Chuwong 3
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DNA 12 vét liéu di truyén

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

% Bing chirng 2: Thi nghiém chirng minh DNA 1a nhéan t6 bién nap, 1944,
% Bing chimg 3: Thi nghiém chirng minh vt liéu di truyén ciia phage T, 1a DNA, 1952.

P |
Minor groove
|

Major groove
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Thi nghiém vé bién nap ciia Griffith
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Nam 1944 nhom 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-kiled S + R ---> Dead Mice
3. Mice + Protein-digesting enzyme + heat-killed S + R --> Dead Mice

— DNA la nhan to bién nap

Avery két luan rang DNA la vat liéu di truyén

Oswald T. Avery
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1952 - AIf['ed Hershey va Martha Chase két luan vat
liéu di truyen cua phage T, la DNA.
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Hershey va Chase khidng dinh rang DNA Ia vat liéu di truyén
5
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1953 James D. Watson va Francis H. C. Crick céng b6 cau
tric chudi xoan kép cua DNA

James Watson va Francis Crick
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DNA 1a vit liéu di truyén

-

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

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

> Vit chét nay phai c6 tinh bén virng vé thong tin ddi véi cAu
truc, chirc nang, sy phat trién va sy sinh san cua te bao.

> C6 kha ning tu tii ban mdt cach chinh xac sao cho té bao
con co6 thong tin di truyen giong nhw té bao me.

> C6 kha ning thay doi, giap sinh vat bién di, thich @ng, va
tien hoa.
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@  Cau tric xoin kép ciia DNA
= (Double helix structure of DNA)

2 [3.4nm

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

s

< Phén tir DNA c6 hai chudi day polynucleotlde
quan nhau theo chiéu tay phai. Hai day nay déi
xirng nhau, ciing song hanh theo tung cap base
twong tng, theo qui wéc dau 5° 1a gbc, diu 3 la
dudi. Day co ban con goi 1a diy xwong song
dwgc hinh thanh béi dwong va photphase véi
nhirng base dinh hai bén trong day.
- Chudi xoin kép cho phép cic base purine va
plrlmldme cé cau tric phang xep chong khit 1én
nhau & bén trong phin tir DNA, han ché sy tiép xiic
cia ching véi nwée. Chang dinh thang goc voi day
xoin.
- Cac nguyen tir dwong va cic nhém phosphate
xoay ra ngoai hinh thanh lién két v6i nuwée dam bao
tinh on dinh cho phéan tir
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schematic
representation of
the double- helical
structure of DNA

minor groove

major groove
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Dac diém cua cau truc xoan kép

DNA

sugar-phosphate
backbone

base pairs

1

nhtri@hcmuaf.edu.vn

Nhiing base nay & trén hai diy déi xiing nhau dugc ndi lién béi cdu néi hydrogen:
A-T va G-C. Cau néi hydrogen rit dé bi tach ra (vi du nhu nhiét do cao) dé tao
thanh hai day don. Cip base tuong ting A-T va C-G dugc goi biang thuit ngu
chuyén mén la “complement base pair”. N6i C-G (3 cdu néi) bén hon néi A-T (2

cdu néi)

Cac cap base cach nhau 0,34 nm trén diy xoin DNA. Méi mét goéc quay hoan
toan (360°) ctia dy xoén (helix) c6 d6 dai 3,4 nm. Do d6, méi doan xodn nhu viy

Dac diém cua cau truc xoan kép DNA

c6 tdt ca 10 cip base. Pudng kinh ciia mot goc quay la 2nm.

Két qua ciia ciu tric day xoin kép tao ra nhiing ranh chinh (major groove) va
nhitng ranh phu (minor groove). Ca hai ranh nay cé kich thuéc da rong cho

phép nhiing phén ti protein tié€p xiic v6i nhiing base.

18/05/2020
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Tinh 6n dinh va bién dong ciia DNA

< Tinh 6n dinh cia DNA 1a két quéa cia hai qua
trinh: sao chép va sira sai

% Cac bién ddi cia DNA: dét bién, tai t6 hop, cac
gen nhay
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Tinh on dinh ciia DNA

¢ Co cheé 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 c6 tinh chit ban béo ton

s

Conservative  Semiconservative Dispersive

(3] Ii)rl;l'.nnmple ! {f\f\ {‘L A
b, ° 5 A AVK
\_/ First replication
—_—

—_— N /,
@ Bacteria @) Bacteria ALK
cultured in transferred gnﬁm;mr t
medium to 40 min AV nA
1mn|ain|ng medium AVAY TAVA! \V}
N ::::}‘ntalmng \_/ Second replication s

DPéng vi néing cta Nito (khdng phai ddng vi phéng xa) dwec dung trong thi nghiém nay
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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 4N containing
14N

1st cell
division

the density of the DNA isolated from the bacteria was
analyzed by high speed centrifugation

| ﬂ |

least
dense

most
dense
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Tong quan vé sw sao chép DNA

2 mach bit cip bé sung
< MObi mach c6 thé 1am nén dé
tong hop nén mach moi
— Cach thire tai ban nhw vay dwoc
goi 124 moé hinh bdo thi mot nira
(semiconservative).
— Mot mach dugc t(;)pg hop lién tuc,
mdt mach dwgc tong hgp khong

% Chudi xoin kép DNA bao gom g

Sugar-phosphate
backbone

Base pair (joined by
hydrogen bonding)

Old strands

Nucleotide
about to be
addedtoa
new strand

lién tuc (cac doan ngan sau do 2

dugce noi lai) duoc goi 1a sao chép g

ban lién tuc . YL
— Cin mdi RNA primer S "V
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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 hudng ngugc
lai (huong ra khoi nga ba sao chép).

% Diéu nay dam bao ca hai mach dugc sao chép
theo ding chiéu 5°—>3°.
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Sy sao chép DNA dién ra tai vj tri nga ba
sao chép (replication fork)

* Day la qua trinh:

— Theo mét hwéng duy nhéat — chia ba sao chép di
chuyén theo mét huwdéng trong khi cai con lai thi cb

dinh & origin

— Theo hai hwéng — hai chia ba di chuyén theo hai

hwéng ngwoc nhau tw origin

« Hau hét sy sao chép & vi khuan va & té
bao eukaryote la theo hai hwdong

18/05/2020 19

Nga ba sao chép

nhtri@hcmuaf.edu.vn el

DNA bit diu sao chép véi sy tao thanh
“bubble” — mdt vung nhé noi chuodi goc
(template) dwgee tich ra va DNA con da
dwoc tong hop

DNA dugc tich mach tai diém khéi dau sao
chép (ORI). Moi mach déng vai tro lam
khuon dé tong hgp mach bo sung.

Nga ba sao chép (Replication fork) di chuyén
theo hai hwéng nguoc nhau tao cau tric
giong ki tu theta (0).

Sau khi qua trinh sao chép hoan tat hai
mach dwoc tach ra

18/05/2020 20

) C4u tric sao chép co dang theta “0”

replication origin
=

replication
begins

replication
completed

OO

2 gircular davghter DNA molecules

Figure 5-30. Molecular Biology of the Cell, 4th Edition.
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Su sao chép DNA 6 prokaryote va eukaryote

-
Parental strand

Daughter strand

Origin of replication

raplication o
begins
- Bubble l Replication fork
2 2 =0 =0
| S~ N
/,.—_—..\ ‘
\T/ (3] Two daughter DNA molecules

eplication

- ./k”_””i"”_ @ Origin (ORI) I3 diém c¢6 dinh noi bit diu cia

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

Figure 5-30. Malacular Biology of the

18/05/2020 21 i
nhtri@hcmuaf.edu.vn

replication at the two ends
of each bubble (TEM).

Su sao chép DNA 6 prokaryote va eukaryote

1 pm

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

Sw sao chép dwoc tién hanh dong thoi tai nhiéu diém trén phan

tir DNA cia eukaryote
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Proteins Involved in DMA Replication in E. coli
Protein Gene Function
Dnad dnaA Inifiation of chromasome division; binds fo the origin of
replication
Helicase dnaB Unwinds the double helix
DnaC dralC Loading of DNA, helicase
SSB ssh Single strand binding protein
Primase dnaG Synthesis of RNA primers
RMase H rrhA Partial remaval of RNA primers
Pl | pola Polymerase |; fills gops between Okazaki fragments
Polymerase IIl DNA polymerase Ill holoenzyme
o dnaE strand elongation
3 dna@ kinetic proof-reading
(] holE unknown; part of core enzyme
B dnaN sliding clamp
T dnaX dimerization of core enzyme
Y dnaX loading of sliding clamp
) holA loading of sliding clamp
& holB loading of sliding clamp
% holC loading of sliding clamp
v holD loading of sliding clamp
DNA Ligase lig Seals nicks in lagging strand
DNA Gyrase Introduces negative supercoils
o gyrA Makes and seals double strand breaks in DNA
B gyrB ATP-using subunit
Topoisomerase IV Decatenation
A parC Makes and seals double strand breaks in DNA
B parE ATP-using subunit

18/05/2020 23 .
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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 nam 1958 bo1 Arthur Kornberg.
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@  DNA Polymerase |

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

18/05/2020 25
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@ Phan Klenow (Klenow Fragment)
Cé 2 chirc nang: Polymerase va hoat tinh 3-5%
exonuclease giup né cé6 kha nang doc ngwoc
(proofreading)

Néu pol | thém nt sai, sw bat cip gilra 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 cua qua trinh sao chép

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

)Lp

...............
----------------------
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5’ >3’ exonuclease

Copyright © The MeGraw-Hill Companies, Ino. Pemission redquined lor reproduction of display.
3¢

° Hoat tinh néy cho phép - S 5 Parenial strand

z .\ ~ Y 5 I 3 Progeny strand
pol | cat tai mét dau Nick —*
cua chu6i DNA dang lmwwwm'

hinh thanh o E

« Loai bd va thay thé mét

chudi khi n6 di qua
« La chrc nang co ban

Khi:

primer and synthesis of

Simultaneous removal of
DNA to fill in the gap

(e)

| ] )
-.‘ Nick
. > . Degraded &
— Loai bo primer primer—" J DNAlgase
— Stra chira cho dut (nick) EEEE—
(d)
—
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Polymerases II va 111

% 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 III 12 cin dén cho qua trinh sao chép

DNA

% Pol I1I 13 enzyme sao chép & vi khuin

18/05/2020

28 X
nhtri@hcmuaf.edu.vn

5/18/2020

14



Enzyme Pol III hoan chinh

¢ Pol III core duwgc tao thanh béi:
— Hoat tinh DNA polymerase nim trén
ti€u don vi a
— Hoat tinh 3’—>5’exonuclease tim thiy
trén ti€u don vi ¢
— Vai tro ciia tiéu dom vi 0 vin chwa r
— Hoat tinh DNA-dependent ATPase nim
trén phirc hop y chiva 5 tiéu don vi
s Cuoi cung, tieu don vi B thém vao

tao thanh enzyme hoan chinh
(holoenzyme). Holoenzyme co chua

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

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

P

% Sy trung thuc trong sao chép can thiét cho su sdng
< B0 may sao chép DNA d thiét 1ap mot hé thong sira
sai (proofreading system)
— Hé thdng nay can mdi

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

— Néu mot nucleotide sai thi qué trinh sao chép ngimg lai
cho dén khi hoat tinh 3’—5” exonuclease cua enzyme pol
IIT hoan chinh loai bé n6
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Cac DNA Polymerase cua eukaryote

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

— Polymerase 8 va o cé vai tro

G 1 T bhors 4 Conspasion, b Fherission spassied fos ik st o gl

Table 20.3 Probable Roles of Some Eukaryotic
DNA Polymerases

Enzyme Probable Role
tham gia sao Chép trén cﬁ hai DNA polymerase o Priming of replication of r..101h
strands
mac}l DNA DNA polymerase & Elongation of both strands
, . < oA DNA polymerase B DMA, repair
— Pol a dong vai tro trong vi€c oy poymenase s DNA repai
kh(").i di"iu tréng hO’p DNA DNA potymerase v Replication of mitochondrial DNA

— Kéo dai cd hai mach dwgc
thuc hién béi pol 6

18/05/2020 31 .
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Su tach mach

% Qua trinh DNA sao chép cho thdy 2 mach DNA tai
nga ba sao chép bi tach mach
+» Khong xay ra ty dong khi DNA polymerase [am cong
viéc cua no
— 2 mach nén lién két rat chit v6i nhau
— Can ton nang lugng va hoat dong clia enzyme dé tach
chiing
— Helicase lam tach mach dsDNA tai nga ba sao chép dugc
ma hoa boi gene E. coli dnaB.
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@ Single-Strand DNA-Binding Protein

% O prokaryote ssDNA-binding protein gan chat
v61 ssDNA hon véi dsDNA

— Nho su hoat dong cua helicase giup hinh thanh
ssDNA

— Gitr cho hai mach khong bat cap tro lai

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

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

18/05/2020 33
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it Topoisomerases
% Chudi DNA dugc tach dugc goi 1a “unzipping”
o DNA khong that su 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 la thang va ngan, 6 DNA dang vong nay sinh
mot van dé
o Khi DNA dugc thdo xodn & mot vi tri thi s& 1am xodn hon
o vi tri khac.
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lopoisomerase va DNA gyrase
S ")
i A ik
? - e,
Supercoiled o 5
Deia. § “.. O straniel o J
_ Tipe | 5 -
FN  opoomernes & F BTl o5
»  ao o b %
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gl
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3 § iwpoismerases § 5 reseuted T
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§ 3 2
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T .
Sprag!
b i 4 Ir
] I =
Topoisomerase la mét nuclease diac biét dong vai tro thiao xoan dé khic phu sy xoén tit lai caa
DNA mach khuén.
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DNA Gyrase _

+ Dau tién 1a mot enzyme gan vao
chudi xoan kép DNA dwoc goi la o 2
DNA gyrase

. Chp phép mach DNA xoay va giai
xoan &

» Gyrase la mét dang cua enzyme 1&p
topoisomerase Il

( /f M A Y
( 5 Hevicase (U— ..:
K Direction " b
1 ,,,::. - :
\-...ap §

A LA 15 e &

\ 2 N e,

Helicase o =
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@ Co ché hoat dong ctia Helicase

« Khi helicase hoat dong né gin voi nhiing
“initiator” va 101 chiung vao DNA dang tai ban.
* Helicase c6 nhi¢ém vu mo xoan va tach day doi

thanh day don bang cach st dung nang luong
tur qua trinh phan giai ATP.

* Su phan giai ATP lam thay d6i trang thai cua
helicase, tao diéu kién de enzyme di chuyén
doc theo day DNA dé md xoan.

18/05/2020 37
nhtri@hcmuaf.edu.vn el

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
gbm c6:
o DnaB DNA helicase
o DnaG Primase
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Primosome

Replllsome

Leading strand

Replication

DNA helicase Topoisomerase

Single-strand

: DN,
binding proteins polymerase Il

= s
DNA region RN,
where the & g
next Okazaki .; .
- \

fragment
will be made

New Okazaki Older Okazaki
fragment fragment

Primosome hinh thanh tai ORIL trong truong hop E.

coli v6inhiém sic thé vong tron di€m goc cua su sao
chép goi 1a oriC (245bp)
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i OriC

Vung OriC bao gdm hai nhom trinh ty 1ap lai v6i (N 13 base bat ky)
o 3 trinh tu lap lai lién tlep gom 13 cap base GATCTNTTNTTTT
o 4 trinh tu l3p lai phan tan v6i 9 cip base TTATNCANA

13 bp repeats 9 bp repeats
GATCTNTTNTTTT TTATNCANA
1 1
€ 245 bp >
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Khéi dau sao chép & E. coli

Copyright © The McGraw-Hill Companies, Inc. Pemission required Sor reproduction or display.
13-mers 9-mers

—_—t— —— (a) (b)
_EEEE S —— —_—
O.;e
DnaA Initial Open
+ATP complex complex
+HU |

) DnaB  DnaC
= (c)
Prepriming
complex
5 3y

— DnaA gén vao oriC tai vi tri 4 trinh ty 1ap lai 9 base va phéi hop
vo1 HU protein tich 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 phttc 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) Dhat - DNA AGOREGATES B} REFLICATION BUBBLES FORMS €} Dhualh AND Deat: RIND TO FORM
REPLICATION FORES AND IMSPLACE Dot

Dinat

Heticase Helicase
Dt Dmalk

L* UG/ y

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

s

— Primosome van gin replisome (12 hé théng cac enzyme cua bo
may sao chép), 1ap lai vi¢c tong hop primer cho cic doan
Okazaki tong hop trén mach cham (lagging strand)

— DnaB helicase c6 hoat tinh helicase giup thio xoin DNA khi
replisome tién hanh

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

— DnaB helicase ciing hoat hoa primase, 13 enzyme tong hop
RNA primer.
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o
Replisome
DNA polymerase S
Leading — arental V
trand strand s
- P

DnaB helicase

DnaG primase
Primer

2T Dug
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Nga ba sao chép (Replication fork)

3
¢

Topoisomerase

Replication
fork movement

Single-stranded

Polymerase Il -
— DNA-binding proteins

dimer

Okazaki

strand strand
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Kéo dai (Elongation)

< Khi mdt primer dwoc tong hop qua trinh
tong hop DNA thuc su bat 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
voi day neén.

< Sao chép 1a mét qua trinh dién ra rat
nhanh.
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Toc do sao chép

« In vitro enzyme pol III tong hop DNA véi
toc do khoang 730 nt/giay, in vivo toc d§ nay
khoang 1000 nt/giay

« Piy la enzyme cé toc do tong hop cao ca
trong in vitro va in vivo.
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Pol IIT Holoenzyme va qua trinh sao chép

* Pol III core c¢6 Kkha niang
polymerase rat yéu, sau khi tong
hop khOﬁI‘lg 10 nt né bi tach 1
khéi day nén (template). w

Pol III*

« Nhu viy core enzyme thiéu mét
yéu to
— D6 la tic nhan hién dié{l trén
h(’)loenzyme cho phép né van lién
ket chat voi template

— Tac nhan do6 la mét “kep truot”,
tieu don vi PB-cia enzyme hoan
chinh (holoenzyme).

18/05/2020 48
nhtri@hcmuaf.edu.vn el

24



Vai tro caa tiéu don vi 3

« Core dwge thém tiéu don vi B cé thé sao chép DNA téc d
cao khoang 1,000 nt/giay
— Dimer dwgc hinh thanh béi tiéu don vi B ¢6 dang vong (ring-
shaped)
— Vong nay bao quanh DNA template
— Twong tic véi tiéu don vi a cia core dé két hop toan bd
polymerase va template véi nhau
« Holoenzyme giir né trén diy nén nho vao kep B.
* Yéu td giir cho qua trinh sao chép & Eukaryote 1a PCNA
hinh thanh m{t trimer, ciing c6 dang vong bao quanh DNA
va giir DNA polymerase trén template
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Proliferating cell nuclear
antigen (PCNA)

Clamp loader ,' DNA Polymerase

DNA Ligase
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Yéu to giup gan “kep”

« Tiéu don vj B can sw tro gitp ctia mét phirc
hop y de gan vao DNA template
— Phirc hop y nay hoat déng xuc tac trong viéc viéc
hinh thanh phirc hop adp )
— N6 khéng lién ket véi phirc hop trong suot qua
trinh sao chép
* Qua trinh gan “kep” la qua trinh sir dung
ATP
— Nang lwong tir ATP thay déi hinh dang cua tiéu
don vi 5 gitup n6 gan véi tieu don vi B
- gﬁz gan nay cho phép mé& “kep” va bao quanh
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Kep B va Loader

DNA Polymerase Il fi; subunits "sliding clamp" DNA moving through DNA Polymerase
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Sw tdng hop mach sau

« Pol lll holoenzyme la enzyme cé 2 dau, & day c6 2
core polymerases gan 2 tiéu don vi t v&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 p khéng con ai lwc véi y complex ma
lai lién két chat vé&i core polymerase
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DNA
polymerase Il

| DNA double helix

fragment

Lagging strand

) “UNA
r}“mase polymerase ITI
/

e

Sw tong hop dong thoi

* Phic hop y va kep B gidp  « ||

core polymerase tong hop ZL =

nhanh mot doan Okazaki T TS
* Khi doan nay tong hop Il

xong, kep B mat ai lwc v&i / a

£

core ' /Ll .

* Hinh thanh lién ket gilra

kep B v&i y complex véi j >
hoat déng thao kep (unload /&
!

clamp)

* Sau d6 lai bat dau mot chu
ki m&i /%
18/05/2020 %‘L
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@ Sy tong hop dong thoi

leading- newly

strand synthesized

template  strand DNA polymerase on
N

\ leading strand

6\“:.
3

DNA primase
parental

sliding clamp
and clamp loader DNA hellx
-H‘
single-strand DNA-
binding protein & = DNA helicase
7 'L"—\ . lagging-
5 5, gging-strand
X ; V\.\f\( template
P T\
RNA DNA polymerase
primer . onlagging strand newly
new Okazaki (just finishing an synthesized
fragment Okazaki fragment)  strand
18/05/2020 57

nhtri@hcmuaf.edu.vn
Figure 5-19a Molecular Biology of the Cell (© Garland Science 2008)

(+)

newly synthesized
leading strand

newly parental
synthesized DNA
lagging helix
strand
(B) (C)
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Figure 5-19b,c Molecular Biology of the Cell (© Garland Science 2008)
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Sao chép & mach sau

Caopyright & The McOraw-Hil Companies, Inc. Pemission requined for réproduction of display.

Pol lll core
f y complex

* {a) Loading of [ clamp
E a attached to clamp loader

* (b) Dissociation of clamp loader

+ADP+Pi * {c) Binding of § clamp to Pol Il
6 + (d) Processive DNA synthesis
-

o}
—
(e) Dissociation of Pol llI * 3

(f} Binding of [} clamp to * 6

¥ complex

(g) Dissociation and recycling *

Source: Adapted from Henderson, D.R. and T.J. Kelly, DNA polymerase Ill: Running rings around the
fork. Cell 84:7, 1996.
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Sw loai bé moi RNA

« Khi sy tdng hop DNA hoan tat, méi RNA
primer can thiét phai dwoc thay thé bdi
deoxyribonucleotide.O' prokaryote, enzyme
DNA polymerase | loai bd mbi
ribonucleotides st dung hoat tinh 5-3
exonuclease va sau dé st dung hoat tinh
5—3 polymerase. Sy t6ng hop mach cham
(lagging strand) dwoc hoan thanh nho
enzyme DNA ligase.
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Okazaki RNA primer Okazaki
fragment

’ Parental DINA
New DNA = Pol | movement

nucleotides

Discarded RNA
nucleotides
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Két thic (Termination)

- Trong qué trinh sao chép cua vi khuan
— 2 replication fork tien den vung ket
thac
— 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
khong te bao sé khong phan chia
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Kiéu sao chép vong xoay

Template

strand Newly
I'd synthesized DNA  Initial genome
1
O O ! O Genome unit -

Sao chép vong xoay (Rolling circle) 13 mdt kiéu sao chép
cua DNA trong cac DNA mach vong (circular template) ma
mach khuon dugc sao chép nhiéu lan (copied many times).
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>

Kiéu sao chép vong xoay

{+) 3 + )
(a) (b)
Nlck Rephcate

(c) Replicate

cut O

and
O ligate )
Replicate ( ?
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i Sao chép vong xoay

* DNA dang vong c6 thé sao chép theo co’ ché
vong xoay (rolling circle replication)
— Mot soi cia dsDNA bij cat (nick) va dau 3’ dwoc
mo’ ra
— Str dung mach DNA con nguyén nhw la mét DNA
template
— Dau 5’ bitachra
- Phage ¢X174 saq chép xoay, vong vi vay khi
sao chép du chieu dai, chuoi vong don cua
DNA dwoc tach ra
* Phage A, chuodi tach ra dwoc stir dung nhw la
template cho sw sao chép gian doan, mach
lagging
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@@l Kicu sao chép vong xoay & Phage )

« Khi vong tron xoay qua phai
— Mach lién tuc (leading strand) tiép tuc dwgc kéo dai
— Mach gian doan (lagging strand) kéo dai m¢t cach giin doan
* Dung mach lién tuc khong xoay lam template
* RNA primer dugc dung tong hop doan Okazaki
* Cac dsDNA con moi dugce téng hop tao thanh nhiéu bd gen trudc
khi DNA bi cat.

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

Leading

Lagging
3 y
5!
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Sy phan chia té bao me

. Bacterial cell
with circular Septum
chromosome

Chromosome \
Cell wall 4. Septum forms

between chromosomes
. Newly replicated @}
DNA
5. Chromosomes
in daughter O O
@ h

. Daughter chromosomes
attached to
membrane
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Telomere

+ T4t ca eukaryote bdo vé telomere cua
chung khéi cac nuclease va cac enzyme
ghép ndi mach ddi DNA.

* Telomeres cua dong vat hiru nhd hinh
thanh dang cdu trac vong (loop) gitp bao
vé soi DNA mach don & dau cudi NST.

+ Sau méi chu ki phan chia, NST bj ngén di
do vai ving telomere bi mat di. Tuy nhién,
cac vung gene chrc nang khéng bi anh
hwéng, vi trong té bao c6 sy hién dién cla S
enzyme telomerase. Boan DNA bj mat do Metaphase
sao chép sau d6 sé& duoc thay thé bdi vai chromosome
vung 6 cap base sau mdi chu ky sao chép.
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Centromereg

Telomere —
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CAu truc cua telomere

Exposed
telomere end
G-strand overhang g
3 Pairing
2-50 kb duplex telomeric repeats TRF1 dimer . 5 IOfDNA
{z}
—— [TTAGGG]n HR
—— [CCCTAA]n
non-telomeric
DMNA
Irwas:on
t-loop TRF2 dimer ()
‘._‘IIIIIIIIII]IIiIlIIIiIIlIIIIIIIIIIIIIIIllillllllllllll";, K lwerhang
dmmmmy—. B large duplex loop
‘IIIIIIIilIIIIIII‘m'IIIIlIlIIIIIllIIIIIHIII“
w 75-200 nt ss DNA

t-Loop

O didu kién binh thuwong, telomere ton tai dwdi cau tric bac 2 goi la T-
loop. Cau trdc T-loop duwgce 6n dinh béi cac phirc hgp protein chuyén biét
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Telomere

Telomere |a cau tric tim thay & dau clia NST. Telomere chiva cac
trinh ty 1ap lai ngan (ttr 20 dén vai tram), thong thwdng la 6 base
(TTAGGG, tim thdy & dong vat cé xwong séng ké ca con ngudi).

Telomere cé tinh bao tdn cao mac du cé mot vai bién ddi nhd.
Trinh tw 13p lai TTAGGG c6 & dong vat cé xwong ddng thdi cling
thdy & trung Trypanosoma, trong khi & tring dé day Paramecium
va Tetrahymena, trinh tw I&p lai 1a TTGGGG. Rat nhidu coén triing
c6 vung lap lai 5 base TTAGG, trong khi & thwc vat Arabidopsis cé
trinh tw 7 base 13p lai la TTTAGGG. Tuy nhién, gan day nhiéu di
liéu cho thay vai thwc vat 1 1a mam cé trinh tw 1&p lai 1a TTAGGG
gibng & dong vat cé xwong sbng.
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Vai tro cua telomere

« Bao vé cac gene nam cudi NST
-Lién quan dén cAu trac T-loop cla telomere:
Tranh sy nhan biét mach don
Tranh sy ndi cac dau NST
Tranh qua trinh tai té hop NST
*Kh&i sy qua trinh nglrng phan chia hoac
chét cla té bao
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Vai tro cua telomere

LT

Shelterin loss ‘

unprotected telomere
' N

; ; @ == ATM kinase
53BP1 1-H2AX Mrei1/Rad50/Nbs1 ATM |

p53
¥ N

Apoptosis Senescence

TIFs

Sw hoat héa ngirng phan bao hoic chét té bao
72
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gy Telomerase

« Blackburn c6 mét lwa chon théng minh dé nghién ctu vé
telomerase: trung don bao c6 l6ng 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 ké tiép.

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

« Vi nhirng minichromosome c6 telomere tai dau cudi cta
nd nén té bao Tetrahymena c6 nhiéu telomere hon & té
bao nguw&i, va chung dwoc duy tri b&i telomerase.
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@ Telomerase

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

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

« Nam 1989 ho thanh céng trong viéc xac dinh cau truc cla
Tetrahymena telomerase va xac dinh RNA cua né mang
trinh tw CAACCCCAA b sung v&i trinh tw TTGGG trén
telomere.
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Cau truc Telomerase

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

hTERT: Ia mét human telomerase

reverse transcriptase nén cé thé

tao ra m6t DNA mach don tir mach  {1i: human telamerase RMA

khuon RNA H/ACA: family of 4 proteins essential for hTR accumulation

Telomerase RNA (hTR or TERC): KTERT: human telomerase reverse transcriptase

dung lam mach khuén RNA cho

hTERT tdng hop mach cDNA

H/ACA box : phtrc hgp céac protein

co vai tro hoat hda telomerase va

bn dinh céc lién két

18/05/2020 75
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Telomerase
=] S e |

E— COCCAMCCCOAALCD AKCOTORAC

/
TTRGOGTTGN0 {

COCAACCCCAMCCED

—— OGOTTORGATTRAOATTGGOATTGO0ATTRA0ETTRY

e [#) DNA repicaion }
Langtnonng tha /(5] Transiocation I Fingi®s
Geichsind | _— oy ek do} o -
/ ¥ CCAMCCOCAMCCCE
P CCCANCCITAACCD '\ "M ascoceaac |
] TBEGETTEEGET /
—~— = 1y Primer remavil }
fap— \ o
) ¥ N 5
{ B
— AN CCAACED | "* anooooasc | TEEGETTEEGGTTGEGET
TGO6GT b
— =

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 bei mot
RNA priming theo sau bé&i sw kéo dai b&i DNA polymerase and va néi bang
ligase. Cac doan telomere l3p lai bao vé dau cubi chromosome khoi sw phan

cat b&i cac exonuclease.
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Telomeres
5 Daughter
arent strands
ey _. Telomere3
g, ) BN B Telomerase RNA
'I’ \ primer
T ———
= <=
T
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@ Tinh trung thwc cta qua trinh sao chép

« S trung thwc trong sao chép can thiét cho sw
sbng
« BO may sao chép DNA da thiét 1ap mot 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 Il hoan chinh loai bé n6
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TINH BIEN PONG CUA DNA

« DOT BIEN VA SUA SAI
« GEN NHAY
« TAI TO HOP
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CAC KHAI NIEM VE POT BIEN

« Dot bién la moét tién trinh trong d6 chuéi trinh ty ctia nhiing cap base
cua phan t DNA bi thay déi.

« Dot bién ¢ mitc d6 nhiém sdc thé: la bién di ti nhiing diéu kién binh
thudng lam thay déi s6 lugng nhiém sic thé, hodc cdu trac nhiém sic
thé, gay anh hudéng dén gidi tinh, hoic nhiéu tinh trang khac.

« Dot bién ¢ mic do phéin tu la dot bién trong chuéi trinh ty cta gen &
muc do¢ tiing cip base, con dugc goi la dot bién gen, hay dot bién
diém vi né chi thay d6i ¢ mét, hodc mot vai cap base.

« Cacloai hinh dot bién diém: dot bién chuyén vi, d6t bién chuyén d6i,
dot bién sai nghia, dot bién v6 nghia, dot bién dong nghia, dot bién
chuyén dich khung,.
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Cacloai dot bién diém

ATGCCCGAAGTG
TACGGGCTTCAC
Dot bién chuyén vi Dot bién chuyén doi
(tra.nsition mutatiol'l) (transversion mutation)
purine = purine pur'inej 9 pyrimid%ne
pyrimidine = pyrimidine pyrimidine = purine

ATGCCCAAAGTG ATGCCCTAAGTG
TACGGGTTTCAC TACGGGATTCAC

Purines: Ava G Pyrimidines: Cva T
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Cac loai dot bién diém

AAT DNA
UUA mRNA
. Leu__amino acid
r—
CUA GUA AUA UCA UUC UUG UUU UcCA
Leu Val Ile Ser Phe Leu Phe Ser

UGA UAA
Stop  Stop
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@

e
ko 7
1 > I
A
zz/ Tuh
G s T
(b
Silent mutation hissense mutation Monsense mutation
TGET — TGO TGT — TG TGT —= TGA
Cys —= (Cys Cys —= T Cys — Stop
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@\ Dot bién va sw biéu hién

-

Dot bién l1a sw thay ddi trong vat liéu di truyén cia té bao

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

Dot bién do cac tac nhan vat ly hay héa hoc cé6 thé la nguyén
nhan gay doét bien

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

Dot bién diém coé thé gay anh hwéng dén cau tric va chirc nang
cua protein
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Pot bien

-

- DOt bién sai nghia (dot bién lam sai day gdéc, missense
mutation): 1a d6t bién gen trong d6 mét cap base thay dbi
lam DNA tao nén mét codon mRNA c6 mdét amino acid

khéng twong (rng chén vao dai phan t&r polypeptide.

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

khong thay déi.

- DOt bién vo nghia (ddt bién két thac dich mé&, nonsense): 1a
dot bién gen trong d6 mét cip base thay dbi lam DNA tao

nén mot codon mRNA Ia codon stop (UAG, UAA, UGA)
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@il Sw thay doi chi mot base cia chudi lam
=¥ khudn dan téi viéc tong hop mét protein
khéng binh thwéng

Wild-type hemoglobin DNA Mutant hemoglobin DNA

3 53 %

dot bién chia A trong khi

UUUHE\JL{JUUU UUUHI};}UUU rr}nfch%(huénbinhthu(‘mg
chta T.

mRNA mRNA

on@AfAnmn  pon@wAmmn e

codon

Hemoglobin binh thudng Hemoglobin hinh lu6i liém

hemoglobin dot bién chita
H Glu H F ={ n: valine (Val) thay vi glutamic
acid (Glu).
18/05/2020 86
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Trong DNA, mach khuén bi
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Normal hemnglohin 53 chain lGll.ltamiC Glutamic
Valine - Histidine -|Leucine ~Threonine ~Proline '  ,cid ~  acid
Glutamic

Valine — Histidine— Leucine —Threonine —Proline— Valine — acid |
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Cac loai dot bien diem

- Dot bién diém xay ra trong gene co thé
chia thanh hai loai chinh
— Thay thé cap base
— Cheén hodc méat mot cap base
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Thay thé base

- f . . . sr a . .

* La sy thay thé mdt base va nucleotide bat cap cua né
bang mot cap base khac

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

(nonsense)

‘Wild type

mRNA L - | ¥
Protein [ Met H Ly H Phe [ Gy A5
Amingend
ino en Carboxylend
Thaythé cjp base
Khong anh huéng dén trinh ty amino acid
UthayviC

AuBAREuyuEdluRR

[ Met |[ Ly J{ Phe }[ Gy | 5o

Missense AthayviG

AuARARNuuBRuu AR

Nonsense

UthayviA

Bu@yAGyun6Eulf

Met _St'c;'
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Protein Met Lys H Phe H Gily T
/l—l p
A X Ao . Amino end Carscyl end
Dot bién chuyén dich khung
(f hft tati ) ~ At Base-pair insertion or deletion

ramesniit mutation ): neu mo Frameshift causing immediate nonsense
hodc nhiéu cip base dugc thém Extra u

vao hay mdt di trong mot gen,

khung doc cia mRNA c¢6 thé et | g
thay déi  ving dudi
(dowstream) cua khung doc,
tao ra nhiing amino acid khong
dung trong chudi polypeptide.

Frameshift causing
extensive missense /| Missing

Insertion or of 3 leotid
no frameshift but extra or missing amino acid

Missing
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Cheén base va mat base

P

— Viéc ghém hoac mét' mot cap nucleotide trong gene in a gene
c6 thé gay ra dot bien Iéch khung (frameshift mutation).

Wild type
oon ¢ AMCBRARupuEEgmBE
Protein /\ Met |{ Lys || Phe |{ Gly Stop
Amfnoend Carboxylend
Chén hoic mit mét cip base
Dot bién léch khung gay vé nghia
Thém U
AL 6 R 1 68
CMet | e

Dot bién léch khung gay6sai nghia T

@ o1 6 4 & (8 o ol 6 ot pt [ R--

CMet | Lys ol o - -
Chénhogemit 3 nucleotideskhong gy léch khung
nhunglam thém hoic mat mot amino acid

E ﬁ_a Missing

Rl Gl o ot [0 6 1 o AL
Met Phe |{ Gl T:P—'
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II. NGUYEN NHAN GAY POT BIEN

1.Dot bién ty phat sinh
- Dot bién trong qua trinh sao chép
- Dot bién do nhiing thay déi héa hoc mot cach
tu phét (dot bién do chuyén hoa)
2.Dot bién do kich thich
- Kich thich bang phéng xa
- Kich thich bang hoéa chat
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Pt bién trong qua trinh sao chép

Hac “keto”

e

o.
g H H

N1 : 3N \N/
- Y --
&)

Thymine

! I~N1 N
Cytosme\“ * >

H Guanlne

Adenine

" keto"

HsC - enol
o £

|

™ @»

Rare enol form

of thymine (T* H Guanine '

H\f ‘ -
‘N/L \[\>

93 H Rare enol form
of guanine (G*)

Thymlne

Pt bién trong qua trinh sao chép

Amino H
.
N
hi
‘O
e
H-_,
0. N1 5 7\>
CHe
Cytosine ™N
|
H Guanlne
HsC
Amino
“E J
1 3
NYN
Thymine

Adenine

Immo

Rare iminc form
of cytosine (C*) \
Adenine

Imino

!
’TN :
Cytosme “

Rare imino 1orm
of adenine (A*)
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An adenine base

gt 3’
Base LB _A:C
mismatch
3 b
5 3 undergoes a

tautomeric shift prior
to DNA replication.

A second round
of DNA replication

AT - occurs. 5 3
¥ s AT
5! 3’
AT 4 -
| ' 5’ 3’
3 b’
3 5
DNA molecules found
in 4 daughter cells
18/05/2020 95 X
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Pt bién diém do chuyén héa

H H
Sy 0
o /H
Deamination
(o] o]
| |

Cytosine Uracil
H,\N/H -
H,;C NN p .. HC N/H
g eamination
» G
Ill o N [o]
I I
5-Methylcytosine Thymine
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I/ D_D\I Su phén purin héa
(depurination)

Aflatoxin B,

Guanine Aflatoxin B,

DhA
backbone

18/05/2020 0 97
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5’ 3
C'G CiG
AT AT
T:A Depurination T:A 3 Apurinic site
CiG - C:;%%’_
G:C= GiC
3" &

(a) Depurination

E % DNA replication

{b) Replication over an apurinic site

X could be
AT G orC
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5-bromouracil:

*Trong trang thai binh
thuong rat gibng T, sé
bét cap voi A.

«Trong trang thai hiém,
bét cap v6i G

« Gay ra dot bién AT thanh
GC

2-amiﬂnopurine:

Co theé bat caflp voi1 C

Gay ra dot bién AT thanh GC

D6t bién diém do hoa chat

Analog Substitutes for
o]
H~ | H~ ﬁ/cul
oJ\ oj\
| |
H
(a) 5-Bromouracil Thymine
Hzﬂ’L /D:N
(b) 2-Aminopurine Adenine

Figura 105 Brock Biology of Microceganisms 117a

= 2006 Pearson Prentica Hall, Inc.

Nhiing chit dong phan goc base (base analogs)
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(+)

AT
Replication in
presence of BrU

A'BrU

Br  OH—N
N Tautomeric shift
—H-- —N
A'BrU*
Common keto Adenine lonized form Guanine RepIication
form of 5-BU of 5-BU
A'T + G'BrU*
l Replication
AT+ AT + GBrU*
18/05/2020 100

nhtri@hcmuaf.edu.vn

5/18/2020

50



Pt bién diém do tia UV

(a)
UV light
3 'S

@D\ \\ 3
P — P
Thymine
Lacis Covalent
5 bonds e
Sugar-phosphate

backbone
b Tia UV cung cip nang lugng hinh
' < thanh 2 lién két cong hoéa tri méi
gitia 2 T ké cén, giy ra sy dimer
hoéa cac thymine.
18/05/2020 101
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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

18/05/2020 102
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Stra sai nh& DNA polymerase Il (proofreading)

-

DNA polymerase si 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 ((3)

™

~

5

w
wm
=2
H:
E.
m

m @ @ e " @“ Ducded
3 EE R : R

o]

C) POLYMERASE COES BACK,
(L SUBUNIT REPAIRS MISMATCH
Correct
ruclentide

18/05/2020 : ,
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(&) Parental strands are marked with methyl groups.
CO CHE SUA SAI NGAY ° \ =
=¥ SAUKHISAO CHEP

Mach bé me dugc methyl 7o eemmsmema nosinebit

hoa. Mot thoi gian ngin sau

khi sao chép mach con mdi
dugc methyl héa. Do d6 ngay
sau khi sao chép mach con
khong dugc methyl hoa.

Pic diém nay, khi hé thong
stta sai cia t€ bao nhan biét
dugc mach nio sai va sta sai
mach do.
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CO CHE SUA SAI NGOAI QUA TRINH SAO CHEP

PAO NGUQC SATHONG (DAMAGE REVERSAL)
CAT BO SATHONG (BER,NER)

18/05/2020 105 i
nhtri@hcmuaf.edu.vn

i) CO CHE SUA SAINGOAI QUA TRINH SAO CHEP
DAO NGUJC SALHONG

uv

pyrimidine DNA photolyase light
d fimer

| oo

ﬂCT i
T!

P

A 177t 7 T 171 ot 111

Hién tugng quang hoat hoa
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o~ -' ( ISR |
]
U l l visible l U l
uv Mghl . dark Ight

&
(+)

5/18/2020

53



) CO CHE SUA SAINGOAI QUA TRINH SAO CHEP

PAO NGUQC SAIHONG

methyltransferase

Loai bé nhém methyl

18/05/2020 107 i
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BER (BASE = T T
EXCISION REPAIR) _|H ||| ”

-Glycosylase: nhan biét k '“""“""'” W
site

va cat base sai hong

-AP endonuclease,

exonuclease: Cat phan j m
tir dwong cua base sai 4T
héng | A LR

18/05/2020

THE CELL Fousth o, Fguos 21
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NER (NUCLEOTID .
EXCISION REPAIR) Joamage recognition

Nuclease cleavage

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

T - -
Helicase
Excised oligonucleoti

~Nu thir 7 ké tir vi tri sai TG

hong theo hudng 5’

Nu thit 4 ké tirvi trisai =~ "’*‘* o
héng theo huéng 3’ -
18/05/2020

Transposon GENE

Transposase () -

O’- GENE (IO
l PASTE
Chromosomal DNA GENE
AAAAANAS AANANANA
Po
o Q
o
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Gene nhay (Tranposon)

» Cac gen nhdy la cac trinh tu

DNA c6 kha niing gin xen vao
mot vi tri méi trén b gen hay
roi bé vi tri d6, 1am bién déi
cac hoat dong di truyén. Cac
gen nhay con dwoc goi la nhan
to chuyén vi (transposon).

> Cac nhan t6 chuyén vi duwoc
tim thdy ¢ prokaryote va
eukaryote.

> Vidu vé gen nhay & bip

18/05/2020 M

nhtri@hcmuaf.edu.vn

(+)

i

-

o Cac trinh ty gin xen IS (Insertion Sequence) dugc tim
thay dau tién & E. coli do tic dong tic ché cia chung
trong co ché kiém soit sy bién duong dudng

Cac trinh ty IS

galactose.

Khi nhin t6 IS2 xen vao bén trong gen tuong \ing, vi
khuidn mait kha ning lén men galactose. Khi nhéan t6
nay roi khoi gen, kha nang 1én men galactose dugc tai

lap.

18/05/2020 112
nhtri@hcmuaf.edu.vn

(%)

5/18/2020

56



Cau truc va co ché chuyén vi caa IS

s

Cic trinh ty IS c6 kich thwéc nhé (khoang 1kb), ciu tric bao gom:
> MOt trinh tu trung tim dic trung cho tirng loai IS. Ving nay ma
hoa cho transposase va mgt vai gen khac.

> O hai dau ‘hai trinh ty lap dao IR (Inverted repeat) la hai trinh
tw ngin gidng nhau nhung c6 chiéu ngwoc nhau.

DNA
5’ ATCCGGT... ...ACCGGAT 3
3 TAGGCCA. .. ... TGGCCTA 5

Inverted Transposase gene Inverted

repeat repeat

A
Insertion sequence
(simple transposon)

Gopyright @ Pearsan Education, Inc., publishing as Benjamin Gummings.
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Co ché chuyén vi ciia IS

« Dudi tic dong ctia transposase, doan DNA noi sé nhan doan gin xen bi cit ddt, hinh
thann nén cdc dau so le, hay ddu dinh (cohesive end).

«  Su chuyén vi gen c6 thé xdy ra theo hai kha nang:
» Transposon dugc nhan 1én, ban ca ¢ lai vi tri ban ddu, ban sao kia chuyén dén vi tri méi.
» Transposon dugc chuyén ngay dén vi tri nhin, vi trf ca mdt transposon.

« O hai ddu ctia nhan t8 IS van con hg, DNA polymerase va ligase sé lam nhié¢m vy ldp ddy
ché tréng.
o Sau khi gan chén, nhan t6 IS hoan toan dugc dung hop vao genome.

Replicative
l Target site [empty)
et ettt e — | o — -]

Conservative

& ——— L ————— G ———»

s I———— ..."——"c"—“ i 11— (2]
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52 Hai kiéu chuyén vi

> Chuyén vi nhan ban: Transposon dugc nhan lén, ban ca ¢
lai vi tri ban dau, ban sao kia chuyén dén vi tri méi.

> Chuyén vi bao ton: Transposon dugc chuyén ngay dén vi
tri nhén, vi tri cit mit transposon.

Replicative %
-

T —

1 Target site (empty)

+ +

e —— B

ﬁ

Conservative —
A Thi0 e ———
e —— Ly (4 Tnid - -—

Figure 149
Intradeetio 4o Genetic Ansiyais, Ninth Editian
£ TRV Fremrman sl Compuany
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Transposon

-_—
Céc transposon (Tn) 1a cic trinh tu gen nhay cé kich thuéc 16n hon cic trinh ty IS.
Giong nhu nhin t6 IS, transposon c6 chda nhiing gen chén vao doan DNA trén
nhiém sic thé.

Transposon tuong d6i phic tap hon nhén t6 IS, né con c6 nhiing gen bs sung.

Co6 hai dang transposon trong prokaryote: composite Tn va noncomposite Tn
(transposon phiic hgp va transposon don).

(a) Composite transposon

Transposon Tn10
A

“is10 Tetracycline resistance 1510 ¥
P S— —_—

(b} Simple transposon

Transposon Tn3
A

{7 IR
——

Amplelllin
resistance
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Transposon phic hgp

i | |ILa mét phiic hop véi viing trung tim cé chita nhiing gen khang thudc khang sinh, nam ké
wewbén véi cic nhan to IS.
« C6 d0 dai vaingan bp.
«  Nhin t6 IS ndm bén trai dugc goila IS-L, va nhéan t6 IS nam bén trdi 1a IS-R. Tuy theo loai
transposon ma IS-L va IS-R cé thé cing huéng, hoic ngugc hudng ddi xiing nhau.
«  VibanthanIS c6 IR (Inverted repeat), nén transposon ciing c6 IR & hai ddu can thiét cho
su chuyén vi.
«  Tn 101a mét vi du vé transposon phiic hgp. Tn 10 c6 d6 16n phan ti 9.300bp, viing trung
tam chiém 6.500bp, chiia gen khang tetracyline nam giwa IS10L va IS10R. M6i nhén t6 IS
dai khoang 1.400bp.

Composite Transposon

Transposon Tn10

|
I 1
A— —

{ [ 1510 | Tetracycline resistance | 1510 | ]

Simple Transposon

Tra nsp?son Tn3

— — !
(i [ seions [R] -
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Transposon don

« Transposon don c6 chdéa gen khing khang sinh, nhung noé
khong két thuc 6 hai dau vé6i nhén t6 IS, nhung cé nhiing chuoi
trinh tu lap dao IR can thiét cho su chuyén vi.

« Enzyme déng vai tro quan trong trong chuyén vi dugc ma hoa
béi cac gen dinh vi trong viing trung tim cua transposon.

« Tn31a mdt vi du vé transposon don.

Inverted Internal Inverted
repeat resolution site repeat
- - -

I |
4—[ tnpA amp  |==

| .

Transposase p-Lactamase

Repressor and
resolvase
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(a)
DNA

DNA transposon va Retrotransposon

(b)

—— ——

DonorDNA .~ DonorDNA

Flanking
DNA RNA
Former polymerase
transposon
539 Donor DNA
A
oy RNA intermediate
Donor DNA Reveria
| DNA transcriptase
Insertion e INtErMediates S Insertion
) site
Target \ Target
DNA DNA
\Tr.nspnsed/
mobile elements
18/05/2020 Figure &8
Malvcufar Caif Biology, Sixth Edition 1af.edu.vn
2008 WH. Freeman and Comparny
Retroviruses
Retrovirus Capsid enters
host cell and
E:"!::u ® lt:mc»:;hnu
P "-‘$ ? on the membrane.
e TR TS
dr, ) LS S drmeone

Synthesis of
Viral mRNA mew viruses

HES

Viral mRNA is
transcribed from
the integrated
proviral DNA.

Capsid breaks down;
reverse transcriptase
synthesizes a DNA

copy of the viral RNA.

DNA
nm>’%;m Q‘:u

Reverse transcriptase
synthesizes a second
strand from the DNA

copy.

-y
Double-stranded viral —%hn =

DNA is integrated into \

: the DNA of the host
e Sgrg __o” W

Flgure 14-11
Amtraduction to Genetlc Anaiysis, Ninth Edition
© 2008 W, H Framman and Comgany.
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Retrotransposon

/ 5-bp direct repeat of target DNA \
ol YT — — - -
L ATTAG ATTAG =

Another

Transcription Chr e
h 4
5 i

Tyimw ]

inserts

Y

Translatior%
D

Reverse
transcriptase

Reverse
transcription

Figure 1413
Antroduction ta Genatic Anatysis, Ninth Editian
& 2008 ¥ H_ Freeman and Comeiary

18/05/2020 121 .
nhtri@hcmuaf.edu.vn el

TAITO HOP TUONG PONG
(HOMOLOGUOS RECOMBINATION)

« Tait8 hop (recombination): 1a qué trinh trong d6 nhiém sic thé hay phan ti
DNA dit ra roi cdc phan dit dugc ndi lai theo mét t6 hop mdéi. Qua trinh nay
c6 thé xdy ra trong té bao séng (vi du nhu qua sy trao déi chéo trong phan
bao giam nhiém) hay trong 6ng nghiém nh& céc enzyme cit va néi.

« MO hinh tdi t6 hop don gian va ¢8 dién nhat 1a mo6 hinh Holiday. Mic dir ¢6
nhting thiéu sét cin thém thit, stta d6i, nhung mo hinh nay da minh hoa
tuong d6i ro tién trinh tdi t6 hop. VE co ban dugc moé ta nhu sau :

> Diéu kién xay ra tdi t6 hop tuong dong: hai ving DNA tai t6 hgp phai cé
trinh tu tuong déng va mot trong hai trinh tu d6 phai 6 diém dut (nick) trén
mot mach.

> Céc protein RecB va RecC lam thdo xodn va cit dit mot trong hai mach
DNA. Phtic hgp RecBC nhan biét mét trinh tu chi () va cit cach d¢6 vai
base.

> Protein RecA gin lén mach DNA dtt tao thudn lgi cho viéc nhan biét trinh ty
tuong dong & mach kia va hinh thanh nén phén ta lai.
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Vertical cut

falong line V) Horizontal cut
and rescal {along ling Hj
and reseal
) (g}
o E f D E F
o = 7 3
= o i 3 — 5 —
C' r ' C' !
k) d g 3 % L g
553 e Fo2 ¥ e Tl
Heteroduplexes Heteroduplexes;

; . 123
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Mo hinh DSB (Double strand Break )

« Diéu kién xay ra tai t6 hop
tuong dong: hai ving DNA

F'te I'Resection 45 t6 hop phai cé trinh ty
tuong dong va mot trong

Strand Invasion — haj phan tdé DNA c6 diém

dit (nick) trén hai mach.

:/_X— Strand Ann=alin tro quan tr()ng trong Viéc
= ' "9 sta chita cic dot bién dit

Y
’
-
-
_ 3 New DNA Synthesis ® Mo hinh néy ph6 bién hon
-
-

moé hinh Holiday va cé vai

"' Products gay m@Ch doi.

MNe Crossing Ower
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Crossing-0ver
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o VAITRO CUA REC ATRONG
f TAITO HOP TUONG PONG

P « Vitrigan so cip: gan v6i DNA mach

. strand bound 1o RecA protein don

« Vitrigan thd cdp: gin v6i DNA mach
doi.

« Dératim ving tuong dong trén mach
déi, Rec A giw mach don 6 vi tri so cdp,

. B trugt di, dén khi xudt hién vung tuong

W e dong thi diing lai, cit lién két H gitia hai

\ mach d6i; néi va hinh thanh lién két H
md6i.

 base-pairing between
 slrands is switched

three-stranded structure

18/05/2020

Tai t6 hgp tuong dong trong gidm phan

diploid eall with one
—— pair of homalogous —_
chromosomes shown

‘ MEIOSIS ‘ MEIOSIS

D000 =000

meiasis without gane convarsion maiosis with gena conversion

Fig 868 Motecular Biology of the Cel, 49 d, Albarts, B, at al
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