cuHte3oBannMu  Mojekynu JIHK, KimpKicTh SIKHX HapocTae B T'E€OMETPUYHIN
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nporpecii. B ocrannbomy Bumanky cunre3 JAHK 3akiHuyeTbcs HEe uepe3 3MIHH
TEMIIEpaTypHOTO pexumy, a micias gocsrHenHs JIHK-momimepazoro kopaony
aMIUTipikoBaHOT JUISHKH, IO BHU3HAYA€ CYBOPO BHU3HAYCHUH PO3MIP MNPOIYKTY 3
TOYHICTIO JIO OJTHOTO HYKJICOTH]LY.

Kosxen 3 eramiB UKy Ma€ MPOJOBKHICTh B AECATKIB CEKyH 10 1-3 XB, B
pe3ynbTaTi MOBHUHM ITUKII TPUBAE BiJl OJHOI JO MEKUTHKOX XBWIWH. 3a 25-30 muximin
KUTbKICTh cuHTe30BaHmx komid JIHK (mpomykt amrmumidikamii HOCHTH Ha3BY
aMILTIKOHY) J0CATa€ KiIBKOX MiIBHOHIB.

Onucany npouenypy ammiidikaii JIHK npoBoasiTe B aBBTOMaTUIHOMY PEXKUMI
B CHeliaibHOMY Mpuiaal — amiuridikatopi, abo Tepmouukiepi. Takuii mpunan
J03BOJISIE 337aBaTU CKJIQJHI MPOrpamMH, B SKMX BPaxOBYIOThCS MOTPIOHA KUIBKICTH
LMKJIIB, ONTUMAJIbHUN Yac 1 TeMIiepaTypH1 napaMmeTpu. € MOXIHUBICTh TPOrPAMYBATH
rapsiudu crtapr.

VY ammnigikatopi «ProFlex™ PCR System», MOXkHa OAHOYAaCHO CTaBUTH TPHU
PI3HUX €KCHEPUMEHTa Y TPbOX HE3AJIEKHO KOHTPOIKEMHUX TEPMOOJIOKAX, 10 HAJA€
MO>KJIMBICTh BUKOPHCTOBYBATH JAHWUW TIPHUIIA] TPHOM OKPEMHUM KOpHCTyBauaM. A 3a
JOTIOMOTOK0 ~ CIIEUIATIBHOTO  JIOAATKYy OO0 CMapTQOHY, MOXKIMBO 3A1MCHIOBATH
YIPABIIIHHS UM aMILTI(PIKaTOPOM Oyib 3 SIKOTO MICIIS.

Icnye 6araro piznoBuzis [1JIP:

»  MyabsTuiuiekcHa ado myabtunpaiiMepra IIJIP (anra. multiplex PCR)
3aCHOBAHAa Ha OJHOYacHIM amruridikamii B OJHIM peakiii JEKUIBKOX eK30HIB
JOCIIKYBAaHOTO T€Ha, 3 BHKOPHUCTAHHAM JIEKUIBKOX MpaiMepiB, IO JO3BOJISE
MIPOBOJIUTH €KOHOMHUHN €KCIPEC-CKPUHIHT HAHOIBII YaCTUX MyTaIliii B TeHI.

>  Aneab-cnemmdpiuna ammimigikanis  a6o IIJIP (amra. allele-specific
amplification — ASA, allele-specific PCR) 3acHoBaHa Ha BHKOPHCTaHHI JBOX
CaMOCTIMHUX TIap MpaiMepiB A0 KOHKPETHOI MIJISHKY T'e€Ha: OJWH TpaiiMep B 000X
napax € 3arajlbHuM, a JIpyTuil mpaiiMep B KOXKHIM Tapl Mae pi3HYy CTPYKTYpy 1 €
KOMIUJIEMEHTapHUM a00 HOpMaibHUM, abo mytanTHOi mochigoBHocTi J[HK. B
pe3ynbTaTi Takoi peakiii B PO3YMHI OJHOYACHO MOXYTh CHHTE3yBaTHCS JIBa
pizHoBuan IIJIP-mpoaykTiB — HOpMaibHI 1 MyTaHTHI, MpUYOMY JHU3alH
BUKOPHUCTOBYBAaHUX MpaiMEPIB Ja€ MOXKIUBICTh YITKO AU(PEPEHIII0OBATH HOPMAJIBHI 1
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MYTaHTHI TMPOAYKTH aMIuTi(ikaiii 3a IX MOJIEKYJSIpHUM po3MmipoM. Meron € myxe
HAOYHUM 1 JI03BOJIsIE BepuU(]PIKyBaTH SK TOMO-, TaK 1 TeTEPO3UTOTHE HOCIMCTBO
MYTAHTHOTO aJieJsl.

> Merton caiiT-HanpasJienoi moaudikauii ammiigikoBanoi JJHK (anra. site-
directed modification of amplified DNA) 3acHoBanuii Ha BukopucTansi B ITJIP Tak
3BaHOTO Mishmatch-mpaiimepa (HE MOBHICTIO KOMIUJIEMEHTApPHOTO MATPHIIlL), SKHMA
BiZIpi3HAETHCS Big MaTpuuHoi JIHK-mocmimoBHOCTI Ha ouH HyK/IeoTu . B pesynbrari
BKJIFOUEHHSI 3a3HAYEHOT0 IMpaiMepa 10 ckiany myrantHoro [IJIP-poaykTy B HhOMY
YTBOPIOETHCS IITYYHO CTBOPEHUI CaWT PECTPHUKUIi A OAHIET 3 PECTPUKIINHUX
€H/IOHYyKJIea3, 10 A03Bojisie mpoBectu mnpsamy JHK-niarHoctuky mneBHO1 Biomoi
MyTalli 3a JOMOMOIOI PECTPUKUIAHOrO aHamizy. CTBOpPEHHsS TakKOro IITYYHOTO
CaliTy pacTpikiib OyBae HEOOXIIHO B TOMY BHIIAJKy, SKIIO MPOBEICHUM
KOMI'IOTEPHUN MOIIYK HE BUSBUB ICHYBaHHS BIJJOMOIO Ta JIOCTYIHOTO (pEpMEHTY,
MPUPOJIHUI» CAUT pa CTPIKIIh IKOTO NOPYIIYETHCSA B PE3YNbTATI MOSIBU B MOJIEKYJII
JNHK nocmimxyBanoi mytarii. [nmmm Bapiantom € meron I1JIP-onocepeankoBanoro
caiiT-cnpsimoBanoro  myrareresy (anri. PCR-mediated  site-directed
mutagenesis). Ammridikyemy ninsaky JHK BuOuparoth Takum umHOM, 100 3'-
KiHeIlb OJIHOTO 3 MpaiMepiB Oe3mocepeHh0 MPUMHKAB 10 MyTaHTHOMY cailTy. Y
HBOMY 3MIHIOIOTh OIWH 3 HYKJICOTHAIB 3 3'-KIHISI Tak, MO0 y TMOEIHAHHI 3
HYKJICOTHJIOM MYTAHTHOTO CAaWTy B L[bOMY MICI[l YTBOPIOBaBCA a0O 3HUKAB CAMT
PECTpUKINT s sIKOi-HeOynb 3 eHmoHykiea3. Takum uuHoM, I[IJIP-mpomykTu 3
HOPMAJIbHOTO 1 MYTaHTHOTO ajieJied BIAPI3HSAIOTHCS IO HASBHOCTI 1HIYKOBAHOTO
caity pectpukilii. Hampukmnaa, SKIo caiT pecTpHKIlii WHIYIIMPOBAH B MYTaHTHHX
aneniB, To Tmicas o0po6ku I[IJIP-mpomykTy BIANMOBIAHOI €HAOHYKJIEa30l0 Ha
enexkTpodoperpami 3a BIACYTHOCTI MyTallli BU3HAYaTHUMEThCS OAWH (PparMeHT, y
reTepO3UroT — JBa JOJATKOBHX (parMeHTa, BIAMOBIAHMX 10 JOBXKHHI
pectpukoBanuM autgHkaM JIHK, a y romo3uror OyayTh HNpHUCYTHI TUIbKM IIi JIBa
¢parmentu. bauzpkum mo0 metony I[1JIP-omocepeaxkoBaHOro caT-cipsSIMOBAHOTO
MyTareHesy € MeroJ aMiuni¢ikanii pedpakrTepHii MyTamiiiHOI cHcTeMH
(amplification refractory mutation system — ARMS). CyTb 1IbOT0 METOJIY MOJISITa€e

B mapanenbHiii moctaHoBui ABoX IIJIP, nist xokHOI 3 SIKMX OJHUM 3 TpaiiMepiB
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CIIy>)KUTb  ajielb-CrelnudiuHa MyTaHTHa a00 HOpMallbHAa OJITOHYKJICOTHIHA
MOCTIAOBHICTD BIAMOBIAHO. [Ipu 1IbOMY B SIKOCTI APYTOro mpaimMepa B JBOX PEaKIlisx
BUOUPAIOTH OJHY 1 Ty K OJIITOHYKJICOTHUIHY TOCIIOBHICTD, TaK 110 B 000X BHUIIAKaX
MOXyTh amrutidikyBatu minsaku JIHK omaakoBoi mpoTspkHOCTI. [lpm HasBHOCTI
myTaiii B gocnipkyBaniit JIHK ammnidikoBani pparMeHTH yTBOPIOIOTHCS TIJIBKH B
TOMY BHUIAJIKy, SKIIO B SKOCTI alenb-CrenupiyHOro mpaiiMepa BUOMPAETHCS
MyTaHTHa  TOCHIIOBHICTh, TOAI SK TNpPU  BUKOPUCTAHHI  HOPMAJIHHOTO
oyironykjeotuaHoro mpaiimepa IIJIP Gmokyetses. llelt mMeTon 3HAMINIOB IIMPOKE
3aCTOCYBaHHA A JAETEeKUli MyTamiii mnpu (QeHuIKeToHypii, OeTa-Tanacemii,
MYKOBicCIIe/1031, TTpu TunyBaHHI reHiB HLA-cuctemu. OmHak CKIIaJHOCTI B Ii00pi
nmpaiimMepiB 1y BuOopi ontuManeHoro pexumy [IJIP oOMmexyroTs mmpoke
3aCTOCYBaHHS IHOTO MeTOAy. Moro Ge3lepedHOI0 IIepeBarold € MOXIHBICTD
3aCTOCYBaHHS MMOBHICTIO aBTOMaTUYHOTO CKaHYBaHHSI.

> Metnia-cuenudiuna IIJIP — MC-IIJIP (anra. methyl-specific PCR — MS-
PCR). Cytb 1€l peakiii mossirae B HactynmHoMy. JIHK 00poGnstors GicynbdiTom
HATPIilO, B pe3yJbTaTl YO0 BCl HEMETHJIOBAHI 3QJIUIIKH IUTO3UHY KOHBEPTYIOTHCS B
ypalui, a METUJI0BaH1 He 3MiHIOKThCs. [licns uporo nposoasaTs I1JIP 3 npaiimepamu,
BIJIMMOBIAHUMH METHJIOBaHIM 1 HEMETHJIOBaHIM MOCIHiIOBHOCTAM. [lo ToMy, 3 SIKOIO
naporo mpaiiMepiB Bi1OyBaeThCsl aMIUTi(iKallisl, MOXKHA CYJIUTH TTPO METHJIFOBAHHS. 3
HEJIOJIKIB JAaHOTO METOJYy, MOKHA BIJ3HAUUTH CKJAIHICTh B MiA0Op1 MpaniMepis,
HEMOBHY KOHBEPCII0, MOKJIUBICTh OIIHKH TiIbKM OJAUHUYHUX CpG-IUHYKICOTHIB.
OnHak METOJ BIJHOCHO JACHIEBUM, crienu(iuHUN 1 TPOCTHM, IO J03BOJSE HOTO
IIMPOKO BHUKOPUCTOBYBAaTH B JIarHOCTHUII 3JIOSKICHUX HOBOYTBOPEHb Ta XBOPOO
IMIIPUHTHUHTY.

> Braagena IIJIP (anra. nested PCR) — 3acTtocoByeThCcsi Jyisi 3MEHIICHHS
Yyyciia MOOIYHMX TMPOAYKTIB peakilii. BUKOPUCTOBYIOTh JABI Tapu mpanMepiB i
OpOBOJATH JBI MOCHIAOBHI peakiii. Jpyra mapa mpaiimepiB aMIutiikye TIUISHKY
JIHK BcepenuHi MpoyKTy MEpIoi peakilii.

»  IuBeptoBaHa a60 3BopoTHa IIJIP (anrua. inverse PCR) — BUKOpHCTOBYEThCS
B TOMY BHNAJKy, SKIIO BijoMa JMIIE HEBEJIMKa MIIIsSHKA ycepeauHl MOTpiOHOI

nocioBHOCTI. [leit MeTon 0coOIMBO KOPUCHUMA, KOIH MOTPIOHO BU3HAYUTHU CYCITHI
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nocinigoBHocTi micns BectaBku JIHK no renomy. [lns 3aiiicHenns inBeptoBanoi [1JIP
npoBoJsATh psiag  po3pizanb JIHK-pectpikrazamum 3 mnopanbliuM — 3'€THAHHAM
¢parmMenTiB, TOOTO JiryBaHHs. Y pe3yibTaTi BioMi ()parMEHTH BUSBISIOTHCS Ha
000X KIHIIIX HEBIJOMOT TUISTHKH, Micas 4oro MoxHa npoBoautu [1JIP 3a 3Buuaiinoro
CXEMOI0.

> Acumerpuuna IIJIP (aurj. asymmetric PCR) — npoBoauTtbcst TOIi, KOJIK
noTpiOHO  aMIUTiiKyBaTH TepeBaKHO oAuH 3 Jjanmorie  BuxigHoi JIHK.
BukopucroByeThcs B IEIKUX METOJIMKAX CEKBEHYBAaHHS 1 MOPUAU3AIIHHOTO aHATI3Y.
[TJIP mpoBOAMUTHCS SIK 3BUYAITHO, 32 BUHSTKOM TOTO, 110 OJWH 3 MpaiMepiB OepeTbes
y BEJIMKOMY HaumMIKy. Moaudikamieo 1poro metoay € merox linear-after-the-
exponential-PCR (LATE-PCR), B sikoMy BUKOPHUCTOBYIOThCS TIpaliMepH 3 Pi3HOIO
KOHLIEHTpALI€I0, 1 MpaiiMep 3 HU3bKOK KOHIIEHTPALIEI0 MIIAOMPAETHCS 3 BUCOKOIO
TEMIIEpaTypol0 IUIABNIHHS, HDK TMpaiiMep 3 BHCOKOIO KoHIeHTpamiew. [1JIP
MIPOBOJIATH NPHU BUCOKIM TemMmeparypl BiANaly, THM CaMUM BJA€TbCS MIATPUMATH
€(EeKTUBHOCTI peaKIlii MPOTATOM YCIX ITUKJIIB.

> Cryninuacra IIJIP (touchdown IIJIP) — 3a momomororw HbOro MiAXOTY
3MEHIIYIOTh BIUIMB HecNelUU(pIYHOro 3B's3yBaHHA mnpaiiMmepiB. llepun nmkmm
IPOBOJSATh TMPU TEMIIEpaTypl BHUIIE ONTHUMAIBHOI TEeMIepaTypu BiAmady, MOTIM
KOXKHI JIGKIJTbKa UUKIIB TEMIIEpaTypy BiANaly MOCTYHOBO 3HIXKYIOTH [0
ontuManbHoi. lle poOutbest s Toro, 10O TmpaliMep TriOpuUaM3yBaBCsS 3
KOMITJIEMEHTAPHUM JIAHITIOTOM BCI€I0 CBOEIO JOBXKHHOIO, TOJI SIK MPU ONTUMAIBHIN
TeMIeparypl Bianagy, HpaiiMep YacTKOBO TIOPUAM3YEThCA 3 KOMILIEMEHTapHUM
naHioroM. YactkoBa ribpuausais npaiimepa Ha reHomHid JIHK mpusBoguts 10
Hecrienudiunoi amrutiikaiii, Ko MITISHOK 3B'S3yBaHHS IS TIpaiiMepa TOCTaTHBO
Oararo. ¥ OuTbLIOCTI BUMAJIKIB, nepuii aecats [1JIP- nukmiB, MoXkHa MPOBOJUTH TPU
TemriepaTypl Biamamy B 72-75 °C, a mOTIM Bifpa3y 3HU3UTH [0 ONTHUMAIbHOI
TeMIeparypu, Harpukian 10 60-65 °C.

» IIJIP B rexi a6o mMeroa MoJieKyJasipHHUX KoJoHii (anria. PCR colony) —
aKpuIaMiJHUN Trenb MOJIMEepu3yroTh 31 BciMa kommoHeHTamu [1JIP Ha moBepxHi 1
npoBoasaTe IIJIP. VYV Toukax, mo wmictare anamizoBany JIHK, BigOyBaeThcs

amIutipikailisi 3 yTBOPEHHSIM MOJIEKYISIPHUX KOJIOHIH.
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> IUVIP 3i mBuakow ammuidgikamiero kinnie k/JIHK (anra. rapid
amplification of cONA ends — RACE-PCR).

> IIJIP noBrux ¢parmentiB (anri. long-range PCR) — moaudikarris I[TJIP s
amrutidikarii nporsokaux AutstHOK JJTHK (10000 1 6inbire mincraB). BukopructoByoTh
CyMiIll ABOX MOJIIMEpa3, OJHA 3 AKUX — |ag-mojiMepas3a 3 BUCOKOIO MPOIECUBHICTIO
(ToOTo0, 3MaTHA 32 OAMH TPOXia cuHTe3yBatH Aosruii ganmior JIHK), a apyra — JIHK
nosiMepaza 3 3'-5'-eK30HYKJI€a3HOIO aKTHMBHICTIO, 3a3Buuail 1e Pfu-momimepasa.
JIlpyra mojiMepasa HeoOXigHa ISl TOTO, OO KOPHUTYBaTH IIOMUJIKH, BHECEHI
nepumor, Tak sk Taq-mommepasa 3ynuHse cuHTe3 JHK skmo momano
HEKOMITJIEMEHTapHUI HykJeoTua. llelt HexoMIIieMeHTapHUM HYKJICOTHU]l BUIAISE
Pfu- momimepasa. Cymim mosiiMepa3 6epethest y mponopiii 50:1 ado HaBiTH MEHIIE
100:1, ne Taq-nmonimepasa Oeperbest B 25-100 pasiB Oiibliie mo BigHOIIEHHIO 10 Pfu-
MOJIIMEPa3H.

> IJIP 3 noBinbHOIO (BuNaakoBow) amimutidikamiero momimopguoi JHK —
OAIIJ (amra. random amplification polymorphic DNA - RAPD) -
BUKOPUCTOBYETHCSI TOJI, KOJM TOTPIOHO PpO3PI3HUTH ONU3bKI 10 TEHETHYHIN
MOCJIIIOBHOCTI OpraHi3MH, HANpHUKIad, Pi3HI COPTH KYJbTYPHHX POCIUH, MOPOIU
cobak a0 OJM3BKOCTIOPIAHEH] MIKPOOpTaHi3Mu. Y I1[bOMY METOJl 3a3BUYaid
BUKOPUCTOBYIOTh OJMH MpaiiMep HeBeNIUKoro po3Mmipy (6mmssko 10 m.H). Lei
npaiiMep OyJe 4YacTKOBO KOMIUIEMEHTapHUN BumnagkoBum aiasHkam  JIHK
JOCIIKYyBaHUX oprani3MiB. [linOuparoun yMOBH (JIOBXKUHY TpaiiMepa, HOTO CKIIaT,
TEMIIEpaTypy Ta 1H.), BJAETHCS JOMOITHCS 3aJI0BUIbHOI BiAMIHHOCTI KapTuHu [1JIP
JUISL IBOX OPTaHI3MiB.

»  I'pyn-cnenudiuna IIJIP (anra. group-specific PCR) — IIJIP mnst poauHHHX
MOCTIJOBHOCTEN BCEPEIMHI OJHOTO a00 MK PI3HUMU BHUJAMU, BUKOPHCTOBYIOUA
KOHCEpPBAaTUBHI MpaiMepu 10 [HMX TochigmoBHOCcTe. Hampukman, miadip
yHIBepcalbHUX MpaiMepiB 10 pubocomanbHux 18S 1 26S reniB ans amrutidikarii
BHUJIOCTICIM(IYHOTO MIDKICHHOTO CIleiicepa: TOCHiIOBHICT, TeHiB 18S 1 26S
KOHCepBaTUBHA MK Buaamu, Tomy [IJIP mix mumu remamu Oyjae MpOXOIUTH IS
BCIX JOCIIKYBaHUX BUMAIB. [IpoTUiie’)KHUM LIBOMY METOAY € METOJ YHiKaJIbHOI

IJIP (anra. unique PCR), B sikomy 3aBIaHHs Mojsirae B migdopi mpaiimepiB uis
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amrntipikamii  TUIBKH KOHKPETHOI  IOCIIIJIOBHOCTI cepen CIIOP1THCHUX
IIOCJI1JOBHOCTEH.

> IVIP 3 BukopHcTaHHAM rapsiyoro crapry (anri. hot-start PCR) -
moaudikamis IIJIP 3 Bukopucrannsm JIHK-nmommepasu, B K mojiMepaszHa
aKTUBHICTh OJIOKYETBCS TIPH KIMHATHIM TeMIlepaTrypi aHTUTUIaMH a0o0 IMITYIOTh
AHTUTLIAa HEBETUKUMH MoJieKynamu tuiy Affibody, ToOTO B MOMEHT MOCTaHOBKH
peakuii go nepoi aeHatypauii B IIJIP. 3a3Buyaii, nepia geHatypauis OpOBOAUTHCS
npu 95°C nipotsirom 10 xB.

»  Bipryaabna IIJIP (anra. in silico PCR, e-PCR) — maremarnyauii MeTo[
KOMITtoTepHOro  aHamizy Teopernynoi [IJIP 3  BUKOpHCTaHHAM  CIHCKY
nociioBHocTed mpaiimepiB (ado JIHK-30HmiB) mis mependadyeHHsT MOTEHIIHHOL
amrumigikamii JIHK nocnimxyBanoro renomy, xpomocom, kieesoi JJHK ado Oynb-

skoi 1amoro autsaku JITHK.

3.3.2. IIJIP B peajibHOMY 4Yaci
IIJIP B peanbHomy 4aci (anri. real-time PCR — RT-PCR) a6o kisibkicHa
IJIP (amra. quantitative PCR - gPCR) — e oamu pisnoBuxa IIJIP, sxwii
BUKOPHCTOBYETHCS JIJII OJTHOYACHOI amIuTidiKallii Ta BUMIPIOBAHHS KUIBKOCTI JaHOT
monexynu JJHK.

Merton IIJIP B pexuMi peanbHOro 4yacy BKIIIOUA€ B ce0€ OJTHOYACHO JETEKLII0 Ta
KUIbKICHE BH3HA4YeHHS (BUMIPIOBaHHS Oe3MocepeHbO KIUTBKOCTI KOmii, abo BUMIp
komiid mono BHeceHoi JJHK abo pomaTkoBux KanmiOpyBaJIbHMX TEHIB) crelu(piyHOL
nocmnoBHocTi JIHK y 3pasky.

Merton BukopuctoBye 3aranbHi npuaiuny [1IJIP, ocHoBHA BIIMIHHICTh TIOJIATAE
B TOMY, 1110 BUMIPIOEThCS KUIbKICTh ammutipikoBanoi JJHK B peanbHOMy waci micis
KOXKHOTO IHKJITYy amruTidikarii. J[as KiTbKiCHOTO BH3HAYEHHS BUKOPHCTOBYIOTH J[Ba
MeToAN — (PIIOOpECIIeHTHI OapBHHUKHU, 1HTEPKAJIIOIOUYl B JABOJIAHILIIOTOBI MOJIEKYJIH
JTHK 1 MmonudikoBaHi 1e30KCHHYKICOTUAM, K1 (IFOOPUCIIOIOTH TICHs T10puan3artii
3 KoMIIeMeHTapHuMH ainsiakamu JTHK.

Komnaniss «Applied Biosystems Dby Life Technologies» po3po6uia

texnosnorito [1JIP, 3acHoBany Ha 3acTocyBanHi OpenArray-TjiacTHH.
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OctanHboI0 po3poOKoI0 y MeToai KinbkicHOi [1JIP € uudpona IIJIP (anrJ.
digital PCR - dPCR, dePCR), sixa € aOCOMIOTHHMM METOJOM BHMIpPIOBAHHS.
Hudpora IIJIP npoBoauThbcs B TOMY pasi, KOJIM € HEOOXIIHICTh Y BKpaill BHCOKIN
YYTJIMBOCTI 1 TOYHOCTI y KUIBKICHIHM OLIHIIl HYKJIETHOBUX KUCIIOT.

Jns mpoBeaenHs kinbkicHoi IIJIP 3acTocoByroTh HaHOMIYimHI dYinu, SKI
MPOXO/ISTH €Tall 3aBaHTAKEHHSI.

[Ticnst 3aBepilIeHHsT 3aBaHTAKEHHS UiIly, MPOBOJATH MPOLEAYPY aMIuTi(ikarii.
Konnentpanisa JJHK-mimeni Bu3HauaeTbes B OYATKOBOMY 3pa3Ky y BUTIIAJL YMcia
KO B MIKpPOJITp 3 YyTIMBICTIO A0 1 wmonekynu. PeakmiiiHa cymim 3
JOCIIKYBaHUM MaTepiajoM PO3AUIATHCS Ha 0€314 MIKpOPEaKTOpiB, B KOKHOMY 3
akuX npoxonuth iHauBiayaiasHa [1IJIP. Posnomin monekyn JIHK mo kpammsax (abo
JYHKax MiKpouina) Bi0yBaeTbCsd BUNAAKOBUM YMHOM. [IeBHA JyHKa MOKE MICTUTH
a6o He mictutu Mosiekyny JJHK.

[Ticns amrmutidikaiii OIMIHIOETHCS KUIBKICTh MO3UTUBHUX (MICTSATH MOJEKYITY
HYKJIETHOBOT KMCJIOTH) 1 HETaTUBHUX (10 HE MICTATh MOJIEKYJI HYKJICTHOBOI KUCIIOTH)
peakiiii. OmiHKa KITBKOCTI MOJIEKYJT HYKJIETHOBUX KHCJIOT B MOYATKOBOMY 3pPa3Ky
MPOBOJUTHCA Ha mijactaBl po3nonaury Ilyaccona. Uuciao NO3WTUBHUX Kparelb

0e3rmocepeIHbO 3aJIeKUTh BiJ] BUX1IHOI KOHIICHTpAIIlli MIIlIeH] B 3pa3Ky.

3.3.3. ILJIP 3i 3BopoTHOI0 TpaHckpunuicio (3T-I1JIP)

IJIP 3i 3BoporHow Tpanckpunmierw (3T-IIJIP) (aHra. reverse
transcription PCR — RT-PCR) sBise coboro meroa amintidikaii crernudigHoro
¢parmenty PHK, 3acHoBaHuii Ha MOXIUBOCTI yTBOpeHHs aBosaHitoropoi JIHK na
matpui ogHosaniororoi PHK, To6to 3BopoTHiit Tpanckpumiii — 3T (aHri. reverse
transcription — RT). RT-PCR He cnix turyratu 3 [1JIP B peanbHOMY Yaci, Ky TaKOX
iHOM1 cKOpouytoTh sIK RT-PCR.

Opnnomnaniroroy mosiekysny PHK neperBoprorots B peakuii 3T B kJIHK 1 mani
amMIuTipiKyIOTh BXKe ofHoJaHIoropy mosekyiny JHK, BukopucroByroun tpagumiiny
[JIP. ns meperBopennst nocaigoBHocTi PHK B k/IHK BuKOpHCTOBYIOTH 3BOPOTHY

TpaHCKpuUNTa3zy abo peBepTasy.
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3T-IVIP npoBONUTHCA HACTYTHUM YHMHOM:

» Peakuisi mepmoro Janmw:kka: k/[HK yrBoproerscs Ha matpuiii MPHK 3 fHT®
dbepmenToM peBepTazor. Komnonentu peakiiii 3mimmyrotbes 3 JJHK-npaitmepom 1
oydepowm i3 peBepTazoro Ha |1 roguny ipu 37°C;

> Peaxkuisi IPyroro JaHOIOKKA: IICJS TOTO K 3BOPOTHA TPAHCKPHUIIIIS 3aKiHICHA
1 yrBopena kJIHK wna wmatpumi MPHK, HacTymHi UuKIM NpOBOASTHCS 3a
cTaHIapTHOIO MeToaukoro [1JIP.

[Ticns 30 nukmiB amrutidikaiii YTBOPIOIOTHCS MIUIBMOHM KON MOTPIOHOT

MOCJIIIOBHOCTI.

3.4. Cenapauisa JHK

Jnst cemapanii (anra. DNA separation) ¢parmentis /JIHK 3a po3mipom
(moBxkuHoro) 1 ¢opmoro (y pasi, sakmo JHK yTBoproe BTOpHHHI CTPYKTypH,
HaIpUKJIA] IIMAJIbKH) BHUKOPUCTOBYIOTH AHAJITUYHUN METOJ IiJI HA3BOKO reJib-
eaekrpodopes JTHK (anra. DNA gel electrophoresis).

['enb-enexTpodope3 MpoBOAUTHCS B Kamepi, 3alIOBHEHIH OypepHUM pO3UYHUHOM.
HaliyacTime BHKOpUCTOBYIOThCA Oydepu, 10 MICTATH TPUC, OLETOBY KHUCIOTY 1
EJITA — (anra. tris-acetic-EDTA buffer — TAE) a6o tpuc, 6opay kuciory i EJITA —
(amrn. tris-borate-EDTA buffer — TBE). bydep HeoOXimHuii jaisi  ImiJBUIICHHS
10HHOI CHUJIM pO34YMHY, B sKOMY BinOyBaTuMmeTbcesa nmoain monekyn JIHK mig miero
OPUKIJIAZICHOTO €JIEKTPUYHOro nosist. CuiiM eNeKTpUYHOro MOJs, M0 MPUKIIAJAA€ThCs
70 3pa3kiB, 3My1Iy0Th pparmentu JJHK mirpyBatu uepes rens. Caxapodocharamii
octoB mousiekyn JIHK 3apsypkenuit HeratuBHo 1 Tomy daHiorn JIHK pyxaroTses
BiJl Karoja, 3apsKCHOr0 HETaTUBHO, JI0 TO3WTHBHOTO aHOAY. bumbln JOBTi
MOJIEKYJIM ~ MITPYIOTh TOBUIBHIIIE, TOMY IO 3aTpUMYIOTbCA B Trei,
OUTbLI KOPOTKI MOJIEKYJIM PyXalOoThCs HIBUALLIE.

s enektpodopernunoro ananizy JJHK 3a3Buuail BUKOPHUCTOBYIOTh arapo3HUiA
(mns BimHOCHO goBrux Mosekyn JIHK) 1 momakpunaminauii a6o ITAAID (s
BHCOKOT0 J103BOJTy KOpoTkuX Mousiekys JIHK, Hanpuknan, y BUNIagKy CEKBEHYBAHHS)
remi. B 3amexHOCTI BiJi BUKOPHUCTOBYEMOTO res, enexktpodopes  mpu

LbOMY  HOCHUTb  Ha3BYy arapo3Horo 1 moJiakpuwiaMigHoro (axri. sodium
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dodecyl sulfate polyacrylamide gel electrophoresis — SDS-PAGE) BiamoBigHoO.
Arapo3Huii  renb-enekTpodope3  MPOBOASATH B TOPU3OHTANbHIN  Kamepi
(ropu3OHTANIBHUI Tefb-eleKkTpodopes), a MoNaKpuiIaMiTHUA — B BEPTUKAIbHIN
KaMmepi (BepTUKAIbHUI reib-eIeKTpodopes).

Merton enektpodope3dy B NyJbCyl0uoOMYy moJi abo myJbc-ejekTpodope3
(anra. pulsed field gel electrophoresis — PFGE) nmo3Bosisie mpoBoauTH MmOAiT
¢parmentiB JHK npaktuuno Oynb-sxoro po3mipy. CyTb HOTO HOJSTa€ B TOMY, IIO
monekynu JIHK wirpyiore B reii mijg BIUIMBOM TNEPIOJAMYHO 3MIHIOBAHOTO Y
HaIPSIMKY €JICKTPUIHOTO TTOJISI.

Jlo 3pa3kiB 3a3Buuail J10JaIOTh HU3BKOMOJICKYJSPHUN KHUCIUA OapBHUK
(mampukiian, auHITpOodEHON, OpoMQEeHOJOBUI CHHIN), mM00 Bi3yami3yBaTH Xij
enexktpodopesy B mpoiieci. bapBHUK TakoX HEOOXIAHUM sl TOTO, 00 BU3HAYMTH,
KOJIM BapTo 3ynuHUTH mipotuiec. [licns moainy (iHO1 GapBHUK BHOCSTH y PO3ILIABICHY
araposzy) ¢parmentn JHK pi3HOi [OBXMHM Bi3yali3ylOTh 3a JONOMOTOIO
daroopectieHTHUX OapBHUKIB, 1m0 cremidigyao B3aemoxitots 3 JIHK, mampuxnan,
araposHi reji 3a3Buyail (apOyroTh OPOMUCTUM ETUIIEM, STKMM THTEPKATIOE MIXK a.11.
nymiekcy 1 guyopeciroe B Y @-nipomensx. s Bizyanizailii pe3yiabTaTiB IPOBEACHHS
reNb-eIeKTPodope3y 3aCTOCOBYIOTh TPAHCIITIOMIHATOPH.

Cucremu Telb-JOKYMEHTYBAHHS JO3BOJISIIOTh HE TUIBKW TEpPErNIsamaTd, a W
30epiraT pe3yJabTaTH MPOBEICHHS Iellb-eeKTPpodopesy.

Busnauennsi po3mipiB poOJISITh HIJISXOM TMOPIBHAHHS Ha eleKTpodoperpami
komepiiitno noctynuux ¢parmentiB JIHK abo «mniiku» (anrin. DNA ladder) —
niniHUX dparmentie JJHK Bigomoi noBxuHM.

B ocranuiéi wac, mopsa 3 TpaJAMIIIHHUMU METOJIaMU Tellb-eJIeKTOpodopesy,
TAaKOK 3aCTOCOBYIOTH KaNISIPpHMH Trejb-ejiekTpodope3 (anri. capillary gel
electrophoresis) — moTy»xHu# MeTO/, 3aCHOBaHUN Ha MIKPODIOIIHUX TEXHOJOTIAX,
K1 JIO3BOJIUJIM TIEPEBECTH  eleKTpodOpeTHYHEe PO3AUICHHS B reial y dopmar
Mikpouina. Ile mo3Boyise aBTOMATHU3yBaTH TPOIEC, CKOPOTUTH YaC aHami3y,
MIBUIIUATH BiITBOPIOBAHICTh 1 YYTIAWBICTh METOMy. Mana MOBXKHHA Kamuisgpa MpH

ONTUMAJIbHIN MBUAKOCTI MPOXOJKEHHS 3pa3Ka 3MEHIye Mo0iuH1 eexTH, MmoB's3aHi

253



3 BIUTMBOM TPUKJIAJICHOTO EJIEKTPUYHOTO IOJIs, 0 OCOOIMBO BAXKJIMBO MPH aHATI31

KOMILJIEKCIB 010T10JIIMEPIB.

3.5. l'iopuauzanis IHK
OCHOBHUM METOJIOM BUSBJICHHS TOCHIIOBHOCTI mijictaB y nanuoory JIHK e sgepna
npoba, abo JHK-nmpo6a. B o0CHOBI 1bOTO METOAYy JI€KHUTh MParHEHHS
oxpHonaHioropoi  JIHK 3'€eIHyBaTHUCS 3 ganuoramu  JIHK, mo warwth
MOCJIITOBHOCT1, KOMIUIEMEHTAPHI MOCJ1I0BHOCTI TOYAaTKOBOIO JIAHITIOTA.

Axmo ¥ne momyk mochioBHIicTI A-T-1[-I'-I, To Oyne BUKOpHCTOBYBATHCS
npoba, ska MictuTh mocaigoBHicTh T-A-I'-LI-LI. IMoxpiitauii nanmror JIHK, mro
YTBOPIOETHCS B PE3YJIbTATI, HA3UBAIOTh IOPUIHUM, TOMY IO BIH MIPEACTABIISIE COOOIO
noenHanHs «HatypaibHoi» JHK 1 «mtyunoi» JAHK-npoou. Crania ridopuam3aumii
JHK (aura. DNA hybridization) sBise co6o0 mnpocTe 3MilIyBaHHS
onHonaHioropux npod 3 koo JIHK. CnouaTky HE0OX1THO A€HATypyBaTH
JHK. Jlenarypanisa JJHK BinOyBaethcsi npu ii HarpiBanHi. [Ipu 1ibomy mnoaBidHUN
JAHITIOT PO3'€IHYETHCS HA JIBa JIAHIIOTH, IO J03BOJIAE OAHOJAHI[IOTOBUM MpoOam
3HAUTH KOMIUIEMEHTAPHI JUISTHKY 1 3'€THATUCS 3 HUMH.

3actocyBaHHA SAJIEpHOI MPOOM HYACTO TOEIHYIOTH 3 METOJIOM aHali3y

¢parmentiB JJTHK, mo Hocuth Ha3By Cay3epH-OJIOTIHTY.

3.5.1. Cay3epH-0J10TiHT

Knacuunum metonom igeHtudikamii neBHoi crnenigiyHoi nociigoBHocti JJHK
(AHK/OHK), € meton oOgor-riopuausanii mo Cay3zepny, abo Cay3epH-0.I0TiHT
(Cay3zepn-6J10T) (anra. southern blotting (blot): southern — niBxennuii i blotter —
MPOMOKAIIIKA).

HNanuit meton OyB 3ampomoHoBanuii 'y 1975 p. Oputanchkum 06i0XiMiKOM
Ensinom Cay3epHoM 1 Ha3BaHUl B HOTO YECTb.

CyTp MeTomy ToNIITae B TOMY, IO CyIUTbHA «apabuna» dparmenti JJHK, 1o
YTBOpHWJIACA B Pe3yibTaTi iX MOJALTY 32 MOJEKYJISIPHOIO Macoro MpH enekTpodopesi B
arapo3HOMY TeJli, MIITAEThCS ASHATYpaIlil 1 IEPEHOCUTHCS 3 TEIII0 Ha IIUTbHUN HOCIH

(aiTpouentono3Hui GinbTp abo HeinoHOBY MeMOpany). [lepenecenns, abo GIOTIHT,
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3MIACHIOETHCS 32 PAaxXyHOK KaMUIAPHUX CHUJI, €JIEKTPUYHOrO Moyt abo Bakyyma.
®dikcoany Ha pineTpi JHK rudpuausyrorors 3 JJHK-a60 PHK-30810M (anrin. DNA
probe, RNA probe), 1o mictuth no3nauky. Metogom paaioaBTorpadii BU3Ha4YaOTh
noJsio>keHHs (parmenta renomHoi JIHK, mio mrykaroTe Ha aBTOpaaiorpami.
Cay3epH-OJIOTIHT — BHCOKOYYTJIMBUM MeToj iAeHTU(iKamii crenudiayaux
nocmiaoBHOCcTel. Jlo crpaBkHBro Yacy po3poOsieHo Oarato mMoaudikamiil 1bOro
metony. Tak, JJHK-30H1 He 3aBkau MITATP  pajlOaKTUBHUMHU  130TOMAMH, HE
piZIKO BHUKOPHMCTOBYIOTH CHOIYKH, IO KOBAJIEHTHO 3B’si3yloThed 3 JIHK. Ix
MOXHa  BUSBUTH  3a YTBOPEHHSIM  3a0apBJICHOTO  MPOAYKTY abo
¢pmroopecnienuii. Jloxkuna omironykineotuniB B JJHK-3oH1ax Takoxx Moxe CHUIBHO
BapIOBaTH, OyIy4H 1HOAI Ay’Ke€ KOPOTKO — B 15-20 m.H. ICHYyIOTh METOIM AOT-
(usiMa) abo cnoT- (CMy’KKa) TiOpuau3ailii, KoJd Ha TBEPJAUNA HOCIM HAHOCATH
npenapatu JIHK a6o PHK 6e3 monepennboi pecTpuKilii 4d refib-enekTpodopesy 1

ruop1au3yrorTh iX 3 MiveHuMu JIHK-30H1aMu.

3.5.2. BapianTu 0a0T-riopuausamii

IIpu pocmimkenni PHK (JJHK/iPHK) 3acTtocoBytoTh HO3epH-0JIOTIHI, a0o0
HO3epH-0J10T (aHrJ. northern blotting (blot)). Januii meton OyB 3ampornoHOBaHMIA
y 1977 p. amepukancekumu Oioximikamu J[xeiimcom OmnBaitHoMm, JleBimom Kemmom u
Jxopmxem CtapkoM 1 Ha3BaHM 1O HOro aHaJorii 3 cay3epH-010TIHroM. OCHOBHOIO
BIJIMIHHICTIO METOAY B1J TOINEPETHBOTO € HOT0 BHKOPHCTAHHS JJIS JOCIIKESHHS
PHK 3amicte JHK, 0o 3ymoBIIO€ BIAMIHHOCTI B METOAMII — 3aMiCTh
HITPOIIENIIOJIO3U BUKOPUCTOBYETHCS (PUIBTP 3 J1a300€H3MIIOKCIMETHII-TIENION03U. B
SIKOCTI1 30H/11B BUKOPUCTOBYIOTh KoMIIeMeHTapHi Mmonekynu JJHK 1 T.1.

Jlns  Bu3HaueHHs cneuudigyHUX OUIKIB B 3pa3ky  (aHTHUTII0/01JI0K)
BUKOPHCTOBYETHCSI BECTEPH-OJIOTIHI, a00 BecTepH-0J10T (aHri. western blotting
(blot)). Ile#i ™erom mie HA3WBaIOTh OLIKOBUM iMYHOOJIOTIHroM (OiIKOBHM
iMmyHo6J10TOM). Jlanuit meton OyB 3amponoHoBanuii y 1977 p. Jxxopmkem Ctapkom.
Ha mnepmomy ertami mnpoBomuThes enektpodope3 OinkiB B [MTAAIT mnsa monimy
JIEHATypOBAaHUX TOMIMENTHIIB MO JIOBXHUHI (K TMpaBUiIO, B MPHUCYTHOCTI

naypuicynbdary HaTpito (aHria. sodium lauryl sulfate — SLS) abo gonenuncynshary
255



Hatpito (anria. sodium dodecyl sulfate — SDS)) abo mo TpuBuMipHiil CTpyKTypi Oisika
(B HaTuBHOMY cTaHi). Jlani OUIKKM EePEeHOCATHCSI Ha HITPOLEIOJIO3HY MEMOpaHy abo
noaiBinumigendropin — I[IBJA® (anra. polyvinylidene fluoride — PVDF), motim
JETEKTYIOThCS 3 BUKOPUCTAHHSIM aHTHUTLI, CTIEUU(IYHUX 10 3a1aHOTO OLIKY.

Jns  BuBueHHs B3aemonii JIHK-6Gimox (JIHK/Gi0k) BHKOPUCTOBYETHCS
cay3epH-BecTepH O0JIOTIHr, a0o cay3epH-BecTepH-0J10T (aHrj. southwestern
blotting (blot)). Jlanumit merom OyB 3ampomonHoBanmii y 1980 p. OpuraHchKUM
oioximikom b. boyenom. lleit meron, sik MOKHa OauyuTHU 3 HA3BH, MOEAHYE Yy COO1
cay3epH (s JIHK) 1 BecTepH (117151 611Ka) OJOTIHTH.

J1J1st BUBYEHHSI TTOCTPAHCISAIMHUX MO u(iKaIiii O1JIka 3aCTOCOBY€EThCS iCTEpPH-
osoTiHr, abo icrepH-0a0T (anrua. eastern blotting (blot)). Jdanuii mMerom OyB
3anponoHoBanuil y 1979p. mBelinapcekum 6ioximikom ["api ToyOinom. Leit meton €
PO3IIMPEHOI0 BEPCIE0 BECTEPH-OIOTIHTY. bilku aHami3yrOThCS Ha MOCTTPAHCIISIINHI
MoauQiKalii 3 BUKOPUCTAHHIM JATYHKIB, SIKI MOXKYTh BUSIBUTH JIIMIAH, BYTJIEBOAM,

nporec dhochopuatoBaHHsa a00 Oy/b-sKi 1HIIN Moaudikarii O1IKiB.

3.6. Meroau Ha ocHoBi /IHK-mapkepis
Haii6inpm mmpoko BukopuctoByBaHi JIHK-mapkepu yMOBHO MOKHA TOJITUTH
Ha HACTYIHI THUIIH:
» MapKepW JUISHOK CTPYKTYPHHX TEHIB, IO KOJIYIOTh aMIiHOKHCJIOTHI
MOCJTITOBHOCTI OUIKIB (eeKTpo(opeTHdHI BapiaHTH OLIKIB);
» MapKepH HEKOMYIOUWX JUISHOK CTPYKTYpHUX TCHIB;
» Mapkepu pizHux nociigoBrocteil JIHK, craBieHHS SKUX D0 CTPYKTYpHUX TEHIB,
SK TIPaBWJIO, HEBIJIOMO.
B cnpaBxHiii yac icHye Wiiauii HaOlp CydaCHUX TEXHOJOTIH BUSBICHHS
nommopdizmy Ha piBai JJHK, cepen sikux Mo)kHa BUAUIATHA HACTYIHI:
» Mapkepu Ha ocHoBi JIHK-30H/11B;
» TUJIP-mapkepw.
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3.6.1. Mapkepu Ha ocnoBi [IHK-30u1iB

IMoaimMopdizm noB:xunHM pecTpukuiiinux ¢parmenrie — I[IAPP® (anr.a.
restriction fragment length polymorphism — RFLP). 3Minu B mociigoBHOCTIX
JIHK MoxyTh OOYMOBIIOBATH 3MIHM Y pO3TalllyBaHHI CalTIB PECTPUKIII 1 TOMY
MO3HAYATHUCS Ha IOBXKUHI PECTPUKIIAHUX (pparMeHTiB. CTiliKy yCHaJKOBaHy 3MiHY Y
PO3MOAUTI JTOBXKUHU PECTPUKINIHHUX (parMeHTiB (0  CHOCTEPIra€ThCs IS
Ooimpm  HiX 1% 4YHCENbHOCTI TOMYJALI) HAa3UBAIOTH MOJIMOP(iZMOM T0BKHHHU
pectpuxkuiinux ¢gparmentiB (IIAP®D). lleii deHomen Moxe OyTH pe3ynbTaTOM
a00 TOYKOBHMX 3aMiH (CEpPHOBITHOKIITUHHA aHeMis), abo Jenemniid 1 1HCepuii
(tamacemii). OcrtanniMm uyacom [I[JIP® cramu 3 ycmixoM BHKOPUCTOBYBAaTH B
JIarHOCTUYHUX ~ LUISIX.  PecTpukuiiinuii  nmomiMopdi3M  BUSBIEHUHM K B
MOCIJOBHOCTSAX BigoMHUX TeHiB, Tak 1 B auisHkax JIHK 3 neBimomorw (QyHkIi€ero.
[IAP® wmoxe mnopyuryBaTH O10J0TIYHY (YHKIIIO, @ MOXE 1 HE MaTU HISKUX
O10JIOTIYHMX HacHAKIB. B Oynb-siIkoMy BHUIIQJKy BIANOBIJHI 3MIHEHI JOKYCH
yCHaJAKOBYIOTHCS BIJIMOBIJIHO /10 3aKOHIB MeH 1es.

[T/IP®-anani3 BKJIIOYA€ HACTYITHI €TaIN:

exkcTpakiis reHomHoi JIHK;
il pecTpuKIlig crienn(iYHOI0 €HIOHYKIIea301o0;

cenapariist pparmentis JJHK, 1110 yTBOpIOIOTHCS, METOAOM Tefib-efieKTpodopesy;

YV V V V

ieHTrdIKaIls muX pparMeHTiB nuisixom Cay3epH-OJ0TIHTY.

Ha enektpodoperpamax 3a BiacyTHOCTI pecTpukiii B mocaimkysaHid JIHK
BUSIBJISIFOTH OJIMH BEJUKUI (hparMeHT, BIAMOBIAHUHN 110 A0BXUHI ntocaigoBHocTi JIHK
MDK JIBOMa CYCIIHIMH JUISTHKAMHU PECTPHUKIN JUIsl Ti€l X eHmoHykiaeasu. [lpu
HAsBHOCTI pecTpHKiii B momiMopdHIA OUIAHII Ha enekTpodoperpami Oynae
NPUCYTHIM MEHIIHMM 3a po3MipaMu (parMeHT, pIBHUM BIJICTaHI MiX MOJIIMOP(HOIO
TIJISHKOIO PECTPHUKINT 1 OJHOI 3 HAWOMMKYMX ITOCTIMHHMX JUISHOK PECTPHUKIII.
[TIJIP®-anani3z mMoxke OyTH 3HAYHO CHPOIIEHO B TOMY BHIIAJKY, SKIIO MOXJIMBA
cnenudiuna amrmridikamis aimsakn  JJHK, ska wmictute momiMmopdHuii  cait
pectpukiii. TecTyBaHHS cTaHy I[BOTO JIOKYCY MOXJUBO Huisxom nposenaeHHs [1JIP 1
pectpukili ammutidikoBaHoro ¢parmenrta. [Ipu BiCYTHOCTI calTy BHI3HAHHS Y

nocaiykyBanii obmnacti JJHK posmipu ammmidikoBaHoro ¢gpparMeHty He 3MIHATHCA
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micas Horo oOpoOKHM pecTpUKTa3zoro. SIKIO AUISHKA BII3HABaHHS HE 3MIHEHA,
00poOKka (pepMeHTOM TpPHU3BEAE /10 YTBOPECHHS 2 MaJICHBKUX (PParMEHTIB 3 TIEHO XK
CyMapHOIO JIOBXKHHOMO, 10 ¥ BuXigHui ¢pparment. 20% BuspiaeHux Bunaaki [1JJPD
BITHOCUTBHCA 0 X-XPOMOCOMH, 1 caMe JJisl Hel CKJIaJIeHO MPAaKTUYHO MOBHA KapTa.
Bukopucrosyroun ¢denomen IIJIP®D, MoxkHa Jokami3yBaTh Te€H Oyab-aKoi X-
3UerieHoi XBOpoOW (Hampukianm, M's30Boi gauctpodii [lromena). 3a mgomomMororo
[IAP® Bpamocss BCTAaHOBUTH, M0 TeHETWYHHMM naedexkT mpu xopei ['eHTiHrTOHA
3ayinae KiHellb KOPOTKOro Ijieya XpoMOcOoMH 4, a I'eH, 1[0 BUKIMKAE IMONIKICTO3

HUPOK, 3YETUICHHU 3 JIOKYCOM 0-TJI001HY Ha XpomocoMmi 16.

3.6.2. IIJIP-mapkepu

Meton IIJIP mnepenbavae BUKOpUCTaHHS cHeuuM(iUHUX NpaiiMepiB  Ta
orpuManns auckpetHux JHK-mpoaykTiB amrutidikalii oKpeMux TJISHOK F€HOMHOI
JIHK. Ha npoMy npuHIum no0y10BaHO BEIMKA KUIBKICTh CHOPITHEHUX TEXHOJIOTIH.

IIpocti moBTOpH a00 mikpocartesnitu (aHrJi. simple sequence repeats —
SSR). IJIP 3 dnaHKyrouuMH TpaiiMepaMu 10 KOPOTKOTO MiHi a00 MIKpOCATEIITHOTO
MOBTOPY, JO3BOJISIE BUSABIATH MapKepd 3 KOJOMIHAHTHHUM CITaJKyBaHHSIM 1,
BIJIMIOBITHO, € 3PYYHUM JJIsi BUSBIICHHS T€TEPO3UTOT 3a JaHUM JIOKycoMm. OJHaK,
onHa mapa mpaiimepiB s ¢uanrie B IIJIP mo3Bonsie posrisgatd mosimMopdizm
TUIBKM OAHOTO JIOKycy. /g OaraTboX MIKpOCATENITHUX JIOKYCIB HE BJAETHCS
BUABUTH modiMopdizm. Sk mpaBuio, (raHKyrdl MOCITIJOBHOCTI [JIsi JTaHOTO
MIKPOCATEIITHOTO JIOKYCY BUSIBJISIOTHCS BUAOCTICLIU(PIYHUMHU.

HoBinbHO (BUmaakoBo) amiulipukoBana mnoJgimMmoppua JHK — JAIIL
(anra. random amplified polymorphic DNA — RAPD), nosiMepa3sHa JIaHIIOroBa
peaxilis 3 BHUKOPHCTaHHSAM OIMHHYHOTO KOPOTKOTO, 3a3Buuai, 10-dieHHOTrOo
mpaiimepy, 3 TIOBUTbHOIO HYKJICOTHIHOI MOCHioBHICTIO. [TocaimoBHICTh TpaiiMepiB
He alcomoTHO Oyab-sika, a oOMexkeHa B Mexax 40-70% smicty GC 1 50-100%
JIHTBICTUYHOI  CKJIQHOCTI HYKJIEOTHIHOI mochigoBHocTi. Y RAPD MoxHa
BUKOPUCTOBYBaTH SIK OJWHOYHUHN mpaiimep, Tak 1 naekiibka RAPD-mpaiimepis.
IIponykr RAPD yTBOproeTbcsi B pesynbTaTi amrutidikaiii (GparMeHTy T€HOMHOT

JHK, ¢mankoBaHoi 1HBEPTOBAHOK MOCIIJOBHICTIO BUKOPHCTOBYBAHOTO IMpaiMepa.
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Meton € yHiBepcaabHUM ISl JOCTIIKEHb PI3HUX BUAIB, TP BUKOPUCTAHHI OJIHUX 1
THX e IpaiiMepiB.

Sk npaBuiio, nmpaiMep 110 BUSBISE BUCOKUM MOTIMOP(I3M JJisi OHOTO BUIY,
Oyne TakoX €(PEKTUBHUM 1 IS 1HITUX BUIIB.

MikmikpocaTesiTHi moBTopu (aHr. inter simple sequence repeats — ISSR)
MpEe/ICTaBISIOTh CO00I0 cremianizoBanuii Bapiant merony RAPD, B sikomy mpaiimep
CKJIQIA€ThCS 3 MIKPOCATENITHOT MOCTIAOBHOCTI. Y I1bOMY METOAl, TaKOX fK 1 B
RAPD, BUKOpPHCTOBYETBhCS OJMH ab0 KiUJIbKa MpaiimMepiB, AOBKHHOIWO B 15-24
HYKJICOTHIIB. A€ B JaHOMY BHUNAJAKYy, NpaliMepH CKIAJarOThCS 3 TaHIEMHUX
KOpOTKHUX 2-4 HykieoTunHux nostopis, Hanpukiaa: 5'-CA CA CA CA CA CA CA
CA CA G i ogaumM abo BOMa CEJIEKTUBHUMU HYKJIEOTUIaMU Ha 3'-KiHIIl MpaniMepy.
[Iponyktu ISSR-ammmidikamii MICTATh Ha (aHrax IHBEPTOBAHY MIKPOCATENITHY
MOCJIIJTIOBHICTh TipaiiMepa. Tak Sk B JaHOMYy METOJIl IMOCHIIOBHICTh MpaiMepIiB €
cnenupiuHO0 1 MmadupaeTbess Oulbll cTporo, Hixk B RAPD, tomy, Temmeparypy
Bianany B [1IJIP moxxna npoBoautu Buie (55-60 °C), nix aigs RAPD-merony, a Tomy
(biHrepnpuHT, 3a3BUYal, Kpallle BIATBOPIOETHCS.

Hoaimopgism noB:xuHu amiuiipikoBHux ¢parmentiB — IIJJAD (aHri.
amplified fragment length polymorphism — AFLP). Texnosoris siBise co00r0
koMmOinHariro I1JIP- 1 ITJP®-meroniB. AFLP — mocuth cknagHuii METO 1 CKIaAa€ThCs
3 eKkuibKoX eramiB: TeHoMHa JIHK ogHOYacHO pecTpuKyeThes 1BOMA pECTPUKTA3AMHU
(EcoRI i Msel), sixi Bmi3HatoTh 4 1 6 MiACTaB, BIAMOBIAHO, OTPUMYIOYH (PArMEHTH 3
BuctynatounMu 3'-kiHisgMu. [lotiMm pectpukoBana reHomuHa JIHK miryerbes 3
aJIarTopoM, IO MICTHTh «JIHIKI» KiHI Ui pecTpukiiiiaux caitiB (ECORI i Msel).
ITicms 1mwporo mpoBomuThes Al mocaimoBuux IIJIP. V' mepmnit  ITJIP
(npeamrutipikaiiisi) BHKOPUCTOBYIOTHCS MpaiiMepyd TMOBHICTIO KOMIUIEMEHTapHI
agantopam ECORI 1 Msel. Ilicns mepmoi TIJIP yTBOproeThcss Benmuka KUTHKICTB
npoaykTiB amrutidikaiii mixk ECORI 1 Msel anantopamu, siki Baxkko qudepeHiiitoBaTiu
3a momomoroto enekrpodopesy. Tomy, y apyriit [1JIP, mpaiimepu 3 ECORI i Msel
azanTopaMu MICTSATh Ha 3'-KIHII TOJATKOBI 1 HE KOMIJIEMEHTapHI agantopu Big 1 10
3 migcraBu, 1 cenekTuBHOI amrutidikanii. [Tomain ¢gparmentis JIHK BukoHnyeThcs B

[TAAT, 3 panioakTUBHOIO a00 (IFOOPECIIEHTHOIO MITKOIO, BIMOBIIHO.
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Moaimopdizm cnenudiuno ammigikopanux pparmentis — [ICAD (aHrJ.
sequence specific amplification polymorphism — SSAP) e moaudikaiiero MeToxy
AFLP, nns BusBieHHS momiMopdi3My K MO CalTy PECTPUKIIi, TaK 1 MO BCTaBIIl B
renomuy JIHK Tpancnoszony a6o perporpancmnosony. ['enomua JIHK mociimxyBanux
3pa3KiB pO3MICIUTIOEThCS  pecTpukTazamu PStl 1 Msel, B pe3ymprari dYoro
OTPUMYIOTBCS (PparMeHTH 3 BUCTyMarounMu 3'-kiHIsMu. [lotim pectpukoBana JJHK
niryerbes 3 Pstl 1 Msel ananrropamu. Ilepma TTJIP (mpeamrutidikartist) mpoBOIUTHCS 3
npaitmepamu Bim Pstl 1 Msel amanTopiB, TOOTO amIuIi(iKyrOTh BCl MOJIMBI
KOMOIHaIlli TO€HaHHA WX ajantepiB B pectpukoBadiii renomuii JIHK. Ilicns
nepioi [IJIP yTBoproeTbesi BenMka KUIBKICTh MPOIYKTIB aMiulipikamii gpparMeHTiB
JHK, nokamizoBanux MK mnpaiiMepamu 1 agantopamu. IIJIP  mpoayktu
PO30aBISIOTHCSI 1 BUKOPUCTOBYIOThCS i Apyroi, cenekrtuHoi [1JIP. Jlpyra T1JIP
MPOBOJIUTHCA 3 MideHUM mpaitmepoM a0 LTR 1 Oyap-sikum mpaiiMepoM aJanTopis,
a6o 3 Pstl abo Msel. ¥V npyriit IIJIP MoxHa BUKOPUCTOBYBATH MpaiMepu 0
aJ1anToOpiB 3 I0JATKOBUMHU HYKJICOTHIaMH Ha 3'-KiHIIl, HAPUKJIad, OJUH, 1Ba a00 TpH
HYKJICOTU/IY, 110 HE KOMIUIeMeHTapHi agantopam. Enexkrpodopes micns apyroi [1JIP
poBosiTh B [IAAI" ab0 B cexkBeHATOPI, SIKIII0O BUKOPUCTOBYBajIacs (Ir0OpeCIeHTHA
MmiTtka. [Ipogyktn ammumidikamii micns apyroi IIJIP yTBoproroTbesi B pe3ylnbrari
amrurigikamii  ¢pparmenta JJHK wmix nocnigoBHicTio LTR perporpancno3ony 1
agantopoMm. OTpuMaHHs TpoAyKTiB amIutidikaiii mix Tutbku LTR mociigoBHOCTIMU
MPUHIIMIIOBO MOXJIMBHE, aJie, SIK MPABUJIO, BIICTaHb Mk JBOMa PETPOTPAHIIO30HAMU
JOBIIE 3a3BUuail onepkyBanux posmipiB [IJIP mpomykrtie (2500-3000 m.m). A
MpPOAYyKTH amiutidikamii MDK aganTopaMd He OyAyTh BUSABISTHCS, OCKLUIBKH
BUKOPHUCTOBY€EThCS MiTKa TiIbkH 711 LTR mpaitmepa.

Inter retrotransposone amplified polymorphism (IRAP). IIJIP wmix
npaiMepamM#, KOMIUIEMEHTAPHUMH TIOCTIOBHOCTSIM JBOX TOPYY PO3TAIIOBaHHUX
LTR perporpancno3ony. Meroa mae Kijibka BapianTiB. Y mepiiomy Bapianti IRAP
BUKOPUCTOBYETbC ofauHuuHuii mpaiimep 3 LTR. Ilpoayktu amrmumidikarii
YTBOPIOIOTHCA MK JBOMa iHBepToBaHMMHU LTR 3 01HAaKOBOIO MOCIIIIOBHICTIO, TOOTO

y oxHoro naHiora 5'-kiHenb ogHoro LTR opientoBanuii no 3'-kinng inmoro LTR.
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SIKIO 1eHTpajdbHa YacTHHA PETPOTPAINlo30HY JOBIIE 3BHYaiiHOTrO po3mipy I[1JIP
npoayktiB (6mm3bko 3000 m.m), To IIJIP Gyne nmpoxoautu Tinbku Mixk nBoma LTR 3
pI3HUX  peTpoTpaHcnosumiii. Y 1poMy Bumaaky cycigai LTR — moBunHI
pO3TallIOBYBAaTHCS B 1HBEPTOBAHOMY TOJIOKEHHI. B iHmomy Bapianti IRAP
BUKOPHCTOBYIOTHCS JIBa PI3HUX Mpaiimepa 110 iBepToBanux LTR: oxun npaitmep 3 5'-
ki1, a iHmmi 3 3'-kiang LTR, opierToBani B pi3HI O0KH Bl peTpOTpaHCIIO30HY. B
naHoMy Bumanaky cycigHi LTR posramoByroThCcs sK MpsiMi JOBI1 HOBTOpH. I,
HapeniTi, B TpeTboMy BapiaHTi IRAP BukopucroBytotbcs npaiimepu 10 LTR 3 pizaux
pPETPOTPano30HbIB B Pi3HBbINA opieHTauli. MoxHa koMOiHyBaTu mpaiimepu 3 LTR 3
IHITMMU TpaiiMepamu 3 opToproBanoi JJHK.

Retrotransposone microsatellite amplified polymorphism (REMAP) — 1e
Meton [IJIP mix npaitmepom 1o ¢pparmenta LTR perpoTrpancno3ony 1 npaitmMepom 3
HOpyY PO3TAIIOBAHOT0, MPOCTOro MikpocaTenitTHoro nosropy (ISSR mpaiimep). B
JAHOMY BHUIIAJIKy TO3ULIA aMIUli(pikyeMoro (QparMeHTa peTpoTPaHCIIO30HY
«3asKOPIOIOTHY IUISAXOM BUKOPUCTAaHHS IpaiiMepa 10 MIKPOCATENITHOTO JIOKYCY.
Hamnpuknan, y pociauH 3pydHUM BUSBISE€TbCS BUKOpucTaHHs mpaiiMepa qo LTR 1
npaiimepa no mikpocarenitiB (5'-CA CA CA CA CACA CACACACAQG)s
OJIMHUYHUM CEJEKTUBHUM HYyKJIeoTHaoM Ha 3'-kiHimi mpaiimepa. ¥ REMAP
3acTocoBytoTh BapianTu LTR mpaitmepiB sk s 5'-kiHug, Tak i1 ans 3'-kidnsg LTR, sk
i B IRAP.

Retrotransposon-based insertion polymorphisms (RBIP) - wmerton,
3aCHOBAHMI HAa BUKOPHCTAHHI MpailMepiB 10 MOCIIOBHOCTENH PETPOTPAHCIO30HIB 1
BUSIBJISIE KOJIOMIHAHTHICTh aJICIbHUX BapiaHTIB. Moro MPUHITMIT 3aCHOBAaHUN Ha
mynbTHIIOKYCHIN [IJIP, B siKiii BUKOPHUCTOBYIOTHCS Mapa mpaiMepiB, (PIaHKYIOIOUNX
ninsaky JJHK no perpotpancnosinii 1 npaiimep 1o LTR perporpaHcno3oHy, sSiKuii
BOY/IOBaHMI B JaHy JAUISTHKY MK NEpIIMMHU ABOMa mpaiimepamu. B pesynbrati [TJIP
Oyne amuidikyBatucss OAWMH 3 BapiaHTiB (parMeHTtiB, (IaHKyeEMHX Maporo
mpaiiMepiB, OCKUIBKHU mTocaigoBHicTh Mk LTR 3ananro mosra ms ITJIP mixk calitamu
reaoMHoi JIHK 3 perporpancnozoniB Bcepenuni. Lleit meton Busiisie moaimopdizm

TUIBKK JUIsl  AaHOTOo TmodiMopdHoro Jokycy. Jlo #Horo mepeBar BigHOCSTH
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KOZOMIHAHTHICTh MOMIMOP(GHUX BapiaHTIB Ta MOXKJIUBICTh BUKOPUCTAHHS IJS JOT-
0JIOT aHaJIi3y BEJIMKOI KIJIbKOCTI COPTIB.

Inter PBS amplification (iPBS). [lanuii MeToa, 3aCHOBaHWI HAa BUKOPUCTAHHI
npaiimepiB 10 PBS (amrm. primer binding site (mimsnka 3B'szyBanHs TPHK))
MOCTIZIOBHOCTSIM ~ PETPOTPAHCIIO30HIB. Merton e(eKTHBHUA [UIsl  BHUSIBJICHHS
nosiMop(izMy MiK 3pa3KaMu, a TAKOXK JJIs KIOHYBaHHS HOBUX PETPOTPAHCIIO30HIB y

eyKapior.

3.7. CexBenyBanHs JTHK
CexBeHyBaHHAl (aHIJI. sequencing, BiJ SEqUENCE — MOCJHIAOBHICTB) — II€
BU3HAYCHHS MEPBUHHOT aMIHOKUCIOTHOT a00 HYKJICOTHIHOI MOCJIIOBHOCTI OLIKIB 1
HYKJIETHOBUX KHUCJHOT. [lepeoniHuT 3HAYeHHs L€l PEeBOJIOLIMHOI TEXHOJIOTiI, HE
NPENCTaBIAETbCS  MOXIMBUM. (CeKBEHYBaHHA € OCHOBOIO IMPEIUKTUBHOI 1
MPELX310HHOT METUIIUHH.

[Tepmmm meTooM cexkBeHyBaHHSI OyB Metoa Makcama-I'inoepra. [liznime
3’saBuBcsa MeToa Cenrepa. Meton Cenrepa ObIN MIBUAKUHN, HAMIMHUMA 1 TPOCTUNA Y
BUKOHAHHI. /[aHuii MeTo 103BOJIMB HEMMOBIPHO 3HU3UTH BAPTICTh CEKBEHYBaHHH.

[ToBHOr€HOMHE CEKBEHYBaHHSI 3JIIACHIOETHCS 32 JIOIOMOTOI0  METOdiB
ceKBeHYBaHHA HOBOro nmokoJiiHHg — CHII ado NGS-cekBeHyBaHHs (aHIJI. next-
generation sequencing — NGS). Texnouoris meroaie CHII 103Bosisie «IpOYUTATHY
OJTHOPA30BO Biapa3y KiJIbKa JIJISHOK T€HOMY, III0 € TOJJOBHOO BIIMIHHICTIO Bij] OUIBIII
panHix MetoAiB cekBeHyBaHHs. CHII 31ificHIOETBCS 32 TOTTOMOTOI0 MMOBTOPIOBAHUX
IMKJIIB TIOJIOBXKEHHS JIAHITIOTa, 1HIYKOBAHOTO IMOJIIMEpa3or, abo OGaraTopa3oBOro
jiryBaHHs ojironykieotuniB. Y xoai CHII MoxyTe renepyBaTucs 10 COTEHb
Merabas 1 riraba3 HYKJICOTHIHHMX TMOCIIAOBHOCTEH 3a oauH pobouuii 1uki. Bci
ocHOBHI mpuHIMNU pobotu TexHosoriii CHII Gasyrorbest Ha cexBenyBanni JIHK-
YUIiB, BHUKOPUCTOBYIOUM IHTEPAKTHUBHI LMKIIYHI (EPMEHTATUBHI peakiii 3
MOJTAJIBIITUM 300pOM OTpUMAaHOI 1HGOpMAIIii y BUTISAL UmtocTparii. OTpumani JaHi
BUKOPUCTOBYIOTHCS JJISI BiTHOBJICHHS HYKJICOTHIHOI TOCIITOBHOCTI abo, SK AJis
texHosorii «SOLiDy», TMHYKICOTUIHUX «KOIBOPiBY». He3Baxkaroun Ha Pi3HI METOAU

OTpUMaHHS Komii (aMruriikailis) IIISHOK TEHOMY 1 Ha TEXHIYHY pPI3HUITIO
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audepeHuianii pi3HUX HyKICOTUAIB y IPOYUTAHUX MOCIIAOBHOCTSX, 3arajbHa cxema
pobotu s BCiX cekBeHaTopiB onHa. [lepmmii eTam ceKBEeHyBaHHS — CTBOPCHHS
010moTtexkn BunagkoBux mnociigmoBHocter JIHK, sxi Moxna Oyae 3muTH 3
3araJbHOJOCTYITHUMH aJaNTepPHUMH TOCTIAOBHOCTAMH. [[pyruii etam — CTBOpEHHSI
aMIUTIKOHIB 3a jgomomoroto IIJIP, ski OyayTh BUKOpUCTaHI SK 3pa3ku. Tperii

OCTaHHI{ eTan — BU3HAYCHHs MIEPBUHHOI CTPYKTYPH BCiX (hparMeHTiB.

3.7.1. Metoa Makcama-I'isioepTa

Metoa Makcama-I'inbéepra HOCUTh Ha3BY XIMIYHOIO 1 32aCHOBaHUI Ha XIMI4HIM
nerpanamii JIHK.

Bin OyB 3ampomonoBanuéi y 1976 p. Amanom MakcamoMm Ta Yourepom
['inGepToMm 1 Ha3BaHUM B IXHIO YECTb.

CyTb MeTOy 3BOJIUTHCA JI0 HACTYIHOIO: OAUH 3 KiHIIB Ppparmenty JJHK miTsate
3a JOMOMOror i3oromy dochopy 2P. OCTaHHIM 4YacoM 3aMiCTh pPagiOaKTHBHOI
BBOJATH (DIIFOOPECLEHTHY MO3HAYKY. i MOKHA «YilIATH» i 10 HyKJICOTHIB,
IPUYOMY JUTsl KOKHOTO THITY HYKJICOTHIIB MiAOupaTu pizHe 3abapBienHs. [Ipemapar
miveHoi JIHK minsate Ha doTupu mopuii 1 KOKHY 3 HMX OOpOOJISIOTH pEeareHToM,
cnienupiuHo PyHHYIOUUM OJHY a00 JIBl 3 YOTUPHOX MIJCTaB, IPUIOMY YMOBH PEaKITii
M1I0MPAIOTh TAKUM YMHOM, 11100 Ha KokHY Mouiekyny JIHK noBogunocs numie kijgbka
VIIKOJKeHb. PyliHyBaHHs #iae B 2 eranu. Ha mnepmomy erami BigOyBaeTbes
moaudikaiis a.gi. 1 momanbine ii BigmersieHHs. Ha napyromy etami mpoBOISTH
rigponiz JJHK B wmicusax BimmienseHHs miactaB. [lypuHoBI oCHOBH MOAM(IKYIOTHCS
IUMETUIICYTb(haTOM. AJEHIHOBI 3aJHIIKH E€TUJIIOIOTH MO0 TPEThbOMY aTOMYy a3oTy,
r'yaHiHOBI — 110 ToyioxkeHHIo N7. SIkmo taky Mmoaudikariito oopooutu 0,1 M HCI npu
0°C, to BHmEmTOETEC MeTwaneHin. Ilpu momanemiii iHKyOamii B JIy)KHOMY
cepenosumt (0,1 M NaOH) mpu Ttemneparypi +90°C BimOyBaeTbcsi pyHHYBaHHS
ykpoBo-(ochartHoro 3B'SI3Ky B MiCISX BiAmemyieHHs miactaB.  OO6poOka
MTOTIKOPKEHUX MOJICKYJ MNEePUANHOM TpU3BOAUTH 10 Timpoinizy JJHK mo 3anumkax
MeTwiryaniny. [lipuMiguHOBI  miAcTaBU  MOAUQIKYIOTBCA  TiApa3uHOM. Y
0e3CUIbOBOMY CepelOBHII MOAUDIKYETHCS 1 IMTO3UH, 1 TUMIH, Y MPUCYTHOCTI 2 M
NaCl monudikyerscsi TinbKM 1UTO3MH. [Ipm monanpmiiii 0OpoOLi MiNepUaAUHOM
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BIIOYBA€TbCA  PO3ILICIUICHHS JJHK  no Toukax  Moaudikamii. MoxHa
BUKOPHUCTOBYBATH 1 IHII peakiii XiMiuHOi MoaudikaIii mijcTaB 1 po3UIEIJIeHHS 110
Hux mousiekyn JIHK. V pesynbrari Buxonauth Habip Mi4eHHX (parMeHTIB, JOBKUHU
AKX BHU3HAYAIOTHCS BIJCTAHHIO BiJ 3pYWHOBAHOI MIACTaBU 1O KIHISA MOJICKYJIH.
®parMeHTH, 10 YTBOPUIIUCS ¥ BCIX YOTUPHOX peakuisiX, MiIal0Th eJekTpodopesy B
YOTUPHOX CYCITHIX TOPIXKKax; MOTIM MPOBOJATH pagioaBTorpadiro, 1 Ti ¢pparMeHTH,
Kl MICTATh PaJIOAKTHUBHY MITKYy, 3aJHUIIAIOTh «BIJOUTKM» Ha PEHTTEHIBCHKIM
ILTIBII. 3a MOJIOKEHHSIM B1JOMUTKIB MOKHA BU3HAYUTH, Ha IKIM BIACTAaHI Bl MIY€HOIO
KIHI[ 3HaXoAuJIacs 3pyWHOBAHA MiJCTaBa, a 3HAIOYM IO MIJICTABY — il MOJIOXKEHHS.
Tak Habip cMyr Ha PEHTTE€HIBCHKIM IUTIBI[l BHU3HAYa€ HYKJICOTUJIHY IMOCIHIIOBHICTH
JIHK. Amnanoriuno crnocrepiraioth ¢uroopeciieHTHe ¢apOyBaHHs. Skmio s
KOYKHOTO 3 YOTHUPHOX HYKJIEOTHIB OyB MiAIOpaHuil CB1il KoJip (IOOPECLEHTHOI
MITKH, TO Tpu enekrpodope3l ix HaHocATh Ha | mopikky. Toni posramryBaHHS
HYKJICOTH/IIB 3a3HAYCHO INTPUXaMH PI3HOTO KOJbOPY, a MPOLEAYpYy 3YUTYBaHHS

JICTKO aBTOMATHU3yBaTH.

3.7.2. Metoa Cenrepa

Metoa Cenrepa 0yB po3pobaenuii @peaepikom Cenrepom y 1977 p. 1 HOCUTh
foro im's.

Jlanuii MeTos 3aCHOBAaHUM HE Ha XIMIYHOMY, a Ha ()€pMEHTATUBHOMY MIAXOAI,
TOMY HOCHUTh Ha3By (PEpPMEHTATHUBHOTO, 200 JE30KCHUHYKJICOTHAHOTrOo. Takox Horo
Ha3UBaIOTh METOJOM IMOJIMEPA3HOTO KOIMIIOBAHHS.

Cenrep BukopuctoByBaB JIHK-momimepasy I. ¥V wmituni meit gepment Oepe
y4acTh y MPOILIEC] perIiKaiii, 3alOBHIOIOYN MPOTATUHU MK 3HOBY CHHTE30BAHUMH
¢parmenramu JIHK (dbparmentamu Oxazaki). ins pob6otu depmeHnty B npodipiii
notpioHi nonepeauuku JJHK — nHT®, a Takoxx ogHONaHIIOrOBa MaTpHIlA, Ha SKiH
Mae OyTH HEBEJIWKA JBOJIAHITIOTOBA JIUITHKA — 3arall, 3 SKOTO MOYMHAETHCS CUHTE3.
bynn Takoxx cuHTe30BaHI MOAM(IKOBAaHI J11€30KCUPUOOHYKICOTUIU, B SKUX
nezokcupu6o3a 3'-OH BimcyTHs, mns xkoxHOi 3 wormphox mincraB JIHK. JTHK-
noiimepasa Bkiroudae 11 nonepennuku B JIHK. Opnak, BxmtoumBmmcs B JIHK,

Monau(pikoBaHa MiJCTaBa HE MOXKe yTBOpUTH PochoanedipHuil 3B'430K 3 HACTYITHUM
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TI€30KCUPUOOHYKIICOTUAOM. Y PE3yJbTaTi 3pOCTaHHS (€JOHTallisl) JaHOTO JIaHITIoTa
3YNMUHSAETBCS  (TepMiHyeThess) B ToMy Micii, nae B JIHK  BkmroumBcs
TiA€30KCUpUOOHYKIIeOTHA. ToMmy iX Ha3uMBalOTh TEPMIHATOpPAMHU  €JIOHTaIIii.
Peakmitina cymim mo Cenrepy ckmamaetbes 3 Janirora J[HK, n#ykmeotumany
MOCTIIOBHICTh SIKOI Tpeba BU3HAUUTH, KOPOTKOro (parmentra «miueHnoi» JIHK,
KOMITJIEMEHTAPHOI KiHIIEBOMY BIJPi3Ky I[LOTO JIAHITIOTA (3amat), OJTHOTO 3 YOTHPHOX
TiAe30KCUPUOOHYKIICOTHAIB Ta BigmoBigHoro AHT® B cTporo BuU3HAYCHOMY
CITIBBIJIHOIIIEHHI (11100 BOHM KOHKYpPYBaJiM), a TakoX 1HIIMX Tpbox AHT®. ['oTyioTh
YOTUpU  CyMill,  KOXHAa 3  SKMX  MICTUTh  OJMH 3  YOTHPbHOX
T€30KCUPUOOHYKIICOTHAIB. Y KOXHIM 3  MpoOIpOK  YTBOPIOETbCS — HAOIp
MIYEHUX (PparMeHTIB pi3HOI AOBXHHH. J[OBKMHA iX 3aJ€XHUTh BIJl TOrO, B SAKOMY
MICLl B JIAHIIOT BKJIIOYEHUH nepekTHui HykieoTun. OTpuMaHi MideH1 (parMeHTH
JHHK posnuisators y I[TAAD (3 TOYHICTIO O OJHOTO HYKJIEOTHIY), MPOBOISTH
paaioaBTorpadio 1 MO KapTUHI po3MOAUTYy (parMeHTiB y 4YOTHUPbOX Npodax
BCTaHOBIIIOIOTh HYKJICOTUIHY nociifoBHicTh JJHK.

Meron Cenrepa OyB ICTOTHO TMOJIMNIICHHH B J1abopaTopii aBCTPaliiChKOTO
oioximika Jlepos Xyma, ae B 1985 p. panioakTMBHY MITKY 3MOTJIM 3aMIHUTH,
dyopectieHTHOIO MiTKOM. Lle gano MoximBICT, aMepukaHckiid kommaHii «Applied
Biosystems» (B cnpaBxHiil 4ac BXOAUTh 0 CKJIAQy TEXK aMEPUKAHCHKOI KOMIIaHIi
«Life Technologies») y 1987 p. ctBoputn nepimii atomatnyanii JJHK-cekBenarop.
Koxen Bigpizok JIHK 3a6apBiitoroTh pi3HUMH KOJHOPAMU 3JIEKHO BiJl TOTO, KOO €
OocTaHHs OykBa (MIYEHUH KOJLOPOM HYKJICOTH], SKUH 00pUBae JaHLoOT). OparMeHTu
MOIUIAIOTHCS HA TeJIl 32 pO3MipaMH, 1 MalTiHa aBTOMAaTUYHO 3YUTYE CIICKTP CBITIHHS
MOCTYNAlOYMX CMYT, BHJAIOUM pe3yJbTaTH Ha KOMI'IOTEp. Y pe3ynbTari Takoi
IpOIEAYPH BHXOJIUTH XpOMaTorpama, 3a SKOK JIETKO BCTAaHOBHTU IMOCIIiJOBHICTDH

JHK moxunoro 10 1000 «riTep» 3 qy’K€ HEBEIUKOIO KUTHKICTIO TOMUJIOK.

3.7.3. NGS-cexBeHyBaHHS
Meton JHK-cexBenyBanHs «Illumina/Solexa» — ne Meron CexkBEeHYBaHHS
HOBOI'O IIOKOJIIHHS, PO3pOOJEHMI aMEepUKaHCBKOI KOMIIaHieo «Solexa», sKy

mi3Hilme npuadana TeX aMmepukaHcbka kommadis, «lllumina». B cmpaBxHiil yac
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JTAHUN METOJ| € «30JI0THM CTaHJapPTOM» BHCOKOMPOJYKTHBHOTO CEKBEHYBAaHHS 1 HE
Ma€e KOHKYpeHTIB, a komnaHisa «llluminay, BiAmoBiHO, € JigepoM B Ii€i ramysi. B
OCHOB1 METOJY JIS)KUTb MPHUHIUI CEKBEHYBAHHS LIJIAXOM CHHTE3Y 3 HUKJIIYHOIK0
3BOPOTHOIO TepMiHamier (aHria. sequencing-by-synthesis (SBS) with cyclic
reversible termination — (CRT)). Cnouarky oxnounanitoroi ¢parmentu JJHK
3aKpIIUTIOI0Thes Ha TBepaid miaknanmi. [lorim JIHK-3anexna momiMepasa cuHTe3ye
KOMIUIEMEHTApHUN  JIaHmior. BOyIoByBaHHS KOXXHOTO HOBOTO  HYKJICOTHIY
peectpyeTrbess  3a  gomomororo  kamepu. Y wmeromi  «lllumina/Solexa»
BUKOPHUCTOBYIOTHCS 3'-MoaudikoBaHi HYKJICOTUIN 3 IPUETHAHUMHU
(GIIOOPECIIEHTHUMH MITKaMU PI13HUX KOJBOPiB. Moaudikaiiss HYKJICOTHUIB HE
no3pojisie  JIHK-momimepasi  mpuegHatd  OuUIbIe  OJIHOTO  HYKJICOTHUIY.
@roopecleHLlsl HIMIIOETbCSI KOPOTKHM IMITYyJIbCOM Jla3epa 1 THUIl MPHUETHAHOTO
HYKJICOTUy BU3HAYAETHCS 3a KOJbOpOM (hurroopecieHTHOT MITKH. Moaudikaiis
HYKJIEOTHly OJIOKyeThCcs (MojiMepa3a Temep MOXE pyXaTrhcs Jail) 1 LUK
MOBTOPIOETHCSI 3HOBY. B pesynbrari BAaeTbcss BU3HAUMTU TociigoBHiCTh JIHK
noBkUHOW A0 250 HykimeorumiB. Taky mnocmigoBHicTs JIHK Ha3zuBaroTh
MPOYUTAHHAM a00 pioM (aHr. reading — YUTaHHS).

Meto i0OHHOT0 HANMiBIPOBOJAHMKOBOI0 CCKBEHYBaHHA (aHIJI. (AHIJVI. ion
semiconductor sequencing) OyB po3po0JieHHIi aMEpHUKAaHCHKOI KoMitaHieo «lon
Torrenty, sxy mizuime npundana komnanis «Life Technologies». Merona 3acHoBaHuM
Ha BUSBJICHHI 10HIB BOJHIO, sIKI BUILISAIOTHCA i yac nmonimepu3sarii JJHK. Ile meTon
«CEKBEHYBaHHSI TIPH CHUHTE31», B XOJIi SIKOTO KOMIUIEMEHTAPHUN JIAHITFOT OYIy€ThCS
Ha OCHOBI MOCIIJJOBHOCTI MATPUYHOTO JIAHITIOTA.

MIKpOIyHKH, 1[0 MICTATh TPU3HAYEHY JUISI CEKBEHYBaHHS MOJICKYITY
matpuunoi JIHK, nanoBHiooTh ae3okcupudonykieotuarpudocdarom (dNTP)
onHoro Buay. Skmo BBeaeHuit ANTP € komIuieMeHTapHUM 10 BEAy4OTro HyKJICOTHAY
mabJIoHy, BIH BKJIKOYAETHCA JIO0 3POCTAIOYOro KOMIUIEMEHTapHOro JjaHiora. lle
BUKJINKA€ BUBUILHECHHS 10HIB BOJIHIO, SIKUW BHKJIMKA€ CIPAIlbOBYBAHHS 10HHOTO
natunka ISFET, skmii Bkazye, mo peakiis BigOyiacs. SIKIO B TOCIIJOBHOCTI
MATPUYHOIO JIAHIfOra MNPUCYTHIA MOBTOpP OJHOIO HYKJIEOTHIY, KiJIbKa MOJEKYI

dNTP O6ynyTs mpuenHani B oqHOMY UK. [le mpu3BoauTh 10 301IBIICHHAS KUTHKOCTI
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YTBOPEHUX 10HIB BOAHIO 1 MPOMOPLIAHO OUIBII BUCOKOMY E€IEKTPUUYHOMY CHTHAIY.
Ils1 TexHOJOTIs BIJPIZHAETHCS BIiJ 1HIIMX TEXHOJIOTIH CEKBEHYBAaHHS THUM, IO HE
BUKOPHUCTOBYE MOJIU(IKOBAHI HYKJICOTHU/IN 1 ONITUYHI JATYUKH.

Meton JIHK-cexBenyBanHsi «SOLiD» (anrJ. sequencing by oligonucleotide
ligation and detection) — TexHoOJOrIs CeKBEHYBaHHS HOBOI'O TMOKOJIIHHS Ha OCHOBI
JITYBaHHS, 1110 pO3BHBaeThCs Kommaniero «Life Technologiesy.

«SOLIDy» no3Bomsie ceKBeHyBaTH pa3oM COTHI MUTBHOHIB 1 HaBiTh MUTBSPAH
KOPOTKHUX TOCIHIIOBHOCTEH. CeKBEHYBaHHS MPOXOAUTH 3a JOMOMOIOI0 JIIryBaHHS 8
HYKJICOTUTHUX 30H/11B, MIYEHUX Ha 5'-KIHIII OJJHUM 3 YOTUPHOX PI3HUX PIyopodopiB.
[TocninoBHICTH 30H/IIB HECE CAWUT TIAPOMI3Y, 0 3HAXOIUTHCS MIXK IM'ATUM 1 MIOCTUM
Hykjeotuaamu. I[lepun 1Bi mijgcraBu (paxyrouu 3 3'-KiHIS) KOMIUIEMEHTapHI JIBOM
HYKJICOTHJIaM CEKBEHYEMOI IOCIIAOBHOCTI. 3 TPEThOI MO M'ATYy MIiACTaBU 30HAA
MOXYTb T10pUIU3yBaTHUCS 3 OYyJb-IKUMHU TpboMa HyKJeoTuaamu cekBenyemoi JJHK.
6-8 migcTaBu 30HAA TAaKOXK MOXYTh TIOpHUIN3YBAaTUCS 3 OyAb-IKOIO MOCIITOBHICTIO,
IPOTE BOHU pa3oM 3 (hJIyopeclieHTHUM OapBHUKOM BiIICTUTIOIOTHCS Bijl 30H/a B XO/1
peakiii. Bigmemnienas ¢uyopeciieHTHOT MITKH pa3oM 3 MijicTaBaMu 6-8 BiIOyBa€ThCs
TaKUM YMHOM, IO Ha S5'-KIHII 30HAa 3aidumaeTscs (ocdaTHa rpyna, sika CIpHUsE
HACTYIMHOMY IIMKIIy JIITyBaHHS 30HAY. Tak, JBI MiACTaBU KOXKHOTO 30HJY TOYHO
KOMILJIEMEHTApH1 MiJIcCTaBaM CEKBEHYEMOI MOCIIA0BHOCTI B Mo3uMisx n+1 1 n+2, n+6 1
n+7 1 1.0. Ilpouec cexkBeHyBaHHsS CKJIAJA€TbCs 3 M'STH pPayHAIB, KOXKEH payHA
CKIamaeThes 3 6-7 nukiniB. KoxeH payHj MOYMHAETHCS 3 I0JJaBaHHS YHIBEPCAIBHOTO
npaiimMepa J0BKMHU N, KoMIuieMeHTapHoro P1. ¥V koxHOMY LUK 8-MH HYKJIEOTHAHI
30HIW JOJAIOThCS 1 JITyIOTBCA 10 TMpaiMepy, iX Tepln JBa HYKICOTHIH
KOMIUIEMEHTapHI  JBOM HYKJIEOTHJAM CEKBEHyeMoi mociigoBHOCTI. [loTim
BIJIMMBAIOTh BiJl 3aJMIIUBIIMXCSA HE3B'SI3aHUX 30H/1B, BUMIPIOIOTH (DIIyOPECICHIIIIO
JTOBAaHOTO 30HIY 1 po3pi3aroTh HWoro Mix 5 1 6 migctaBamu. [licnms 3akiHYeHHS
OCTaHHBOT'O IMKJIY MPOBOMASITH AMCOIaIiio cuHTe3oBaHoro Jjanmiora JIHK Bifg
MaTpHIl, MPUKpirieHoi 10 HamucTuHi. e HeoOximHo M1 TOro, MO0 B HACTYITHOMY
payHIl BK€ BUKOPHMCTOBYBATH HOBI mpaimMep u 3oumau. Ilpaiimep Temep OepyThb
noBkuHM n-1. Omxe, B XOAl MN'ATU payHAIB BUKOPHUCTOBYIOTHCS IMpaiiMepH,

koMruieMeHnTapHi P1, nopxunnm n, n-1, n-2, n-3, n-4 momo 3'-kxinnsg P1. Takum gynHOM
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MOXHa CEKBEHYBAaTH MPUONM3HO 25 HYKICOTHIIB TmochigoBHOCTI. Ha Buxomi
OTPUMYIOTh JaHl 1o ¢ayopecteHIii. [IpocTip KoMbOpIB 1 MPOCTIp HYKJICOTHUIIB
MicTITh 1o 4 enemeHTtu. KoxkeH komip Kkoaye coboro 4 3 16 MOXIHUBHX
auHykIeotuaiB. Hanpukian, «cuniin» xoiip (GayopecleHTHOI MITKU BIANOBIAAE mapi
onHakoBUX HykiaeotuniB (todro AA, GG, TT abo CC). [uzaiin wmatpuii
MEPETBOPEHb KOJIbOPY cHpusie Kopekiii moMuiok. OIHUM KOJbOPOM KOIYETHCS:
mapa HyKJICOTHIIB 1 BOHA X y 3BOpoTHOMY mopsaky (Hampukian, CA 1 AC); mapa
HYKJICOTHU/IIB 1 KOMILIeMeHTapHa i napa (Hanpukiaa, CA 1 GT); napa HyKJI€OTUIIB 1
Hazaj KoMIuieMeHTapHa il napa (Hanpukiaa, CA 1 TG). [locaigoBHICTh HYKICOTH/IIB
MOXe OyTH €IMHMM YHHOM TIEPETBOPEHA B TOCIHIJOBHICTh KOJHOPIB. Auie
MOCJIIIOBHICTh KOJILOPIB MOX€E OYyTHM NEpETBOpPEHA B MOCIIJOBHICTh HYKJIECOTUIIB 4
pi3HUMU crnocobamu. Ile cxoke Ha B3aIMOBIJMOBIAHICTE MIX HYKJICOTHJIAMH 1
aMiHOKHUCTIOTaMH (KoJibopy). s po3mmdpoBKH MOCTIAOBHOCTI HYKJICOTHAIB 3a
KOJIbOpaMU HEOOX1JTHO 3HATH OJMH HYKJICOTHU. Y HOMY METOJ1 KOXKEH HYKJICOTH]]
NPOYUTYETHCS JIBiYl, IO MIiABUIIYE TOYHICTh CEKBEHYBaHHs. BiamoBigHO 11100
JIOIYCTUTH TIOMUIIKY CekBeHyBaHHs (mponyctutu SNP) HeoOxigHO oOujBa pasu
HEIPaBUJILHO BU3HAUUTHU KOJIP (IYyOpPECHEHTHOI MITKU MPU CEKBEHYBaHHI CYCIIHIX
HYKJICOTHU/IIB.

Amepukancbka komnanis «Helicos Biosience» po3poOuia peBOJIOIINHO HOBY
TEXHOJIOT1I0 CEKBEHYBAHHS OJJMHUYHUX MOJIEKYJ MiJ Ha3Bolo «true Single Molecule
Sequencing — tSMS™,

«tSMS™) n03BOJIIE MPOBOJUTH OJHOYACHE TMPsIME CEKBEHYBAHHSI MUIbsSIpIa
naniroriB JIHK. Ipomec cekBenyBanHs BKiIFO4ae B ceOe Kinbka erariB. Ha mepmomy
KPOIIi TATOTOBISIOTHCS 3pa3ku 3a paxyHok pospizanus JIHK nHa pparmenTu. Jlami go
KOXHOTO (parMeHTy MNPUETHYETHCS TOJ1aICHO3MHOBUI XBICT 3a JOMOMOIOIO
aZeHO3MH-KiHIIeBOi TpaHcdepasu. Ha nHactymHomy erami nenatypoBana JIHK 3
0J11aJIECHO3UHOBUM XBOCTOM THOPIAU3YIOTHCS Ha MOJITUMIHOBHX OJIITOHYKJIEOTHIAX,
Akl 3'€eqHaHI 3 TPOTOYHOIO KioBeTOI. LMK CekBeHyBaHHS CKIAJAa€TbCad 3
MOJIOBKEHHSI 32 PAXyHOK OJHOTO 3 YOTUPHOX (PIIYOPECIIEHTHO-MIYEHUX HYKJICOTHIIB,

IMpUEAHAHHSA IKOIr0 J€TCKTYETbCA Ha ceKBeHaTopi.
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[Topanpmie BimmerneHHs: (uryopodopa MO3BOJISE 3aMyCTUTH HACTYITHUMA ITHKII
NpUEIHAHHA (PIyOPECLIEHTHO-MIYEHUX HYKJICOTUIIB, $K1 J03BOJIAIOTH BU3HAYUTH
nocaigoBHicTh JTHK.

OnHoMmoJIeKyJIIpHEe CEeKBEHYBAHHS B peajibHOMY 4aci (aHrJ. single molecule
real time sequencing — SMRT) sBisie coboro meron cekBeHyBanus JIHK HoBOro
MOKOJIIHHS, po3po0ieHnii amepukaHchbkoro kommaniero «Pacific Biosciencesy. Ines
METOAy MoJjsrae y Bu3HaueHHi nociigoBHocTi JIHK 3a paxyHok crmocTepexeHHs 3a
pobororo oaumHuM4yHOI Mojekynu JIHK-momiMmepasu y peanpHoMy yaci. [lpu mpomy
JIHK-nonimepaza no0ynoBye Apyruid JaHmior aociikyBaHoi modekyinun JIHK,
BUKOPUCTOBYIOYM HYKJICOTHUIIM, MIU€HI PI3SHUMHU (PIyOPECHEHTHUMHU MITKaMH,
PEECTPYIOUM SIKI MOXHa 3po3yMiTH, skuil Hykieotun JHK-momimepasza BOymoBye
3apa3. IlpucTpiii cekBeHATOpiB JAaHOTO THUITY JO3BOJIAE CIOCTEpIraTd Ha PiBHI
OJIMHUYHOT MOJIEKYJIM 32 CMHTE€30M KOMIUIEMEHTAPHOTO JIAHIIOTa OJIHIET MOJICKYJIU
onnonaniororoi JIHK 3a nomomororo oxuiei monekynu JHK-momimepasu. ¥V miit
TEXHOJIOT1i (JIyOpPEeCIEHTHO MIYeHl HYKJICOTHIU 1 KOH(OKaIbHA MIKPOCKOIIIS
BHCOKOTO JI03BOJIY JO3BOJISIIOTH CEKBEHYBATH TOCIHIIOBHICTh B pPEAJbHOMY dHaci 1
OJIHOYACHO JIs1 6aratbox mojiiMepas.

IlipocekBenyBaHHs (aHIJI. pyrosequencing) — 1€ METOJ CHHTETUYHOTO
cekBeHyBaHHs. Il TexHOJOris BUKOPUCTOBYE CHCTEMY OITKOBOTO Kackaay, IO
CKJIafaeThes 3 4 OUIKIB 1 cnenu(iuHuX cyOCTpaTiB, siIka T€HEepy€e BUIPOMIHIOBAHHS,
KOJIM HYKJIEOTUI KoMILIeMeHTapeH Jianory JJHK.

[leit curHam JETEKTYEThCS, PEECTPYEThCS B 0asi, 1 JOJAETHCA HACTYIMHUI
Hykieorun. Jletekiis 3acHoBaHa Ha mipodocdathiii BnactuBocti JJHK-monimepasu.

[Tnardopma «GS FLX», mo mpaiitoe 3a METOAUKOIO «454%», MOXKe OTpUMYyBaTH
iH(popmartito ripo 400 MiH HyKI€OTUAIB 3a 10-roguHHMI nepio poOOTH.

HanonopoBe cexkBeHyBaHHfl (aHIJI. nanopore sequencing) — 1€ CIMEHCTBO
BUCOKOE(EKTUBHUX METOJIB BU3HAUYCHHs mociigoBHocTi Mosiekyn JIHK a6o PHK 3
BUKOPUCTAHHSAM O17TKOBUX a00 TBEPAOTIIBHUX IMIp J1aMETPOM Y KiJIbka HAHOMETPIB.
HanomopoBi cucremu SBISIOTH COOOIO0 peakiiiHy Kamepy, YCepeauHi SKOi
3HaXOJIUThCS PO3UMH eJekTpodiiTy. Kamepa po3zaineHa Ha JABI YaCTHUHU JIIITHOT

MEMOpaHHOIO YW 1HIIOK TOHKOK HEMPOBOJSINEH MOBEPXHEI0, B Ky BIPOBAHKCHA
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OJIMHUYHA HaHOMopa. Jl0 YaCTUH KaMepH MPHUKIAJAI0Th HAMPYTY, Yepe3 10 BUHUKAE

CTpyM 10HIB uepe3 nopy. Konu gocnipkyBaHl MOJEKYIH MPOXOASATh Yepe3 Mopy y

HAMpPsIMKY TOJIsl, BOHW 3MEHINYIOTh MEPETUH, TOCTYIMHUMA Ui 10HIB, 1 CUJIa CTPyMYy

nagae. AHaNII3yIOYd 3MiHY CHIIA CTPYMY, MOXHa BU3HAUUTH BIACTUBOCTI MOJICKYIIH,

M0 MPOXOAUTh dYepe3 Tmopy. Y pa3l HYKICTHOBUX  KHUCIOT, JiaMeTp

BUKOPUCTOBYBAaHUX HAaHOIOP CTAaHOBUTH KUTbKa HaHOMeTpiB, yepe3 mo JJHK i PHK

3MaTHI TPOXOJUTH Kpi3b MOpPY TUIBKM B OJHOJAHIIOTOBIA Qopmi, ame He B

JIBOXJIAHIIOTOBIN. [Ipu mpOXOo/KEHHI MOJIEKYJIM HYKJIEIHOBOI KHCIIOTH 4Yepe3 Mopy

OKpeM1 HYKJIEOTUIU 3aTPUMYIOThCSI B IEBHUX CalTax BCEpEIWHI NOPHU, B PE3yJIbTaTi

4oro BiJIOYBA€ThCS BHUMIPIOEME TMAJIIHHS CHJIM CTPyMy. 3aJI€KHO BIJ TOT0, 4YH

30epiraloTh CEKBEHYEMI MOJICKYJIM HYKJICIHOBMX KHUCJIOT CBOIO XIMIUHY IUIICHICTB,

BUIUISIIOTh HACTYIHI METO/IU:

» CexkBeHYBaHHSl WIIUX JIAHIIOXKKIB. Y IIbOMy METOJi JIAHIIOTH HYKJIETHOBUX
KHCIIOT He posmemnoroTees. [lepenecennsa minmmx monekyn JJHK 1 PHK ugepes
HOpYy MO>KE 3/11MCHIOBATHCS TAKUMHU CIIOCOOAMMU:

o Tpaucmopr mig aiero Hampyru. Tak sk JIHK 1 PHK necyts Ha c006i
HETaTUBHUU 3apsl, TO HAWUNPOCTIIIAM CIOCOOOM TPAHCIOPTY MOJICKYIH
HYKJIETHOBOT KHCJIOTH Yepe3 MopY € iX eNeKTPOoPOpEeTUUHE NMEPEHECCHHS Pa30oM
3 ioHamu. [IpoGiemoro naHoro METOay € Te, IO JUIsl BUMIPIOBAHHS MaiHHS
CTPYMY 10HIB Yepe3 Mopy CHOYaTKy MOTPIOCH BEJIMKUNA CTPYM, 10O OTpUMATH
XOpOIIle CHIBBIIHOMIEHHS! CUTHAJ/IIyM. AJie TIpu 30UIBIIECHHI MPUKIAIECHOT
Hanpyry 30UIbIIYETHCS 1 MIBUAKICTh, 3 KO MOJEKYJa HYKJICTHOBOT KUCIIOTH
J07Ia€ TOpPY, a 3HA4YUTh 3MEHINYEThCSA 4Yac pO3Mi3HaBaHHSI KOXKHOT
OKPEMOIMiICTaBH, Yepe3 MO0 SKICTh PO3IMi3HABAHHS MAJaE;

e TpaHcnopT mia [Ai€I0 HANpPyrd 3 PO3IUIITAHHAM JymiieKciB. CHOBUIBHUTH
IIBUJIKICTh TMPOXOJKeHHS oaHosaHIoroBoi JIHK depe3 mopy MokHa,
YTBOPIOIOUH 3 HEIO JIBOJIAHLIIOTOBI AUISHKU 32 JOMOMOIOI0 KOMIUIEMEHTapHHUX
¢parmentiB JTHK. Toai B xoal TpaHcmopTy BigOyBaTUMETbCSI PO3ILTITAHHS
JaHOi JUISHKH, 110 1 JO3BOJHUTH JIOBIIE 3aTPUMYBATH OKpPEMi HYKJICOTHUIU B
nopi. TuM He MeHIIIe, OCKUTBKYU PO3IUTITAaHHS B1IOYBA€ThCS HE TOHYKICOTHUTHO,

TO Yac 3aTPUMKHU HYKJICOTHY B TIOP1 HE € MOCTIMHUM JIJIs1 BCI1€1 MOCIIIIOBHOCTI,
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e Tpancnopt 3 BUKOpPUCTaHHSIM (epMeHTIB. J[ms Toro, mo0 KOKEeH HYKJICOTHT
3aTpUMyBaBcsi B TOpi Ha (PIKCOBaHMH 4Yac, MOKHa BHKOPUCTOBYBAaTH Ppi3HI
dbepMeHTH, SIKI MPOMYCKATUMYTh HYKJICOTHAM 4Yepe3 Mopy IO OIHOMY.
[Tpuknagom Takoro ¢gepmenty € JIHK-momimepasa. 3a paxyHOK MPUKIAIEHOT
Hanpyru komiuiekc JIHK-pepMeHT cmouaTky HpUTATYeThCS 10 MOpH. Ajie
Terep, mepi, HiX deproBuit Hykiaeotua mosekynu JJHK npoiige yepes mopy,
MOBUHEH BIAOYTUCS OAMH KpoK cuHTe3y apyroro naniora JIHK. Bunukae
3aTpUMKa MiJICTaB BCEPEINHI MOPH, IO T03BOJISIE OUIBIIT TOYHO PO3PI3HATH iX.

» Ex30HyKIlea3He CeKBeHYBaHHS. Y IIbOMY METO/I1 JIAHIIOT HYKJIETHOBOT KUCIOTH

Hapi3a€ThCd Ha OJMHUYHI HYKJICOTHAM EK30HYKJI€a30l0, pPO3TAIlIOBAHOI B

OesrnocepenHiii 0nau3bkocTi BiA mopu. Ilig nmi€0 moJsi HEraTHMBHO 3apsiKeHi

HYKJICOTH/IA CAMOCTIMHO MOTPAIUIAIOTh B TOPY, A€ BiIOYBAa€ThCS BU3HAYEHHS

I11/ICTaB.

IlloTrran-cexkBenyBaHHsi (aHrJ. shotgun sequencing), abo MeTox APoGOBUKA
— METOJI, SIKM BUKOPUCTOBYETHCS JJIsl CEKBEHYBaHHs J0Brux AuisiHok JIHK.

Cytp MeTony TmoOJsiTa€ B OTPMMaHHI BUMAJKOBOI MacOBaHOI BHOIpKH
kioHoBaHuX (pparmentis JIHK gaHoro opranismy, Ha OCHOBI SIKUX MOXe OyTH
CKJIaJZicHa oro reHoMHa 010J110TeKA.

OcCKUIbKY 3BUYAHI METO/IU CEKBEHYBAaHHS MOXYTh OYTH 3aCTOCOBAHI JIUIIIE TSI
kopotkux Biapizkie JIHK (100-1000 mn.m.), Oinbln JOBrI MOCHITOBHOCTI MOHA
po3auMTH Ha (parMeHTH, a TMOTIM 310paTh 3aHOBO, MO0 OTPUMATH TIOBHY
noci1oBHICTh Benukoi AussHku JITHK. [[ns 1boro BUKOPUCTOBYIOTHCS JIBa OCHOBHI
METOJIM: XPOMOCOMHA Xxo0aAb0a (aHrj. chromosome walking), sgxuii 103BOJIsIE
BU3HAYUTH KPOK 32 KPOKOM MOCHIIOBHICTh Benukoi nimsaku JIHK, 1 manuit meron,
KWW Ha0araTo MIBUAIIMKI, ajie 1 CKJIQIHININN, TaK K BUKOPUCTOBYIOTHCSI BUITAIKOBI
dbparmentu JIHK, sxi motiMm HeoOXiaHO 310paTH pa3om.

[Ipu cexkBenyBanHi MetogoMm gApoOoBuka JIHK BumagkoBum  guHOM
dbparMeHTyeThCA Ha APIOHI JIJISHKH, K1 TTOTIM CEKBEHYIOTh 3BUYAaWHUMH METOJIaMH,
Hanpukian, MetogoMm Cenrepa. Otpumani BumnaakoBi ¢parmentu JHK, mio

NEPEKPUBAIOTHCS MOTIM 30MPAIOTh 3a JIOMOMOT0I0 CIIEHIAIbHUX IPOrpaM B OJIHY LTy
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BEJIMKY TOCIIIOBHICTh, OJHAK, MPHU CKJIaJaHHl AEsIKl TPYAHOIIl NPEACTaBISAIOTH
nociigoBHocTi JIHK, 1110 mOBTOPIOIOTHCH.

Meroa moTraH-CeKBeHYBaHHS 3aCTOCOBYBAJIM /I OTPUMAHHS MEPIINX MOBHUX
T€HOMIB OpTraHi3MiB.

B nanuii yac BuU3HAYEHHA TOYHOI HYKJIEOTHUIHOI MOCIITOBHOCTI OYIb-SKOTO
cermenty JIHK momipHOi1 1OBXHHU — LIJIKOM 3/1iICHEHHE 3aBAaHHs. Bike BU3HAUEHO
MOCIIJIOBHICTh KIJIbKOX COTEHb T'€HIB MPO- 1 €yKapioTiB. 3HAIOUU MOCIiIOBHICTh T€HA
1 TEHETUYHUNA KO/, JIETKO BU3HAYUTH aMiHOKUCIOTHY IMOCIIIOBHICTh KOJIOBAHOTO iM
Oinka. PaHimie nns BU3HAYEHHS CTPYKTYypH OlIKa JOBOJAWIIOCS POOUTH pETENbHUH 1
BEJIbMU TPYJIOMICTKHI aHaI3 BUAUICHOTO Ta OYMINEHOro Oinka. 3apa3 yacto OyBae
MPOCTIIIE BU3HAYUTHU CTPYKTYpy OilKa yepe3 HyKJICOTHUJIHY MOCTIAOBHICTh, HIXK 3a
JIOTIOMOTOI0 TIPSIMOTO CEKBEHYBaHHs. SIKIIO CEKBEHYyBaHHS Oljika 3aiiMae MiCSIl 1
HaBiTh poku, To JIHK BraeThcsi cekBeHyBaTHM 3a KiJbKa TIDKHIB. BuszHaueHHs
nocaigosHocTi JJHK mpusBeno Takox a0 Toro, mo Oyl BUSBIEHI 00JIacTi, KI HE
KOIYIOTh OUIKH, ajie OepyTh y4acTh y peryJisiiii ekcripecii rexis 1 perumikanii JJHK. ¥
1996 p. 6yB cexkBeHOBaHMII TeHOM APLKIKIB, y 1998 p. — renom apadigoncucy, a y
2000 p. — reHOM JIOJWHH, MPOTE B JAHOMY BHMAJKy MOBa WJE TUIBKH PO
BCTAHOBJICHHSI TTOCJIIIOBHOCTI HYKJICOTHIIB, TaK SIK T€HETHYHA CTPYKTypa 1 QyHKITIT
OKpEeMHUX [UISHOK T€HOMY Ill€ He 1JIeHTH(IKOBaHI, 1€ OUIbII CKJIaIHE 3aBJIaHHS.
Bigpa3y ciigom 3a po3poOKOr0 HOBUX METO/IIB CEKBEHYBAHHS 3'SIBUSTMCS HACTIIIBLKH K
MIBUKI 1 MPOCTI METOAM CHUHTE3Y MOPIBHSIHO JOBTUX OJITOHYKJICOTHIIIB 3 TIEBHOIO,
3a37aJIerib 3a1aHOk0 MOCTIAOBHICTIO. Tenep 3a TpU-4OTUPH IHI MOKHA CUHTE3YBaTH
MOCTIIOBHICTh 3 12-20 HyKJI€OTHAIB. ABTOMATH3aIlis II€l MPOLEIYpHU M€ OiIbII
nosierirye 1 npuckoproe cuHTe3. JIHK-cexkBeHaropu BHUKOHYIOTH II0 poOOTYy 3a

KUIbKA T'OqUH.
3.8. T'eHOTHIIyBaHHS

I'eHoTunmyBaHHs (aHrJ. genotyping) — 1e aHami3 MEPCOHAIBHOT T'€HETHYHOT

CTPYKTYPH JIFOAVHHU.
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3.8.1. SNP-renorunyBanHust

B cnpamxHili yac Bce Oulbllia yBara NpualIsieTbes TeHoTumyBaHHIO SNP.

3a MuHylnl poku 3'aBuwiiocs Oe3mu pizHUX MeToauK SNP-reHoTunmyBanHs
(anra. SNP genotyping), siki 3acHOBaHiI Ha Pi3HUX METOJaX JUCKPUMIHAIIT aelliB.
[I{o6 3p0o3yMiTH KOXKHY 3 TEXHOJOT1H, HEOOXITHO PO3AUIATH PEaKIlilo JUCKPpUMIHAIII]
anenmiB 1 meton aetekiii. [IpoaykTu peaxiiii TUCKpUMIHAINT ajeliB MOXYTh OyTH
JETEKTOBaHI OUTBII HI’K OJJHUM METOJIOM 1 TUMH K METOJIaMH MOKe OyTH MpoBecHa
JETEeKIis MPOIYKTIB, OTPUMAHHUX 3a JOTIOMOTOIO 1HIITMX PeakKiliil 1 3pa3kiB. bibIIiCTh
MeToaiB TeHoTUITyBaHHS SNP MOXyTh OyTH 3rpynoBaHi B YOTHPHU TPYITH, BUXOISTIH 3
iX MOJIEKYJIIPHOTO MEXaHI3MYy Jii:
> ajeab-cnenuivna riopuausaunin (anrJ. allele specific hybridization);
> noaoB:KeHHsI (100y/0Ba) mpaiiMepiB (aHIJI. primer extension);
> ajejb-cnienudiyne JiryBaHHsi oJiroHykjgeotuaiB (aHri. oligonucleotide

ligation);
> PpeCcTPHKTA3HUIi aHaTi3 (aHTJI. restrictase analysis).

[cHye kinbka METOJIB BUSIBIEHHS MPOJYKTIB 1 iX aHami3y MO KOXHIN Tpyrmi
repepaxoBaHUX BUIIE peakii ((iroopecieHIlis, JrOMIHECHEHIIs 1 T.1.). Tak camo
ICHYIOTh JIBI KaTeropii peakiiiil 3aJeXHO BIJ IX THUITy: TOMOTEHHI peakilii, TOOTO
peakiii B po3uMHaxX 1 peakuli, MO BIAOYBAIOTCA HAa TBEPHAlIM MOBEpPXHI, K,
Hanpukiaa, aacopOIlis Ha MOBEpXHI ckJa. ['oMoreHHi peaxiiii OUIbIIE€ CHPUSIOTH
aBTOMAaTHU3allli TIpolecy AUCKPUMIHALIIT ayielliB, TOMY III0 HE BUMAararoTh Imiciis cebe
etany cemnapaii i/ado ouunieHHs. OJHaK OCHOBHa MepemiKoja — I oOMexeHa
3IaTHICTh J0 MYJBTUIUIEKCHOTO aHai3y, TOJI SK peakilii Ha TBEPAUX IMMOBEPXHSIX
MalOTh OLTBIIE MOMJIMBOCTEH Il MYJBTUIICKCHOTO aHami3y, Xoua ¥ MOTpeOyroTh

JOIATKOBUX MaHIMYJISIIIH.

AJsteab-cienu@ivyHa riopuansanis
Anenb-cnenudiyHa riopuausanis, TakoX BigoMa SK ajejb-cnenudiuna
oJiroHykJjieotuaHa riopuamsania (anra. allele specific oligonucleotide
hybridization — ASQO), 3acHoBana Ha noaiai aBox JIHK-MilieHe# B 0HOMY JOKYCI
3a IOOMOTOF0 T10puan3aItii.
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KoncTpytoroTbes aBa aneib-criennGiuHuxX 30HIH, 3 TOIIMOP(GHOIO MiICTaBOIO
B IIEHTPl MOCTIAOBHOCTI 30HAY. IlpM onmTuMambHMX yMOBax peakxiiii CcTaOuIbHI
TUOPHUIN30BaH1 30H/IU YTBOPIOIOTHCS 32 YMOBH MOBHOI BIIMOBIAHOCTI IiJICTaB, a MPH
HEBIJIMOBITHOCTI HABITh OJIHI€] I.II. 30H] € HecTaOUTbHUM. ASO-30H1H 31 3BOPOTHOIO
JOT-0JIOT TTOCIJOBHICTIO BUKOPUCTOBYBAJIUCS JUIS IETEKIllT Mepmux nojJiMopdi3mis,
o aHamizyBanucs 3a gornomororo meroxy IIJIP B cynoBo-meanuniit excrieptusi. L
30HIU JI0 CUX TP BUKOPHUCTOBYIOTHCS B Psfl JabopaTopiid, xoda 3apa3 Bce OLIbIIe
3aMICTh HUX BUKOPUCTOBYIOTH MeToa STR-ananizy. lllo0 orpumaru mepeBary npu
BUKOpucTaHHd Metony ASO-3oHaiB npu TunyBaHHl SNP  HeoOxigHO, 11100
BUKOPUCTOBYBJINCA METOAM JETEKIii, II0 3a0e3MeuyloTh BHCOKY TOYHICTb,
YYTJIUBICTb 1 MPOAYKTUBHICTb.

Buainsiors HaCTYMH1 BUJIM alleb-Clieliud14HO1 TOpuan3allii:
> I'omorenna riOpuausanis 3 BHUKOPHUCTAHHAM CHCTEMH IIepeHEeCeHHS
eHeprii 3a jgomomoror ¢uyopecuenTHoro pe3onancy (anri. fluorescence
resonance energy transfer — FRET).

[lepenecennss eHeprii 3a JOMOMOTroK  ()IYOPECIEHTHOTO  PE30HAHCY
BIIOYBA€ETHCS, KOJM JIBa (PIIyOPECLEHTHUX OapBHUKA 3HAXOASATHCA IyKe OIM3bKO
OJIUH JI0 OJTHOTO 1 CIIEKTP BUIIPOMIHIOBAHHS OJHOTO MEPEKPUBAE CHEKTP 30y IKEHHS
iHmoro. Ili meroaum reHOTUIyBaHHS OO'€IHYIOTH 1 JUCKpPHUMIHAIIO anener 3
BUKOpUCTaHHsAM MeTony ASO-30HAIB 3a gomnomorow IIJIP B peanbHOMy wacl, i
KUIbKiCHUH aHaii3. Tomy Ha gomatok g0 ASO-30HIIB MOTpiOHO JBa MpaiimMepw.
30utbmmTH cuiy ayopecteHiii MmoxkHa i yac [IJIP B peanbHOMy yaci abo micins 1i
3aKiHYeHHS. [CHYIOTh KiJTbKa BapiaHTIB, 3aCHOBAHUX HA IAHOMY MPUHIIUIII;

1. MeTton naiituukiepy (anri. LightCycler).

Meron OyB  po3poOseHMil, 3amaTeHTOBAaHWN 1 BIPOBAKEHUHN IIBEUIIAPCHKOIO
kommaHiero «Roche». BiH 3acHoBaHuWii Ha TOMYy, IO JBa CHEIiaJbHO
CUHTE30BAHMX  CHEUU(PIYHUX  ONITOHYKJICOTHIM MITATHCA  (PIyOpECLIEHTHUMHU
O0apaukamu (¢roopodopamu). Ilepmmii 30HA Hece QIYOPECICHTHY MITKY Ha
cBoemy 3'-kiHIi (yopecuein), a qpyruit 3001 Hece iHury mMiTky (LightCycler Red —
LC Red) na 5'-kinmi. IlocmiioBHOCTI ABOX OJIITOHYKJIEOTHUIIB MiAOUPAIOTHCS 3
PO3paxyHKy MOBHOI iX BiAMOBiIHOCTI 00panomy pparmenty JAHK. [Tpu riGpunuzanii
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X JBOX OJITOHYKJICOTHIB JBa (PIIyOPECIEHTHUX OapBHHKA BHSBIISIOTHCS IyKe
0M3bK0 0MH 710 0JHOTO. OnuH 3 HUX ((yopeciiein) BUIPOMIHIOE 3€JIeHe CBITIHHS.
Enepris, sika BuAiIseTbest B pe3yibTaTi, nepeaaerbes iHmomy 6apBHuky (LC Red).
Ie#t mepexin eneprii, Bimomuii sk FRET, € Bucoko 3amexxHUM BiJ BiACTaHI MiX
nBoMa OapBHMKaMH. EHepris mepefaeTbcs 3 BHCOKOI €(PEKTHBHICTIO TIIBKH KOJHU
BIJICTaHb MIJK JBOMa MOJICKYJIaMH BIJIMOBIiIa€ iHTEpBaTY 1-5 HyKICOTH/IIB.

[atencuBHicTh cBiueHHs OapBHMKa LC Red Bu3HauaeThcs 3a TOMOMOTORO
cucremu I1JIP B peansromy gaci «LightCycler®».

[Tocunenns ¢uyopecueniii nponopuiitHo yrBopenHio JIHK npu npoBenenHi
[1JIP. BumiproBanHsi ctyrnieHs (HIyopecueHIlli TpOBOAUTECS Biapa3y MICIs TOro, SK
OTPMMAaHMI CUTHANI BiJl OapBHHMKA NpO TiOpuaAM3alii0 HyKJIeoTHAIB. OIUH 3 30HIIB
MOB'sI3aHUM 3 MOJIMOP(HOIO MiACTAaBOIO B LIEHTPI, 1HIIUN XK€ MOBUHEH MepedyBaTu
nopyd, mo0 Bi0yBcs nepeHoc eHeprii. Jloope BijomMo, 110 MOMHIIKOBE CIIapIOBAHHS
ILI. BEAEC [0 3MEHIICHHS TEeMIEepaTypH BIANAIY OJIrOHYKJIeOoTHAIB. | CTyIiHb
3MEHILIEHHS 0€3M0CEPEIHbO 3aJEKUTh BiJl TOTO, sIKA JOBKHWHA OJIITOHYKJIEOTUIHOTO
dbparmenty, 1 Micis, 1€ BiAOyIOCS HENMpaBWIbHE cHaproBaHHA. [[s BUMiprOBaHHS
3MiH B TeMIeparypi Biananty OyayroTh KpUBY Bianandy. TakuM 4YMHOM, JaHUN METO.
TAaKOXX MOKHA BHKOPHUCTOBYBAaTH TIpH TiOpuaM3aIii, BUSABIAIOYM MYTaHTIB 1
BCTAHOBITIOIOYM TIOMUJIKM CTIApOBYBaHHSA MijfcTaB. OMHOYaCHO MOXKHA TEHOTHUITYBAaTH
ounbiie ongHoro SNP, 3 BUKOpUCTaHHSAM PI3HUX (PIIYOPECLIEHTHHX MITOK Ha PI3HUX
TeMIiepaTypax Bijnany. ['oJoBHa mepeBara 1b0ro METoIy — 1€ HOro 4YyTIUBICTh.

2. TagMan-renorunyBanus (anria. TagMan genotyping).

Meton OyB pO3poOJICHMIA, 3allaTEeHTOBAHUN 1 BIPOBAIHKCHUN KOMITAHIEIO
«Applied Biosystemsy.

TagMan-renoturnyBanHsl 3acHOBaHe Ha S'-HykJea3Hid akTtuBHoOcTi Taq-
nmoyiMepasu, sSKa BIAIMICTUTIOE HYKJICOTUIW B  OJITOHYKJICOTHAHUX 30HIIB,
riopuauzoBanux 3 JHK, Buxiaukaroun ¢uyopecueHTHuil immyibe. HeoOximHo nBa
TagMan-3ouau 3 pizHUMHU modiMoppHUMEU caiitamu. OJUH 30H] TOBUHEH OYyTH
KOMIUIEMEHTApEeH AMKOMY ajelto, IHIuH — moiiMopdHuM Bapiantam. Ll 30HAM
MaroTh Pi3H1 (IyopeclieHTHI OapBHUKHK Ha S5'-KiHIII 1 TaCHUKU (uryopeciieHinii Ha 3'-
kiHIi. Konu 30H11 HEaKTUBHI, TO TACHUKH B3a€EMOJIIOTH 3 OAPBHUKOM 32 JJOTIOMOTOFO
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mexanismy FRET, Onokyroun ¢iayopecueHTHY axkTuUBHICTH. Ha erami Biamamy
npaiiMepiB B mporneci mnposeaeHHs [IJIP TagMan-zonau ruOpiau3yroThes 3
monekynoro JIHK. Ha eram posmmitanHs S'-KiHeIb OapBHHMKA BIIIIEIUIIOETHCS,
3aBIAKH 5'-HyKJIea3Hiil akTuBHOCTI Taq-momimMepasu, 1Mo Ipu3BOIUTE A0 30UTBIIICHHS
piBHs (dayopecteniiii OapBHuka. [lommikoBe crmaproBaHHS TIIJICTaB B 30HJ]AxX
MPU3BOAUTD A0 BIAMICTIIICHHS L1JIOTO 30H/1a 0€3 BUBIILHEHHS OapBHHKA.

['eHOTHTT 3pa3ka BU3HAYAETHCS BITHOIICHHSM IHTCHCHBHOCTEHW CBITIHHS JBOX
p13HUX OAPBHUKIB.

[Hmmit MeToa AeTekIlii, sSIKMil MOXK€ 3aCTOCOBYBATHCS 3 BUKOPHUCTaHHSAM 5'-
HYKJICa3HOTO aHaJi3y, HA3UBAETHCS (PIIyOPECIIEHTHOIO MOJISIPU3AITIEIO.

3. Metoa MoJiekyJasipHux MastukiB (anri. molecular beacons).

MoJiekynsipHI MasiuKd MPEACTABISIIOTE COOOK0 OJIITOHYKJICOTUAHI 30H]IHU, SKI
MaloTh JIBa KiHIII, M0 (UIaHKyro0Th komruieMeHTapHii nuistaii JHK. Ha 5'-kinmi y
HUX € (piryopeciieHTHUI OapBHUK, HA 3'-KiHIIl — TaCHUK. 30H], epeOyBarouu y ¢hopmi
UITUAIBKWY, HE TUOPIAU3YE, a OAPBHUK «TACUTHCS 32 JOTIOMOTOI0 TaCHUKA 1, TAKUM
gyuHOM, (uyopectiennii He  BimOyBaeThcs. Koam  MOJEKyNSIpHMA — MasidoK
MPUEAHYETBCA 1O TMOBHICTIO KOMIUIEMEHTapHOI [IJISHKH, OapBHUK 1 TaCHUK
BUSIBJISIFOTHCS JAJICKO OJIMH BiJl OJTHOTO, B PE3y/IbTaTl YOTO BUHUKAE (PITyOPECIICHITIS.
Jna tunyBanHs SNP BHUKOPUCTOBYIOTBCS [BAa MOJIEKYJSIpHMX Masuka. OnuH
crieuu(p1yHUM U1l AUKOTO ajiefis, HIIUW — 11 nmojiiMopdHoro Bapianta. KoxkeH 3
HUX TO3HAYEHUUN PI3HUMH OapBHUKAMH, SIK1 JO3BOJISIOTH JUCKPUMIHYBATH ajeil 3a
omud 1uky [IJIP. Pi3Hi MimeHi MoxyTh OyTH JeTEeKTOBaHI B OJHIM peakmii. Lle
JIOCSITAETHCS BUKOPUCTAHHSAM PI3HUX MOJICKYJSIPHUX MAasdKiB Ui KOXXHOI MIIIEH] 1
MPUETHAHHSIM (DITyOpECIeHTHUX OapBHUKIB 3 PI3HUMHU CHEKTpamMu (ryopecleHirii.
Yucno pi3HUX OapBHUKIB, SIKI MOXYTh OyTH BUKOPUCTaHI B OJHIN peakiiii, 00MexKeHO
BU3HAYAJILHOIO 3JATHICTIO CYyYacHHX arapaTiB. ArmapaTd, 0 BUKOPHCTOBYIOTH
texHosorito I1JIP B peanbHOMYy 4aci 3 oaHOYacHUM (HIyOPECHEHTHUM aHAII30M,
BUKOPUCTOBYIOTh MOHOXPOMHE JIKEpENI0 CBITJIa, Take fAK Jazep abo mionud. 3
BUKOPUCTAHHAM 3MIHIOIOYMX JIOBXUHY XBHJI MOJEKYJIAPHUX MasyKiB JaHa
npobOjsema crae  BupimeHoto. Ili  3oHAM  BUMyCKarOTh  (IyOpECIIEHTHE

BUIIPOMIHIOBAaHHS B IHAWBIAYaJbHOMY Jlama3oHl, Xouya MOPYIIYIOTHCS OJHUM
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MOHOXpOMHHUM jkepenoMm. Lleit miaxin 30uTblnye 34aTHICTH MYJBTUIIEKCHOTO
tunyBaHHs SNP.

[TpuHIMnIOBa MepeBara METO/A1B TOMOTEHHOT TOpUIU3allii oJIsIrae B TOMY, 110
BOHM He BuMararoTh noct-IIJIP mponemyp, T.1. [IJIP 1 merekuis BimOyBaroThCs
poTsaroM oJHI€eT 1 Ti€el K peakiyi. Lle mo3Bonse Buznauatu SNP B 6e3niul 3pa3kiB i
PI13KO 3HMXKY€E WMOBIPHICTh KOHTaMIHAIIi.

»  T'iopuausanis Ha mikpouinax (anra. array hybridization).

VY 1poMy MiIX0A1 KOPOTKI OJITOHYKJICOTHIHI (PparMeHTH MPUKPITUIIOIOTHCS J10
TBEP/I01 MOBEPXHI, 11100 CTBOPUTH MIKPOMACHB, 1 THOPITU3YIOTHCS 3 (PIIYOPECIEHTHO-
mivenumu [1JIP mponykramu, mo mictate SNP. Ile momomarae anamizyBatu Oe3iiy
SNP onnouacHo. IIpote edeKkTUBHICTH TiOpUAM3alll 3aJIEKUTh HE TIIBKH BIJl
nommoppHux caiitiB SNP, a i1 Big iX QuaHKyr0UuX MOCHII0BHOCTEN. TaKUM YHHOM,
CTa€ CKJIATHO MiAIOpaTH ONTHUMAalbHI YMOBH MJii OJHOYACHOTO aHaNi3y BEJIUKOi
kinmpkocti SNP. Ll ckaafHicTh BHpIlIyeThes 3a paxyHok cuctemn «GeneChip®”
aMepukaHcbkoi komnaHii «Affymetrix» ¢ BukopuctanHaM aecatkiB ASO-30H1IB IS
koxHOro SNP. 30Hau BKIIOYalOTH B ceOe BC1 MOXKIIMBI BapiaHTH MOIIMOP(}i3MiB.
Ieit meTon po3poOieHuii nis TunmyBaHHs Oe3iui SNP, 1o HeoOX11HO [t Cy0BOT

MEIHUIUHHA. J{eTanbHilIe el METOI ONMMCAaHUK HUKYE.

IHonoBxkeHnHst (100y10Ba) mpaiimepis

[TonoBxkeHHs mpaitMepiB 3acHoBaHO Ha 3aaTHOCTI JIHK-mmommepasu BkirouaTu
10 cuHTe3yeMoro Januora tHT®, kommiemeHTapHi Matpull. [cHye Kinbka crocoOiB
MOJIOBKEHHsI npaiimepiB. Bci BOHHU, 0JiHaK, MOXKYTbh OyTH 3rpyIOBaHi y JBI OCHOBHI
rpynu. Jlo mepmioi HajaexaTh MPOIECH TOJOBXKEHHS 3a JIOMOMOTOK) OKPEMHX
HYKJIEOTUIIB (MIHICEKBEHYBaHHS), J€ MoJiMop(Ha TijJcTaBa BU3HAYAETHCS 3a
paxynok BkitoueHHs1 JIHK-omimepazoro xnHT®, kommmemenTapHoro moaumMopdHii
nifcTaBl Matpulll. [HIIa rpymna 3acHOBaHa Ha aeib-ceudIuHOMY MOJOBKEHH1, TPU
axkomy JIHK-momimepasa mpaiftoe nuiie B pas3l MOBHOI BIAMOBIAHOCTI Tpaiimepa
MTOCJTIIOBHOCTI JIAHITIOTA.

Buainsiors HaCTYMH1 BUJIM TTOJIOBXKEHHSI TIpaiiMepiB:

» @uayopucuenTHa aerexkuisa (anri. fluorescence detection).
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[cHyIOTH KiJTbKA BapiaHTIB, 3aCHOBAHUX Ha JTAHOMY MPHUHIIUIIL.
1. MyabTHiuiekcHe reHoTunyBanass SNaPshot.

Opnniero 3 HaWOLIBII 3BUYAMHMX KOMEPILIMHUX TEXHOJIOTIH, 3aCHOBaHINM Ha
peaxiiii MiHICeKBEHYBAaHHS 3 MOJATBIINM aHAJII30M METOJOM Tejib-eNeKTpodopesy i
duyopecuenTHoi meTekuii € Habip «SNaPshot® Multiplex Kit» xommanii «Applied
Biosystemsy.

JlJis MyJbTUILIEKCHOTO aHaii3y B HaOOpi BUKOPUCTOBYIOTHCS (PIIyOpecleHTHI
nanHT®. Hemiuenuit mpadimep 3HaxoauThes Ha 3'-KiHI mopyd 3 caiitom SNP. B
npaitmepl € JHT®, mivennil ¢ayopeclieHTHUM OapBHUKOM. MyJIBTHILUIEKC MOXKE
OyTH OTpUMaHHUI HUIIXOM MPOCTOPOBOIO PO3MOALTY MPOIYKTIB MiHICEKBEHYBAaHHSI
MIPU BUKOPUCTAHHI «XBOCTIB» PI3HOI JOBXMHM Ha S5'-KiHII TpaiiMepiB 3 HaOopy
SNaPshot. [IpoxykT MOXKHa BUSBHTH 3a JIOIIOMOTOIO T€lIb-€IIEKTPOdope3y.

2. Tl'iopuausanis Ha mikpouinax (anrJ. array hybridization).

Mikpouinu € 3pyunumu s reHotumyBaHHs SNP 32 momomororo
MIKpOCEKBEHYBaHHsl. BoHH MOXyTh OyTH CTBOpPEHI Ha TBEpAUN MOBEpXHI abo B
pO34MHI. Y TmepuioMy BHUIAIKYy MpaiMepu MIKPOCEKBEHYBAHHS MpHUEIHAHI [0
noBepxHi Oiouuna. I[lpaiimepun mapkoBani JIHT®, a mMikpomacCUB CKaHyeTbCs Ha
npeaMeT QuiyopecreHiii. Y Apyromy BHUIAAKy TE€HOTUITYBaHHS NPOBOJIUTHCS 3a
JOTIOMOTOK0 OKPEMHUX MIACTaB, 110 JAOAAIOTHCA 0 YHIKJIBHOIO KIHI MpaiiMepiB
MIKpOCEKBeHYBaHHA. [IpOAYKT MyJbTUIIIEKCY THOPIIU3YEThCSI B PO3YMHI 34
MPUHITMIIOM KOMIUIEMEHTApHOCTI. JleTanbHille 1ieit MeTo1 OMMCcCaHui HIKYe.

3. MALDI-TOF mac-cnexkrpometpis (anri. MALDI-TOF mass spectrometry).

Jlnst  BU3HAYCHHS MOJICKYJISIPHOI Baru TNPOAYKTIB 3  BUKOPHUCTAHHIM
MIHICEKBEHYBaHHA MOXe OyTH BHUKOPHUCTaHI TEXHOJOrl MaTpUYHO-aKTHBOBAaHOI
Ja3epHoi  jgecopOrii/ionizanii, ado MAJIJAI (amrn. matrix assisted laser
desorption/ionization — MALDI) ta gacomposiTHOI Mac-crieKTpoMeTpii (aHri1. time-
of-flight mass spectrometry — TOF). [letanbHiie 1ei METO ONIMCAHUI HUAXKYE.

4. dayopecuentHa noasipusauia (anrJ. fluorescence polarization).

Ax Oyno omwmcaHo panime, ¢GIyopecleHTHA TOMSApU3aIlis MOXe OyTH

BUKOPHUCTaHA JIJISI BU3HAUYECHHS OYJb-SIKHUX aJeIbHUX MPOAYKTIB, SKI MalOTh Pi3HI B

MOPIBHSIHHI 3 MOYAaTKOBUM MPOAYKTOM Macu. Y pa3l MIHICEKBEHYBaHHs, MpaniMep

278



Mpalioe 3aBASAKH alenb-crienupiyHoMy Ojokatopy OapBHUKA, 30UIBIIYIOYM Bary
bayopodopHoro 6inka nmpubiau3Ho B 10 pasis.
» IlipocexkBenyBaHHs (aHrj. pyrosequencing) (muB. 3.7.3. TexHoorii
CEKBEHYBaHHS HOBOTO ITOKOJIIHHS).

> Auenb-cnenudgiune npuennanns (anrJ. allele-specific accession).

Anenp-cnendiuHe TpHUETHAHHS 3acCHOBaHE Ha PI3HUII B €(QEKTUBHOCTI
npueanans JJHK-nonimepasoro mpaiimMepis, moB'si3aHoro 31 30irom 1 po30ixkHicTIO 3'-
kiamg. JIHK-momimepaza mnpuegnye mnpaiimMep TUIBKM Koy 3'-KiHEIlb MOBHICTIO
komruiementapeH auisHii  JIHK. [Ins koKHOro BU3HA4YeHHS HEOOXIJHO JBa
parMepH.

Autesib-cienu@ivyHe JiryBaHHs 0JIrOHYKJICOTHAIB

JIHK niraza e nyxe cnenu@iyHuM GepMEHTOM, SIKUH YCYBA€ OJHOJIAHLIOKKOBI
po3puBu B JIHK. ByB onucanuii mMeton JiryBaHHs OJHOJIAHIIIOTOBHX PO3PHUBIB, SIK
Meton TumyBaHHsa SNP. BiH 3acHoBaHMii Ha 37aTHOCTI (EPMEHTY KOBAJICHTHO
3MIMBATH PO3TAIIOBAaHI OJMH 3a OJHUM HYKICOTHAW. MeToj BUMara€e CTBOPEHHS
TpOX 30HIIB. OmHOrO 3BHYAHHOTO 1 ABOX anenb-cnenudiuaux. Ilepmmit 30HI
BIIDKUTAEThCsT Bigpady 3 SNP. JIa iHmux d¢uankyroTs 3'-nuisHkd  aneniB. lle
CTBOPIOE OAHOJNAHIIOTOBUM po3puB y cTpykTypl JJHK. Tinbku anenpHuit 30H1 MOXKe

3JIMIIHYTHUCA 3 OCHOBHHUM.

PecTpukrasHuii anaJi3
Anarnisatop «Invader® ameprkancekoi kommanii «Third Wave Technology»
3aCHOBaHMM Ha crernudiyHOMY BITI3HABaHHI 1 pO3pi3aHHi, 3aBASKA €HAOHYKJICA3HIN
AKTUBHOCTI, TPUBUMIPHOI CTPYKTYPH, YTBOPEHOI B pe3ysbTaTi MOBHOI TiOpuamn3altii
onironykieotuAis 3 JJHK.

HeoOxigHa HasgBHICTP [BOX OJITOHYKJICOTHAIB, 3BaHUX «BHYTPILIHIN
OJIITOHYKJICOTU» 1 «30HI», iK1 BianmamowThcs 3 JIHK HemoBHicTiO. BHYTpimHii
HYKJICOTH/I KOMIUIeMeHTapeH mnociimoBHOCTI 3'-kiHisg SNP. 3ona 3poOnenuit 3
dbparMeHTapHOIO0 JUISTHKOIO, IO HECe ajeNbHy MiACTaBy. TakuM 4YWHOM, 30HJI Mae
JIBa PEriOHU, OJIMH 3 SIKUX KOMIUIEMEHTapeH oaHomy 3 anemiB SNP 1 mociigoBHOCTI

S'-KiHII MOIIMOP(HOTO CalTy 1 HEKOMIIEMEHTApEeH MOCIiMoBHOCTI S'-tuteya. Komm
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aJyieNlbHA TCTaBa KOMIJIEMEHTApHA IMi/ICTaBl 30H.Y, 30H]T HEMOBHICTIO 37Ty4a€ThCA 3
3'-KIHIIEM  BHYTPIIIHBOTO  OJIITOHYKJIEOTHIY, VyTBOPIOIOYH  CTPYKTYpYy, sKa
BITi3HAeThC Flap-eHmoHyKI1€a3010 1 BUPI3a€ThCsl, 3BUIBHAIOUM S5'-KiHEelb 30HAY. Ko
cTajiacsi MOMHJIKA, TO YTBOPEHA CTPYKTypa HE BII3HAETHCS ()EPMEHTOM 1 BUPI3aHHS

He B110yBaeThes. Llelt MeTos 103BOJIsI€E TOUHO BU3HAYATH OJHOHYKJICOTHIHI MyTaIlii.

l'iopuausanisa Ha Mikpouinax

B cnpapxniit yac SNP-reHoTHIyBaHHS TOJJOBHUM YHHOM IPOBOJSATH METOJOM
riopuau3aiiii Ha MiKpoYlIax.

Cucrema ribpuauzaiii Ha Mikpouinax Oyia po3poOsieHa, 3alaTeHTOBaHa 1
BIIpOBaKeHa KommaHiero «Affymetrix» y 1989p.

JHK-Mmikpouin (anri. DNA microarray) CKIaga€eTbCcsi 3 TUCAY MIKPOCKOIIYHUX
KpamoK Je30KCHONIroHykieoTuaiB. KoxkHa Kparnka MICTUTD MOPATIKY
nikomoniet  JIHK cnenudiunoi nociiioBHOCTI.

OniroHykyeoTu1 Moke OyTH KOPOTKOIO AUISHKOIO F€Ha UM 1HIIOTO0 KOMIIOHEHTa
JHK, 1 BukopuctoByeThes s riopuaumzarii 3 kJJHK.

[NOpuauzamiss 30HAa 1 MIIIEHI PEECTPYETHCS 1 KUIBKICHO BH3HAYAETHCS 3a
TomoMoror0  (hirroopectieHIlii a0 XeMOJIFOMIHECIEHIII, 10 J03BOJIS€ BHU3HAYATH
BITHOCHY KUIbKICTh HYKJIEITHOBOT KUCIIOTH 13 33JJaHOIO MOCIIIIOBHICTIO Y 3pa3Ky.

OcranHiM 4yacoMm, kommnaHiero «Affymetrix» Oyaum po3poOseHi HOBI (opmaTu
JIHK-mikpouiris.

VY 3uuaitHomy JIHK-Mikpouirni 30HIM KOBAJEHTHO HPUKPIILUIIOIOTHECS 10
TBEPIO0i TTOBEPXHI CKISHOTO  abo KpemHieBoro  wimy. [uHmi  miatdopmuy,
Harnpukiajg kommnanii «Illuminay, BAKOPUCTOBYIOTh MIKPOCKOTIYHI KYJIbKH 3aMiCTh
BEJIMKUX TBEPAUX TTOBEPXOHb.

JIHK  Mikpodinu BiApi3HAIOTHCS BiJl 1HIIUX MIKPOYIMNIB TUIBKH THM, IO iX
3acTOCOBYIOTh 11 BuMiptoBanHs JIHK abo sik wactuHy OUIbII CKJIaAHOI CHCTEMH
nerekuii Ta ananizy JJHK. Oxpim renorunyBanus, JJHK-mikpodinu BUKOpUCTOBYIOTH
JUIA aHaJi3y 3MIHU €KCTpecii FeHIB 1 MOBTOPHOTO CEKBEHYBAHHSI MyTaHTHUX T€HOMIB.
Mikpouinu BIAPI3HAIOTECS IO KOHCTPYKIII, OCOOJIMBOCTAM pPOOOTH, TOYHOCTI,

€(eKTUBHOCTI 1 BApTOCTI.
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Awmepukancpka kommadis —«Fluidigm» ctBopuna cucremy ans  SNP-
reHOTUNyBaHHS «Juno». Jlama cuctema moOymoBaHa Ha  MiKPODIIOiITHIX
TEXHOJIOTISIX. Y MIKpOQUIIOIIHUX YWIIaX, OCHOBHI CTaAll aHamizy (3aBaHTaKCHHS,
TPaHCIIOPTYBaHHS MPoOU 1 peareHTiB, PuUIbTpallis i KOHIICHTPYBaHHS MPOOH, XIMIUHI
peakiii, po3noiyl MPOAYKTIB, AETEKTYBaHHS aHAMITY 1 T.J.) MOKHO peai3yBaTh Ha
ONHIA, KOMMaKTHIM mimmoxmi. Ile 3Ha4HO cHpomrye 1 TPUCKOPIOE TIPOIIEC
TeHOTUIYBaHHS, OCKUIBKH BHKIIIOYA€ JOJATKOBI MAHIMYJNSMIi 13 3aCTOCYBaHHSAM

BIJIMOB1AHOTO JTAaOOPATOPHOTO 0OJIaTHAHHS.

Jlenatypyroua BucokoedexkTuBHa piznana xpomarorpadis (ABEXKX)

(anri. denaturing high performance liquid chromatography — DHPLC)

Bucoxkoepexrusna piaguaHa xpomarorpagia — BEXXX (anra. high
performance liquid chromatography — HPLC) € onauM 3 epeKTHBHUX METO[IiB
PO3AUICHHS CKJIAQJHUX CYMIIIEH pEYOBHH, IO IIMPOKO 3aCTOCOBYETHCA SK B
aHATITUYHIM XiMii, Tak 1 B XiMi4HIM TexHosorii. OCHOBOI0O XpoMarorpadiuHoro
PO3/UICHHS € Y4acTh KOMIIOHEHTIB CyMillll, B CKJIaHIN cucTeMi BaH-nep-BaanbcoBux
B3a€MOJIIA (TIEpEeBaXXHO MDKMOJIEKYJIIPHUX) Ha MexXl po3auly ¢a3. Sk cmocid
ananizy, BEXXX BxoauTs 10 ckiagy rpynu METOIB, siKa, 3Ba)KAIOUU Ha CKIIATHICTh
JTOCHIPKYBaHUX O00'€KTIB, BKJIIOYAE TMOMEPEIHE PO3AUICHHS BUXITHOI CKJIAIHOI
CyMillli Ha BIJHOCHO TmpocTi. OTpuUMaHl NOPOCTI CYMIllll aHATI3YIOThCS MOTIM
3BUYAHUMH  (PI3MKO-XIMIYHUMH  METOJaMH a00  CICHIaIbHUMHU  METOJaMH,
CTBOpeHUMH 111 Xpomatorpadii. [IpuHuun pinuHHOi Xpomartorpadii mnonisrae B
MOJILJII KOMIIOHEHTIB CyMIIIli, 3aCHOBAaHOMY Ha PI3HUIIl B PIBHOBAXXHOMY PO3MOJLI iX
MDK JBOMa He3MIIIylouuMucs (a3amu, OJHA 3 SKUX HEPyXOMa, a 1HIIa pyxoma
(emoenT). Bigminaowo ocobnuBicTio BEXXX € BUKOpHCTaHHS BHCOKOTO THCKY (10
400 6ap) 1 apidHO3EepHUCTUX COPOCHTIB (3a3BHUail 3-5 MKM, a 3apa3 710 1,8 mxm). Lle
JIO3BOJISIE PO3IUISATA CKJIaAHI CyMillll PEYOBUH IIBUJKO 1 MOBHO (CEepelnHiil 4ac
anamizy Bia 3 10 30 xB).

Jenatypyrouya BHucOKoepeKTHBHA pinmHHa xpomarorpadis (IABEXX) €
pizHoBUOM BEXX. [Ipunmun Meronay mnojsrae B TOMY, IO JBOXJIAHIIOTOBA

monekyna JJHK, mo mae HaBiTh OJMHHYHE MOMMIKOBE CIIapOBYBaHHS MiJCTaB, Ma€
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MEHIIMM Yac yTPUMYBaHHS Ha Xpomarorpadidiii KOJIOHII MpU TeMIEepaTypi,

JIOCTaTHBOI JIsl YaCTKOBOI JeHaTypallii 3pa3ka.

MALDI-TOF mac-cniekTpomerpisi

EdexkTuBHOIO 1 BHUCOKONPOAYKTHUBHOK TEXHOJIOTIEIO, IO JO3BOJISIE MIBUIKO 1
BiTHOCHO Hegnoporo iaeHtudikyBaru nooannoki SNP, € meron MALDI-TOF wmac-
CHEKTPOMETPIi.

MAJIJII npencraBiasie coOoro JaecopOLidHMM MeTOoJ «M'SIKOi» 10Hi3arlli,
3YMOBJIEHOI BIUIMBOM IMITYJIbCIB JIA3€PHOTO BHUIPOMIHIOBAHHS Ha MATPULIO 3
aHaII3yeEMOIO PEYOBHHOI0. Matpuils sBisie co00l0 MaTepiall, BJIACTUBOCTI SIKOTO
3YMOBJIIOIOTH 3HI)KCHHS IECTPYKTHUBHUX BJIACTUBOCTEH JIA3E€PHOTO BUIIPOMIHIOBAHHS
1 10H13aI[110 aHAT130BaHO1 PEUYOBUHH.

Meron MALDI-TOF wMac-criektpomeTpii sBJsiEe COOOI0 TMOEAHAHHS Peakilii
MiHicekBeHyBaHHs JIHK 1 mac-criekTpoMeTpuuHOro aHaii3y MPOIYKTIB I1€1 peakIlii.
Takuii miaxia 103BOJISIE NOCATTH BUCOKOT TOYHOCTI aHAII3y B MOEAHAHHI 3 BUCOKOIO
IIPOIYKTUBHICTIO 1 HU3BKOIO COOIBAPTICTIO BUTpATHUX MarepianiB. [IpuHIUIIOBOIO
MEPEBArol0 JaHOro Coco0y € BUCOKA YYTJIMBICTh BU3HAUEHHS! TEHOTHITIB HABITh NIPH
BUKopucTanHi Manux kinbkoctedt JIHK 1 11 merpamamii. Texnonoris ma03BoJisie
inenTudikysatu 10 3000-4000 SNP na 100y.

MALDI-TOF wMac-cnexkTpoMeTpisi HYKJICTHOBHX KHCIOT Ui BH3HAYCHHS
reHotumniB SNP nepegdadae mocTaHOBKY peakilii MIHICEKBEHYBaHHS, IO CKIIAAA€ThCs
3 HACTYMHUX €TalliB:
> 1 eran — mposenenusi IIJIP nns wampairoBaHHS amIUTIKOHY, H.I. SIKOTO
BKJIFOYAaE  JociaipKyBaHud — momimopgizm. [IJIP  3acHoBaHa Ha  HMKITIYHIN
dbepMeHTaTUBHIM A00YAOBI OJITOHYKJICOTUIHOI 3aTpaBKU-TIpaliMepa Ha BUXIJIHIM
JNHK-matpurii. ¥V peakmii [1IJIP-ammumidikaiii BUKOPUCTOBYIOTBCS JBa TMpaniMepH,
KOMILIEeMEHTapHUX (uiaHKyrouil Toui nojgiMopdizmy nociigosaocti JJHK;
> 2 eran — gedochopunoBanns npoaykriB IIJIP peakmii 3a momnomMororo
dbepmenty TepmonabinbHOi Gocdotaszu (SAP). B pesynbrati momaioHOT 00poOKU B
MECl HE 3aJIMIIAETHCA JAC30KCUTPUHYKICOTUIB 3JaTHUX BCTYNATH B PEAKIIIO

amruTi(iKaIii, o J03BOJISIE SKICHO TMPOBOAUTH HACTYITHI €Taly MIPOTOKOIY;
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» 3 eram — NOCTAHOBKAa peakuil MiHiCeKBeHYBaHHs, 7€ B SIKOCTI MaTpHIIi
BuxkopuctoByeTrhcsi [IJIP-mpoxykr. CyTh peakiii mosisirae B TMPOBEACHHI peakiiii
amrutipikaiii 3 BHKOPUCTAaHHSAM OJIITOHYKJICOTHUIHOTO 30HAY, 3'-KiHEIb SKOTO
BIJDKUTA€ETHCST O€3MOCepeTHhO Tepe]] HYKICOTHAOM B SKOMY BiIOYBa€eThCsl 3aMiHa
(mommop@dizm). KpiM TOro, BUKOPUCTOBYEThCS TeBHUM Habip 2'-me3okcu 1 2',3'-
nigezokcutpunykineotuniB  (ANTP 1 ddNTP). ddNTP € tepminaropammu
amIutipikamifHUX peakiid, OCKUIBKM He 3AaTHI CTBOpIOBaTH Qocdoauedipauii
3B'I30K 3 HACTYIHUM HYKJIEOTHIOM. B XoJllI MIiHICEKBEHYBaHHS BHCOKOTOYHA
MoJIiMepasa MOJOBXKY€E 30H] KOMIUIIMEHTAPHO MaTpulli, B poJil sikoi Buctynae [1JIP-
OPOJYKT TOTPIOHOT JUISHKM TeHa. TakuM 4YWHOM, IS TOCHITOBHOCTI 5'-
ACCGATGGCCGATGCATC [C/t] GTC-3' (zamima C>T), mpu BHKOPHUCTaHHI
omironykieotuaHoro 3o0Hay 3 S5-ACCGATGGCCGATGCATC-3' 1 Habopy 3
Hactynaux Oyks: dT, ddC, ddG, npoaykTom peaxiii mpu HasiBHOCTI anenst «Cy» Oyne
5-ACCGATGGCCGATGCATC+ddC-3', a B pasi amens «T» - 5-
ACCGATGGCCGATGCATCHdT +ddG-3'. TIlpum reTepo3MroTHOMy I'€HOTHIII
YTBOPIOIOTHCSA 00MIBA TIPOIYKTH;

> 4 eram — OYMINEHHS NPOAYKTIB MiHICEKBEHYBAHHSl BiJl II03UTHBHO
3apsiIzKeHUX i0HiB 3a JOMOMOroI0 KaTioH-0OMIHHOI cMoid. [laHuii eTan HeoOX1THUI
JUIsl I030aBJIEHHS BiJl IIIyMiB Ha Mac-CIIeKTpi, BHACHIAOK HasBHOCTI 10HIB Na, Ca 1 K
B Oy(pepHOMY pO3UMHI;

> S eTan — HaHeCeHHsI OTPUMAHOI0 PO3YMHY AHAJITY HA MeTaJIeBy IJIACTHUHY
(aHKOp-4im) 3 MonepeHbO HAHECEHOIO0 MAC-CIIEKTPOMETPUYHOO MaTpuieto (3-HPA,

3-T1IPOKCIMIKOIIHOBA KUCJIOTA);

> 6 eram - Mac-cneKTpOMeTpWYHHUIlI aHajdi3. Peecrparis mnpomyKkTiB
BUKOHYEThCS ~ Ha  4acompoditHomy  MALDI  mac-cnektpomerpi. s
BUILEPO3TIISIHYTOTO IpUKIaLy OJIITOHYKJIEOTUAHOTO 30HIY S5'-

ACCGATGGCCGATGCATC-3' mae macy 5485 Da, a npoayktu peakiii 5758 Da 1
6102 Da qns anemiB «C» 1 «T», BignoBigHo. TakuM 4WHOM, TOCHIKYIOYH CIIEKTP
Mac 3pasKa Micis peakilii MiHICeKBEHYBaHHS MOJXKHA BHU3HAUUTH TeHOTUINT SNP s
Oynb-skoro 3pa3ka JIHK. Ananiz pe3ynbratiB Moxe OyTH 3[A1HCHEHO SIK B py4YHOMY,

TaK 1 aBBTOMAaTUYHOMY PEXKUMaX.
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MALDI-TOF wmac-cniektpomeTpito mpoBojsaTh Ha uaconpomithux MALDI

MacC-CIICKTpOMETpax.

3.8.2. HK-¢inrepnpuHTiHr

JHK-¢dinrepnpunrtinr (anra. DNA fingerprinting) a6o reHeTHYHM
¢inrepnpunrtinr, JHK-gaktmiaockonis, JHK-recryBanns, JAHK-TunyBaHHs,
JHK-npogimoBannsa (anria. genetic fingerprinting, DNA dactyloscopy, DNA
testing, DNA typing, DNA profiling) — meron, sikuii BUKOPHUCTOBYETHCS B CYI0BO-
MEIUYHIA eKCHepTU3l 1 aHTpomoJIorii,  Juisl 1aeHTU(IKamii ocl0 Ha OCHOBI
yHiKanpHOCTI ocmaoBHocted JIHK inauBiayyma.

Meton OyB Biakputuii B 1984p. OpUTAaHCBKHMM TE€HETHUKOM AJIEKOM
Ixeddpizom 1 Brepuie OyB BUKOPUCTaHMM sK Joka3 B cyal Hajg KomiHom
[TiTucdhopkom B cripaBi, Jie BiH OyB 3BUHYBAaUY€HHM y 3rBajTyBaHHI Ta BOUBCTBI.

Posrnsimatoun pentreniBebki 3HiMKH JIHK, [Ixeddpiz Bussus, mo JHK
PI3HUX JIIOJIEH MalTh YHIKaJIbHI MOCIIIOBHOCTI HYKIeoTuaiB. [Tocmigosnocti JJHK
KOHKPETHOT JTIoAnHU ckiafatoTh oro JJHK-npodins abo reHeTHYHMI macnopT, SKHii
MOXHa BUKOpPUCTOBYBaTH M 1aeHTudikauii ocodou. Ckmamanna JHK-npodimo
moauuan (JJHK-npodintoBanHs) He ciij miyTaTd 3 MOBHOIO pammpoBKOIO HOTro
TCHOMY.

Xoua 99,9% mnocmigoBaocteit JJHK mroguam 30irarotbes 3a CKIagoOM, TUM HE
menm  JIHK pisaux monpeit pocuts iHguBinyanbHi. B JIHK-npodintoBanHi
aHANI3YEThCS KUIBKICTh MOBTOPIOBAHMX EJIEMEHTIB B 0OpaHid NUIsAHLI reHoma. Ls
KUIBKICTh HA3MBAETHCS KOPOTKHM TaHIeMHMM moBTopoM abo KTII (anrn. short
tandem repeats — STR) i € BapiaGenbHO0O, TOMY Ma€ IIE OJHY Ha3By — BipiaOenbHUil
TaHJIeMHUI oBTOp (aHri. variable number tandem repeat — VNTR).

Yum Oinplie AUIIHOK reHoMy (a0o JIOKYCiB) aHami3yeTbCs MPU CKIIAJaHHI
JHK-npodiato, TUM BuUIlle TOYHICThH iAeHTH}IKALIT ocodu. B naHuii yac KiJIbKICTb
nokyciB misa cknananns JJHK-npodimio qocsrae 16 1 6ib1ire.

[Tpouec moumHaeThest 3 miarotoBku 3paska JIHK innuBinyyma (3a3Buuait
3BAaHUM «KOHTPOJILHUM 3pa3kom»). HaiOunbpin AOHUIBHUM METOJOM  BIIOOpY

€TAJIOHHOTO 3pa3ka € BUKOPUCTAHHA OYKaJbHOTO 3IMIKPIOy, TOMY IO MPU TaKOMY
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Croc001 3HMKYETHCSI UMOBIPHICTH HOT0 3a0pyAHEHHS. SIKIIO 1€ He IPeACTaBISIEThCsS
MOXJIMBUM (HampHKJIaa, SKIIO JUIsl TaKoi MpoLeaypyd MOTPIOHO PIIIEHHS Cyay, SKe
BIJICYTHE) MOYKHA CKOPUCTATUCS 1HIITUMU METOIaMu ISl 300py 3pa3KiB CIMHU, KPOBI,
cmepMd abo0 IHIIMX BIAMOBIAHUX pPIAMH ab0 TKAaHMH B OCOOUCTHX peuei
(HampukJaa, Big 3yOHOI IITKA, OpUTBH 1 T.M.). MOXXHa TaKOX CKOPUCTATHCS
3pa3KkaMu 31 CXOBHII (HAPHKIad, 3 OaHKY criepMu a00 31 CXOBHINA OI0TCiT TKAaHWH).
3pa3ku, oTpuMaHi 3 KpoBl O10JOTIYHHUX POJAWUYIB, MOXKYTH CIYKUTHU 1HAMKATOPOM
npodiIr0 1HAWBIAYyMa, Tak caMO SK 1 JIFOACBKI OCTaHKH, sIKi OyJd paHiiie
poduIbOBaHI.

KonTponbHuii 3pazok anamizyerbesa st crBoperHst JJHK-npodimo moaunmy,
BUKOPUCTOBYIOUM OJMH 3 MeToJIB, onucaHux Hwxde. JIHK-npodine norim MoxHa
MOPIBHSATH 3 IHIIUM 3pa3KOM, 11100 BUBHAYUTHU, YH € TEHETUYHA CXOXKICTb.
> IAP®-ananiz (anri. RFLP analysis). IlepmuMu MeTogaMu reéHETHUYHOTO
aHanizy, mo BukopucroByBaiucs st JHK-npodimoBannsa, Oynu po3mi3HaBaHHSA
EHIOHYKJIea3n pecTpukiii, a mnoriMm Cay3epH-OsoTiHr. Xoya B IO3HIIAX
PO3IICTUICHHST  €HAOHYKJICa3d PECTPUKINI MOXKEe MPOSBISTUCS —TOJIMOPdhI3M,
HaiyacTime came eH3umu 1 JIHK-mpoOu BUKOPUCTOBYIOTHCS ISl aHANI3y JIOKYCIB
TaHjeMHOTO oBTOPY. OnHak Cay3epH-OJIOTIHT € TPYIOMICTKHM METOJOM 1 BUMArae
Benukoi KiabkocTi 3paskiB JIHK. KpiMm Toro, opuriHasibHa MeTOAuKa NEPErjsay
OaraTbOX  MIHICATENITIB  JIOKYCIB  OJHOYACHO  30UIBIIYE  CIIOCTEPEKYBaHY
BapiaOeNbHICTh, aJie IIe CTBOPIOE TPYIHOII B PO3PI3HEHHI OKpeMHX ajemiB (1 TUM
CaMUM BHKJIIOYA€ LEH METOJ JJid TECTyBaHHS Ha OaThKiBCTBO). Lli panHl MeTomu
Oynu ButicHeHi Metonamu [1JIP anamizy.
> IJIP-ananiz (anrn. PCR analysis). 3 Bunaxomom Metoxy I[IJIP JIHK-
npodiTroBaHHS 3pOOUIIO BEJIMUE3HUN KPOK BIIEpe] K 1100 audepeHiianii, Tak 1 B
MOJIMBOCTI BIJTHOBJICHHSI 1H(OpPMAITii 10 Ay>Ke MauM (200 JAeTrpajytounM) 3pa3Kkam.
[IJIP B 3HayHid Mipl MOCWIIOE BaXJIMBICTh KOHKpeTHoro periony JIHK,
BUKOPUCTOBYIOYH OJITOHYKJICOTHIHI Tipaiimepu 1 TepmoctadinpHi JITHK-momimepasu.
[lepmi MeToam aHamily, Taki sIK AOT- ONOT-riOpuaumzaiis, Oynu ayXe MOMyJsIpHI
3aBASKA CBOIM MPOCTOTI 1 IIBUAKOCTI, 3 SIKOO MOXHA OyJl0 OTpUMATH pE3yibTar.
[Ipore BoHM He BoJOILIM Takow audepenuianiero, sk [IAPD. Kpim toro, Oymno
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Baxko BuzHauuTH JJHK-npodimi nms cymimri 3paskiB, TaKuX SIK BariHaJbHUM Ma30K y
XKEPTB CeKCyallbHOro HacwibcTBa. Metoa I1JIP OyB serko aganToBaHuil Jj1s aHATI3Y
nokyciB TanaemHoro moBtopy. Y CIIA ®BP crangaptuzoBanuit Habip 3 13
tangeMHux noBTopiB s JAHK-npodinroBanHs, a Takoxk opranizyBajio 6a3y JaHUX
CODIS nnsa cynmoBo-MeauuHoi iaeHTH(dIKAIli B KpUMiHAIbHUX crpaBax. [lomiOHi
aHami3u 1 6a3u gaHWX Oynau CTBOpPEHI 1 B iHmMX KpaiHax. Kpim Toro, po3po0OieHo
KOMIUIEKTH 1HCTPYMEHTaJIbHUX 3aC001B, K1 J03BOJISIOTH aHanizyBatu SNP.

» KTII-anani3 (anra. STR analysis).

Meton JIHK-npodinroBanHs, 110 3aCTOCOBY€ETHCS B TaHUH 4Yac, 3aCHOBAHUM Ha
[JIP 1 BukopucroBye KTII.

VY 11poMy METOAl aHaII3YIOThCS AUISTHKUA 3 BUCOKUM CTYIEHEM MOJIMOpPi3My,
K1 MalTh KOpOTKi moBToproBani nociigoBHocTl JJHK (HaiOuiem nmommpenum € 4
0a30BUX MOBTOPH, aJie 3yCTPIYAIOTHCA U 1HIII JOBXHUHH MOBTOPY, Y TOMY YHCIi 3 Ta 5
m.1.). OCKUIBKH pIi3HI JIOJM MalTh PI3HY KUIbKICTh HMOBTOPIOBAaHUX JIAHOK, Il
ausiHk JIHK MoxyTh BUKOpHCTOBYBAaTHCS Il BCTAHOBJIEHHS BIJIMIHHOCTEM MIiX
inguBinyymamu. i KTII-nokycu € MeToro crerianbHuX MpaitMepiB 1 TOCHIIOIOTHCS
3a ponomorotro IIJIP. Pesynbryroui ¢parmentn JHK mnotim BigguistoTbes 1
PO3MI3HAIOTHCA 32 JIOMOMOTOI0 KaISIPHOTO Tellb-eNeKTpodopesy.

» MiroxonapiaabHuii anami3 (anri. mitochondrial analysis).

JInst cUIIbHO JAeTpaZioBaHUX 3pa3KiB 1HOJ1 OyBa€ HEMOXJIMBO OTPUMATH MOBHY
indopmarito npo KTII. B Takux curyarisx anam3syerbes MTJIHK, ockinbku B
kiTuHI icHye 6arato konid MTIHK, Toni sik ssnepuoi [IHK mosxe Oytu He Outbiie 1-
2 komiil. MiToXoHApiadbHUM aHaNi3 € KOPUCHUM JIONOBHEHHSM y BU3HAUEHHI YITKO{
imeHTrdIKaIli B TAaKUX BUTAIKAX, SK MOIIYK 3HUKJINX 0€3 BECTl 0Ci0, KOJHU € TiIbKU
ponuyi, MoB's3aHl Mo MarepuHcbkiii ninii. MTJJHK Moxe Oytu orpuMana 3 Takoro
Marepiaiy, K Bojoccs, ctapi Kictku abo 3you. JJHK-dinreprnpunTiHT TPOBOAATH 3
BUKOPUCTAaHHSIM T€HEeTUYHMUX aHanizaTopiB. HalOunemmii 6ank gqanux JIHK B cBiTi —
HamionanpHa 6a3a BemmkoOpuranii, sika 3acHoBadHa B 1995p. 1 mictuts 2700000
npo6. Y Hiil 30epiraetecs iHpopmanis npo JHK we Ttimpku 3acymxenux, a i
M103pIOBaHUX. 3a JAaHUMHU OpPUTAHCHKUX KPUMIHAIICTIB, HIOTHXKHS PO3KPHUBAETHCS

10 2000 3mouuHiB, 3a IKUMU 3 MICIS MOl BUIydaBcsl TeHeTUUHUIN MaTepian. Jlanuii
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BHUJl ©KCIEPTU3U JO3BOJIUB 3HAYHO IMMJBHUIIUTH PO3KPUBAEMICTh TaKWUX BHUIIB
3JIOYUHIB, K KPaJAKKU 31 3JIOMOM, TIOTpa0yBaHHs, YTOHH aBTOMAIIMH — BChoro 90%
po3kputux cmpaB. 3 1998p. 0OroBopro€ThCS MNUTaHHS NPO BBEJICHHA T'€HHOL
MacrmopTu3aIlii BChoro HaceJIeHHS.

Y CHIA HamionanpHa 06a3a jaHuX 3 TeHETHMYHOI 1HQOpMAaIlii CTBOpEHa B
1998p. JTo 2002p. B Hiit 30epiramocs monan 800000 renotumiB. OOIIKY MiJIATAIOThH
0co0u, 3aCy/I’KEHI 32 BAMHCHHS TSDKKUX Ta OCOOJMBO TSHKKUX 3JI0YHHIB.

Y ©6a31 manux Icnmanali MICTATBCS TE€HOTHUIIM BCHOTO HACEJEHHsI KpaiHu

(6mm3bk0 300000 4OJIOBIK).

3.9. TI'eHeTHYHe KAPTYBaHHS

ITlin reHeTMYHUM a00 TEHOMHUM KAPTYBaHHSAM (aHIJI. gene mapping ado
genome mapping) po3yMirOTh CYKYITHICTh MiJAXOJIIB 1 METO/IIB, 3a JOIMTOMOIOIO SIKUX
MO>KHa KOXKEH T€H BIJIHECTH IO TMEBHOI XPOMOCOMH, TOOTO CKIJIACTH T€HETUYHY abo
T€HOMHY KapTy OpraHi3My.

3aBASKA 3aCTOCYBAaHHIO JIBOX OCHOBHUX METOIB TiOpuau3ailii COMaTUYHUX
KJIITHH 1 riOpuau3antii in Situ, y JIOAWHA BCTAHOBJICHA XPOMOCOMHA  JIOKaJIi3arlis
psAAy TEHIB, BIAMOBIZAIbHUX 3a JesdKi 3axBoproBaHHs. Ilpum ribpuausamii In Situ
npenapar MeradasHUX XPOMOCOM Ha IMOBEpPXHI CKJISHOI TUJIACTUHHM 1HKYOYIOTh 3
PaZlOAKTUBHO MIYEHUM 30HJA0M. TouyHy oOmacth riOpuamsanii BU3HAYaAKOTh 3a
JIOTIOMOTO10 pajiioaBTorpadii. Y TBOpEHHS 3epeH HaJ TICTOJOTIYHO 1ACHTH(IKOBAHOIO
XpOMOCOMOIO JIO3BOJISIE 3pOOMTH BHUCHOBOK MPO HAJNEKHICTh [aHOTO TEHa 0

3aBAsSKA BUKOPHUCTAHHIO KJIOHOBAHHMX (PparMeHTIB BCTAaHOBJIEHA XPOMOCOMHA
JIOKaizamisi 0araTboX TEHCTHYHHUX IOPYIICHb, UISl SKHX HE BAABAJIOCS BUSBUTH
HEJIOCTAaTHOCTI MO SKUM-HEOynb crnenudiyaum Oinkam. J[o Takux 3aXBOPIOBAaHb
HajexaTh: xopes ['eHTiHrTOHa (Xpomocoma 4), MyKOBICHIHI03 (Xpomocoma 7),
MOJIMKICTO3HA HedpomaTis gopociux (Xpomocoma 16), m'sizoBa auctpodis romeHa
(X-xpomocoma).

Axkmo o6macte JHK, B skiil jokamizoBaHuii AeeKT, Ma€ XapaKTepHY

CTPYKTYpy I'€Ha, TO MOKHa CHHTE3yBaTH LI I'€H, BBECTH y BIAMOBIIHUN BEKTOD,
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JoMOrTHCA ekcrpecii 1 BuB4ath ¢yHKII0. KpiM TOro, MokHa CHHTE3yBaTH
OJITONENTUIM, IOCIIJIOBHICTE aMIHOKHCJIOT B SIKMX BH3HAYa€ThCS BIJIMNOBIIHO 10
BCTAHOBJICHOT BIJKPUTOI pPaMKH 3UYMTYBaHHS B KOAYIOUidl oOjacTi. AHTHTINA,
OTpUMaHI TPOTH [BOTO MENTHUAY, SBJISIOTH CO00I0 IHCTPYMEHT MAJisi BUSBIICHHS
mrozeil. Bee 1e € cki1ajoBOI0 YaCTHHOIO T€HHOI Tepartii.

I'enna Tepamnisi (reHoTepamisi) — 1€ CYKYIHICTh TE€HHOIH)KEHEPHUX
(610TEXHOJOTIYHMX) 1 MEIMYHMX METOJIIB, CIPSMOBAHMX HAa BHECEHHS 3MIiH B
TCeHETUYHUI amapaT COMATUYHHX KIITHH JIOAWHM 3 METOI0 JIIKYBaHHS TEBHHUX
3aXBOpIOBaHb. ['€HHa Teparmis CIpsSMOBaHA HAa BUKIIOYEHHS Je(EKTHUX TEHIB abo
BIIHOBJICHHS iX HOPMAaJIbHOI (DYHKIIIT IPH 3aXBOPIOBAHHAX, HA TEUIIO SKUX BIUIMBAE
eniMiHallisl a0 HaJaHHS BIJMOBIAHUX TEHIB/OUIKIB, a 1HII METOJAU JIKYBaHHS €
Hee(PEeKTUBHUMHU.

TeopeTnyHO reHHa Teparis Moke OyTH MPOBEJIEHA y BIAHOIIEHHI 1 COMAaTUYHUX,
1 crareBux kimiTuH. [Ipm comaTuyHil TeHHINH Tepamii 3MiHH, BHECEHI 0 T€HOMa
nali€eHTa, He MepelaloThCs MMOTOMCTBY. AHAJIOTIYHI /i1 Ha CTaTeBl KIITHHU 3 METOIO
nepeaaydl reHeTUYHOI 1H(OopMallii HAaCTYITHUM MOKOJIHHSAM HUHI HE 3aCTOCOBYIOThH, B
T.4. 1 3 ETUYHUX MIPKyBaHb.

Cepen metoniB moaudikamnii TeHHOI (QYHKIIi HaWyacTille BUKOPHCTOBYIOTh
BHECEHHS (IMIEPEHECEHHs) TEPANEBTUYHOTO TeHa. Po3poOJISIIOTECS METOM KOPEKIIii
nedeKTHUX TeHIB (MpU MyTallisX, 0 3MiHIOITh HeBenuky augHky JIHK), 3aminu
ne(EeKTHUX TEHIB HOpPMaJIbHUMU a00 OJIOKaau iX eKCIpecii, METOAW TMOCHUJICHHS
eKcrpecii HOpPMaJbHUX TCHIB 1 BIJHOBICHHS eKcmpecii OJOKOBaHMX T'CHIB.
[TepcrieKTUBHO 1 «HAPOIIYBAaHHS T€HA, TIPH SIKOMY JI0 HHOTO JI0JIA€ThCA YaCTHUHA, 1110
3MiHIO€ oro (yHkiito. Po3pobiseTbcss METO, MPU AKOMY BEKTOpP MICTHUTHME T€H,
10 KOJY€ MPOIYKIIiI0 HEOOX1AHOTrO OUIKY, a TAKOXK MOJIEKYJIAPHY CTPYKTYPY, 3[aTHY
PETYNIOBaTH EKCIPECil0 TEeHa 3aJeKHO BiJ MPHUIOMY BCEpPEAMHY CIEiadbHOTO
nikapcbkoro 3aco6y. MayTe mociimkenns cremudiuHux IiKapchKuX MperapariB Ha
ocHOBI HykjieiHoBux kucnot: PHK-depmentn, mMoamudikoBaHi MeTOoIaMu T'€HHOI

IHKEeHepii OJITOHYKJICOTHIM, KOPUT'yBalIbHI I€HHI MyTarlii in VIvVo 1 T.1.
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Icuye kinbka cnocoOiB BBEACHHS HOBOI T€HETHYHO! 1H(OpMaIii B KIITHHH
moaunu. Lle no3Bosse po3poOIATH MpsAMi METOAM JIKYBaHHS CHAaJKOBUX XBOPOO —
METO/IM TeHoTepamnii. BUKOpUCTOBYIOTh 1BA OCHOBHUX MIAXOAM, IO PO3PI3HIIOTHCA
MPUPOJIOI0 KIITHH-MIIIIEHEH:

» (eranpHa TeHOTEparnis, npH ki ayxopiaay JIHK BBoasTs B 3urory abo eMOpioH
Ha paHHIA cragii po3BUTKY. [Ipu 1HbOMYy OUYIKyeTbCs, IO BBEACHUN MaTepiam
MOTPANUTH B YCI KIITHHY peruIieHTa (1 HaBiTh B CTaTEBl KIITUHU, 3a0€3MEYNBIITN
TUM CaMUM Iepeaady HaCTYITHOMY MOKOJIIHHIO);

» coMaTH4YHa TeHOTepamis, MpH sSKid TeHEeTUYHU Martepiad BBOJAATH TIIbKUA B
COMaTHYHI KJITHHHM 1 BIH HE MEPEAEThCS CTATEBUM KIIITHHAM.

Po3pizusroTh HenpsiMy a0o0 KIITHHHY (€X VIVO) i ipsimy (iN VIVO) TeHHY Tepaltito.

[lpu Tepamii €X VivOo cnenudivyHi THINW KIITHH BHIUIIOTE 3 OpraHizmy i
KyJIbTUBYIOTh 11032 HHMM, IIOTIM B HHMX BBOJSATH CTOPOHHI TEpareBTUYHI T'€HH,
B110MpatoTh TpaHC(HOPMOBaHI KIITHHHI KJIIOHH 1 BBOAATH iX Tii ke mroauHi. el Bua
TeHHOI Tepamii BUKOPUCTOBYETbCS AJIsl T€HETHUUHOI TpaHcpopmalii eHa0TenaabHIX
KJIITAH 1 HACTYMHOTO TOKPUTTS HUMU BEHO3HHUX IIYHTIB 1 BHYTPIIIHbOCYIMHHHUX
CTEHTIB.

['enHa Teparmis in VIVO 3acCHOBaHa Ha NMPSIMOMY BBEJCHHI TEPAlEBTUYHUX T'CHIB
3a IOOMOT'OI0 BEKTOPHUX CUCTEM B CTIHKY CYJMHU, MIOKap ad0 CKEJNEeTHI M'sI3H.

JUisi BBENEHHsS TEHIB B KIITUHHU-MIIICHI CYJIWH BUKOPUCTOBYIOTh OOMIBa
MIIXOM, ajie 3HAYHO 4YacTille 3aCTOCOBYIOTh NIpsAMY MeToauky. OkpiM BHOOPY
MOTEHI[IHHO TEepPareBTUYHUX TEHIB, YCIIX JIKYBaHHS 3aJ€XKHUTh BlJ XapaKTEPUCTUK
CHeliaJbHUX TEeHHUX HOCIiB (BEKTOPHMX CHUCTEM — BEKTOpiB) 1 BiI 3aco0iB
MEXaHIYHOi JOCTAaBKM BEKTOPIB 10 KJIITHH-MIIIEHEH. VY igeani BEKTOpU IMOBHHHI
3a0e3neuyBatu €(QEeKTHUBHE 1 Oe3MeyHEe MPOHUKHEHHS 1 €KCIPECil0 TepaneBTUYHUX
I'CHIB B KJIIITHHAX-MIIICHSX, a 3aCO0M MEXaHIYHOI JOCTaBKH BEKTOPIB JI0 IUX KIITHH
— JIETKO 1 HETPaBMATUYHO MOMIIATH BEKTOP B MOTPIOHY AUISIHKY CYJIMHU, YHUKAIOUH
MOTNaIaHHS TEHETUYHOTO MaTepialy B CHUCTEMHHU KpOBOTIK. OOMekeHa MICTKICTh
BEKTOPIB YCKJIQHIOE IOCTABKY BEJIMKHUX T'€HIB.

BektopHi cuctemu OyBarOTh BIpYCHUMH 1 HEBIpyCHUMH. JIJIsi KJIIHIYHOTO

3aCTOCYBaHHS BOHW TIOBMHHI MaTH TI€BHI SIKOCTI, 1 CHIIA 3a3HAYUTH, IO
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YVHIBEpCAIbHUX BEKTOpiB He icHye. Bubip BekTopa 1 METOQy HOTO JOCTaBKU
BHU3HAYAETHCSI KOHKPETHUM 3aBAAHHSAM TeHHO1 Teparii (Y Kl KIITHHU BUMAaraeTbcs
BBECTH TEPAINCeBTUYHHI T'€H, SIK JOBI'O BUMAra€ThbCsl HOro eKCpecist 1 B SIK1M KIJTBKOCTI
i Tak pmami). BimbpImicTe JAOCTYNHHMX HAa CHOTOJMHI BEKTOPIB JUIsl Teparii in Vivo
3a0€3MeUyI0Th TUMYACOBY €KCIIPECil0 NMEePEHECEHUX T'€HIB B KJIITHHI, TOMY 1 KpaIii
pe3ynbTaTH TEeHHOI Tepamii OTpUMaHl NpHU 3aXBOPIOBAHHAX 1 CTaHax, IO HE
BHUMAararoTh JOBIUHOI aKTUBHOCTI TEPANIEBTUYHUX T€HIB (HAPHUKIa/, IPH pecTEHO3aX
IIPOCBITY apTepii, 10 PO3BUBAIOTHCS TiCis OAJIOHHOI aHTIOIUIACTHKU, CTCHTYBAHHSI
a00 aTepeKToMIii).

HegipycHi Bektopu mpexactaBieHi abo miasmigHoro JIHK, a6o kommiexkcamu
JIHK 3 ninocomamu, aeHOBIpYCHUMH OUIKaMH, TpaHCHEPUHOM, MOJIII3UHOM 1 T.1I.
[Tnazmunna JIHK He BOyAOBY€eThCS B reHOM Xa3siiHa 1 3a0e3neuye Juiie 2-4-TUKHEBY
ekcrpecito rena. Kpim toro, tpancdekmis kmituH miasmigaoi JJHK in vivo ckianae
Bcboro 0,1 %, 1 ToMy MeToJ BUKOPHUCTOBYIOTH IPU HEOOXITHOCTI NEAKUH Yac
CEKpeTyBaTH OUIOK, 3JaTHUI MO MapaKpUHHOMY MEXaHI3My JISITH Ha 1HII KJIITUHH.
Skio & BUMaraeTbcs TpUBaJa e€KCrpecis O1IKy, aKTUBHOTO TUIBKHU B TiM KITITHHI, 1€
BIH CHHTE30BaHUM, BUKOPUCTOBYIOTh MoaMpikaiii Bekropa. Tak, AJd MiABUILECHHS
TpaHcheKIlii KITUH CcyauH IN VIVO 10 4-5 % 3acTOCOBYIOTH JIIIOCOMAJIbHUI
MJIa3MIJHUNA BEKTOpP, MPH I[bOMY MO3UTUBHUM 3apsia oOBojikarouoi JIHK mimigHux
OynwOamok crnpuse npoHukHeHHI0 JIHK wepe3 HeratuBHO 3apspkeHy MeMOpaHy
KJITITUHU-MIIIEHI.

BipycHi Bektopu mpencTtaBieHl ociabiieHMMH  a00  MOAM(IKOBAHUMH
peTpoBipycamMu, aJlecHOBIpycamMu, aaeHOAaCOIIHOBAaHUMHU BIpyCaMH, BIpyCOM TepIiecy
1-ro Tumy, neHTUBIpycaMu 1 T.A. PeTpoBipyCHI BEKTOpU 3aCTOCOBYIOTHCS TIIBKU JIJIst
CYJMHHOT T€HHOI Teparii eX VIVO, a HeBUKOPUCTaHHS IN VIVO 00yMOBIICHE 1X IEBHUMHU
HEeJ0JIIKaMu. AJICHOBIPYCHI BEKTOPHI CUCTEMH B COTHI 1 TUCAYl pa3iB e€deKTUBHIIII,
HIK MUIa3MiZHI 1 peTpOBIPYCHI, ajie 3a0e3MeuyloTh JIHIIE KOPOTKOYACHY E€KCIIPECIIO
BBEJICHUX TEHIB (710 4 THXKHIB), a IOBTOPHI BBEJACHHS OaraTi HACIiIKaMH PO3BUTKOM
3amajbHUX 1 IMYHHHX peakiii, ocobiuBo y pasi 1-ro MOKOJIHHS aJeHOBIPYCIB.
Po3BUTOK 1MyHHOI BIJANOBIAI Ha BIPYCHI OUIKM MOXE CYNPOBOKYBATHCS

eJIMIHALII€I0 BHECEHUX TepaneBTUYHUX TeHiB. Jlentusipycu (BLJI) Takox 3matHi 10
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TpaHCcdeKIil KIITHH, M0 HE UIATHCA, ajieé BOHU TMOTEHIIHHO HEOe3MeuHi s
moauHu. EdekTuBHE 1 TepeHeceHHs TeHIB 3a JIONOMOTrOK TeMarjloTHHYIOUHUX
BIpYCIB, ajie 3aCTOCYBAaHHS IIbOI'0 BEKTOpa OOMEKeHe Hecneln(iyHuM 3B'I3yBaHHSIM
BIpYCiB 3 €pUTPOLIUTAMH.

[lepcniekTMBHE BUKOPUCTAHHS aJCHOACOIIMOBAHUX BIPYCIB — HEMATOTCHHHUX,
3MaTHUX JO TpaHC(EKIii KIITHH, MO HE IUIATHCA, 1 3a0e3MEeUeHHI0 TPUBAIOL
eKCITpecii BBEICHUX TePANleBTUUHUX TEHiB.

B minomy BipycHI BEKTOpHM TE€HHOI Tepamii XapaKTepu3YHThCS BHUCOKOIO
€()EeKTUBHICTIO (aJIe HU3BKUM TPOII3MOM JI0 CY/AMH), MOXJIHMBICTIO 3aCTOCYBAHHS SIK
BHUCOKHMX, TaK 1 CEpeAHiX /03 BIPYCIB-«IIEPEHOCHUKIBY», a TaKOX BapiaOeibHOI
AJIEpHOI CIPSAMOBAHOCTI. MOKIIMBO 1 CUCTEMHE, 1 JIOKaJIbHE 3aCTOCYBaHHS BIPYCHUX
BekTopiB. HaiiOunpm edekTtuBHUM BBaxaeTbcsi Ad/lenti, a HeraTUBHI pe3yJIbTAaTH
OTpMMaHI TpH cHpobax 3acTOCYyBaHHS aJieHOACOoIiioBaHOTO Bipycy AAV-2.
E(deKkTuBHICTh, CENEKTUBHICTh 1 fJI€pHA CHPSAMOBAHICTh HEBIPYCHUX NEPEHOCHUKIB
T'eHIB 1CTOTHO HMXKYI.

KopoTki majiHapoMHi mOBTOPH, peryJsipHO PO3TALIOBAHI rpynaMu (aHIJI.
Clustered Regularly Interspaced Short Palindromic Repeats - CRISPR)
MPEICTABIAIOTh COO00 MPSMI MOBTOPH 1 YHIKAJIbHI MOCIHIIOBHOCTI, 110 PO3IUISIOTH
ix, B JIHK Oaxrepiii 1 apxei, siKi cOoiuibHO 3 acouiiioBanumu reHamu (Cas, aHri.
CRISPR — associated genes) 3a0e3medyroTh 3axUCT KIITHHH BiJl CTOPOHHIX
TeHETUYHUX eJeMeHTIB (OakTepiodaris, mia3min).

CRISPR-kaceTn BusBIIeHI B TeHOMax OaraThoX OakTepiil i OLTBIIOCTI apxei.
[ToBTOpHU MatOTh NOBXKHUHY BiJ 24 10 48 n.H. Y pe3ynbTari JOCIIHPKEHb MEXaHi3My Jii
CRISPR-cucremun Oyno 3poOJjieHe MPUIYIICHHS, [0 BOHA € MPOKAPIOTHYHUM
ananorom cuctemu PHK-inTepdepeniii eykapioT 1 3a0e3neuye OakTepisaMm 1 apxesam
3aXHUCT BiJ OakTepiodaris.

[laTorenHi 1 cMHAHTPONHI OakTepii MICTATh BEIMKY KUIbKICTh Oinka Cas9
(aarm. CRISPR-associated 9). bymno moxkasano, mo cucrema CRISPR/Cas9 moxe
OpaTu aKTHBHY y4acTb B PETYJSlii €HIOT€HHUX OaKTEepiHMX TeHIB, 30Kpema, Npu
B3a€EMOJIT OakTepiii 3 €yKapiOTUYHUM OpraHi3MOM, B SKOMY BOHHM Mapa3uUTyIOTh.

Hanpuknan, Oimox Cas9 3 Francisella novicida BukopuctoBye yHiKanbHY,
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CRISPR/Cas-aconiiopany mamy PHK (amrm. Small Cajal body-specific RNA —
scaRNA) nnsa npurHideHHss eHaoreHHoro TpaHckpunty MPHK, mo xoaye
OakTepiMHUHN JTINOMPOTEH, 10 A03BOJSE 1 OCIAOMTH IMYHHY BIJIOBIIb Xa3siHa 1
IIBUIIUTH 11 BIPYJICHTHICTb.

depMeHTH PEeCTPUKILIi BUKOPUCTOBYIOThCS Olojoramu st «MoHTaxy» JIHK
BHUKJTFOYHO ex Vivo: Tpeba CroYaTKy BUTOTOBHTH MOTPIOHUHN dparMeHT (HarpuKiaj,
MoauGiKOBaHHM reH), 1 BXKE MOTIM BBOJIUTH HOTO B KIITHHY 200 OpraHi3Mm.

«Kpicriepom» moskHa pizatu JJHK Ha micii, mpsiMo B JKHBi# KIITHHI — TOOTO IN
vivo. lle n03BoisiE HE TPOCTO BHUTOTOBJIATH T'€HH, IO ITYYHO BBOJISATHCS, alie i
«penaryBaTu» IiJIi TEHOMHU: HANPUKIIAJ, BUIAJIATA OJHI T€HH 1 BCTABJISATH 3aMICTh
HUX HOBIL. Sk crano 3po3ymine, cuctema CRISPR HeBubOarnuBa i Moxke IpalroBaTy B
OyInb-sIKI KJITHHI, HE JMIIe OakTepiHiid, ane 1 Mwuimadid ado JIIOACHKIH.
«BcTtanoButu» ii B MOTpIOHY KIITUHY AOCUTH TpocTo. [IpMHIMIIOBO 1€ MOKHA
poOUTH HaBITh HA PIBHI LIUJIMX TKAHUH 1 OpraHi3miB. Y MailOyTHbOMY i€ JO3BOJIUTH
[IJIKOM BUAQIATH 3 TE€HOMY JIOPOCJOi JIOJUHU J1e(PEeKTHI TeHU — HAMPHUKIAJI, IO
BUKJIMKAIOTh PaK.

Ane uinHicTh «Kpicnepa» He 0OMEXYeTbCS PECTPUKTa3HOIO (yHKLIE. K
BIIMIYalOTh 0araTo aBTOPIB, ISl CUCTEMa — MEPIIUNA BIIOMUN HAM 1HCTPYMEHT, 3a
JOTIOMOT'O10 SIKOTO MO>KHA OpraHi3yBaTH «3yCTpiu» NMEBHOro OuKy, Bu3HaueHoi PHK
1 nesHoi JIHK onnouacho. Ile camo 1o co01 BiAKpUBa€ BEIMYE3HI MOKIUBOCTI IS
6iomorii 1 meauiuau. Hanmpuknan, y 61aky Cas9 Mo)KHA BIAKIIOYHTH PECTPUKTA3HY
(GyHKIIO, @ 3aMICTh LIbOTO MPUB'A3AaTH 10 HHOTO THIIMI OIOK — CKa)KiMO, aKTUBATOP
reHa. 3a jgonomororo BianosigHoro PHK-30may mapy, mo Buiiliuia, MO)KHa
BIJIIPABIISATH B MOTPIOHY TOYKY T€HOMY: HANPUKJIAA, 0 MOraHO MPAaIfol0yoro reHa
IHCYJIIHY Y JedkuX AiabeTukiB. OpraHizoByHO4Hd TaKUM YMHOM 3yCTpid aKTHBYIOUOTO
Olka 1 BHMKHEHOTO T'€Ha, MOXXHA TMPUILIBHO 1 TOHKO HACTPOIOBATH POOOTY
opranizmy. [IpuB's3yBaTi MOKHA HE JIUIIE AaKTUBATOPH, a B3araji yce 10 3aBIOTHO —
CKaXXiMO, OUTOK, 3MaTHUM 3aMIHUTH Je()EKTHUN T€H Ha WOTO «PE3epBHY KOMIIO» 3
1HIIOT XpoMOcOMH. TakuM YHHOM B TMEPCHEKTHUBI MOXKHa OyJe BHIIKYBATH,
Harnpukiaa, xBopoOy XantuHrroHa. ['omoBHe goctoiHcTBO cuctemMu CRISPR B

JAaHOMY BUMAJKY — caMme il 3[aTHICTh «BIAMPABIATH EKCHEAMIII» 10 OyIb-IKOT TOUKH
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JHK, siky Mu MokeMo 3amporpaMmyBaTi 0e3 0COOIMBUX YTPYAHEHb. Y YOMY MOJISITae
3aBAAHHS KOXKHOI KOHKPETHOI eKCHEAWIlli — BHU3HAYAEThCS TUIbKK (haHTa3I€r0
JIOCJIITHUKIB.

B cnpaBxHiii gac po3poOieHi crnocoOM BHCOKOBUOOPYOTO AaKTHBYBAHHS 1
1HT10yBaHHs TeHiB, mo 0a3ytoThesa Ha cuctemi CRISPR/Cas9 (CRISPR-cuctemi II
tuny). OcHoBaumu komnoneHTamu CRISPR-cuctemu II tuny € CRISPR-kacera, Ha
OCHOBI sIKOi cuHTe3yroThcsl Hampabisitodi crPHK (anrim. CRISPR RNA — crRNA),
Hykieasa Cas9 (Csnl) i tracrPHK (anmrn. trans-activating crRNA — tracrRNA),
HeoOx1aHa ayia npoueciHry mo Hampasiase PHK. Insg cnpsmoBaHoro peaaryBaHHS
reHOMY €YKapiOTHYHMX KIITHH BHUKOpUCTOBYIOTH Cas9 Streptococcus pyogenes,
Streptococcus thermophilus a6o Neisseria meningitidis. Moaudikamis JIHK-
3’Bsi3ytoyoro aoMeny Cas9 1 Horo 31MTTS 3 pI3HUMHU PETYIATOPHUMH JIOMEHaMU
JI03BOJISIE  OTPUMATH BHOIPKOBO HampamiseMi Ha MOTPIOHI MIISSHKA TEHOMY 3a
nonoMororo PHK-30H11B miTyyHi yuHHukH TpaHckpumniii (crisprTF) 1 edekropu,
IMITY4YHI €HJOHYKJI€a3u PECTPHUKIi, PerpecopH, a Takoxk (epMeHTH, MOAUPIKYIOUl
enireHom, Taki sk JJHK-metunasu 1 nemerunasu. Kpim Toro 3naiineni ananoru Cas9,
ski 3aaTH1 posmieratu 3amicte [JHK monexynu PHK, mo no3Bonuth penaryBaTu
a60 BUOIPKOBO NpHUTHIYYBaTH akTUBHICTH MikpoPHK.

MeTon callT-CelIeKTUBHOTO peAaryBaHHs T'€HOMY 3a JIONOMOTOK (PEpMEHTY,
[0 BIi3HAa€ HeEoOXiAHY mochigoBHICTh JjaHipora JIHK «mo HaBemeHHIo»
komriemenTHoro il PHK-30Hmy, o00inse peBomIowiifHI 3MiHM B MOJIEKYJSPHO-
FeHEeTUYHHUX JOCII/DKEHHSAX 1 JIIKYBaHHI I[JIOTO PAIY 3aXBOPIOBaHb, BIJl Paky 1
HEBIJIIKOBHUX BIPYCHHUX XBOpPOO /0O CHAJKOBUX TEHETHYHHUX DO3JIAJIB Ha 3Pa3oK
CEpIIOBUAHOKIITUHHOI aHemii 1 cuHapomy Jlayna. BiH [103BONMB 3€IIEBUTH,
CIPOCTUTH 1 TPUCKOPUTH PO3POOKY FeHHOMOIM(DIKOBAHUX MIKPOOPTaHi3MiB, POCIUH
1 XyoOH, a TaKOX JTIOTIOMOYKE€ PO3pOOIll TeHHOT Teparii CIaJKOBUX 3aXBOPIOBAHb Y
moackkux — eMmOpioniB. IlpukpinuBmm po Oinky Cas9  nedextHomMy 1O
SHJIOHYKJICa3HI akTUBHOCTI 3enenui d¢uyopecueHTauii Oimok EGFP  wmoxna
OTPUMATH THCTPYMEHT JIsI Bi3yauti3allii mOCIIiIOBHOCTEH T€HOMIB B )KMBUX KJIITHHAX
CCaBLIB 1 BI3yaJbHOTO BHU3HAYEHHS JIOBXHWHU TEJIOMEpP XPOMOCOMH, a TaKOXK

BIJICTE)KYBaTH AMHAMIKY T€HHHX JIOKYCIB IPOTATOM KJIITHHHOTO IIUKITY.
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KonTpoabHi nuTaHHA
[Ilo nmpexncrasinse coboro pparmentyBanus JJHK?
Sk mpaigroe pectpukTaza’?
VY yoMy noJsisirae MOJIEKYJIsIpHE KJIOHYBaHHS?
Ckinbku cTajii Bkitouae kiionyBanHs ¢parmenta JJHK? Onumite 1 craii.
J151s 9oro BUKOPUCTOBYIOTH amrutidikarito JJHK?
Konu 1 kum OyB Biakputuit metoz [1JIP?
VY vomy nonsrae meton [1JIP?

Ckinpku ctamiy Bxiarovae [TJIP? Omumite 1 cTanaii.

© © N o g B~ w D oE

Ha sixomy ob6nagnanHi npoBoasts [1JIP?

10. Ski pizaoBuau [1JIP Bam Bimomi?

11. IIlo npencrasisie codoro IIJIP y peansHOMy vaci? ¥V yomy ii nepeBaru?

12. YV yomy nonsirae uudpona [1JIP?

13. Onumrite metox [TJIP 31 3BOPOTHOIO TPAHCKPHUIIITIETO.

14. SIkiit MmeTo BUKOPUCTOBYIOTH Jutst cenapaiii JJHK?

15. Ha sixkoMy oOJiajiHaHHI TIPOBOJSATH arapo3HUi rejb-elekTpodopes, a Ha SKOMY
MoTiaKpUiIaMiTHUI ?

16. [llo mnpencraBisie coOOK KamuIIpHUN Tenb-enekTpodopes? Y doMy #Horo
repeBaru?

17. SIxe obGnagHaHHS 3aCTOCOBYIOTH JUIS Bi3yauli3allii pe3yJibTaTiB MPOBEICHHS Tellb-
enexrpodopesy?

18. Ilo mpencrasmusie coboro riopuamnzaris JHK?

19. Sk mpoBoauThcst Cay3epH-O0IOTIHT?

20. SIxi BapianTu 650T-Ti0OpUaAn3aiii Bu 3naete?

21. dxi metoau Ha ocHoBi JIHK-mapkepiB Bam Bigomi?

22. Onumnite cxemy nposeaeHHs [1J[PdD-ananizy.

23. Ilepepaxyiite Bigomi Bam [1JIP-mapkepu.

24. llo mpenacrasisie coboro cexkBenyBanns JJHK?

25. TlepepaxyiiTe METOIM CEKBEHYBaHHSI.

26. Y yoMy moJisirae MeTOJl CeKkBeHyBaHHs1 Makcama-I'imoepTa?

27. OnuiiTe MeTo] cCeKBeHyBaHHs 3a CeHrepom.
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28. Sxi meronu NGS-cexkBenyBanHs Bam Biomi?

29. Illo Take reHOTUITYBaHHS?

30. 'eHoTHITYBaHHIO YOTO, B CIIPaBXHIN Yac MNPUIISIETbCS Bce Oinblna yBara?

31. Onumits Binomi Bam metoau SNP-reHoTHITYBaHHS.

32. Slkoro koMmaHi€o 1 Kojiu Oysia po3poOJieHa, 3amaTeHTOBaHa 1 BIPOBAKEHA
cucTema riopuamn3aiii Ha Mikpodinax?

33. OnuuiiTh METOIMKY IPOBEACHHS r0pUaaIlii Ha MiKpOYHIIaXx.

34. 1o Take JJHK-diarepnpunTiar?

35. Ski metoTtH 3actocoByoTh 1t JJHK-mpodimtoBanns?

36. 3a 101OMOr010 CYKYITHOCTI SIKUX MIAXO/IB 1 METO/11B, MOYKHA KOEH I'€H B1IHECTU
710 TIEBHOI XPOMOCOMH, TOOTO CKJIACTH F€HETUYHY a00 TEHOMHY KapTy OpraHi3My.

37. o mpexacraBisie cOO0I0 reHHa Teparmis?

38. ki pizHoBuIM TeHOoTepanii Bam Bigomi?

39. Sx mparrroe cuctema CRISPR?

40. Y yomy nossirae miHHicTh cuctemu CRISPR?
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SAKJIIOYEHHA

B ocTtaHH1 qecATUIITTS 3MIHMBCS caM MiX1J 1O BUPIIICHHS OCHOBOMOJOXHUX
npobiem Oiosorii. OAMH 13 3aCHOBHUKIB MOJEKYJSIpHOI 010J0Tii, OpUTaHCHKUIA
Oioximik, maypeat HobeniBcbkoi nmpemii JIxon Kennapro ckazap: «biosorn KoaumHix
POKIB B LIJIOMY MPOCYBAJIMCS 3BEpXy BHU3. BOHM MOuYMHAIM 3 LUJIOTO OpraHizmy,
MOTIM PO3HIMaJIM HOr0 Ha YAaCTUHU 1 PO3TJSAald OKpeMi opranu i TKaHuHH. [laii
BOHM BHBYQIM OKpeMi KIITHHU TiJ MIKpockomoM. Tak Majo-momany BOHH
IPOCYBAJIMCSl BHU3 BiJI CKJIAJHOTO 10 TMpoctoro. HoBa 6ioioriss mouynHae 3 1HIIOTO
KIHI[I 1 NPOCYBA€EThCS 3 CaMOro HHU3y Bropy. BoHa mnouana 3 HalOpoOCTIIIUX
KOMITOHEHTIB JKMBOTO OpTraHi3My, CTajla BUBYATH OKPEMI MOJIEKYJH 1 X B3a€EMO/IIIO
BCEpEUHI KIIITHH, HEXTYIOUU BCIM 1HIIMM. Tenep npuiinuia nopa 3Be€pHyTHCS A0 LI€T
PELITH 1 pyXaTucs B3JOBXK 1€papXii O10JI0TTYHOI OpraHi3arii.

3a ocTaHH1 YBEPTh CTONITTS Ha IbOMY HUISAXY Oysu 3po0JieH] OJMCKYUl, 1HO/I
HaBITh CEHCAIlIlHI BIAKPUTTA. € BC1 MIJCTaBU BBAXKATH, 1110 HU3KA IIUX BIJKPUTTIB IIIE
HE 3aKIHYMJIacA, SIK HE 3aKIHUMJIIACS 1€ PEBOJIIOLIS B 010JI0T1i.

MaiibyTHe MEIUIIMHM HAJEeKUTh MOJEKYJSpHii Oiosorii 1 reneruni. Came
BOHU CTaHYTh OCHOBOI MPOQIIAKTUKH 1 JIKYBaHHS 3aXBOPIOBaHb, Y TOMY YHCIII
CEpIIEBO-CYAMHHUX 1 OHKOJIOTIYHMX. ['eHHa Teparmis BIIKpUBaE HEOOMEKEHI
MO>KJIMBOCTI JIIKyBaHHSI TakuX XBopoO. [lepeBara reHETUUHOI 1IarHOCTUKY TOJISATAE B
TOMYy, II0 BOHA JAa€ MOXJIMBICTh BHSIBUTH CXWJIBHICTH JIO TOTO Y 1HIIOTO
3aXBOPIOBAHHS 3aJI0BF0 JO MOro KJIIHIYHUX TIPOSBIB, BYACHO TMPUUHSITH
npo(dIaKTUYHI 3aX0/, 3aM00IrM HOro po3BUTOK ab0 MOJIETIIMBIIM HOTO Mepeoir,
Ta 3 ypaxyBaHHSIM 1HIAUBIAYaJTbHUX OCOOIMBOCTEH 3aCTOCOBYBATH Teparito. ['eHoTu
JIOJIMHU HE 3MIHIOETHCS TPOTATOM KHUTTS 1 MOKEe OyTH BU3HAYCHUH 1€ B IUTSIUIOMY
Billl. BiH € mocTiiiHUM (akTopoM pHU3HMKY 3aXBOPIOBaHb, Ha BIAMIHY BIJ TaKUX
(dakTOpiB, SK EKOJIOTiYHA OOCTAHOBKA, CTPECH, AQJIKOTOJb, ITaJliHHS, B)KHBaHHS
HApKOTUYHHX 3aCO01B.

Opna 13 337249 MOJEKYJISIPHOI T€HETHUKH TOJsTaE B TOMY, 00 3abe3nednTh
KOXHIM JIIOMWHI yMOBHM, HEOOXIAHI [Js TOBHOI peasnizanii HOro TeHEeTHUYHOTrO

noTeHiiany. Po3poOsieHi 13 3acTOCYBaHHSM CYMApHOrO MIiAXOMy MPUHIIUIH
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MOJIEKYJISIPHOT J11IarHOCTUKM CHAJAKOBOi CXMJIBHOCTI JIOAMHHU JO PYyXOBOi TH
MICUXIYHOT JISJIBHOCTI MOXYTh OYyTH BUKOPUCTAH1 JJISI CTBOPECHHS J1arHOCTUYHHUX
KOMIUICKCIB, CIIPSMOBAHUX Ha OI[IHKY T€HETHYHOTO MOTEHIIAy B PO3BUTKY 1 MPOSBI
¢Gi3MyHUX 1 TICUXIYHUX 3A10HOCTEH Ta IHIIMX O3HAK, SKI € 3HAYYIIMMH B yMOBax
npodeciifHOl Ta CIOPTUBHOI AISUTBHOCTI, B IMiA00P1 HAMOUIBII ONITUMATBHUX X BHIIB.
CaMe TOMy KOXHa JIIOJIMHA TTOBUHHA MAaTU T€HETHYHUHN MACHOPT, B SIKOMY MOBUHHI
OyTH 3a3Hav€HI BapiaHTU IeHIB, HEOOXIAHUX JUISI TOCATHEHHS BUCOKHUX MPOQECiitHIX
1 CIIOPTUBHHUX Pe3YyJbTaTiB, PiBHI €KCHpecii IUX T€HIB Y CHOKOI 1 Mpu (pi3uuHOMY
HAaBAHTA)KEHHI, a TaK0X TI'€HU PU3UKY BUHUKHEHHS 1 PO3BUTKY HpodeciiiHux
naTajioriu.

Ane MOXJIMBOCTI MOJIEKYJIIPHOI TE€HETUKH HE OOMEXYIOThCS TUIBKU
npodeciiiHo OpleHTall€e0 1 B11OOpoM. OKpIM T€HOMIKM BUKOPUCTOBYIOTH ¥ 1HIII
HaIpaBJICHHS MOJIEKYJISIPHUX JIOCIII>KEHb.

[losiBa ycmi 3a T€HOMOM 1 MPOTEOMOM BEIUKOI KUIbKOCTI HOBHUX OMIiB —
CBIJIOIITBO Ba)KJIUBOI TEHJEHINT y CBITI cydacHoi Oiosorii. Bce Oinibliie mpoBOIUTHCS
BEJIMKOMACIITAOHUX JIOCHIJKEHb, PE3yJbTaTOM SKHUX CTa€ HE OMNHC OKPEMHX
MOJIEKYJ, a BEJIMKI MacHWBM CKJAJHO OPTaHi30BaHMX JaHUX. Y 3B’S3Ky 3 IIUM, B
OCTaHHIH Yac CTPUMKO PO3BUBAIOTHCS pizHOMaHITHI HOBI OMIKHw.

HyTtpureneruka mparte 3po3yMiTH, SIK TEHETUYHUH CTaTyC JIOANHU KOOPIUHYE
BIJIMOBIIb OPraHi3My Ha 1Ky 1 J03BOJII€ BU3HAYUTHU ONTUMAIBHY JIETY IS
KOHKPETHO1 JIFOAMHM Ha OCHOBI ¥oro reHotumy. HyTpureHomika BHUBYa€ BILUIWB
KOMITOHEHTIB 7K1 Ha €KCIPECIIO TEeHIB.

dapMaKoreHeTuKa HajJac MOKJINBICTD 1HUBITyami3arii BUOOPY
dapmnpemnapatiB 1 iX pEXWUMIB JJO3YBaHHS Ha TIJACTaBl BUBYCHHS TCHOTHUITY
KOHKPETHO1 JroauHu. PDapMaKkoreHOMiKa JOCIIKYE BIUIMB TE€HETUYHOI Bapiarii
KOJKHOT JIFOJIMHM B MOTO BIJIMOBI/II HA TIEBHUM JiKapchkuil 3aci0. dapMakoreHoMHuKa
3B'I3y€ EKCIPECIl0 KOHKPETHOrO0 TeHa a00 OJHOHYKJICOTHIHOIO MoiiMopdizMy B
Te€HOMI JIIOJIMHU 3 €(EKTUBHICTIO a00 TOKCUYHICTIO JIIKiB, JJI TOTO, III00 po3poOuTu
parioHanbHI 3acobu onTuMmizamii dapmakorepanii. dapmakonoriune 3abe3nedeHHS
nepeadavae 3acCTOCyBaHHS O10JI0TTYHO aKTUBHUX JOOABOK 10 1K1 — HYTPHUIIEBTHKIB 1
napadapMareBTUKIB.
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Bu3HaueHHs1 €MIreHeTHYHOrO CTAaTyCy JIIOAMHU (emireHeTHKa) J103BOJIsIE
BUSIBUTU SIK aKTUBHI, TaK 1 «CIUIAY1» , 1HIIMMHU CJIOBaMH, HEAKTUBHI (METHUJIOBaHI)
I'eHU 1HJMBIAA, BIJMOBIIAIbHI 32 PO3BUTOK (DYHKIIIH M'sI30BOi, CEPIIEBO-CYJUHHOI Ta
IHIMX ~ (QYHKIIOHATBHUX CHCTEM OpraHi3My, O[O0 Ba)XJIMBO [UIsl MPOTHO3Y
npodeCifHUX 1 CIIOPTUBHUX MOKIIMBOCTEH OpraHizmy.

BusnadeHHsT TpaHCKPUMITIHHOTO TIPO(D1ITFO (aKTUBALTIS SIKAX T€HIB 1 B SKiH Mipi)
CKEJIETHUX M'SI31B  JIO3BOJIUTH OIIHUTH, HACKUIBKA €(EKTHBHO BiIOyBa€ThCA
ajanTailisi OpraHi3My JIIOJIMHM JO TMEBHUX (I3MYHMX HABAaHTAXEHb, a TaKOXK
MPOTHO3YBaTW  iX  YCHIMHICTh.  JlaHUMHM  JOCHIDKEHHSIMU  3alWMaeThCs
TPaHCKPUTITOMIKA.

OaHuM 3 NEPCIEeKTUBHUX MApKEpIB, SIKI MOXYTh OYyTH BUKOPUCTAaH1 IS
pPO3pOOKH paHHBOI JIaTHOCTHKM Ta MPOTHO3YBAaHHS IMEPEBTOMU, € IUPKYJIIOKYl B
kposi JIHK.

Jlns momryKy HOBUX OloMapKepiB, IO BKa3ylOTh Ha 3MIHHM (DYHKIIOHAJIBHOTO
CTaHy OpraHi3My JIIOJMHU, BUKOPUCTOBYIOTh MOCTT€HOMHI METOAM aHalli3y, Cepen
SAKUX TPOTEOMHI TEXHOJOTIi (MpoTeoMika) 3aiiMaroTh MPoBiAHI To3ullli. OgHuM 3
MIIXOJIB  KOHTPOJI  OpraHi3amMy, IO MIJAA€TbCS 1HTEHCUBHUM  (DI3UYHUM
HABAaHTAKEHHSAM, € OIlIHKAa KOMIUIEKCY OUIKIB 1 TENTHIIB, 10 BIINOBIAAIOTH 3a
peanizauio Ti€i 4yd 1HIIOI (i310J0T1YHOI (DYHKII], M0 3HAXOAATHCS B KPOB'SHOMY
pycii, B X0/l (hi3WYHOTO HAaBAaHTAXKEHHS 1 B Mepioj BIAHOBJICHHS, 1 B MOPIBHSIHHI 3
npodijaeM JIOIUHH, 110 He TIITA€ThCS HAaBAHTAXKEHHSIM TaKOTO PiBHIO.

BusznaueHnss  MeTaOOJJOMHMX  TOKAa3HUKIB  (MeTa0OJOMIKa)  JO3BOJISIE
BUpIIIYBATH HACTYIHI 3aBJaHHA KOMIUIEKCHOTO OOCTEXKEHHS: KOHTPOJb 3a
(GyHKITIOHATFHUM CTaHOM, SIKUN BioOpaxkae e(peKTUBHICTH 1 pallioHATLHICT TIparli 1
BUKOHYBAHOI  1HJIWBIyaJbHOI ~TPEHYBAJIbHOI MpOTpaMu, CIOCTEPEKEHHS 32
ajanTalifHUMU 3MIHAMU OCHOBHHMX C€HEPIeTHYHHUX CHUCTEM Ta (DYHKIIIOHAIBLHOIO
nepeOdy/IoBOI0 OpraHi3My B mpolieci (PI3MYHOrO HABaHTAXKEHHS, J11arHOCTHUKA
MPEINaToJOTIYHUX 1 MATOJOTIYHMX 3MIH MeTabonizMy. MetaOoniyHUil KOHTPOJIb
JI03BOJISIE TAKOK BUPIIITYBAaTH TaKi MPUBATHI 3a]ayi, K BUSBIECHHS PEAKI[il OpraHizmMy

Ha (I3WYH1 HABaHTa)XXEHHS, OI[IHKA PIBHS TPEHOBAHOCTI, aJICKBATHOCTI 3aCTOCYBAHHS
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(apMaKkoJOTIYHMX Ta IHIIMX 3ac00iB, IO BITHOBIIOIOTH, POJI EHEPTETUYHHX
MeTa0O0IIYHUX CUCTEM B M'SI30BiH AISJILHOCTI, BINIMBY KJIIMAaTUUHUX (DAKTOPIB Ta 1H.
Jns mporHo3y aepoOHMX MOXKJIMBOCTEH, IIATOJOTIM CKEJIETHUX M'S31B 1
CXWJIBHOCTI JI0 JIOBroi TPYyAOBOI 1 CHOPTUBHOI Kap'epu, TPEICTABISIETHCS
MEePCIIEKTUBHUM BHKOPHUCTaHHS 1H(OpMaIi Mpo JOBXHHY TEJOMEep 1 aKTUBHOCTI

TEIIOMEPA3H.
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CJIOBHUMK TEPMIHIB

AIMTHBHA B3a€MO/Iisi reHiB (MoJjiMepisi, moJiireHiss) — TUN B3a€MOJIIi T'EHIB,
P SIKOMY CTYIEHb PO3BUTKY KIJTbKICHOI 03HAKM BH3HAYAETHCS BILUIMBOM JICKIITHKOX
HeaJeNbHUX T'eHIB, Jif AKUX IIYMY€TbCs B 03HAIll (TTOTiMEepHI TeHH, 00 TIOJITeHN).

AJiesib — anpTepHaTHBHA (hOpMa reHa, 1110 BU3HAYa€ HOro MposiB y (HEHOTHIII.

AJIbTEePHATHBHUI cmiaiickHr — ¢opMma CIUIalicUHTY, 10 3a0e3nedye
KOAYBaHHS OJHHM TE€HOM pI3HUX KIHIEBUX MPOAYKTIB, WI0 BU3HAYAETHCA
crieniniKO TKAaHUHHU.

AMILTIKOH — 11032 XPOMOCOMHA OJIMHHUIIS aMILTi(ikarii.

Amiutigikanisa — 301uIbeHHs KipkocTi komin JIHK.

AHeyII0iliA — crHajkoBa 3MIHA, MPU SKOI YHUCIO XPOMOCOM B KIIITUHAaX HE
KpaTHO OCHOBHOMY Ha0opy.

AHTHUKOIOH — crOenudiYHUN  TPHUIUIET  HYKJICOTHAIB,  B3a€MOIIIOUMIA
KOMILIEMEHTapHO 3 KogoHoM MPHK.

AnypuHoBuii caiit (All-caiiT) — nurstaka JIHK, mo3z6aBnena a.m.

AyTocoma — XpomocoMa, SKa TOMOJIOTiYHA 1HIINW. bByap-sika HecTareBa
XpoMocoMa.

Binkn Bucokoi pyxomocti (HMG-06iikn) — CTPpYKTypHI Ta PeryJsTOpPHI
O11KH, K1 MOCTIHHO acOIIMOBaH1 3 XPOMaTHHOM.

BioindopmaTnka — CyKynHIiCTh METOJIIB 1 MAXOJIB, 10 BKIIOYAIOTh B cebe:
MaTeMaTUYHI METOJM KOMI'IOTEPHOTO aHali3y B MOPIBHSUIbHIN TeHOMiIll (reHOMHa
61oiH(OpMaTHKa); pO3pOOKY aITOPUTMIB 1 MPOTrpam sl mepeadadueHHs] MPOCTOPOBOT
CTpYKTypu OinkiB (CTpykTypHa OioiHpopmaTuka); JOCTIHKEHHS  CTpaTerii,
BIIMOBIAHUX OOYHCITIOBAJIBHUX METOJOJIOTINH, a TaKoX 3arajbHe YIpaBJIiHHSA
1H(pOpMaIIHHOT CKIAAHOCTI 010JIOTTYHUX CUCTEM.

Biocunre3 Oiika — ckimagHWit  GaraToCTamiHHWI — MPOIEC  CHUHTE3Y
MOJIIMENTHUIHOTO JIAHIFOra 3 aMIHOKHCJIOTHMX 3aJIMIIKIB, IO BiAOYyBa€ThCs Ha
pubocoMax KJIITHH KUBUX OPraHi3MiB 3a y4acTio MoJekyn M- 1 TPHK.

Binkpura pamka 34uTyBaHHS — IHTEpPBaJ MK CTapT- 1 CTOM-KOJOHAMMU.

I'ameTa — 3pina crareBa KJIiTUHA.
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lanjorpyna — BenMka Tpyna CXOXXHMX TalUIOTHIIB, SKI € PAIOM aneneil B
NeBHUX JIOKycax Y-xpomocomu 1 MTIHK.

I'annoix — opranizm abo KITHHA 3 OJUHAPHUM HaO0OPOM T€HIB 200 XPOMOCOM.

l'anaorun (ramjoigfHUii TeHOTHN) — KOMOIHAIlSA ajejieii TeHIB Ha OJHIN
XPOMOCOMI.

I'en — CyKymHICTh TEHOMHHUX TMOCIIJOBHOCTEH, 10 KOAYIOTh 34ETICHUI Habop
MOTEHLIWHO MepeKPUBAIOYNXCS (PYHKIIOHAIBHUX MPOIYKTIB.

I'en-kanauaaT — reH B TEHOMI JIIOJAWHHU, MyTallld B SKOMY IMOBIPHO €
MPUYMHOIO KOHKPETHOI CIIaJKOBOT XBOPOOH.

[en-peryasitop — reH, KOAYIOUUN pEryasTOpHUM OIOK, aKTUBYIOUUM abo
MPUTHIYYIOUMI TPAHCKPUIIL[IFO 1HILIUX T'€HIB.

I'en-moaugikaTop — reH, 10 HE Ma€e BIACHOTO MPOsIBY Y (EHOTHUITI, alle HAJae
nocyia0srounit a0 MiCHUITIOI0YNIA BILUTMB Ha €KCIPECII0 1HIINX T'eHIB.

I'eneruka (rpeu. YyevntMS — TOM, 110 MOPOIKYE, IO MOXOAUTH Bil KOIOCh) —
HayKa, 1110 BUBYA€ 3aKOHOMIPHOCTI CIIaJIKOBOCTI 1 MIHJIMBOCTI.

I'eneTnyHa iH:xKeHepis (reHHA iHXKeHepisA) — CyKYyMHICTh MPUIOMIB, METOMIB 1
TEXHOJIOT1 EeKCTpaKIii TeHIB 3 OpraHizMy (KJIITHMH) 1 3I1HCHEHHA 3 HUMHU
PI3HOMAHITHUX MaHIIYJISIIHA.

I'eHeTMYHe KApPTYBaHHSl — CYKYIHICTb MIJXOJIB 1 METOIB, 3a JOIMOMOIOIO
KX MOKHA KOKEH T'€H BIJIHECTH JI0 MEBHOT XPOMOCOMH, TOOTO CKIIACTH T€HETHYHY
KapTy OpraHi3My.

I'eneTuunnii aHami3 — CYKYOHICTh METOIB JOCIHIDKEHHSI CIaJKOBUX
BJIACTUBOCTEH OpraHi3My (MOro reHOTHITY).

I'eHetuynuii (reHOMHMi, O0aTbKiBCbKHiII) IMIOPUHTHHI — 3aJICKHICTh
€KCIIPECYEMOCTI T'€HY BiJl TOTO, IKMM 3 OATbKIB BiH MEpelaHui.

I'eneTnyHuii KOa — cUCTEMa 3aMUCy CHAAKOBOI 1H(OpMAIIi B MOCIITOBHOCTI
HYKJICOTUIIB, MPU SIKOMY KOXHHUM TPbOM HYKIJIEOTHJaM (TpUILIETaM) BiANOBinae
OJIHAa MOJICKYJIa aMIHOKHCJIOTH.

I'eneTtuunuii mapkep — ninsaka JIHK 3 Bigomoro jokanizaii€ro.

I'eHeTH4YHMH MACHOPT — JOKYMEHT, SIKMM MICTUTh IHAUBIAyaibHYy 6a3y JIHK-

JaHUX, 110 BIAOOPaXaOTh YHUKAIbHI TEHETHYHI OCOOJMBOCTI KOXXHOI OKpPEMOi
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JIOMHH, MOTO CXMJIBHICTh IO PO3BUTKY 1 MPOSBY (PI3UYHMX 1 MCUXIYHUX 3M10HOCTEM,
a TaKOXX CMAJIKOBUX Ta MYJIbTU(PAKTOPIaIbHUX 3aXBOPIOBAHbD.

I'ennmii JomiHr — HETEpaneBTUYHE 3aCTOCYBAHHSA I'€HIB, TEHETUYHUX €JIEMEHTIB
a00 MOIYISITOPIB TE€HHOI eKCrpecii, MO MaloTh 3/aTHICTH MiABUIYBAaTH CIIOPTUBHI
pe3yibTaTH.

I'enna  Tepamis  (reHorepamisi) —  CyKYyNHICTb  T'€HHOIH)KEHEPHHX
(610TEeXHOJIOTIYHMX) 1 MEIWYHUX METOJIB, CIPSMOBAHUX Ha BHECEHHS 3MiH B
TeHEeTUYHUIM amapar COMAaTUYHUX KIITHH JIIOJIMHU 3 METOI0 JIIKYBaHHS TEBHUX
3aXBOPIOBaHb.

I'enni xBOopoOM — BenMKa Irpyna 3aXBOPIOBaHb, 1110 BUHUKAIOTH B PE3yJIbTaTI
nomkoxeHHs JJHK Ha piBHi rena.

I'enoM — TmOBHa TeHETHYHAa CHUCTEMa KIITHHH, sKa BHU3HAYA€ XapakTep
OHTOTE€HETUYHOTO PO3BUTKY OpPraHi3My 1 CHaJKOBY Mepeaady B psijii TIOKOJIHb YCIX
HOT0 CTPYKTYPHUX 1 (PYHKI[IOHAJIbBHUX O3HAK.

I'eHomika — Hayka, OCHOBHUM IPEIMETOM BHMBYEHHS SKOi € T€HHM 1 T'€HOM
KUBUX OpPTaHI3MiB.

I'enoTun (rpeu. genos — pia, HApOAKEHHs, MOXOKEHHH + typos — BiIOMTOK,
3pa30K, THI) — CYKYITHICTh I'€HIB JAHOTO OpPTraHi3My.

I'eHoTHIYBaHHSI — aHANI3 IEPCOHATLHOI TEHETHYHOI CTPYKTYPH JIFOJIUHHU.

I'eTepo3urora — kimithHa (a00 Oprai3M), SIKMil MICTUTH JBa PI3HUX ayelsi B
KOHKPETHOMY JIOKYC1 TOMOJIOTTYHHX XPOMOCOM.

I'eTepo3UroTHiCTH — HASIBHICTH PI3HUX aJleJiel B JUIUIOIIHIN KIIITHHI.

IeTepoxpomMaTuH (KOHJAEHCOBAHUI XPOMATHMH) — MIUJIBHO YIAaKOBaHUM
XPOMATHH.
liopuausamis — 3'egHanHg N VItr0 KoMIieMEeHTapHUX OJHOJAHIFOIOBUX

HYKJIETHOBUX KHUCJIOT B OZJHY MOJICKYILY.

licronn — O6inku 3 mosekynsipHoro macoro 11-21 k/l., mo micTaTe Oararo
3JIMIITKIB aMiHOKUCIIOT apriHiHy 1 JTI3HUHY.

T'omonumepn — caiiT-cienndiuni 61JIKH.

I'omo3urora — xiituHa (200 opraHi3M), SIKUH MICTUTh JBa OJHAKOBHUX aJielisi B

KOHKPETHOMY JIOKYC1 TOMOJIOTTYHHUX XPOMOCOM.
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I'oMO3UroTHICTL — HASIBHICTH OJTHAKOBUX aJIEJIEN B JUIUIOIIHIN KIIITHHI.

I'oMoJ10TiYHI XpOMOCOMH — XPOMOCOMH, OJTHAKOBI 32 HAOOPOM CKIIQAAl0UYMX iX
T'eHiB.

J{e30KCUPUOOHYKJIEOTH — HYKICOTHI, B SIKOMY € TIEHTO3M MpEACTaBICHI
JI€30KCUPUO03010.

Je30kcupuOOHYKI/ICIHOBA kuciaora (JHK) — HykieiHOBa  KHCIIOTA,
moOyoBaHa 3 IE30KCUPUOOHYKICOTH/IIB.

JeJgienist — BTpata JUISTHKA XPOMOCOMH.

JAumiioin — opraHizaM abo KIITHMHA 3 TMOJBIMHUM (JIUIUIOITHUM) HaOOpOM
XPOMOCOM.

Jlucnepmisi — 3a1UTiAHEHHS IBOMA CIIEPMATO301JaMu.

Jianma3oHoM peakmii — pI3HUI MK 3HAYEHHSMU IE€BHOTO TEHOTHILY, IO
3HAXOAUTHCS B 301THEHOMY a00 30araueHoMy CEepeIOBHIIII.

JAHK-nynnekc — monekyna JIHK, sxa mae dopmy cmipaii, 1m0 yTBopeHa ABoma
MOJIIHYKJICOTUIHUMH JIAHIIOTaMHU, 3aKpYYEHUMH BIJHOCHO OJIMH OJTHOTO 1 HABKOJIO
3arajbHOT1 OCl.

JloMeH OJIKa — €JIEeMEHT TPETUHHOI CTPYKTYpHU OlKa, 110 TPEACTaBisie cOO0I0
JIOCUTHh CTaOUIbHY 1 HE3aliekKHY MIACTPYKTYpYy Oulka, 4uii (OJIIHT MPOXOAUTH
HEe3aJIeKHO BiJ] PEIITH YaCTHH.

Jyniikanisi — 10ABOEHHS AUISIHKA XPOMOCOMH, IO MICTUTh I'€HHU.

Ex30H — Koyro4ya nociiJOBHOCTh HYKJICOTHIIB.

Ex3onykieaza — OUIOK 3 Tpynu HyKjeas, SIKUM BIJIICIUIIOE KIHIICBUMA
MOHOHYKJICOTHJ] Bl  TMOJUHYKJICOTHIHOTO  JIAHIIOTA  INUIAXOM  TIAPOMI3y
docdomiedipHUX 3B'I3KIB Mi>K HYKJICOTHIAMH.

Excnpecis — nmpomec, B X0l sSKOro crnajkoBa iH(opMmaiis Big TeHa
NepeTBOPIOETHCS Ha (pyHKIIOHATBbHUN poaykT — PHK a6o 6imok.

EnemenTn Bigmosini (Cis-eiementn) — perysstopHi nociigoBHocti JITHK,
3arajbH1 JJi TPYIU TeHiB.

Enounraunis — apyra crasis perutikaiii, TpaHCKPHUTIIIIT 1 TPaHCIISIIII.

Enponykieaza — OUTOK 3 IpynM HykJeas, 1o posmemioe ¢ocdomaiedipHi
3B'SI3KM B CEPEAMHI MOJUHYKJICOTHTHOTO JIAHITIOTA.
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Enxancep — nuisiaka JIHK, sika mocuittoe mpoiiec TpaHCKpHUIILIT 3 HAHOIMKIO0Tro
110 HET IIPOMOTOPY.

Enireneruka — (rpem. €ni — Haja, BUINE, 30BHilIHIN) — Taly3p T'€HETUYHOI
HAyKH, sIKa BHBYA€ 3aKOHOMIPHOCTEW €MIr€HEeTUYHOTO YCHAJAKYyBaHHSI — 3MIHH
eKcrpecii TeHiB a00 (PEeHOTHUITY KIITHHH, BUKIMKAHUX MEXaHI3MaMH, HE TTOPYIIYIOTh
nocaigoBaocTi JIHK.

Emnicra3 — sBumie npurHidyBaHHs Jii OJHOTO TeHYy 1HIIMM, HEaJeIbHUM HOMY
TEHOM.

EyxpomaTuH (iHTepXpOMATHH) — HENIUTFHO YITAaKOBAaHWA XPOMATHH.

3IBUT paMKH — MyTallis, B pe3yibTaTi SKOi BCTaBIAE€TbCA a00 BUAAISAETHCS
OJIMH HYKJICOTH/]I 1 3MIHIOETbCA PaMKa 3UMTYBaHHS.

3urora — KJIITHUHA, 1O YTBOPIOETHCA B PE3YyJbTaTl 3JIUTTA YOJIOBIYOI Ta
KIHOYOI TaMeT Mpu
3aIUTIHEHHI.

3yenuieHHsl TeHiB — SBUIIE CMUIBHOTO (34EIUICEHOTO) YCHaJAKyBaHHS TEHIB, SIKi
po3TarioBaHi Ha OJTHIA XPOMOCOMI.

34enuieHHs 3i CTATTIO — JIOKaTI3allisl TeHA HA OJHIHN 31 CTATEBUX XPOMOCOM.

Iniorpama — Bi3yasibHe MOJaHHS MOBHOTO XPOMOCOMHOTO Ha0OpYy.

InBepciss — nmoBoOpoT OKpeMoOi NUISHKM Xpomocomu Ha 180°.

Inimiamis — nepiia crais periikaiii, TPaHCKPUIILIL 1 TPaHCIISIIII.

Incepuis — BcraBka pparmentis JJHK.

IHCcyasiTop — peryasaTopHuil eIeMEHT, SIK1 OJIOKY€E B3a€EMO/IIF0 MK €HXaHCEPOM 1
MIPOMOTOPOM, SIKIIO 3HAXOJUTHCSA MK HUMHU.

InTpon — Hekoayr4a TOCIIIOBHOCTh HykieoTuaiB, minsaka JIHK, sxa
pO3TalllOBaHa Mk €K30HAMHU.

Kapiorpama — BizyanpHe 101aHHS TIOBHOTO KapiOTHITY.

Kapiornn — cykynHicTh O3HaK (KUIbKICTh, PO3MIipH, ¢opMa 1 T.1I.) TOBHOTO
HaboOpy XpOMOCOM, MPUTAMaHHA KJIITHHAM JaHOTO O10JIOTIYHOTO BUAY (BHUIIOBUU
KaplOTHII), 1aHOTO OpraHi3My (1HAMUBiTyalbHUN KaploTuil) a0o JiHii (KJIOHY) KJIITHH.

KapioTunyBanHsi — mnpoiiec BUBYEHHsS OYJIOBH 1 KUIBKOCTI XpPOMOCOM, 1

rpadiuHuil 3aUC pe3ynbTaTiB (BUBHAYEHHS KapiOTHUILY).

304



Ken — MonudikoBanuii HyKIEOTH[ /-METUITYaHO3UH-5'-Tpudocdar mpucyTHin
Ha S'-xinmi MPHK.

Kine3iorenernka — raixy3b reHeTUYHOI HayKH, sSika BUBYAE T'€HU BIIIOBIJAIbHI
3a PO3BUTOK 1 MPOSB (HI3UIHKUX 3M10HOCTEH JIFOTHHH.

Kine3ziorenomika — po3aial T'e€HOMIKM, SKHH BHBYa€ BIUIMB (PI3MYHOTO
HABAaHTAKCHHS HA EKCTIPECIIO TCHIB.

Kpocunrosep (mepexpecr) — mpoiec OOMiHY MUISHKAMH TOMOJIOTIYHUX
XPOMOCOM 1111 YaC KOH'Forarfii.

Knacrep — rpyma mnoBTOpiB OAHOTO 1 TOro X abo0 CHOPIAHEHUX TEHIB,
pO3TalllOBaHUX MOPYY Ha XPOMOCOMI, IO BXOJAATH [0 CKJIaAy MYJIbTHUIE€HHOTO
ciMelcTBa.

Kononn (koxpyw4i TPUHYKICOTHIM) — TPIMKK HYKJICOTHJIB (TPHUILIETH), IO
KOAYIOTh BKJIFOUEHHS OJIHIET aMIHOKHUCIIOTH.

KommniiemenTapHicTh — cyBopa BIANOBIIHICTh 3'€qHAHHS a.ll., IO 3'€IHaHI
BOJHEBUMHM 3B'SI3KAMU, B SKOMY: aJIeHIH 3'€IHY€TbCS 3 THUMIHOM, a TyaHIH — 3
LIUTO3HHOM.

Kontpoabuuii perion (meriast 3cyBy, a60 D-mersist) — HailOunblml MiHIKMBa
00J1aCTh MITOXOH/PIAILHOTO TEHOMY.

Kon'torauisa — nporiiec 37uTTS TOMOJIOTIYHUX XPOMOCOM B Tpodasi mepIioro
MOJITy MEHO3Y.

Jlirana — Mosiekyna, 110 BII3HAETHCS CHEIU(BIYHOI CTPYKTYPOIO, HAMPHUKIIAT
KJIIITUHHUM PELENTOPOM.

Jlinkepna IHK — JTHK, 10 3B’s13y€ HyK1€0COMHI YaCTUHKH.

JIokyc — 1oJI0’KeHHS TEBHOTO I'eHa B XPOMOCOMI.

Meiio3 (peaykuiiiHuii MOAI KJIITHHH) — O A]Ipa €yKapioTUYHOI KIITUHHU 13
3MEHILIEHHSIM 4YHClIa XpPOMOCOM B JBa pa3u. BinOyBaerbcss B 1Ba eranu —
PEAYKIIHHUHN 1 eKBAI[IHHUI eTanu MeHo3y.

MeTa60Ji0M — CYKyHHICTH BCIX METaOOMNITIB, AKi € KIHIEBUM MPOIYKTOM
MeTabo1i3My B KIIITHHI, TKAHUHI, Opradi abo opraxi3mi.

Meta6osiomMika — Hayka, [0 3alMa€ThCS BUBUEHHSM YCIX METa0OIYHUX

peakxiiif, skl BIACTHBI JAHOMY BHJy OpPraHi3MiB 1 BiOyBarOThCS B HOPMAJIbHOMY
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CTaHi, 1] KOHTPOJIEM HAaBKOJMIIHBOTO CepeAoBUIa a00 TeHETUYHUX Moau(IKaIliii, a
TaKOX MPU PI3HOTO POy MNATOJIOTISIX.

MiTto3 (rpem. mitos — HUTKAa) (KapiokiHe3) — HeNpsMUN  TOAUT  KIITHHH.
Haii6inp1m nommpenuit cnocio penpoayKilii eykapioTHYHUX KITITHH.

Moaexkyasippa ©Oiojioriss — KoMIUIEKC O10JIOTIYHMX HayK, SKI BHUBYAIOThH
MeXaH13MH 30epiranHs, Tepenadi Ta peatizamii reHeTHIHOI (CraaKoBoi) iH(opMarii,
OyZ0BY, BIACTUBOCTI 1 PyHKIIII HEpEryasipHUX OiomoJiMepiB — OUTKIB 1 HYKJICTHOBUX
KHUCJIOT, @ TAKOXK MOJIEKYJISIPHUX KOMILUIEKCIB (MOJIEKYJISIPHUX MAIIIMH) Ha iX OCHOBI.

MoJiekyJIsIpHA T€éHeTHKA — TraTy3b TeHETUYHOI HAyKH, sIKa BUBYAE CTPYKTYPH,
mo 30epiraioTh Ta GOPMYIOTh T€HETHYHY 1HGOpMaIio (F€HU Ta IHII CTPYKTYPH,
KOTp1 O€pyTh y4acTh Y F€HETUYHHUX IPOLIECAX Ha CYOKIITUHHOMY W MOJIEKYJIIPHOMY
PIBHSIX) Ta iX (PYHKIIIOHAIbHI BIACTUBOCTI. Y IEHTP1 1€ HAYKH JICKUTh KOHLIEMIIs
TEeHETUYHOTO KOy, SIKHH TEpPBUHHO 3yMOBJIIOE TaKl O3HAKM JKMBOI Marepii, sK
CIAJIKOBICTb 1 MIHJIUBICTb.

Moaexkyasipao-reHeTnuauii mapkep (AHK-mapkep) — mneBHuid anenp resa
(a0o0 TeHOTHMH, PI3HOMAHITHI KOMOiHAIll ajeneld 1 TeHOTHIIIB), acOIlOBaHHH 3
PO3BUTKOM 1 TMpOSIBOM TNEBHUX (I3UUYHHUX SKOCTEH (PYXOBHX 3IaTHOCTEN),
AHTPOIIOMETPUYHUMH, KOMITO3HIIMTHUMH, (h1310JI0TIYHUMH, 010XIMIYHHMH,
MICUXOJIOTITYHUMHM Ta IHITUMU MOKaA3HUKAMH.

MoHorenHi 3axBoproBaHHs — 11B. ClaAKoBi 3aXBOPIOBAHHSI.

MoHocoMist — HasIBHICTb BChOT'O OJHIET 3 TAPH TOMOJIOTTYHHUX XPOMOCOM.

MyabsTudakTopianbhi 3axBoproBanHa (M®3) abo xBopoOH 3i CHAIKOBOIO
CXWIBHICTIO — 3aXBOPIOBaHHS, SIKI JIJIT CBOTO TPOSBY MOTPeOyIOTH Aii (hakTopiB
30BHIIIHHOTO CEPEJOBUINA, YUM BIJIPI3HSIOTHCSA BiJl TEHHHX XBOp0O. M®D3 Takox
HOCSITh Ha3BY MOJIIF€HHUX 3aXBOPIOBAHb (JUB. CIIAJKOBI 3aXBOPIOBAHHS).

MyTauisi — 3Miau B nocaigosHocti JJHK.

Honcenc-koaoH (0e3riy3amidi KOAOH) — KOJOH, IO HE 31MCHIOE MH(PPYBAHHS
aMIHOKUCIIOTH.

Honcenc myTauisi — MmyTaiiisi npu siKiii yTBOPIOIOTHCS MepedacHi TEPMIHYIOU1
KOJIOHH.

Hyxkneocoma — komruiekc ricronoBux Ounkis 3 JJHK.
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Hyxkjaeorux — MOHOMEDP HYKJIEIHOBUX KMCIOT, SKHWA CKJIAAA€ThCA 3 a.Il.,
BYTJIEBOJHOTO KOMIIOHEHTY Ta 3aJUIIKY (POCPOPHOT KUCIOTH.

HykieogiiaMeHT (HYKJ€0COMHA HHUTKA) — IIOCIIJIOBHICTh HYKJICOCOM,
3'eqnanux 6inkom HI.

Hyrpureneruka (u1ar. nutritio — XxapyyBaHHsi + TIeHeTHKAa) — Taly3b
TeHETUYHOI HayKH, SIKa BUBYAE T€HU BIJIMOBIAANBHI 32 METa00III3M Ta 3aCBOIOBAHICTh
K.

Hyrpurenomika (;1at. nutritio — xapuyBaHHf + TreHOMiKa) — pO3JILI
T€HOMIKH, KM BUBYA€E BIUIMB XapUyBaHHS Ha €KCIIPECIO TEHIB.

Oorene3 ado oBorene3 (CT. rpeu. @Ov — siiine + YéveolS — BUHMKHEHHS) —
PO3BUTOK KIHOYOI CTATEBOI KIITUHU (STHLEKITITUHU, SUALIS).

OnHonykJjeoTuaHuii mogaiMmopdism (cuin) — BigMiHnHOCTI ocaigoBHocTi JJTHK
PO3MIPOM B OJIUH HYKJICOTHU/I.

OxToMmep (HyKJIeocOMHUI Kop) — OitkoBui KomIuteke rictoniB H2A, H2B, H3
ta H4.

OJiroHykJ1eoTH i — JAHIIOT, SKUH CKIaZaeThes 3 KUIbKOX (Bim 2 mo 40 1
OlyIbllIe) HYKJIEOTUIHUX 3aTHILKIB.

IlenTacomisi — HaAsIBHICTH 5 TOMOJIOTTYHHX XPOMOCOM 3aMICTh 2-X.

IlepBUHHUIT TPaHCKPHUNT —CYBOPO KOMIUIEMEHTapHA MaTpUIll HYKJIeTHOBa
kuciora (npe-MPHK).

IlepconajibHa reHOMiKa — PO3/1JIOM T€HOMIKH, TTOB'SI3aHUI 3 CEKBEHYBaHHSM 1
aHaiizoM reHoMa JoAuHMU. Ilicms  po3mM@POBKM TEeHOTHIY HOro MOKHA
MIPOAHAJII3yBaTH 3a JOIMOMOTO0 OMYOIIKOBAHOI JIiTepaTypy NJisi BUSHAYEHHS PIBHIO
CXWJIBHOCTI JI0 PO3BUTKY 1 MPOSIBY TMEBHHUX (PI3MYHUX Ta TCUXIYHUX 3HAI0HOCTEM
JIOJIMHU, a TakK0XX WMOBIPHOCTI PHU3UKY BHUHUKHEHHS 1 PO3BUTKY CIAJKOBHX 1
MYJIBTH(PAKTOPIATHHUX 3aXBOPIOBAHb.

Iipumignum — NipuMIIMHOBI a.11.

IlneiioTponisa — OaraTto 4WcelnbHa disS T€HA, WOro 3JaTHICTh BIUIMBATH Ha
JEK1JIbKA O3HAK.

IMousirenni 3axsoproBanns — 1uB. CnajiKkoBi 3aXBOPIOBAHHS.

IMosimepa3a — ¢pepMeHT, sIKUii BeJie MATPUYHUNA CUHTE3 HYKJIETHOBUX KHCIIOT.
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Ioaimopd — OiIKOBUII TPOAYKT, SKHM YTBOPIOETbCA MiJ Yac eEKCIpecii
noJIMOp(HUX BapiaHTIB T'€HIB.

Hoaimopdgizm (asenemopdizM) — iCHyBaHHS B MOMYJAIIl JBOX 1 OUIBIIOTO
YHCJIa AJIeJIEN OJTHOTO TEHY.

Moaimopdgizm noBxunHu pecTpukuiiHux ¢parmentis (IIJIP®) — criiika
yCMaJKOBaHa 3MiHA Y PO3MOJILIII JTOBXKUHHU PECTPUKIIMHUX (PparMeHTIB.

IoaimenTua — momiMep, IO CKIAAAETHCS 3 aMIHOKHCIOTHUX 3aJIHIIKIB,
3B’SI3aHUX NENTUAHUMU 3B’ 3KaMH.

IIpegukTHBHA MeAWMIMHA — MEIUIIMHA, KA BHKOPHCTOBYE iH(OpMaIlito, 1o
HAJAE€THCS IEPCOHATILHOIO0 TEHOMIKOIO MPU BUOOP1 MEIUYHUX MpoueAyp (HampuKiai,
BHUOIp HAOIBII BIAMOBIAHOTO JIIKAPCHKOTO Mpenapary) HeoOX1JHUX JJI1 KOHKPETHOI
JFOIHH.

IIpenusilina MeguIUHA — MEIUIIMHA, KA 3aCHOBAHA HAa HOBIA CHCTEMAaTHII
JIOJICBKUX XBOPOO, 1110 0a3y€eThCsl HA MOJIEKYJISIPHIi O10J10TTi.

IIpomoTop — nuigHKa reHa, A0 skoi mpueanyetbcss PHK-momimepaza s
nmoyatky mporecy TpaHckpumili. [[pomoTop po3ramoBaH Ha Mo4yaTky reHa — S'-
KIHII.

IIpoTreom — CyKymHICTh BCiX OUIKIB, KJIITUH, TKAHWUH, OpraHi3My a00 MOMyJIsAIIii,
10 €KCIIPECYIOThCSA 3a IEBHUMH, YiTKO BU3HAYEHUMHU YMOBAMHU.

IIporeomika — Hayka, OCHOBHUM NPEAMETOM BHUBUCHHS SIKOi € OUIKM 1 iX
B3a€EMO/II1 B )KUBUX OpTaHi3Max.

IIpoueciHr — CyKymHICTh MPOLECIB, SIKI MPU3BOJATH A0 NEPETBOPEHHS Ipe-
MPHK B 3piny MPHK.

Ilcuxoreneruka (rpem. psyche — mymia i genesis — MOXOHKEHHS) — HayKa Mpo
CHAJKOBICTh 1 MIHJMBICTh MCHUXIYHUX 1 NCUXO(]I310JIOTIYHUX BIIACTUBOCTEH, W10
BHHUKJIA HAa CTHUIl [CUXOJIOTI 1 TeHeTHKU. lICMXOreHeTuKa BHBYA€ TE€HU
BIJIMOBIAQJIbHI 32 PO3BUTOK 1 MPOSB MCUXIYHUX 3A10HOCTEH JIOAWHU. Y 3aXiAHik
JTEpaTypl YacTilie 3aCTOCOBYETLCS TEPMIH «T€HETHKA MOBEAIHKW» (aHTII. behavioral
genetics).

IIcuxoreHomMika — po3/i TEHOMIKH, SIKUM BUBYA€E BIUIMB MICUXIYHOTO (PEHOTHUITY

Ha EKCIPECIO TeHIB.
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IIypunu — mypuHOBI a.11.

Pamka 34YMTYBaHHS — HYKIEOTHJHA TOCIIJOBHICTh, KA IOYMHAETHCS 3
1HIIIIOIYOr0 KOJOHY, MOJUISE HACTYIHI HYKJICOTUJIU Ha TPUIUICTH, SKI KOJIYIOTh
aMIHOKHCIIOTH, 1 3aBEPIIYETHCS TEPMIHYIOUUM KOJOHOM.

PexomoOinanisi — nepeposmnozin renetuadoro marepiany (JJHK), mo npuBoauth
10 BUHUKHEHHS HOBUX KOMOIHAIliil T€HIB.

Penapanissi — mporec, IO J03BOJIIE XKUBUM OpraHi3MaM BiTHOBJIIOBATH
nomkokeHHs B JTHK.

Pemutikanisn (penymiikamisi) — mpolec MOABOEHHS XpOMOCOM. Perumikaiis
npeacTasisie coooro cunures3 JTHK.

Pemtikon — opunuus pertikamii, nocmigoBHicTe JIHK, oOmexxena naBoma
OpIKUHAMU PEeTLTIKaIli.

Penpeciss — npurHiueHHs aKTHUBHOCTI I'€HIB, YacTillle BChOIO0 OJIOKYBaHHSM iX
TPaHCKPHUIILII].

Penpecop — 61510k a6o antucencoa PHK, 110 nmpurHidye akTHBHICTh T'€HIB.

PecTpukTasa (pecTpukiliiiHa eHIOHYKJIea3a) — pepMEHT, SKHH  BII3HAE
crienu(piyHl HYKJICOTUAHI MOCIIIOBHOCT JOBXKUHOW Bia 4 1m0 10 m.H. 1 «po3pizaey
mouiekyny JJHKB oMy micrii.

PenecuBHa 03HaKa — 03HaKa, 10 HE MPOSBISETHCA B FETEPOZUTOTHUX OCOOMH
BHACJTIJIOK TIPUIYIIICHHS TPOSBH PEIIECUBHOTO aJIeIsl.

PeunecuBHicTh — HeywyacTh aniensi B (pOpMyBaHHI O3HAKU y TE€TEPO3UTOTHIM
KJIITHHI.

PeunecuBuuii ajienb — ajnenb, moO (HEHOTUTIIYHO TIPOSBISETHCS TUIBKUA B
TOMO3UTOTHOMY CTaHi 1 IKHIl MAaCKY€ThCSl B IPUCYTHOCTI JOMIHAHTHOTO aJelis.

PuboHyK1€0TH — HYKJICOTH], B IKOMY € TIEHTO3H MPEICTaBICHI puO0301o0.

PubonykieinoBa kuciaora (PHK) — nykieinoBa kuciora, moOyaoBaHa 3

PUOOHYKIICOTHIIB.

Pubocoma — xommexe pPHK 3 6inkamu.

PHK-npaiimep (PHK-3aTpaBka) - KOPOTKUN (parMeHT HYKIJIETHOBOI
KHUCJIOTHU, IKUU CITY>KUTh CTAPTOBOIO TOUKOIO mpu perutikari JJHK.

CaiinieHCIHT — TIpOIIEC MPUTHIYEHHS eKCIIpecii MeBHOrO e’y abo TPyIu I'eHiB.
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Caiinencep — nunsnka JIHK, ska mnpurHidye mnporec TpaHCKpummii 3
HaWOIMKYOTr0 10 Hel MPOMOTOPY.

Caiit — nustaka monekynu JIHK, 6inka 1 1.11.

Caiit imimiamii pemutikaumii  (OpiIzKMH perutikamii) — TOYKa MOYaTKy
peruikari.

CaiiT pecTrpukuii — neBHa crnenudidyHa MOCTIAOBHOCTH 3 4-6, piame §-12
HYKJICOTHIB B 1BONaHIIOroBid Monekymi JIHK, sika Bri3Ha€TbCsA pecTpUKTA30IO.

Caiit TepmiHanii (TepMiHyOYa JIsIHKA) — JUITHKA, J€ 3aBEPIIYETHCS
TPAHCKPHUIILISL.

Careaitna [IHK — kj1ac BUCOKOIIOBTOPIOIOUUXCS TIOCIIITOBHOCTEH.

CekBeHyBaHHS (aHIJI. sequence — MOCJIIIOBHICTb) — BU3SHAYCHHS MIEPBUHHOT
aMIHOKHCIJIOTHOI a00 HYKJIEOTHUAHOI MTOCITIOBHOCTI OUIKIB 1 HYKJIE€THOBUX KUCIOT.

CuHoniMiuHi (ceHc) myramii — myTalii, skl HEe TPU3BOAATH JO 3aMIMICHHS
aAMIHOKHCJIOT B CHIIy BUPOKJIEHHICTI TEHETUYHOTO KOJTY.

CnankoBi 3aXBOPIOBAHHSI — 3aXBOPIOBAHHS, BUHUKHEHHS 1 PO3BUTOK SIKHUX
noB'si3aHU 3 AedeKkTaMu B CHAJAKOBOMY arapari KIITHH, TEPEAaHrMH Y CIaJ0K
yepe3 rameTH. PoO3pi3HAIOTP MOHOTeHHi 3aXBOPHBAHHS, IPU SKUX CIIaJIKOBA
CXWJIBHICTh OOyMOBJIEHA OJHHM ITaTOJIOTIYHO 3MIHCHHUM TI'€HOM, 1 MOJIreHHi, sKi
BU3HAYAIOThCA OaraTbMa TE€HAMH, SIKI B HOPMaJIbHOMY CTaHl, ajie Npu TEBHIN
B3a€EMOJI1 MK COOOI0 1 3 YNHHUKAMU CEPEIOBUILA CTBOPIOIOTH CXUIIBHICTD JI0 MOSBU
3aXBOPIOBAHHSI. [Tonirenni 3aXBOPIOBAHHS, TaKOXK HOCSITh Ha3By
MyJbTH(AKTOPiaabHUX 3axBopwoBanb (M®3) (auB. MynbTU(AKTOpPIANIbHI
3axBoproBaHHs (MD3)).

CiuialicMHr — mpollec BHUPI3aHHS TMEBHUX HYKJICOTHIHUX IMOCTIZIOBHOCTEH 3
mousiekynl PHK 1 3'enHanHs mocnigoBHOCTEN, IO 30€piraloThes B «3piiiil» MOJEKyi,
B X011 mpouiecunry PHK.

Crueiicep — NpOTSXHUN TPOMIXKOK, SIKHI BIJOKPEMIIIOE T€HU OJIUH BiJl OAHOTO.

Cron-koA0H (TepMiHYWOUYMH KOIOH) — KOJOH, SKHM CHTHajJi3ye Mpo
3aBEepUICHHS TPAHCIIALII.

Crpykrypu Xodgigest — ctpykrypu JTHK, 1110 yTBOproroThCs Ipu peKOMO1HaIIi1.
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CTpyKTYpHHUIii TeH — Oyab-SKHUi TEH, MO KOAYE SAKUNH-HEOYIh MOMIMEHTHIHHMA
nauior ado monekyiny PHK.

CynepreHu — ayxe BeJUKI KJIACTEPH 13 COTEHb (PYHKIIOHAIBHO 1 CTPYKTYPHO
POJIMHHUX TEHIB.

CynyTHHK (caTeJiiT) —IUISTHKA BIJIOKpEMJICHA BiJl TiIa XpOMOCOMH BTOPHUHHOIO

MEPETKKOIO.

TepminaTop — ninsaka JIHK, sixa Tepminye mpouec tpanckpumniii. Tepminatop
pO3TalloBaH Ha 3'-KiHIII TeHY.

Tepminanisi — TpeTs cTajis perunkKamnii, TPAHCKPUILIT 1 TPAHCIIALII.

Terpacomisns — HasgBHICT, 4 TOMOJIOTIYHUX XPOMOCOM 3aMiCTh Mapu B
JTUILIOTTHOMY HaOipi.

Tpanckpunuis — npouec cuntesy PHK 3 Buxopucranusam JIHK B sikocti
MaTpHIL.

Tpanckpunt — npoaykr Ttpanckpumniii, PHK, sika cunTe3oBana Ha naHiii
ninsal JJHK sk Ha MaTpuiil 1 KOMIJIEMEHTpaHa O HIH 3 11 HUTEH.

Tpanckpunrom — CYKYITHICTh EKCIIPECYIOYNXCSI HYKJICOTUTHUX
MOCJIIIOBHOCTEHN TE€HOMA.

Tpanckpunromika — Hayka, 10 3alMAa€TbCS BUBYEHHSM TPaHCKPUIITOMA
PI3HHMX BHJIIB OPTaHI3MIB.

Tpanckpunron — oaguHunsg TpaHckpuniii, nausHka JHK, obmexena
IPOMOTOPOM 1 CAUTOM TE€pMIHaIIii.

Tpanciaokania — oOMIH JUISHKAMH XPOMOCOM, IpPU SIKOMY BiJOYyBa€eThCs
MepeMIIeHHS] TeHETUYHOTO MaTepiany 6e3 Horo BTpaTH, abo 3 BTPATOIO.

Tpaucasimis —3xaiiicHioemuii puO0OCOMOI0 CHHTE3 Oijlka 3 aMIHOKHCIOT Ha
matpuii MPHK.

Tpancno3umisa — nepeHeceHHsT IISHKH XPOMOCOMH Ha 1HIE MiClle Ha
OJIHIN XpOMOCOMI.

Tpancno3oH — AiUIsTHKA, IO IEPEMITITYETHCS B pe3yIbTaTi TPAHCTIO3MILII.

Tpucomist — HassBHICTb TPHOX TOMOJIOTTYHUX XPOMOCOM 3aMICTh Mapy B HOPMI.

TpPIlIJ'IOiI[iﬂ — HasIBHICTH IOBHOT'O A0JaTKOBOI'0 KOMIIJIICKTY XpOMOCOM.
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dapmakoreHeTuka (rpem. QOPUOKOV — JIKH + TeHEeTHKAa) — raiysb
T€HEeTUYHO1 HAayKH, III0 BUBYA€E XapaKTep peakliiii opraHi3My Ha JIIKapChKi 3aco0U B
3JIKHOCTI BiJ CIIAIKOBUX (PaKTOPIB.

dapmMakoreHoMika — PO3aUT TEHOMIKH, SKHU JOCTIIKYE BIUIMB T€HETUIHOL
Bapiallii KOXKHO1 JTIOJIMHM B 1OTO BIIMOBIA1 HA TIEBHUH JIIKApCHKUH 3acio0.

@oaaiHr OlJIka — MpoIec CIOHTAHHOTO 3rOPTAHHS MOJINENTHIHOTO JAHIIOTa B
VHIKaJIbHY HATUBHY TIPOCTOPOBY CTPYKTYPY — TPETUHHY CTPYKTYPY.

XpomaTtuaa — J€30KCUPUOOHYKIICONPOTEiN, SIKUA € CKIAJOBOI YacCTHHOIO
XpOMOCOMH. XPOMOCOMA CKIIAAAE€ThCA 3 TBOX CECTPUHCHKUX XPOMATHUI.

XpoMaTHH — J1€30KCUPUOOHYKIICONPOTEIA, IO BUABIAETHCSA MiJ CBITIIOBUM
MIKPOCKOIIOM y BUTJISI[Il TOHKMX HUTOK 1 TpaHyJl.

Xpomocoma (rpem. ypORo — KOJIp 1 cOME — TUI0) — HYKIECONPOTEiaHA
CTPYKTypa B SJIpl €yKaplOTUUHOI KIITHHHU.

XpomocomHui  alGepamii  (XpomocomMHi  MyTamii) — BHYTpPIIIHBO- 1
MIKXPOMOCOMHI CTPYKTYpHI Nepe0yJoBH, IO CYHNPOBOIKYIOTHCS MOPYIIEHHSIM
NOpANIKY (hparMeHTIB XPOMOCOM.

XpoMocoMHI XBOpoOM — CMaJKOBI 3aXBOPIOBAHHS, 3yMOBJIEHI 3MIHOIO YHUCIa
a00 CTPYKTYpH XpoMOCOM. Jlo XpOMOCOMHHUX BITHOCATBHCS XBOPOOH, 0OYMOBIICHI
F€HOMHUMH MYTalisIMU a00 CTPYKTYPHUMH 3MIHAMHU OKPEMHUX XPOMOCOM.

IenTpomepa — 0cOOIMBHUM YHHOM OpraHi3oBaHa AUISTHKA XPOMOCOMH, CILJIbHA
U1 000X CECTPUHCHKUX XpPOMAaTH/I.

EX Vivo (J1aT. «3 JKUTTH»), TOOTO «Te, IO BiIOYBAETHCS 1033 OPraHi3MOMY» —
MIPOBEJCHHS €KCIIEPUMEHTIB y JKMBIM TKaHUHI, IEPEHECEHOI 3 OpraHi3My B HITY4HY
30BHIIIHIO cepeay. HaiOimpin momupeHa TexXHika €X VIVO BHKOPHCTOBYE JKHBI
KJIITUHA a00 TKAHWHUW, BUTSTHYTI 3 JKMBOIO OPraHi3My 1 BHUpOILEHI (30epexeHi) B
CTEepPWJIBHHUX J1a00paTOPHUX YMOBax NPOTATOM JEKUIHBKOX MHIB abo TkHIB. Taki
KJIITUHU CIYKaTh 3pa3kaMy TMOBEIAIHKM OpraHi3My B LUJIOMY, SK HacliJOK —
CKOpOUYEThCSI IMOTpeda B EKCIEPUMEHTAaX HaJ TBapuHAMU 1 JIHOAHHOIO.
ExcniepumenTu €X ViV0, sIK TpaBHIIO, TPOBOISATHCS IN VILro, ogHaK /aBa 1i TEPMiHH HE

€ CHHOHIMaMH.
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In silico - komn'torepHe MopaemoBaHHS —(CHMYyIIALis)  Oi0JIOTIYHOTO
excriepuMenTty. ®pasa Oyia cTBOpeHa 3a aHajorieio 3 ¢pasamu In VIVO (B KUBOMY
oprasi3mi) i in vitro (y mpo0ipiii), sIKi 4acTO BUKOPHUCTOBYIOThCS B 010J10T11, 1 cama He
€ JAaTUHCHKOI0. TepMiH 3 HamucaHHA OJIU3bKUN IO JTATUHCHKOTO BUpa3y «in silicio» —
«B KpEeMHIi», OCKUIBKA KPEMHIH SK HaIiBIPOBITHUKOBUN MaTepial BiIIrpae BaXXJIUBY
POJIb Y BUPOOHUIITBI KOMITIOTEPHOTO 00JIaTHAHHS.

In situ (maT. «Ha wicumi») — po3msAn sSBUIIA camMe B MICIH, JIe BOHO
B1J10yBa€ThCs, TOOTO O€3 MEepeMillieHHS B CICIliabHy Cepeay.

In vitro (IaT. «B CKJi») — TEXHOJIOTiS BUKOHAHHS CKCICPUMEHTIB, KOJIH
JOCIIIA TPOBOASATHCS «y MPOOIPI» — IM03a XKUBOTO OpraHizMy. Y 3arajlbHOMY
3HAYCHHI [IeH TEPMiH MPOTHCTABISIETHCS TEPMIHY IN VIVO — eKCIIEPUMEHT Ha KHBOMY
oprasi3mi (Ha TBapHHHIN Mojeni abo moauH1). barato excrnepuMeHTIB, 110 MaloTh
BITHOIICHHS 10 010XiMii, MOJEKYyJsIpHOi Oiojorii, TeHeTUKH, (HapMaKoJorii,
MEJIUIIMHYU, Ta 1H., IPOBOAATHCS 1032 OPraHi3MOM, Ha KYJIbTYp1 )KUBUX KJIITUH a00 B
OesxmiTHHHIN Mopmemi. Exkcmepumentn In VItrO, B THX BHIaaKax, KOJHU
aJIbTEPHATUBOIO € JOCIII)KCHHS Ha TBapuHAaX a0 JIIOJMHI, BBAXKAIOTHCS MEHII
JIOCTOBIpHUMHM, HIDX IN VIVO 1 yacto OyBarTh JIUIIEe HEOOXIIHOI MOIEPEIHBOIO
CTaI€r0 ISl OLIIHKM MOYJIMBOCTI 1 HEOOXITHOCTI MOJANIBIIMX TOCTIHKEeHb iN VIVO.
OnHak BOHM 4YacTO 3JCHIEBIIOIOTH IMOMEPEIHI CTaii MOCTIIKEHHS 1 JT03BOJISIIOTH
30€perTH KUTTA MIIOCTITHUX TBAPHH.

In vivo (Jiat. «B (Ha) JKMBOMY»), TOOTO «BCEpPEAMHI KHBOTO OpraHizMy» abo
«BCEPEIMHI KIITUHW» — MPOBEIAEHHS EKCIIEPUMEHTIB Ha (200 BcepeduHl) >KUBIH
TKAaHWHI TIpU JKABOMY Oprafi3mi. Take BHUKOPHCTaHHS TEPMiHY BUKIIIOYAE
BUKOPHCTAHHS YaCTUHH KUBOTO OpPraHi3My (Tak, sIK I[¢ pOOMThCS IpH TecTax in Vitro)
a00 BUKOpPUCTaHHS MEPTBOrO OpraHizMy. TecTyBaHHS Ha TBAapWHAxX 1 KIIIHIYHI

BUIIPOOYBaHHS € (OPMaMH JOCIIHKEHHS iN VIVO.
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ITPO ABTOPIB

I'oxkenko Amnartouaiii IBaHOBMY —  JOKTOp
MEAMYHUX HayK, Ipodecop, 3aciaykeHUil s
HAyKl 1 TexHiku Ykpainu, gupektop JI1
«Yxkpainceknii H/[I Menuuyau Tpancnopry», 4ieH
IPABJIIHHSA VYKpaiHCBKOTO TOBapHUCTBA
nato(izionoriB, ronoBa (OnechKOro TOBAPUCTBA
naTo(i310J0T1B, TOJOBHUI PENAKTOp 3 HAYKOBHX
KYpHaIIB, MDKHAPOJHUM  PENAKTOp  KypHaIy

«ABiaiiiiHa, MOpPCbKa 1 KOCMIYHA MEIUIIMHA»

(bousrapist), unen 12 BITYM3HSHUX 1 3 3aKOPJOHHHUX
HayKOBHUX JKypHaJiB, TOJIOBHUI mo3amTaTHui cneriaiict MO3 Ykpainu 3 cyaHOBOi
MeauuuHu, aBTop 46 wMoHorpadiii, monax 1300 HaykoBux poOiT, monax 20
METOJAMYHUX PEKOMEHAAIii 1 iHpopMaIiitHUX JTUCTIB, oHaA 70 MaTeHTIB HAYKOBUX
BuHaxo/iB. Ilin kepiBHUIITBOM AHaTtojisg [BaHOBHYA OyJI0 YCHIIIHO 3aXUIIEHO 27
JOKTOPCHKUX 1 50 KaHAUAATCHKUX JHUCEPTaIIiil.

Ko3upeB Amnpapiii BiraaiiioBuu — wmarictp 3
(GI13UYHOTO  BUXOBaHHS Ta  CIOPTY,  4IEH
YkpaiHCcbKoro TOBApUCTBA TCHETHKIB 1
cenekimionepis  iMm.  M.I.  BaBiunoBa, uieH
YkpaiHCbKOTO 610(13uuHOTO TOBAapHUCTBA,
BUKianady  kadeapu  dizuyHOi  pealimiTarrii
MUDKHApOIHOTO  TEXHOJOTIYHOTO  YHIBEPCUTETY

«MukosaiBcbka TOJITEXHIKa», aBTop TMoHax 30

HaykoBuxX nmpanbs. Cdepa HayKOBHX I1HTEpPECIB:
(d13M4HEe BUXOBAHHS 1 CIOPT; BIJHOBIIOBaJbHA MEIWIIMHA 1 (pi3MYHA peadLIiTAallis;
KiHEe310-, TCHUXO0-, HYTpU- 1 (¢apMaKOTCHETHKAa Ta TEHOMIKa, HYTPHIIIONOTISA 1
dbapmakoioris. OcoOnMBYy yBary MHNpUILISLE€ TMPEAUKTHUBHIM TEHETHUIl Ta BUBYCHHIO
3B’A3KY MOJIEKYJIIPHO-TEHETUYHUX MOJIIMOP(I3MiB 3 PO3BUTKOM 1 IPOSBOM (H13MUHUX

1 IICUX1YHUX 3110HOCTEN JIFOIUHU.
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Heop:xxuncbknii Oner Iroposuu (19.03.1947
p.-28.04.2016 p.) — noktop O10JOTIYHHUX HAYK,
npodecop, aTop TmoHan 450 ApykKoBaHUX
HAyKOBHUX poO0IT. OCHOBHI HamNpsSMKH HAayKOBUX
IHTepeciB: TeopeTuyHa Oiojoris, (diziosoris,
Oloximisi, matoQi3ioNoris, BUIPHOPAAUKAILHA
Oioyoriss 1 Tokcukosoris. OcoOnuBy yBary
IPUILISIB BUBYEHHIO npo0JeM mii

HpOOKCI/II[aHTHO-aHTI/IOKCI/II[aHTHO.l. CHCTEMH 1

MEJIaTOHIHY Ta  MEXaHI3MIB  1HTOKCHKAIIii
OpraHi3aMy HEOpPraHIYHMMH pE4YOBHHAMH. ByB 1HILIATOPOM CTBOPEHHS 1 MEPIIUM
kepiBaukoM [MH/IJI YMCA, 5 pokiB OyB rosnoBorw IlonTaBcbkoro o0xacHOro
OCepe/IKy HayKOBOTO TOBAPUCTBA TOKCUKOJOTIB YKpaiHu. OCTaHHI POKH 3aBi/yBaB
kadenporo 010yi0rii Ta OCHOB 3A0pOB's JoAWMHU [loNTaBCHKOTO HalllOHATBHOTO
nenaroriydoro yHiBepcutety iMmeni B.I'. Koponenka. CrhpaBxkHiN HaBYaJIbHHIMA
nocioHuK BigoOpaxkae jgocBim Onera IropoBuua y BHKIIAaHHI MOJIEKYJISPHOT

010J10T1i y BUIIMX HABYAJbHUX 3aKJIaax KpaiHH.

I'o:xkenko QOuiena AHaTOJIIBHA — JOKTOp
MEIUYHUX HayK, npodecop kadeapu PpizuuHOT
peabumitamii MiKHApOAHOTO TEXHOJOTIYHOTO
yHiBepcuTeTy «MHMKOJIAiBChKAa TMOJIITEXHIKAY,
3aCTYIIHUK HayaJIbHWKA 3 MEJMYHOI YacCTHUHU
canatopito CbY «Opneca», aBrop monan 215
HAyKOBUX Ipalb Ta 3 TMAaTEHTIB HAyKOBUX

BUHAXO/IIB.
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Kykos Banepiii AHarogiioBHY  —
JIOKTOP METUYHUX HayK, npodecop
VuiBepcurery Kazumipa Benukoro B
buaromm, Ilonsma. Yien YkpaiHCbKOTO
TOBApUCTBA naTo¢i310JI0T1B, 4YJIeH
Opmecbkoro  TOBapHCTBAa  MaTO(i310JIOTIB,
TOJIOBHHM pelakTop 1 HayKOBOTO >KypHay,
penakTop 2 HAyKOBUX KYypHaJiB, aBTOp 1
coatop 12 M™onorpadiii, monany 850
HayKOBHX poOir, 5 METOIUYHUX

peKOMeH Al 1 iHpopMaIiiHIX JIUCTIB.
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