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XNMUNYECKNN COCTaB KIeTKU

Tema:
«HyknenHosble kucnotbl. OHK»

3agayu:
[1aTb XxapakTepuUCTUKy HYKNENHOBbLIM KUCIOTaM:

Buaam HK, nokanusaunm nx B KrneTke, CTPOEHMIO,
doyHKUMAM.

Ilumenos A.B.



Cooepacanue 6 Ki1emkax XuUMU4eCKUX cOCOUHEeHUIl
(¢ 76 om cvipoit maccol)

OpraHmyeckue coeguHeHus

Heopranmuyeckue coeauHeHuUs
Bopa 75-85% Benku 10-15%
Heoprauuueckue Bewectea 1,0-1,5% | Xupbl 1-5%

YrneBogsbl 0,2-2,0%
HyknenHoBbIe KUCNOTbI 1-2%

HuskomonekynsipHbie
opranunyeckue coeauHenuna 0,1 -0,5%




HykneuHosblie kKucriomsi (HK)

HyknenHoBble KUCIOThI Briepsble bbinun BoigeneHsl ®.Muwepom B 1869 .
N3 agep KINeTok rHos, a cam TepMmuH npegnoxeH A.Koccenem B 1889 r.

K HYKNenHoBbIM KNCITIOTaM OTHOCAT BbICOKOMOSNIMMEPHbIe COeaNHEHNS,
obpasyouime npu rmaponmse NnypumHOBbLIE N MMPUMNONHOBLIE OCHOBAHMUA,
NeHTo3y N docdopHYo Kncnoty. HyknenHoBble kKucnotel cogepxat C, H,
O, PuN.

PasnuyaloT gBa kracca HyKNnemHoBbIX KUCMNOT: pUOOHYKNENHOBLIE KUCITOTbI
(PHK), conepxatime caxap pnbosy (C.H, O,) n ne3okcrprndoHyknenHoBble
kuenotel (AHK), conepxaiime caxap aesokcupunoosy (C H, O,). 3Ha4yeHune
HYKNENHOBBIX KNCNOT A5 XUBbIX OPraHM3MOB 3aKJlo4aeTcd B
obecnevyeHnn xpaHeHusd, peannsauum n nepegadn HacneacTBeHHON

NHopmauun.

OHK cogepxartca B aape, MUTOXOHAPUAX U XJToponfiactax — XpaHAaT
reHeTu4deckyo nHgpopmauuto. PHK — cogepxurtca ewle v B uutonnasme um
oTBeyYyaeT 3a bmocmHTes dberka.



HykneuHosbklie kucriomsi (HK)
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HykneuHosebie kucriomsi (HK)

AHas3poOHbIN reTepoTpod MepBas xmnBOTHas KneTka
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Xumu4yeckue coeOUuHeHUs Krnemku

BeuwiecTBa B coCTase opraHU3mMoB
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HykneuHosbklie kucriomsi (HK)

Monekynbl OHK asnawTca nonumepamu,
MOHOMEpPaMMN KOTOPbIX ABMSATCA
de30KcupuboHyKrneomuos!, 0bpa3oBaHHbIE
OoCTaTKaMMu:

1. DoCGHOpPHON KUCNOTHI;

2. [1esokcnpnboasbi;

3. A30TUCTOro 0CHOBaHuSA (MYPMHOBOIO —
ageHnHa, ryaHuHa unm nupuMmnamnHoBoOro —
TUMWUHA, UNTO3NHA).

TpexmepHaa Mmoaenb NPOCTPaHCTBEHHOIO
cTpoeHuns monekynosl [1HK B BMae oBonHOM
cnnpanu obina npeasioxeHa B 1953 .
amepukaHckum bruonorom [x.YoTcoHOM 1
aHrnmnucknm gomnsmnkom @ .Kpukom. 3a ceou
nccnegoBaHuUs OHM ObINN YOOCTOEHbI
Hobenesckon npemuu.

$ 2




[MpakTnyecku [K.YOoTCcoH 1 ®.Kpuk packpbiiiv XUMUYECKYIO CTPYKTYPY reHa.

OHK obecrneunBaeT xpaHeHune, peanusauuto 1 nepeaady HacrneacTBeHHOU
nHpopmauun. Coaepxntcs B aape, MUTOXOHOPUAX U nNracTuaax.



HykneuHosbklie kucriomsi (HK)

9.Yapradpd, obcrnegosaB orpomMHoe
KONMMYEeCTBO 0Opa3LIOB TKaHEN U
OpraHoB pasnmn4yHbIX OPraHM3mMoB,
BbISIBUIT CIIEQYOLLYIO
3aKOHOMEPHOCTb:

B ntobom coparmente [HK
cogepxaHne oCTaTKOB ryaHuHa
BCeraa TO4HO COOTBETCTBYET
coOep>XaHU UNTO3MHA, a ageHNHa
— TUMMUHY.

OTO MOSIOXKEHME NOMNy4Ynno Ha3BaHue
"npasunna Yapradpga™:
A+l
A=TT=1 unu =1
H+r




HykneuHosbklie kucriomsi (HK)

[x.YoTcoH n ®.Kpuk
BOCIMOJSIb30BanMcb 3TUM MpaBuUom
Npn NOCTPOEHUN MOAENN MOSIEKYIbI
OHK.

OHK npeacraensaetr cobon ABOUHYIO
cnupanb. Ee monekyna obpasoBaHa
OBYMSA MOSIMHYKNEOTUAHBLIMU LIENSMMN,
cnupanbHO 3aKpy4YeHHbIMU Opyr
OKOMo apyra, U BMECTE BOKPYT
BOoObOpaxaemoun ocu.

OnameTtp asonHoun cnupanu AHK — 2
HM, Liar obLien cnupanun, Ha KOTopbIU
npuxogutca 10 nap HykneoTMgoBs —
3,4 HM. nnHa monekynel — 0o
HECKOJIbKNX CAHTUMETPOB.
MonekynsapHbI BEC COCTaBnAeT
OECATKM U COTHM MUINNUOHOB. B aape
KneTkn yenoseka oodwaa gnmHa HK
oKono 1-2m.




HykneuHosblie kKucriomsi (HK)

MoHOMEpP HYKNENHOBLIX KNCIOT — HyKNneoTna. Monekyna Hykneotnaa
COCTOMT U3 OCTaTKOB TPEX YacTeun: a30TUCTOro OCHOBaHUA,
NATUYrNepoagHoro caxapa (NeHTo3bl) U POoCcHOpPHON KUCNOThI.

A30TUCTbLIE OCHOBAHUA UMEIOT LIMKITUYECKYHO CTPYKTYpPY, B COCTaB
KOTOPOW Haps4y ¢ aToMaMu yrnepoga BXOAAT aTtoOMbl APYrnX 3feMeHTOB,
B YaCTHOCTW a3oTa. 3a NPUCYTCTBME B 3TUX COeAUHEHNSIX aTOMOB a3oTa
OHW 1 MOSTyYnIiN Ha3BaHMe a3oTUCTbIX, @ MOCKONbKY OHM obnagatoT
LLIENOYHbIMU CBONCTBAMU — OCHOBAHUW. A30TUCTble OCHOBAHUS
HYKITEMHOBBIX KUCIMOT OTHOCATCA K Kriaccam rnupumMuouHO8 W rypuHos.




HykneuHosblie kKucriomsi (HK)

[MTnpMManNHOBLIE OCHOBAHUA SIBNSOTCA NPON3BOAHLIMU NMMPUMNAONHA,
MMEIOLLIErO B COCTaBE CBOEWN MOJSIEKYIbI 0AHO KonbLo. K Hanbonee
pacnpocTpaHeHHbIM NMMPUMNANHOBBLIM OCHOBAHUAM OTHOCATCA MUMUH,

UUMOS3UH.

nprHOBble OCHOBaHUA ABNAKTCA NPON3BOAHbLIMU NMypUHa, NMEKOLLIETO
aBa konbua. K nypnHOBbIM OCHOBaHUAM OTHOCATCA a0eHUH U cyaHUH.
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Xapakmepucmuka AJHK

B pe3ynbrate peakummn KoHOeHcaLUum 1

a30TUCTOro OCHOBAHMA U 0e30KCnprbo3bl
obpasyeTtca Hyk/1eo3uod

2
[Mpn peakuun KOHAEHCaAUUN MeXay
HYKneo3naom 1 gpocdopHOM KNCIIOTOU
obpasyeTtca Hykreomuod. .

HasBaHusA HYKNeoTnaoB OTnYarTCs OT
Ha3BaHWW COOTBETCTBYHLLMX OCHOBAHUN.
A Te, n apyrue npuHATO 0603Ha4YaTh
3arnasHbiMu bykBamun (A, T,I,LL):

AOEHVH — afeHNNOoBbIN; T'yaHUH —

ryaHunoBbIN; UUTO3UH — LNTUOWMOBbLIN;
TUMUH — TUMUONNOBLIN HYKNeoTuabl.




Xapakmepucmuka AJHK

OH OH
OpoHa uenb HyKNeoTuaos | |
obpasyeTtcsa B pesynbsrare O=P—OH O=P—OH
peakumin KoHgeHcaunm |
HYKIeOTWA0B. O
[1pn aTtom mexay 3'-yrnepogom s'( O

ocTaTKka caxapa 0gHoro
HyKneoTuaa u ocTaTKoMm
dooCdOpPHOWN KUCNOTLI APYroro
BO3HMKaET dohocoanapupHas
CBAA3b.

B pesynbrate obpasytoTcs
HEpPa3BETBIIEHHbIE
NonuHyKneotTnaHbole uenn. OguH
KOHeL, MOSNMMHYKNeOoTUAHON LENU
3aKkaH4uMBaeTcs 5'-yrneponom (ero
Ha3bIBaOT 5'-KOHUOM), Apyron —3'-
yrrnepogom (3'-KoHUOoM).




Xapakmepucmuka AJHK

[lpoTnB 0gHOM Lenn HYKNeoTNaoB
pacnosiaraeTcsa BTopas uenb.
[MonuHykneoTnaHble uenu B monekyne JHK
yOEepXNBaKTCA OPYr OKOMo gpyra
bnarogapst BO3HUKHOBEHUIO BOJOPOAHbIX
CcBA3en mexay a3oTUCTbIMU OCHOBaHNAMM
HYKNeoTMa0B, pacnofiararoLmxca apyr
npoTuB gpyra.

B ocHoBe neXxuT npuHumn KomrisieMeHmapHo20 B3auMogencTemg nap
OCHOBaHWW: NPOTUB afleHMHa - TUMUH Ha OPYron uenu, a npoTuUB ryaHmnHa -
LUMTO3MH Ha OPYron, TO eCTb aAE€HUH KOMMMEMEHTAPEH TUMUHY N MeXOY
HUMUW OBE BOOOPOAHbIE CBA3U, @ 'YyaHUH — LUTO3UHY (TPpU BOAOPOAHbIE
CBA3N).

KomnnemeHmapHOCmMbHO Ha3biBalOT CMOCOOHOCTb HYKNEOTUAOB K
n3buparenbHOMy COeaMHEHUIO APYr C APYrOM.
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Xapakmepucmuka AJHK

Llenn AHK aHTunapannenbHbl
(pasHoHanpaeneHbl), To eCTb NPOTUB
3'-KOHLUa ogHOM Lenn HaxoauTea 5'-
KOHeL, Apyron.

Ha nepudeputo monekynbl obpalieH
caxapo-docdaTtHbI OCTOB. BHYTpb
MONEeKyrnbl obpaLlleHbl a30TUCTbIE
OCHOBaHWUSI.

OgHUM 13 yHUKanbHbIX CBOUCTB
mosnekynbl HK asnsaetca ee
perifiukayusi — cnoCObHOCTb K
camMoydBOEHNO — BOCIMPON3BELEHUIO
TOYHbIX KOMUN MCXOAHOW MOSIEKYbI.




Pennukauyuss JHK

Brnarogapsi aTon cnocobHOCTM MOMEKYbI
OHK, ocyuwiectenderca nepenada
HacneacTBeHHOU MHdopMauun oT Hmpmmlemmm \
MaTEPUHCKON KNETKN JOYEPHUM BO BpemMsa  /Hinommiepan , // x\
OerneHus. ARK-sommepase
[Mpouecc camoynBoeHuda monekynbsl [HK [
Ha3bIBaIOT perukayued. Ty T\ CEee
Perinukauus — CrnoXxHblv npoLecc,
naywmm c ydactunem dpepmeHtos (QHK-
noniMmMmepas n pyrux) u
Oe30KcnpmnboHykneosnaTpudocaTos.
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Pennukauyusi JHK

NONYKOHCEPBATHBHbLIN
2
>
<
,/'/\\.
Pennukauua ocyllecTBnaeTcs o &0
roJ1lyKOHCEP8amMuUBHbIM criocobom, To > >
ecTb Kaxxgada uenb [JHK BbicTynaeT B < ‘<
ponu MmaTpuubl, N0 NPUHUUNY | /
KOMMIEMEHTapHOCTU JoCTpanBaeTcs . »
HoBas Uenb. Taknm obpasom, B Kaxkaomn . C
nodvepHen [JHK ogHa uenb aBnaeTcs > >
MaTepPUHCKOW, a BTOpas — BHOBb < "
CUHTE3NPOBAHHOMN.
(6) NonyxoxcepeaTHBHAA MoaeNL:
B xaxnon govepuen [AHK ogua

Uens ABNAETCA MATEPUHCKON, 3
BYOPasA — BHOBL CHHTEIWPOBAH-
HOW.



B matepuHckon OHK uenn
aHmunapasmnenbHel. [1HK-
nonumepasbl CroCOOHbLI
OBUraTbCs B OOQHOM
HanpasneHnm — ot 3'-
KOHLA K 5'-KOHLY, CTpOS
OOYEPHIOK LIEMb

Pennukauyuss JHK

HenpepbIBHLIN

yrenue or 3' K 5' koHuy 3
CHHTE3
r

cuHTe3 or 5' Kk 3' KoHuy

~_ Ninaunpyrowan
uens

Marepunckan AHK .+ (parmenThl OKasakm

o
~

AHK nonumepa3sa < ~Orcrarowan uens

npepbLIBUCTLINA

aHTUnapannenbsHo — oT 5' K cunTe3

3'-KOHLLY.

[Toatomy [1HK-nonumepasa
HENpPEepPbIBHO
nepenBuraeTcs B
HanpasneHun 3'—95' no
O4HOW Lenun, CUHTE3NpYS
OO4YEPHIO. JTa Uenb
Ha3bIBaeTCs /1UOUPYVHOLEU.

Hanpasneuue pennuKkauuu



Pennukauyuss JHK

HOpyraa OHK-nonnvwepasa
OBWXETCS MO APYron Luenu B
oOpaTHYI0 CTOPOHY (TOXeE B
HanpasneHun 3'—95'),
CUHTE3NPYHA BTOPYHO OOYEPHIO
uenb doparmeHTamm (nx
Has3bIBalOT oparMeHTbl
Okasakmn), KoTopble nocne
3aBepLUeHNs pennukauum
CLUMBAIOTCA Jslu2a3amu B eQNHYIO0
uenb. JTa uenb HasbiBaeTcs
omcmarouieu

Takum obpasom, Ha uenu 3'-5'
pennukauus naeT HenpepbIBHO,
a Ha uenu 5'-3' — npepbIBUCTO.

@ o

yrenue or 3' Kk 5' koHuy

cuHTe3 oT 5' K 3' KoHuy

Marepuuckan AHK

AHK nonumepa3sa

Nuraza

3'

‘&4

HenpepbIBHLIK
CHHTE3

~_ Nnanpyrowan

HanpaBneHue pennukauum

uens

. (pparmenTbl OKazaku

Orcrarowas uens

NpepLIBUCTLIA
CHHTE3



Pennukauyuss JHK

Bo Bpems pennukauum aHeprms
monekyn AT® He pacxogyetcs, Tak
Kak OJ151 CMHTEe3a JOYEPHUX Lenen
npu pennimkauum UCrosb3yrTCs
Oe30KcnpmboHykneosnarpmudocda
Tbl (CcogepxaT Tpu ocTaTka
doocdopHOM KUCNOTHI).

[1pn BKIHOYEHUN
OE30KCUPNBOHYKNeo3na-
TpudocdaTtos B
NONMIMHYKNEOTUAHYIO LUenb aBa
KOHLIEBbIX OCTaTKa OTLUENNAITCS,
n oceoboamnBLLAsICS 3HepPrus
ncnosnb3yeTcd Ha obpasoBaHue
CITOXXHO3OUPHOW CBA3N MeXOy
HYKIieoTugamu.

3'end of strand

5' end of strand
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Pennukauyuss JHK

OnumnuagHunkam!
CneunansHbie Genkm 0 Ha nuanpytowei uenn
crabunuamnpyor paz- cuntes IHK npomncxoamt
gepHyTyo AHK n.enpepua»o. B Hanpaenesmm 3
3' > §' koHuy. P, 5"
Menukase! pacnneraior AHK nonuMmepasa P\
marepuHcKylo HK oo O
Bt
R~ =
: ) R o Ha orcraiowen uenwn cuHres
O NPOMCXOAMT OTACNLHLIMM
O Noum aaa ! - PHK 3aTpaBkKa y4actkamu (pparmentamu
‘\ P k"“\ (bpal'MGHTbl Okazakm), CHHTE3 KaXZoro Ha-
N % /M OKazaku ymHaercs ¢ PHK-3aTpaekn
5' R nHK \‘ﬂ
Matepurckas JHK Monumepasa . 3
i — 4,5
© Hanocneanem arane e M2 Fr el
PHK 3arpaexa zamensnerca -
Ha [IHK u hparmenTil Okazaxm
CWWBAIOTCA APYT C APYIOM B [HK nurazel
SANHYIO LUeNb NUrasamm
-

Hanpasneuue penyinkaummn

Yto |/|3o6pa>|<eHo Ha 3TOM PUCYHKE Mbl Y3HAaeEM Ha crneayrowemMm 3aHATUN




Pennukauus JHK
OnumMmnnagHnkam!

Clamp

4
x

Leading strand

\

Leading strand template

> Single-stranded
,- DNA-binding proteins

DNA replication

PennukaunoHHasa Buka

Y10 n30b6pakeHo Ha 3TOM PUCYHKE Mbl Y3HAEM Ha crieaytoLlemM 3aHATUN
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B kakmx opraHongax knetkm Haxoautcs JHK?

KakoBbl oyHKunm OHK?

UTo 0603Ha4YeHO Ha pucyHke umppammn 1 — 67

Kakne nypnHoBble N NMMPUMNONHOBLIE OCHOBaHMA BXoaAT B coctaB [JHK?
KakoB gnametp monekynbl [JHK n KakoBo paccTtodHue mexay ABYyMSA
HyKIrieoTmgamMmm ogHown uenn?

Kak Hykneotnabl HK coeguHeHbl B 0gHy uenb?

Kak uenn JHK coegunHeHsbl apyr ¢ gpyrom?

Uem obpasoBaHbl "kpas" monekynsl [HK?



[loemopeHue:

**Tect 1. AHK B KneTKkax aykapmuoT COAepPXUTCA:

1. B uuTonnaswe. 5. B nnactuaax. ). ¢
2. B sagpe. * 6. B komnnekce 'onbaxu.

3. B pubocomax.

4. B MuTOXOHAPUSIX. Y

TecT 2. Paamepsbl monekynbl [1IHK y yenoBeka:
1. WwupunHa 20 mkm, onvHa go 8 cm.

2. WupuHa 2 Mkm, gnnHa go 8 cm.

3. Wwupuna 20HMm, annHa oo 8 cwm.

4. llupuHa 2 HMm, annHa go 8 cwm. *

**TecT 3. B coctaB monekynbl [IHK BXxogAaT nypuHOBble OCHOBaHUA:

1. ApeHvH. &
2. TyaHuH. Y
3. TuMUH.

4. UnTo3uH.



[loemopeHue:

TecTt 4. ®parmeHT OHK coaepxut 30000 Hykneotnaos. OAns

() N =

yABOEHUA hparMeHTa noTpedbyeTcsa cBOOOAHBLIX HYKINeoTUAOB:
60000.

45000.

30000. %%

15000.

TecTt 5. Hykneotnabl AJHK coeanHeHbl B OOQHY Lenb:

1.

5= (2

Uepes ocTtatok 0oCHhOpPHOU KUCNOThLI OOAHOIO HyKneotnaa n 3' atom
0e30KCcupnbosbl Apyroro.

Uepes ocTtatok 0o0CHOPHOU KUCNOThLI OAHOIO HyKneoTnaa n asoTucroe
OCHOBaHWEe Opyroro.

Uepes octatkm doCchOpHOU KUCNOTbI COCEAHUX HYKNEOTNOOB.

Uepes ae3okcnpnbdosbl CoOceqHUX HYKNeoTUAOB.



[loemopeHue:
Tect 6. ®parmeHT JHK copepxut 30000 A-HykneotnaosB. Ons
yaBoeHus oparmeHTa norpebyeTca:
A — 60000, T — 60000.
A — 30000, T — 30000. %
A — 15000, T — 15000.
[aHHbIX Onsa oTBETa HEAOCTAaTOYHO.

i (2 N =

Tect 7. ®parmeHT OHK copepxut 30000 A-Hykneotunaos n 40000 Li-
HyKneotnaoB. B naHHOM dpparmeHTe T- u I-HYyKneoTuaoB:

T — 40000, ' — 30000.

T — 30000, I — 40000. Y&

T — 60000, ' — 80000.

[aHHbIX Onsa oTBeTa HEAOCTaTOYHO.

s N —

**TecT 8. lNpegnoxunu mogenb cTtpoeHus monekynbl JHK B 1953

roay:
®.Kpuk. e
[.MeHpens.
T.MopraH.

[1.YOTCOH. *



[loemopeHue:
TecT 9. dyHkuuu [1HK B kneTke:
1. OOnH U3 OCHOBHbIX UICTOYHUKOB 3HEPTUN.
2. [lpuHMUMaeT HenocpeaCcTBEHHOE y4YacTme B CUHTE3€e DENKOB.
3. Obecne4nBaeT CUHTES YrNeBoAoB N NUMNNOOB B KITETKE.
4. YdyacTByeT B XpaHeHUn 1 nepenade HacrneacTtBeHHoOM MHopMaL . *

**TecT 10. BepHble cyxaeHus:

1. Uenun Hykneotngos B monekyne OHK aHTunapannensHsbl. *

2. Mexay A- u T-Hykneotugamu 2 sBogopoaHble cea3u, mexay - n Ll-
HyKneoTugammn 3 BOOOPOLHbIE CBSA3W. *

3. A- 1 T-HykneoTuabl OTHOCATCH K MMPUMUONHOBLIM HYKITeoTUaaM.

4. B coctaB Hykneotungos [JHK BxoguTt caxap pubosa.



