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Qua trinh Phién ma ¢ Prokaryote
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@ Qua trinh phién ma ¢ Prokaryote

« Puwoc tién hanh béi RNA polymerase

— Khéng cin primer.

— Khong cé kha nang doc ngwoc (proofreading).

— Poc trén khuon DNA (DNA template) theo chiéu 3°-5> tong hgp RNA
transcript theo chiéu 5°-3°.

— Chi ¢6 1 trong 2 mach don cia phan tir DNA dwoc dung lam khuon.

— RNA polymerase quyét dinh viéc chon mach khudn biang cich gin
vao 1 trinh tw dac biét trén mach dwgc chon lam khudn, trinh tw do la

promoter.
Template strand
RNA of gene 2
Unwmds
g aj\ ¢
DNA
RNA Template strand BNA Nontemplate strand RNA
polymerase of gene 1 of gene 2 polymerase

Gene 1 Gene 2
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i RNA polymerase
= .
la mot phirc hop ctia enzyme, dwoc goi la holoenzyme, gom

enzyme 1oi (Core enzyme) va nhan to c.

' — &)
(@)
Core enzyme Holoenzyme
Core enzyme: Gom nhiéu tiéu don vi :
2 tiéu don vi a : ¢6 vai tro gén két cac tiéu don vi
B,B: trung tam xuc tac cia RNA polymerase, B lién két voi DNA khuon, RNA
dang tong hop va ribonucleotide
Tiéu don vi thr 5 © khong can thlet cho su phién ma nhung né gitp on dinh
enzyme va hd trg cho qua trinh gin két cac tiéu don vi.
Nhan t6 o: dam béao tinh déc hiéu promoter: giam i lyc gitta RNA pol va trinh
tu DNA bét ky, tang ai lyc giita RNA pol Va promoter.
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B’ subunit
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E SUBUNIT FUNCTION RNA po]ymel‘ase

i -assembles enzyme
2 o subunits o 0 e

-recognizes promoter
(40 kD each) -binds some activators

oB B subunit
7 (155 kD) /g ety C

promotes
< RNA synthesis
B' subunit
¢ (160 kD)
pol) (g;gg‘i’s; 0 recognizes promoter
B Direction of synthesis
—-
Unwinding
Rewinding DNA

A7 A

P
Binding site
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1] Cau truc cua Holoenzyme

* RNA polymerase holoenzyme cho thay c6 mot vung
tiép xlic rong gitra & va tiéu don vi - va p’-ctia core.

« Céu tric cung cho thay vung o giip cho viéc mé
kénh chinh cua enzyme dé nhan vao dsDNA template
dé hinh thanh phirc hop déng promoter.

« Sau khi gitip md kénh, o s& bi day ra khoi kénh chinh
khi khi kénh nay bi thu hep khi bao quanh DNA bi
tach mach ctia phtrc hgp mé promoter.
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@  Chec nang cua yéu té o

* Gene dwgc chon phién ma nhd ¢ o lam
cho RNA polymerase xac dinh dung va
gan chat Ién promoter.

« Svw gan chat phu thuéc vao vi tri tach

mach ctia DNA dé& cho phép hinh thanh
phirc hgp m& promoter.

« Sy tach o ra khoi core sau khi da dam
bao cho viéc gan chat gilra polymerase-
promoter

24/03/2016 2:57:55 SA 8 Nguyén Hiru Tri

24/03/2016



iﬁ:@i Promoter

Promoter la m@t trinp tw diéu hoa trén phan tot DNA, noi RNA
polymerase gan vao dé khdi dong phién ma.

Promoter c6 hai dic diém:

+ nam ngay trudc ving gen mé hoa

+ hoat dong theo dung chiéu (-35, -10, +1)

DNA «upstream Idownstream >
-35 box -10 box -1 +1

TTGACA TATATT

p—— promoter ——————— direction of
RNA synthesis

24/03/2016 2:57:55 SA 9 Nguyén Hiru Tri el

i Promoter
=

* C6 mot vung trong cac promoter cia vi lghuén c6 tinh chit rat
chuyén bi€t cho su khoi dong phién ma gém 6-7 bp tap trung &
10 bp dau nguon (upstream) tir vi tri +1 (vi tri bat dau phién ma)
= vung -10 (-10 box, hay con goi la Pribnow box, TATA box)
la 5’>-TATAAT-3".

« Mot trinh tu ngdn khac tap trung & 35 bp dau ngudn (upstream)
duogc goi la vung -35 (-35 box) la 5’-TTGACA-3"

* Cac trinh ty nay Ia trinh ty thoéa hi€p dugc dua ra khi so sanh
trén hang ngan promoter khéac nhau.

Copyright © The McGraw-Hill C Inc. F ion required for 1 or display.
— 35 box — 10 box Transcription
—TTGACa TAtAaT
——AACTGt ATaTtA
e —

Unwound region
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@ Sy gan RNA Polymerase

h o

« DAu tién holoenzyme gan vao  weromsirisst
DNA moét cach 1éng 1éo. %

« Phtrc hop 16ng 180 lién kéttai oA
promoter = phuc hgp dong 1

(b) Closed promoter

promoter (closed promoter complex fomatin

complex), DNA & dang mach :

kép khép kin.
* Holoenzyme tach mach DNA  «oenpomoe l

tai promoter hinh thanh phtec =™

hop m& promoter (open 7 5
promoter complex) Vo

polymerase gan chat vao

DNA.
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@ Qua trinh phién mi & Prokaryote

* Céac budc cua qua trinh phién ma (transcription)
— Khai dau (Initiation)

— Kéo dai (Elongation)
— Két thuc (Termination)
Gene
I . 1
F‘mmoter1 RNA-coding sequence  Terminator
+
5 | | 3’ Nontemplate strand
DNA 3 _“L. ] f- 5’ Template strand
Transcription Transcription
initiation site termination site
e —_
Upstream Downstream
of gene of gene
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@  Khoi dAu phién ma (Initiation)

* Qua trinh khéi ddu phién ma khong phai 1a khi RNA
polymerase hinh thanh lién két phosphodiester dau

tién.

e Carpousis va Gralla chi ra riang c6 mot doan
oligonucleotide (dai 2-6 nt) dugc tong hop khi ma
RNA polymerase chua roi di trén DNA.

 Qua trinh phién mi co thé that bai khi ma chudi
oligonucleotide khoang 10 nt dugc tong hop.
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@h  Khoi dau phién mi (Initiation)

Phirc hop dong

RNA pol nhén biét va gin vao
promoter nho nhan t o

Phirc hop mé

Core enzyme
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Promoter

Holoenzyme enzyme

-RNA pol nhén biét va
gan mdt cach léng léo
vao trinh tw -35 tao
thanh phirc hop déng.

-RNA pol gin véi
DNA chiit hon dé mé
xodn tai ving trinh tu
-10, tao thanh phic
hop mé.
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@h Khoidau phién mi (Initiation)

DNA
template -35box -10box +1
= == —
transcription
o factor
RNA polymerase
(a)
5
RNA
Unwinding of
DNA molecule
DNA
template

’ 5 g3
3 45

Rewinding

of DNA

molecule

RNA polymerase
(b)
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) K¢o dai (Elongation)

-

RNA-DNA hybrid \

helix Elongation
site

Movement
of polymerase

Khi phan tir RNA dat chiéu dai khoang 8 nucleotide thi nhan t6 & tach khoi
phitc hgp RNA pol. Sy tach rdi nay can thiét cho qua trinh kéo dai chudi

RNA.

RNAP truot tiép tuc trén sgi DNA, thdo xodn lién tuc phan tir DNA, vung
DNA duoc thao xoan goi la transcription bubble dich chuyén trén DNA

cung voi RNA polymerase.
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@ Transcription bubble

* Cac nucleotide thém
vao tuan tu tung
nucleotide day goi la
qua trinh kéo dai.

* Kich thudc vung duoc

thdo xoan ludn duy tri _

/
[/

' \ Hudéng phién ma e

“downstream” o

\\\ ( : 7

khong do6i khoang 17
cdp base, va xoan lai
RNA-DNA c¢6 chiéu
dai khoang 12 cap base.
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Kéo dai (Elongation)  Mach DNA chira théng tin
RNA nucleotide

e

RNA
polymerase

RNA méi hinh thanh

17 Nguyén Hiru Tri

Mach DNA khuén

©

iy Kéo dai (Elongation)

« Su kéo dai phién ma bao gébm qua trinh polymer hoa
cua cac nucleotide khi RNA polymerase di chuyén

doc theo khuon DNA (template DNA)

« Polymerase duy tri mot ving ngin cia DNA khuén bj

tach mach.

« DNA bj thdo xodn & phia truéc polymerase va dong

lai & phia sau.

« Mach template DNA duoc thao xodn nhd cac enzyme

topoisomerase.
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@ Két thuc phién ma (Termination)

« Khi polymerase tién ti mot terminator tai diém
cudi ciia gene no sé& tach ra khoi template va giai
phong RNA

« C6 hai co ché két thic (terminator)

— Chirc ning két thiic noi tai (Intrinsic) v6i chinh RNA
polymerase khong c6 su giup d& cua cac protein
khac

— Két thac phién ma phu thudc vao mot protein rho
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@ Két thuc phién ma khéng phu thuéc Rho

Intrinsic termination = Rho-independent termination

- Két thuc ndi tai hay khéng phu thudc rho
phu thudc vao hai yéu tb két thuc:
— M6t trinh tw 1ap dao giau GC theo sau ngay
mot vung giau A trén mach khudn (template)
Cua gene
* Trinh tw Iap dao mé dwdng cho phan tw
transcript hinh thanh mét cau truc kep toc
(hairpin structure).
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@n  Kicu hoat dong cua Intrinsic Termination

Terminator vi khuan hoat dong dua vao su bat cap bo sung khong bén giira lai RNA-

DNA

o 2 trinh ty ddi xtng bd sung giau GC, khi phién ma s€ tao thanh céu tric kep toc
(hairpin), cdu triic nay on dinh va ngan khong cho RNA pol tiép tuc tong hop.

o Nguyén nhan chinh dan t6i ngimg qua trinh phién mi 1a chudi giau U nim &
downstream cua hairpin, 1am giam ai luc cia RNA vi DNA mach goc. Do do
RNA tach khoi phtrc hop phién ma.

Two-fold symmetry

T 5 CCCAGCCCGCCTAATGAGCGGGCTTTTTTTTGAACAAAA 3
(DNA) 3 GGGTCGGGCGGATTACTCGCCCGAAAAAAAACTTGTTTT &

™ 5 GEEAGCCCECCUAAUGAGCGGGCUUUUUUUU-OH 3

A
A
. &%
Transcript folded to form c A’
termination hairpin Mutations ™ _ o~
AU -—G-¢c Mutations
A« C-G—
Uu-—c-G—-AUC
C-G—~AU

G-C
5-CCCA-UUUUUUUU-OH 3
[—

G Deletion
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@h Kiéu hoat dong cta Intrinsic Termination

A

DNA: Inverted

Coding strand NNNN-TAGCGGCCATC-NNNNNNNNN-GATGGCCGCTA-TTTTTTT
Template sirand NNNN-ATCGCCGGTAG-NNNNNNNNN-CTACCGGCGAT-AAAAAAA
(N = any base) Repeats

TRANSCRIPTION

Messenger RNA  NNNN-UAGCGGCCAUC-NNNNNNNNN-GAUGGCCGCUA-UUUUUUL

B

& g
u A
Loop
Cc C
A A
C G
U A
A U
¢ G Escape
s c G
Stem:
(base pairing of 8 g
inverted repeats) 2
Cc G
G C Terminator
A U
U A

Messenger RNA--- AUUA~  UUUUUUU---8 end Termizats
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@ Intrinsic Termination

transcription bubble

N
r R

CCGGAAAAA

5
3I
(a)
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@ Intrinsic Termination
RNA hairpin loop
7 Uuuuzd 5
5 3
' _J
'
transcription bubble shortens
(b)
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@ Intrinsic Termination

DNA double

helix reforms

3 5
5’ 3!

(c)

24/03/2016 2:57:55 SA 25 Nguyén Hiru Tri @

@ Két thic phién mi phu thudc Rho
- Rho-Dependent Termination

o
Rho & mdt protein gOm 6 & monomer has two domans

tiéu don vi, ¢6 2 domain N-tornigaai@pinding domain
Rho la nguyén nhan lam suy

gidm kha nang phién ma cua

RNA polymerase trong in  rewmecing bnos g
vitro.Su suy gidm nay la do 5
Rho lam két thuc phién ma.
Sau khi két thuc phién ma,
polymerase s& tai khoi dau lai
qua trinh phién ma.
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C-terminal ATPasé domain

wirtualtent wvew €1GITO com 3
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ﬁ Két thuc phién md phu thudc nhén tb rho

RNA polymerase

g VA gV gV GV eV ¥ g

cand

* Rho nhén di¢n mét vang trén w5
RNA goi 1a “rut” (gébm 50- 90
bp ndm phia trudc trinh tuw két
thuc, giau C va it G)

* Rho thuy phan ATP de dich ooy -
chuyén trén RNA voi téc do Ry /__(1,
cao hon RNA pol. Khi d6 Rho —
phan tach lién két RNA-DNA raarsaraarersarared

nho hoat tinh helicase. Qua 8

trinh phién ma két thuc. ol

ST T 0l Dt T 0T D0t

ST 000 0
Rho

Y]

ataches & moves

S

Release of Rho,
RNA polymerase
adBNA

e
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@ PHIEN MA VA DICH MA O PROKARYOTE &
4 EUKARYOTE

\\/\ !

Transcripuonl

] RMA
olymerase
P

Ribosome

RNA Polymerase ¢ Eukaryote

*  RNA Pol I: phién ma cac RNA cua ribosome (28S, 18S, 5.8S)
* RNA Pol II: phién m@ mRNA

* RNA Pol III: phién ma tRNA, rRNA 58S va cac RNA nho khac.
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Polypeptide ;
Translation
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@i

h o

« Co ché cua sv két thuc

Két thuc phién ma

— CO6 sy khac nhau gitra prokaryote va eukaryote

« Té bao Eukaryote bién ddi RNA sau khi dich ma

« Enzyme trong nhan cua eukaryote

— Bién dbi pre-mRNA trwdc khi tin hiéu di truyén roi

nhan va di vao té bao chat.
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@

RNA processing

A
N\
exon 1 intron 1 exon 2
5 ¥
precursor llranscrimiun
mRNA —I
5 m’Gppp s i m
l polyadenylation
5" m’Gppp B EERRURKASSS AMA 3 |
. poly A
v X spliceosome tail
~ polyadenylation
“signal”

n \ snRNAs | formation
7-methyl guanosine cap O

—intron loops out

spliceosome
5 m'Gppp I § AAAA 3
exon 1 'l exon 2
5 m’Gppp = e & >
processed mRNA
\
N\ |
: !
nucleus
cytoplasm
30
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e

dbi (modified) theo

7- Mehtyl- Guanylate
Pwoc gan vao dau 5

Sw bién d6i mRNA

« Mbi dau cudi ciia phan t&r pre-mRNA dwoc bién

cac cach khac nhau

— P4u 5’ dwoc gan chép(cap) 7- Mehtyl- Guanylate.
— D4u 3’ nhan dudi poly-A dai khoang 50-250 nu

50 dén 250 adenine nucleotide
Pworc gan vao dau 3

TRANSCRIPTION
|premena

MRNA

Ri
TRANSLATION

Tin hiéu Polyadenylation
3

DPoan ma hoéa protein
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o gHz
ﬁ HN7® 3 N 7-Methylguanylate
= HNT SN N
CH, O
KH H
by
“0—P=0 ]
OH OH

Nguyén Hiru Tri
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@i

h o

* RNA splicing
— Loai bd cac intron va ndi exon lai

TRANSCRIPTION l DNA

|| [Rvaprocessi lpmw;‘

TRANSLATION
a
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Pre-mRNA

5" Exon Intron

Exon Intron Exon 3

Gene gian doan va RNA splicing

1 30 31 104 105 146

Intron bi cat ra va cac

Boan ma hoa exon duoc ndi lai véi nhau
=" 1
mRNA |5 Cap Budi Poly-A
1 146
3 UTR 3 UTR
33
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-
[ 1]
[ 2]
©
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5 RNA transcript (pre-mRNA)

Exon 1 Intron

Exon 2

Protein /™

snRNA y Céc protein khae
snRNPs

Spliceosome

- /; N
4 Y
/\Fﬁj\%@”ﬂ A
™

N
/I y
Thanh phan
Spliceosome ‘/ \,

Intron bi cét ra

5

mRNA
Exon 1

5

Exon 2
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i Chtrc ndng va sy tién hoa quan
trong cua Intron
* Hién dién trong intron

— Cho phép c6 kha nang bién dbi qua trinh RNA
splicing
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) Cac loai RNA chu yéu

-
+ C6 5 loai RNA chu yéu déng vai trd quan trong trong viéc
trung gian cho viéc biéu hién gene.
— Ribosomal RNA (rRNA) 1a thanh phan can thiét cla
ribosome.

— Messenger RNA (mRNA) la copy cuia trinh tw DNA ma héa
cho proetein.

— Transfer RNA (tRNA) van chuyén aminoacid dén
ribosome.

— Small nuclear RNA (snRNA) c6 vai tro trong pre-mRNA
splicing,

— Small nucleolar RNA (snoRNA) c6 vai trd trong rRNA
processing.
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S5 RNA

W\

’
pee-rRNA \
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WL

.vuu processing
tRNA
Tlihl
Ribosome
#
5 -
mRNA/
37
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m

5 ap
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Potnt

RNase MRP
(ribonuclease
mitochondrial
RNA processing)

RNase P

o

Signal recognition [RGEET

particle (SRP)
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of gene expressil

pathway

ic repeats to

o

DNA replication and
RNA processing

o

RNA processing

thl: ends of chromosomes
during DNA repli

Telomerase RNA +
protein (reverse

i

Cleaves RNA primer in
mtDNA replication; role in
processing 5.8S ribosomal
RNA in the nucleolus

Removal of introns from
nuclear pre-mRNA

7-2 RNA + proteins.

snRNAs + ~200
proteins

Generates 5" end of mature E. coli: M1 RNA +
tRINAs C5 protein
Human: H1 RNA +
~10 proteins
Protein synthesis machinery  Four rRNAs + > 50
ribosomal proteins
g Mediates protein targeting to 7S RNA + six
the endoplasmic reticul protei
38

Ribonucleoprotein (RNP)
fvname SR T

Template for reverse
transcriptase

Catalytic RNP

Strong evidence that
U6 and U2 snRNA
catalyze splicing

E. coliz caalytic RNA
Human: catalytic RNP

23S rRNA catalyzes
peptide bond formation

RNA serves as a
scaffold for organized
binding of proteins
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Ribozyme

RNase P
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-

@)

Specific
cell type

Phién ma ngwoc

RNA —

\
J

JmRNA

Extract

total RNA —

tRNA

Wash in
high salt

E '.‘ — Oligo (dT) cellulose  Elution in
A low salt
A 1 mRNA

Purified
mRNA is

fRNA and
eluted

tRNA are
washed off column
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=

(8)
Poly(A) tail
L,

Phién ma ngwoc

Single-stranded cDNA

L

3
Add DNA polymerase | (Klenow fragment)
+dNTPs

T

Add Snuclease
to cleave hairpin
Double-stranded cDNA

NA : cDNA hybrid

HIHIINITTI

TENHTRNREELD

) First strand
% Digest RNA 3
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