Phién ma
(transcription)



Mot s6 loai RNA va chtrc ning co ban

Types of RNAs

Primary Function(s)

mRNA - messenger

translation (protein synthesis)
regulatory

rRNA - ribosomal

translation (protein synthesis)  <catalytic>

t-RNA - transfer

translation (protein synthesis)

hnRNA - heterogeneous nuclear

precursors & intermediates of mature
mRNAs & other RNAs

scRNA - small cytoplasmic

signal recognition particle (SRP)
tRNA processing <catalytic>

snRNA - small nuclear
snoRNA - small nucleolar

mRNA processing, poly A addition <catalytic>
rRNA processing/maturation/methylation

regulatory RNAs (siRNA,
miRNA, etc.)

regulation of transcription and translation,




SU PHIEN MA rRNA TRONG HA CH NHAN (TRITURUS
VIRIDENS)




Pic diém cua quéa trinh phién mé

La qué trinh sinh tong hop RNA tir mach khudn DNA nho heat déng chinh
cia enzyme RNA polymerase

M¢t trong 2 mach don cua phan tit DNA dwoc sir dung lam khuon thong qua
1 vung trinh tw goi la promoter

Hoat dong phién ma theo chiéu 5°>3’
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CAC YEU TO THAM GIA QUA TRINH PHIEN MA
RNA polymerase (Prokaryote)

(a) Sigma factor

« - e * Chi c0 1 loai RNA polymerase

e Cau tric gom: 2 tiéu phan a, 1 tiéu phan

B, 1tiéu phan p’.

Core RNA RMA polymerase
polymerase holoenzyme

 Hoat dong khi cac tiéu phan tao thanh
phitc hop va dwge nhan t6 ¢ hd tro kiém
soat sw gan RNA polymerase 1én viing

promoter

 C6 nhiéu loai nhan to ¢ twong Wng véi

nhiéu ving promoter riéng biét




* Pon vi phién méa la 1 vung trinh tw DNA
ma hoa cho 1 phan tir RNA va nhirng trinh
tw can thiét cho sw phién ma (= promoter +
trinh tw dwgc phién ma thanh RNA + yéu to
két thuc)

* Promoter la 1 vung trinh tw DNA c0 vai
trd gitip hé thong phién ma nhan dién va
gian vao >khong dwge phién ma, quy dinh
chiéu phién ma.

* Yéu to két thac (terminator) 1a 1 trinh tu
1 tin hiéu dirng qua trinh phién ma->hinh
thanh cau tric dic biét dé khoa lai qua

trinh phién ma.

CAC YEU TO THAM GIA
QUA TRINH PHIEN MA
Vung trinh tw dac biét

| Genes 2 and ¢ are transcribed
fram the (+) strand, ...

e Ill. .II
| RNA |

DNA } — |

i-) strand 5 3

{+) strand 3 5
RMA | EMNA

...and & is transcribed
from the (=) strand.

13.6 RNA is transcribed from one DNA strand. In
most organisms, each gene is transcribed from a single
DOMA strand, but different genes may be transcribed from
one or the other of the two DNA strands.



Cau truc promoter
® _ (Prokaryote)

Promoter ‘ Coding soque

s +1 3
(b) Strong E col promolers
tyrtHNA  TCTCAACGTAACACTTTACAGCGGCG sCGTCATTTGATATGATGC-GCCCCBCTTICCCGATAAGGG

rrn DY GATCAAAAAAATACTTGTGCAAAAAA » TTGGGATCCCTATAATGCGCCTCCRBTTGAGACGACAACG
rrn X1 ATGCATTTTTCCGCTTIGTICTTCCTGA* *GCCGACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
mn (DXE), CCTGAAATTCAGGGTTGACTCTGAAA » GAGGAAAGCGTAATATAC.GCCACEBTCGCGACAGTGAGC
mEN CTGCAATTTTTICTATTIGCGGCCTGCG* *GAGAACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
rrn Al TTTTAAATTTCCTCTTIGTCAGGCCGG*  AATAACTCCCTATAATGCGCCACCACTGACACGGAACAA
rrn A2 GCAAAAATAAATGCTTIGACTCTGTAG » CGGGAAGGCGTATTATGCACACCEBCGCGCCGCTGAGAA
A PR TAACACCGTGCGTGTTGACTATTTTA«CCTCTGGCGGTGATAATGG»TTGCATGTACTAAGGAGGT
AP TATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGA »GCACATCAGCAGGACGCAC
T7A3 GTGAAACAAAACGGTTGACAACATGA AGTAAACACGGTACGATGT*ACCACATGAAACGACAGTGA
T7 A TATCAAAAAGAGTATTGACTTAAAGT s CTAACCTATAGGATACTTACAGCCATCGAGAGGGACACG
T7 A2 ACGAAAAACAGGTATTGACAACATGAAGTAACATGCAGTAAGATAC-AAATCEBCTAGGTAACACTAG
faviu GATACAAATCTCCGTTIGTACTTTIGT T+ « TCGCGCTTGGTATAATCG-CTGGGAGTICAAAGATGAGTG

~ 35 -10 +1

(¢) Consensus saquences for all £ coll promoters
-3Sregion . - 10 ragon
TTGACATH 2 TATAAT

« VUng trinh tw cho RNA polymerase gin 1én dé bat dau hoat dong

« 2 trinh tw 6 nucleotide: mét trinh tw nam cach diém bat dau sinh tong hop
RNA 10 cap base (-10); trinh tw kia cach 35 cap base (-35). Vi tri tirng vung
thuwong cd dinh = dam bao phi hep véi kich thwée RNA polymerase dén gian

7



Cac gial doan caa qua trinh phien ma

1. Khéi dau
2. Kéo dai
3. Kétthdc



Template

strand

w un
S

w U
~

Transcription unit

\3’
SI
Terminator
€@ Binding of RNA polymerase
and local DNA unwinding
3[
5/
NTPs R .
@ Initiation of RNA synthesis
3/
5/
RNA NTPs
€ Elongation of RNA
SI
Termination signal
RiNApolvemse @ Termination of RNA synthesis
3’
+ J
5° 3’

RNA transcript

Copyright © 2009 Pearson Education, Inc.
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(a) g Sigma The sigma factor associates with the
Core RNA polymerase factor =__] core enzyme to form a holoenzyme, ...
Promater

k L Transcription start )
- ™

(] L ...which binds to the 35 and -10

Holoenzyme Consensus sequences in the promaoter,

a _,_..-=-—"—"—_1 creating a closed complex.
_|_

A
I ™y

() Template strand Li
g \ 0 ,Jff:—_—_rﬁ> (cceatTee

P—P—P—N The holeenzyme binds the promoter tightly | (GCCTAAGE
Mucleosida and unwinds the double-stranded DNA, ¥ 5
triphosphate (NTP) creating an open complex, . J

b
7 Y
(d) g A nucleoside triphosphate complement
to the DMA at the start site serves as
the first in the RNA molecule.
] |
. M (GGATTCGf
( PP Twio phosphates are cleaved fram each s r
i subsequent nucleoside triphosphate, creating P 7
A an RNA nuclectide that is added to the =
0 3" end of the growing RNA molecule. !E.ECTMGC -
\ { v
7
- 7! ~
(e) The sigma factor is released as the RNA (
polymerase moves beyond the pramater, v ﬁ
3 | 37
g —— 5P PP 3 5
e A

| Conclusion: RNA transcription is initiated when core RNA '
polymerase binds to the promoter with the help of sigma.

13.13 Transcription in bacteria is carried out by RNA polymerase,
which must bind to the sigma factor to initiate transcription.

QUA TRINH KHOI
SU PHIEN MA
(Prokaryote)

RNA polymerase nhan
dién chuyén biét trinh
tw promoter nho tiéu
don vi sigma (o)

Piu tién RNA polymerase
gin léng 1éo vao ving -
35 =>tach mach dé
phoi mach khuodn cho

qua trinh phién ma
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Gial doan keo dai

Qua trinh phién ma bat dau & vi tri +1

RNA polymerase chju trach nhiém di chuyén doc mach khudén va gin
nhirng ribonucleotide tw do theo nguyén tic A=U, GEC va hinh thanh lién
két phosphodiester giira cac rnu tao phan tir RNA

Khi phan tir RNA dwoc tong hop dwoe khoang 8rnu thi nhan té ¢ tach khéi
phirc hop

Khi phan tit RNA dwoc tong hop khoang 17 rnu, soi RNA sé bit dau tach
khoéi mach khuon DNA trir khoang 12 rnu tinh tir diém ting truéng van IK

tam thoi véi mach khuon DNA

11



Giai doan két thac

“Dau hiéu” két thiic =>qua trinh phién ma sé dirng lai: RNA polymerase
dirng hoat dong sinh tong hop RNA va roi khéi mach DNA khuén

«  “Dau hiéu” két thic: c6 thé 1a 1 trong 2 yéu to:
- \Vung trinh tw dic biét trén sgi DNA mach khuon (2 ving trinh tw doi
xirng bo sung, va theo sau 2 trinh tw nay 1a 1 ving giau Adenin) =sau
khi phién ma tao thanh cau trac “kep toc” (hairpin) = ngin hoat dong
cua enzyme
- Nhan t6 Rho (p): 1a 1 protein gom 6 tiéu don vi =>tach enzyme va soi
RNA ra khoéi mach DNA khuon

12



nA rho-independent terrminator contains

an inverted repeat followed by a string 13l A !
of approximately six adenine nuclectides. Glal d()an ket thUC
" jg_/ l"-,.'. r r
Inverted repeats W khbén hu thuoc vao yéu to Rho
DNA T \ Jpht ) y (p)

\

3" 3’
3 The inverted repeats are | >
transcribed into RNA, ...
\.__l{
> ™~
RMA transcript
A
3r
> i)

3 ...and the inverted repeat ] The hydrogen
in RMA folds into a hairpin =—= bonds in the
loop, which causes RNA A—U base pairs
polymerase to pause. break,...

13.14 Termination by bacterial rho-independent

terminators is a multistep process. 13



4 M

Unstructured —_
RMNA

-_.._=_____[ Rho binds to an unstructured region
, \ of RNA and moves toward its 3
5 rho end, following RNA polymerase.

When RMA polyrrerase encounters
a terminator sequence, it pauses,. ..

|

..and rho catches up.J
5" | -

-

p '

the DNA-RNA hybrid and brings an
5 end to transcription.

13.15 The termination of transcription in some
bacterial genes requires the presence of the rho
protein.

Using helicase activity, rho unwinds |

ot

p A

Giai doan két thic

phu thudc vao yéu té6 Rho (p)

Ving trinh tw RNA c6 diém nhan dién

Rho (& E.coli diém nay goi la rut)

Amino-terminal domain
{contams the 1° sita)
Step 1 Step 2 Step 3 Step 4
—> >
5 Garboxy terminal domain
(contains the 2° site)
rut sequence

mRNA

) RMA polymerase

Genomic DNA
Curmant Biology

Figure 1. Rho factor: transcription termination in four steps.

In step 1, the amino-terminal domain of Rho factor (blue), which contains the 1 mRMNA binding site, binds to the ‘rut’ sequence of the
mRNA transcript. Rho factor is shown as an open ring, but it may be in equilibrium between open and closed states at this step. In
step 2, the carboxy-terminal domain of Bho (orange), which contains the 2° mRNA binding site, binds the mRNA downstream from
rut, and the Rho hexameric ring closes. In step 3, the carboxy-terminal domain of Rho cyclically binds and hydrol ATP to propel
itself along mRNA in the 5" to 3" direction. The amino-terminal domain may disengage from rut during this step. In 4, Rho factor
acts as a helicase to couple ATP binding and hydrolysis to nucleic acid unwinding. This results in disengagement of the mRNA from
the genomic DNA and RNA polymerase (pink).



Piic diém phién ma & Eukaryote

1 50 dic diém khac véi ¢ Prokaryote

* (0 3 loai RNA polymerase chiu trach nhiém phién ma cho cac loai gen khac nhau
- RNA polymerase | 2rRNA
- RNA polymerase |1 >mRNA
- RNA polymerase 111 >tRNA, RNA 5S

« RNA thong tin vira dugc phién ma (pre-RNA hay tién-RNA) >bi bién doi sau
phién ma truée khi ra ngoai té bao chat tham gia dich ma



Promoter ¢ Eukaryote

-37t0-32 -31to-26 -2to +4 +28 to +32
| | I |
BRE TATA Box Inr DPE
TFIIB G Initiator Downstream core
recognition TATA TAA A & = promoter element
element Drosophila TCAL T G
- T C AGAC
CCACGCC Mammals PyPyAN; PyPy G TT,

Figure 15.17: Core promotor motifs.

adapted from Smale, 5. T, and Kadonaga. . . Anms. R Bml;gﬂl:ﬂgi{:%ggk éPDSi’[iDH ETransr:riptiDn Factor ECDnsensus Seduence

- Inr +1 ETBF' EF'yF'yAH M TR Py Py
s P TEF'TATAAA .............................
T P C BF _ NF1 e CCMT _______________________________
GCbo:-: ............ hEIIIIII e 5F'1 ...................................... G o

*Most, but not all, CAAT and GC boxes are located between -200 and -70.
T CBF = CAAT hinding protein; C/EBRP = CAAT/enhancer hinding protein.

IM=amy (A T, C orGE): Py =Pyrnmidine (CorT) e
16



Hoat dong phién ma cia RNA polymerases/Eukaryote can co sy

ho tro cla cac nhan td phién m3 chung (transcription factors)

Nature Reviews | Canc1e7r



mRNA O PROKARYOTE & EUKARYOTE

Table 3-1 The Relationship Between Gene Size and mRNA Size

Average exon Average gene Average mENA

Species number length (kb) length (kb)
Hemophilus influenzae l 1.0 1.0
Methanococcus jannaschii l 1.0 1.0
5. cerevisiae l 1.6 l.6
Filamentous fungi 3 1.5 1.5
Caenorhabditis elegans 1 4.0 3.0
D. melanogaster 4 11.3 2.7
Chicken 9 13.9 2.4
Mammals 7 16.6 2.2

Source: Based on B. Lewin, Genes 5, Table 2-2. Oxford University Press. 1994,

18



Qua trinh bién d6i MRNA sau phién ma
(Eukaryote)

1. Gan mil chup dau 5’
2. “Splicing”
3. Gan duoi polyA & dau 3’

The structure of a typical human protein coding mRNA including the untranslated regions (UTRs)

Cap [5' UTR Coding sequence (CDS) ‘ 3' UTR Pct>zla)1|-A
Start Stop

5I 3I

19



Transcription

Quaé trinh gan mii chup & dau 5’

i

“mRNA 5’ PP P

One of the three
phosphates at the
&’ end of the mRMNA
is removed, ...

5'PP

(with its phosphate) is added.

%1
Wl

? ...and a guanine nuclectide

S"GCPPP

E] Methyl groups are added to
position 7 of the base of the

terminal guanine nucleotide, ...

\
5 CH3-G PP P

3 ...and to the 2’ position
of the sugar in the second
and third nucleotides.

-

Mucleotide
/: Phosphate

NP NP 3

'\—h- P, Removal of

hosphate
v phosp
M P MNP 3’
| —|GTP|
S~ FP;
L ]
MNP MNP 3"

Methylation

¥
MNP NP 3’

Methylation

The base on the initial
nuclectide also may

be methylated.

CH; CHj
| |
5 CH3—G P P PINPIN[P 3
T CHs

1
e

-

- Ngay sau khi bat dau phién ma

- 1 Guanine dwge gin nhém methyl
& N7 dwoc gin vao diau 5° cia
chudi RNA nho lién két 5°-5°

triphosphate

20



CAT-NOI EXON “SPLICING”

-Vi tri nhan biét: 3 trinh tw trong intron
- Phirc hop protein — spliceosome (SNRNA + protein chuyén biét trong nhan
-2 snRNP)

, . &' axon intron 3" exon
&' exon intron 3 encon = - T T --
- [ A p GlelTpll oh 0A QG ol
S P L GUAAGU - ++=-YNYURAY+-Y;:N CA G-l h e
| [
5 splice site branch site ¥ splice site l
FIGURE 14-3 Sequences at intron—exon boundaries. The consensus sequences for both the -
. . 5 Y3 oH-¥ F QA )
5 and 3" splice sites, and also the conserved A at the branch site. As in other cases of consensus se- \ Q_OA‘O'G;Q_
guences, where two altermative bases are similarly favored, those bases are both indicated at that . | ﬁ _’_J,f’/
position. In this figure, the consensus sequences shown are for humans. This is troe for all other M"“'-x___}_-- —u T
figures in this chapter, unless otherwise stated. - -
FIGURE 14-4 The splicing reaction. l 1
The two steps of the splicing reaction de- §
3 E 3
scribed in the text. In the first step, the b G.E,I—O-A-Oﬁ + J m
RNA forms a loop structure, which is L AT intron lariat spliced exons

shown in detail in the next figure. '



Tuwong tac gitta cac tieu don vi/spliceosome véi

trinh tu nhan biét intron

b
1 axaon 2
5 UACUAC | 7
| ~AUGAUG
5 El:lh.ll_'i-l:l iy

.GAGACK-
&




“SPLICING”

Figure &-30c Molecular Biology of the Cell 5/e (© Garland Science 2008)



Qua trinh gin dudi polyA & dan 3’

- Tién-RNA dwoe ciat boé khoang
20rNu nam sau trinh tw  AAUAAA
vé huéng 3’

- Enzyme Poly(A) polymerase coé
trong nhan sé téi gin 1 s6 lwong

Adenine nhat dinh tao dudi polyA

[
5 cap U/ AAUAAA G/U
N

\
\

CIeange 10-35 nucleotides
downstream from AAUAAA
sequence

|
5 cap ﬂ/ AAUARA

5cap || AAUAAA AAAAAAAAAAA...

\ J
i d

Poly(A) tail

Copyright © 2009 Pearson Education, Inc.

Poly(A) polymerase

N
/
v
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Poly{A) Poly(A)

J A swg:al Poly(A) site signal
GANDUOI POLY A s SR — G — s
ASIASS)
Pre-mRNA
CPSF, CStF, CFI, CFlI i
poly-A signal

FIGURE 12-20 Polyadenylation and
termination. The various steps in this process
are described in the text.

sequence in DNA

1~ sequence in RNA

RNA cleavage ( .‘)CstF )
-~ P FIGURE 12-4 Model for cleavage and polyadenylation of
pre-mRNAs in mammalian cells. Cleavage and polyadenylation
. _CPSF specificity factor (CPSF) binds to the upstream AAUAAA poly(A)

i signal. CStF interacts with a downstream GU- or U-rich sequence
. w:af and with bound CPSFE forming a loop in the RNA; binding of CFI
and CFIl help stabilize the complex. Binding of paly(A)
polymerase (PAP) then stimulates cleavage at a poly(A) site,
which usually is 10-35 nuclectides 3" of the upstream poly(A)

signal. The cleavage factors are released, as is the downstream =0 Slow
PAP RNA cleavage product, which is rapidly degraded. Bound PAP ' pp, Polyadenylation

. CStF, CFI, CFII
o W then adds =12 A residues at a slow rate to the 3'-hydroxyl group e

generated by the cleavage reaction. Binding of poly(A)-binding
poly-A-binding protein Il (PAEPI) to the initial short poly(A) tail accelerates the
protein o rate of addition by PAR After 200-250 A residues have been
added, PABPI signals PAP to stop polymerization.

4 sz
additional poly-A-
binding protein J PABII ATP

o

( |
~A200

poly-A polymerase D
(PAP)




Addition of
methyl group
i
HN" j
3 |
D?f? *-HN.-ﬂ"'
Uracil | Addition of

amino group

14.21 Modified bases are found in tRNAs. All the

. //J\
D. e .-"'/

O
,,J\ __CH,

N

Ribothymidine

O

S8 Qua trinh bién doi sau phién
O ma cia tRNA

N -Thay thé rNu hiém =>cau hinh khong gian

N

modified bases are produced by the chemical alteration

of the four standard RNA bases.

| - Cat-n6i tao ving mang bd ba d6i ma

Pseudouridine ( t ] d )
A large ..is cleaved to producs An intron is rem oved ﬂ .and bases ara Maodification of several
pracursar tRMA. .. an individual tRNA maolecule, by splicing added to the 2" end. bases (e produces
I ‘_' I

jy I\l '|
il
Y Precursor tRNA

- L

3 3
5’ 5 o
e - .
Wwill form & cnli 1 3_' splice CIEw
anticodon ¥ spiice u site
- sita " L

Intron—"

14.23 Transfer RNAs are processed in hoth bacterial and
eukaryotic cells. Different tRNAs are modified in different ways.
One example is shown here.

the rmature tRMA.
||I

il Mature tRNA
3 3’

A A

C C

C

5 i) 5' c
— = — =
- = e
- = .
-
AT Ge
Anticodon

Conmclusion: tRMA procassing may include cleavage,

splicing, base addition, and base modification.
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Qua trinh bién doi sau phién ma ciia rRNA

{a) Prokaryotic rRNAs (b) Eukaryotic rRNAs
Precursor rRNA transcript (305) Precursor rRNA transcript (455)

|

- : nMethyI groups are added{ —

Methylation 7 to specific bases and to L Methylation

the 2'-carbon atom of T
some ribose sugars. [ ~

[ || I | I % | 1 | I [Tl [T T T

Methyl groups™
EThe RNA is cleaved into L
= several interrrediates. .. J"_‘_::-'?—-—-z::,,
L T—
Intermecliates \J /
| m 1 I | | | | O B | ||
165 tRNA 23S 55
/)...andtrirrrred.
ol J
Mature RNAs v \
[ || e | e | | V1 e | s | i i A R AR TR
165 rRNA tRNA 235 rRNA 55 rRNA 185 rRNA 5.85 rENA 285 rRNA

are the result.

3 Mature rRNA molecules er”//
J

14.24 Ribosomal RNA is processed after transcription. Note that
eukaryotic rRNA does not undergo trimming and that 55 rRNA is
transcribed separately from the small eukaryotic rRNA gene.
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A—T
C—G
T
G—T

Q=0
G—0C

c—c
u—a

T—A

G—C

G—c¢C
ey

v

-
G—C
A—T

¢

c—G
A

A
A

o9
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- * —B \q’
—-G"G if,n
FYE, .
20 *Cq
Amino acid 3 .
attachment site OH »
™ .
C »
? .  — G |
A . c Codon 1
cli[Gl-p 5 : L > A
C G
tRNA _F_V:E - 20 g Codon 2
Gl C _
Cli[G) G
U U A Codon 3
s34 G=
¢
s e u Codon 4
u_
C
G Codon 5
G=
A
G Codon 6
c=
u
A Codon 7
position G__

mRNA

Ribonucleic acid

Ala Image adapted from: National Human Genome anan:h Institute.
tRNA Talking Glossary of Gengtic Terms. Available at: www.genome.gov/
Pages/Hyperien/DIRSVIP/Glossary/lustration/ codon. shiml.



