@ Chuwong 3
Qua trinh sao chép DNA

template S strand

S strand

template S’ strand
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@h  DNA la vat liéu di truyén
= ° e

% Bing chirng 1: Thi nghiém ching minh ¢6 sy bién nap & vi khuén, 1928.

% Bing chirng 2: Thi nghiém chirng minh DNA 1a nhén t6 bién nap, 1944.

% Bing chimg 3: Thi nghiém chirng minh vat li¢u di truyén ciia phage T, 1a DNA, 1952.
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@i Thi nghi¢m vé bién nap cua Griffith

Tébao S séng Té bao R séng Tébao S chét Tron té bao S chét
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i%i Nam 1944 nhém Avery, McCarty, McLeod
xac dinh r6 nguyén nhan gay bién nap la
gi?

1. Mice + DNA-digesting enzyme + heat-killed S + R ---> Live Mice

2. Mice + RNA-digesting enzyme + heat-killed S + R ---> Dead Mice
3. Mice + Protein-digesting enzyme + heat-killed S + R --> Dead Mice

— DNA la nhan t6 bién nap

Avery két luan rang DNA la vat liéu di truyén

Oswald T. Avery
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1952 — Alfl"'ed Hershey va Martha Chase két luan vat
liéu di truyen cua phage T, la DNA.

« Phage infect bacteria

* Lysis and release of
labeled progeny phage

335-Protein coat 4!'

ap

=y, * Labeled phage infect
unlabeled bacteria

[
AGITATE IN
@ BLENDER
< =
R

A

0
X

;2 » Progeny phage strongly 3 « Progeny phage
labeled with 32p unlabeled (<1% of

(>30% of original *?P recovered) original *S recovered)

Hershey va Chase khiang dinh rang DNA la vat liéu di truyén
5 Nguyén Hiru Tri

 Phage coats are separated
from bacteria

« Replication of DNA and
synthesis of protein coat and
tails

 Assembly of components

P
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% 1953 James D. Watson va Francis H. C. Crick céng bé ciu
=¥  trac chubi xoan kép ciia DNA

James Watson va Francis Crick
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@ DNA 1a vat liéu di truyén

Vit chit di truyén trong co thé sinh vét c6 nhiém vu truyén lai

tinh trang tir doi trwedc xong doi sau, trén 3 nguyén tac:

> Vit chat nay phai cé tinh bén virng vé thong tin dbi véi cAu
truc, chirc nang, sy phat trién va sy sinh sian cia té bao.

> C6 kha ning tu tii ban mdt cach chinh xéc sao cho té bao
con c6 thong tin di truyén giong nhw té bao me.

> C6 kha ning thay ddi, gitip sinh vat bién di, thich &ng, va
tién hoéa.
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@ Cau truc xoin kép ciia DNA
= (Double helix structure of DNA)

3.4nm

(a) Key features of (b) Partial chemical structure (c) Space-filling model
DNA structure
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ﬁi Dac diém cua cau truc xoan kép DNA

% Phén tir DNA c6 hai chudi day polynucleotlde
quan nhau theo chiéu tay phii. Hai day nay doi e Ve
xing nhau, cliing song hanh theo tung cap base ™ ™ :
twong tng, theo qui wéc dau 5° 1a gbc, diu 31a :
dudi. Day co ban con goi 1a diy xwong song
dwgc hinh thanh béi duwong va photphase véi
nhirng base dinh hai bén trong day.
- Chudi xoéin kép cho phép cic base purine va
pirimidine c6 cau tric phang xép chong khit Ién
nhau ¢ bén trong phin tir DNA, han ché sur tiép xuc
cia ching véi nwée. Ching dinh thang goc voi day
xoan
- Cac nguyén tir dwong va cic nhém phosphate
xoay ra ngoai hinh thanh lién két véi nwée dam bio
tinh on dinh cho phan tir

o onoy v
Yend Send °
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cytosine-guanine
ﬁ base pair (C=G) H\ Tvdrogsabond
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thymine-adenine
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@n Daiac diem caa cau truc xoan kép

h o

DNA

schematic
representation of
the double- helical
structure of DNA

sugar-phosphate
backbone

minor groove

base pairs

major groove
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@ Pac diém cua cau truc xoan kép DNA

Nhirng base nay & trén hai day déi xirng nhau dugc nédi lién béi ciu ndi
hydrogen: A-T va G-C. Céu ndi hydrogen rit dé bi tach ra (vi du nhw nhiét
dj cao) dé tao thanh hai day don. Cap base twong ng A-T va C-G duge
goi bang thuat ngtr chuyen mon la “complement base pair”. Noi C-G (3 ciu
n01) bén hon ndi A-T (2 ciu ndi)

Cac cdp base cach nhau 0,34 nm trén day xoin DNA. Mi mét goc quay
hoan toan (360") cua day xoin (helix) ¢é do dai 3,4 nm. Do d6, méi doan
xoin nhwr vy c6 tit ca 10 cip base. Puwong kinh ciia mt géc quay la 2nm.
Két qua ciia cAu tric ddy xoin kép tao ra nhitng rinh chinh (major
groove) va nhirng ranh phu (minor groove). Ca hai ranh nay co kich thuége
di rong cho phép nhirng phan tir protein ti€p xic véi nhitng base.
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@h Tinh 6n dinh va bién djng ciia DNA

< Tinh 6n dinh cia DNA 13 két qua cia hai qua

trinh: sao chép va sira sai

¢ Cac bien doi cia DNA: d¢t bién, tai to hop, cac

gen nhay
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@ Tinh n dinh ciia DNA

¢ Co ché sao chép ban bao ton
¢ Cac co che stra sai DNA

E1EAE
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% Thi nghiém cua Meselson va Stahl

Su sao chép ctia DNA ¢6 tinh chat ban bao ton

s

©Q Bacteria @) Bacteria
cultured in transferred
medium to
containing medium
N containing

DPodng vi néing cta Nito’ (khdng phai ddng vi phéng xa) dwec diing trong thi nghiém nay
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least
dense

most
dense
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bacteria grown bacteria bacteria
in medium transferred continue to
enriched with to medium grow
the heavy containing in medium
isotope 15N 14N containing
14N
1st cell 2nd cell
division
(o)

the density of the DNA isolated from the bacteria was

analyzed by high speed centrifugation
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@i Tong quan vé su sao chép DNA

2 mach bit cip b6 sung
% MObi mach c6 thé 1am nén dé
tong hgp nén mach méi

— Cach thie tai ban nhw viy dwoc
goi 12 mo6 hinh bao thd mot nira
(semiconservative).

— Mot mach dugce tépg hop lién tuc,
mdt mach dwgc tong hop khong
lién tuc (cac doan ngian sau dé
dwoc noi lai) dwge goi la sao chép
ban lién tuc

— Cin mdi RNA primer

% Chudi xoin kép DNA bao gom g

24/03/2016 2:56:19 SA 17
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Sugar-phosphate
backbone

Base pair (joined by
hydrogen bonding)

Old strands

iy Su sao chép DNA

-

¢ Mot mach dugc sao chép lién tuc hudng vao

nga ba sao chép (replicating fork).

¢ Mot mach duoc sao chép khong lién tuc tao ra
cac doan 1-2 kb Okazaki theo huéng nguoc

lai (hudng ra khéi nga ba sao chép).

¢ bicu nay dam bao ca hai mach duoc sao chép

theo dting chiéu 5°—3".
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@ Nga ba sao chép

Sy sao chép DNA dién ra tai vi tri nga ba
sao chép (replication fork)
« Day la qua trinh:

— Theo mét hwéng duy nhat — chia ba sao chép di
chuyén theo mét hwédng trong khi cai con lai thi co
dinh & origin

— Theo hai hwéng — hai chia ba di chuyén theo hai
hwéng nguoc nhau twr origin

 Hau hét sy sao chép & vi khuan va & te
bao eukaryote la theo hai hwdong
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@ Cau tric sao chép c6 dang theta “0”

DNA bit diu sao chép véi sw tao thanh
“bubble” — mdt ving nhé noi chuodi goc
(template) dwoc tich ra va DNA con da
dll'(.)'C tﬁl’lg h(,)p replication
DNA dugc tich mach tai diém khéi dau sao =
chép (ORI). Moi mach déng vai tro lam
khuon dé tong hop mach bo sung.

Nga ba sao chép (Replication fork) di ,chuyén |

theo hai hwéng ngugc nhau tao cau tric =
giong ki tu theta (0). Q
Sau khi qua trinh sao chép hoan tat hai o
mach dugc tich ra /QZ?""S?Q’IZS

OO

2 circular daughter DNA molecules

Figure 5-30. Molecular Biology of the Cell, 4th Edition.
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% Sw sao chép DNA ¢ prokaryote va eukaryote

replication
begins

N~

3]

replication
completed 2 e ’ N
K @ QOrigin (ORI) 1a diém c6 dinh noi bit diu cia

O qua trinh sao chép.
el Replicon 1a mdt don vi sao chép
2 circular daughter DNA molecule

replication at the two ends
of each bubble (TEM).
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Figure 5-30. Molecular Biology of the

replication

EER o forks

> 5

Tum

Figure 5-6. Molecular Biology of the Cell, 4th Edition.

Su sao chép duwoc tién hanh dong thoi tai nhiéu diém trén phan
tir DNA cua eukaryote
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ﬁ Proteins Involved in DNA Replication in E. coli

Function

Protein Gene
= DnoA dnaA
Helicase dnaB
DnaC dnaC
SSB ssb
Primase dnaG
RNase H rnhA
Pol | pola
Polymerase il
o dnaE
€ dnaQ@
0 holE
B dnaN
T dnaX
¥ dnaX
8 holA
& holB
x holC
y holD
DNA Ligose lig
DNA Gyrase
o gyrA
p gyB
Topoisomerase IV
A parC
B parE

Initiation of chromosome division; binds to the origin of
replication

Unwinds the double helix

Loading of DNA helicase

Single strand binding protein

Synthesis of RNA primers

Partial removal of RNA primers

Polymerase |; fills gaps between Okazaki fragments

DNA polymerase Il holoenzyme

strand elongation

kinefic proof-reading

unknown; part of core enzyme

sliding clamp

dimerization of core enzyme

loading of sliding clamp

loading of sliding clamp

loading of sliding clamp

loading of sliding clamp

loading of sliding clamp

Seals nicks in lagging strand

Introduces negative supercoils

Makes and seals double strand breaks in DNA

ATP-using subunit

Decatenation

Makes and seals double strand breaks in DNA

ATP-using subunit

24/03/2016 2:56:19 SA
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@ E. coli DNA Polymerases

» Co6 baloai 3 DNA polymerase ¢ E. coli:

—pol I
— pol II
— pol III

« E. coli DNA polymerase I xac dinh dau tién. N6 duoc

kham pha ndm 1958 boi Arthur Kornberg.
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@  DNA Polymerase |

 DNA polymerase | (pol I) la mét enzyme
linh hoat v&i 3 hoat tinh:
* DNA polymerase
* 3’55’ exonuclease
* 5’53’ exonuclease
— Xt ly thuy phan nhe cho ra 2 polypeptide
* Phan Klenow
* Phan nhé hon

24/03/2016 2:56:19 SA 25 P a—— . el
Nguyén Hiru Tri

@ Phan Klenow (Klenow Fragment)

Cé 2 chirc nang: Polymerase va hoat tinh 3’55
exonuclease giup né cé6 kha nang doc ngwoc
(proofreading)

— Néu pol | thém nt sai, sw bat cép giira cac base khéng ding

— Pol I dirng lai, exonuclease loai bé nt khong bat cip

— Cho phép qua trinh sao chép tiép tuc

— Lam tang tinh trung thwc ciia qua trinh sao chép

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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=
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i 5’3’ exonuclease

h o

Copyright © The McGraw-Hill Companies, Inc. Parmission required for reproduction or display.

o Hoat tinh néy cho phép o V5’ Parental strand
4 . ™~ b 5’ ) ] 3°  Progeny strand
pol | cat tai mét dau Nick —3
CCIa ChUél DNA dang lBindDNApoLymerasel

hinh thanh .

« Loai bd va thay thé mét
R . I3 . Simultaneous removal of
Chu0| kh| no d' qua iprimerandsymhasisof

DNAto fillin the gap
* La chrc nang co ban i
nge?® T

khi:
. > . Degraded .
— Loai bo primer pumer—"" | Duaigase

Nick

— Stra chira cho dwt (nick) ———
]
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i Polymerases II va I1I

-

<% Hoat tinh ciia Pol IT khong lién quan dén su sao
chép cia DNA
% Pol I ¢6 vai tro chii yéu trong sira sai

% Chi ¢6 pol Il 12 cin dén cho qua trinh sao chép
DNA

% Pol III 12 enzyme sao chép & vi khuin

24/03/2016 2:56:19 SA 28 X orre .
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@h Enzyme Pol III hoan chinh

h o

®
°e

Pol III core dwgc tao thanh bdéi:

— Hoat tinh DNA polymerase nim trén
tiéu dom vi a

— Hoat tinh 3’—>5’exonuclease tim thiy
trén tiéu don vi &

— Vai tro cia tiéu don vi 0 vin chwa ré

— Hoat tinh DNA-dependent ATPase nim
trén phirc hgp y chira 5 ti€éu don vi

< Cudi cung, tiéu don vi p thém vao
tao thanh enzyme hoan chinh
(holoenzyme). Holoenzyme c6 chira

4 R . Source: Adapted from Henderson, D.R. and
khoéng 10 tiéu don vi. T.J. Kelly, DNA polymerase Ill: Running rings

around the fork. Cell 84:6, 1996.
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@ Tinh trung thuc cua qua trinh sao chép

% Sy trung thuc trong sao chép can thiét cho su song
% Bo may sao chép DNA di thiét 1ap mot hé thong sira
sai (proofreading system)
— Hé thong nay can mdi

— Chi nucleotide bt cip bd sung lam mdi cho pol III hoan
chinh

— Néu mét nucleotide sai thi qua trinh sao chép ngimg lai
cho dén khi hoat tinh 3°’—5” exonuclease cua enzyme pol
III hoan chinh loai bé n6

24/03/2016 2:56:19 SA 30 X orre .
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@‘ Cac DNA Polymerase cua eukaryote

Té bao dong vat c6 vi chira 5
DNA polymerase khac nhau

— Polymerase 6 va a cé vai tro
tham gia sao chép trén ca hai
mach DNA

— Pol o dong vai tro trong viéc
khéi dau trong hgp DNA

— Kéo dai cda hai mach dwgc
thuc hién béi pol &

24/03/2016 2:56:19 SA

Copyright © Tho MeGiraw-Hil Comparas, Inc. Pamission r6aukte 1or roproducson o dsolay.

Table 20.3 Probable Roles of Some Eukaryotic
DNA Polymerases

Enzyme

Probable Role

DNA polymerase a

DNA polymerase &
DNA polymerase B
DNA polymerase &
DNA polymerase -y

Priming of replication of both
strands

Elongation of both strands

DNA repair

DNA repair

Replication of mitochondrial DNA

31

Nguyén Hiru Tri el

i i Sw tach mach

-

% Qua trinh DNA sao chép cho thdy 2 mach DNA tai

nga ba sao chép bi tach mach

% Khong xay ra tu dong khi DNA polymerase lam cong

viéc cua nd

— 2 mach nén lién két rat chat véi nhau

— Cén tén niang lugng va hoat dong cua enzyme dé tich

chung

— Helicase lam tach mach dsDNA tai nga ba sao chép dugc

ma hoa boi gene E. coli dnaB.

24/03/2016 2:56:19 SA
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@ Single-Strand DNA-Binding Protein

% O prokaryote ssDNA-binding protein gin chat
v ssDNA hon véi dsDNA

— Nho su hoat dong cua helicase giip hinh thanh
ssDNA

— Gitr cho hai mach khong bat cap trd lai

% Bang cach boc ngoai ssDNA, SSBs gitt cho
n6 khoi bi phan huy

% SSBs can thiét cho qua trinh sao chép DNA &
prokaryote

24/03/2016 2:56:19 SA 33 x ,
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) Topoisomerases
% Chudi DNA duoc tach dugc goi 1 “unzipping”
o DNA khong that sy gidng mot day kéo thang ma 1a mot
chuoi xoan doi song song.
o Khi 2 mach DNA duoc tach ra, mach nay quay vong quanh
mach kia
+»* Helicase co thé tu minh tach va git néu hai mach cua
DNA 1a thang va ngan, 6 DNA dang vong nay sinh
mot van dé
o Khi DNA dugc thao xodn & mot vi tri thi s& 1am xodn hon
& vi tri khac.

24/03/2016 2:56:19 SA 34
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@ Topoisomerase va DNA gyrase

Strand
gV, L/ nick
Q‘ 3
H ¢ f
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Topoisomerase 1a mot nuclease dic bigt dong vai trd thio xoin dé khic phu su xoin tit

lai cia DNA mach khuén.
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gl DNA Gyrase _.

« Pau tién 1a mot enzyme gan vao e
chudi xoan kép DNA dwoc goi la o
DNA gyrase

« Cho phép mach DNA xoay va giai | ‘
xoan & ¥

* Gyrase la mét dang cua enzyme Iép :
topoisomerase Il

( A e oA 4 ’:‘_

( . HELIGASE '” ‘f ("YR\SF ;

K ) ‘?:;i;ﬁ:“ 3 \ S
synthesis \A S\ \ ‘3‘ \ «l \g

§ VYN
\ o) S su ety §
Telicase
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f@ Co ché hoat dong cua Helicase

« Khi helicase hoat dong né gin véi nhiing
“Iinitiator” va 161 ching vao DNA dang tai ban.
* Helicase c6 nhi¢ém vu mo xodn va tach day doi

thanh day don bang cach st dung nang luong
tor qué trinh phan giai ATP.

* Su phan giai ATP lam thay do6i trang thai cua
helicase, tao diéu kién dé enzyme di chuyén
doc theo day DNA dé md xoan.

24/03/2016 2:56:19 SA 37 x ,
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i Sw khéi dau (Initiation)

-

< Khéi diu cia qua trinh sao chép DNA la qua trinh
tong hop primer

%* Primosome dwgc dung dé chi tap hop cac protein
can thiét cho sw tong hop primer cho qua trinh sao
chép DNA.

% Tong hop primer & E. coli d0i héi mdt primosome
gom cé:
o DnaB DNA helicase
o DnaG Primase

24/03/2016 2:56:19 SA 38 P .
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I I P I
Reph‘scrwe
Leading strand Replication
BT T R fork DNA helicase Topoisomerase
\ DGR BE TS

Single-strand

4 i DNA
binding proteins polymerase I

New Okazaki Older Okazaki
fragment fragment

Primosome hinh thanh tai ORI, trong truong hop E.
coli v&i nhiém sic thé vong tron, diém gdc clia su sao
chép goi la oriC (245bp)
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iy OriC

Ving OriC bao gdm hai nhom trinh ty 1ap lai v6i (N 1a base bat ky)
o 3 trinh ty 1ap lai lién tiép gom 13 cdp base GATCTNTTNTTTT
o 4 trinh ty 1ap lai phan tan véi 9 cap base TTATNCANA

13 bp repeats 9 bp repeats
GATCTNTTNTTTT TTATNCANA
1 1
<€ 245 bp >

24/03/2016 2:56:19 SA 40 X orre .
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@h Khéi dau sao chép ¢ E. coli

h o

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
13-mers 9-mers
—

—_— (@ (®)
J— —
DnaA Initial Open
+ATP complex complex

+HU
35.

© DnaB  DnaC

()

Prepriming
complex

5'3.
— DnaA gén vao oriC tai vi tri 4 trinh tu 1ap lai 9 base va phéi hop
vo1 HU protein tach mot doan DNA ké can vé phia trai tai tat ca 3
vung lap lai 13 base tao ra mdt phirc hop mé.
— DnaB helicase 1a mot hexamer gin vao phtrc hop md nhd DnaC
va tao thuan tién cho primase gin vao dé hoan thanh primosome.
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@ Khéi dau sao chép & E. coli

A) DnaA - DNA AGGREGATES B) REPLICATION BUBBLES FORMS C) DnaB AND DnaC BIND TO FORM
REPLICATION FORKS AND DISPLACE DnaA.

s IR AN/ AY) 7 AN AN AV Y AN W7
8 YA YA SV AV AN [ VAV VAV AV, e
(RARAI s (AN s | Y YYY.Y,

Q
\ 5

fira & Dnad. 3

S DnaA

A A A A A A

Helicase Helicase
( % DnaB DnaB g )

DnaC

— DnaB helicase thay thé cho DnaA va bt dau tich mach DNA
dé tao ngd ba sao chép. Mot DnaB hexamer thtr 2 tao mot
nga ba sao chép thir 2 va di chuyén ngugc chiéu.
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Khéi dau sao chép & E. coli

— Primosome van gin replisome (12 hé thdng cac enzyme cia bd
may sao chép), l1ap lai viéc tong hop primer cho cac doan
Okazaki tong hop trén mach cham (lagging strand)

— DnaB helicase c6 hoat tinh helicase gitp thao xodn DNA khi
replisome tién hanh

— DNA gyrase can thiét dé thao xoin va SSB protein dugc gin
vao dé on dinh DNA mach don.

— DnaB helicase ciing hoat héa primase, 1a enzyme tong hop
RNA primer.

24/03/2016 2:56:19 SA 43 P a—— .
Nguyén Hitu Tri el

[
Replisome
Leading werase Parental
- — strand At
g, strand 'ﬂ[bﬂwﬂibwﬂyw .

DnaB helicase

DnaG primase
Primer

2D Dug

Lagging et
strand DNA polymerase
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@ Nga ba sao chép (Replication fork)

24/03/2016 2:56:19 SA

Topoisomerase

Replication >
fork movement

~Single-stranded
DNA-binding proteins

RNA primer

Okazaki
fragment

Polymerase Il
dimer

Lagging

Leading
& strand

strand

THE CELL Fourth Ecition, Figrre .10 © 2000 ASM Press s Ser Assoceen. e

45

Nguyén Hiru Tri

©

) Kéo dai (Elongation)

-

< Khi mdt primer dwoc tong hop qua trinh

tong hop DNA thuc sw bit dau.

< Mot cach két hop hai hoa trong qua trinh
tong hop mach sau(lagging) va mach truéc
(leading) gitr holoenzyme pol III bam chat

véoi day nén.

¢ Sao chép la mét qua trinh dién ra rat

nhanh.

24/03/2016 2:56:19 SA
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i Toc d9 sao chép

« In vitro enzyme pol III tong hop DNA véi
toc do khoang 730 nt/giay, in vivo toc d§ nay

khoiang 1000 nt/giay

* Pay la enzyme co6 toc do tong hop cao ca
trong in vitro va in vivo.

24/03/2016 2:56:19 SA

47 x ,
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@mn  Pol III Holoenzyme va qua trinh sao chép

-

* Pol III core c6 Kkha ning
polymerase rat yéu, sau khi tong
hop khoiang 10 nt né bi tach
khéi diy nén (template).

« Nhu viy core enzyme thiéu mot
yéu t6

— D6 la tic nhan hién dié[l trén
holoenzyme cho phép né van lién
két chat véi template

- Tfic nhin do6 la mét “kep truot”,
ticu don vi B-cia enzyme hoan
chinh (holoenzyme).

24/03/2016 2:56:19 SA

#

Pol llI*
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@i Vai tro cuaa tiéu don vi 3

« Core duwge thém tiéu don vi B c6 thé sao chép DNA toc dd
cao khoiang 1,000 nt/giay
— Dimer dwgc hinh thanh béi tiéu don vi p ¢6 dang vong (ring-
shaped)
— Vong nay bao quanh DNA template
— Twong tic v6i tiéu don vi o ciia core dé két hgp toan bd
polymerase va template véi nhau
« Holoenzyme giir n6 trén diy nén nho vao kep .
* Yéu to giir cho qua trinh sao chép & Eukaryote 13 PCNA
hinh thanh m{t trimer, ciing c6 dang vong bao quanh DNA
va giir DNA polymerase trén template

24/03/2016 2:56:19 SA 49 x ,
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i@ Proliferating cell nuclear
antigen (PCNA)

Clamp loader ," DNA Polymerase
A

DNA Ligase

24/03/2016 2:56:19 SA 50 P .
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@ véuté giap gan “kep”

* Tiéu don vi B can sw tro gitip cia mét phire
hop y de gan vao DNA template
— Phtrc hop y nay hoat déng xuc tac trong viéc viéc
hinh thanh phirc hop o5 ]
— N6 khéng lién ket véi phirc hop trong suot qua
trinh sao chép
* Qua trinh gan “kep” la qua trinh si¢ dung
ATP
— Nang lwong tir ATP thay d6i hinh dang cua tiéu
don vi 3 giup n6 gan véi tieu don vi B
- \élﬁx gan nay cho phép m& “kep” va bao quanh

24/03/2016 2:56:19 SA 51

Nguyén Hiru Tri el

i Kep B va Loader

24/03/2016 2:56:19 SA 52 X orre .
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= Kep B va Loader

DNA Polymerase Il f, subunits "sliding clamp" DNA moving through DNA Polymerase

24/03/2016 2:56:19 SA 53 P a—— . el
Nguyén Hiru Tri

@  Swténg hop mach sau

+ Pol lll holoenzyme la enzyme cé 2 dau, & day c6 2
core polymerases gan 2 tiéu don vi © vé&i mét phirc
hop y

« M6t core chiju trach nhiém téng hop lién tuc @ mach
trwéc (leading strand)

« M6t core khac thwe hién viéc tong hop gian doan &
mach sau (lagging strand)

— Phirc y duy tri nhw mét clamp loader dé gan kep B vao
primer trén DNA template

— Sau khi dwoc load, kep B khong con ai lwc véi y complex ma
lai lién két chat véi core polymerase

24/03/2016 2:56:19 SA 54 X orre .
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e

3’
5 3

Sw sao chép DNA

3
.

Leadin

strand 9
DNA
polymerase Ill
4

DNA double helix
' T

/
Okazaki Y
mw s LLLLL IIIIIa,
| " Lagging strand
3 Primer
5
‘ UNA
Primase polymerase III

RNA primer

Dl/‘,dA template /
ﬁmmmmmw ¥ ‘ GO B
= 2 5 WA L L
N\ N\ New DNA

@

-

Sw tong hop dong thoi

Gt © The Mo

Phirc hop y va kep B giup = J|_
core polymerase tong hop Z
nhanh mot doan Okazaki L
Khi doan nay tong hop . v

xong, kep B mat ai lwc véi %}L £

core l e

Hinh thanh lién két giira

kep B v&i y complex véi % o
hoat déng thao kep (unload /&
!

clamp)

Sau dé lai bat ddu mét chu
24/03/2016 2:56:19 SA /l —
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@ Swtong hop dong thoi

leading- newly
strand synthesized

template  strand DNA polymerase on

\‘\‘},{ leading strand
"\

’%\3 DNA primase
. g ~ I
sliding clamp parental
and clamp loader PN‘:hEHX
NN NN

single-strand DNA-

binding protein ~— DNA helicase

, R lagging-strand
‘\f\}@‘ ,\/ template

%

p

%

RN DNA polymerase

primer on lagging strand newly
new Okazaki (just finishing an synthesized
fragment Okazaki fragment)  strand

Figure 5-19a Molecular Biology of the Cell (© Garland Science 2008) el

newly synthesized
leading strand

newly parental
synthesized DNA
Iagging helix

strand

(B) (€)

Figure 5-19b,c Molecular Biology of the Cell (© Garland Science 2008) el
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@ Sao chép & mach sau

Copyright  The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Pol lll core
B ycomplex

l (a) Loading of  clamp
g ;k attached to clamp loader
Ql’ (b) Dissociation of clamp loader

+ADP+Pi } (c) Binding of B clamp to Pol Il

ly (d) Processive DNA synthesis
(e) Dissociation of Pol Il ;

(f) Binding of B clamp to ‘
¥ complex

(g) Dissociation and recycling l,

Source: Adapted from Henderson, D.R. and T.J. Kelly, DNA polymerase lll: Running rings around the
fork. Cell 84:7, 1996.
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@  Swloai bd moi RNA

-

« Khi sy tbng hop DNA hoan tat, mdi RNA
primer can thiét phai dwoc thay thé bdi
deoxyribonucleotide.O' prokaryote, enzyme
DNA polymerase | loai bd mbi
ribonucleotides si* dung hoat tinh 5—-3
exonuclease va sau do si¢ dung hoat tinh
5—3 polymerase. Sy téng hop mach cham
(lagging strand) dwoc hoan thanh nho
enzyme DNA ligase.
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@ Sw tong hop mach cham (lagging strand)

Okazaki RNA primer Okazaki
fragment * fragment

DNA ligase

Parental DNA

" Parental DNA .

New D}\'A s> Pol | movement
nucleotides

inserted

Discarded RNA
nucleotides

24/03/2016 2:56:19 SA 61 x ,
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@ Ket thuc (Termination)
- Trong qué trinh sao chép cua vi khuan
— 2 replication fork tien déen vung ket
thuc
— C6 chtra vi tri 22-bp terminator lién két v&i
protein dac hiéu (terminus utilization
substance, TUS)
— Replicating fork di vao vung két thiuc sao
chép va dirng lai
—Tach r&i hai mach con dinh vao nhau néu
khéng té bao sé khong phan chia

24/03/2016 2:56:19 SA 62 P .
Nguyen Hiru Tri

v

24/03/2016

31



@h  Kiéu sao chép vong xoay

Template
Newly

strand ;
r'd synthesized DNA  Initial genome
e )
O . O » O " Genome unmit

Sao chép vong xoay (Rolling circle) 1a mét kiéu sao chép
cua DNA trong cac DNA mach vong (circular template) ma
mach khuon dugc sao chép nhicu lan (copied many times).

24/03/2016 2:56:19 SA 63 x ,
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5
>

@  Kiéu sao chép V(‘)ng Xo0ay

(+)
(a) (b)
N;ck Fieplncale

Replicate
cut
and
O ligate
Replicate ( )

24/03/2016 2:56:19 SA p .
Nguyen Hiru Tri

24/03/2016

32



iy Sao chép vong xoay

 DNA dang vong c6 thé sao chép theo co’ chée
vong xoay (rolling circle replication)
— Mét s¢i ciia dsDNA bij cat (nick) va dau 3’ dworc
mo’ ra
— Str dung mach DNA con nguyén nhw la mét DNA
template
— Pau 5’ bjtach ra
- Phage ¢X174 saq chép xoay vong vi vay khi
sao chép du chieu dai, chuoi vong don cua
DNA dwoc tach ra
* Phage A, chudi tach ra dwoc str dung nhw la
template cho sw sao chép gian doan, mach

lagging

24/03/2016 2:56:19 SA 65 x ,
Nguyén Hiru Tri el

@i Kiéu sao chép vong xoay & Phage A

* Khi vong tron xoay qua phai
— Mach lién tuc (leading strand) tiép tuc dwoc kéo dai
— Mach gian doan (lagging strand) kéo dai m§t cach gian doan
* Dung mach lién tuc khéng xoay lam template
« RNA primer dwoc dung téng hop doan Okazaki
* Cac dsDNA con méi dugce téng hop tao thanh nhiéu bd gen trudc

khi DNA bi cit.
Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Leading
, Lagging Y
3 +— 5’
5!
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@ Sy phan chia té bao me

h o

1. Bacterial cell
with circular

Septum
chromosome

Chromosome
Cellwall 4. Septum forms
between chromosomes

re

. Newly replicated
DNA

attached to
membrane

5. Chromosomes
in daughwr O @
cells
3. Daughter chromosomes

24/03/2016 2:56:19 SA 67 x ,
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@ Telomere

« Tt ca eukaryote bdo vé telomere cua
chdng khdi cac nuclease va cac enzyme
ghép ndi mach déi DNA.

* Telomeres cta dong vat hGru nhd hinh
thanh dang cu trac vong (loop) giup bao
vé soi DNA mach don & dau cubi NST.

« Sau méi chu ki phan chia, NST bj ngén di
do vai vung telomere bi mét di. Tuy nhién,
cac vung gene ch&c nang khong bi anh
hwéng, vi trong té bao cé sw hién dién cta ™" W@ -
enzyme telomerase. Boan DNA bj mat do Metaphase
sao chép sau d6 sé& duoc thay thé bai vai chromosome
vung 6 cdp base sau mdi chu ky sao chép.

Centromerg]

24/03/2016 2:56:19 SA 68 X orre .
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ity Cau truc cua telomere
=
Exposed
telomere end
G-strand overhang 5 O
5 Pairing
2-50 kb duplex telomeric repeats TRF1 dimer . | OfDNA
——— [TTAGGGIn Hlipiex
——— [CCCTAA]n
non-telomeric
DNA
Invasion
t-loop TRF2 dimer () l of
>, 3"-overhang
mmmu——. B large duplex loop
t-Loop
O diéu kién binh thwong, telomere tdn tai dwdi ciu tric bac 2 goi la T-
loop. Cau trdc T-loop duwgce 6n dinh b&i cac phirc hgp protein chuyén biét

©

@ Telomere

Telomere la cAu trdc tim thdy & dau cla NST. Telomere chiva cac
trinh tw 18p lai ngan (tr 20 dén vai tram), théng thuwong 1a 6 base
(TTAGGG, tim thdy & dong vat cé xwong sbéng ké ca con ngudi).
Telomere c6 tinh bao tdn cao mac du c6 mot vai bién ddi nhd.
Trinh tw 13p lai TTAGGG c6 & dong vat cé xwong ddng thoi ciling
thdy & trung Trypanosoma, trong khi & tring dé& day Paramecium
va Tetrahymena, trinh tw |1&p lai & TTGGGG. Rt nhiéu con tring
c6 vung lap lai 5 base TTAGG, trong khi & thuc vat Arabidopsis cé
trinh tw 7 base 13p lai & TTTAGGG. Tuy nhién, gan day nhiéu di
liéu cho thay vai thyc vat 1 1a mam cé trinh tw 18p lai 1a TTAGGG
giébng & dong vat co xwong sbng.

24/03/2016 2:56:19 SA 70 X orre .
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@ Vai tro cua telomere

« Bao vé cac gene nam cudi NST
-Lién quan dén cAu trdc T-loop cla telomere:
Tranh sy nhan biét mach don
Tranh sy ndi cac dau NST
Tranh qua trinh tai t6 hop NST
*Khéi sy qua trinh nglrng phan chia hoac
chét cla té bao

©

@ Vai tro cua telomere

IETE P

Shelterin loss ‘

unprotected telomere

s A

S o P0@» == ATM kinase
53BP1 1-H2AX Mre11/Rad50/Nbs1 ATM

TIFs ‘
p53
Vg N
Apoptosis Senescence

Sw hoat héa ngtrng phan bao hoac chét té bao

©
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@3 Telomerase

+ Blackburn c6 mét lwa chon théng minh dé nghién ctru vé
telomerase: trung don bao c6 long Tetrahymena.
Tetrahymena c6 hai loai nhan (nuclei):

— (1) nhan nhd (microrjuclei), chtra toan bo genome trong 5 cap
chromosome dung dé di truyén cho thé hé ke tiép.

— (2) nhan I&n (macronuclei), trong dé 5 cap chromosome bj v& ra
thanh hon 200 manh nhoé hon (minichromosome) dwoc dung dé
biéu hién gene.

+ Vi nhirng minichromosome ¢6 telomere tai dau cudi cla
né nén té bao Tetrahymena c6 nhiéu telomere hon & té
bao ngudi, va ching duwoc duy tri béi telomerase.

24/03/2016 2:56:19 SA 73

Nguyén Hiru Tri el

@‘ Telomerase

« Nam 1985, Carol Greider va Blackburn thanh cong trong
viéc thu nhan dich chiét cé hoat tinh telomerase tir té bao
Tetrahymena dang hinh thanh macronuclei.

« Nam 1987, Greider va Blackburn chirng minh rang
telomerase la mdt ribonucleoprotein v&i mét RNA va cac
tiéu don vj protein.

« Nam 1989 ho thanh cdng trong viéc xac dinh cau tric cla
Tetrahymena telomerase va xac dinh RNA cua né mang
trinh tw CAACCCCAA bb sung v&i trinh tv TTGGG trén
telomere.

24/03/2016 2:56:19 SA 74 P .
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ity Cau truc Telomerase

Telomerase la 1 phoc hop
ribonucleoprotein dong vai trd thém hTR
nhirng trinh tw 1ap lai telomere vao
ddu 3 cha NST, gitp kéo dai
telomere
Telomerase gébm 2 thanh phan
chinh (protein va RNA):

hTERT: la mét human telomerase

I~

reverse transcriptase nén co thé
tao ra mé6t DNA mach don tr mach
khuén RNA

Telomerase RNA (hTR or TERC):

H/ACA proteins
hTR: human telomerase RNA

H/ACA: family of 4 proteins essential for hTR accumulation|
hTERT: human telomerase reverse transcriptase

dung lam mach khuén RNA cho
hTERT tdng hop mach cDNA
H/ACA box : phirc hgp cac protein
cd vai trd hoat hoa telomerase va
on dinh cac lién két

i Telomerase

¥

U
40
== cccoaccccancce 5 “uaccocanc UV
)=GGGGTIGGGGWEGGGWGGGGWGEEG 3
Telomerase (d) Primer synthesis I
(a) Elongation
Primase

J GGGGTTGGGGTTGGGGTIGGGGTTGGGGTTGGGATTGS

U
)_GGGGTIGGGGW

\ (e) DNA replication |

Filling in the
Crrich strand DNA polymerase
COCAACCCC AA

Lengtheningthe /  (b) Translocation
Grich strand

TGGGGTTGGEGTTGGGET

c CCCCAACCCCAACCE
GGGGTIGGGGTTGGGGTTGGGETTGGEGTTG

(1) Primer removal I
(c) Elongation \ LD

5
GGGETTEGGETTGGGETTEGGETTEGEETTGGAGTTE 3

CCCCAACCCCARCCE "Anaccccasc VY
GGOGTTGEGGTTGGGGTTGERETIGGEGTTGEGETTG

Telomerase mang mét doan ngidn RNA, bbé sung véi 6 base lap lai cua
telomere. Diéu nay cho phép né nhan ra telomere dé gin vao. Sau khi
telomerase dwoc kéo dai & dau 3’, mach bd sung sé dwoc tong hop béi mot
RNA priming theo sau bé&i sw kéo dai béi DNA polymerase and va néi bing
ligase. Cac doan telomere lap lai bao vé dau cubi chromosome khéi sw phan

cat b&i cac exonuclease.
Nguyén Hiru Tri el
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iy Telomeres
Parent sDt?:r;gc}llsf o Telomere
DTA T 3
3: N EEE  Tolomerase RNA
\ ” l \ primer
T 3
e |
-
= ? [F———
e —————
e e =]
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@i Tinh trung thwc cta qua trinh sao chép

« S trung thwc trong sao chép can thiét cho sw
sbng
« B6 may sao chép DNA da thiét 1ap mét hé théng
stra sai (proofreading system)
— Hé thdng nay can moi
— Chi nucleotide bat cap bd sung lam méi cho pol IlI
hoan chinh
— Néu mét nucleotide sai thi qua trinh sao chép ngirng
lai cho dén khi hoat tinh 3’5" exonuclease cua
enzyme pol lll hoan chinh loai bd n6

24/03/2016 2:56:19 SA 78 P . F
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@ TINH BIEN PONG CUA DNA

« DOT BIEN VA SUA SAI
« GEN NHAY
« TAI TO HOP

&
$

24/03/2016 2:56:19 SA 79 x ,
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@  CACKHAINIEM VE DOT BIEN

« Dot bién 1a mot tién trinh trong d6 chudi trinh tu ctia nhing cip
base cua phan tir DNA bi thay doi.

+ DOt bien ¢ mirc do nhiém sac thé: 1a bién di tir nhiing dicu kién
binh thuong lam thay doi so lugng nhiém sac thé, hoac cau tric
nhiém sdc the, gdy anh huong dén gidi tinh, hodc nhiéu tinh
trang khac.

DOt bién ¢ mirc d phén tir 1a dot bién trong chudi trinh tu cua
gen & mirc do tung cap base, con duge goi 1a dot bién gen, hay
dot bien diém vi n6 chi thay d61 & mdt, hoac mot vai cap base.

* C4c loai hinh dot bién diém: dot bién chuyén vi, dot bién chuyén
doi, dot bien sai nghia, dot bién v nghia, dot bién dong nghia,
dot bién chuyén dich khung.
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i@y Cac loai dot bién diem
ATGCCCGAAGTG
TACGGGCTTCAC

Dot bién chuyén vi
(transition mutation)
purine = purine
pyrimidine - pyrimidine

ATGCCCAAAGTG ATGCCCTAAGTG
TACGGGTTTCAC TACGGGATTCAC

Dot bién chuyén ddi
(transversion mutation)
purine = pyrimidine
pyrimidine - purine

Purines: Ava G

Pyrimidines: Cva T

24/03/2016 2:56:19 SA 81 Neuyén Hiru Tri el
g Cac loai dot bién diém
AAT DNA
UUA mRNA

L Le mino acid
/4’ N\
CUA GUA AUA UCA UUC UUG UUU

Leu Val Ile Ser Phe Leu Phe
UGA UAA
Stop Stop
24/03/2016 2:56:19 SA 82 x N B
Nguyen Hiru Tri
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= (@) A €&—>
]: T 1
&

G T
(9]
Silent mutation Missense mutation Nonsense mutation
TGT — TGC TGT — TGG TGT — TGA
Cys — Cys CQys —= Tmp Cys — Stop

24/03/2016 2:56:19 SA 83 x ,
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@ DOt bien va sw biéu hién

« Dot bién la sw thay ddi trong vat liéu di truyén cua té bao

- D6t bién tw phat c6 thé xay ra trong sudt qua trinh sao chép cua
DNA, sw tai to hop, hoac sira chira

« Dot bién do cac tac nhan vat ly hay héa hoc cé thé la nguyén
nhan gay dét bien

+ Dot bién diém la sw thay d6i chi mot cip base cta gene

« Dot bién diém co6 thé gay anh hwéng dén cau truc va chirc niang
cua protein

24/03/2016 2:56:19 SA 84 P .
Nguyen Hiru Tri
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ity Pét bién

h o

- Dot bién sai nghia (dot bién lam sai day gbc, missense
mutation): 1& dét bién gen trong d6 mét cdp base thay dbi
[am DNA tao nén moét codon mRNA cé mdt amino acid
khong twong (rng chen vao dai phan t&r polypeptide.

- Dot bién dong nghia (d6t bién im lang, silent mutation): s
thay doi mot cap base cia mét gen nao doé lam thay doi mét
codon cua mRNA, tao ra mét codon méi nhwng amino acid
khéng thay doi.

- Dot bién vd nghia (d6t bién két thuc dich mé&, nonsense): 1a
dot bién gen trong d6 mot cdp base thay dbi lam DNA tao
nén mot codon mRNA Ia codon stop (UAG, UAA, UGA)

24/03/2016 2:56:19 SA 85 x ,
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f@@h Sw thay doi chi mét base ctia chuoi lam
=¥ khuén dan t&i viéc tbng hop moét protein
khéng binh thwéng

Wild-type hemoglobin DNA Mutant hemoglobin DNA

Trong DNA, mach khudn bi

3 5 3 5 )

dot bién chira A trong khi

UUULC-JF\II};IUI_JD IIIE A III mach khuén binh thuong
chta T.

mRNA mRNA

OIRRANAR pnn@wdnnn s

codon

Hemoglobin binh thuong Hemoglobin hinh ludi liém

hemoglobin dot bién chira
H Glu H }: 4 m: valine (Val) thay vi glutamic

acid (Glu).

24/03/2016 2:56:19 SA 86 X orre .
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@i

h o

Normal hemoglobin 3 chain Giutamic| [Glutamic
Valine - Histidine -|Leucine —Threonine ~Proline~| ,cid ~—  acid

| Glutamic
acid

Valine — Histidine — Leucine — Threonine —Proline— _Valine
Sickle cell anemia hemoglobin 3 chain

24/03/2016 2:56:19 SA 87 x ,
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] Cac loai @6t bién diém

=
- Dot bién diém xay ra trong gene co thé
chia thanh hai loai chinh

— Thay thé cap base
— Chén hodc mét moét cap base

24/03/2016 2:56:19 SA 88 X orre .
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@ Thay thé base

« La su thay thé mot base va nucleotide bat cap cta né
bang mét cap base khac

— C6 thé gay ra dot bién sai nghia (missense) hodc ddt bién v nghia

(nonsense)

‘Wild type

RNA EﬁEEEEmmnEmm!ﬁ

3
Protein /\ Met M Lys H Phe H  Gly

——
Stop
Amino end

Carboxyl end

Thay thé cip base
Khéng anh huong dén trinh twr amino acid

Nonsense

U thay vi A
(A 1 [0 04 [4 (] e i i [ () I (o) [

=
=

24/03/2016 2:56:19 SA 89 P a—— .
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Wild type
i@ ron A B AR BB AR
%—d
- Protein et H_Lys H_phe H Gy K g,
Amino end Carboxyl end

Dét blén Chuyén dlCh khurrlg Base-pair insertion or deletion
(frameshift mutation): NEU | ramesnitt
mot hodc nhiéu cap base
dugc thém vao hay mat di
trong mdt gen, khung doc
cia mRNA c6 thé thay ddi  rramesnift causing

N , . N extensive missense Missi
vung dudi (dowstream) cua VQ aRAg % Q“ 5 A
khung doc, tao ra nhiing :

. . A , [ Met H Lys HENETINHIXCWN---
amino acid khong ding trong
Insertion or 10f3

chuéi pOlypeptlde no frameshift but extra or missing amino acid

Mmulns
PEATILITI

Met H{ Phe | Gy | g

24/03/2016 2:56:19 SA X rre .
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@  Chen base va mat base

— Viéc thém hoac mat mét cép nucleotide trong gene in a gene

c6 thé gay ra dot bién léch khung (frameshift mutation).

‘Wild type
mRNA 5 .
Protein [ Met H Lys H Phe H Gly Ep_'
Aminoend Carboxyl end

Chén hojic mit mjt ciip base
POt bién léch khung gay vo nghia
Thém U

[ Met | Stop

Dot bién léch khung gay6sai nghia ? Mt U

[ Met H Tys Hilen Alass EES

Cheén hogic mét 3 nucleotides khong gay I¢ch khung
nhung lam thém hodc mat mgt amino acid

Missing

(A0 [l 1 1 616 1t 1w AL R

{ Phe H Gly ]

Stop

24/03/2016 2:56:19 SA 91 x ,
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@ II. NGUYEN NHAN GAY POT BIEN

1.Dot bién tu phat sinh
- Pot bién trong qua trinh sao chép
- Pot bién do nhiing t}lay doi hc’)g hoc mot
cach tu phat (dot bién do chuyén hoa)
2.Dot bién do kich thich
- Kich thich bang phong xa
- Kich thich bang hoa chat

24/03/2016 2:56:19 SA 92 X orre .
Nguyen Hiru Tri
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Pt bién trong qua trinh sao chép

ch w ketO"
o) <

=5

6 4 H\N/ H

.
e

Thymine
\

Adenine

N \\keto"

TR
‘0

H  Guanine

w ”
HyC - enol

H\N iy
Rare enol form ‘
of thymine (T*) H

Guanine

“enol"
H\f -

Y \J\ IE‘>

93 H Rare enol form
of guanine (G*)

Dot bi én trong qua trinh sao chép

Amino\ Ill
H .
e

.H\N i eh

o. : G [t
CyiosineH \N/k'ﬁ- s |
|

H Guanine

~

HyC

/5 fe /
6 4 N/H
“H

Thymine

Adenine \

Py,

H

Ho ~N
Rare imino form
of cytosine (C*)

|
q .
Cytosme

~

\
4

Adenine

Imino

&

Rare imino form
of adenine (A*)
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Base .
mismatch P <:

An adenine base ¥ 5’
5 3+ undergoes a
tautomeric shift prior

to DNA replication. A second round

AT > of DNA replication
oceurs.
3 5
5’ 3’
AT —<
3 5’
DNA molecules found
in 4 daughter cells
24/03/2016 2:56:19 SA 95
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Dot bién diém do chuyén héa

H H
SN o
H
>4
Deamination
(a) —_—
(o] 0
I |

Cytosine Uracil

o
.. H¢C L
Deamination N

I
5-Methylcytosine Thymine
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@h Dot bien diém do chuyén héa

I

Omm))
4ERAN Su phén purin héa
(depurination)

Guanine

HN

N,NJ“!
DNA

backbane

Nguyén Hiru Tri

Aflatoxin B,

Aflatoxin B,
o o

5’ 3 5’ 3
ﬁ C:G C:G
A:T= A:T=
- TEA Depurination . TiA Apurinic site
«C:G _- =
G:C GiC=p
5’

3 5’ 3

(a) Depurination

5’ 3
C:G
AT DNA replication
=T A
=C: :
G:iC=p
3 5’

X could be
AT GorC

(b) Replication over an apurinic site

24/03/2016 2:56:19 SA 98 X orre .
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@i

h o

Pot bién diém do héa chat

S5-bromouracil:

Analog Substitutes for

*Trong trang thai binh
thuong rat giong T, s€
bat cap voi A.

«Trong trang thai hiém, i

Hw I Br H\Nﬁ,(}lg
OJ\ : OJ\
H

5-Bromouracil Thymine

bét cap v6i G

« Gy ra dot bién AT thanh
GC

2—amipopurine:

C6 thé bat cap véi C (b)

HaN

2-Aminopurine Adenine

Gay ra dot bién AT thanh GC s

k Biology of Micraorganisms 11/e
Prentice Hall, Inc.

Nhitng chat dong phan goc base (base analogs)

24/03/2016 2:56:19 SA

Nguyén Hiru Tri
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i AT
< Replication in
presence of BrU
M g (O A‘BrU
Br O-H—N 7
{ #H—N Tautomeric shift
- \ ). ““H_N>_N
/ o) N A. BI'U*
Common keto Adenine lonized form Guanine Replication
form of 5-BU of 5-BU
AT + G'BrU*
l Replication

24/03/2016 2:56:19 SA

AT+AT + GBrU*

100 P ,
Nguyen Hiru Tri
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i Pt bién diém do tia UV

(a)
UV light

3 \ 3
: BN ————— P
Thymine ) -
hazes Covalent‘é_
5 bonds 5
Sugar-phosphate

backbone

® Tia UV cung cip ning lwong
: ' hinh thanh 2 lién két cong hoa
tri méi giira 2 T ké cén, giy ra

su dimer héa cac thymine.
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@ CAC CO CHE SUA SAI

-

1.CO CHE SUA SAI TRONG QUA TRINH SAO

CHEP
2.CO CHE SUA SAI NGOAI QUA TRINH
SAO CHEP

Nguyén Hiru Tri

©
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@ Stra sai nh& DNA polymerase lll (proofreading)

DNA polymerase sir dung hoat tinh 3’-5" exonuclease dé cit cac
nucleotide tong hgp sai trong qua trinh sao chép.

A) € SUBUNIT DETECTS MISMATCH DUE TO BULGE B) € SUBUNIT CUTS OUT MISMATCHED BASE (G)

o
| 1 ] Discarded

nucleotide

wr
(=]
(5]
[a]
[2]
[
&

e
=]
=
(o]
[©]
m

2=l
=]
ol
5]
=]
Hol

¥ 5

=
=
ol
o]
a=d]

o]

[

C) POLYMERASE GOES BACK,
O SUBUNIT REPAIRS MISMATCH
Correct

/ nucleotide
5 3
[, € B
| €] BT

Y[ 6] [ [

(=] -
(=] [BH
B

24/03/2016 2:56:19 SA ' P el
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(a) Parental strands are marked with methyl groups.

%CO’ CHE SUA SAI \
<y NGAY SAU KHI SAO >/ o LB

CHEP

Mach bd me dwgce methyl
héa. Mot thoi gian ngin
sau khi sao chép mach con
moi dwge methyl héa. Do
do ngay sau khi sao chép
mach con khéng dwge
methyl hoa.

Pic diém nay, khi h¢ thong
sira sai ciia té bao nhan biét
dwgec mach nao sai va sira
sai mach do.

24/03/2016 2:56:19 SA
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@ CO CHE SUA SAI NGOAI QUA TRINH SAO CHEP
=

DAO NGUQC SAI HONG (DAMAGE REVERSAL)
CAT BO SAI HONG (BER,NER)

24/03/2016 2:56:19 SA 105 P a—— .
Nguyén Hiru Tri

@ CO CHE SUA SAI NGOAI QUA TRINH SAO CHEP
PAO NGUGQC SAI HONG

w

pyrimidine
dimer r

DNA photolyas light

T e 100 o Tl TET__ T
ST *“_mﬂ_ i T it 1101

Hién tuwgng quang hoat hoa

24/03/2016 2:56:19 SA 106 P .
Nguyen Hiru Tri

3
O

24/03/2016

53



@M CO CHE SUA SATI NGOAI QUA TRINH SAO CHEP

PAO NGUQC SAI HONG

methyltransferase
SH

Loai b6 nhom methyl

24/03/2016 2:56:19 SA 107 Xl el
Nguyén Hitu Tri

CO CHE SUA SAI NGOAI QUA TRINH SAO CHEP

BER (BASE
EXCISION REPAIR)
-Glycosylase: nhin biét ] W

va cat base sai hong I-
DNA polymerase

-AP endonuclease,
exonuclease: Cat phan j

tir dwong cuaa base sai
héng

Dcnnrihoscphmphodies(emse

24/03/2016 2:56:19 SA
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% CO CHE SUA SAI NGOAI QUA TRINH SAO CHEP

'I‘LY
NER (NUCLEOTID {11/ LTI AT
EXCISION REPAIR) D m ‘
Nuclease cleavage

Nuclease: nhéan biét va cit
& 2 vi tri chuyén biét:

-Nu thir 7 ké tir vi tri sai

hong theo hudong 5’

-Nu thir 4 ké tir vj tri sai ""‘““'ﬁ”""*""“"“" ===
Ligase

hong theo hudong 3’ i

s OO O O O S O N Tl SO O PR

24/03/2016 2:56:19 SA 1 N "',"LLMWW-A&-
Nguyén Hiru Tri el

i Gene nhay (Tranposon)

-

4

ife

32

24/03/2016 2:56:19 SA
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i

» Cac gen nhay la cac trinh tw
DNA c6 kha niing gin xen vao
mot vi tri méi trén by gen hay
roi bé vi tri dé, 1am bién doi
cac hoat dong di truyén. Cac
gen nhay con dwgc goi la nhan
t6 chuyén vi (transposon).

Gene nhay (Tranposon)

> Cac nhéan t6 chuyén vi dwoc
tim thay & prokaryote va
eukaryote.

> Vidu vé gen nhay & bip

24/03/2016 2:56:19 SA M x ,
Nguyén Hiru Tri el

daih Cic trinh tu IS

« Cac trinh tw gin xen IS (Insertion Sequence) dugc
tim thdy dau tién & E. coli do tic dong trc ché ciia
ching trong co ché kiém soat sw bién dudng
dwong galactose.

« Khi nhén t6 IS2 xen vao bén trong gen twong wng,
vi khuin mat kha niing 1én men galactose. Khi
nhin t6 nay roi khéi gen, kha ning 1én men
galactose dwgre tai lap.

24/03/2016 2:56:19 SA 112 P .
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N

@ Cau truc va co ché chuyén vi cua IS

Cic trinh ty IS ¢6 Kkich thwéc nhé (khoang 1kb), cAu tric bao gom:
> Mot trinh ty trung tim dic trung cho tirng loai IS. Vung nay ma
héa cho transposase va mgt vai gen khac.

> O hai dau ‘hai trinh ty lap dao IR (Inverted repeat) la hai trinh
tu ngan giong nhau nhung c6 chiéu ngwgec nhau.

DNA
5 ATCCGGT... -..ACCGGAT 3
3 TAGGCCA... .. TGGCCTA 5
Inverted Transposase gene Inverted
1 repeat repeat
v
Insertion sequence
(simple transposon)

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

24/03/2016 2:56:19 SA 113 x ,
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@ Co ché chuyén vi ciia IS

e Dudi tac dong cua transposase, doan DNA noi s€ nhan doan gén xen bi cét dut,
hinh thann nén cac dau so le, hay dau dinh (cohesive end).
* Sy chuyén vi gen c6 thé xay ra theo hai kha nang:

> Transposon dugc nhan Ién, ban cii ¢ lai vi tri ban dau, ban sao kia chuyén dén vi tri
moi.

> Transposon dugc chuyén ngay dén vi tri nhan, vi tri ¢l mat transposon.

O hai dau ctia nhéan t6 IS van con ho, DNA polymerase va ligase s& lam nhiém vu
lap day cho trong.

+  Sau khi gin chén, nhan t6 IS hoan toan dugc dung hop vao genome.

Replicative
T B T —— e e "
‘ Target site [empty)
e — . ——C U

Conservative

- T e e— . .. ST

—x— g —. ‘_tf_:_‘—m__: o
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@i

- Hai ki€u chuyén vi

> Chuyén vi nhan ban; Transposon dwgc nhan lén, ban
cii & lai vi tri ban dau, ban sao kia chuyén dén vi tri

J &

méi.
> Chuyén vi bao ton: Transposon dwgec chuyén ngay dén
vi tri nhén, vi tri cii mat transposon.

Replicative %

* — e e B

l Target site (empty)

+ >

- g

ﬂ

Conservative —_
A TR0 B C 2 -
l — Ep—
R e s —— £ (« TA1O0 o

Figure 189
Inteaduction to Genetic Analysis, Ninth Edition
© 2008V H_Freeman and Company
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i@ Transposon

-

* Cac transposon (Tn) la cédc trinh tu gen nhdy cé kich thuwéce 16n hon cac trinh
tw IS. Gidng nhw nhan t6 IS, transposon cé chira nhirng gen chén vao doan
DNA trén nhiém sic thé.

« Transposon twong dbi phirc tap hon nhan t6 IS, né con ¢6 nhirng gen bd sung.
* €6 hai dang transposon trong prokaryote: composite Tn va noncomposite Tn
(transposon phirc hop va transposon don).

(a) Composite transposon

Transposon Tn10
A
7 1s10 Tetracycline resistance 1510
B S— —

(b) Simple transposon

TransposonTn3
' A 2y
IR IR
- -
Resolvase

Ampicillin
resistance
P 144

itrabction s Gemee Anctyr Wi
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Transposon phirc

ﬁ?‘ mdt phirc hop véi viing trung tim cé chira nhirng gen khang thudc khang sinh,

w2=Zrnam ke bén véi cac nhan to IS.
» Co d¢ dai vai ngan bp.

+  Nhén t6 IS nim bén trai dwoc goi 1 IS-L, va nhén t6 IS nim bén trai 1a IS-R. Tay
theo loai transposon ma IS-L va IS-R ¢6 thé cung hwéng, hoic ngwoe hwéng doi xirng

nhau.

* Vi bin than IS c6 IR (Inverted repeat), nén transposon ciing c6 IR & hai diu cin

thiet cho sw chuyén vi.

«  Tn 10 12 mdt vi du vé transposon phirc hop. Tn 10 ¢6 dd I6n phan tir 9.300bp, ving _
trung tam chiém 6.500bp, chira gen khang tetracyline nam giira IS10L va IS10R. Moi

nhan to IS dai khoang 1.400bp.

Composite Transposon

Transposon Tn10
|

hgp

r
| e—

1
—

~(__[TsaoT]

Tetracycline resistance

S |-

Simple Transposon
Transp?son Tn3

[ -

24/03/2016 2:56:19 SA 17

—_— )
Amp Resistance m.

Nguyén Hiru Tri

©

@

transposon.

Transposon don

* Transposon don co chira gen khang khang sinh, nhu’ng no
khong két thic ¢ hai dau v6i nhan t6 IS, nhung c6 nhirng
chudi trinh ty lip dio IR cin thiét cho sy chuyen Vi.

* Enzyme dong vai tro quan trgng trong chuyen vi dwgc ma
héa bdi cac gen dinh vi trong vung trung tim cua

« Tn3 la mdt vi du vé transposon don.

Inverted Internal Inverted
repeat resolution site repeat
- -
| T
= tnp || e =
Transposase B-Lactamase
Repressor and
resolvase
24/03/2016 2:56:19 SA 118
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@ DNA transposon va Retrotransposon

Figure 14-11
Introduction to Genetic Analysis, Ninth Edition
©2008 W.H.Freeman and Company

24/03/2016 2:56:19 SA

(a) (b)
DNA transposon Retrotransposon
—*
DonorDNA N\~ Donor DNA
Flanking
DNA RNA
| polymerase
transposon
site Donor DNA
AN
P RNA intermediate
Donor DNA Réverse
DNA transcriptase
Insertion - intermediates Insertion
site site
—
Target -\ Target
DNA DNA
Transposed /
mobile elements
24/03/2016 2:5€fumess :
Molecular Cell Biology, Sixth Edition lﬁ;“ Trl
© 2008 W H_Freeman and Company
iy Retroviruses
Retrovirus Capsid enters
Envelope host cell and
Capsid g N, leaves envelope
PHC on the membrane.
a /Hoszcell
@ —— o, Host
q Reverse  RNA (i
& ;«3 ] | transcriptase & % = chromosome
3 3 i s e
Capsid breaks down;
. mersetrans:ripus!
:Qv‘tuerﬂ::s‘ synthesizes a DNA
Viral mRNA <opy of the viral RNA.
\ — DNA—__ —
[ ™ [ \
((Q S=2 AT Ry, (=)
Viral mRNA is Reverse transcriptase
'-"“f‘"bﬁl from synthesizes a second
the integrated strand from the DNA
proviral DNA. copy.

Double-stranded viral
DNA is integrated into

the DNA of the host \

120 P ,
Nguyen Hiru Tri
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iy Retrotransposon
-
5-bp direct repeat of target DNA
—— TAATC TAATC—
e prraG IR 999 el LTR, |
e Another
Transcription chromosome
’ il 3//
\\ \" ‘;’yT copy g //
sy e ——
Translatiot%
o Reverse
transcription
Reverse
transcriptase !
24/03/2016 2:56:19 SA 121 A
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. TAI TO HQP TUONG PONG
- (HOMOLOGUOS RECOMBINATION)

« Tai t6 hop (recombination): 14 qué trinh trong d6 nhiém sic thé hay
phan to DNA dut ra roi cac phan dut duge ndi lai theo mdt to hgp moi.
Qua trinh nay c6 thé xay ra trong t¢ bao song (vi du nhu qua su trao doi
chéo trong phan bao giam nhiém) hay trong ong nghiém nhd cac
enzyme cat va noi.

* MB0 hinh tai to hop don gian va c6 dién nhat 1a mo hinh Holiday. Mac
du co6 nhiing thiéu sét can thém that, stra d6i, nhung mo hinh nay da
minh hoa tuwong doi 10 tién trinh tai to hop. Vé co ban dugc mo ta nhu
sau :

> Diéu kién xay ra tai t6 hop tuong dong: hai ving DNA tai t& hop phai
c6 trinh ty tuong dong va mét trong hai trinh ty d6 phai c6 dieém dut
(nick) trén mot mach.

» Cac protein RecB va RecC lam thdo xoan va cat dGt mot trong hai
mach DNA. Phirc hgp RecBC nhan biét mdt trinh ty chi () va cat cach
d6 vai base.

> Protein RecA géan 1én mach DNA dut tao thuan loi cho viéc nhéan bict
trinh tu twong dong ¢ mach kia va hinh thanh nén phan tr lai.
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L) Mo hinh Holiday

(d) A '

ol
F-S

Vertical cut

|

{along line V) Horizontal cut
and reseal (along line H)
andreseal
i} (@
D E f D E F
g 3 g 3
I=-r = 5 3 == m m—
. B P . e !
2 d g k3 g i 5
73 e Fo 73 3 Ee
Heteroduplexes Heteroduplexes;

24/03/2016 2:56:19 SA

and recombinants 123

Ng“}m 0 fegompinants el

& - Mo hinh DSB (Double strand Break )
-

 Picu kién xiy ra tii to
hop twong dong: hai vung
DNA tai to hgop phai co
trinh ty twong dong va
mot trong hai phan tw
DNA c¢6 diém dut (nick)
trén hai mach.
« M6 hinh nay phd bién
hon mo hinh Holiday va
cO0 vai tr0 quan trong
trong viéc swra chira cac
dot bien dut gay mach
doi.

5 to 3' Resection

Strand Invasion

New DNA Synthesis

|
«'ﬂcﬁc « ‘ﬂ;

|

Strand Annealing

' Products

No Crossing-Over
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VAI TRO CUA REC A TRONG

primary mw e - , — 2
TAITO HOP TUONG DONG
‘ s * Vitri gi:m SO cfip: gﬁn v6i DNA mach
= strand bound to RecA protein dO’n
‘ * Vitri g‘fm thw c*flp: g'ﬁn voi DNA
l mach doi.

« Dératim vilng twong dong trén
mach d6i, Rec A giit mach don & vi
tri so cap, truot di, den khi xuat hién
ving twong dong thi dumg lai, cit
lién ket I gitra hai mach doi; noi va
hinh thanh lién ket H méi.

DNA in secondary sile is
tested for complomentarity

ATP
A — RecA pratein
= 5
3 N C s - S . )
N e/ R %

three-stranded structure

T4i to hop twong dong trong giam phén

diploid cell with one
__—— pair of homologous
chromosomes shown

J MEIOSIS f MEIOSIS

000D =000

meiosis without gene conversion meiosis with gene conversion

Fig 565 Maecular Bolbgyof the Cel. 4 Ed. Albers, B et al.
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