PEMJIMKALINA.
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PEMMTNKALUA PATIOB: napsoBUupycChlI

-) nuHenHan oy JHK;
-) ~5000 HT;

-) KoHueBble noBTopbl 100-300 HT.

3’-ABbCcaD — dACcBba-5’




PEMJIMKALUUNA PAITOB: napBoBUpYyChI
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PEMJIMKALUA ®AITOB: napBoBUpYyChbI

-) CaMO3anaBOHHbIﬁ MEXaHWN3M, CTApPTYyeT CO CTaAUUN 3/TOHIaULUNK;

-) CUHTE3 NAET UCKNKYNTENTbHO MO I'IM,EI,Mpy}OLLI,Eﬁ Lenu;

-) YacTb MaTEPUHCKOM MONEKY/Nbl BXOAUT B COCTAB l0MEPHEN MOJIEKY/IbI;

-) BHYTPU KOHLUEBOIO NnoBTOpPa NPOUCXOAUT UHBEPCUA HT-NOCNE[0BaATE/NIbHOCTMN,

COOTBETCTBEHHO, HT-NOCNE40BaTE/IbHOCTb KOHUEBbLIX MOBTOPOB A0YEPHUX MATEPUHCKUX

MOIEKY/1 PA3/INYALOTCA, HO UX CTPYKTYpPa COXpPaHAEeTCA;
-) Noa06HbIE U3MEHEHUA He 3aTParMBaloT CMbIC/I0BbIX
HT-NocneaoBaTeNbHOCTEN (KOAUPYOLUX U
PErynaTOPHbIX) U HE BAUAIOT HA PENNKALUIO BUPYCa;

-) nonosuHa aouepHux uenen AHK B KOHEYHbIX
YacTULAX UMeeT MONOXKUTENbHYIO, a ApYyraAa NOJ0OBUHA —

oTpUUaTENDBbHYH NMONAPHOCTb.

ABCaD dAcba
B A d l DaCBA
e\ /s dAcba
aCBAd DaCBA

o = — -

AcbaD dAcba




PEMNJIMKALUNA OATOB: T7

- Capsid
gp10A,gp10B

-) nnHenHas gudHK; Head

gplé
Inner| gp15

') ~40 TIMH, Core qp14

Connector

ap6, gp7
gpll,gpl2 il
Tail fiber

gpi7

gp8

-) 55 BEnKoB; ~ 8B
4§

-) ronoBka 55 HM, XBOCT 19%28.5 HMm;
-) NIUTNYECKMIN BUPYC — 100 BUPYCHbIX YacTuLy : i |
-) 17 muH npun 37°C (11-30 MUH); ; % .
-) CKOPOCTb pa3mMHoOXeHus 10% / yac;

-) HanNn4yne KoHLUEBbIX NOBTOPOB — 160 HT.

[Demerec, M., Fano, U. Bacteriophage-Resistant Mutants in Escherichia Coli. Genetics. 1945, 30(2)119—136]
[Dunn, J. J.; Studier, F. W. Complete nucleotide sequence of bacteriophage T7 DNA and the locations of T7 genetic elements.

Journal of Molecular Biology. 1983, 166(4): 77-535]



PEMNJIMKALUUNA OATOB: T7
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PEMNJIMKALUNA OATOB: T7

r

Pennunkauus
(vMmnynscHoe
MevyeHue)

l [ £
!
25

Pennukaums noet no asym uenam. Obe uenu CMHTEe3npyoTCs

NPEepbLIBUCTO.



PEMNJIMKALUUNA ®ATOB: T7

123456789012 UHbEKLMA

penanKauua
1.2 345 67 8 90 Y &

123456789012
pekombuHauma

12345678901234561789012
dopmupoBaHue
KOHKaTemepos

"ronosa-Kk-xgocTty"

123456789012345678901234567890123456789012
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PEMNJIMKALUUA OATOB: T7

A A A
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PEMNJIMKALUUA ®ATOB: T7, pennucoma

S 25.7 kDa
S C-end 26 aK
Leading
aps strand &

DNA polymerase trx

' ) "” 'l"b

C-terminal tail

Q) .
Y\ Lagging
VA strand

[Kulczyk AW, Richardson CC. The Replication System of Bacteriophage T7. Enzymes. 2016;39:89-136]



PEMNMUKAUUNA OATOB: T7, orcTatowasa uenb

Signaling mechanism

ap5
DNA palymerase

ap3

Praceding
Okazaki
fragment

[Kulczyk AW, Richardson CC. The Replication System of Bacteriophage T7. Enzymes. 2016;39:89-136]



-) nuHenHas gudHK;

-) ~170 TNH;
-) 289 6enKoB;
-) 90*200 HM;

-) NUTUYecKnn Bmpyc — 100 -150 yactuy

-) 30 MuH Npun 37°C :

CUHTE3 DENKOB K SMUH:;
pennukaums ("XBOCT-K-XBOCTY") K 10 MUH;
cbopka HOBbIX YaCTULL K 12 MUH;

-) HanNn4ne KoHLUEBbIX NOBTOPOB.

Bptoc AnbbepTc, koHel, 1960-x . MoeHTudukauus reHa 1979 .

{wac)

" 9,10,11,12

PEMNJIMKALUNA OAITOB: T4

Enterobacteria phage T4

T=13
Q=21

Collar
18 Fibers 6 whiskers)v_(

|
i | 19ui:i///64353;T\\\

13,14
Fibritin

Baseplate

Head

| Tail

=L LACKE RN ALIN



PEMNJIUKALUNA OAITOB: T4 gp32

301 aK
33.5 kDa

OB-fold, oligonucleotide/oligosaccharide-binding
Zn-finger Kd (dsDNA)/ Kd (ssDNA) = 10

[Shamoo Y., Friedman A.M., Parsons M.R., Konigsberg W.H., Steitz T.A. Crystal structure of a replication fork
single-stranded DNA binding protein (T4 gp32) complexed to DNA. Nature. 1995. 376, 362-6]



SSB E.coli

C-KoHel, (173-178):
6/0

B3anMOOENCTBUS

Pdb leqq

[Matsumoto T, Morimoto Y, Shibata N, Kinebuchi T, Shimamoto N, Tsukihara T, Yasuoka N. Roles of functional
loops and the C-terminal segment of a single-stranded DNA binding protein elucidated by X-Ray structure

analysis. J. Biochem. 2000. 127 329-35]



SSB E.coli: koonepaTMBHOCTb

178 aK
19 kDa

65

35

Trp54

unbound bound

[Raghunathan S, Kozlov AG, Lohman TM, Waksman G. Structure of the DNA binding domain of E. coli SSB
bound to ssDNA. Nat Struct Biol. 2000. 7(8):648-52]



rEJINKA3bI

1976 - OTKpbITUE U BblaeneHne AHK-renunkasbl E.Coli [Abdel-Monem M, Dirwald H,
Hoffmann-Berling H. Enzymic unwinding of DNA. 2. Chain separation by an
ATP-dependent DNA unwinding enzyme. Eur. J. Biochem. 1976. 65 (2):441-9].

1978 1. - OTKpbITME NepBbix aykapmnotndecknx AHK-rennkas AHK, BbigeneHHbIX
N3 NUNUN.

1982 — bernok 41 reHa T4 - nepson [1HK-rennkasa bakrepnodara.

1985 - NepBble AHK-rennkasbl MnekonutamLwmx, BblaeNeHHble N3 TUMYyca
TereHka.

1986 - bornbLuon onyxoneBbin aHTUreH SV40 - nepBas BupycHasa HK-rennkasa.
1986 - ATPaselll, opoxkeBoOn BEsoK.

1990 - BbigeneHue yenoseveckon JHK-renmnkasbl IHK [Tuteja N, Tuteja R, Rahman
K, Kang LY, Falaschi Ao A DNA helicase from human cells. Nucleic Acids Res. 1990. 18
(23):6785-92].

1992 r. - BelaeneHune mmntoxoHgpuansHon [HK-rennkasbl (M3 ronoBHOro Mo3sra
KPC).

2002 r. - 3onaumns n xapaktepmucTuka nepsom BUOXMMUYECKN aKTUBHOM
MansapunHoun napasmtHon OHK-renunkasbl Plasmodium cynomolgi.



rEJINKA3bI

E.coli - 14 doepMeHTOB KneTku TMMyca TeneHka - BbigeneHo 11
baktepunodraru — 6 KneTkn yernoseka BblOeneHo 25
Bupyceol - 12, OKoso 1% reHoB 3yKapuoT KogMPYHOT renmnkasol
Opoxoku — 15 [eHOM YenoBeka KogmpyeT 95 He-N30bITOYHbIX refinkas:
PacTteHunsa — 8 64 PHK-rennkasbl n 31 [1HK-renukasy

RecA

SF4

5.3

17 ap4 GsDnaB \ V40 LargeT Papilloma Virus E1 Archaeal SsoMCM

Toth &t &l (2003) Mol Cell Itsathitphaisarn ef al (2012) Cell 5 Gai of al. (2004) Cell Enemark of a/. (2006) Nature Brewster of al. (2008) PNAS Li of &/, {2015) Nature
PDBID: 1Q57 PDBID: 4ESV ' PDBID: 3JAB PDBID: 3UAB PDBID: 3F9V PDBID: 3JA3
Xray: 3.45A Xray: 3.3A H Xray: 26 A Xray: 3.15A Xray. 4.4 A EM:36A
Residues 64-549 (566) Residues 6-441 (441) : Residues 251-627 (708) Residues 306-577 (605) Reskiues 7-801 (636)

LITARDTIID IVIA. oL UuLLuuidl Ivicunaltiniin Vi TITAAITITIHIL TITHLAdT Luaulllyg, AJSDCTIIHIVIY, dllu UIIWITIUITIE. T'LUUUNCD.

2016;5. pii: F1000 Faculty Rev-111]



TOMNMOU3OMEPAS3bDI

N\

TOMOU3OMEPA3bI | TOMOU3OMEPA3bI Il
topo | topo Il
oaHouernoyeyHble pa3pbiBbl B gynaekc AHK AByueno4veyHble pa3pbiBbl B gynaekc AHK
6e3 3aTpaT aHeprum c rmgponusom ATP

ScT2-ATPase

[Wang, J.C. (1971). Interaction between DNA and an Escherichia coli protein w. J. Mol. Biol. 55, 523-533]



TOMNOU3OMEPAS3bDI: topo |

Double-stranded
helix

Double 3 5
helix
Topo | Nick DNA; form Pass cut 3' end
covalent DNA- under other
(=) Binding \ phosphotyrosine strand and Dissociation
of Topo | bond P reseal DNA of Topo | =)
(=) > > oH\ A > —_—, —
Tyr
{-)
(=)
{L=n)
3 negative 2 negative
supercoils DNA-enzyme supercoils
intermediate
i
R—HN—-(i:H—C—NH-—R'
Tyrosine NH;

(l) H
O=T—O—DNA chain
(o]



TOMOU3OMEPA3bI: topo I

b T segment gk
N

G segment
N/N/NTNTNTN

[J. L. Nitiss DNA topoisomerase Il and its growing repertoire of biological functions. Nat Rev Cancer. 2009. 9(5):327-37]



TOMOU3OMEPA3DbI: rupasa E.coli

gyrase

) g
——r —"

21 HT 5'-RNNNRNNRTGRYCTYNYNGNY-3'
R — NypWHbI, Y — TUpUMUANHBI, N - nitobon

45-50 canToB — 10000 camToB

100 cynepBUTKOB/MUH

[Scott Classen, Stephane Olland, and James M. Berger Structure of the topoisomerase |l ATPase region and its mechanism of

inhibition by the chemotherapeutic agent ICRF-187. 2003. PNAS. 100:10629-10634]



TOMOU3OMEPASbI

Tonousomepasbl 1A IB A 1]3]
HeobxoamumocTtb
B MOHaX [a Het [a [a
MeTannos
3aBUCMMOCTb OT
ATO®, Her Her %a 112a
KON-BO MO/
Pa3pbis oy, oy, AL, oy,
KOHeL'I 5! 3l 5l 5l
npukpenneHus
U3meHeHuUe
yucna 2 M | +1 + 2 + )

CynepBUTKOB



PEMJMIUKALUUA E.coli: nvHMumauus

R Petcasontork ; o b ol

Efy ’ o OriC - origin of chromosomal replication

oy DNA sequences at the Bacterial origin of Replication

l,%ﬂi¢- :

F A/T-rich region

i V- A

¥ AAAAGAAGATCTATTTATTTAGAGATCTGTTCTAT
i CCTAGcAcccAtAAIIIIIOTTGTAGAIAAATAAAJcTcrAGACAAGATA
s "’ A E.coli chromosome 1 DnaA box 50

- TGTGATCTCTTATTAGGATCGCACTGCCCTGTGGATAACAAGGATCGGCT

ACACTAGAGAAT AATCCTAGCGTGACGGGACACCTAT TGT TCCAAGCCGA
[v3 Kapna 3ummepal 5 100

TTTAAGATCAACAACCTGGAAAGGATCATTAACTGTGAATGATCGGTGAT
AAATTCTAGT TGTTGGACCT TTCCTAGGAAT TGACACT TACTAGCCACTA
101 DnaA box 150

CCTGGACCGTATAAGCTGGGATCAGAATGAGGGTTATACACAGCTCAAAA
GGACCTGGCATATTCGACCCTAGTCTTACTCCCAATATGTGTCGAGTTTT

151 DnaA box 200
ACTGAACAACGGTTGTTCTTTGGATAACTACCGGTTGATCCAAGCTTCCT
TGACTTGTTGCCAACAAGAAACGTATTGATGGCCAACTAGGT TCGMGG&

201 DnaA box 250
GACAGAGTTATCCACAGTAGATCGC
CTGTAGCAATAGGT GTCATCTAGCG -3

251 275

DnaA: 467 ak, 52.5 kDa R1, R2, R4: 5'-TTAT(C/A)CACA-3', ATP-3aBUCMMOe CBA3bIBaHUE



PETJIMKAUUA E.coli: nvHnunauus

Initiation of Replication at oril
R se—— e s e 3'
——— s‘

AT-rich region DnM‘boxn

& 9N

v
cBsA3biBaHMe DnaA co cnedu.
cantamum

KoMMJekK I DnaC + DnaB
C
renunk

pacnnaenenne HK-
aynrekca

VBLENEHUS, S

NnpuBneYeHne
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PEMNJIMKALUWA E.coli: anoHrauus

Two dimensional view of a replication fork

Single-strand : : ) :
binding protein Direction of synthesison leading strand
<

Helicase DNA polymerase

Leading strand

RNA primer

DNA polymerase
Replication . .
fork Okazaki fragment
Primase

DNA

Parental DNA S - Lagging strand ligase

Direction of fork movement



PEMJIUKALUUA E.coli: anoHrauums

RNA
primer

lagging
strand

leading
strand

SSB-coated
ss-DNA

T—DnaB

DnaA

SSB

DnaC - loader
DnaB - helicase
DnaG - primase
PriA,B — priming
holo pol Il



PEMMMUKALUUA E.coli: Tepmuumnauums

ol The role of Ter sites in control of replication termination in E. coli.
Clockwise
rephication fork

(A) Counterclockwise
replication fork _~

(B) Majority of
transcription
50 the same
direction as
repincation
_. Clockwise fork trap _.*° B3 T Counterciockwise fork trap
Tus Tus Tus Tus Tus Tus Tus
TerG TerF  TerB TerC Te'A TeD Tek Replication blocked

10 Ter-canToB, 23 nH, TerA, ...,
Ter)

Tus - terminus utilization substance



PEMIUKALUUA E.coli: Tepmuumnaumns

B
Tus/Ter
lagging
DnaB
DNA Pol IlI helicase
holoenzyme
DnaG
primase

leading
strand



PEMJMIMKALUUA E.coli: Tepmuymnauymnn

Rop/llsomo : e
Future origin uture ongmn
). - it \d" A
Repllsoqe M ~ Future ?, Ky
= Future = g ),‘ origin
origin e )
'Léaé yK
- Termination
Termination site Termination site site
Figare 202 Principles of Blochomtry, 4o
© 2004 Pearvan Preatice Hal, inc.
(a) Bidirectional replication model i ori
Replication
Origin (ori) ori bubble ori ori
Replication
forks

[W Seufert and W Messer. Start sites for bidirectional in vitro DNA replication inside the replication origin, oriC, of

Escherichia coli. EMBO J. 1987. (8): 2469-2472]



PEMJIMKALUWUA E.coli: perynauus

DnaA

RIDA, DDAH, datA-dependent DnaA-hydrolysis
Regulatory Inactivation of DnaA

DnaA-ATP —>E DnaA-ADP

DARS, MHrMbuposaHue aKkcnpeccua dnaA SeqA

DnaA Reactivating Sequence

vt i 62
Tandem array of Binding sites for
GATCTNTTINTTTT Dna A protein: TTATNCANA

=
\ /a;mrn =
A

KOHTPO/J1b Yepe3s meTuinposaHune

denatures
the double stranded
DNA

E. coli genome




PEMJIMKALUWUA E.coli: perynauus

11
canToB
r *
GATC-GATC 6N-A
CTAG--CTAG
-3
GATC-GATC
A .
g CTAG-CTAG

* * ,
DNA | , e
GATCGATC o Dam | _Delay | Methylation

= >
CTQG. _CT&G Replication 7 \ ......... . by Dam & &
LA GATC-GATC
.................. CTAG--CTAG
GATC—GATC LA

CTAG-CTAG
* *

{ Fully methylated ] [ Hemimethylated ] _

[Biochemistry, Genetics and Molecular Biology "The Mechanisms of DNA Replication", book edited by David Stuart, ISBN

978-953-51-0991-4, Published: February 20, 2013 under CC BY 3.0 license. © The Author(s).
Chapter 12. Roles of Methylation and Sequestration in the Mechanisms of DNA Replication in some Members of the

Enterobacteriaceae Family. Amine Aloui, Alya El May, Saloua Kouass Sahbani and Ahmed Landoulsi]




PEMJIMKALUWUA E.coli: perynauus

T o
GATC GATC
Fully methylated DNA CTAG CTAG

[ |

CH, CH,

Replication

PV o

Hemimethylated DNA g ¢ 2\— g g ¢ ; g

CH; CHs

SeqA binding to GATC GATC
hemimethylated DNA CTAG CTAG
Sequestration of SeqA- il meniEramne
DNA at the membrane

G A
CT

1
A G
I

“)>-4
0

Active complex ATP-

Initiator protein DnaA - Dam enzyme

|
A
T

Fully methylated DNA

-l)>_
I—>» 4

G
C

C C
G G

3 C

G
C

I-» o

c 3

[Biochemistry, Genetics and Molecular Biology "The Mechanisms of DNA Replication", book edited by David Stuart, ISBN
978-953-51-0991-4, Published: February 20, 2013 under CC BY 3.0 license. © The Author(s).

Chapter 12. Roles of Methylation and Sequestration in the Mechanisms of DNA Replication in some Members of the
Enterobacteriaceae Family. Amine Aloui, Alya El May, Saloua Kouass Sahbani and Ahmed Landoulsi]



PEMJIMKALUWUA E.coli: perynauus

B Initiation
at two origins

T, 115 min .‘ .‘.
T4 102 min
Initiation
at lour ins
D = C

Initiation at four ongins

and
call division
OFS I.ﬁ, .ft\,] [,_.@ I,._e
Q 9 e @
. +
o0 OO0 o OO0
7,33 min 7,42 min

[Solveig Fossum, Elliott Crooke, and Kirsten Skarstad. Organization of sister origins and replisomes during multifork DNA
replication in Escherichia coli EMBO J. 2007. 26(21): 4514-4522]



