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HapomKeHHﬂ PO3BUTOK Ta cTaHOBJIeHHs Hayku npo JHK:
H30 «36ipHuK MaTepiaIiB MEPILOrO OCBITHLO-IPOCBITHULILKOTO online-ceMiHapy
(M. XapkiB, 2324 uepsns 2020 p.). — Xapkis: H®aV, 2020. — 50 c.

OpHe 3 OCHOBHMX 3aBJIaHb CY4acHOI BHIIIO1 IIKOJIM ToJiArae y (hopMyBaHHI Ta
3MII[HEHH] ~ IIJIICHOFO  HAyKOBOTO  CBITOTJIANY, IMI3HABAJIbHOI, KYyJIbTYPHOI,
TEXHOJIOT14YHO1, KOMYHIKATUBHOI 1 COLIIAJIbHOI KOMIETeHIlli ocooucTtocti. HaykoBuit
CBITOIJISA/, HEBLL'EMHOIO YaCTHHOIO SKOTO € IOTpeda y 3aCBOCHHI HOBMX 3HaHb Ta
HAsBHICTH BiJMOBITHHUX YMiHb 1 HAaBUYOK, HHHI BHCTYNIA€ OJHICIO 3 BaKIMBUX
IICPeIyMOB CKOHOMIMHOI ' Ta  coljianbHOl ycmimHocTi. IIpobiema dopmyBaHHS 1
3MIIHEHH Cyﬁ;abnoro H!}yKOBoro CBITOTJISALY CEepell HMIMPOKOro 3arajly TpoMaisH
HaOyBa€e noz[aTibeo.l aKTYaJBHOCTI 3 OTJIsly Ha OCHOBHI IPYIM YNHHHUKIB: PO3BUTOK
1H(1)OpMaHII/’HI/IX TEXHOJIOTi1 TA BHIKCHHS SIKOCT] OCBITH.

Came )_"HHI/II/I 3axi CHpiIMOBaHI/II/I Ha BHpINIEHHS MPOOJEM B OCBITHROMY
IPOCTOPI, aJ T‘,aKonc Honynﬂpmye HAyKy cepel MOJIOJI Ta CHpHUSE 3aIiKaBICHOCTI Y
Mi3HABAHH] MI/IHyJII/IX JIOCSTHCHB, K MPOCKTYIOTHCSA Ha CydacHI BUKIUKUA Ta BUMOTH
110 (haxiBIIB [HAMPAMKY MiAr0TOBKH «OXOpOHA 37I0pPOB’5».

OcsithHss cnimbHoTa H®ay Bhoepme 3amydaeTrbcss 0  Bi3HAYaHHS —Ta
cBaTKyBaHHsT MuixkHaponunoro ausi JIHK, tTum camum npuegHyeTbes 10 CBITOBUX
TpaauIlii HAYKOBUX Ta OCBITHIX IIHHOCTEH.

Buzjanus miepiie 'Ta po3paxoBaHe Ha IIMPOKE KOJO HAyKOBOI Ta OCBITHBOI
ayuTopii, 3aliKdBIEHOl |y ' [Mi3HaBaJbHIA MOJOPOXKI 1O TAEMHHUIL Ta HHU3KH
BIJIKPUTTIB, OB’ A3aHUX 3 YHIKAIBHICTIO Ta HenepenepieHictio ctpykrypu JHK.
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TPAJIUIIII CBITKYBAHHSI TA YBIYHEHHS BIIKPUTTS
CTPYKTYPU JHK
Hayionanvuuii papmayesmuunuil ynigepcumem
Ilepwuii npopexmop 3 HayKo8o-nedazo2iunoi pobomu
Hoxkmop ¢apmayeemuynux nayx, npogecop
®EJOCOB Anppiii

VYcim Bigomuii TOM ¢akT, 1m0 y KOXKHIM KJIITHHI OpraHizMy
moauHi 3HaxoasaThes JIHK, siki 30epirarots y co0i reHeTHyHi AaHi, sKi
nepenarThes HaMm Bij Oionoriunux OatbkiB. «Tect JIHK» Bu3Havae
cuiBBinHomeHHs cxoxux JIHK Oarpka i quTuHH. 3aBISKH TOMY, IO
BinkputtTs cripaii JJHK € nmpopuBoM y po3BUTKY CYCIHUJIBHOI HayKH,
OyJI0 CTBOPEHO MIXKHAPOIHE CBSTO.

[Ticnsa BUSBIIEHHS J1€30KCHPUOOHYKJICIHOBOI KHCIIOTH, Y CBITI
CHIOCTepiraBcs CIpaBXHIA OyM BIIKPHUTTIB, SKUH HPOCBITHB CBITY:
TeHETUYHUI PHU3UK, MPOrpaMyBaHHS BJIACTUBOCTEH JIOAMHU 1€ 0 HOTO HAPOIKEHHS, KOJ
CTIaTKOBOCTI.

[Tpouec po3mmbpoBKY TeHiB JitouHN OyB Brepiie ooropopenuit y1953 pori 25 kBiTHs. CBSTO
OyJI0 3aCHOBAHO Ha 3TaJIKy PO TepIInii omyOmikoBaHui pe3ynbrar BuBueHHs Oynosu JIHK. Pimenns
PO3IIOBICTH BCHOMY CBITY MPO Take BiAKPHUTTS, Oyno Bin Jlxeiimca Yorcona i ®@pencica Kpika. Came
BOHHU OITyOJIKYBaJIK y KypHaITi «Nature» mepiii BiIOMOCTI 00 MOJICKYJI B OpPraHi3Mi JIFOJWHH, sKi
MICTATH B cO01 caaKoBicTh. Briepiie s nofis npoxoauna y Criomydenux IItarax 25 kBiTHL.

3a Tpamuiiero y [eW JCHb MPOXOAATh Pi3HI CBATKOBI 3axoaW. B ypouucTuii JeHb
MPUBITAHHS MPUHAMAIOTh NIEArOTH 1 CTYACHTH MPO(UILHUX CIIELiaTbHOCTEH, a TAKOXK JOKTOpa HAyK
1 JTiKapi KIIHIYHUX 3aKJIadiB, SKi MalOTh crpaBy 3 posmizHaBaHHsaM JJHK mroaunu. 1o Bceomy cBiTy
y LIel IeHb IPOBOASTHCS BIAKPUTI JIEKLIT Ta KPYTJIl CTONH, SIKi HOCSATh MPOCBITHUILILKUIA XapaKTep.
3acobu macoBoi iH(opMaIllii TpaHCIIOIOTh HAYKOBI Ta HAYKOBO-TIOIYJISIPHI BiIeO(ITEMH 3 CIOKETOM
po BenuKi BIAkpuTTs y cdepi JHK.

poro poxy HamionanpHuii papmManeBTHUHUN YHIBEPCUTET NMPHEIHYETHCS 0 Bi3HAUYCHHS
Ta cBATKyBaHHs Mixnaponnoro nusa JIHK Ta i Hagami, 3a ydacTi OCBITHBOI CHIIBHOTH Oyze
TpaJuLIHHO OPTraHI30BYBATH 3aXO0/H, IPUCBSYEHI IbOMY BaXXJIMBOMY MOMEHTY 1CTOpIi JIOCTBA.

Crpykrypa IHK yBiuHEeHa HU3KOIO apXiTEKTYpHUX
aHcamOJiB o yceomy cBiTy. [lam'sTHuk Mopicy Binkincy
y Ilonrapoa, HoBa 3enannia. HoBosenannacekuii 6ionor
Mopic ViikiHC Takox OyB OJHMM 13 CIIBaBTOPIB
BigkputTs crpykrypu JHK sax 1 JI. Yorcon (skomy
nocraBuin  nam'aTHUK Yy  Herokacni). Ha  ocHosi
MOHYMeHTa HamucaHo: «L{i JaHIIOrM poO3MIITAlOTHCA Y
X0/l penpoIyKItii KJIITUHUA. I'enn 3aKOJ0BaHI
g | [IOCI1TOBHICTIO OCHOBY.
«Mopgens moOABIMHOI  cmipaii
CTBOpPEHa 3aBJsKM poOoTaMm
Pozamian @®pankmain 1 Mopica VYinkunca»y. Ha cmoipamsx mgaHoi
cKynbnTypu Hamucano HactymnHe: «Ctpykrypa JIHK Oyna BcraHOBIeHa
y 1953 pomi @pencicom Kpukom i [xeitmcom YOoTCOHOM, SIK1 KUITU TYT
y Knepi». «Monekyna JJHK mae n1Bi cripaibHO 3aKpy4eHi JIAHIIOTH, SIKi
3’€THAHI TTapaMu OCHOB « aJICHIH — TUMIH» a00 «TyaHiH - [IUTO3HH.

Jlo BrogoOu GaraTbOM JIIOASM € ANIOMIiHIEBA CKYJBITypa cIiipai
JHK, sxa posramoBana y aBopi Kmep - komemkxy KemOpumxcbkoro
yHiBepcutery. Bona Oyna nonmapoBana [[xeiiMcoM YOTCOHOM Ha HaM'dTh
nipo cribHe 3 @pencicom Kpukom Binkpurts ctpykrypu JJHK y 1953 porri.
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[Mam'sTHuk abGoparoproi mumi «Mwuma, mo B'sbke JTHK» -
OpOH30Ba CKYyJBNTYpa MHUIII Ha TPaHITHOMY IIOCTaMEHTI - Oyia
BcTaHoBieHa | ymmnHsa 2013 BueHumMu [HCTUTYTY HMTONOTIT 1 TEHETUKU
PAH poky y pamkax mpoBelleHHSI BEIMKOro MIKHapOJHOTO KOHTpecy
TCHETHUKIB 1 cenekiionepiB y HoBocnOipehKy.

Ckynenrypa JIHK, BcranoBiena vy
International Centre for Life, Hprokaci, Oyna
Bigkputa y 2000 poui. Ll ckynenTypa - oauH 3
OaraTbox OO'€KTIB Ha TEpUTOpii LEHTPY -
BBAXKAETHCS NaM'ITHUKOM J[keimcy YOTCOHY,
OIHOMY 3 TICpUIOBIIKPUBAYIB  TOJBIHHOT
cripani JJHK.

Mict IHK (Helix Bridge), Cinramyp. MicT po3ramoBaHuil y
IEeHTpl MicTa, Ol 3HaMeHuTOoro rortenro MapuHa beit 1 #oro dopma
daxTruno xomitoe cripans JJHK. Takuit Bubip OyB apryMeHTOBaHHUHA THM,
110 MICT [IOBUHEH
ACOIIIOBATHUCS 3
OHOBJICHHSIM  JIFOJICBKOT'O
OpraHi3amy, WOro TapMOHIHHICTIO 1 IIUTICHICTIO.
BBeuepi Ta BHOUYI Ha MOCTY MOKHA MTOOAYUTHUCS IBi
napu OykB C 1 G, A i T, ki CHMBOJII3YIOTh OCHOBHI
peuoBunu JIHK (1iuto3un-ryaHiH, ajeHiH-TUMIH).

CkynentypHa rpyma «llo Take >XKHATTSI»
(Hamionanbumii  OoTaniunuiét cax y Ipnanaii,

PR 7 Hy6min), sika ckimamaeTses 3 nam'satHukiB JHK,
PHK i neskum makpomosiekynam. CTBopuiH ii 10
60-piuus Bigkpurts JHK y 2013 pomui, a Ha3Ba
nyomoe 3Hamenuty kuury Epsina Hlpeninrepa
«o Take XuTTA», sfKa omyOiikoBaHa y 1943
polLi 1 TaKOXX MPHUCBSYEHA TeMaM CIaJKOBOCTI 1
MyTallii.

JHK 3 xompopoBoro rnasyp'to (Myseit
Hayku Principe Felipe, Banencis), 15-merpoBa ckynentypa JJHK 3i crani Ta xompopoBoi riasypi
crBopeHa y 1989 pomi Ha Teputopii Benukoro KyiabTypHoro nentpy City of Arts and Sciences 3a
iHimiaTuBn ~ mpodecopa  icTtopii  Hayk
icnaHcekoro yHiBepcutery Banencii Xoce
Mapis Jlonec Ilaitupo.

[Tam'sTHUK MOJIEKYJIH JHK,
Boponex. Icropis MoHyMeHTa modYaacs
MIOHAJ] COPOK POKIB TOMY, KOJH LI CIIOpy/a 3
QMOMIHIIO 3'ABUJacs Ha BYIWII Yy MICTi
3eneHorpaai, K  CHUMBOJ  IHCTUTYTY
panioenekTpoHikd. OgHAaK [ KOHCTPYKIIisS
HEe TpuIajga 0 IyIli Hi )KUTEISM MicTa, Hi
aaMmiHicTparii, 1 Woro OOMIHsUIM Ha KUIbKa
TOH MeTajy y MicTi Boponex.

O1xe, mamMsATaiMO Ta BITAHOBYEMO Ti
3HAMETHI 1MEHa BYEHHUX, SKi 3a Tepioa ,
- " ICHYBaHHS HAaNIOi NHMBUTI3AIII 3MIMCHWIM HAWBAXJIMBE Ta TMOICTHHI
peooliliHe BITKPUTTS, SKE III€ JOBIHI Yyac Hi 3 UMM HE 3PIBHSIETHCS.
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I'EHETHUKA I OCBITA
Hayionanovnuii hapmayesmuurnuii ynisepcumem
Daxynvmem 3 ni020MOBKU IHO3EMHUX SPOMAOSAH

lexan ¢paxynomemy
Kanouoam ¢apmayeemuunux nayx, ooyenm
KAJIAMYEBA Csitaana

['eHeTruHi OCTDKEHHST 3 YacoM 3MOXYTh BHECTH
NOTY)KHHM BKJIaJ B anrpeia ocBiTH. BoOHH 1OMOMOXYTbH
miAOUpaTy IHAMBIAYyabHI MIAXOAW 1O HABUaHHS JIiTEH IS
MOKPAIIICHHS iX OCBITHIX pe3ynbraTiB. [Toku nependaunTu 3M10HOCTI TUTHHU 32 JOMOMOTOI0 TeHETHKH
CKJIJIHO, aJie BYEHI MOCTYIOBO HAKOMUYYIOTh MaTepiaj 3a MPeIUKTOPAMHU TUX YU 1HIIUX SKOCTEH.

[Tonan 1BOX cOTeHb MPOBITHUX TEHETHKIB CBITY BXKE KUJIbKa POKIB aHAI3YIOTh iH(POpMAILIitO,
310pany mpoekToM «1000 reHoMiB» Ta IHITMMHU MIKHAPOJAHUMU 0azamu O10/IaHUX 311 BUIIICHHS
CHAJIKOBHX 3MiH, SIKi BIUTMBAIOTh HA CXWJIBHICTH JI0 HABYAHHS 1 HAYKH, BOHH MOPIBHSIIN MPUOIU3HO
9 MinbiOHIB ApiOHMX MyTaliid 1 3I1CTaBWIM iX 3 OCBITOIO, SKI OTpPUMAIM y MOCIIDKCHHIX. Y
pe3ynbrati gocmigHuku Bugumu 74 minsaka JJHK, pi3ai Bepcii SKUMX MOTIHM MO3UTHBHO 200
HEraTUBHO BIUIMBATH Ha 3JaTHICTh J0 HaBuaHHSA. OJHak mi :
o0jacTi T€HOMY OKpEeMO MalOTh JOCHUTh CIIA0KHiA e(]eKT.
Hanpuxnan, skio B3sTH «HaWBIIMBOBIILY» AuisHky JTHK, To
BiIMIHHOCTI MIXK MOTO BIiJICYTHICTIO 1 MOJBIHOIO HAsSBHICTIO
VKJIaIaTUMYThCS Y JIEB'ATH THUXKHSIX HaBuaHHS. ToOTO mroau
0e3 1iei MyTarii MOKyTh Ha3IOTHATH BE3yHUYHKIB 3 «TapHOIO»
TeHETHUKOIO MPUOIU3HO 32 JIBa MICALl JOJATKOBUX 3aHSTh.

BruuB reHiB Ha 31aTHOCTI JIIOOUHN 4O HABYAHHS €, aJle,
3TiIHO pe3yNbTaTaM JOCHTIKEHb, BiH HE OUIBIIMIA, HIX BILUIUB
MOTHBAIIIi, 3/I0pOB'S 1 BUXOBaHHS. Tak 110 MOCHIATUCS HA T€HH 1
OTPUMYBATH 3HI)KKH y HE0AINX Y4YHIB ITOKU HE BUIiJIE.

Ha moBexiHKy JIOMUHY BIUIMBAE, Y YHACTI psay (GakTopiB, 1 CIIAAKOBICTh. Y TOW ke 4ac He
MOKHa CIUCATH TCHUXOJIOTIYHI OCOOMMBOCTI JIOJWHU BUKIIOYHO Ha Ji0 TeHiB. Tak caMo sIK He
MOJKHA TIOSICHIOBATH JIFOJICHKI TIPOSIBY JIMIIIE ITi]] BIUIMBOM YMOB CEpEIOBHINA. Y BIUIMBI HA JIIOJIUHY
TeHU 1 cepefoBuIle MepedyBaloTh y TICHOMY «mapTHepcTBi». Lle ikc 1 irpek Tiei cuctemu
KOOpJMHAT, B SIKIM B1IOyBa€eThCcsl (POpMYBaHHS JIFOJUHM,
y TOMY YHCIIi HOTO HaBUAHHS.

Bynp-siki  «MaHImymsii» 3 T€HaMHu TOPOIXKYIOTh
YUMaJI0 €TUYHUX MUTaHb, HA SKI BYSHUM 1 CYCILIHCTBY B
[JIOMY JIOBEAEThCS 3HAXOMUTH BIAMOBIAL. MoBa iine He
npo MomiOHI  HEOAHO3HAYHI  TEXHOJIOTii, a  Tpo
KOHCTPYKTUBHUI TOTEHIIaJl T€HETUKH, SKUI JOIOMOXKe
moauHl y po3BuTKy. Jlo 2020 p, 3a mporHozamu psy
€KCIIepTiB, BYEHI 3MOXKYTh BU3HAUaTHU BCIO IOCIIIOBHICTb
- JIHK-nanitoriB Oyap-sIKoi JIFOJMHU IIBUIKO 1 jaerieBo. Lle
y KIHIEBOMY pe3yibTaTi J03BOJMTH 3PO3YMITH, SIK PO3BHUBAIOTHCS 1HJMBIAYadbHI BIIMIHHOCTI MIX
JFO/IBMU 1 SIK BUOYYBaTH JJIs1 JUTUHH ONITHMATIBHY MOJIENTb PO3BUTKY.

Bueni nmoBenu B3aemogif0 CHaakoBOCTI 1 cepemoBumia. OmHI ¥ TI )X TE€HH MOXKYTh
MOBOAMTHUCH MO-Pi3HOMY Yy pi3HOMY cepenoBuii. OaHa 1 TaX TUTHHA y PI3HUX YMOBaX CepeoBHUINA
MOK€ T[IOKa3yBaTH pi3HI OCBITHI pe3yiabTaTH. Came TyT ICHYe€ BEJIMKHM NOTEHLIan Jyis
IHAMBIAyami3alii OCBITHIX TEXHOJOTIH, CTBOPEHHS TaKMX YMOB, B SKUX JUTHHA MaKCUMaIbHO
nposiBuiia 6 CBOT MOXKIJIMBOCTI 1 Oyina 6 MOTHBOBaHa 0 HaBYaHHS.

Y 2014 p na BuOipui OnusHIOKIB y BenukoOputanii Oyno BHSABIEHO, 110 T'€HETHYHI
BIIMIHHOCTI MIX Y4YHSMU MOSACHIOIOTh MpHOIM3HO 63% BigMiHHOCTEH y Oanax Ha icnMTax 1
OpUOIM3HO CTUIBKM K Y BIAMIHHOCTSAX B I1HTENEKTi. 3B'SI30K MK YCIHINIHICTIO Ha iCOMTax 1
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IHTEJIEKTOM TMOSICHIOETHCS TEpII 332 BCE TEHETMYHHUMM YMHHUKAMHU. 3B'S30K MK CIPHHHATTAM
JIOMAIIIHBOTO CEPEIOBUINA 1 pE3ylbTaTaMH ICIHTIB TOSCHIOETbCS B OCHOBHOMY (hakTopamu
cepenoBuina. Jlume 25% BapiaTUBHOCTI B YCIINIHOCTI HA ICHUTAX MOSCHIOETHCS iHTEenekToM. Ille
25% ycmimHOCTI MOSICHIOIOTBCA MOTHBAI€l0, 310poB'sM Ta iH. Pemra 50% BapiaTUBHOCTI
YCHINIHOCTI 3JIMIIAIOTHCS HEBITOMUMH.

CHoaakoBICTh IHTENEKTyaTbHUX 3a10HOCTEH
MiBUIIYETHCS 3 BIKOM. [HIIMMHU ClIOBaMH, BIJIMIHHOCTI B
IHTENEKTI MDK MAaJIEeHBKMMH JITBMH HailyacTillle IOSCHIOIOTH
¢axropu cepenosuina. Cepen JOpOCIUX JHOJEH «KOHTPACTHY
B IHTENIEKTYAJIbHUX 3II0HOCTSIX BHUSBISIIOTHCS il BEJTHKHM
BIUIMBOM TI'€HETHYHUX BIAMIHHOCTEH MDK HHMH. BIikoBe
MOCWJIEHHS ~ pOJI  TEHEeTWYHUX  BIUIMBIB,  MOXJIHBO,
TIOSICHIOETHCS T€HHO-CEPEIOBUIIHIMHU KOPEJIALISIMH.
CepenoBuille HEe TPOCTO «TPAIUIAETHCS» 3 HAMU, MU €
aKTUBHUMH y4YacCHHKaMH yMOB cepefoBHia. ToO0To wmu
BUOMpAEMO cepenoBuline 1 MoaudikyeMo Horo. Tum camum
TeHETHYHUH BILUIMB MTOCHITIOETHCS 3aBJISIKH IMiI00PY TIEBHOTO CEPEIOBHUIIIA.

CralinbHICTh OCBITHIX JOCSTHEHb IIKOJspa (YCIIIIHE HAaBYaHHS y MOYATKOBIM, cepenHii,
CTapIIii IIKOJI) MOSCHIOETHCS THM, IO OAHI M Ti ) TEHHW MPOJOBXKYIOTh BIUIMBATH HA IO
XapaKTePUCTUKY TMPOTATOM MOro B3pOCTiHHS. A HecTaOUIbHICT, y HaBYaHHI (HAIpPUKIA,
MOTiPIICHHS PE3yJbTATIB y CEPEIHIN KO y MOPIBHAHHI 3 TOYATKOBOIO) MOB'sI3aHa B OCHOBHOMY 3
BIUIMBOM CEpEAOBHINA. bBUIBIIICTh acorfianiii MK BIUIMBOM CEPEAOBHUINA 1 IICHXOJIOTTYHUMHU
0COOJIMBOCTSIMH MAafOTh 1 TEHETHYHHH BIUIMB. YCHIIIHICTH AiTEH y IMIKITbHOMY HAaBYaHHI TIEBHUM
YHHOM TIOB'SI3aHA 3 OCBITOIO OAaTbKiB, 1 YaCTKOBO Il 3B'A30K MOSICHIOETHCS X T€HETUYHOIO
CHIOPIAHEHICTIO. Y TOM e 4ac TYT € 1 MeJiaisl o0 CEPEOBHINA, BIUIUB OOCTABHH.

Bueni  3HaxomsaThCcs HA  caMOMy  [IOYaTKy
JOCTIDKEHb TEHETUKH JIFOIUHH, BXKE OYEBUIHO, 1110 HIKOIN
He Oyzae 3HalieHuil «reH wmmM30(peHid» abo «reH
MaTreMaTH4YHOTO TeHio». Came GopmyoBaHHS «TeH Oy/Ib-
AKOi ~ O3HAKW» €  HEKOPEKTHOI,  OCKUIBKM  BCl
XApaKTEPUCTUKH  TOJNITCHHI: TEHETHYHUN  BIUIUB €
MPOJYKTOM OaraTboX reHeTUYHUX (PaKTOpiB 3 HE3HAUHUMU
epexramu. BUHATKOM € cepiio3HI BIIXWIEHHS (IICHXI4YHI,
¢bi31yHI): Tak, MyTallis IEBHUX T'€HIB MOXKE CIPOBOKYBAaTH
TIepexiJl Ha HETaTHBHY TPAEKTOPit0 po3BUTKY. OmHaK, Ko & s
MH TOBOPMMO MPO 1HAMBIAYalIbHI BIIMIHHOCTI y HOpPMI, TO Iii BIAMIHHOCTI PO3BHMBAIOTHCS MiJ JyXe
CKJIQJIHUM BIUIMBOM Oe3J1i4i reHiB 1 0e3mi4l (hakTopiB cepeioBHIIA.

IcHye rimore3a «3araJbHUX TEHIB»: SKIIO AWTHHA TOKa3ye MO3UTHUBHI pe3yiabTaTu Yy
MaTeMaTHIll 1 y YUTaHHI, 11 0araTo y YoMy BHSIBIISIETbCA HACIIAKOM TOTO, IO OJHI W Ti )X T'€HHU
BIUIMBAIOTh Ha HOro BMIHHS YMTaTH 1 paxyBaTW. baraTo nochigXeHb MOKa3ylTh, II0 ICHY€
HEeBIJOMMIM Hallp TeHETHYHUX (aKTopiB, sKI BIUIMBAIOTh Ha PO3BUTOK Yy IUIOMy. SKio »x
BiIOYyBa€ThCs PO30IKHICTh, TOOTO JUTHHA, HANPHUKIAJ, A0Ope BCTUTa€ 3 MaTeMaTHKH 1 MOTaHO 3
YUTaHHS, TO IS PI3HUIIS YACTO TMOSCHIOETHCS CEPEIOBUIIEM, a HE TCHETUYHUMH (PaKTOPAMH.

I'eHeTHKN mNepeKoHaIUCs, IO BCl ICHXOJOTIYHI PUCH € CKJIaJHUMH 3 TOYKH 30py iX
MPUPOAU, TOOTO Oe3iy reHeTUYHUX (aKTopiB 1 (AKTOPIB cepeioBHUIIa BHOCATH BKJIAJ 0 iXHBOTO
¢dopmyBanHs. TakuMH prcaMH BUSBIISIIOTBHCS 1 BC1 JIFOJICHKI XapaKTEPUCTUKH, TOB'13aH1 3 OCBITOIO.
I'eneTnun1 ynHHUKY MOACHIOOTH 40-60% 1HAWBIYyaTbHUX BIIMIHHOCTEH B IIMX XapaKTEPHUCTHKAX.
Taki pe3ynbraTd Oynu OTPHUMaHI PI3HUMH METOJAMH TTOBEAIHKOBOI TEHETHKH (JOCIiIKEHHS
OJIN3HIOKIB, TTOBHOTEHOMHHUI aHaJlI3 CKIATHUX pHC - genome-wide complex trait analysis Ta iH.).
Ane MONEKYISIpHI T€HETHYHI JOCHIDKEHHS - IHIINH PO3/Iii MOBEIIHKOBOI T€HETHKHU - JO3BOJIMIH
BUSIBUTH JIMIIIE Mi3€ep 3 KOHKPETHUX reHeTUYHUX noniMopdizmis (auistHok JIHK, ski po3pisHsAOThCS
MIX JIFOJIBMHU), 110 BHOCSATH BKIIAJ Y IIi O3HAKH.




Tak BUHUKae TpoOieMa BTPAaYeHOI CMAJAKOBOCTI. ['0JI0BHA 11 MPUYHHA MOJIATAE Y TOMY, IO
KOXeH moJiMop(di3M, KOKEH TeHEeTMUYHUN MapKep BHOCUTH JIMIIE Iy)K€ MaJleHbKU BHECOK Y
KOHKPETHY O3HaKy (BCl pHCH 3HAXOJATHCA, K BXKE 3a3HAYAIOCH, i BIUIMBOM Bijpa3y Oaratbox
TCHETUYHUX MApKEPiB), 1 3HAUTH CIIIJIA HOTO «(IISIIBHOCTI» HE TaK MPOCTO.

MoskHa TOBOPUTH TIPO TOJIITEHH] MPEIUKTOPU - aiTUBHHNA, CyMYyIOUYHI BIUIMB MapKepiB Ha Ti
YH 1HIT 0COOJIMBOCTI JTFOAMHU. Koo MM 3MOXKEMO 3HAMTH BEJIMKY KUTBKICTh TEHETHUHUX MapKepiB, sIKi
MOB'SI3aHI 3 PI3HUMHU MPOLIECAMH, HANPHKIA] KOTHITUBHUMH a00 MOTHBALIMHUMH, MH 3MOXKEMO
arperyBary 1l MapKepu 3 TUM, 1100 BOHHU BXKE MU 1epedavuyBaHy CHITY.

Y reHoMmi JIFOAMHU MICTATHCS COTHI THUCSY, SKINO HE MinbHoHM niisHok JIHK, Tak uu iHakie
MOB'sI3aHUX 3 peami3aiiclo 3A10HOCTeH 10 HaBYaHHS, XYIO0XKHBOI Ta 1HIIOI TBOPYOi AISUTBHOCTI.
[TpuunH, 3a SKUMU JIOJUHA HE 3aKkiHUMiIa ab0 KHHYJIA HaBYaHHs, MOXke OyTm ayxe Oararto:
nmpoOjeMu 31 370pOB'AM, HeIacHa JIO0O0B, IMOsBa TUTHHHU, I1HII coIliadbHI ab0 EKOHOMIiYHI
nepeayMoBH. | reHeTHKa Bifirpae TyT Jajieko He IepIry poib.

JE30KCUPUBOHYKJIEIHOBA KUCJIOTA:
MOJIBIMHA CIIIPAJIb, IKA 3MIHUJIA BCECBIT
Hayionanvuuii papmayesmuunuil ynigepcumem
Kageopa bionozciunoi ximii
3asioysauxa kageopu
Kanouoam 6ionociunux nayx, ooyenm
KPABUYEHKO I'anna

Hlictaecsar ciM pokiB ToMy, y cyboty, 28 mrotoro 1953 poky, nBa
Mosionux BueHux James Watson ta Francis Crick 3aBitanu B «Eagley,
- o 3axomueHuit mad y KemOpupki Ta OroiocHiiv HaTOBITY, 1110 BOHU BiIKPUIIU
L TaeMHMINO KUTTSL. : = { ' " k —
Pe3ynbpratit iXHBOT HAYKOBO-IOCTITHOI POOOTH HE MPOCTO i —
BIIKDHJIM HAyKOBOMY CBITY CTPYKTYpY II€BHOI MOJIEKYlH, a
MIEPETBOPUIIA HAYKy, MEIUINHY Ta eTuky. CrpaBeIMBOCTI 3apaau
Tpeba CKa3aTH, M0 iXHE BIIKPUTTS HE BHHUKIO Ha TIOPOKHBOMY
MiClli — IIIKMH psii BYSHUX, SIKI BUAUIMIN Ta BUBYAIH HYKJICTHOBI
KHCJIOTH 1 Ti, $KI PO3pOOJSUIM HOBI METOAU JIOCIIIKEHHS
MiATOTYBAJIM OCHOBY sl po3yMiHHS cTpykTypu JJHK.

43“"‘3 d‘;‘;u.’lhh‘

Assay for DNA Polymerase activity

Artyar Keerberg vt i taciate o 004 ot
[ Astzeadroren

HaiiromnoBuime, 10 A03BOJMIIO  BIIKPUTTS
npoctopoBoi cTpyktypu [AHK, me 3posymitu Te, sk
MO’KHa Ii CKOINIOBAaTH — KOYKHA IIOJIOBHMHA IOABIMHOI
cmipaii BUCTyHae€ sK IIAOJOH JJs CHUHTE3Y 1HIIOI.
Po3yminHs 1poro Ha

=== = JIUBO POCTOro kAL =
-—— = = MeXaHi3My, AKUN ’ )
VS JI03BOJISIE  TIEPEHOCHUTH
S e TeHETHYHY o m sadlarl %T{
iH(popMallito, Jajo LiL LLL
BP@KAalOUMH MOINTOBX [UISI PO3BHTKY HAYKH, B MEPHIY UEPTY | ...
610xiMii Ta MoJeKysspHii Oiosorii. [y Toro, mobu omnucatu BCi nj::.a; t
BIIKPHUTTS, sIKI Oynau 3AiHCHEHI BIATOMI 1O Temep HEOOXiTHO

6e3niv yacy Ta manepy. ToMmy 3apa3 s Xo4y HarajgaTH xo4a O Ti 3HAKOB1 BIIKPHUTTS, sIKi Bxke Oynu
31ikcHeH! e 10 BpyueHHs y 1962 HobeneBcrkoi mpemii 3 i3i0orii Ta MEIULIUHN «3a BIAKPUTTS,
IO CTOCYIOTBCS MOJIEKYJSIPHOT CTPYKTYPHU HYKJIETHOBHX KHCJIOT 1 iX 3HA4YeHHs Ui Iepenaui
1H(popMallii y )KUBUX CHCTEMaX.



Tak, y 1956 mMu MokeMO 3rajaTH [Bi Ba)KIHMBIIIUX
momii. Paul Zamechnik Buminue Ttpancmoptany PHK, sk
CHOJIYKY HeoOXiaHy Juisi cuHTe3y OuikiB. pyra momis Arthur
Kornberg 3 koneramu npu BuBuenni Escherichia coli ue tiapku
i3omoBamu pepment JAHK-monmimepasy ane # mokaszanu, 1o

wowe  MOXJIJIMBO cuHTe3yBaTH JIHK mo3a kiiTHHOIO MexaHi3Mm

Regplication

s s e[ o | perumikamii JJHK 1 Bxe y 1957 poui Arthur Kornberg Bnepiie
g ) 2 cunrtezyBaB JIHK B po0ipii.
_ @ VY 1957 poui Victor Ingram mokasas, 10 PI3HUIS MiXK
S N g CEePHOBUAHOKIITUHHUM Ta  HOPMaJbHUM  T€MOIJIO0IHOM

MOJIATaE TUIBKY B OHIN aMIHOKHUCIIOTI.

[[eoro 3 poOKy BIiZOyJOCS TIEpIIE CIIOCTEPEHKECHHS
inpopmaniiinoi PHK, 3pobnene Laszarus Astrachan ta Elliot
Voilin, no3BonuiI0 3po3yMiTH, SK CHaiKoBa iH(pOpMAIlis, sKa
3arcana B JIHK BHUKOPHCTOBYETHCS KIITHHAMH JUIS CHHTE3Y
outkiB. Pik me He 3akiHumBes, a Francis Crick mpeseHTyBaB
«enTpanbHy nO0rMy MOJEKYISIpHOi Oionorii». Bin mpumyctus,
mo PHK e nocepennukxom mixk IHK i mporeinamu Ta qornomarae
«repekiaaaati» iHpopMmarito, ska wmictutbes B JIHK, mis
CHHTE3y OLIKiB, TAKOXK ONPWIIOIHHB, T€, 0 Tpu MoHOHYKIeoTHau Y JJHK 3aBxam o0ymMoOBIIOIOTH
OJTHY aMiHOKHUCIIOTY Yy OLIKY.

VY 1958 Matthew Meselson ta Franklin Stahl

FINE STRUCTURE OF GENE _ (Ml miciis BUTOHUYEHMX EKCIIEPHMEHTIB OIMCAIUM IPOLEC
Seymour Benzer (1950-60) _ perutikanii JJHK, gum migTBepauau mpUIynieHHS, 10
Bead Theory: The gene is KOXEH JIAHIIOT CIyrye MabloHOM (MaTpuuero) ams
the fundamental unit of £ A ) [ HOBOTO JIAHIIIOTA.

© HEKHes : | Y 1959 Bmepmie BCTaHOBJIEHO HAsBHICTH

*  Change & . .
= perymsuii rexiB. Komanna ekcriepumenrtaropis Arthur

Benzer: if a gene were a sequence of bases it could Pardee’ Francois JaCOb T?’ ‘]agues Monod 3a(1)1KCYBaJ'II/I
be divisible at many different locations IpoIecC CKCHIpecCit TCHIB, 3a JOIIOMOIOI0  AdKOT'O

Leroofll s ot ¢ w15 | cunTesyrothes depmentn Escherichia coli. Sk me ne

*  Function

cC D ¢

A B
900009

JIMBHO, aJie BXKE
0 eeeov ol ]y 1959 poni §‘§ % @
Paul Zamecnik okpecnu etanu cuntesy OinkiB y cBOilH ... (IIID/ =
Jekuii, SAKy BiH NPOYMTaB HAa 3acijaHHI CYCILIbCTBA -
Harvey. } _ o /

1960" pix o3mameHyBaBcs THM, mo Frederic Sanger — Jees
MOYMHAE  pO3POOISTH  3acO0M 1O  BUSHAYCHHS @ —————

MOCJTIZIOBHOCTI MOHOHYKJIEOTH B, mouynHatoun 3 PHK.
HoBi TexHiuHi po3poOku mo3Bosmmim Seymour Benzer
JI0Ka3aTH, 110 T€H HE € HeMOJUIbHUM Ta T€ 110 1H(popMalis

postranslational regulatory elements are
loyed

Signal W oo
B HbOMY 30€piraeThCs B JiHIWHINA MOCIIJOBHOCTI. & } ¢ Colocalmioscpy

+ Colorimetric assay

+ Flow cytometry

['eHeTHYHMI KOJI TAKOX IMOCTYIOBO BU3HaudaeThes, 3 1961 poky B yHiBepcuteTi Cornell
MOYMHAIOTHCSA 111 TOCHIHKEHHS, K1 3aKiHYSIThCS Yepe3 I’ SITh POKiB HOro MOBHOIO PO3MIU(POBKOIO.
V¥ 1961 poui Barbara McClintock Bnepiie onucana «ctpubdaroun reHu» — Tpancnazonu. [loganpmn
exciepumenTu Brenner, Crick, Jacob Bunaiinum matpuuny (iHpopmauiitny /JIHK) Ta Buznaunnm ii
¢bynkuil. Ileit pik me Big3HaumBes Bimomum ekcriepumentom Mrshall Nirenberg ta Heinrich
Mathaei, sixi po3mudpyBanu nepiuii 3 64 KOZOHIB TEHETHYHOTO KOJY.




VY 1962 pori Oyno nokiaaeHo moyatok pekomounanTaoi JJHK texnosorii — Werner Arber
3ampoIOHYyBaB i/1et0, 10 OakTepii MOXKYTh MPOAYKYIOTh (DEPMEHTH PEeCTpiKTa3u I MPOTHIIL
BTOPTHEHHSIM BipYCIiB.

ChoroHi BYCHI MOKYTh IIPOAHAJI3yBaTH
CTPYKTYPY MOJIEKYJl HYKJIETHOBHX KHCJIOT 3a ReStr|Ct|0n enzyme
JOTIOMOTOI0 PNy  METOJAMK,  BKJIIOYAIOUU 7
cekBeHyBaHHsA J/IHK, mo nomomarae BuBuMTH ii
CTPYKTYpy, 3a JIOIIOMOIOI0  IOJIiMepa3Hol
JAHITIOTOBOI peakiii, sKa MIBUIKO PO3MHONKYE

. . . . Jo ‘ \1\
HeBenuki kuibkocTi JIHK Ha Minbspau komiid. \ & "‘“ LT {
Taki MeToau JIeKaTh B OCHOBI BCIX TECTIB, IO =% ( (\ L‘ T i 23

. ~‘n < - J )
IPOBOJATECS  CbOTOJHI,  HampUKiajg, 1mo0 & - I - D

BUABUTU TI'CHCTUYHY MyTaI_[iIO, sJKa BHUKIIMKAE

pak, ab0 BCTAHOBMTH, YM HECE JIIOJMHA I'€HOM CHAJKOBOIO 3aXBOPIOBAHHs, SIKE MOXe OyTu
nepenano ix Hamagkam. Kpim Toro, BYeHi 3HAHIUIM CIOCOOM MaHINMY/TIOBaHHS Ta KOHCTPYIOBAHHS
HoBux (opm JIHK, Bimomux sixk pekombinanTHa JIHK abo kiionyBaHHs TeHiB. Taka TEXHOJIOTIS Mae
BUpIIIAIbHE 3HAYSHHS U1 MAaCOBOT'O BUPOOHUIITBA JTIKAPChKUX 3ac00iB, TaKHUX sIK iHTEp(dEpoH, Ta
PO3BUTKY I'€HHOI Teparii.

OTKPBITHUE JHK. KAK 3TO BbLJIO?
Hayuonanenuiii hapmayesmuueckuii ynueepcumem
Kageopa dbuonoeuueckou xumuu
MYCCAU ALIPA®
Pyxosooumens: k.gpapm.n., accucmenm [LHIOBKOBAA Okcana

21 deBpans 1953 roma Opuranckuii y4enblii J[xerimc
Yotcon nossul, kak ycrpoeHa moisekyna JJHK. O npamarnyeckoit
HUCTOPHUM BEIMKOTO OTKPBITHS.

K 1950-m rojgam
Y4E€HbIE HE COMHEBAIMCh, YTO
) 4epThl JKUBBIX OpPraHU3MOB B
OCHOBHOM IIPEIOIPENECICHbl 10 POXKACHUS W MEPENaroTCs I10
HacleACTBY. Y peOeHKa ecTb IU1a3a, OTOMY 4YTO IJ1a3a ObUTH y €ro
poouTENe, HE CIIydaeH M IBET IJa3, KaKk M CKIOHHOCTh K
6mm3opykocTH. Yero uccienoBaTea He MOTIIU MOHATh, TaK ITO I7ie
XpaHuTCsl Bcsl 3Ta MHGopmaius. Jlonroe BpeMs CUMTalIOCh, YTO
HOCHUTENIb - O€JIKM C HUX CJIOXKHOM CTPYKTYpOH, B KOTOpOH
MEpeuIoch Bce MHorooopasue xu3Hu. Ho k cepemune 1940-x
riaBHOM nono3peBaeMoit crana JIHK, orpomuas - y genoseka oHa
JUTMHOM OKOJIO METpa - MOJIeKyJia, OOHapy>KE€HHasl IMOYTH BO BCEX
tunax kierok. JIHK Obumia ortkpeita eme B 1869 roxmy
mBeknapuem Morannom @punpuxom Mwumepom, HO TOT HeE
NpUIAJTT HAXO/IKE OOJIBILIOrO 3HAUEHHUS: €I0 HHTEPECOBAIO CTPOSHUE OEIBIX KPOBSHBIX TEJIEll.

Korga B oktsi6pe 1951 roma Yorcon Hawanm pabortats ¢ ®psncucom Kpukom B ogHOM
kabunere B KemOpumxckom ynusepcurete, o JJIHK Obu10 M3BeCTHO, UTO OHA COCTOUT U3 YETHIpEX
MOBTOPSIIOLIUXCS KUPIUUYMKOB-OCHOBAHUN C CaXapoM M OCTaTKOM (pochopHOIl KHUCIOTHI, MpHUYEM
aJiecHuHa B HEH CTOJIKO )K€, CKOJbKO TUMHHA, a TyaHHWHa - Kak IMTo3uMHa. Ho kakum oOpasom
CBSA3aHBI 3TH COCTABJIAIONINE, YUYEHBIE IIOHITUS HE UMEIH.

Tonbko npenmnonaranocs, uro JJHK Hanomunana cnupanb, TouHee, BUHT, HO JBOWHOM JiH,
TPOWHOM MJM KakoH-HHOyIb ApPyroil, Kak B HEM paclojiarajuch OCHOBaHHS, KakK 3Ta CTPYKTypa
MOTJIa XpaHUTh M BOCIPOM3BOJUTH HACIEACTBEHHYIO MH(pOpMAIMIO, €cIH BOOOIEe Moria, — Bce
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3TO OCTaBajIOCh 3aragkoil. [lozHakoMHUBIIUCH, YOTCOH B KpHK OBICTPO MOHSIIN, YTO XOTAT BMECTE
€€ pas3raJarh.

Kpome Yorcona u Kpuka crpykrypy JIHK nbITanuce BEISICHUTS el1e ABE IPyMNIbl yYeHbIX. B
Jlongone Mopuc VYunkunc u Pozanmuna @OpaHKIUMH, MOCTOSHHO PYrasch, BCMAaTPUBAIUCh B
PEHTICHOBCKME CHUMKH KPHCTAJNTU30BAHHBIX MOJIEKYJ, a B KamudopHuiickoM TeXHOIOrHuecKoM
MHCTUTYTE HaJ 3araJkod >Ku3HU Owiics 3HaMeHUTHIH xuMmuK Jlaitnyc IlonuHr, KOTOpsIit 10 3TOrO
MEPBBIM OMPEAEIHII CTPOSHHUE KOMIIOHEHTOB OEJIKOB.

3a rccnenoBaHns XUMUYECKUX cBsi3elt B 1954 rony emy mamyt HoGeneBckyro npemuto. Ha ero
¢done Kpruk 1 YOTCOH BBITTISICTH CITy4aiHBIMH IMPOXOXKHMHU: TIEPBBIA ObUT 10 00pa30BaHMIO (PU3NKOM
U TOJBKO 32 YeThIpPe rojia 0 TOro MepeKNIFOYMIICS Ha OHOJIOTHIO, @ BTOPOMY HCIHOJHMIIOCH Beero 23
rona. [IpaBaa, k ToMy BpeMeHH Y YOTCOHA yKe Oblia TOKTOPCKas CTETICHb.

ITepBas monens JIHK, pa3zpaborannas Yorconom u Kpukom, cocTosyia U3 Tpex IENoYeK ¢
¢docharasiMu ocToBaMu B cepennne. Korna monens nmokazann @paHKIMH, Ta MOAHSAIA KOJUIET HA
cMeX: OHa ObUIa yBepeHa, YTO OCTaTKH (ocHOpPHON KHUCIOTHI AOJKHBI paclojiaratbCs ¢ BHEUIHEH
CTOPOHBI MOJIEKYJbl, a He B neHrpe. HavanmpHuk Yorcona m Kpuka - Jloypenc bparr - Ttak
Pa303JIMIICA U3-3a 3TOW HEYy1auu, 4TO 3apeTui UM aanelue 3anumarbes JTHK.

Opnako cmycrsi ron bparr momensin cBoe pemeHue. B ero maGoparopun paboTan ChIH
Jlaiinyca [lonuHra, KoTopbli pacckaszai, 4yTo orer co3aan csoro mozens JIHK. B bparre B3birpano
caMmouto0ue.

Onu c IlonuHrom ObUIM KPYNMHEWIIUMHU B MHUpPE CIEUAIMCTaMU B CBOEH o0yacTu, HO
aMepHKaHell ePBbIM OIPEICITHII CTPOSHHE M OOJBIINX HEOPTAaHUYECKUX MOJIEKYJ, U OeIKOBOH -
cnupaiu. bparr OblT - U ocTaercs A0 CUX MOp -
caMbIM MOJIOZBIM JlaypeaToM HoOeneBckoi
npeMuH Mo (PU3HKE, KOTOPYIO €My U €ro OTIY
Bpyumiu eme B 1915 rogy. Ho ¢ konua 1920-x
OH BEYHO ocTaBajics no3aau Ilonunra.

Uepes mecsn B KemOpumke paznoObum
elle He OomyONuMKoBaHHYIO craThto [lomunra c
onucanueM mozaeinu. Ko BceoOiiemMy yuBiIeHHIO,
JIHK B Hell mpencraBana TpPOWHOW CIHPAIBIO C
¢docharapiMu OcTOBaMU B TIEHTpPE, KaK 3a TOM 10
toro mnpemlarami  Kpuk wu  Yorcon. B
aBrobuorpapun  YorcoH BcromuHan: «lloka
queHCI/IC [IOpaXaJiCd HOBATOPCKOMY Ioaxony ®paucuc Kpuk, [ixeiimc Yorcon u Mopuc Yuikune
[TonuHra k Xumuy, s Hayas IplaTh criokoiiHee. K aToMy MOMEHTY s 3HaJl, UTO MBI BCE €IIIE B UTPE.

ITo pacckazam YorcoHa, oH mpue3xan B JIOHAOH, uToObl 06cynuTh cTatbio [lommHra c
®paHKIMH, HO Ta HE pa3lenuia ero ’HTy3Ma3M U ckaszaia, uro mojekyna JIHK ne moxer ObITh
cnupaibHOW. Bo3MoXkHO, YOTCOH mpuBpai: B JabopaTOpHOM >xypHaie PpaHKIMH COXPAaHUIHUCH
Oosee paHHHE 3amMCH O TOM, 4TO ojaHa u3 AByX ¢opMm JIHK moxer npeacrasisite co0oil HMEHHO
cnupasib. Co cioB YOTCOHa, 3TOT cilyyail cTan nmocneaHen karmieil st padorasuiero ¢ @paHKIuH
Mopuca VYwunkunca. Ee ynpsMcTBO Tak HaJo0€ll0o, 4TO OH B CEpAllaX JOCTal W3 sSIIUKa
pentrenoBckuii cHuMok JJHK u mokazan ero Yorcony. Y Toro otnana 4eitocTsb.

KBagparnas mmacTMHKa pa3MepoM BCETO HECKOJIIBKO CAaHTUMETPOB BOLUIA B UCTOPUIO Kak
«Dororpapus S51». UroOsl cnmenate 3TOT Kaap, PpaHKIMH TMONOXKWIA BBITAHYTHIM B HUTh U
KpUCTAJUTM30BaHHBIN oOpasen denmoBedeckod JIHK B cmenuansHyro kamepy, TZie pEHTT€HOBCKUE
ayuu Oospire 60 yacoB OTCKakMBaJM OT HErO Ha IUIEHKY, (GOpMUPYS M300pakeHUe - MOJI0CAThIH
kpecT. [Ins YoTcoHa 3TOT KpecT cTajd OYEBHAHBIM JI0Ka3aTreslbcTBOM TOro, uro JHK cocrout u3
JBYX 3aKpyUYEHHBIX ienoyeK. DpaHKIIMH ke ITOro HE pasrisaeia.
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Heckonpko gueit Yorcon u Kpuk 061ymMpIBany HOBYIO Mozenb, a 21 despans 1953-ro - 67
JIeT Ha3ajd - YOTCOH J0rajiajcs, 4To aJleHUH U3 OJHOM IIeMOYKH COeTUHSAETCS TOJIbKO C TUMHUHOM U3
Apyroil, a LUTO3UH - C TyaHHMHOM. B TakoMm ciydae o s aToRe
Monekyina JIHK nHanomuHaeT paBHOMEpPHO 3aKpy4YEHHYIO -
JECTHHIy C KpasMH M3 caxapa, ocraTka (HocdopHoii NUCLEIC ACIDS
KHCIIOTBI M C TMapauieIbHBIMU CTYNEHSIMH OIMHAKOBOM
JUIMHBI. DTHU COYETaHWs OOBSCHWIM, TMOYeMy B OO0
monekyine JIHK copepxurcss OOMHAKOBOE KOJIMYECTBO
aJlcHuHAa ¢ TUMHUHOM M IIMTO3WHA C ryaHuHoMm. Hakowner,
€ClI y KaXKJI0To KUPIHMYUKAa €CTh TOJbKO OJHA mapa, TO
MOJIEKYyJIa MOXKET Pa3IeIUThCS TOMojaM U 00pa3oBaTh JBeE
KOIIMM C TOW JK€ TeHeTHYecKol uHpopmarmend. YUeHbIX
IIOPA3UII0, KAKOM MPOCTON M KPAaCUBOM OKa3ajaach pasrajka.

«Mut pazecadoanu mauny dcusnu!», - CTaBLIYIO
3HaMeHUTOW (hpazy DPpoancuc Kpuk mnpousHec B cBoeM
mobumom Oape B KemOpumke, rme oHH ¢ YOTCOHOM
Ipa3gHOBAaIM  OTKpbITHE. Bmpouem, 10 BceoOIero
MpU3HaHUS ObLIO ellle AaNeKo.

IlepBpiM fA€JIOM BBIKJIAJKH TOKa3adud YHUIKUHCY W
OpanknuH. Te 1Ba  AHS  COMOCTaBsUIM  UX  C
PEHTI€HOBCKUMH CHUMKAaMHU M HE HAIUIA MPOTHUBOpeunii. B
MapTe€ YEepPHOBHK CTaThbM C OMHCAHHEM MOJENU TMOCialu
[Tomuuary. OH MOXBaNMJI KOJJIET, HO HE TOHSUI, IOYeMYy OHHM OTOPOCWJIM THIIOTE€3Y O TPOWHOU
cnupanu. [ns IlonunHra Bce BCTallo HA CBOM MecCTa, TOJBKO Koraa oH mpuexan B KemOpumxk u
yBuzen potorpapun OpaHkiIuH.

B ampene crates Kpuka u Yorcona Beinuia B xxypHaie «Nature». B 1962 rony Yorcony,
Kpuky un Yunkuncy npucynunu HoOeneckyto npemuto. ®@panxinuH ymepia B 1958 rogy u
ocrajach 0e3 Harpaabl. B mocnemyromiue OecATUIETHS APYrHe YUYEHBIE CO3Jaldl TPEXMEpPHbIE
KOMITbIOTEepHBIE Mojenu, pactmmdpoBamu JJHK denoBeka u Apyrux BHJIOB, a B TOCJICIHUE TOJBI
HayduJiuch peaaktupoBaTh 3anucanHbie B JJHK rensl. Bo3Hukna HoBas 3arajka - 4TO CTaHET C
KHU3HBIO, ECJIM TENEPh €€ IPOrpaMMUPYET YETOBEK.

are joined
chain being
har

of us (J has been
rom the National Foundation

3. D. Warsox

Modical Rosoarch
Study of the M:

in athor high. At
oxpect the basos to
b

BEJIMKOE OTKPBITHE
B CKPOMHOM JABYXCTPAHUYHOM IMUCBME JJIs1
KYPHAJIA «NATURE»
Hayuonanvnoiii papmayeemuueckuii ynusepcumem
Kageopa buonoeuueckoul xumuu
KYEJ XAM3A
Pykoeooumens: 0.6uon.n., npogpeccop KPABYEHKO Bepa

25 ampens 1953 1. B CKpPOMHOM JBYXCTpaHUYHOM
nuceMe B «Nature» J[xeiimc Yorcon u ®psncuc Kpux
c(OpPMYIHUPOBATIH OTKPBITHE, KOTOPOE MHULMUPOBAJIO LIETYIO
SMOXY MCCIEJOBAaHUM B 00JIACTH HAyK O HU3HU. DTO OBLIO
OTKPBITHE  JBOMHOM  CHHUpaIbHOM  CTPYKTYpbl  COJH
BoifieieHHOW W oumntieHHoW JIHK. Crathsi m HaumHaetcs cioBamu: «Mbl xomum npeoioxcums
cmpykmypy coau 0e3okcupuboHnykneunosoti kuciromuol (.H.K.). Oma cmpykmypa umeem Hogble
0CODEeHHOCMU, KOMOpble NPeOCMABIAION 3HAYUMENbHbII UHmepec 015 buono2uuy. JIBycnupanbHas
JUHK, naB rpomMajHblii UMIYJIbC pa3BUTHIO OMOJIOTHH, CTajda MKOHOW HE TOJBKO B y4yeOHHKax IO
OuoNIorMu, HO U B HCKYCCTBE, ApXMUTEKType, pEKIaMe W CHUMBOJMKE Pa3IUYHBIX KOH(EpEeHIIHH,
KOHI'PECCOB, ChE3JI0B, TaK WIM MHAYe CBSI3aHHBIX C Mpobiemamu ku3HU. OO 3TOM 3amMedaresbHO
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Harucan M. Kemn B cratee «MoHa Jluza cOBpeMEHHOH HayKu», ONMyOJIMKOBaHHOM >KypHaJoM
«Naturey» 23 suBapst 2003 r. (3roT HOMep xypHana mnocesiieH oTtkpbiThio JIHK): «Hem opyeoti
MONEKYIbl 8 UCOPUU HAYKU, KOmOopas docmueia 6bl ukonnozo cmamyca /[HK... Ucmopus nopoouna
8Ce20 HECKONbKO Cynepumuodicell, Komopvie HACMONLKO NPOHU3ANU HAUle ... COZHAHUe, YMO OHU
0aleKo Npes30uiu c80e NepeoHauaibHoe cooepiicanue. Imo cumsonuzuposano Monoii Jluszoti,
uzobpaxcennou Jleonapoo oa Bunuu npumepno 6 1503 200y. /eouinas cnupane JJHK ne umeem
PAasHbIX 8 Kauecmee cumeoaa buonoeuveckux nayk. Oba cumeona 2080psam nyoauke MHo20 60/ble,
uem 00 ux Y3KOCHeyuanusuposanHomM mupe, u 0oa Hecym 2poMaoHblil 6A2aic accoyuayuiLy.

Wi BOT 4TO TOBOPHUT OJIMH M3 THTAHTOB, 3aJI0KHUBIIMX PEATbHYIO OCHOBY JUUISI OTKPBITHS
ctpykrypel JIHK, E. Yapradd: «...6v10arowutica xapuzmamuueckuii cumeon Hauwieeo 8pemeHu -
CRUPANbHASL TeCMHUYA, 8e0Yuas, s HA0elch, 8 Hebeca, - Oblia pa3peKIamuposana ¢ NoucmuHe
gvloarougelics unmencusHocmoto. OHA UCNONIL308ANIACH KAK IMOIeMa, ee puco8anu HA 2alCmyKax,
OHa yKpawiana pupmeHnuvie OIAHKY, ee YCMAaHAeIueanu nepeo 30anuimu... Ona oasxice 6mopaiace 6
8blCOKUE HOPMbL UBAUHO20 UCKYCCMBAN.

Kak Bcskas wkona, JIHK 3auapoBeiBaeT u BBOOWT B 3a0myxiacHue. Bce BHHMaHUE
COCpPEIOTOUMBAETCS Ha CIHMpaIbHOCTU M cummerpuu. [losiBuiack 1ienast Hayka (YCJIOBHO s Ha30BY €€
JIHKnorus), koTopas 3aHsIach BCELIEIO CBOWCTBAMU ATOM CIMPAJIM B CaMbIX pa3HbIX yciaoBusaX. CoTHU
cTaTell MOCBAIICHBI YTOUYHEHHIO MapaMeTpoB cnupanu. Kaxapli yBakarommii ceOsi MOJNEKYISpHBIM
ouornor BeRyOpuBa, 4yeM ommuaercs A-¢popma JIHK or B-dopmbl m mocesiman maccy cui
3alIOMUHAHUIO PACCTOSHUNA MEX/y MapaMu OCHOBAaHUI, HAKJIOHY TUIOCKOCTEH ATHUX Map OTHOCUTEIBHO
OCH CTIMPAJH U MPOY. U IIPOY. ¥ POY.

Bot kak onuceiBaercs JJHK B kuure «Opranndeckast XuMusi HyKJIIEHHOBBIX KUCIOT».

«@opma A npeocmasnsem cob6ou UCMUHHYIO Kpucmannuuveckyro ¢opmy coau JHK,
Komopas oopazyemcs npu OMHOCUmMeNbHouU iadxcHocmu npenapama nudice 80 %. Ha o0un eumok
cnupanu 6 smou ¢opme npuxooumcs 11 ocmoeanuii, Komopvle omirioHeHbl Ha yeon 20 om
nepneHouxynapa K ocu cnupanu. Paccmosanue meacoy ocnosanusmu cocmasnsiem 2.56 A u yeon
epawenusa 32.7. Ilnockocmu 08yx oOCHO8aHUI, COCMAGIAIOWUX NAPY, He KOMNIAHADHYLL, U
08yepaHmblll y2on medcoy Humu cocmasnsiem 16. Monexyna umeem ocv cummempuu 8mopoco
nopsoKa, NepneHOUKYISIPHYIO OCU CAUPAIU, C1e008amenbHO, 08e COCMAsIAwUe 0BOUHYIO CRUPATb
yenu  umeom  NPOMUBONONOJCHOe  HanpaeneHue. Dopma A  npedocmasnsem  coboll
npagospawiarowyio CRUpalb, NOCMpoeHuUe 1e608UHMOBON CRUPANU OISl Hee HeBO3MONCHO.

Dopma B cywecmeyem npu omuocumenvhou enadxcHocmu >80% u  aensemcs
napaxkpucmaniiuieckou ¢opmou. B ceeme nocneonux oannvlx popma B ece-maxu mooxcem Ovimo
nocmpoena 6 6ude nesosuHmogol cnupaiu. OQowaxo nockonvky @gopmet A u B neeko
npespawjaromcs opyz 8 opyada, mo u3 npasosUHmMo8o20 xapakmepa opmvl A credyem makas dxce
HanpasieHHocms cnupaiu 6 gopme B.

@opma B uepaem 0cobo 6axCHYI0 ponb, NOCKONbKY, HO-BUOUMOMY, OHA ABIAEMCS MOU
dopmoti, 6 xomopou JHK cywecmsyem 6 6o0Hom pacmeope. B nocredyrowux pabomax no
uccneoosanuro opmvl B 6vin ymounmen pso napamempos, oanuvix Yomcowom u Kpukom. B
yacmuocmu, ouamemp cnupanu okasaics pasHvim 18 A, ocHosamus pazmewjenvl O1udCe K ocu
cnupanu, yeneeooHvle OCMamKy 3HAYUMENIbHO OMKIOHeHbl om ocu cnupaiu. OOHAKO OCHO8Hble
noaooiceHus cunomeswvl Yomcona u Kpuxa ocmanucs 6e3 usmeHeHusLy.

CymectByeT popma C, KoTOpast SIBISETCS HAMMEHEE BIAKHON M3 BCeX TpeX (opMm.

O6pa3zoBanock 00IMIMPHOE TOJE NEATENLHOCTH s (PU3UKU OHOMOIMMEPOB, HO B UTOTE 3a
BEJIMKOJICTTHOW CHMMETPUYHOU JBYCTIMPAIBLHOCTBIO (¢ M 6 HA PHC.), OY€Hb XOPOIIO MOAXOISIICH
JUISL CHMBOJIMKHM U UCKYCCTBA, KaK-TO 3aTepsach JBYXIIEMIOUYEYHOCTh M KOMILJIEMEHTAPHOCTD (8 Ha
pUC.) - HUMEHHO Ta CyTh, Ta KBUHTAICCEHLUS, KOoTOopas Obl1a, €cTb U OyneT OCHOBOM
(GYHKIIMOHMPOBAHUSI T€HOB M TeHOMOB. llo-BuaMMoMy, 3TO ObUIO HEHM30€XKHO: KaK HCKYCCTBO
MPOIIIO Yepe3 CTaJAWI0 WKOHOIMCH K peau3My, TaK M HayKa JOJDKHA Oblla y3HaTh BCe TIPO
BoieneHHyr0o JIHK Ha myTH Kk TMOHMMAaHHIO, YTO W Kak OHA JelaeT B KIETKE, CTaHOBSCh
KOMIIOHEHTOM CJIOKHEUIIIEH CUCTEMBI B3aUMOJICUCTBUI, B KOTOPbIE BOBJIEUYEH T'€HOM.
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Bonwwmasn _____._-—--

Tpu npeacrasiaenus JHK
au o - kiaccuueckue uzodpaxkenus apycnupanbHoii JHK; ¢ - JHK kak nBpyxuenodeyHas
CTPYKTYPa ¢ HEONIPEACJICHHBIMHA (l)l/IBI/I‘IeCKl/IMI/l mapamMeTrpaMu, HO ¢ HE€NAMH, KOMILVICMEHTAPHbIMHA
apyr apyry; A, C, G, T- monomepHbIe 3BeHbs1 mosinMepHoii moJiekyasl JHK; C-G, T-A -
KOMIIVIECMEHTAPHBIC Napbl OCHOBAHUH, CBA3BIBAKOIIIMEC IBEC L ECITU

B wimerke, tme JHK peanpHO cymecTtByer W (QYHKIMOHHPYET, HCYE3a€T BCE ITO
BEJIMKOJICNINE XY/I0KECTBEHHON coBepuieHHOCTH. Mcue3aer A, mcuezaer B u mosiBisieTcss HEUTO
TaKoe, 4TO JI0 CHUX IOp He yAaeTcs MoHATh A0 KoHua. Couurtock Ha ctathio 1. Bomna B Tom xe
sHBapckoM Homepe «Nature» 3a 2003 r.. «Jeounas cnupans udearuzuposaHa 6 Culy ee
ICMEMUYHOU INe2AHMHOU CMPYKMYPbl, HO He peanvHo2o ¢usuueckozo cywecmeoganus JIHK.
bonvwas wacms JIHK 6 kiemke cocama 6 ClOHCHbLL KIYOOK, KOMOPbIUL KAKUM-MO 00pa3om éce-
Maxu 8061eKaemcst 8 muamenvHblli KOHMPOIb pe2yrayul 2eHos... Xoms 6 3mu nocmeeHOMHble OHU
MoOHo nokazvieamsv J[HK kak 6eckoneunyro nocnedosamenvrhocmos A, G, C u T, ama 20008wuna
b6yoem uzobunosamsv 08yms munamu npeocmasnenut o JHK. Oono 6yoem nokazvlieams
3HaAMEHUmy  080UHYI0 Cchupans... [lpyeoe 6Oydem nokaszvléams X-00pasHvie CUMBO.IbL
HACNe0CMEEHHOCMU - XpOMOCOMbL. M He Hado dymamb, umo 3mom KayooKk modcem Obimb NOHAM HA
OCHOB8¢e UOeANbHOU O0BOUHOU cnupanu. dmu Humu npedcmasisiom cobou xomniekcol JJHK c
Oenkamu -XxpomMamuH, 8 KOmopwvlx MoJbKO 04eHb KOpomKue (hpazmenmsl HAMUBHOU CRUPATIU MO2YM
8DeMEHHO nosasiambcs. Xoms xpomocomul yacmo npupasnusaiom k JIHK, ne nado 3abvieamos, umo
6 HUX oenxka 6 0ea pasa bonvuwe, wem JJTHK. U, kxpome mozo, mam ewe cooepaicumcs 10% PHK,
KOmopas, cummesupyemcs 6 npoyecce MPAHCKPUNYUU... YUeOHUKU, HNOHAMHO nouemy,
paccmampusarom npoyecc penaukayuu JJHK xax cucmemamuueckoe osudicenue /JHK-nonumepasoi
({HK-cunmesupyrowezo ¢epmenma) 6001b ooHou aunelnou yenu /[HK, evicmpoennoli nooodoHo
JUHUU dHcene3noll dopoau. To oce camoe omuocumces u Kk mpaunckpunyuu, ocywecmensemoun PHK-
noaumepasou. Cosdaemcs @neuamieHue, 4mo 2eHOM - MO OMKpbIMas KHU2d, 20moeas OJis
ymenus. Oonaxko smo ne max. Knuea sakpvima, 3aneuamana u 3anaxkoeanay.

bonee Toro, Bce 3annucaHo HE IPOCTO Ha CTpaHMLAX 3ToW KHUTH. PyHknuonuposanue JJHK
3aBUCUT OT MHOTOCTYIEHUYATON mepenayr uHopMmaiuu pazHoro poaa. OHO HE caMbIM MPOCTHIM
00pa3oM CBSI3aHO C €€ MOCIJIE0BATEIbHOCTHIO.

31ech Mbl UMEEM JIENIO CO BTOPOM KaHOHM3MPOBAHHOM JOIMOM, OCOOEHHO PacHpOCTpaHEHHOU
cpeny Hempo(ecCHOHANIOB: BCE CBOICTBA KJIETKU M Ja)K€ MHOTOKIJIETOYHOTO OpraHu3Ma OIHO3HAYHO
3armMcadpl B mocnenoBarenbHocT JIHK. DTO He MeHee BcempoHHMKaomee YOSKICHHE, YeM
npeacrasnenue o JJTHK B opranmnsme kak 1BoiHoI cripanu. M ecnu paHbliie epeckio ObLUIo ObI CKa3aTh,
YTO JBOWHAS CIUPATh - 3TO TOJILKO WJCATM3MPOBAHHAS MKOHA, TO TEMeph, MOXKAIYH, eie OObIIeit
€peChi0 TIPE/ICTABISICTCS YTBEPXKICHUE, YTO, BOSMOXKHO M, Ooliee TOro, BEChMa BEpOSATHO, HE BCE
CBOICTBa OpraHm3Ma onpeaessiroTes nmocienoBarenbHocThio JJHK. W mpencrout eme odens OomnbIas
paboTa 1Mo MOHUMAHUIO TOTO, KaK MOCIe0BAaTEIbHOCTh TEHOMA BIHSET Ha (DYHKIIUK OpraHU3Ma.

Haxkownern, u camoe riaBHoe. YBiekmuch ctpykrypoil JJHK, MonekynspHo-6ronornueckuii
MHUp Kak-TO 3a0bLJ1, YTO TJIaBHBIA BOMPOC, HA KOTOPBIM OH X0Tel Obl, 60siee TOro, TOKEH ObLT ObI
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OTBETUTH, - TO BOIPOC, 33aBA€MbIii BCEMH IMOKOJICHUSIMHU MBbICIHUTENEH: «UTO Takoe >KU3HB?».
DTOT BONPOC HE 00 M300peTEeHUH OYepeTHON KpacHUBON (HOPMYJIBI THIMA <OKU3HB - 3TO MEIJICHHOE
yMHUpPaHHUE», a BOIPOC O MEXAHU3MAaX, KOTOPBIC BBI3BIBAIOT XU3Hb. M KaKIblii y4EHBIN, 3aHATHIN
HayKaMH O JKU3HH, JOJDKEH OINPENENsTh, HACKOIBKO €ro MCCIEJOBAaHUE IOMOIAaeT HAWTH OTBET.
Otkpoitue crpyktypsl JJHK Obuto OmHMM W3 caMbIX KpPYNHBIX MIAaroB B 3ToM moucke. K
COYKAJICHUIO, CJIEyeT MPU3HaTh, YTO CTOJIb HEOOXOJUMBIN IIar Bce-TaKd OYEHb HEJIOCTATOYEH ISt
OTBETa Ha TJABHBIM Bompoc o (enomene xu3nu. Ho Onmaromapss JIHK mayka momyumna Takoi
HMITYJIbC, YTO, BO3MOKHO, CETOJIHSI MBI MOKEM IOIBITAThCS OTBETUTH HA HETO.

YTO OTKPOET TECT JHK?
Hayuonanvnoiii papmayeemuueckuii ynueepcumem
Kageopa ¢pynoamenmanvhoii u a361k0801 NOO20MOBKU
MA3Y3 PUJA
Pyxosooumens: k.gpapm.u., cm. npenooasamens I AMYJIIA Onvea

Monekyna /IHK 3aHMMaeTr BaKHOE MECTO B HAyKe O KU3HM.
JHK xaxmoro yeinoBeka yHUKalbHAa. B Hell XpaHUTCS MHOMXECTBO
uHbOpMAIMA O CTPOEHHHM M CBOWMCTBAX OpraHW3Ma, IMPHUYEM BO BCEX
noJpoOHOCTSX. bompinas uacTe HaciaeqCTBEHHOM — HH(pOpMaLUU
HAXOJIUTCS B spax KIETOK.

Uro moxno y3Hate u3 JIHK? Tecrsi JIHK mnpemnarator
MOMOIIIb B TIOMCKE OTBETOB HA CaMbI€ pa3HbIE€ BOMPOCH — OT OMpPEAeNeHUs POACTBa (OTLIOBCTBA U
MaTEpUHCTBA) 10 YCTAHOBJICHUS STHUUECKOTO IIPOUCXOXKICHUS.

Jlist ipoBeNieHHsT TeHETHUYECKOTO HCCIICIOBaHMS HEOOXOAMM OHMOJIOTHYECKU Marepuai. B
KAayeCcTBE MaTepualia Yallle UCIOJIb3YI0T Ma30K ¢ BHYTPEHHEW MOBEPXHOCTU LIEKU. Takke 3T0 MOTyT
OBITH KPOBB, CITFOHA, BOJIOCHI U JIPYTHE TKAHU U XKUAKOCTH. B maboparopun u3 Hux Beigessitor JTHK,
3aTeM yCTaHaBIIMBAIOT CTPYKTYPY I€HOB U BbIABIOT MyTauuu. JJHK-TecThI elie HeCKoIbKO 1eCATKOB
JieT Ha3aa ObUH CIIoXKHBIME U toporumu. CoBpemenHsie JJHK-TecTbr paboTaroT OBICTPO U TOUHO.

Pa3znnuaroT HECKOJBKO BHJIOB TI'€HETUYECKUX TeCcTOB. OJHM HCHONB3YIOT TOJBKO B
MEIUIIMHCKUX IIeJISIX, OHU MOMOTAIOT BBISBIISATH pazliMyHbIe 3a00JieBaHUsI W marojoruu. [pyrue
JIHK-TecTbl pOBOASAT, YTOOBI M3YYUTh CBOE MPOUCXOKJICHUE, OMPEACTUTh BO3MOXHOCTU CBOETO
opranusma. HekoTopbie TeCThI HCIOIB3YIOT B KpUMHUHAIUCTHKE, CyieOHON mpakTuke. Paccmorpum
Haubosee pacnpoctpaneHHbie Buabl JJHK-TecThI:

- YCTAHOBJIEHHME PO/ICTBA - TECT JIa€T BO3MOXKHOCTb OLIEHUTh IPOUCXOKAEHHE PEOCHKA C BEPOSITHOCTBIO
99,9%. Cpasnusatot JIHK peGenka u poureneit Wi JIF0ObIX APYTHX POJCTBEHHUKOB.

- cyaeOHbIe TeCcTbl — pPE3yJdbTaThl STUX TECTOB HCIOJB3YIOTCS B YIOJOBHBIX Jelax M
KPUMHMHAJIUCTUKE, OHU JJAIOT BO3MOKHOCTh YCTAHOBUTH JINYHOCTD.

- reHeaJIOrH4YecKHid TeCT - 9TO TECT Ha IPOUCXOXK/IEHHE, KOTOPHIN JAaeT BO3MOXHOCTh YCTAHOBUTD
ATHUYECKOE IMPOUCXOKICHUE YEIOBEKa MO0 MATEePUHCKOM WM OTLUOBCKOW JHMHHMHM. B pesynbrare
OTIPEIEISAETCS TaIOrPyITa, MECTO MPOKUBAHUS MTPEIAKOB.

- uaeHtudukanus. Beigenenue reHeTHUECKOTO Mpoduiis yenoBeka — Habopa ero YHUKaIbHBIX
MapKepoB. Pe3ynbTaThl TAKOr0 UCCIEIOBAaHUS MOTYT MCIOJIB30BAThCS B MEAUIIMHCKUX IENSIX (TIpH
TpPaAHCIUJIAaHTAIlMK ), B KpUMUHAIUCTHKE, B CY/I€, ISl IOMCKA MPOMABIINX JTIOACH.

- MeIMUMHCKHE TeCThbl — HCIOJB3YIOT MPU OMPEACIICHUH PUCKa TOSBICHHUS OMpPeaesIeHHBIX
3aboneBanuid. Cpei MEAUIIMHCKUX TECTOB CaMble PacIpOCTPaHEHHBIE 3TO:

- NpeHaTajbHAasi TeHeTHYeCKasi JMArHOCTHKA, KOTOpas TMO3BOJISIET OMPEACIUTh Pa3IndHBbIC
MATOJIOTUW B PA3BUTHUU Y TUIOAA B yTpoOe Matepu. Ha paHHUX CTaausX BBISABISIOT T€HETUYECKHE
3aboneBanus - Cuaapomsl [layna, DnBapca, [1artay.

- CKPUHHUHI HOBOPOKIE€HHBIX TIPOBOJIAT B TIEPBbIC THH JKU3HU peOCHKA, IJIsl ONPEIENICHUs y MabIIa
BPOKJICHHBIX 3200J1eBaHUi. B HEKOTOPBIX CTpaHax 3T TECTHl Y HOBOPOXKJICHHBIX 00s13aTeTHHBI.

14



- npoduiakTuka 3a0071eBaHMii — JaeT BO3MOXKHOCTH JIydllle Y3HAaTh HE TOJBKO 00 yxke
CYIIECTBYIOIINX, HO U O MPEIPACIIONIOKEHHOCTAX K pa3IMuyHbIM 3a0oneBaHusiM. B HacTrosiiee BpeMs
aHaJM3 IIOMOTaeT OIPENENSATh W3MEHEHUS B I'€HAaX, KOTOpPbIE YBEIMYMBAIOT PUCK Pa3BUTHS paka,
nuabeTa, aTepockiiepo3a W Japyrux 3aboneBanuii. bmaromaps JIHK-ananw3am ycTaHaBIuBaroT
CKJIOHHOCTB 4YeJIOBeKa K MH(papPKTaM, HHCYJIbTaM, TUIIEPTOHUH, APUTMUH U IPYTHM OOJIE3HSIM.

- TeCThbl HA oOmpeJejieHHe KYJbTYpbl muTaHus. CerofHs, KOraa O4YeHb MOMNYJSAPEH 3J10POBBIN
o0pa3 KHU3HHU, JIOAW CTadM YACISATH OOJbllle BHUMAHUS TNpPABWIAM IPABHIBHOTO IUTAHMUS.
['enernyeckoe HcciaenoOBaHUE MOMOXKET OMPENEIUTh 0COOEHHOCTH OOMEHa BELIECTB U IHILIEBHIE
ajnepruu. Takoe TecTUpPOBAaHUE ITOMOXET YCTAHOBUTH CKJIOHHOCTh K OKHUPEHMIO, YCBOCHHIO
BUTAMMHOB M JAPYTHX BeIleCTB. Bce 3TO momoraer AMETOJI0raM COCTaBIATh WHAMBUAYATbHBIN
paunon. Hanpumep, TecT Ha KOGEHH MMOMOXET OIPENENIUTh, CKOJIBKO YameK Kohe MOKHO BBIMHTH
6e3 Bpea A5l CepJeYHO-COCYAUCTON CUCTEMBI.

C xaxnapM rogoMm JIHK-TecTh cTaHoBsATCS OoJiee MOMYNISAPHBI H JOCTYITHBIL.

®OPMU JHK
Hayionanvuuii papmayesmuunuil ynieepcumem
Kagheopa ¢izionoecii ma anamomii atoounu
XYCCHI SACCIH
Kepisnux: x.¢papm.n., ooyenm LLIEPBAK Onena

Je3okcupubonykieinosa kuciota (JJHK) — makpomoriekyia, 1o
3a0e3neuye 30epiraHHsg, Iiepeaady 3 IIOKOJIHHS B IOKOJIHHS 1
peartizallito FreHeTUYHOT IPOTrpaMH PO3BUTKY 1 (PYHKIIIOHYBAHHS KMBHX
opranizmiB. Momnekyna JIHK 306epiraec Oiosmoriuny indopmariio y
BUTJISIII TEHETUYHOTO KOAY, IO CKIAQJA€ThCs 3  IOCTIIOBHOCTI
nykieoruniB. JIHK mictuth iHpopMmarito npo CTpyKTypy pi3HHUX BUIB
PHK i GinkiB.

Y xmitmHax eykapior (TBapuH, pocimH 1 rpubiB) JIHK
3HAaXOAMTHCSA B SJIpl KIITHHU B CKJIaJl XpPOMOCOM, a TaKOXX B JEAKUX KJIITMHHUX OpraHeiax
(MITOXOHPISIX 1 MacTujax). Y KIITHHAX MpPoKapioTiB (OakTepiit 1 apxeil) kuipleBa ado JiHIMHA
monekyna JIHK, Tak 3Banuii HyKJ1€01, MPUKPITUIICHA 3CEPEAUHU 0 KIITUHHOT MeMOpaHu. Y HHUX 1y
HIKYMX €yKaploT (Hampukiaa IpDKIDKIB) 3YCTPIUAIOTHCA TaKOXX HEBEIMKI aBTOHOMHI KIJIbIIEBI
monekynn JIHK, tak 3Bani miasminu. Kpim Toro, omHo- abo nBonaHIroxkoBi monekynun JIHK
MOXYTb yTBOptoBatu reHoM JIHK-BipyciB.

3 ximiunoi touku 30py JHK — 1me noBra mosjiMepHa MoJieKyna, IO CKJIQAA€EThCS 3
MOCJIIJOBHOCTI OJIOKIB — HYKJI€oTUAIB. KoXkeH HyKIeoTu  CKIaJaeThesl 3 a30TUCTOI OCHOBH, LIYKPY
(mezokcupu6o3n) i pocdatHoi rpynu. 3B'SI3KM MK HYKJICOTHAAMH B JIAHIIOKKY YTBOPIOIOTHCA 3a
paxyHOK ne3okcupubosu 1 pocharnoi rpynu (dbocdomiecTepHi 3B'I3kH). Y nepeBakHid OUIBIIOCTI
BUMAJKIB (KpiM JEsKUX BIpycCiB, IO MicTATh ofHonaHIiroxkkoBy JIHK) maxpomonexkyma JIHK
CKJIAJJA€THCS 3 JIBOX JIAHITFOXKKIB, OPIEHTOBAHUX a30THCTUMH OCHOBAMH OJIMH NPOTH OAHOTO. Lls
JIBOJIAHI[IO’KKOBA MOJIEKYyJla 3aKpydeHa Mo TBUHTOBHH JiHii. B mimomy crpykrypa monexynu JTHK
oTpUMaJia TpaauLIdHy, aje TMOMUJIKOBAa Ha3Ba «IOJBIMHOI CHIpaji», HacIpaBAl X BOHA €
«MOABITHUM TBUHTOMY. | BUHTOBA JTiHisI MOke OyTH mpaBo3akpyueHoro (A- i B-popmu JJHK) a6o
niBo3zakpyueHoro (Z-popma JIHK). HaitGinsm nmomupenor dopmoro € B-cmipans, a cipam A 1 Z
YTBOPIOIOTHCS IIPU 3MiH1 YMOB.

VY nopiBusiHHI 3 A-(opmoro cmipani JJHK B-cmipans Ounbin By3bka 1 BUTSATHyTa. Benmka
Oopo3eHka B-cmipami [gocuTh IHMpoKa 1 JIETKO JOCTyNMHA JJisi  OUIKiB, a30THCTI OCHOBHU
MePIIEHAUKYISAPHI BITHOCHO 110 oci cmipaii. A-¢popma JIHK, BianosiaHo, kopotiie 1 mupiie, Hix B-
¢dopma, il a30TUCTI OCHOBH HAXMIIEH] BITHOCHO Oci cmipaiti. OcoOIrBOIO BIIMIHHICTIO Z-()OpMH € Te,
110 1€ JIiBa CIipalib, TOOTO BOHA 3aKpYy4€Ha 3a TOJAMHHUKOBOIO CTPLIKOI0, Ha BIIMIHY BiJl 3aKpy4€HHUX
NPOTHU TOAMHHHUKOBOI CTpiKU A- 1 B-cmipaneit. Z-gpopma nymiekcy /IHK Byxkuya i BUTATHYTA B
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MOPIBHSHHI 3 JBOMA iHIIMMH (GopMaMu. A30THUCTI OCHOBH MaibKe MEpIEHIUKYISAPHI OCi cripaii, a
atoMu (Gocopy pi3HUX HYKJICOTHIIB PO3TAIIOBYIOTHCS Ha PI3HOMY BIIJAJICHHI BiJl OCl CHipaii, B
pe3yabTaTi yoro JiHis, Mo 3'eqHye atomu (ocdopy, npuiimae 3ur3aronomiOnuil Burisa. Humwxde B
Tabymi 1 B MOKETE 3HAMTH MOPIBHSIHHS OCHOBHHX CHIpaIbHUX MapameTpiB Tpbox Gopm JIHK.

Ta6amnus 1.
ITopiBHSIHHS OCHOBHMX cHipaJibHUX napaMertpis pisuux ¢opm JTHK
A-popma B-dopma Z-hopma
Tun croipani (mpaBa/miBa) mpaBa mpaBa JiBa
Kpok cripai (A) 28.03 33.75 43.50
Yncio ocCHOB Ha BUTOK 11 10 12
IlIupuna Benukoi 6oposenku (A) 16.81 17.21 18.30
[T]7:A.P-[C]36:B.P [A]6:A.P-[C]32:B.P [C]6:A.P-[C]32:B.P
[lupuna manoi 6oposenku (A) 7.98 13.10 7.20
[C]8:A.P-[T]27:B.P [A]14:A.P-[A]30:B.P [G]15:A.P-[G]29:B.P

Bionoriuna pons A-popmu JIHK monsirae y HeoOXiqHOCTI ii B TUX MpoIiecax, A€ YTBOPIOIOTHCS
JHK-PHK kommnekcu, Ttak sik PHK moxe mpuiimatu tinbku A-dopmy cripani yepes OH-rpymu.
Takox A-dopma criiikime 10 Y @-BHIIPOMIHIOBAHHS, 1 TOMY CIIOpY T'PUOIB MICTSITH came Taky (Gopmy.
Cnopogi 0utku cripusitots nieperBopenHio JIHK 3 B-popmu B A-popmy.

Z-popma JIHK BusiBICHA y MpEACTaBHHUKIB BCIX TPHOX JOMEHIB JKUTTS: apxed (30Kpema, y
rayoapxei), 0akTepiii 1 eykapioT. [Toku ditkux Oionoriunux pyukimiii Z-/IHK He Bu3HaueHo, o1HaK
HMOBIPHO, 110 BOHA Oepe ydacTh B PETYIIALii eKcnpecii reHiB Ha piBHI TpaHckpwuii. Lls peryssiis
MOKe OyTH OIocepeiKoBaHa CBepXcCIlipaiizallii, 3B'I3yBaHHSAM 3 OUIKamu, cHnerupiyHuM 10 Z-
JIHK, meBHUMH KaTiOHAMHU.

JTHK-BAKIIUHU - BAKIIMHU MAHBYTHBOT'O
Hayionanvuuii papmayesmuunuil ynieepcumem
Kageopa gizionoaii ma anamomii nrooumu
JIAAIA AHAC
Kepisnux: k.gpapm.n., ooyenm [I[EPBAK Onena

Bakupan — onHe 3 HalOUIbII 3HAYHUX JIOCSTHEHb MEIUIMHM.
BakmmHariis — 1ie BBEIEHHS aHTUTEHHOTO Marepialry 3 METOI BHKIHMKATH
IMyHITET 0 XBOpOOH, SIKMii 3amoODKUTH 3apakeHHs, a0 MociIadbuTh HOro
HaCIKU. AHTUT€HHUMH MarepiajloM MOXKYTh CIIY>KHTH: *HBI, ajle OcIa0eHl
ITamMyd MikpoOiB; BOUTI (IHAKTMBOBaHi) MIKpOOU; OUMILIEHUI MaTepiall, TaKui
SIK OUTKM MIKPOOPIraHi3MiB; ICHYIOTh TAKOK CHHTETUYH1 BaKI[MHU.

JIHK-BakumHa (Takok TeHHAa BakLWHA, BaKIMHA Ha OCHOBI
HYKJICTHOBHX KHUCJIOT) — TEHHO-IH)XCHEpHA KOHCTPYKIIiS, SIKa TMiCis BBEJCHHS JO KIITHHH
3a0e3neuye MPOAyKyBaHHS OUIKIB MaroreHiB ab0 MyXJIMHHUX aHTUTEHIB Ta BUKIUKAE IMYHHY
peakuito. Bpenenns JIHK-BakuuH B opraHi3M Ha3uBalTh TeHETHYHOW iMyHi3auiero. JIHK-
BaKILIMHAIIisl MAa€ HU3KY TepeBar y NOpiBHAHHI 31 3BUYafHUMH BaKIIMHAMM.

30kpeMa IMOKa3aHO, II0 TakKl BaKIMHU 3a0e3MedyloTh He JIHIIE BHUPOOJEHHS AHTUTLI
(ryMOpalbHUN IMYHITET), a U crenudiyHy IUTOTOKCHYHY BIiAMOBiAL (KIITHHHUHA IMYHITET), IO
panime OyJO MOCSKHUM JIMIIE 3 JONOMOTor >kuBuX BakiuH. Croromni JIHK-pakumam He
3aCTOCOBYIOTh ISl JIIKYBaHHsS JIIOJAMHHU, TPOTE TIPOTHO3YEThCS, IO TEHETHYHA IMYyHIi3allis
JOTIOMO>KE TIOJI0JATH IUTHH PsiT 3aXBOPIOBAHb.

VY naHuil yac iHTEHCHUBHO PO3pOOJIAIOTHCS BAaKUMHM 3 MasMigHux (mozasaepna) JHK, mo
KOIYIOTh aHTUT€HU 30yTHUKIB 1H(EKIIIHUX 3aXBOpIOBaHb. [ned Takux BaKIUH IOJISATAE Y TOMY,
o0 BOyIyBaTH TE€HHM MIKPOOPTaHi3My, BIJIIMOBIJallbHI 32 CHHTE3 MIKpPOOHOTO OilKa, y TeHOM
moauHy. [Ipy 1boMy KIITHHH JIFOJUHU MOYMHAIOTH MPOAYKLIO IIbOTO YYXKOPIAHOTO JUIsl HUX O1Ka,
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https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BD%D0%B0_%D1%96%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D1%96%D1%82%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%91%D1%96%D0%BB%D0%BE%D0%BA
https://uk.wikipedia.org/wiki/%D0%9F%D0%B0%D1%82%D0%BE%D0%B3%D0%B5%D0%BD
https://uk.wikipedia.org/wiki/%D0%9F%D1%83%D1%85%D0%BB%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%B3%D0%B5%D0%BD
https://uk.wikipedia.org/wiki/%D0%86%D0%BC%D1%83%D0%BD%D1%96%D1%82%D0%B5%D1%82
https://uk.wikipedia.org/wiki/%D0%86%D0%BC%D1%83%D0%BD%D1%96%D1%82%D0%B5%D1%82
https://uk.wikipedia.org/wiki/%D0%92%D0%B0%D0%BA%D1%86%D0%B8%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D1%82%D1%96%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%92%D0%B0%D0%BA%D1%86%D0%B8%D0%BD%D0%B8

a IMyHHa CHCTeMa CTaHe BHPOOJISTH aHTUTINA M0 Hboro. Lli aHTuTina i OynyTh HeHTpamizyBaTu
30yAHUKA B pa3i MOTPAIUITHHS HOTO B OpraHizmM

JIHK-BakuuHM MatoTh psiji IEpeBar y MOPiBHAHHI 3 TPAIUIIHHIME BaKIUHAMH.

VY nepury uepry, JJHK-Bakiuuu crnpusitoTb BUPOOJICHHIO aHTUTLI A0 HATUBHOI MOJEKYI
BipycHUX TpoTeiHiB. [lo-apyre, cnpusioTh BHUPOOICHHIO IUTOTOKCHYHHMX T-mimporuTie. e
MOB'A3aHO 13 3a0€3MEUCHHSIM CHHTE3y IMYHOT'€HHUX OUIKIB KJIITHHAMH CaMOT0 OpraHizmy, sKi
3a0e3neuyloTh (hOpMyBaHHS Ta TYMOPAJIBHOIO 1 KIITHHHOTO IMYHITETY. Y J0CIiJIax Ha TBapHHaX
OyJl0 MOKa3aHO, M0 TAKUM MUIIXOM MOXIJIMBO BUPOOUTH HE JUIIE aHTUTLIA (TyMOpaJbHUUN
iMyHITET), aje W chenudidyHy NUTOTOKCHUYHY BIAMOBIAs (KIITHHHUN IMYHITET), SKAW paHIIIe
BBKaBCA MOXMJIMBHUM TUIBKH 3a JIOMOMOTOI0 >KMBHUX BakiMH. [lo-Tpere, MOXyThb BHOIPKOBO
BIUIMBAaTH Ha T-xenmepw, 1o JJa€ MOXKIIMBICTh 3aCTOCOBYBATH IX IPHU JIKYBaHHI aBTOIMYHHHX a00
aJIepriyHuX 3aXBOPIOBaHb, MATOr€HE3 SKUX TMOB'A3aHUIM 3 MOPYHICHHSAM PI3HUX JAHOK IMYHHOL
peryusii. [To-ueTBepre, 31aTHI 3a0€3MeYyBaTH IMYHITET IPOTATOM TPHBAJIOTO Yacy 0€3 MOBTOPHUX
BakiuHamii. [lo-m'ste, ycyBawoTh pu3uK iHGIKYBaHHS JOAMHUA npu BukopuctanHi. JIHK-Bakmmuu
MOXYTh OYTH OTPUMaHI y BEJIWKIA KUIBKOCTI, BOHHM CTaOUTbHI 1 1M030aBieHi 1H(EKIIIHHOCTI.
[lepcrieKTHBHUM HampsSMKOM € PO3poOKa 0araTOKOMIOHEHTHHMX BAaKIIMH, IO MICTATH /Bl a00 KijgbKa
TUIa3MiTHUX (OPM, SIKI KOAYIOTh Pi3HI aHTUTCHH, IIMTOKIHU 200 1HII 010JIOTIYHO aKTHBHI MOJICKYJIH.

Onnak, okpim nepesar, JJHK-Bakimau Maroth 1 ekl Hempoaiku. Jlo HUX BiTHOCATH: cllabka
IMyHOTC€HHICTB; JUIsl BIDyCHUX BEKTOPIB € HeOe3neka interpaitii gayxopigaoi JJHK B reHOM KITiTHHY;
MOKJIUBUH PO3BUTOK aBTOIMYHHUX pEakiliii; IUIa3MiJHiI 1 BIpyCHI BEKTOPH MOXXYTh BUKIHKATH
HecnenugiyHy iIMyHHY BiJTIOBi/Ib.

Ha Tenepimmniii yac 6inpmie cra JIHK-Bakiuu npoxoasTh KIiHIYHI BUIPOOOBYBAaHHS (B TOMY
gucii npotu Bipycy CHIJI, rpumy, ckasy, mimdomnuTapHOoro xopioMmeHinrity, renatutie B 1 C,
MPOCTOTO Teprecy, BipyCcy NaIiJIOMd JIIOAWHH, a TaKoXX 30yAHHMKIB Malspii, JeHIIMaHio3y,
TyOepkynbo3y) 1 wotupu JJHK-BakuHu € JTineH30BaHUMH JIJI1 BUKOPUCTAHHS Y TBAPUHHUIITBI. Y i
YOTUPH CXBAJICHI BaKI[MHU CTBOPEHI Ha OCHOBI TJIa3Mij.

TakuMm gymHOM, 32 qormomororo JIHK-BaknmH MoxkHa chopMmyBaTu CTIHKHN IMYHITET MPOTH
iH(eKNiifHNX areHTiB pi3HOI IpUPOIH. IX po3poOKoro Bke Oinbine 20 PoKiB 3aiMAIOTHCS B Pi3HHUX
mabopaTopisix CBiTY, ajie, HE3BAKAIOUU HA 1€, TaKi BaKIIMHU MPAKTUYHO HE BUKOPHCTOBYIOTHCS Y
KIiHIYHIA TpakTuimi. Ile moB's3aHO 3 TUM, IO IMOKM HEMa€ BIANMOBIAEH Ha psAJ MHUTaHb, IO
cTocytoThesi B mepiry depry Oesneku JIHK-Bakmuu. Xoua HasBHI AaHl HE JAalOTh MIJACTaB IS
0COOIMBOTO XBHJIIOBAHHS: IIi Mpernapatu He € HeOe3meyHuMHu OaraThox (haKTOpiB, BIUIUBY SIKUX
monuHa cBimomo migmae cebe mionua. JHK-BakiuHu IMIKOM MOXYTH BUSBUTHUCS UYJAOBHUM
BIIKPHUTTSM, K€ BPATYE Oarato *HTTIB.

DNA METHYLATION
National University of Pharmacy
Department of pathological physiology
GUERBI AMEL
Supervisor: PhD, ass. prof. MYRONCHENKO Svitlana

When a liver cell divides, it again creates two liver cells and when a
colon cell divides, it also produces two colon cells. Knowing that the DNA
of two cells is the same the question of how does a cell expresses one gene
and not another arises. So hypothetically there must be particuliar
information that's not in the DNA explaining this phenomenon. This type of
event, the part of biology that studies this is called epigenetics. The stretched
out genome is about two meters long but if it's compressed into the nucleus, as it is naturally, it is
about 10 nanometers big, meaning that this molecule is all crumpled up and it has all this structure
that may explain epigenetics. Unlike genetics, epigenetics is the study of hereditary changes in the
activity or function of a gene that are not associated with any change in the DNA sequence itself.
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Although virtually all cells in the body contain the same genetic information, not all genes are
expressed simultaneously by all types of cells. To date, the best understood epigenetic mechanisms
are DNA methylation and histone modifications.

The aim of this review is to provide an overview of the current knowledge on the role and
mechanism of DNA methylation. Data analysis of literature and Internet sources.

DNA methylation is a process by which methyl group are added to the DNA molecule. It is a
heritable epigenetic mark involving the covalent transfer of methyl group to the C-5 position of the
cytosine ring of the DNA by DNA methyltransferases. DNA methylation, which is a chemical event
that occurs around the genome, can silence gene expression. It plays a role in long term silencing of
gene, in silencing of repetitive elements (eg: transposons), in X-chromosome inactivation, in the
establishment and maintenance of imprinted genes, in carcinogenesis. It suppresses the expression
of viral genes and other deletorious elements that have been incorporated into the genome of the
host over time. Because it has been observed that when a part of the genome is methylated, the gene
that is close to it usually is not expressed. It is also interesting because it's inherited at mitosis. So it
gives us a mechanism to control gene expression and extremely informative for further studies on
cancer, autoimmune diseases, mental disorders and diabetes by measuring DNA methylation across
the whole genome and try to relate it to phenotypic variation. A piece of the genome goes from five
prime end to three prime end. A CpG is a C followed by a G, but from the five prime end to the
three prime end. So if we had GC, that would not be a CpG. So notice that if we have a CpG on one
strand, then by definition on the other strand, we also have a CpG because the five prime end, the
three prime end, and the matching of the C and the G make it that way. Why are we interested in
CpGs? CpGs sometimes have a methyl group attached to it. And when we have that, we say that
this CpG is methylated. When one strand is methylated, so is the other. But more interesting,
perhaps more importantly, when the DNA replicates, this methylation characteristic is preserved.
We can think of this as a fifth base; A, T, C, G and CpGs which are methylated, or CpGs which are
not. This could help explain how liver and colon, for example, are unlike; different epigenomes,
although their genomes are actually the same. For DNA methylation measurement, microarrays or
next generation sequencing are used. DNA methylation explains how two genomes can be different
without having different genomes, and also it's a characteristic that is inherited in cell division.
Alteration of DNA methylation is important component of cancer development. Generally in
progression of cancer hundred of genes are silenced or activated. Typically there is
hypermethylation of tumour suppressor and hypomethylation of oncogenes.

DNA methylation establishes a silent chromatin state by collaborating with other proteins
that modify nucleosomes. DNA methylation data Analysis of profiles will definitely help us
understand the entire epigenome and eventually open new portals to investigate on cancer
expression and how to suppress it.

YTO ECTb ’KU3Hb?
KAK OPTAHU30BAHBI U KAK )KUBYT ATOMBI )KU3HHU -
KJIETKHA?
Hayuonanenutii hapmayesmuueckuii ynugepcumen
Kageopa buonocuuecrkou xumuu
PAXUMOBA HUT'UHA
Pyxosooumenw: k.cpapm.n., ooyenm I'AJIYIUHCKAA Jlro606

! [TocneaHye HECKOIBKO JIET 03HAMEHOBAJIMCh TPOMAIHBIMU YCIIEXaMU

"H B CEKBEHHPOBAHMM IIEJIBIX TE€HOMOB pAa3JIMYHBIX OPraHU3MOB - OT
a' OJITHOKJIETOYHBIX IPOKAPUOT JO MHOTOKJIETOYHBIX MKHUBOTHBIX, BKIIIOYAs
K _ yenoBeka (Tabn. 1). DTOT HECOMHEHHO TpOMaJHBIM Hporpecc HaBcerna
OCTaHEeTCSl B YMCJIE BBIJAIOUIUXCS JOCTHKEHUH XX CTOJIETUSl Hapsily ¢ TMTaHTCKUM MPOPHIBOM B

KOCMOC, OCBOCHHEM ;mepHoﬁ OHECPTHUU U pCBOHIOHHCﬁ B I/IH(I)OpMaL[I/IOHHBIX TCXHOJIOTUX.
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Taomauna 1
XapakTepuCcTHKA HEKOTOPbIX FTeHOMOB, NEPBUYHbIE CTPYKTYPbI KOTOPBIX YCTAHOBJIEHHBI

OprauuaM Pasmep reHoma, TbiC.nap HykneoTuaos I'Ipennonox(menbnoe 4YUCno reHos

Homo Sapiens ( 4enosex ) [6,7] 29 000 30 - 40000
Mus musculus (Mbiws) [8] 25 000 okono 30 000
Fugu rubripes (pbi6a) [9] 365 30 - 40 000
Arabidopsis thaliana (pactexue) [10] 125 25498
Drosophila melanogaster (Hacekomoe ) [11] 120 13 600
Caenorhabditis elegans (4epBb) 97 19 000
Saccharomyces cerevisiae (Apo3oku) 121 6034
Escherechia coli (6akrepus,anecs u aanee ) 46 4288
Mycobacterium tuberculosis H37Rv 44 3924
Bacillus subtilis 4.2 4000
Synechocystis sp. 3.6 3168
Archaeoglobus fulgidus 22 2471
Haemophilus influenzae 18 1740
Methanobacterium thermoantotrophicum 1.8 1855
Helicobacter pylori 1.7 1590
Methanococaes jannaschii 1.7 1692
Borrelia burgdoferti 13 863
Rickettsia prowazekii 11 834
Chiamydia trachomatis 01.04 1041
Mycoplasma pneumoniae 0.8 677
Mycoplasma genitalium 0.6 470

OnHako ecTb U elle HECKOJIBLKO YPE3BBIYAHO BaKHBIX BBIBOAOB, KOTOPBIE TAKKE CIEAYIOT W3
MIOJTHOTEHOMHOI'0 aHajM3a M MOKAa3bIBAIOT €r0 HEJI0CTaTOYHOCTh: (DYHKLMHU MOYTU IOJIOBUHBI T€HOB,
KOTOpbIE UJICHTU(PUIIMPYIOTCS B FTEHOME, HEU3BECTHBI; YUCIIO T€HOB HE KOPPEIUPYET CO CI0KHOCTBIO
OpPraHU3MOB; Mbl HE 3HA€M, KaK FeHbl U UX aHCaMOJIu (popMUPYIOT PEHOTHII.

CyTp  BO3HUKIIMX  @IpoOieM B OuY€Hb

OpraneaM YHeno kneTok Yucno BefpoROB
KOHIICHTPHPOBAaHHOU (hopMe copmynmpoBania rpymmna Baxrepes . 0
uccrnenosareneii Bo rmase ¢ K. BeHTepoM, KOTOPBIE B poxms ) 0
2001 I. OIyOJIMKOBAIH CBOH BAPUAHT Yepssb 939 302
MOCJIEIOBATEIFHOCTH TEHOMA 4YeJIoBeKA: «Mano kmo ne Hemosex [23] 10" 10"-10"

coanacumcs, ymo mo3e Junwmelna dojnee ciodiceH, yem moze 0pozopuivl. OOHAKO NOHAMb NPUYUHBL
MO CLONCHOCMU HA OCHOBAHUU NPOCMO CPABHEHUL, 2080PSWUX, YMO HAOOp OelK08 6 Mo3ee
yenogeka Oonvule, 4em y Opo30¢huibl... 6psao au 803MmoxcHo. CKOPO Mbl OKANCEMCS 8 NOTONCEHUU,
K020a NPUudemcsi yxooums om npocmozo Nepequcieniuss UHOUSUOYATbHLIX KOMNOHEHNO8 CUCHEMbL U
OMm YNPOWEHUeCKUX ONUCAHULL MUNA «IMO CEA3bI8AETCS C MeM, KOMOopoe 3ameM NPUKPenisemcs K
momy, u ce 3mo 0gudcemcsi myod... Mol 8biHyHCOeHbl OyOeM NpUtimu K U3Y4eHUuro 8O3MYUieHUL
cemell (networks), HenuHeliHbIM Omeemam U K Nopo2o8biM NpuHyunam... Ilpocmoe uccreoosanue
YUCTA HEUPOHOS8, MUNOG KIeMOK WU 2eHO8 CAMO N0 cebe He OObICHIem paziudus 6 CJIONCHOCMU,
Komopble mbl Haonooaem. Cropee, Mo 63aUMOOEUCMBUS BHYMPU U MEHCOY IMUMU CUCTEMAMU
npueooam K maxkum epomaouvim eapuayusm. lIlocredoeamenvhocms (2eHoma) Oaem Kapkac, om
KOMOPO2O 3A8UCUM 8CSL 2eHeMUKA, OUOXUMUSL, DU3UOL02UsL U, 8 KOHeuHOM cueme, genomun. Ona
oaem mobKO nepsvill YposeHb NOHUMAHUs eeHoma. Ecmb 06e owubku, komopvie Ha0o uzbecams.:
0emepmMuHu3M, mo ecmv uoes, 4Ymo 6ce CEOUCMBA UHOUBUOYYMA ONpPeOensaiomcs: 2eHOMOM, U
PEOYKYUOHUZM - MOUKA 3PEHUSL, CO2LACHO KOMOPOU Mbl, 3HASL NOJIHYIO NOCIe008AMENIbHOCHb 2eHOMA,
8 0003puMOe 8pemsl npudem K NOHUMAHUIO YHKYUL 2eHO8 U 83AUMOOCUCMBULL U 3ameM K NOTHOMY
ONUCAHUIO NPUHUH 8APUADETLHOCTU TTIOOEIL.

Peanvnviii 6v1306 6uonocuu uenogexa, udywuil oaiee NPOCMO20 BbIACHEHUs, KAK 2eHbl
OUpUdICUPYIOM KOHCMPYKYUell U noooepicaniemM Haueco meia, dcoem Hac enepeou. Mol 0ondicHbl
NOHAMb, KAK HAwle CO3HAHUE NPUUIO K MAKOU 6blCOKOU Op2anuzayuu, ymooOvl HaAyamo
uccne006amny Haule Cywecmeo8aHuey.

Bce, 9To 3mech cka3aHO, OTpakaeT B IOJHOW Mepe Ty HEYAOBJICTBOPEHHOCTH, KOTOPYIO
BBI3bIBAET HAIlle 3HAaHUE O MEXaHM3Max >KHM3HEIEATEeIbHOCTH. Bompoc 3akimodaercss B TOM, Kak
JBUTATHCSI JANbIIIE, YTOOBI BCE-TaKH MOHATH (PEHOMEH KHU3HH.

MHe TnpeAcTaBisIeTCs, YTO CErOJHS TJIABHBIX PE3YJIbTaTOB MOXHO KJaTh Ha MYyTH
WCCIICIOBAaHMS OPTaHMU3AIMU TIPOCTEHIIMX JKUBBIX CHCTEM - OT/CNBHBIX KJIETOK. B KakoM-TO cMbICTe
KJIETKA - aTOM KH3HU U, HECOMHEHHO, HEOOXOIMMO MOHSATh CTPOEHHE U CIIOCO0bI (YHKIIMOHUPOBAHHS
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Tux atomoB. buomorms XXI B. BbmIIa Ha pyOexx ¢u3uku Havama XX B., KOIJja Hadaiach
pacumdpoBKa CTPYKTYpbI aTOMOB U MOSIBUJIMCH IEPBbIE PEACTaBICHUS 00 X CTPOSHUU.

CyuiecTByeT TpH TJABHBIX HANpPaBJICHHUS PA3BUTHUSI MCCIIEIOBAHUN, OPHUEHTHUPOBAHHBIX Ha
pacmiipoBKy (YHKIIMOHAIBHBIX CBOMCTB >KMBBIX CHCTEM Ha aroMapHoM ypoBHe. IlepBoe -
WHTECHCU(PUKAIUSA KIACCHYECKMX METOJOB aHanu3a (YHKIUHA W TIEPEeHOC OSTUX METOJO0B Ha
IIOJIHOTEHOMHBIM ~ ypoBeHb. Kilaccnueckum npuMepoM MOAXOJOB TaKOro poja SBISETCA
KCIOJIb30BAaHNE MUKPOYUIIOB B aHanu3e coaepxkanuss PHK B kieTke Wi MHOKECTBEHHbBI aHAIU3
B3auMOJIeiicTBUIl OenkoB. MaccupoBaHHbIE TOTalbHbIE AaHAIW3bl, HECOMHEHHO, MO3BOJIAT
JETATM3UPOBATH HAIIU 3HAHUS O (YHKIIMOHATBHBIX B3aUMOCBSI3X. [L0SBATCS KOMIBIOTEPHBIE 0a3bl
JAHHBIX, MIPEACTABISAIONINE COOON IpOMa/IHbIe KaTaJIOTU B3aUMOJICHCTBUI BHYTpPH KieTOK. B Gaze
JaHHBIX OYAYT CBEIEHUS O CETSIX BHYTPHUKICTOYHBIX B3aWMOJCHUCTBUN, WX W3MCHEHUSX B
IpoLeccax pa3BUTUS U KJIETOUHON AP HEpEeHINPOBKH, a TAKXKe MPU Pa3IMYHBIX MATOJOTUAX. ITOT
MOJXO0JI MHTEHCUBHO PAa3BUBAETCS, U 3HAUUMOCTb €I0 TPYAHO HNEPEOLICHUTb.

[pyroe HampaBieHue, y€ MOJyYMBILEE MEPBUYHBIN HMITYJIbC, 3aCIYKUBAET HECKOJIBKO
0oJjiee MPUCTATBLHOTO BHUMAaHUA. Pedb UIET 0 CO3MaHUM KOMITBIOTEPHBIX MOJIENIEH JKUBBIX KIIETOK,
KOTOpbIE€ HHTETPUPOBaIM Obl BCE HMEIOLIMECS 3HaHWS U MPOIAEMOHCTPUpOBAIM Obl, Kak BCe
AJIEMEHTHI KJIETKH paboTaloT B KOOPAMHAIIMHU IPYT ¢ ApyroM. B mporiecce co3manus Takoid MOJEIH
yIaiaoch Obl TAK)KE BBISIBUTH PEAIbHBIC IPOBAJIbI B HAIIMX 3HAHUSIX O CTPYKTypaxX U UX QYHKIUSAX B
KIIeTKe, C(HOKYCHpOBaTh YCHIIUSI HA 3aNOJHEHUM ITHX MPOBAJIOB. J[0 HACTOSIIEro BpeMEHU OBbLIH
MONBITKM MOJIETTUPOBAHUS OTHENBbHBIX KJIETOYHBIX CTPYKTYp, TMOSBJICHHE IOJHOT€HOMHOM
nH(OPMALIUY CO3/1aeT MPEINOCHUIKH JIJIi MOJICIIMPOBAHMSI IIETIBIX KICTOK. Takue MOJIENn JAOKHBI
o0anaThe NpeacKa3aTeaIbHOM CUIION, IEMOHCTPUPYS BeCh KOMIUIEKC peaKlUid KIeTKA Ha H3MEHEHUS
OKpY>Kalolllel Wiy BHYTpeHHEW cpenpl. [lepBhlil mar B 3TOM HalpaBi€HUU CHEJAH: OPraHW30BaH
MEXIYHAPOAHBIA KOHCOPLIMYM, 3ajada KOTOPOrO - CO3JaHHUE IMOJHOM KOMIIbIOTEpHOU Mozaenu E.
coli. DTO 1OruuecKoe Npo0JKEHUE MOTHO-TEHOMHBIX CTPAaTErnii UCCIIEJOBAHUS JKUBBIX CUCTEM.

Hakonen, TpeTbe HalpaBJIEHHUE - 3TO SKCIIEPUMEHTAIILHOE UCCIIEI0BAHNE, OPUEHTUPOBAHHOE
Ha TOJIYYCHME MHUHUMAJIBbHOM KJIETKH. Takol NOAXOA, B YaCTHOCTH, HAaMEpEHa OCYILIECTBUTH
snamenurtas ¢upma TIGR, xoropas yxe mpociaBuiiach yCTaHOBJICHHEM CTPYKTYPbI MHOXKECTBa
reHoMoB. Ee mpoekT cocTouT M3 IByX yacTed. Bo-mepBhIX, B3SITh MUHUMAIBHYIO O YHUCIY T'€HOB
OaKTepHIo M MyTeM MYTAlMii CHCTEMAaTHUYeCKH YHUUYTOXATh T€H 32 T€HOM, YTOObI TOCMOTPETH Ha TOT
MUHUMYM, KOTOPBIA OKa)KeTCs JOCTaTOYHBIM, YTOObI 0OECreunBaTh €€ KU3HEeAesATeNbHOCTh. Posb
MHKpOOHOrO MUHHMMaHcTa Oynaer urpath Mycoplasma genitalium, comepxamast 517 renos. Ilo
nma"apiM Ha 2000 1., TaKOH CHCTEMATHYECKHH MOAXOJ ITOKa3al, YTO TOJBKO 265-350 renos u3 480
TeHOB OaKTepuu, KOIUPYIOUINX OETOK, CYIIECTBEHHBI /IS KU3HHU KJIETKU B JJA0OPATOPHBIX YCIOBHUSX.
HccnenoBanue npoaomKaeTcsl, U €CTh YBEPEHHOCTh B TOM, UTO CKOPO OyJIeT YCTaHOBIIEHO, CKOJIBKO U
KaKMX T€HOB HEOOXOIUMO JJisl yOOTOro, CO BCEX CTOPOH 3aBUCHMOTO OT OMEKH HCCliefoBaTeNei, Ho
BCE K€ CYIIECTBOBaHMS OakTepuuh. ITO OTKPOET TMEPCHEKTUBY [UISI HW3YYCHHUS] CHCTEM
B3aUMOJICHCTBHI MEXIy MOAYISIMHU KIETKH, KOTOPBIE CYIIECTBEHHBI AJISI >KU3HECIIOCOOHOCTH, W
3QJI0)KAT OCHOBY Ui TIOHUMAHHS MyTeH, BEAYIIMX OT TEHOTHUNAa K (POPMHUPOBAHUIO KHUBOTO
opranusma. Bo-Bropeix, uccnenoBarenu TIGR aymaroT o co3aHuu MOJHOCTBIO HMCKYCCTBEHHOM
KJIETKH, Oepsl 32 OCHOBY MHUHUMAIbHBI HAa0Op KOMIIOHEHTOB, BBIBEICHHBIN OMHCAHHBIM BBIIIE
Coco0OM. DTOT a0CONIOTHO JEP3KHi MiaH, MOXKET OBITh, €llle HepealeH, HO caMO €ro MOsBJICHUE
MOKA3bIBAET, KaK JAJIEKO HayKa MPOJIBUHYJACh HA MYTH K OTBETY Ha BOIPOC, YTO TAKOE KU3Hb, MO
KpaliHEeW Mepe Ha IIPOCTeNIleM ypoBHE. Bce 3TO HOIKHO, KOHEYHO, COUETAThCS ¢ CUCTEMATUYECKUM
aHAJIM30M TeHETUYECKUX U3MEHEHHI MEX Ty BUIAMH B COMIOCTABICHUH C U3MEHEHUSAMHU ()YHKITUH.

Bce 311 noaxopl B KOHEYHOM CYETE JTOJKHBI JaTh TAPMOHU3UPOBAHHYIO U MOJIHYIO KAPTUHY
(O YHKIIMOHUPOBAHUS KUBBIX CUCTEM Ha KJIETOYHOM ypPOBHE. DTa KapTUHA MOXKET COCTaBUTH TJIaBHBIN
pe3ynabTar Ouonorndyecknx wuccienoBanuid B XXI B. buonorus, kortopas OyAer 3aHsATa STHUMH
HCCIIEIOBAaHUSIMH, CTAHET HAYKOM, MHTETPUPYIOLIEH IPOMAIHBIA KOHIJIOMEpAT 3HAHWM U METOOB:
MaTeMaTuKd, WHOOPMATHKU, MOJEKYISIPHOM OHONOrMM, TEHETHKH, KJIETOYHOH OHONIOTHH,
(hM3HOIIOTHH, SBOTIOIIMOHHON OMOJIOTHH, (PU3UKH, HAHOTEXHOJIOTUH M MHOXKECTBA IPYTHX.
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MoXHO 1M TpeACTaBUTH cebe, YTO MBI NPUILIM Obl K TaKOMYy YypPOBHIO 3HaHUU H
BO3MOKHOCTEH aHanmmza, ecnu Obl cTtpykrypa JIHK He Obuia pacmudpoBana? DTO OTKpHITHE
WHUIIUUPOBAJTIO TUTAHTCKUI KacKaJ UCCIIeIOBaHUM, KOTOPBIC Ay TaKoW 00beM WH(GOPMAIIUH, YTO
MBI BIIpaBE€ HAJEATHCSA MOIYYUTh, HAKOHEL, OTBET Ha U3BEUHBIN Bonpoc: «YTo Takoe ku3Hb?»

MOLECULAR METHODS IN DIAGNOSIS OF VIRAL
DISEASES
National University of Pharmacy
Department of Microbiology, Virology and Immunology
BENKIRANE SALMA
Supervisor: PhD, senior researcher GLIEBOVA Kateryna

A decade after the first studies were performed it is justifiable to
claim that molecular techniques have revolutionised the work of the clinical
virology laboratory. Hitherto, the role of the virology laboratory was often a
retrospective diagnosis based on virus isolation and serology. Nevertheless,
the epidemiological data collected in this way justified the continued activity
of clinical virology. The recent molecular revolution in laboratory methods
has been timely because it has been in parallel with the emergence of new pathogens that have
presented the clinical virologist with fresh diagnostic challenges. A concurrent development of
specific antiviral compounds has increased the potential of rapid laboratory investigation to
contribute to the management of acutely ill or immunosuppressed patients.

Molecular assays for the detection of microorganisms can be designed even when only partial
nucleic acid sequence information is available. This is valuable when identifying and diagnosing new
diseases and emerging pathogens because there is the possibility of a rapid development of assays in
house. However, the standardisation of assay design is a continuing problem because of the large
number of nucleic acid sequences that can be used as a target for the detection of any one virus. Many
of the methodologies associated with molecular techniques have now been incorporated into
commercial kits, but in house molecular assays continue to be used. In house assays are often well
evaluated and perform to a high standard, but differing assay sensitivities and specificities have been
highlighted by quality assessment programmes. Some of the variations in performance can be
accounted for by assay design, although it is probable that some in house assays do not travel well and
perform badly because laboratory staff are inexperienced with molecular techniques. Molecular
techniques in their present format, even in commercial Kits, require a considerable degree of operator
skill. If a wider use of molecular techniques in a district hospital setting is considered desirable, more
robust protocols that consider the extreme sensitivity of amplification assays, together with more
standardisation of methodology, will be required. Most in house assays are unsuited to high
throughput testing and are demanding of staff time; these problems are now being dealt with by
developments in assay automation.

The most sensitive molecular techniques use an enzymatic step to amplify the target nucleic acid
before detection of the specific sequence. Clinical material may be rich in human genomic DNA, but it
is possible to amplify only a very few target viral genomes present to become the dominant, easily
detected sequence. A variety of target amplification techniques has been developed but those most
widely used and commercially developed are the polymerase chain reaction (PCR), ligase chain reaction
(LCR), and nucleic acid sequence based amplification (NASBA).

Molecular techniques have been instrumental in the recent discoveries of viruses associated
with hepatitis. A powerful PCR based technique known as representational difference analysis has
been used to discover a virus associated with cancer in HIV infected individuals.

The introduction of molecular techniques to routine diagnostic virology laboratories may
have been held back by the lack of assays developed commercially, the high initial costs, and the
specialist training involved in establishing these techniques. Using the technology currently
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available, the areas described might represent their limits in clinical virology; however, it is
probable that formats currently under development and further genome sequencing will spread
molecular detection more widely throughout diagnostic microbiology.

MOLECULAR METHODS IN DIAGNOSIS OF
BACTERIAL DISEASES
National University of Pharmacy
Department of Microbiology, Virology and Immunology
ALAGBO KHAIRAH TITILAYO
Supervisor: PhD, senior researcher GLIEBOVA Kateryna

Traditionally, pathogen identification for infectious disease
~ was mostly based on isolation in culture, and this was also critical for
m fulfilling Koch’s postulates. Molecular identification methods have

been used for infectious disease diagnosis since the 1980s, and

«molecular Koch’s postulates» were applied to bacterial

pathogenicity at the gene rather than the whole-organism level. Molecular guidelines for

establishing microbial disease causation were described as a reconsideration of Koch’s postulates.

Among the nonculture methods, polymerase chain reaction (PCR) and DNA sequencing
have been widely used to identify infectious pathogens. Recently, massive parallel DNA sequencing
has rapidly developed for the identification of both described and new viral pathogens. The
technology will likely revolutionize bacterial disease diagnosis in the near future. Not only have
many nonculturable or difficult-to-culture bacterial pathogens become detectable, but many readily
isolated bacterial infections can now be identified with nonculture methods. Molecular
identification methods can be both more sensitive and quicker than traditional culture methods, as
well as adding value at relatively low cost, for example, for epidemiological purposes through
identification of individual strains.

Currently, PCR is the first line of molecular methods for identification of pathogens directly
from different samples, including tissue samples. PCR assays require a set of primers specific for
the targeted pathogen. In the past, the amplified PCR products were revealed by electrophoresis in
an agarose gel (gel-based PCR). Over the last few years, most gel-based PCR assays have been
replaced by real-time PCR, where the PCR product is monitored in each cycle of amplification (ie,
in real-time) by the use of a double-stranded DNA fluorescent dye or a fluorescein-labeled probe.
Real-time PCR has the advantage over conventional PCR of speed, as well as being less prone to
cross-contamination because it is performed in a closed system.

A good example of the use of PCR to identify difficult-to-culture bacteria is for their
molecular detection, since these bacteria are not only difficult to culture but are also difficult to
identify to species. Another example of the use of PCR to identify difficult-to-culture bacteria is
molecular detection of Mycoplasma species. Mycoplasma are either nonculturable (eg, hemotropic
mycoplasma) or take days to isolate and often are overgrown by other bacteria in the samples. PCR
assays have played important roles in the detection of Mycoplasma spp.

PCR assays are also useful when fresh tissue is not available for culture. For example,
enteropathogenic Escherichia coli and Enterococcusspp infections. One of the essential points is to
avoid false-negative tests, which can be caused by PCR inhibitors in DNA samples.

In the past, it was impossible to determine the antimicrobial resistance of bacteria without isolation
in culture. With whole-genome sequencing, genes for antimicrobial resistance as well as regulatory genes
can be sequenced and identified. It is likely that in the coming years, high-throughput DNA sequencing
directly from diagnostic specimens may be used to identify not only the infectious pathogens but also their
antimicrobial resistance genes. Given the continuous evolution of resistance genes, there will, however,
always be a need to establish the resistance phenotype, in addition to genotype, but for well-established
resistance genes, massive DNA sequencing may have value.
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Currently available molecular tests, including PCR and genetic sequencing methods, have
made it possible to identify nonculturable bacterial pathogens. A critical issue and major challenge
is the validation of the technologies to establish the sensitivity and specificity of novel techniques
against pathological and clinical samples of known causation, as well as the identification of new
«gold standards» based on molecular diagnosis rather than infectious agent isolation.

BJIUSHUE YJIbBTPA®UOJIETA U
NOHU3UPYIOUIETI'O
W3JTYUYEHUS HA THK BAKTEPUI
Hayuonanvnuiii papmayesmuueckuii ynueepcumem
Kageopa muxpobuonocuu, supyconozuu u UMMyHOI02UU
AJUJIIOBA T KUBEP3AT
Pyxosooumenw: k.meo.n., doyenm IYBEUHUHA Hamanvs
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C otkpeitueM Yorconom u Kpukom B 1953 romy
CTPOEHHsI CaMOM BaXXHOM CTPyKTypbl Kiertok - JIHK,
Hayajach HOBasg d3pa B  HCTOPUU  YEJIOBEUECKOH
uuBuan3amuu. B monexyne JIHK Bo Bcex MenpyalliuxX HOAPOOHOCTSAX XPAHUTCS IOJHAS
uHpOpMalKs O CTPOEHUH U CBOMCTBAaX KOHKPETHOIO OpraHu3Ma. Y MPOKAPHOT, MPEICTABUTEISIMU
KOTOpBIX SBJISAIOTCA OaKTepUH, T€HOM COCTOMT M3 CYNEPCKPYUYEHHBIX KOJIBLIEBBIX XPOMOCOM,
CBSI3aHHBIX C THCTOHIIOJJOOHBIMU O€JIKaMH.

Mukpoopranu3Mbl 4yBCTBUTEIbHBI K JAEUCTBUIO (PaKTOPOB OKpyXkaromien cpeapl. K Takum
(dakTopaM OTHOCATCS, B YaCTHOCTH, AEUCTBHUE yibTpaduosaeToBoro uzinydeHus (YP), paznuyHbie
BHUJIBl HMOHU3MPYIOLIErO0 M3JIy4EHHUs C ONPEAEICHHOM JUIMHOW BOJIHBI, OKAa3bIBalOIIHME Ha
MUKPOOPTaHNU3Mbl MyTarecHHOE WJIH JIETAIIbHOE JEHCTBHE.

[Ipn neiictBun Y@, jyun NOIVIOMIAKOTCA HYKIEMHOBBIMM KHCJIOTAMU KJIIETKH, IIPU 3TOM
MOPaXalT NUPUMUJIMHOBBIE OCHOBAaHUS M KJIETKM NOrMOAlOT B pe3ysibTaTe BO3HUKHOBEHUS
neTanbHBIX MyTanuid. OOpazoBanue nupuMUIUHOBBIX aumepoB B JIHK sBrsercs ocHoBHBIM
MEXaHU3MOM, OOYCIIaBIMBAIOIIUM JIETAIbHbIM U MyTareHHslid 3¢dexr. B coctaB numepoB Moryr
BXOJIUTh JIBa COCETHUX TUMHUHOBBIX MJIM IIMTO3WHOBBIX OCTaTKa JIMOO OJMH THUMMHOBBIM U OJIUH
UTO3UHOBBIN ocTaTku. Ilpu Y@ oGnyuenun B monekyne JIHK BO3HMKAIOT OMIMOKH: TUMHHBI,
OKa3aBIIHUECS PsIoM, 00pa3yloT AUMEpP — MPOYHOE COECJUHEHHE JBYX OCHOBAaHUM B OJIHO IIEJIOE.
Knerounas cucrema BoccraHoBineHuss JIHK B npuHuumne moxer BbIpe3aTh Takue AUMEpBl U
3aMOJIHUTh 00pa30BaBLIMECS «ABIPKW» HOBBIMM OCHOBaHUsAMHU. OnHako, yeM ponbiie Ha JIHK
Bo3zelicTByeT Y®, Tem Oosiblile JUMEPOB THMUHA 00pa3yeTcss U TeM CII0XKHEe KJIETKEe MCIPABUTh
BO3HUKIIKE OMMOKK. WX HakoruieHHWe 3aMemsisieT TEeMIIbl Pa3MHOKEHHUS MHKPOOPTraHU3MOB, U
MOCTENIEHHO KOJIOHUS BeIMUpaeT. [Ipu Manoii 1o3e o6mydeHus KieTka ocnadiseTcs, TpaTs SHEPruio
Ha BoccTaHosneHnue JIHK, mpu cpenHelt 1o3e BOZHUKAIOT MyTalllu, a MpU OOJIBIION — OHA MOXKET
cpady mnorubHyTh. Kpome Toro, mnon BausHueM Y@-00aydeHUs MPOUCXOAUT  TaKXKe
TUIPOKCHIIMPOBAHKUE LIUTO3MHA U ypaluia, o0pa3oBaHUE IUTO3WH-TUMUHOBBIX aJIYKTOB, CIINBOK
JHK c GenkomM, ¢popmuposanue nonepeunsix ciumBok JIHK, paspsiBel neneit u nenarypanus JJHK.
3HaueHue TaKUX MOBPEKICHHUIM BO3pacTaeT MPH MOBIILIEHUH HHTEHCUBHOCTH 00JIy4eHUSI.

Honusupyroniye n3iydeHus Takxke BbI3biBatoT nospexiaeHus JHK, ux noxpasgensror Ha
NpsiMble U ONOCPEOBaHHbIE, BO3HUKAIOIIME B CBSA3M C 0Opa3oBaHHEM CBOOOJHBIX PpaJIUKAJIOB.
[ToBpexx1eHUsT TPEUMYIIIECTBEHHO MPEICTABIIAIOT OO0 OJIHOLIENOYEUHbIE UM JABYXILIEMIOYEUHBIE
paspeiBel Mosiekynbl JIHK. Kpome toro, B JIHK moryr o0pa3oBhIBaThCsl pa3pbIBbI, MEMIAFOIINE
CUMTBIBAHUIO KOJIA.

Takum o0Opazom, aeilicTBue ynbTrpaduosieTa U HOHU3UPYIOUIETO U3TyYEHUS MPOSBISETCS B
CIOCOOHOCTH BBI3BIBATH Pa3iMuHbIEe AeCTpyKTHBHbIE n3MeHeHus B JIHK OGakTepuanbHBIX KJIETOK
IIpH oTpeeNeHHON AnnuHe BOIHbI (Y D-u3inydeHue), 1035l U3Ty4eHUs (MOHU3UPYIOLas paaualus),
BpEeMEHH dKcno3unuu. FIMeHHO Ha 3TOM (peHOMEHE OCHOBAHO HMCIIOJIb30BaHHE YIIbTPa(HoIeTOBOTO
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CBeTa C Ieiblo o0e33apakMBaHUs (CTEPWIM3ALMU) BO3JyXa B IOMEUIEHUSAX, B TOM YHUCIE HU
MEIUIIMHCKUX YUpexkaeHui. HWoHusupyromas paauanus B OTACIbHBIX CIIy4asX HCIOJIb3YETCS B
MPaKTUKE 3APAaBOOXPAHECHUS JUIsl CTEPUIIM3ALMU JICKAPCTBEHHBIX BELIECTB, XUPYPrUUYECKUX U
YIaKOBOYHBIX MaTEpUAIOB.

AANBHUA ®APMALEEBTUYH AJIKOT'OJIU3M U TEHETHUKA
Hayuonanvnolii papmayeemuueckuii ynusepcumem
Kageopa buonocuueckou xumuu
ABUYU KAADAP
Pyxosooumens: k.gpapm.n., ooyenm CEHIOK Heopw

Ilo nanupiM Beemupnoii opranusanuu 3apaBooxpanenus (BO3), B

2016 romy OT anKorojau3Ma CKOHYalIoCh 0oJiee TPEX MUIUIMOHOB YEJOBEK,
9yro coctaBwio 5% Bcex cmepreii B mupe, a Oomee 75% cmeprei,
BBI3BAHHBIX AJIKOrojeM, ObUIM Cpely MYXKYHH. AJIKOTOJb TaKXKe CTall
NPUYMHON pa3HbIX Oose3Hel u TpaBM B 5,1% ciryuaes.
B mocnennee pecaruneTvie BO3pacTaeT KOJIMYECTBO HCCIIEIOBAaHUM,
MOCBSIIEHHBIX T'eHeTHKEe ankorosusma. CyliecTBYIOT OMOJIOrHYecKue
MoKazareiu (MapKepbl), OTpaXkarollne HHIANBUIYATbHYIO MIPEIPACTIOI0KEHHOCTD K aTKoronusmy. K
HUM OTHOCSITCSI TyaHWJIATIIUKIIa3Has aKTUBHOCTH (CHCTEMa IepeJadyd CHUTHAIOB) B JTUMQOLUHUTAX U
TPOMOOILIMTAX, aKTHUBHOCTh (epMeHTa nodaMuH-B-TUAPOKCUIIA3bl, MpeBpallailero 10paMuH B
HOpaJpeHaIuH. Y OOJbHBIX C BBICOKUM OHOJIOTMYECKUM PHUCKOM PAa3BUTHS aAJIKOT0JIM3Ma
OTMEYaeTcsl OUeHb HU3Kas aKTUBHOCTh 3TOTO (pepMeHTa.

MHorue ydeHble CXOISITCS BO MHEHUH, YTO TE€HBI, BIMAIONINE HA TMPEAPACIIONOKEHHOCTh K
QJIKOTONIU3MY, MOXKHO pa3eluTh Ha 2 OCHOBHBIE TIpynmbl. Bo-mepBpIX, 3TO Te€HBI,
KOHTPOJIMPYIOIIME METa00IM3M aJKOroJyid B OpraHuzMe. A BO-BTOPBIX, I€Hbl, KOHTPOJIHUPYIOIINE
Helporcuxuieckrue QyHKIUH.

PaccmotpumM nepByro rpynily reéHoB. DTaHOJ OKHMCIISIETCS B JIBA JTalla, M Ha ATUX JBYX 3Tarax
paboTaroT 11Ba KitoueBbIX (pepmeHTa. CHavana mop AeicTBUEM (epMEHTa alIKOTOJIbAETUAPOreHas3bl
ATaHOJ MPEBPAILACTCS B AllETANBETHI, a TOT O] AEUCTBUEM (epMEHTa alleTalIbAer U IerAPOreHa3bl
npeBpalaeTcs B arerar (To eCTb B KOHEYHOM MTOre, CIMPT MPEBpaIaeTcs B yKCyc, HO ¢ 00pa3oBaHUuEM
MPOMEXKYTOYHOTO TOKCHYHOTO BelecTBa — areranbiaeruaa). CKopocTs paboThl 3TUX (PEPMEHTOB
TeHEeTUYECKHU JIETEPMUHUPOBAHA U HAa HEee BIUSIOT Pa3HbIe BAPUAHTHI TOTO U IPYTOTO T€HOB.

B 70-x romax y HaceleHHs IOTO-BOCTOYHOW A3UM — KUTAMIIEeB, KOPEWIIEB U SITOHIICB,
OOHapyXWJIM Tak Ha3bIBaeMbIi «uam-cuHapom» (0T anrmiickoro flush — npunue kpoBu; pymsiHerr) —
rnocie HeOOJBIIOr0 KOJIMYECTBA BBITUTOTO AJKOrOJMs MM CTaHOBWJIOCH IUIOXO:  Y4alllaloch
cepaueOreHre, NOAHUMAIOCh JIaBlieHWe, U Oonblle MUTh OHM He MoriM. Oka3anaoch, YTO Yy HHUX
HEaKTHBHA MUTOXOHJpHUAJIbHAs alleTallbJIeIUIETNApOreHasa. a alKoroJibAerHIporeHasa . Haoobopor,
OYeHb aKTHBHA. B pe3ynbTare y HHUX 3TaHON OBICTPO MpEBpaIlaeTcsl B alleTAIbAETHI, a TOT, B CBOIO
o4epe/ib, PACIIEIUIIETCS OYEHb MEVIEHHO. A IMEHHO alleTalIbJIeTH I BbI3bIBAET HENPUSTHBIE CUMIITOMBI
¥ IUIOXO0€ CaMOYYBCTBHE Y YEIOBEKA 110CIIE MPUHATOTO aIKOTOJIs.

VY OQoJibLIMHCTBA €BpPOMEHIEB BCE MPOUCXOIUT HAOOOPOT: MEpPBBIA 3Tall OKHUCIECHUS HUAET
MENJIEHHO, a BTOpOil — OBbICTpO. «EBpomeickuii» U «a3WaTCKHil» BapUaHThl TEHOB (EPMEHTOB
OTJIMYAIOTCS BCETO MO OJTHOMY HYyKJIeoTHy. Ecni y uenoBeka 06a Moiay4eHHBIX OT MaMbl U Tallbl FeHa
aleTalnbAeTUIETHIPOreHa3bl MPECTaBICHbI «a3HMaTCKO» BEPCHiA, OH IPOCTO HE MOXKET BBIITUTH TAKOE
KOJIMYECTBO AaJIKOTOJIs, YTOOBI TNPHOOPECTH 3aBUCHUMOCTh. TO €CTh TaKOe COYETaHHE SIBISETCS
MIPOTEKTUBHBIM (3AIIUTHBIM) TEHOTUIIOM B OTHOILIEHHH aJIKOTOIM3MA.

«A3MaTCKU» BapHaHT IeHa aJKOTOJIbAECTHIPOreHasbl (Takke KaKk «a3MaTCKHil» BapHaHT TeHa
aleTalnbAeTUIETHIPOreHasbl) 00J1a1aeT MPOTEKTUBHBIM 3(P(EKTOM B OTHOIIEHUH AJIKOTOJHM3Ma, HO
6onee cimabo BeipaxkeHHbIM. B FOro-Boctounoit Azun ero umerot 6omnee 70% Hacenenus, Ha bimxaem
Bocroke — okono nonosuHsl, B EBporne — 10 5-8%. MHTEpECHO, UTO Y YyK4el 4acToTa BCTPEYaEMOCTH
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€ro Takas k€, KaKk y eBponeilleB. Bornpeku pacnpocTpaHEHHOMY MHEHUIO, OHU HE OTJIMYAIOTCA OT,
HaIpuMep, pyCCKHX, 10 ITUM (PepMEHTAM.

B Adpuke ¢  aikoromm3MoM  CBS3aHBl ~ BapHaHThl ~ JPYroro  ydacrka TeHa
AJIKOTOJIbJICTUAPOreHa3bl. B 3TOM ydacTKe TakKe HaiiieHa TOYeYHass MyTalus — 3aMeHa OJHOIO
Hykneotuaa. MccnemoBamm Matepeii-appoaMepuKaHOK, HEMBIONIMX ¢ TBIONIMX, W OLCHUBAIH
COCTOSIHME MX JIeTel B BO3pacTe omHOro roja. Okaszaloch, YTO y HENBIOIMX MAaTepeill FE€HOTUI He
OKa3plBJI BIHMSIHUS Ha YPOBEHb Pa3BUTHS pPeOEHKA. A y TBIONIMX HOCHTENM MYTaHTHOTO TI'eHa
OKA3IMCh 3AIUUILEHHBIMUA OT JEUCTBHS AJIKOTOJIsl — UX JETH IO Pa3sBUTUIO HE OTCTABAIM OT JAETEH
HETIBIOIIMX MaTepeil. B To jxe Bpems JeTH MBbIOIUX MaTepel ¢ OObIYHBIM TeHOM ObUTH MEHEEe Pa3BHUTHI
MHTEJUIEKTYaJIbHO U (PU3UUECKU.

Tenepp paccMOTpUM BIUSIHUE BTOPOW TpyHmbel TeHOB. B (opmupoBanme ankoroibHOH
3aBUCHMOCTH BOBJICUEHBI MHOTHE I'€HBI, KOHTPOJIMPYIOIIUE Iepeady HEPBHOIO MMITYJIbCA C OJHOIO
HEMpoHa Ha Jpyroil 4epe3 MEKKJIETOYHbIM KOHTAKT — CUHAIIC. JTO FeHbl CUHTE3a U JAETPaJalli TaKuX
HEeWpOMeaANaTopoB Kak J0(aMUH, CEpOTOHHH, Y-aMMHOMACHsAHAs KHCIOTA, T€Hbl MX PELENTOpOB U
[IEpPEHOCUMKOB. ['€HOB MHOT'0, BCE OHM BHOCSIT CBOM BKJIaJl, XOTS POJIb KaXJIOIO OTJIEJIbHOI'O I'eHa MpU
9TOM HE TaK YK BEJIUKA.

Hanpumep, Obl10 mokazano, 4To omnpeAencHHbI BapuaHT (awienb TaqAl) rena peuentopa
nopamua DRD2 wame BcTpewaercs y ankoroiaukoB. Ilpu 3ToM BapuaHTe TreHa YMEHBILAETCS
IUIOTHOCTh PELIENTOPOB.

Eme ects ren MoHoamuHookcuaazsl (MAQ) — 310 (hepMeHT, KOTOpBI paspyiaeT 1odamuH,
HENpopearnpoBaBIIMM B CHHONTHYECKOW miemu. MyTtanus B reHe — 3aMEeHa OJHOI0 HYKJICOTHAA Ha
JpYroi, NpUBOAWUT K HU3KOM akTuBHOCTM MAOQO, 4yro nenaer moBeleHUe Oojee HEyCTONYUBBIM,
IPOSIBJISSICH MTOPOM Kak acoldanbHOe noBesneHue. Ho B mosiHON Mepe Bce 3TU 4epThl NPOSIBIISIOTCS B
HEeOJIaronoiayyHbIX ceMbsiX. Tam iKe, rAe ¢ BOCHMTaHMEM BCe B IHOpAAKe, BIUSHUE TeHa
KOPPEKTUPYETCSl, U HOCHUTENIM MYTAaHTHOrO TIeHa (¢ HU3KOM akTuBHOCTHIO MAQ) nposBISIOT
acoOLMAIIBHOE TOBEICHUE HE Yallle, YeM HOCUTENN I'eHa C HOPMAJIbHOM aKTUBHOCTBIO.

¥V noromcrBa ankoronukoB MAQO oOHapyXuBaeTcsi HE TOIBKO B MUTOXOHJIPUSX, HO U B IIa3Me
ki1eTkd. OueHp 00Jblas aKTUBHOCTb IAHHOTO (hepMEHTA MOXKET MPOSIBIISITHCS B YACTOTE AJIKOTOJIM3Ma,
paccTporcTB TMYHOCTH, a((HEKTHBHBIX pPACCTPOMCTB, OCOOCHHO JEMPECCHi, y TMOTOMCTBA OTIIOB
AJIKOTOJIUKOB. Y B3pOCIBIX CHIHOBEH, POJMBIIMXCS OT OTIOB-JIKOTOJIMKOB, PHCK 3a00JeBaHMs
AJIKOTOJIM3MOM JocTUraet 67%.

IToxokast cuTyanusi ¢ T€HOM TpaHCIOPTEpPAa APYroro HelpoMenuaropa — CepoToHMHA. I'eH
niepeHocunka cepotoHrnHa — SLC6A4. OmuH M3 BapUaHTOB 3TOTO T€HA, MPU KOTOPOM oOpaszyercs
HEJIOCTAaTOYHOE KOJIMYECTBO OeNKa-TpaHCIopTepa, CBS3aH CO CKJIOHHOCTBIO K JICIPECCUM U,
COOTBETCTBEHHO, K ankoroyimsmy. Ho oH nposiBisieT ceOst py HeONaronpusTHhIX YCJIOBHUSIX BOCIIUTAHUS,
a Tam, r7ie peOeHOK BOCITUTHIBAOT B JIFOOBH M IOHUMAHMH, «IIJIOXOH I'eH» He J1aeT o ceOe 3HaTh.

B mpenpacnoniokeHHOCTh K aJIKOTOJIM3MY BOBJIEUEHBI M T'€HbI, OTBEYAIOIIME 32 KOHTAKThI
MEX1y KIeTKaMH, 3a (OpPMHpPOBAHHE HOHHBIX KaHAJIOB W MHorue japyrue. M ¢ mociaeaHumu
JOCTHKEHUSIMA T€HETUKH U MEIUIIMHBI HaXOJAT BCE HOBBIE M HOBbIE reHbl. Hanpumep, npu u3ydyeHuu
NIEKTPUYECKON aKTHBHOCTH MO3Ta OKa3aloCh, YTO Yy JIIOJEM C HEPETYISIPHBIM O- PUTMOM IIOCHE
IIpHEMa aJIKOT0JIsl OH CTAaHOBUJICS 00JIee BhIPAKEHHBIM. JTO COIPOBOXKIANIOCH PelaKcalyei, Kotopas y
TaKMX Jrofe Oe3 ankoroist He HacTynaiga. HaiieHsl M reHsl, oTBevarouye 3a 3T0T 3((HEeKT — reH
perenropa y — amuHoMacisiHou kucinoTsl (TAMK).

Eme coBceM HemaBHO Tra3eTHbIE 3arojOBKM TOBOPWJIM, YTO B OpraHM3Me 4YeJoBeKa ObLI
OOHapy»keH reH ankoronusma. OTKpBITHE 3TO CAENAIN YYEHbIE U3 MEAULIMHCKOM LIKOJIbI, HaXosIeics
npu Hero-Mopkexom 1 HanmoHamsHOM MHCTHTYTE TI0 alKOrOIH3MY. |'€H — BHHOBHHK aTKOTOH3MA —
HazbiBaercss Grm7 . Ha camom fene, 3TOT TeH TaBHO M3BECTEH y4eHbIM. Ero ¢yHKIUS — KOAUPOBaThH
OTpEJIeNICHHBIN MOATUI PELENTOPOB, KOTOPhIE CHIDKAIOT WJIM TOJABIISIOT BBIPAOOTKY INIFOTAMHHA U
JPYTHX BELIECTB, 00ECIIEUNBAIOIIMX NIEpeiaui HEPBHBIX UMITYJIbCOB OT OJJHOM KIJIETKU K IPYTOM.

OnHako TONBKO cefvyac aMEepPUKAHCKUM YUEHBIM YJAJIOCh OOHApyXWTh MHYIO (hopMy 3TOro
reHa, KOTopasi IPUCYTCTBYET JaJeKO He y Ka)I0ro, U Pe3KO CHMKAET BBIPAOOTKY COOTBETCTBYIOLIEH
Grm7 B Tkansx mosra u-PHK. Mudopmarmonnas PHK — 3to pubGonykienHoBas KHcCiI0Ta, KOTOpas
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CHUHTE3UpYETCd B SIpe M NEPEXOJUT B LIUTOIUIA3MY, II€ CTAHOBUTCS MATPULEH, CHHTE3UPYIOIIEH
dbepMeHT i Apyroii crierduyeckuii 6enok. OHa SBIISETCS HEKUM ITPOMEKYTOUHBIM MPOIYKTOM WU
MOCPETHUKOM MEX]Ty TEHOM U OEJIKOM, IIPOAYKTOM €r0 3KCIPECCHH.

Te, y koro u-PHK, coorBercTByromas Grm7. moHmkeHa, ropas3io 00JIbIIe APYTruX MOIBEPIKEHBI
ankoroau3Mmy. Iloka 4TO 3Ta 3aKOHOMEPHOCTH BBISBJIEHA TOJBKO CPEIM Ja0OPATOPHBIX T'PHI3YHOB,
OJTHAKO YYEHBIE CUUTAIOT BECbMa BEPOSATHBIM, UTO Y JIIOJIEH OOHAPYKUTCS TO KE CaAMOE.

Bcero Ha ceromHsmHMN JeHb HAWIEHBI JECSATKA T'€HOB, HApyIIEHHE PabOThl KOTOPBIX, Kak
MIPEAIOIAratoT, MOBBIIIAET PUCK PA3BUTHUS AJIKOTOJIU3MA.

3HaHME TAaKUX T'€HOB JAaeT HaM HOBYIO MH(OpMAIUIO O mpupoje OO0Je3HH, B JAHHOM CIydae
asikorosin3ma. OTKpPBIBAIOTCS BO3MOXHOCTH JUISI CO3JaHMs HOBBIX JIEKApCTB, BEAb MHIIEHU JUIS
AJIKOTOJISI MOTYT OBITh B TOM K€ CTETICHN MUIICHSIMH U JUTS JISKAPCTBEHHBIX BerecTB. HakoHer, MOXHO
OyleT mpencKa3plBaTh PUCKH  pPa3BUTHA — alKOroJiM3dMa y  JIOJIeH-HOCHUTENeH  KaKux-u0o
«HeOIaronoTy4HbIX» reHoB. Ho HaciencTBeHHAs PepaconoKeHHOCTh K 3a00JIEBaHHIO TIPOSIBIIACTCS
B TOM CJIy4ae, €CIIM ¥ T'eHbl, U Cpeia JEUCTBYIOT B O/IHY CTOPOHY. [I0Ka MbI HE MOYKEM MEHSTh I€Hbl, HO
MBI MOKEM U3MEHHTH YCIIOBHS CPEIbI, YTOOBI CHU3UTD PHUCK.

IF'EHETUYECKHUE MEXAHU3MbI PEITPOJAYKIINU SARS-
COV-2 (COVID-19)
Hayuonanenuiii hapmayesmuueckuii ynueepcumem
Kageopa duonocuueckou xumuu
KEJAPYCC ABJAJIJIAX
Pykosooumens: k.gpapm.n., ooyenm CEHIOK Heops

B HOBOM ThICAYENIETUM YEIOBEYECTBO CTOJKHYJIOCH C
MHQEKIIMOHHBIMUA OOJIE3HSIMH, O KOTOPHIX HUKTO He 3Hal. Ha cmeny
yymMe M TH(]Y HOPUILIM ONacHble BUPYChl. VI3MeHeHue oKpyxarouen
cpelbl, MOTEIJICHUE KIMMAaTa, YBEIWYEHHE IUIOTHOCTH HACENeHUs U
apyrue  (akTopsl MPOBOLUPYIOT HX TOSBJIEHHE, a BbICOKas
MUTpalMOHHAsl aKTHBHOCTh HACEJIEHHsI CIIOCOOCTBYET paclpoCTpaHeHHIO 1o Bcemy mupy. [louctune,
uHpexuuu He 3HatoT rpanul. [To nmporunozam OOH, k 2050 roxy HaceneHue miaHeTsl JocTUrHET 10
MUJUIMAPJIOB YEIOBEK. DTO 3HAYMT, YTO IMPOLIECChl MUTPAIMHM M ypOaHW3anuu emie yckopsres [1].
Omupemust COVID-19 («coronavirus disease 2019») yxe BolLIa B UCTOPUIO KaK 4Ype3BbIUAifHA
CUTyalusi MEXAyHapoJHOro 3HauyeHus. Ha Texkymuii MOMEHT KOJMYECTBO 3apa)KEHHBIX B MHpeE
MpeBBICHIO 9 MHIUTHOHOB ueioBek [2]. Ham emie mpeacTouT u3ydeHue OCOOCHHOCTEH SToi
SNUAEMUH, U3BJIEYb YPOKH, IPOAHATU3UPOBATH HEJOCTATKU
obecriedeHns: OMOIOTUYECKO Oe30macHOCTH HaceleHus. SIcHO
OJIHO: HOBBIE BHPYCHI OyIyT MOSBIATHCA, 3TO HEOThEMIIEMas
4acTb Hamero wmupa. YenoBeuecTBO JOHKHO HAYYHUThCSA
IIPOTUBOCTOATH ATUM YTPO3aM.

KoponaBupycHast wuHpekuus — OCTpoe BHPYCHOE
3a00JieBaHUE C MPEUMYIIECTBEHHBIM MOPAXEHUEM BEPXHHUX
IbIXaTeNbHBIX IyTel, BeI3biBaeMoe PHK-conepkamum Bupycom
pona Betacoronavirus ceMelicTBa Coronaviridae.
KoponaBupycet  (mar.  Coronaviridae) —  cemeiicTBo,
Bkirovaromee Ha sHBapb 2020 roma 40 BumoB PHK-
COJIEpKAIMX CJIOKHO OpPraHM30BaHHBIX BHUPYCOB, HMMEIOIIUX
cynepkarcua. OObeqUHEHb B JBa IOJCEMENUCTBA, KOTOPBIE IMOPAXKAIOT YEIOBEKAa U KUBOTHBIX.
HasBanue cBsi3aHO €O CTpOEHHEM BHpyca: M3 CyNepKalCHIa BBLAAIOTCS OOJbIINE IIWIOBUIHBIC
OTPOCTKM B BHUjA€ OylaBbl, KOTOpblE HAIIOMHHAIOT KOpOHYy. Bupuonsl pasmepom 80-220 HM.
Hyxkneokancuz npeacrasisieT co60il riOKyro ciupaiib, COCTOAIIYIO U3 TeHOMHOM 1uttoc-HuTH PHK 1
OOJIBIIIOTO KOJIMYECTBA MOJIEKYJ HykjeornporenHa N. Mmeer cambrii Gombinoi renom cpean PHK-
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TEHOMHBIX BHUPYCOB. B €ro crpykrype BBIAENAIOT CYNEpPKANCHI, B KOTOPBI BCTPOEHBI
TJIMKOIIPOTEUHOBBIE TPUMEPHBIE ILIUMbBI  (MEIJIOMEep), MEMOpaHHBIH INIMKONPOTEUH, MaJbIi
000JI0YEUHBIH TIMKONPOTEUH, TE€MAarmIlOTUHUH 3crepasy (puc. 1). HasHaueHue «KOpoHBD» Y
KOPOHABUPYCOB CBSI3aHO CO CIEUU(PUUECKUM MEXaHM3MOM IPOHUKHOBEHHsI yepe3 MeMOpaHy KJIETKU
MyTEM UMHTAIIMK MOJIEKYJI, HA KOTOPbIE PEarupyroT TpaHCMEMOpaHHBIE PeLleNTOPHI KIETOK (puc. 2).

Mexanusm oeiicmeus SARS-COV-2 na knemky uenoseexa. Bupyc ancopOupyercs Ha
KJIeTKe-MumIeHu (1) mpyu MOMOIIM TIIMKONPOTEHHA S W MPOHHUKACT B KJICTKY IPH CIUSHUU 00OJOYKU
BUpYCa U LUTOIUIA3MaTHYECKOM MEMOpaHbl KJIETKU WM MOCPEACTBOM PELENTOPHOIO SHA0LMTO3a (2).

I'enomnas  PHK  cBsaseBaercs ¢
' L pubocomamu u cayxur u-PHK npu
P - ' CUHTE3E PHK-3aBucumoii PHK-
nomumepasbl  (3), KOTOpas  3aTeM
cuntbiBaeT reHoMHy0 PHK, cunresunpys
MUHYC-HUTh TIOJMHOW anuHbl (4). Ilpu
TPaHCKPUIILUU MHHYC-HUTH
CHHTE3UPYETCsl HOBask I'€HOMHas ILIIOC-
aute PHK (5) w wabop w3 5-7
cyorenomupix ~ uPHK  (6). Ilpu
TPAHCIAMKA ~ KOXKIOH  CyOreHOMHOM
uPHK cunresupyercs omun 6enok (7).
N-Oenok CBs3bIBA€TCS B LUTOILIA3ME
kierku ¢ reHoMHo PHK, B pe3ynbrare
Yero  CHUHTE3UPYETCsl  CIUpPAIbHBIN
Hykieokancu (8). I'mukonporenssl S u
M, wm El, E2, nepenocsarcsa (9, 10) B
SHJIOIIA3MaTUYECKYI0 ceTh M anmnapar ['onboku. Hykneokancua noukyercs yepe3 MeMOpaHbl BHYTPb
SHJIOIUIA3MAaTUYECKOM CEeTH, COAEpiKallell BUpPYCHblE DHKompoTrenHbel S u M. Bupuonsl
TPaHCIIOPTUPYIOTCS K MeMOpaHe KieTku-xo3s1Ha (10) ¥ BBIXOAAT U3 KIETKH MyTéM sHouuTo3a (11).

B Hacrosiiee Bpemsi MU3BECTHO O LUPKYJSALUU CPEIU HACEIEHHS YETHIPEX KOPOHABHPYCOB
(HCoV-229E, -OC43, -NL63, -HKU1), xoTopble KpyrJIOTOAWYHO MPHCYTCTBYIOT B CTPYKTYpE
OPBMU, u, kak npaBuiio, BbI3bIBAIOT MOPAXKEHHE BEPXHUX JbIXATENbHBIX MyTel JETKON U cpenHei
creneHn TsokecTH. Jlo 2002 roma KOpPOHaBHpYCHI pacCMaTpUBAINCh B KadyeCTBE AarcHTOB,
BBI3bIBAIOIINX HETSDKENbIE 3a00JIeBaHMS BEPXHMX JbIXATEIbHBIX NyTed (C KpallHE peaKuMu
neTtanbHbIMH Hcxonamu). B konne 2002 roga nosiBusics kopoHaBupyc (SARS-CoV), Bo3Oynutensb
ATUTTMYHOM TTHEBMOHUH, KOTOPBINA BBI3BIBAI TSKENBINH OCTphIN pecriupaTtopubiii cunsipom (TOPC) y
aroneid. JlaHHbIi BUpyc oTHOCUTCS K poay Betacoronavirus. Ilpuponasim pesepByapom SARS-CoV
CIIy’KaT JIETy4He MBIIIY, IPOMEKYTOUHbIE X035€Ba — BepOJIIO/bl U rMManalickie HuBeTThl. Beero
3a MepHuoJ MUJeMun B 37 cTpaHax MUpa 3aperucTpupoBaHo Oojiee 8 ThIc. cirydaeB, U3 HUX 774 co
cMmepTenbHbIM HexoioM. C 2004 rosa HOBBIX CiIy4aeB aTUIMYHON MHEBMOHUH, BbI3BaHHON SARS-
CoV, He 3apeructpupoBaHo. B 2012 roay mup cTonkHysncs ¢ HOBbIM KopoHaBupycom (MERS-
CoV), Bo30yauteneM OIMKHEBOCTOYHOTO PECHUPATOPHOTO CHUHAPOMA, MPUHALICKAITUM K POIY
Betacoronavirus. OcHOBHBIM TPHPOAHBIM pe3epByapoM kopoHaBupycoB MERS-CoV sBusrorcs
JeTy4re MBIIK U oaHOoropObie BepOmoasl (apomanepsl). C 2012 roxa 3apeructpupoBano 2 519
cilyyasi KOpOHaBUPYCHOM wuHpeknuu, Bbi3BaHHOW BupycoM MERS-CoV, u3 kotopeix 866
3aKOHYMJINCH JIETalIbHBIM HCX0/a0M. Bee ciydyan 3a0onieBanus reorpauyecku acCOIMUPOBAHBI C
ApasuiickuM nonyoctpoBoM (82% ciydaeB 3apeructpupoBanbl B CaynoBckoil Apasuun). MERS-
CoV mponomkaer NUPKYJIMPOBATH W BBI3BIBATH HOBBIE cirydaw 3a0oisieBanus [3]. Bcemupnas
opranuzanus 3apaBooxpaHeHuss 11 ¢espans 2020 r. mpucBomsia oduIMAIbHOE Ha3BaHUE
uHGEKIUH, BBI3BAHHOW HOBBIM KopoHaBupycoMm, — COVID-19 («Coronavirus disease 2019») [1].
MesxayHapoIHBI KOMUTET 10 TakcoHOMUU BupycoB 11 ¢eBpans 2020 r mpucBous coOCTBEHHOE
Ha3BaHue Bo30yauTento naHdpekuun COVID-19 — SARS-CoV-2.
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Puc. 2. Penpoaykuusi KOpOHaBHPYCOB
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Hogerit koponaBupyc SARS-CoV-2 npexacrasnser coboit ogHonenodeunsiii PHK-conepskarmit
BUPYC, OTHOCHTCS K cemelictBy Coronaviridae, otnocutces k uanu Beta-CoV B. Bupyc otaecen ko 11
rpyIIE MaTOreHHOCTH, KaK ¥ HEKOTOPBIE IpyrHe MpeICTaBUTENH 3Toro cemeiicta (Bupyc SARS-CoV,
MERS-CoV). KoponaBupyc SARS-C0OV-2 npearnoioxxuTebHO SBISETCS PEKOMOMHAHTHBIM BUPYCOM
MEXIY KOPOHABUPYCOM JIETYYMX MBIIMIEH W HEM3BECTHBIM IO MPOUCXOXKICHUIO KOPOHABHUPYCOM.
I'emernueckas nocienoBaresibHOCTE SARS-CoV-2 cxomHa ¢ nocienosareibHOCTEIO SARS-CoV 1o
MeHbInel Mepe Ha 79% [4]. OCHOBHBIMU KJIETKAMU-MUIICHSIMHU JIJIsl KOPOHABUPYCOB SIBIISIIOTCS KIIETKU
AITbBEOJIIPHOTO SIUTENHS, B LIMTOIUIA3ME KOTOPBIX MPOUCXOIUT peruivkanus Bupyca. [locne coopku
BUPUOHOB OHH MEPEXOAT B IIUTOIIA3MATUYECKUE BAKYOJIH, KOTOPBIE MUTPUPYIOT K MEMOpaHe KIISTKH
U IyTE€M S5K30IMTO3a BBIXOJST BO BHEKJIETOUYHOE MPOCTPAHCTBO. DKCIIPECCUM AHTUTEHOB BHpYyca Ha
MOBEPXHOCTh KJIETKH JI0 BBIXO/]a BUPUOHOB U3 KJIETKU HE IPOUCXOIUT, TIOATOMY aHTHUTEI000pa30BaHIE
U CHHTE3 HUHTEP(EPOHOB CTUMYIUPYIOTCS OTHOCUTENBHO MN03aHO. OOpa3oBaHHWE CUHLUTHS 0]
BO3JICHCTBHEM BUpYyca 00YCIOBIMBAET BOZMOXKHOCTD TIOCIIEIHETO OBICTPO PACIPOCTPAHSTHCS B TKAHH.
JleficTBue BHpyca BbI3BIBACT TOBBIIICHUE MPOHUIIAEMOCTH KIETOUYHBIX MEMOpaH U YCHIICHHBIH
TPAHCIIOPT JKUIKOCTH, OOraToil albOyMHHOM, B WHTEPCTHIMAIGHYIO TKaHb JIETKOTO W IPOCBET
anpBeod. [Ipu 3Tom paspymiaercs cyphakTaHT, 4To BeIET K KOJJIANCY allbBEOJ, B PE3YJIbTaTe PE3KOro
HApyIICHUs Ta3000MeHAa pPa3BHBAeTCsS OCTPBIM pecruparopHbiii  muctpecc-cuaapom  (OPJIC).
MIMMyHOCYIIPECCBHOE ~ COCTOSIHHE OOJBHOTO  CHOCOOCTBYET PAa3BUTHIO  ONIOPTYHUCTUYECKUX
OaKkTepUalbHBIX W MUKOTHYECKMX WH(EKIUH pecrupaTopHOro Tpakrta. llaroreHe3 HOBOM
KOpOHaBUPYCHOW WHGEKIMU H3Yy4eH HEAOCTaTOYHO. J[aHHbIE O AJMUTENbHOCTH M HANPSKEHHOCTH
umMmyHuteTa B otHomeHnn SARS-CoOV-2 B Hacrosimee BpeMsi OTCYTCTBYIOT. VIMMyHHUTET mpH
WHQEKIUAX, BBI3BAHHBIX JPYIMMU TMPEACTABUTENISIMH CEMEWCTBA KOPOHABUPYCOB, HE CTOWKUU H
BO3MOYKHO TTIOBTOPHOE 3apaXKCHUE.

V3MeHeHre OKpyXarollell cpelbl, TMOTEIUICHHE KJIMMara, YBEJIMYEHUE IUIOTHOCTHU
HACCJICHUS, Pa3BUTHEC OWOTEXHOJIOTHH W JApyrue (QakTopbl MPOBOIHMPYIOT TMOSBICHHE, a BCE
BO3pACTAIOIINE MHUIPAMOHHBIE TOTOKHM W MPOILECCHl TN0o0aIu3aluu SKOHOMHMKH CIOCOOCTBYET
pacTlpoCTpaHEHUIO HOBBIX WH(pEKImiA. buonormueckne yrpos3bl, CBSI3aHHBIC C AIUIACMHIMH
MH(EKINOHHBIX 00se3HeH, UMEIOT TII00abHBIN XapakTep. dmuaemus COVID-19 — He nocnenHss
yrpo3za B XXI Beke. Bce cTpaHbl MOJDKHBI OBITH TOTOBBI K KOOPJIAWHHUPOBAHHBIM JCHCTBUAM IO
MPEIYNPEexKJACHUI0O BO3HUKHOBEHHUS U PACHpOCTpaHEHUs HMHQPEKIUH, K CBOEBPEMEHHOW UX
JTMArHOCTHKE, K pa3paboTKe METOJIOB JICUCHHS U TPO(DHUIAKTUKH, K CO3TAHHUIO BaKIUH.

BYAYUIEE 3A TEJIOMEPA3AMU
Hayuonanvnoiti papmayeemuueckuii ynueepcumem
Hucmumym npuknaownoii papmayuu
IIABA ®ATUMA I333AXPA
Pykosooumens: oupexmop mpenunzo8020 yenmpa
Meouko-buonocuueckux uccreoosanuit 4YMAK Enena

B knerkax »ykapuoT TreHeThyeckas HHQOpManus XpaHUTCS B
muHelHbIx Monekynax JIHK - xpomocomax. Pa3zopBaHHBIE XPOMOCOMBI
CIIMBAIOTCSL JIPYyr C JIPyroM, MEpecTpauBalOTCid U XapaKTEepHU3YIOTCS
HecTabuibHOCThIO. [lo100HbBIE pa3nuuus 00yCIOBIEHBI MPUCYTCTBUEM Ha
KOHIIaX XPOMOCOM CIEIHMAJIBHBIX HYKJICOTHAHBIX IOCIEI0BATEIbHOCTEMH,
KOTOpBIE HA3BalIM TEJIOMEPAaMU U  COCTOALIME U3  MHOTOKPATHO
MOBTOPSIIOLIUXCS KOPOTKUX HYKJICOTHIHBIX MOCIeN0BaTeIbHOCTE. MHOTOKpaTHO MOBTOPSIOIINECS
6moku B TenomepHoi JTHK mpoctelmmx cocToaT BCero JHIIb W3 MIECTH—BOCBMHU HYKJICOTHUIHBIX
octatkoB. [Ipu stom omna nens JIHK cunpHO oOorameHa octaTkamMu TYaHWIJIOBOUM KucioThl (G-
Ooraras 11e1b; y TeTpaxuMeHbl oHa noctpoeHa u3 6;1okoB TTGGGG), a koMIuieMeHTapHas el 1enb
JIHK cooTBeTcTBEHHO 00OOTaIena ocTaTKaMu MUTHIWIOBOM KucaoThl (C-0oraTtas 1erb).
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Taxoxe TeToMepbl OTBETCTBEHHBIE 33 IPUKPEIUIEHUE XPOMOCOM K CIIELIMATIbHON BHYTPUSALCPHON
CTPYKTYpe (CBOCOOPa3HOMY CKENETy KJIECTOYHOTO S/Ipa), HA3bIBAEMOU SIEPHBIM MAaTPUKCOM.

CymectByeT psn 3a00J€BaHUN 4YEJIOBEKa, CBSA3aHHBIX CO CHH)KCHHEM TEJIOMEpa3HOH
aKTUBHOCTH M H3HAYaJIbHBIM YKOPOUYEHHEM TeJloMep B KieTkax. Hapymenus TtenomepHOro
roMeocTa3a CIIOCOOHBI BbI3BIBATh PA3JIMYHbIC IMMATOJOTHH B pPa3HbIX opraHax. [Ipwmumna sToro,
KpoeTcs B TKaHECHEIU(PUUECKHX pa3MuusiX OJKCIOPECCHU TeIoMepa3bl U  OCOOEHHOCTSIX
MOJICP KaHUsT KIIETOYHOTO TOMEOCTa3a, Pa3HbIX BpeaHbIX (hakTopax cpeapl. OOMMM B maToreHese
SBJIICTCS YMEHBIICHUE JIMHBI TEJIOMEp 3a CUET CHIKEHHUS TEJIOMEPa3HOW aKTUBHOCTH, KOTOPOE
IIPOSABIISIETCS PSIOM NPU3HAKOB, CBSI3aHHBIX IPEXKJE BCErOo C IOBBILIEHHBIM PHUCKOM pa3BUTHUS
omyxoJied, GuOpo30B U TUITOTIIIA3HMA.

M3BecTHO, YTO KJIETKM OOJBIIMHCTBA MCCIENOBAHHBIX HA CErOAHS, PAKOBBIX OITyXOJeH
XapaKTEepPU3YIOTCS IOCTATOYHO BHICOKOW aKTUBHOCTBIO TEIOMEPA3bl, KOTOPas MOJACPKHUBACT ITHHY
TEJIOMEp Ha TIOCTOSIHHOM YPOBHE. OJTOT YPOBEHb 3aMETHO HIWXKE, 4YEM, Halupumep, Yy
SMOpPUOHANIBHBIX KJIETOK, HO OH JIOCTaTOYEH, YTOObl 00eCreunTh Oe3rpaHuvYHOE JIeJICHHE PAKOBBIX
KJIETOK B KynbType. CpaBHUTENBFHO HEOONbIIAs UIMHA TeIOMEp Y OOJIBIIMHCTBA PAKOBBIX KJIETOK
HAaBOJAUT HA MBICIb O TOM, YTO OHH HPOUCXOASIT M3 HOPMAIBHBIX KIETOK, JIOCTHTIIMX
MIPEKPU3UCHOTO COCTOSIHUSI. DTO COCTOSIHHE XapaKTEpU3YETCsl HAPYLIEHUEM PEryssiuyd MHOIHMX
OMOXMMHUYECKUX peakuuid. B Takux KiIeTkax MNPOUCXOAST MHOTOYMCICHHBIE XPOMOCOMHBIE
MEPECTPONKH, KOTOPHIE B TOM YHCJIE BEAYT M K 3JI0KAUECTBEHHOU TPpaHC(HOPMAIIHH.

BriBon ciemyeT U3 TOro, 4TO Ha CErOJHSIIHHUMA JIEHb yal0Ch YCTAHOBUTH O CBSI3U MEXKIY
aKTUBHOCTBIO TEJIOMEPA3bl, PAKOBBIM POCTOM M CTAPEHHEM KIIETOK.

THE HUMAN GENOME PROJECT: TWENTY
YEARS LATER
National University of Pharmacy
Biological Chemistry Department
TOUIMI ELMEHDI
Supervisor: PhD, Head of the Department of Biological
Chemistry KRAVCHENKO Ganna

The Human Genome Project is the most ambitious biological
research program in the history of science. Knowledge of the human
genome makes an invaluable contribution to the development of
medicine and human biology. Current research of the human genome is
just as necessary for humanity as knowledge of human anatomy was once necessary. Awareness of
this came in the 1980s, and this led to the emergence of the Human Genome Project.

In 1990, with the support of the US government through the National Institutes of Health, as
well as the United Kingdom, France, Japan, China and Germany, this three billionth project was
launched. It was led by Dr. Francis Collins, head of the International Human Genome Sequencing
Consortium. The objectives of the project were: identification of 20,000-25,000 DNA genes;
determining the sequence of 3 billion pairs of chemical bases that make up human DNA, and storing
this information in a database; improvement of data analysis instruments; introduction of the latest
technologies in the field of private use; study of ethical, legal and social issues arising from the decoding
of the genome. In 2000, was published the preliminary results, almost full genome was released in 2003;
however, even today, an additional analysis of some sites has not yet been completed.

In 1998, a similar project was launched by Dr. Craig Venter and his company Celera
Genomics. Dr. Venter set his team the task of faster and cheaper sequencing of the human genome
(unlike the three-billion-dollar international project, Dr. Venter's project budget was limited to $
300 million). In addition, Celera Genomics did not intend to share its results.

The Human Genome Project is based on the assumption that the information contained in the
genes will make it possible to diagnose many genetic diseases in utero or even earlier, and this will
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make a decision before the delivery. The key to understanding genetic diseases is recognition and
characterization of genes after mutation. Henceforth it is possible to say that understanding of human
biology lies in decoding from 50,000 to 100,000 genes in the chromosomes of the human body.

The Human Genome Project may allow to characterize genes leading to the emergence of
major genetic diseases; further, it will be possible to recognize and characterize the genes involved
in the formation of such diseases like diabetes, schizophrenia, Alzheimer's disease, etc., having a
genetic component along with other factors. At in these diseases, the gene rather creates a
predisposition to disease, which is its cause in itself. These diseases cause numerous social
problems, and if possible diagnose predisposition before the onset of the disease then it will be
possible to prevent it by changing the way of life, nutrition and periodic examinations.

In the second half of the 20th century, conceptual revolution when diseases began to be seen
in terms biochemistry. The revolution is happening now, when understanding comes the fact that
the gene contains instructions for all biochemical processes occurring in the cells of the body.

JHK 1 ITPOTUBOOITYXOJIEBASI TEPAIIUS
Hayuonanvnoii hapmayesmuueckuii ynusepcumem
Kageopa duonocuueckou xumuu
YAKKAC KABTAP
Pyxosooumens: k.6uon.n., ooyenm KPACHJIBHUKOBA Okcana

XUMHOTEpanus 3J0KaYeCTBEHHBIX HOBOOOpPA30BaHUM —
OJVH U3 COBPEMEHHBIX BBICOKOTEXHOJOTHYHBIX METOJIOB JICUCHUS
pa3IMYHBIX BUJOB 3JIOKAYECTBEHHBIX HOBOOOpA30BaHUU C
MOMOLIBIO BBEICHUS B OpPraHW3M 4YEJIOBEKa WM KUBOTHBIX
CHEIHAIbHBIX XMUMHYECKMX BEIIECTB WM JIEKAPCTBEHHBIX
MpEnaparos, TakK Ha3BIBaCMbBIX MPOTUBOOITYXOJIEBBIX
(aHTMHEOIIACTUYECKHNX) XMMHOTEPAlleBTUUECKMX areHToB. Bce
MPOTUBOOITYXOJIEBBIE XMMHOTEPANEBTUUECKUE Mpenaparbl IO
CBOEMY MNPUHLHUIY JIECUCTBUS SBJISIOTCS MOIIHEUIIMMHU KJIETOYHBIMU SIaMU WJIM TOKCHHAMHU,
ryOuTEIbHO BO3JICUCTBYIOMMMH Ha OBICTPO JENSIIMECS KIETKH 3JI0KAYeCTBEHHBIX OMYyXOJIed Mpu
CPaBHHUTEIBHO MEHBIIIEM OTPUIIATEIHHOM IOBPEXKIAIONIEM BO3JCHCTBUU Ha 3J0POBBIE OBICTPO
JESAIMECs KJIETKU U TKaHU OpraHu3Ma X035IMHA, HOCUTENIA 3J10KaYEeCTBEHHOM OMyXOJIH.

K naubonee pacmpocTpaHEHHBIM MPOTHBOOMYXOJEBLIM MpenaparaM OTHOCST CIEAYIOIIne
TPYIIIbI:

1. ANKUIMPYIOIIME AHTHUHEOIJIACTUYECKUE TMpenaparbl. MeXaHu3M uxX JIeHCTBUS
OCHOBAaH Ha BHEIPEHHME AJIKWIbHOW rpymnmsl npenapara kK JIHK pakoBoM KIIETKM: IPOUCXOIUT
HapyuieHue ctpyktypbl JJHK, u oHa He MoXeT panbliie OENUThCS, 3allycKaercsd amnonrto3. B sty
TPYIIy BXOMST: MPOU3BOAHBIE Ovc-B-XjopaTuinamuHa - MCTOPUYECKH TEPBBIE ITUTOCTATHUYECKUE
MIPOTUBOOITYXOJIEBBIE  CPEICTBA; MPOU3BOJHBIE HUTPO3OMOYEBUHBI M IIpenaparsl IUJIATHH,
COJIEpIKAILME IBYXBAJIEHTHYIO IUIATUHY.

2. Anxunupyromue TpuazuHbl. Heknmaccuueckue aakuiMpyroIIMe areHThl, MpOJIeKapCTBa,
KOTOpBbIE U1 TIPOSIBJICHUS CBOEHM MPOTHBOOMYXOJIEBOM AKTUBHOCTH JOJDKHBI TPOUTH Pl
MeTaboTMUECKUX MPEBPAICHUI B OpraHU3Me, B Pe3yabTaTe KOTOPBIX 00pa3yr0TCss METHIUPYIOLTNE
arentol. [locnennue, BHenpssce B JIHK u PHK pakoBoil kieTku, HE TO3BOJISIIOT € Jajblie
JIETUThCS.

3. AHTUMETa0OJIUTHI. ATO IUTOCTATHYECKHE MPOTHUBOOMYXOJIEBBIE XUMHOTEPATIEBTUUECKHE
JIEKapCTBEHHBIE TIpemapaThl, Yeii MeXaHu3M JeHCTBUSI OCHOBAH Ha MHTMOUPOBAHWU (MHAYE TOBOPS,
KOHKYPEHTHOM  aQHTaroHW3Me) OINpEeACTEHHBIX OMOXMMHUYECKHX  IMPOIIECCOB, KPUTHUYECKH
HEOOXOIUMBIX ISl PA3MHOKEHHUS 3JI0KAUYECTBEHHBIX OMYXOJEBBIX KJIETOK, TO €CTh JJs Mpoliecca
nenenus, MuTo3a, perukanuu JJHK.
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B cBoro ouepens, MHrHOMpOBaHHME Npolecca JEJIEHUS KIETOK MPHUBOAUT K 3aIyCKy
mpolecca amnonro3a (IporpaMMUpyeMoi KJIETOYHOM CMEpTH), a Ha MaKpOypoBHE — K HEKpO3y
OITyXOJIM U PEMUCCHH OHKOJIOTHUECKOTO 3a00JIeBaHUS.

4. AHTpallMKJIMHOBbIE  AaHTUOMOTHKM. MexaHu3M HMX JEWCTBUSI OCHOBaH Ha
UTOTOKCHYeckoM neiictBuu. OnHu wHTHOMpYoT cuHTe3 JIHK, HapymaroT mnpoHHIIaeMoCTh
KJIETOYHBIX MEMOpaH U JIpyrue MeXaHU3Mbl KU3HEEATEIIbHOCTH KIIETOK.

O®moopoypauun  (Propypaunna) — NPOTUBOOMYXOJEBBIM IMpenapar M3  [PYHIbI
aHTUMETAa0O0JIMTOB, AHTArOHUCTOB MUPUMUAMHOB. MHrubupyer mporecc AeleHus KIETOK MYyTEM
OJOKMpPOBAHUS CHUHTE3a JHK (BciencrBue YTHETEHHUS AKTUBHOCTH bepmenra
TUMUWIATCUHTETa3bl) U 00pa3oBaHus CTpyKTypHO HecoBepiieHHoW PHK (BcrencTsue BHenpeHus
dTopypaumina B e€ CTPYKTypy). MeToTpekcaT — UUTOCTATUYECKHH TMperapar W3 TPYIIbI
aHTHUMETa0O0JIUTOB, AHTarOHHUCTOB ¢donueBoit KHCJIOTBI. Oka3bIBaer BBIPA)KEHHOE
MMMYHOCYIIPECCUBHOE JICHCTBUE JJa)kKe B OTHOCHTEIBHO HU3KHX J103aX, HE 00Jaal0NIMX 3aMETHOU
reMaToJIOrMYeCKON TOKCHMYHOCTBIO. JIOKCOPYOMIIMH - IIMTOTOKCHYECKUH aHTPAlMKIMHOBBIM
aHTUOMOTHK, BBIJCICHHBIH M3 KYIbTYphl Streptomyces peucetius var. caesius. B3ammopeiicTue
JIoKcopyouimHa ¢ Ttomou3omepazoii Il ¢ obpazoBanmem JIHK - pacmieruisieMbIx KOMILIEKCOB
CUMUTAIOT BAXXHBIM MEXaHU3MOM LIUTOTOKCUYECKOTO JEHCTBUS JOKCOPYOULINHA.

TOPOISOMERASE INHIBITORS IN ANTICANCER THERAPY
National University of Pharmacy
Biological Chemistry Department
EL ALI MOUSA
Supervisor: PhD, ass.prof. KRASILNIKOVA Oksana

Topoisomerases (or DNA topoisomerases) are enzymes that
participate in the overwinding or underwinding of DNA. The winding
problem of DNA arises due to the intertwined nature of its double-helical
structure. During DNA replication and transcription, DNA becomes
overwound ahead of a replication fork. If left unabated, this torsion would
eventually stop the ability of DNA or RNA polymerases involved in these
processes to continue down the DNA strand. In order to prevent and correct
these types of topological problems caused by the double helix, topoisomerases bind to DNA and
cut the phosphate backbone of either one or both the DNA strands. This intermediate break allows
the DNA to be untangled or unwound, and, at the end of these processes, the DNA backbone is
resealed again. Since the overall chemical composition and connectivity of the DNA do not change,
the DNA substrate and product are chemical isomers, differing only in their global topology,
resulting in the name for these enzymes. Topoisomerases are isomerase enzymes that act on the
topology of DNA.

Topoisomerase inhibitors are chemical compounds that block the action of topoisomerases
(topoisomerase | and I1I), which are enzymes that control the changes in DNA structure by
catalyzing the breaking and rejoining of the phosphodiester backbone of DNA strands during the
normal cell cycle. In recent years, topoisomerases have become popular targets for cancer
chemotherapy treatments. It is thought that topoisomerase inhibitors block the ligation step of the
cell cycle, generating single and double stranded breaks that harm the integrity of the genome.
Introduction of these breaks subsequently leads to apoptosis and cell death. Topoisomerase
inhibitors can also function as antibacterial agents. Quinolones (including nalidixic acid and
ciprofloxacin) have this function. Quinolones bind to these enzymes and prevent them from
decatenation replicating DNA.

The nuclear enzymes topoisomerase | and 1l are critical for DNA function and cell survival, and
recent studies have identified these enzymes as cellular targets for several clinically active anticancer
drugs. Topoisomerase Il inhibitors (anthracyclines, epipodophyllotoxins, etc.) are active against several
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types of tumours. However, treatment with these drugs often results in the development of the multi-
drug resistance. Because topoisomerase Il-active drugs have several different modes of action, different
mechanisms of resistance, including decreased activation and increased detoxification by glutathione-
dependent enzymes, have also been implicated. Unlike topoisomerase Il, topoisomerase 1 is not a cell
cycle-dependent enzyme and, therefore, it is a more desirable cellular target for anticancer drug
development. Topoisomerase | inhibitors, such as camptothecin and its derivatives, have shown
significant activity against a broad range of tumours and, in general, are not substrates for either the
multi-drug-resistance P-170 glycoprotein or the multi-drug-resistance-associated protein. Because of
manageable toxicity and encouraging activity against solid tumours, topoisomerase I-active drugs offer
promise in the clinical management of human tumours.

In contrast with topoisomerase poisons, topoisomerase catalytic inhibitors have not been
successfully used in clinic. Despite the lack of structural similarities between hTop 1, a type IB
topoisomerase, and hTop 2s, type IIA topoisomerases, some small molecules, including our novel
quinolones, have been shown to act as dual catalytic inhibitors of hTop 1 and hTop 2s. Thus,
catalytic inhibitors of multiple topoisomerases may become successful anticancer drugs.

PECULIARITIES OF BACTERIAL DNA
National University of Pharmacy
Biological Chemistry Department

JOUNBLAT AHMAD
Supervisor: PhD, ass.prof. KRASILNIKOVA Oksana

The DNA of most bacteria is contained in a single circular
molecule, called the bacterial chromosome. The chromosome,
along with several proteins and RNA molecules, forms an
irregularly shaped structure called the nucleoid. This sits in the
cytoplasm of the bacterial cell.

In addition to the chromosome, bacteria often contain plasmids — small circular DNA
molecules. Bacteria can pick up new plasmids from other bacterial cells (during conjugation) or
from the environment. They can also readily lose them — for instance, when a bacterium divides in
two, one of the daughter cells might miss out on getting a plasmid.

Every plasmid has its own «origin of replication» — a stretch of DNA that ensures it gets
replicated (copied) by the host bacterium. For this reason, plasmids can copy themselves
independently of the bacterial chromosome, so there can be many copies of a plasmid — even
hundreds — within one bacterial cell. The genome of E. coli (sequenced in 1997) is about 4 million
base pairs with about 3000 genes. These numbers are quite average for bacteria; i.e., most have a
genome size of several million base pairs containing a few thousand genes. For example, in a study
done here at Lehigh in the 1990's, we found that the pathogenic bacterium Clostridium difficile has
a genome size of 4.4 million base pairs. Thus, bacterial genomes are only about 0.1% as big as the
human genome, and have about 10% as many genes as we do.

A comparison of those two percentages shows immediately that in bacteria the «gene density»
(how many genes there are per unit length along the genome) is much higher than in humans. That
is, whereas a one million base pair length in us contains on average about 10 genes, one million
base pairs of bacterial DNA contains about 500 to 1000 genes. This much greater gene density is
due to a combination of factors: (1) bacterial genes have no introns, (2) the average number of
codons in bacterial genes is less than in human genes, (3) neighboring genes are very close together
throughout the genome; i.e., there are hardly any big regions of non-coding DNA between genes.

Genetic exchanges among bacteria occur by several mechanisms. In transformation, the
recipient bacterium takes up extracellular donor DNA. In transduction, donor DNA packaged in a
bacteriophage infects the recipient bacterium. In conjugation, the donor bacterium transfers DNA to
the recipient by mating. Recombination is the rearrangement of donor and recipient genomes to
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form new, hybrid genomes. Transposons are mobile DNA segments that move from place to place
within or between genomes.

Gene cloning is the incorporation of a foreign gene into a vector to produce a recombinant
DNA molecule that replicates and expresses the foreign gene in a recipient cell. Cloned genes are
detected by the phenotypes they determine or by specific nucleotide sequences that they contain.
Recombinant DNA and gene cloning are essential tools for research in molecular microbiology and
medicine. They have many medical applications, including development of new vaccines, biologics,
diagnostic tests, and therapeutic methods.

Recombination involves breakage and joining of parental DNA molecules to form hybrid,
recombinant molecules. Several distinct kinds of recombination have been identified that depend on
different features of the participating genomes and require the activities of different gene products.
Specific enzymes that act on DNA (for example, exonucleases, endonucleases, polymerases,
ligases) participate in recombination. Detailed discussion of the biochemical events in
recombination is beyond the scope of this chapter. Generalized recombination involves donor and
recipient DNA molecules that have homologous nucleotide sequences. Reciprocal exchanges can
occur between any homologous donor and recipient sites. In E. coli, the product of the recA gene is
essential for generalized recombination, but other gene products also participate.

DNA PACKAGING: NUCLEOSOMES AND
CHROMATIN
National University of Pharmacy
Biological Chemistry Department
JOHNSON ANGELLA ISOBEYE
Supervisor: PhD, prof. VORONINA Larisa

\ The haploid human genome contains approximately 3
| billion base pairs of DNA packaged into 23 chromosomes.
I Of course, most cells in the body (except for female ova and
male sperm) are diploid, with 23 pairs of chromosomes.

: “ That makes a total of 6 billion base pairs of DNA per cell.
Because each base pair is around 0.34 nanometers long (a nanometer is one-billionth of a meter),
each diploid cell therefore contains about 2 meters of DNA. Moreover, it is estimated that the
human body contains about 50 trillion cells — which works out to 100 trillion meters of DNA per
human. Now, consider the fact that the Sun is 150 billion meters from Earth. In eukaryotic cells the
genetic material is organized into a complex structure composed of DNA and proteins and localized
in a specialized compartment, the nucleus. This structure was called chromatin (from the Greek
«khroma» meaning coloured and «somax» meaning body). Close to two meters of DNA in each cell
must be assembled into a small nucleus of some mm in diameter.

The fundamental unit of chromatin, termed the nucleosome, is composed of DNA and histone
proteins. This structure provides the first level of compaction of DNA into the nucleus.
Nucleosomes are regularly spaced along the genome to form a nucleofilament which can adopt
higher levels of compaction, ultimately resulting in the highly condensed metaphase chromosome.
Chromatin has been divided into: euchromatin and heterochromatin. Heterochromatin was defined
as a structure that does not alter in its condensation throughout the cell cycle whereas euchromatin
is decondensed during interphase. Heterochromatin is localized principally on the periphery of the
nucleus and euchromatin in the interior of the nucleoplasm. The partial digestion of DNA
assembled into chromatin, generated fragments of 180-200 base pairs in length which were resolved
by electrophoretic migration. This regularity of chromatin structure was later confirmed by electron
microscope analysis that revealed chromatin as regularly spaced particles or «beads on a string».

The stoichiometry of DNA and histones in the nucleosome was found to be 1/1 based on their
mass. The nucleosome is the fundamental unit of chromatin. It is composed of: a core particle and a
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linker region (or internucleosomal region) that joins adjacent core particles. The core particle is
highly conserved between species and is composed of 146 base pairs of DNA wrapped 1.7 turns
around a protein octamer of two each of the core histones H3, H4, H2A and H2B.

The length of the linker region, however, varies between species and cell type. It is within this
region that the variable linker histones are incorporated. Therefore, the total length of DNA in the
nucleosome can vary with species from 160 to 241 base pairs. Analyses revealed, firstly, the
distortion of the DNA wound around the histone octamer and, secondly, that the histone/DNA and
histone/histone interactions through their "histone fold domain” formed a configuration remniscent
of a hand shake.

The core histones, H3, H4, H2A and H2B, are small, basic proteins highly conserved in
evolution. The most conserved region of these histones is their central domain structurally
composed of the «histone fold domainx» consisting of three a-helicies separated by two loop regions.
In contrast, the N-terminal tails of each core histone is more variable and unstructured. The tails are
particularily rich in lysine and arginine residues making them extremely basic. This region is the
site of numerous post-translational modifications that are proposed to modify its charge and thereby
alter DNA accessibility and protein/protein interactions with the nucleosome.

The assembly of DNA into chromatin involves a range of events, beginning with the
formation of the basic unit, the nucleosome, and ultimately giving rise to a complex organization of
specific domains within the nucleus. Finally, further successive folding events lead to a high level
of organization and specific domains in the nucleus.

MUTATIONS:
BENEFICIAL AND HARMFUL EFFECTS
National university of pharmacy
Biological chemistry department
CHAKINDO LUSEKO JOHN
Supervisor: PhD, ass.prof. KRASILNIKOVA Oksana

A mutation is a change or alteration happens in a DNA,

gene, or chromosome due to intrinsic or extrinsic factors such as
@ an error in replication or exposure to UV light, respectively.
The mutation is an important biological process in nature. It
can be helpful or harmful. For instance, the mutation creates variations in nature by providing new
alleles and hence helps in evolution. On the other side, a sudden or undesirable mutation can cause
cancer and other harmful genetic disorders.

The term «mutation» was coined by Hugo De Vries in 1890. However, before him, Seth
Wright, an English farmer, noticed mutation for the first time in his unusual short-legs male lambs
during 1791. He fails to define the process.

The smallest mutations are point mutations, in which only a single base pair is changed into
another base pair. Yet another type of mutation is the nonsynonymous mutation, in which an amino
acid sequence is changed. Such mutations lead to either the production of a different protein or the
premature termination of a protein. The genetic mutations are usually categorized broadly into two
categories - gene mutations and chromosomal mutations. Gene mutation: mutation or series of
mutations occur in the polynucleotide sequence of a gene that changes the function of it is referred
to as gene mutations.

A single mutation can have a large effect, but in many cases, evolutionary change is based on
the accumulation of many mutations with small effects. Mutational effects can be beneficial,
harmful, or neutral, depending on their context or location. Most non-neutral mutations are
deleterious. In general, the more base pairs that are affected by a mutation, the larger the effect of
the mutation, and the larger the mutation's probability of being deleterious. The majority of
mutations have neither negative nor positive effects on the organism in which they occur. These
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mutations are called neutral mutations. Examples include silent point mutations. They are neutral
because they do not change the amino acids in the proteins they encode. Some mutations have a
positive effect on the organism in which they occur. They are called beneficial mutations. They lead
to new versions of proteins that help organisms adapt to changes in their environment. Beneficial
mutations are essential for evolution to occur. They increase an organism’s changes of surviving or
reproducing, so they are likely to become more common over time.

Mutations are essential for evolution to occur because they increase genetic variation and the
potential for individuals to differ. The majority of mutations are neutral in their effects on the
organisms in which they occur. Beneficial mutations may become more common through natural
selection. Harmful mutations may cause genetic disorders or cancer.
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IIKABI ®AKTH IIPO JHK

Ilpupooa «niocomyeana» 0na Hac 0Oe3niu yikasux i HecnoOi6aHuUx GIOKpuUmMmie, AKi
cmaiwomsb 6i0omi 3a80aku 3ycunnam edenux. /JTHK nwounu - ye yHikanvHuii 2eHemuuHuil Koo,
AKUN npuxo8ye y cobi oOe3niu cekpemie i maemuuyv.? Mu 3iopanu 0na eac HaudiILW
3axonntroroui i yikaei pakmu npo /IHK, aki 00600amo, uwjo cenemuxa - ye ne Hyono!

JIHK moqunm 1 kamyctu 30iraetscs Ha 50%. [Ipasaa, JJHK
JIIONWHMA 1 OaHaHa 30iracThest mie Oinblue - Maibke Ha 60%. Mu
Oinpie OaHaH, HiX Kamycra!

Bama ctpykrypa JHK Ha 99% 306iraerbcs 31 CTPYKTYpOIO
Oynp-skoi 1Hmoi JroauHu Ha 3emuti. Bcee posmaitrts mronei,
BKJIIOYAIOUM 30BHIIIHICT 1 XapaKTep - YKJIAAAE€THCS BCHOTO B OJIUH
BIJICOTOK 3MiH!

Slkmio poscraButy Bei Monekyian IHK y Bamomy oprani3mi ofHa /0 iHIIOL, TO AOBXKHHA
IIOTO JIAHITIOXKKA Oy/ie sk BigcTanb Bix 3emii 1o CoHIpst - momHoxene Ha 600!

JIHK nutvHm 1 #ioro Oarbka 30iraerbcsi Ha 99.5
BIJICOTKIB.

Bamra JIHK i JJHK mumman3e 306iraetbcss Ha 98%.
3naetncs, Teopist JapBiHa He mo30aBIieHa MiACTaBH?

Sxmo Bu Oynere IpyKyBaTH HAa KOMITTOTEpi o 60 ciiB
3a XBWIMHY BIiCIM TOJMH, TO BaM 3HAIOOUTHCS «BChOro» S50
poKiB, mo0 TOBHICTIO HaOpaTH CKJIaJ Balioro TEHOMY.
BinMiHHU cIOCIO BUTPATUTH JKUTTS, UM HE Tak?

Y JIHK 3akonoBana Bcsi iHGopMalis Mpo KUBUKA opradizM. s 1IbOro BUKOPUCTOBYETHCS
JIUIIE YOTUPH OYAIBEIbHI «IIETITUHKNY: HYKJICOTUIU a/ICHIH, TYaH1H, TUMIH 1 IIMTO3HH.

VYV KemOpumxi 3'sicyBanu, mo cepen ycix 0e3xpeOeTHuX, HaOMMK4ui poaud JIIOJUHU -
JIOIIOBUH uepB'ak. Y Hac HabaraTo OUIbIIE CHUIBHOTO 3 I[I€F0 KOPHCHOIO 1CTOTOI0, HIXK 3 MAaBYKOM
a6o tapranom. Ilo x, € yomy pamitu!

JIHK BiakpuB mBeinapcbkuil OioximMik  Ppigpix
Mimep y1869-my poui. sikuif BUSBUB MOJIEKYIYy B SIpax
OuTux KITUH KpoBi y 1869 poui 1 Ha3BaB ii HYKJIETHOM.
OpHakK HIXTO TOJKOM HE MII 3pO3yMITH, IO L€ 3a JaHLIOT 1
Kpako3sa0pu Taki - ax 10 1943-ro poky. | Maiixke cTo pokiB
BUCHI BBaKQIM, M0 TeHETHYHA iH(oOpMAIls MICTUTHCS
0e31mocepeIHbO y MPOTEeTHAX.

JIHK - nye Benuka i TOMy JAy’K€ 4yTTEBA MOJIEKYIIa.
Koxxen neHp BifOyBaeThcs Oinbllle THCAY AiH, depe3 sKi
BOHA «JIaMaeThCs» 1 mae 301i. Lle BimOyBaeThCs SIK yepe3 30BHINIHIO JIi10, HAMPUKIIAJ, CTPECY, TaK 1
3-32 BIUIMBIB, HAaJ SKUMH MM HE BIQJHI - HaNpHUKIAd, MOJEKYJIy MOXe TMOIIKOAUTH
ynbTpadioneroBe BumnpomintoBanHsi. JHK «iikye cama cebey», ame Jeski TMONIKOIKEHHS
3aJUIIAI0THCS HA3aBXK/IU 1 IEPEeTBOPIOIOTHCS y MyTalii. YacTuHa MyTalliii HEeIIKiATuBa, a YaCTHHA
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MOXK€ CIPOBOKYBAaTH HeOE3IMe4Hi 3aXBOPIOBaHHA. BueHi
po3pobunu cuctemy penaryBanHsi reHomy - CRISPR. 3a ii
JIOTIOMOTY BYEHI IUIaHYIOTh HaBuuTHCS npubuparu 3 JIHK
WIKIUIUBl MyTamii, mo0 MH MOTiau 3a0yTH MpPO TEeHETUYHi
XBOPOOH 1 CHIAIKOBUX IIPOOIEMH.

Hanpukinni 2013 poky OyB po3poOieHHI MPOEKT
y mojao 30epiraHHs Yy MeETaJiuyHUX KOHTEHWHepax Ha JHi
| Mapciancekoi Bmamunm 3paskis JIHK mrogmeii, TBapur Ta
~ POCIIHH.

Jocnimxenns nokaszanu, mo nepiog HaniBposnaay JAHK cknanae 521 pik ta 1oBoauTh, 110
crapi 3pasku JIHK ans kinoHyBaHHS MOBMHHI OyTH He cTapuie 2 MUTbHOHIB pokiB. Lle Bukimodae
MOXIMBICTh KJIIOHYBaHHSI JUHO3aBpiB, TaK SK cami Ii3HI NMPEICTaBHUKU IUX PENTHIIIA BUMEPIIH

noHaz 65 MiTBHOHIB POKIB MMOCTIJIb. ‘- RV T
Yci moam MaroTh ojHaKoBY Ha 99.9% crpykrypy JJHK Ta \ ‘

ocranHboi 0.01% nocraTHbo, 11100 CTBOPUTH Pi3HI MOCIIIOBHOCTI = <

JTHK.

bins 8% JIHK nroguHuM CKIamaeThcsi 3 CTapoAaBHIX
BIPYCIB, SIKUMH OyJM 1H()IKOBaHI1 JIFOIH.

Sxmo y moauHu Oyia nepecaaka KiCTKOBOTO MO3Ky, Horo kpoB moxe maru JIHK nonopa,
aile y ¥ioro ciuHi Ta y Bojocci Oynme Biacra JIHK. Ile Moke BHKIHMKATH MOMUWJIKOBI JaHi MPU
anamizi JJHK.

VY 2004 poui reanrtiBHuK 06iimoB tect 3 JHK nusxom
iMIutanTanii TpyOKH, 3alOBHEHOI 4Y)KOI0 KPOB’I0, 1 THM CaMUM
BBIB B OMaHy J1a00opaHTa MpH B3ATTI IpoOU KPOBI AJIS aHATI3Y.

[Tpu excnepumeHTi , sikuii OyB mposeneHuil y I'apapi,
Branocs 30epertu 700 Tepabaiit nanux B ogHOoMy rpami JTHK.

! ['pyna BueHmx mepenmcana micHO «llefi MajleHbKHiA CBIT

e § e micas ycix» no JJHK Gaxrepiid, ski cTiiiki 70 pamiamii, Tak 10 y
BUMNAJAKY fAJepHOi KaTacTpodu, MH 3MOIJIM IepeaaTH
MOBIJOMJICHHS 111 JKUTTS Y MallOyTHBOMY.

[

Ha op6iti 3emii, Ha 60pTy MiXKHapOTHOT KOCMIYHOT
CTaHILIi iCHye 3amaM’STOBYIOUHMN NPUCTPIH, SIKUM MICTUTbH
JJHK CriBena Xoriara, CriBera Konbepra, Jlenca
ApMcTpoHTa Ta iHmMX BuAatHux mojeil. [lpuctpiit mae
Ha3BY «be3CMepTHUIN JUCK.

[Tonan 80 MiTBIIOHIB POKIB ICHYIOTH MIKPOCKOITIYHI
BO/IHI iICTOTH BHKITFOUHO iHOYOI cTati — konoBpatku kiacy Bdelloid. Bonu kpanyrs JJHK iHmmx
OpraHi3MiB 337151 TOTJIMHAHHS HOBUX PHC.

SAxmro posmryratn JIHK ycix KITHH Hamoro opraHizmy, To HATKa Oyne csarata Ha 10 000
000 000 mub Bix 3emmi go [lnyToHa 1 Ha3amd.
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[Tpubm3uo 2 rpamu JIHK 3matHe BmicTuTH
ycto iH(popMariiro y cBiti y uuppoBomy Gpopmari.

Icuyrots Monekynsipai nonepennuku JHK y
LEHTpP1 HALIOI TaJakTUKK YyMalbKoro musxy.

JHK y xoxHIA KITHHI Maibke 2 MeTpu Yy

JOBKHHY, aje BOHA 3aKpydyeHa Ta 3aliMae y KIITHHI
noBxxuHy He Oinbie Hixk 0.009 mwm.

3a OCTaHHIMH  JaHUMH, JIFOJCHKMH  OpraHi3m
CKIamaeTbess 3 37,2 TpAH KMTHH. BigmoBigHO y IhOMY
BUIIQJIKy Hall  YSBHUN MOJEKYJISPHUN JIAHLIOI JIOCSTHE
MIPUTOJIOMITUIMBOI JIOBXUHHU - 74 MipA KijlomeTpiB. Taky
BEJIMUMHY YSBHTH HA0araTo CKJIAJIHIIIE, HK BUIIE3raIaHi 1Ba ;
METpH, a/pKe 1€ BIJICTaHb JiiicHO Benuue3Ha. Tak, Hampukiaj, BiicTanp Bin 3emii 1o Mapca, y
cepeHboMy, nocsirae 225 muH kM. Omke, m00 TOMOJAaTH BiJACTaHb, MPUOJM3HO PIBHE JIAHIIOTY
modnekyn JIHK mronunn, motpiOHo 3aikicHUTH OMiT «3emis - Mapc - 3emiisi» 164 pasu.

Pocnuna Bopounsiue oko (nat. Péris) nerko o0xeHne Oyab-siKoro
3 HAC 3a KUIBKICTIO HYKICOTHMIB. SIKIIO «MIpSATHCS» TapaMu
HYKJICOTUIB 3 JIFOJUHOIO, TO BUXOAUTH JOCUTh Bpa)karoda Pi3HUL:
150 wmimpsipmiB 1 2,9 wminmespma map HyKI€OTHIIB. bimemr Toro,
BUIIEPE/IMBIIYU HE TIJILKU JIOJUHY, a i 1HIII «CTBOPEHHS» I[LOTO CBITY,
BOPOHSYE OKO JOBIHM Yac OyB JiJIEPOM Yy CIHCKY POCIUHHHX
PEKOPJICMEHIB 32 PO3MIPOM T'€HOMY
(KOMILTEKC CHAJKOBOTO Marepiaiy,
VKJIaJIGHOTO B KJIITUHI OpraHizmy) -
, ‘ 132,5 mr. OpgHak 3a KUIBKICTIO
HYKJICOTUAIB HAc «OOirHaiM» He TUIBKM pOCIUHM, a M
MiKPOCKOIIUHI OJHOKIITUHHI HaiimpocTimi - ame6u. Ix JIHK
Habarato MacuBHimie. Tak, Hampukiaa, TeHOM ameOu Amoeba
dubia cknagaerbes 3 690 mupa nap HyKJICOTUIIB.

Mu cTBOpeHI HalIMMK reHamu. MH, JKUBI ICTOTH, ICHYeEMO, 100 30€perTH iX, 1 CIYKUMO JIUILE
MallliHaMH, 110 3a0e3MeuytoTh X BIKUBaHHS. CBIT €roiCTUYHOIO T'eHy - 1€ CBIT ’KOPCTOKOI KOHKYPEHIII,
Oe3xKanbHOI eKkcIuTyaralii Ta ooMaHy. Hy a sk ke akTu anbTpyizMy, SIKI CIIOCTEPIratoThCs Y TPUPO/II:
O/KOIH, SIKI BUMHSIIOTH CAaMOTYOCTBO, KOJIM BOHH >KaJISITh BOPOr'a, 00 3aXUCTUTH BYIIUK, a00 MTUIL, 110
PHU3BHKYIOTB JKUTTSIM, 11100 MONEPEUTH 3rparo Mpo HaOMKeHHS sacTpyoa? Un
CyNepeunTh 11e (PyHIaMEHTAILHOMY 3aKOHY Mpo eroicthdHocti reHa? Hi B
akoMy pasi! Buenuii JIoKiH3 OBOJIUTH, 11O €rOICTUYHUM T'eH - 1€ e U
xutpuii reH. | BiH miekae Hamito, mo Bua Homo sapiens - enuHuit Ha BCiit
3eMHIl KyJl - B CHjIaX 30yHTYBaTHCS IPOTH HAMIPIB €FOICTUYHOTO TEHY.

Bueni no6pe nocaimxysanu OynoBy kiitud 1 JIHK, Tomy naBHo
XO4YyTh 3pOOUTH HAYKOBHM IMPOpHUB JIIOACTBA: 3a JOMNOMOTOIO PI3HUX
TeHeTUYHUX KOJIB KIOHYyBaTH IOAMHY. OIHAK 1€ CTaHe BEIUKOIO
KaTacTpo(oro 3 TOUKH 30pYy pENiriiiHUX, €eTHYHUX, €CTETUYHUX, HAYKOBHUX 1 MEAMYHUX HOTJISIIB.
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JluBHO, omHak OaraTo BYeHHX, ski mochimkyors JHK, mouamm
Biputu y bora. Tak, Hanpuknazn, mnupexkrop mnpoekty «['enomy JlroguHu»
@pencic C. Kommin3 3asBuB, mo iHdopmarmis, sika BOymoBana y JIHK, ROKA3ATENBCTBO

JIOBOJIUTH ICHYBaHHS bora. B o2d

Apzymenmuot

yueHnozo

Bu Mmoxere mi3HaTHCS WMOBIPHICTh BHHUKHCHHS 3aXBOPIOBaHb, a
TaKOXK CXI/IHBHiCTB Balllnx I[iTeﬁ A0 NCBHUX 3aXBOPIOBAHb, BUKOPHUCTOBYIOYH
meroau JJHK-ananizy.

Y CIIA i BenukoOpuranii € 6a3a manux JIHK Bcix 3acymkeHUX
3JIOYMHIIIB.

Mu BCi 4yaM TpO TECTH HA BCTAHOBJIGHHS OAThKIBCTBA, SIKi
MIATBEPIKYIOTh B3a€EMO3B'SI30K MK JUTHHOKO 1 MOTO MOTEHIIIMHUM
0aThkOM a00 X TPO Te, SK 3JIOUMHIL MOXHA 1IeHTU(IKYBaTH 3a
nornomoroto anamizy JIHK (sximio cmigyi BUSIBUIIM KpOB, criepMy abo
BOJIOCCS Ha Micli 3704mMHy), mporte TectyBaHHs JIHK Takox
BUKOPHCTOBYETHCS UISl MEPEBIPKH JOCTOBIPHOCTI TaKUX MPOIYKTIB,
K 1Kpa i MapOYHE BHHO.

JIHK BHKOPHUCTOBYETHCS B CYJIOBY €KCIIEPTHU3Y y cdepi
MPUPOJIO3HABCTBA I 1ICHTH(IKAIl BUMUPAIOYUX BHIIB 1
JIO/ICH, SIKi TIOJTIOFOTh Ha HUX (OpaKOHBEPIB).

Y cynmoBo-memuuHiii ekcneptusi JIHK-anani3, sk
NPaBUJIO, BKIIOYAE B ceOe PO3TJIs TPUHAMIATH CrienuiyHIX
mapkepiB JHK (cermentiB JIHK). IMOBipHiCTB TOTO, IO Y ABOX
moneit 6yne toit ke JJHK-mpodine 3 Tpunaausatu mapkepis,
JOPIBHIOE TIPUOJTM3HO OJJHOMY BUIIAIKY HA MUTBSIP/.

Tectu ITHK MOXyTh 1O0MIOMOITH BaM 3pO3YMITH SIKUI
y Bac PpHU3UMK BUHUKHEHHS II€BHOIO  3aXBOPIOBAHHS.
Hampuknan, wmyramii JJHK abo ii 3miHM MoOXyTh OyTn
NOB'A3aHI 3  MIABUILEHUM  PHU3UKOM  PO3BUTKY  psay
3aXBOPIOBaHb, Y TOMY YHCIII PAKy MOJIOYHOI 3aJI03H.

Ha JHK BmimBaroTh 30BHIIIHI — €KOJOTIYHI
YUHHUKH, K1 MOXXYTh BMHMKAaTH 1 BUMHUKaTH reHu. Lle y
3HAYHIA CTYNEH1 MOSICHIOE T, YOMY, HaNpuKIal, Yy
JesIKUX Jrojed OuIblll TeMHa IIKipa 1 OuIbIl pSICHUMN
BOJIOCSIHUM MOKPOB TiJIa, HIK Y 1HIIUX.

bararo peueil MOKyTh BUKJIMKATH MyTallii, y TOMY
qucii yneTpadioneroBe BUNpoMiHIOBaHHS BiJ COHI, Taki
XIMIYHI pEYOBHHH, SIK HAPKOTUKH 1 6araro 1HILIOrO.
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V kionoBanoi BiBmi Jlomti Oyna ta x saepra JIHK, oo 1 y 1i
Matepi-oHopa, aiue ii mitoxonapiansaa JIHK 30iranacs 3 IHK Tiei
Matepi, 3 yhel SHIEKTITUHY 11 BUBEIIH.

Mitoxouapianena  JJHK  (mtIHK) 3Haxomutbes y
MITOXOHJIPISX 1 TMEPEAa€TbCsl TUIBKH Bij
MaTepi AUTUHI, TOMY IO MITOXOHJIPii MICTATHCS TIJIbKU B SHICKIIITUHAX, Y
CIIEpMATO30171ax iX HEMAE.

JHK BinbutkiB mansiiB € Habopom wmapkepiB HHK, sxuit €
YVHIKQJIBHUM JIJIs1 KOYKHOT JIFOAMHH, KPIM OJHOSUIIEBUX OJIM3HIOKIB, TaK SIK
OJIHOSIAIIEB] OJIM3HIOKU MarOTh OAHAaKOBI reHy Ha 100 BiICOTKIB.

Yorcon 1 Kpuk Ttakoxx He Bimkpwin OynoBy namoi JIHK. ILle
3poouB Oakrtepionor OcBanba EBepi (Oswald Avery) i1 ioro kosiern Ha
noyatky 1940-x pokiB. Hacnipasai Yorcon 1 Kpuk Tinmpku posmmmdpysainu
CTpyKTypy noasiitHoi cripani JJHK y 1953 porti.
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JHK Y JUITEPATYPHOMY KAHPI

BAJAJIA THK - IE3OKCUPUBOHYKJIEIHOBOI KUCJIOTH

N
. =

-~

(Upav)

TaeMHHIII CTIATKOEMHOCTI - Kap-TITUIl TIEPEIT...

A TIPOTOHM 1 HEUTPOHM TEK B CBOil OpOITI?
«EBpuKkaly - Kpu4amu BxKe 3 IeCATOK JIIT
®pencic Kpuk 1 [[xeitmc YoTcoH -
nBa KoxymOu B MiKpOCBITI.
Taemuwuio cnagkoemaocti - JI H K -
Po3mmdpoBano Mosiekyny - CBiTaHHS
B 0iosorii. JIroguua Bxe 3BHUKa
Busnauaru cnagkoeMHicts. Hamaranus
3anporpaMmyBaTH KpeclieHHs Oinkal
HITy4Hi oprani3mMu yepe3 AecsATh JiT!
biosorist pakeTHO BHpBasiach B MOJIT.
di3uka 3axekanack. B cBiTi THIIUHA.

I >xap-niTULs - TAEMHUIS - B TEMPSIBI 3pHHA...

(DT

WHAT’S UP WITH DNA?
DNA is built to divide.

e Tt passes its code, it’s designed to survive.

~You get half from your mother
\ and half from your father;

]

with DNA we receive the tools to be alive.

« DIQA is made of two antiparallel strands.
Base-pairs join them like two lightly clasped hands.

The expression of a gene can influence
how you handle the milk of a Holstein.
Lactose intolerance could make you

i change your dessert plans.
DNA can predict the color of your hair.
- DNA can influence whether you sneeze
when you see the sun’s glare.
Through science and sharing
all of our DNA comparing.

- ; We can learn more about ourselves
") and become aware!

DDTN

ANEW EVOLUTIONARY TRANSCRIPTION
(Anthony lvar Colorito)

,Jz’ . Segments coded

‘ 1 Permeate air
Clandestine stormy missives
/ Not even alive
Threaten all DNA
An evolutionary transcription
Turned on its head

DTS

DNA

HE SECRET OF LIFI

ASSEEN ON CHANNEL FOUF

THE
LANGUAGE
OF LIFE

DNA AND THE REVOLUTION
IN PERSONALIZED MEDICINE

Francis S. Collins

es Bestseller




FLUCTUATIONS
(David L. Hatton)

I It matters little if you plant
. my dust into the ground,
g or whether, in the form of ash,

A H l< you scatter me around.

CTOPIS
FEHETMYECKOM The molecules that | called home
PEBOAIOLLAM just seven years ago,

5 e . have been replaced by what | ate
il I rm and tossed by kidney flow....
\ : /r) ’JM
\ My double-helix DNA
BEAMKAS KHUTA - - -
" pz  OTYEAOBEKA OTKPHIBLIETO has kept itself in line,
z CTPYKTYPY MOAEKYABI AHK

but atoms briefly dancing there
can never be called mine.

So, grind me down or burn me up -
you cannot rearrange

the true me in the afterlife! T A K | 7

My DNA won't change!

MOXOAXKEHHSA AKC AviHU

; Kpi3b Npmamy AHK

SOULOFDNA
(David L. Hatton)

A Guide to Our DNA’s in numbers
Forensic DNA that play a living game,
Profiling and when at death it slumbers,
its pattern stays the same.

Our formula’s arrangement,
from which our bodies grow,
endures without estrangement,
as eons come and go.

For DNA is never
its changing molecules,
held captured under clever
well-orchestrated rules.

These fluctuate their stations
but echo order well
in nuclear locations
throughout each sister cell.

[HK — HE NPYrOBOP

N

rEHAMA
b MEXTY BAW Y BALMMA
53 it

crusaps o LA — HE TP OBOP

Though scientists can measure

its print molecular, X

our DNA’s a treasure s
beyond spectacular. o
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In concept, it’s eternal -
when frame seems lost and gone,
&\ our souls retain the kernel
our selves were built upon.

/ While disintegrating matter
INAMATU . 4 may sleep in lethal nap,
OHK \ . our double-helix ladder
LTI lives on within its map!

KOHTPOAL HaA eBOMOIEI0 -

—— Identity’s connection -

in body, spirit, soul -
J regroup in resurrection; OUNAK Y40NPA
persists unique and whole. e
Awaiting that restoring, .
our feelings, will and mind e |
may likely be exploring, . !
celestial facts to find. o oS

Don’t scorn this claim poetic v k“i‘,.:,u-".:
as song of jazzy jive, e

a wishful dream prophetic \
for hoping we survive. CYNEPTEHDI

HA 4YTO CNOCOBHA TBOSA AHK?

Reject that skeptic fable
YR that says we’re matter’s slave!

N Don’t doubt this double cable
5 %{_(((Q will stretch beyond the grave!

blueprint ed

} DNA makes us GENDER
now 'x makes us (David L. Hatton)
who we are

XX or XY:
DNA will never lie!
ROBERT PLOMIN But the fickle brain can form
Fibs that fight against the norm.

XY or XX:
The Creator’s will for sex!
«Male and female» was His plan.
«She is womany, said the man.

XX or XY:
Let the hardware not defy
How the Maker meant to wed
Couples in the marriage bed.

XY or XX
Forms the union God expects,
Procreates the human race
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V"2

Bex Jnny

AOKTOp Me ALK BHOAOE,
‘CORUNBTNCT B OGRBCTH TeWABIX ZHOMARH

[PA3HbIE
[EHbI

18 BALUER [HK:
010 HACEACTBEHHOCT

Hecca Kapu
MYCOPHAS THK

[yTewmecrsye B TeMHYIO
MaTepuIo reHoOMa

By the conjugal embrace.

XX or XY:
Human babies hear the cry,
«It’s a girl!» or «It’s a boy!»
From parental shouts of joy!

XY or XX:
Louder than the birth defects!
Longer than a mismatched feel
God can touch to soothe or heal.

XX or XY:
On anatomy rely!
Camasn rnaBHas
Body language makes the case
. MoneKyna
Rhetoric cannot erase. G oo A Copmaradpas Y s
Zjﬁ m MZ [ MAKCUM ®PAHK-KAMEHELLKUU
CELLS

(David L. Hatton)

I think no tongue or pen can tell
The riddles latent in a cell,
Whose gems precisely intertwine
To boast such intricate design.
Protected by a membrane thin,
To keep its treasures safe within,
This city filled with factories
Produces life’s complexities.
While superstitious books advance
That DNA evolved by chance,
Each ribosome and organelle
Declares a Mind behind the cell.

DT

IMMORTAL COILS

Immortal coils of DNA,
Polymerization macros;

Monomers like soldiers standing, @ ' ® o
Strumpet biochemical ho’s. ° @ ".'
p@O® heramiyTee
A, T, C, G, yes, we can see . Guide to

Hydrogen bonds by base pairing,
Clever little nucleotide
Has two dresses that it’s wearing.

)* DNA Testing
and Genetic
Genealogy

Non-coded protein sequences, )@ 0oe_000,
Anti-parallel cloud storage ’
Long before Microsoft et al,

Ergodic theory — no cleavage.

-0d
000" 04 g
00 0¢ g0,

etting
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Proteins, carbs and acids make life,
Gym junkies pre-workout mixture;
All this to make Kardashians
The new scientific fixture.

DD

Mup cerogss ormedaer
Jenn Bcemupubiit JTHK! My First Book

Kinerkam BceM CBOMM IJIOXUM abodt
l" E H n ]'[ A H Tr1 ckaxu: «Iloka!»
o Hwu o0 uem ceituac He napbces,
M e B ’HN3HU YCTh KMBET JF0O0Bb.
UT0oOBI YMCTOH ¥ HACKHIIIEHHOM
bruia TBOSI KpOBB!
Panoctu Tebe B cynpoe
U xopoiero Bcero.
JIHK nycts OyneT kiaccHOH,

POBEPT TMJIOMIH Benp )xuBeM MBI 11 TOTO!
DA

B nens JIHK Tebe xenato
[ToTomcTBa 310pOBOTO,
Urto0sl K xku3HU 0e3 Oosie3Hen
OnHo ObLI0 TOTOBOE.
TeGe pamoctu B cynnbe
U x Bpayam He oOparnaThcs,
U ¢ xopommmu J1r016Mu
[Touare obmatecs.
Buners mup tebe xenaro
SIpKUM U IPENECTHBIM,
BremHocTH Tebe xenaro
OcnenuTenbHO UynecHOU!

DD

3
Q
g
Y
-
3
E
i
C

I"EHH% Hoters nepani
Puuapn Pana
= KJIOYU
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Baxnee nery J{HK,
Benn BceM 3Ta xuciora

YeTKo KU3Hb ONPENEIseT,
WHO WE ARE

AND HOW WE Caenennii psa cCoOXxpaHser.
GOT HERE I'en. uapopmMammio oHa
ANCIENT [lepenaet Bceraa croHa.

DNA AND THE
NEW SCIENCE MakpOoMOIIEeKyI1y Thl YTH,
OF THE Bcecroponne uzyun.
HUMAN PAST [Tyctp nyuiiee nepegaercs,
DAVID I110X0€ U3 Hee COTPETCs,
REICH
XKuznp Obu1a 9T00 XOpoIa.
[Tozapasnsto ¢ Jnem JTHK!

DA

JHK Ttakas mryka,
Yto ee HaM HE TOHST.
MHoro JeT enie HayKa

Ee Oyner uzyuars!

ITo HacnencTBy OT poaMTENEi
Hawm nepenaercs,

B opranusme yenoseka
Ei#i xoporiio xuBercs.
Uro6 xopomeit JTHK
V tebs ObLI0 HEMAJIO,

YtoOnbI TEII0 OT OOJIC3HEH

TBoe He cTpanano!

DD

Ilens coBceM yx He IpPOCTa,
Ho rakas mryka,
Kaxnpiii pa3 Bineyér Tebs
JIHK-nayka.
[ToTomy Tebs ceituac
ITo3apaBnsaTh cenry Ha pas.
U nenouku pa3o0pars,

W cpaBHUTH, U yKa3aTh.
[Tpa3gnuk JIHK Benuk,
He onmmer ero ctux.
IToxenaro BHOXHOBEHBS
s cy)KneHui U Ipo3peHbs.

DA

st 11060T0 B 9TOM MUPE CYIIECTBA,
3anoxeH TouHblil koA Beenenckuii JIHK.
Pa3BepHyTHIii aHaTN3 KPOBU — HEOOBIYHAS TIOCPEICTBEHHOCTD,

Nudopmanuro naét, kakas B HUX HACJIEICTBEHHOCTbD.

VYenenrHo 310 1718 00BIX 00BEKTOB TPUMEHSIETCS

U takxe Ha oTioBcTBO TecT oT JIHK onpenensiercs.
Nznavansno xoa PO/IctBa Beenenckuii 3ammdpoBan

U xakepamu 0T KOMIIOB ellI& HUKAaK He OLU(pPOBaH.
UYennoBeuecTBOM, KTO B ’TOM MHPE XOUYET YIPABIATH,

Bcecemu cuitamu ctpeMaATcs 3Ty TailHy pasrajan.
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Torga y HUX MOSIBUTCA BO3MOKHOCTD MTPUKAa3bl OT/AABATh,
[Iponykram n3MeHHUB 00EpTKY U Ha3BaHHE,
BuymuTe qoctyrnHee 3To 4eI0BeKY IpU MUTaHUH.
[TponykroB 'MO, no6aBox b O mMHOTO pa3Benoch
N oObsicHeHUE «TIOJIC3HOCTHY TOMY BCEMY HAIIIOCh.
Bonpeku xenanusm mronackoe JJHK He uaMeHUTS,
Ho x TakuM NOMbBITKaM MOXHO JIOCTYII MPEKPATUTb.
i . ‘ i B34aT1b 3a npaBuIo, 4TO HAAO HATYPATBHBIMU ITPOYKTaMHU IMUTATHCS
— | W pacTuTenbHOO NUIIEH Yalie HacaaXaaThCsl.
I I I I I | Hano6nocts B no6aBkax bMO cpasy ornaaér,
LR AN Coanancupyet OI0/DKET M 037J0POBUT BECh HAPO/I.
A BoobOme-to JIHK — Becenenckoe nocimanue,
UYenoBeuecTBa TalaHTOB CBBIILIE MTPEACKA3AHMUS.
OHu nyckaii He cpa3y ke MOSABSATCS, HO BCE paBHO CO BPEMEHEM IIPOSABSITCS.
PackpsiTs renomsl /IHK y4é€nsble nbirarores,
Bcé no cytu ¢ codnroaenust Beenenckoro Kanona Haunnaercs.
A 32 3TUM BCE NpUAET — BEJIMKON TallHbl IOHUMAaHUE U C HEI0 CAMOOCO3HAHHUE.

OJA K JHK
Hesnakomuwuit Ilpoxoxcuii

IIpocHyBIIMCE YTPOM, 5 3aHSI CBOM pazyM
BHe3anHo# MbICHBIO: TTOYEMY 51 HE OJIOHIUH?
Ku 6e33a00THO | TYIIsiT ObI HE OJJH
Bot He Morim MeHst poiuTh KpacaBlieM cpasy?!
OF ..

= 51 moHsi1, yTO BCE 3TO HECTIPOCTa
8 § Bonpoc 3agan npysske Banentuny
Ero orBer:»3anuceiBacT )KU3HU AyTUHY
Stk St s JE30KCHUPUBOHYKIIEMHOBAS xucnotal!!!»

Featuring Three World
Famous Authors Tam 1uTO3MH CTpEeMUTCS K ryaHuHy!!!

ﬁ %\ @ Kak Be4HbII1 KpUK AyIIN yXOJQUT B Hebeca. ..
o W Sl U Ha HEBUIMMOM CETH CIIOBHO poca,
TUMHH TUTIOC a/IeHUH KaK TATa K KOKauHy!

braotboogyofpowerfdprinciples andtorics o
success that will enconrage, instruct and inspire! %1 HpOI/ICXOHI/IT CHUHTE3 PHK

Ha nieroukax, po>x1I€HHBIX B OYpPHOI CTPacTH:
Benp aTUM OCHOBaHUSAM HAYEPTAHO HECTHU

He3p161eMocTh HyKI€0THIOB, X BEHKa! THE
Ho HeBo3MOkHO 000pBaTh KOHCTAHTHOCTH 3TY! |  LIFE
HyxneoTuasl BEpHbI, IOCTOSIHHO PHLKHUN Thl! OF
Kpenku Mex HUMU BOAOPOJHBIE MOCTHI. .. DNA
BoT TonbKO. .. MyTareH cnoco0eH U3MEHUTh IIJIAHETY. RACE, REPARATIONS,

AND RECONCILIATION
AFTER THE GENOME

OH OYCHb IMaZI0K MMOUTrpaTb C TCHOMOM
Alondra Nelson

U Oe33ammmren OenHEBIN aleHNH. ..
Tyt TBI HE TO, YTO Oy/EMIH KaK OJOHINH T
EcTh cUIBHBIN NIAHC CTATh MEJIKUM THOMOM...
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Kopens, komenb, Kopa, KpoHa, KOPOHA.
JlepeBo >XU3HU, HAM JIK 3HAKOMO?

Vo MBI 11 OTBILIEM OHATHE 3J1a7 The
OpuHaKkoBble unu pasHbie?
o " Wnu noGpa, ko cm‘)?eﬁ, paciserna. CRI SPR
nnocTpau Mapw Enens Sansses pacuBsena i 1t Hac? MBI HE 3HaeM. .. .
MoskeT NOoHSITHE 3J1a OTEPSEM. Gener ation
The Story of the World's First
Beunoctn B3IJIAHYJIA B IJia3a U, pacTasail Gene-Edited Babies

Jlonouku cnen, He Touu. He Tepsiem
Cunel MBI TyXa, B TIOOBU MTpeObIBacM,
Komu cBsa3b ¢ PooMm B cebe coxpaHsieM.
Koxaw Hame ngemno - gen bora Hagao.
Hy u xoHen, kosb cBeYa 3aapoxaina.

B no3nanuu HOBOTO XKM3HB MIPOKUBAEM.
3HaHUS - KPBUIbS, MBI C HUMH JICTaeM.
W3 cambIx riryOuH Hamiel ApeBHEH 3eMII,
Mer1 kox JIHK B cebe nmponecu.

What the Bible Says About Grace
and Its Life-Transforming Power
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