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NEKUNA 2

- BBeaeHue.
- [eHeTn4yecKkmne TeXHONOrMU N NX NPUMEHEHMeE.

- O6bwme NPUHLUMNbI CTPOEHUA HYKNENHOBBIX KUCNOT KakK
HOCUTEeNen reHeTU4ecKom MHPopmaLmu.

- Pasnnuna 8 cTpyKType U pyHKUMOoHnpoBaHun AHK m
PHK.

- PHK-pnb0o3umbl. Pubocoma Kak pnbosnm.



Llenb neKuyuum

Ob6bACHUTb OCHOBbI FTEHETUYECKUX TEXHOJIOTUN U UX MPUMEHEHUE, A TAKKE
PACCMOTpPETb CTPOEHUE U GYHKLMOHUPOBAHUE HYKNENUHOBLIX KUC/OT, BKAtOYAS
PONb PUOO3MMOB U LEHTPANbHYIO AOrMY MONEKYASAPHOU Bronorum.

CEVERTY

1.3yunTb 0OLIME NPUHLUNBI CTPOEHUSA HYKNENHOBbBIX KUCNOT U UX POAb B
XPaHEHUN U Nepeaayvye reHeTUYecKkom MHPopmaumn.

2.PaccmoTpetb pasnanuma mexagy AHK n PHK, Bkntovaa nx CTpykTypHble u
bYHKLUMOHAaNbHble 0COBEHHOCTMH.

3.06cyanTb pnbo3umbl, X NPUMEPbI N 3HAYMMOCTb B MOJIEKYNAPHOM
buonornn, Bkntovaa pubocomol Kak pnbos3mmel.

* Kno4yesanble cnoea: [eHemu4yecKkue mexHoso2uu, HykneuHoable Kucsomel,
JIHK, PHK, Pubo3umeoi, Pubocoma, LleHmpasnbHasa 002ma MmoneKynapHou
buosoauu



» TV BO3HUKANA B B Hayane 70-x roaos

[eHeTMYecKana MHXXeHepua — NepcnekTUBHOe HanpasaeHne COBpEMEHHOl\;I reHeTnkn, mmerulee 6onbwoe Hay4YHOE U
NpPakKTn4eckoe 3Hav4yeHne n nexallee B oCHoBe COBpeMEHHOVI bunotexHonormnm.

I'eHHas1 HHIKEHEPHS - 3TO COBOKYITHOCTh MPUEMOB, METOAOB

pennukauusa ﬂ H K U TexHoJioruul nonydeHnus: pekoMmonHanTHbix PHK u JTHK,
BBIJICJICHUS TEHOB U3 OpraHu3Ma (KJIETOK), OCYLIECTBICHUS
TpaHCKpUMNLUS o6paTHasq MaHHUITYIAUHANA C TEHAMU U BBEICHUA UX B IPYTHE OPraHU3MBI.
TPaHCKPUNUnUA
Ilesb: KOHCTPYMPOBAHUY TAKMX PEKOMOMHAHTHBIX MOJIEKYJI
P H K JHK, KoTOphI€ IpU BHEAPEHUH B T€HETUYECKUN anmnapar
npraBaiy Obl OpraHU3My CBOMCTBA, ITOJIE3HBIE IS
TpaHCNAUNS YEJIOBEKA.

5 Pesyabrar: nonyuenue ['M opranu3MoB U KyJabTyp TKaHEH,
eJ10K a TaK)K€ MYTAaHTHBIE JJUHUU PA3JIIMYHBIX OPTaHU3MOB.

LleHTpanbHaa gorma MoneKkynapHom buonorum




» TexHonorua pekombuHaHTHbIX 1HK ncnonbayet cnegyowme metoabi:

> cneuuduyeckoe pacuienneHve AHK pectpuumpyowmmmn Hykneasamm, yCKopatoLlee BblaeneHme 1
MaHUNYAALUM C OTAENbHLIMU FreHaMu;

> BbICTPOE CeKBEHNPOBaHWNE BCEX HYKNEOTUAOB B ounLleHHOM pparmeHTe HK, 4To no3sonaeT onpeaenvTs
rpaHuLLbl FreHa U AMUHOKUCIOTHYIO NOC/1IeA0BaTE/IbHOCTb, KOONPYEMYIO UM;

» KOHCTPyupoBaHue pekombuHaHTHon [HK;

» mMbpuansauma HyKNemHoBbIX KUCAOT, NO3BONAIOLWAA BbIABAATL cneuuduyeckue nocneaosarenbHoct PHK
nnn OHK ¢ 6onbluen TOYHOCTbIO U YYBCTBUTENIbHOCTbIO, OCHOBAHHYIO Ha MX CNOCOBHOCTU CBA3bIBATL
KOMMN/IeMEeHTapHble NOC/1IeA0BaTENIbHOCTU HYK/IEMHOBbLIX KUC/IOT;

» KnoHuposaHue [JHK: amnandukauma in vitro ¢ NOMOLLbIO LEENHOM NOMMEPa3HOM peakLUum Uam BeeaeHune
dparmenTa JJHK B BaKkTEPUAIBHYIO KIETKY, KOTOPaA NOC/ie Takon TpaHCchopMaLMmn BOCNPOU3BOAUT STOT

pparmeHT B MUIIMOHAX KOMWIA;

> BBefeHne pekombnHaHTHOM [IHK B KNeTKM Unn opraHM3msl.




» [locTUKeHnA, KoTopble 06ycNoBUAKU POXKAEeHMe U ycnewHoe pa3suTtue N

» [lokasatenbctso B 1944 r. O. diiBepwm ¢ coaBTopamu poau [IHK Kak HocuTens reHeTuyeckon MHGoOpMaLuKn n
oTKpbITHe B 1953 r. XK. YOoTCOHOM 1 ®. Kpnkom cTpyKTypbl AHK;

> JKCnepumeHTaibHOe NoATBEepPXKAeHMe YHUBEPCAIbHOCTU reHeTUYEeCKOoro Koaa;

» WHTEeHCUBHOE pa3BUTME MONEKYNAPHOM reHETUKK, 0ObeKTaMn KOTOPOM Npexae Bcero ctanu bakrepus
Escherichia coli, a TakXe ee BUpPYCbl U N1a3MUabl;

» OtpaboTka NpoCTbIX METOA0B BblAE/IEHUA BbICOKOOYMLLEHHbIX MPEenapaToB HENOBPEXKAEHHbIX Mmonekyn AHK
nnaasmua, 1 BUPYCOB;

» Pa3paboTka meToa08B BBEAEHUA B HyYBCTBUTE/IbHLIE KNETKM Monekyn JHK Bupycos 1 nnasmua, 8
buonormyeckn aktusHom bopme, obecneumsatoLlen penamnkaumo monekyn AHK n/mnm akcnpeccuio
KOOMPYEMBIX UMW FEHOB;

» OTKpbITHE paga epmeHToB, ucnonbyrowmx HK B Kauectse cybcTpaTta KaTaM3npyemblX UMW peakumii,
ocobeHHo pecTpuKkTas n [IHK-nuras.




» PyHaaMeHTaNbHble OTKPbITUA

B 1923 r. yBuzena cset Heboubias padora @. I'puddura, mukpoodbuosnora uz Oxkcopaa. OH onucan siBICHUE
«Tpa”cdopMaum) — MPeoOPaKeHUS] THEBMOKOKKOB, BbI3BIBAIOIINX THEBMOHUIO.
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B 1944 rony DiiBepu, Mak Jleoq u Mak KapTu nokazanu, 4To HOCUTeJIeM HaclieicTBeHHOM nHdopmaiuu siisercsa JJHK.




> B 1952 r. Anbdpepn Xepwn u Mapta HYeirs nposenm 6aectawmii IKCnepumeHT, 40Ka3aBs, UTo
HacneacTBEHHbIM maTtepuanom bakrepuodara T2 asnserca HU YTo nHoe, Kak JHK.

* Xepwu 1 Yens ncnonb3oBanm paanon3oTonHbIN
MeToA,

* OHn metunm [HK pagmoaktuBHbiM dochopom
(*?P), a 6enkn — pagmoakTnsHom cepoi (°°S).

Baaku now_webﬁ/ Gacrapwodar \m-u(nomcueua p32
» CHayana b6aKkTepuanbHble KNETKU BblipalLlmMBanm Qn " snaupianan o~ AUX

Ha NUTaTeNbHOU cpeae B NPUCYTCTBMU M30TOMa -'

docdopa uam cepbl, a 3aTem MHOUUMPOBANU
TaKME KﬂETKVl d)arOM T2- JAHK paoanrca myTps XAeTKn

* B NOTOMCTBE $aroB A0/IKHbI NPUCYTCTBOBATb

Sacrepun OTABNROT OT CPaas:,

Us1U BUPYCHble YacTuubl ¢ mevyeHon AHK, uau Rt ok Sybcai
b6enkosble 060/104KM. A a}
* 3TU YacTUubl BbIAENANN U3 KYNbTypPbl U 3aTem ks

n Hd)M L po Ba/1n MeYeHHbIMU (ba ramu Pa#O0AKTMEHAN MOTKA B CREAO Paguoaxraaian mexCOMoTKe
bakTepuanbHble  KAETKM,  BblpoClWIME  Ha
obbl4HOM Cpeae.

* baKkTepum JIN3NPOBAIUCD, ocBobOXKaanA
notomcTteo dara, mevyeHHoe 2P, HO He *°S.




» ®yHAameHTaNbHble OTKPbITUA

Crystallographic Analysis of DNA
(1) DNA forms a helix

@ Twists every 34 angstrom

@ 10 bases per twist

@ DNA is double stranded

® Phosphates are on the outside

NMmeHHO pe3ynbTaT, Nony4YeHHbIn P.
@PpaHKAUH, CbIrpan peLlaloLLyo posb B

NPO3PEHUN. B 1953 roay . YoTcoH n ®. KpuK cosganu
ABycnupanbHyto mogens AHK.




» ®yHAameHTaNbHble OTKPbITUA

First base

Ha py6esxe 50 - 60-x rojoB ObUTH BBISICHEHBI CBOMCTBA dopManbHO AATOM POXKIACHUS TCHETUYECKOU
T€HETUYECKOI0 K0/, a K KOHILy 60-X rogos ero MHKEHEPUH clienyeT cuutarh 1972 rox, kxorja B
YHUBEPCAJIbHOCTH ObLiIa MOATBEPKICHA IKCIIEPUMEHTAJIBHO. Crendopackom yuusepeutere I1. Bepr, C. Koo,
X. boyiep ¢ coTrpygHUKAaMU CO3JaJId IIEPBYIO
Second base p PyA A pBY
A PEKOMOUHAHTHYIO JHK, COZICP>KaBIITY 1O
UUU]_WWMW ucuU" UAU]_WM UGUT crem U dbparmenTel JIHK Bupyca SV40, 6akrepuodara u
uuc ucc | UAC UGC c li
U UGA [ cep X A E. coli.
UUA . UAA  cTOn-KoaoH UGA cTon-kogoH
uuc ]~ "™ UCG._ UAG cronkogow | UGG TpunTodan G
CUUT ccuT CAU | CGUT U
MMCTUOMH
oue | .. ¢ee | CAC 'cGe | c
C CUA NenumH CCA NponuH CAL | CGA aprHuH A 5’
CUG CCG CAG]‘ ETaR | CGG._ ) =
AUU T ACU AAU | AGU 8
AUC |- woreiiys  |ACC | . | AAC | ;AGC__ - g &
LY AUA ACA AAA AGA A
AUG METMOHMH ACG | AAG]— T AGG [~ 2PVHUH G
CTapT-KOOOH L -
GUU ' GCUT GAU acnaparMHoaaﬂs GGUT (¥
GUC GCC | GAC | wucrora | GGC [ c
< GUA . GCA anan GAA ] rnyTamMuHoBas | GGA e A
GUG GCG_ GAG | xucnora | GGG G




» CTparTerma reHeTUYEeCKoM UHXKeHepum

a2 - BbliBNEHHble rnbpunaHbix JHK
- CTPYKTYPHO-PYHKUMOHaNbHOE n3yyeHune 6enkos u JHK
;;’:'.;.";”.?;“.':““ (cekBeHMpoBaHMA, Macc-cnekTpomeTpus)
oesuemmuos - U3y4yeHua B3aumopaeinctena 6e1KoB U BHYTPUKAETOYHYIO
a5 N amm..m CMIHaN3aUMIo

- BKntoyeHue gaHHbIX B 6a3y AaHHbIX (FeHOM Yenoseka)

Bcvpauaanue BLIDEIBNHOMO
q>parueu'ra [HK & sexrop

Peaxoubunantian
AHK

Mousekynbl JIHK, co3maBaeMmbie MeTOnaMU T€HETUYECKOU
WHXXCHEPUH, YaCTO HA3bIBAIOT pekoMOuHAHTHbIMU JIHK

Baggenne pexomGHHANTHOR (p eKI[HK) '

AHK 0 xnerxy xo3anua
Or6op xneroxc

Knerxa xoannx
KNOHHPOBAHMMM FEHOM (NpOAYUeHT)

JlerepMuHHpyeMbIe THOPHUIHBIMU T'€HAMHU «COCTaBHBIC)
@ @j OCJIKM, COCTOSIIINE U3 KOBAJICHTHO CBSI3aHHBIX
aMHHOKHCJIOTHBIX ITOCJICA0BAaTEIbHOCTEH pa3HbIX OCIKOB —
& oo XHMeEpHbIE 0eJIKH.

os




» ®yHAameHTaNbHble OTKPbITUA

Men mponHcynHHA

SRR

B 1978 rony uccnemoBarenu u3 komnanuu «Genentecy BrepBbie
MOJIYYUJIA UHCYJIMH B CIIEIIHAILHO CKOHCTPYUPOBAHHOM IITAMME
KUIIICYHON MaJIOUKH.

-gal

N3 1000 1uTpOB KyJABTYPATBLHOM KUJAKOCTH MOYKHO IOJIy4arh J10
200 r ropMOHa, YTO SKBUBAJICHTHO KOJIMYECTBY MHCYJIUHA,
BbIACIAEMOTO U3 1600 KT MOKETYI0UYHOM KeJI€3bl CBUHBY HITH
KOPOBBI.

B- I'anammwmuun
rHGpUaHEIA Genok

MponHcymHH

B 1982 roay ropMoH pocrta 4eoBeKa ObUT MOJIyUY€H B KYJIbTYpe 2.
E. coli u »xuBOTHBIX KJIeTOK B HHCTHTYTE [lacTepa Bo dpaHIumy, )
a ¢ 1984 roga Ha4aTo MPOMBIIIIEHHOE MTPOU3BOJICTBO HHCYJIMHA l DepuciTamHBios
u B CCCP. G s

A-lENE * COOH

IS é HHcynuH
NH I v

Puc. 5.11. CxemMa CHHTE3a HHCYIHHA




>HVKI’IEVIHOBbIe KUCNOTbl CoAepPKaTCA BO BCeX XKUBDLIX KN1eTKaX U B BUPYCaxX.

LIVING THINGS [BYUs | - KoHTpOIMpytoT ponecchl HacleICTBEHHOCTH

U Pa3BUTHS




»PacnonoxxeHue HYKNIENHOBbLIX KUCNOT

MutoxoHapus




» OHK - 3T0 moneKkyna, cocroawan U3 AByX NOAUHYKNEOTUAHDBIX Lienen, KOTopble HaMaTbIBalOTCA APYr Ha
Apyra, o6pasya ABOWHYIO CNUpPaab, HECYLLYIO reHeTUYeCKne MHCTPYKLUUN.

Xpomocoma

-
A KopoTkoe
/ \\ nn\eqo

CeepHyTan

A30TUCTbIE OCHOBaHUSA:
- FyaHuH
- TUMMH

- UATO3UH Benku - rmcToHs!
- aAeHUH

V-

LieHTpomepbl nneyo




* CTPYKTYPA XPOMOCOMBbI 3YRAPUOT

ﬁ:c;’g;:;i::amc;:"nnx |W\WM 1 i

XpomatuH 8 hopme ' IH HM

""BycHH Ha HUTH"
Iw HM
:[300 HM

XpomaruHosan pubpunna
30 M, cCoCTOAWAR K3
YNaKOBAHHBIX HYKNEOCOM

Yacrs xpomocoms!
B PACTAHYTOM BUAe

KoHaeHcH poBaHHsii v 7)/)
yNacTox mertadaivon ¢ ?/O,Zflfl 700 Hm

XPOMOCOMDB!

Uenan meracasnan { :
- s B

Y4yacTBYHOT B OpraHusaumm v
KOMIIAKTN3aluun XpoMocom

TMcTOHOBbLIN

HerucroHosble

Hykneocoma noKasaHa B COCTOAHMM CBA3UM C T[UCTOHAMU WU
HEerncTroHoBbiMKM 6enkamu.
MctoH H1 - «3aknuHuBaeT HUTL [IHK B 06nacTt BXoaa v BbIXOAa BUTKA

AHK Ha Hykneocome.



» AHK n PHK pa3naunuyalorca no cTpyKrype n pyHKUmMAm

PHOSPHORIC ACID STRUCTURE @BYUsS

/"' HOCH / \ HOCH / \

\ /\ [H3POy4 |

\/\ ’\!32!/ ' !32\/‘

OH H OH OH
Deoxyribose Ribose

Cytosme Guanine

Hydro yl

Phosphate

Caxap 1e30Kcupr003bl MEHEE PEAKIIMOHHOCIIOCOOEH 13-
Nou 3a cBs3eit C-H.

O Uracile BaxkHbim cBorctBom AHK aBnaetca T0,
yto 3',5'-pocdoanadmnpHan cBA3b
yrnesoaHo-$ocdaTHOro 0CcToBa

‘ NH MONEKYbl Hanbonee YyBCTBUTENbHA

/K KaK K XMMWUYECKOMY, TaK U K
0O bepMeHTaTUBHOMY pacLLENNEHMIO.

N
H

Hydroxyl

Phosphate



» A30TUCTble OCHOBAHMUA, coaepKallueca B HyKNeoTuaax, KnaccupuumpyroTca Kak NTMPMMUAUHDbI UK

MYyPUHBbI.
F 0 0
H | |
C C C C
s Y N i 4 _ CH;
”“3 . 5(‘3‘H "\‘3 ’ 5(|3‘H H|\|13 : 5(|3‘H H"“s ’ 5|C/
HCZ , °CH _GC2 , fcH _C2 , 8CH | _CZ , ScH
NN o . N o N N o g N
H H H
Pyrimidine Cytosine (C) Uracil (U) Thymine (T)
(found in RNA) (found in DNA)
NH, 0
H | |
C C C
o N L N y N
NT ® 567 7\ N7 ° 567 7\ HNY ® 56 7\
’2 4” s/CH \2 4H B/CH \2 4” s/CH
HC\\3/C\§l HC\\S/C\IS\’I —C\\3 C\ﬁl
i H & H " H

Purine Adenine (A) Guanine (G)

© 2010 Pearson Education, Inc.



» MoBTopAlOLMEcA NI MOHOMEpPHbIE 3BeHbA, KOTOpble CBA3aHbl BMecTe ¢ 0bpa3osaHuem
HYK/1IEUHOBDBIX KUCNOT, U3BECTHbI KaK HYKNeoTuAabl.

= [MypUHL
I % i : ; MH; o
; . E E
| |:| __.____P_ i -'.-__.._l- _-E.L_I"I . ! .__H."-.-':-ul':-‘_l‘-l .-'-!_.__-__.:-J_'I'\:H_.l"
T |g0P T e HeHoasHne ol A
=T R N NS Al N N
] | o O O rMNED3N NEHER CEA3L
| | = LYSRER Tyasus
| | AP MMAOUHI
i | i i i HH O (B
| : beanees HYKNEOIM -] 2
! : g }r ﬂr ¥ _.-'!:-._ .-J"-. .-H HyC J'I' .-H
. | - Hykneo3ng woHodoohaT--- e T ﬁ - T|1 0
| e A nen ek . bzl e, 2k SN
, HYKNeo3ua andpocdaTt & o &
Lomeeeememeeeemereeeee e HYEneo3na Tpudgocas--—-- ] an— ¥ s Totaas




» Ctpykrypa AHK n PHK

Cytosine . Cytosine . Monekyna JHK o4yeHb cTabunbHa u
NH, Nucleobases NH o
h o obecneynBaeT XxpaHeHMe reHeTUYeCKomn
N :
|
'.S/L':O l:;lo MHGOPMaLMK B TEUEHNE MHOTUX neT be3
KaKNX-NMbo NoBperKaAeHUN.
Guanine Guanine .
(o]
; NH > NH
E .. {N_fn B B JIHK ecth HeOonbIe O00PO3IKH,
N Béss palr N KOTOPBIE 3aTPYAHSIOT IPUKPEIIIICHUE
HN HN
N ‘--N' N ol
¥ |:| ) ) "h )
LA LAV PHK sterko MoxeTt ObITh U3MEHEHA
& ) IIyTEM JIErpajannu, 03TOMYy OHa
Uracil - [ Thymine [l HeCTaOWIbHA.
o 5 My
1 NH ™~ NH
.L e Helix of N
) B sugar-phosphates § °
Nucleobases Nucieobases

of RNA of DNA

RNA DNA
Ribonucleic acid Deoxyribonucleic acid



» CtpykTypa OHK

5 end
o\\ N Hydrogen bond 3’ end
Hzc
\ /O'

cn2
.
\
N r
cn2

\ Ao
o\ L o/P\\
CH
OH \02
3" end h oy
\\
5 end

(a) Key features of DNA structure (b) Partial chemical structure

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.



» CtpykTypa OHK

o~ o~

OH OH Condensation

reaction
+ H,0
OH Phosphodiester- 2
-0—P—0 linkage

OH OH

© 2011 Pearson Education, Inc.




» CtpykTypa OHK

Adenosine triphosphate Adenosine diphosphate Adenasine monophosphate
(ATP) (ADP) (AMP)

ATP + H,0 —>» ADP + P, + H* + energy (7.3 kcal/mol)

“0 Phosphodiester
bond forms




»0OcHoBHaa ¢yHKuuAa PHK - cuHTe3 6enka.

nitrogenous
bases

=\

7. :

<=} base
—l pairs

? helix of

— sugar-phosphates

=

o —— e

(—
A
[—

I adenine 2
[T thymine <
@ guanine
[ cytosine
[ uracil

DNA RNA
(a)

sugar-phosphate backbone

PHK yuactByer B
MyTH SKCIIPECCUU
I€HOB, C TIOMOILIBIO
KOTOPOTO
reHeTHYeCcKas
un@opmanus B JJHK
UCIIOb3YETCS IS
cHHTE3a OCJIKOB,
ONPEeIeTAIOIIUX
(PYHKIMIO KJIETKH.




» TpaHcdepHaa PHK (TPHK)

tRNA

3!
—— Amino Acid
attachment site

T loo
D loop P

Variable loop
Anticodon loop
Anticodon

CucC
GAG

GUC CAG !!!CCA UAG
mRNA

Codon

PHK-nepeHocunk nepeHOCUT aMUHOKHUCIIOTHI Ha
pudocomy.

DTO HEOONBIINE MOJIEKYJIbI, COAEPIKAIINE OKOIO0 75
HYKJIEOTHJIOB.




»PubocomHasn PHK (pPHK)

* Pubocomuas PHK coeaunsercs ¢ 6ekoM ¢
oOpa3zoBaHuEM pruOOCOM.
e PubocoMmbl JEHCTBYIOT KaK MECTO CUHTE3a Oelka
an U BKJIIOYAIOT (DEPMEHTHI, YYACTBYIOLIUE B ITOM
S 3'-rJ1aBHBIA JOMEH npolecce.

LleHTpanbHBINA JOMEH

3'-KoHel] .
3'-MUHOPHBIH IOMEH

5'-nomeH




CTpykTypa pudbocom

Pu6ocombi - HeMeMbpaHHble caMble MenKue
KNeToYHble opraHennbl

1. lMpokapuomu4eckue 708S.
2. dykapuomu4veckue 808S.

3. Pu6ocombl mumoxoHdpulii (558 -y
XUBOTHbIX, 75S -y rpubosB).

4. Pubocomsbi xnoponnacmoe (70S y BbiCLUMX
pacTeHun).

S - k03tphpuUMeHT ceauMeHTaLUN UNn
KoHcTaHTa CBepgGepra. OTpaxaeT CKOpPOCTb
oCaXaeHUs MOJIEKYN UMM UX KOMIMOHEHTOB
npu ueHTpudyrupoBaHum, 3aBUCALLYIO OT

KOHdopMmaLum U MOMEKYNSPHOro Beca.

HeaucconuupoBaHHas
pubocoma

20 HM

<

[TpokapuoTHYecKas
708
(2,7 MJla)

23 HM

A
35 HM @<
Y

JyKapuoTHhyeckas
80S

(4,3 M/la)

— > Cyb4yacTuIisl

——>» KOMIIOHEHTBI

23S PHK + 5S PHK

(1 1 M/la) (0,5 M/la)
3000 H. 120 H.
34 6enka
508
(1,7 M/la) 16S PHK
(500 x/1a)
1500 H.
305 21 6CJIOK
(1 M/ia)
28S PHK 5,8S PHK 5S PHK
(1,5 M/la) (44 x/la) (36 k/la)
<5000 H. 160 H. 120 H.
Oxono 50 6enkoB

18S PHK

@ <(700 k/la) 2000 H.
Oxoio 35 6enkoB




»PunbocomHan PHK (pPHK)

* Pubo3umM (cokpaiieHue oT «puOOHYKJIEHHOBAsI KUCIOTa» U «3H3UM) - KaraauTudeckoid PHK — sto monekyna PHK,
oOnagaroias KaTaInTHYECKUM JIEHCTBUEM.

* MHorue pud03UMbI €CTECTBEHHOTO MPOUCXOXKACHUS KaTATU3UPYIOT paCHICIUICHUE CAMUX CE€0s WIIH IPYTUX MOJIEKYI
PHK, kpome Toro oopazoBaHue NENTUAHOM CBsI3U B Oeskax npoucxoaut npu nomoiiu pPHK prubocomsi.

B 1967 rony Kapn Béze, @pencuc
Kpuk u Jlecnu Oprens BOepBbie
BBIIBUHYJIM TIpeanonoxenne, uto PHK
MOXXET OBITh KaTaau3aTopoM. ITO
MPEANOJIOKEHUE OCHOBBIBAJIOCH HA TOM,
yto PHK MoxkeT 00pa3oBbIBaTh
CJIOKHYIO0 BTOPUYHYIO CTPYKTYPY
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