Chuong 5
Qua trinh sinh tong hop Protein

INITIATION ELONGATION TERMINATION
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=

Gene

Gene biéu hién thanh protein thong qua con dudng
phién ma (transcription) va dich ma (translation).

Gene: ATGAGTAACGCG Nontemplate strand
TACTCATTGCGC Template strand

l Transcription

mRNA: AUGAGUAACGCG

lTransIation

Protein: MetSerAsnAla
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@ Swr bi€u hi€én ciaa gen

 DNA la vat liéu di truyén cua su séng
 Qua trinh chuyén théng tin vdi truyén tr DNA sang
protein con goi 1a qua trinh bi€u hién ctia gen
« Bao gdm 2 budc, dugc goi 1a phién ma (transcription)
va dich ma (translation).
Replication

.‘ Transcription Translation
DNA r RNA » PROTEIN

Reverse transcription Replkica'tion

24/03/2016 3:03:44 SA 3 Nguyén Hiru Tri @

i@

- Prokaryote

« Phién ma va dich xay ra gan nhu dong thoi

PN/ 4N/ AN/ AN/
| P

ad NS,
I mRNA
Ribosome

| TRANSLATION | o ~

Polypeptide

(a) Té& bao Prokaryote. T¢ bao khong c6 mang nhan, mMRNA
dugc tong hop boi qua trinh transcription thi ngay 1ap tirc dugce translation
ma khong thong qua qua trinh ché bién.
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‘@? Eukaryote

« RNA transcript duoc bién doi trudc khi tré thanh mRNA trudng

thanh

* RNA dugc phién ma trong nhan, mRNA duogc dich ma ¢ té bao chat

// Mang nhan

T/ AN ANV AN/ N/
| pra
Ve VeV o O

RNA PROCESSING l Fre mRALSgt

NN
mRNA

X

Ribosome

| TRANSLATION |~ - Té bao Eukaryote. Qua trinh transcription xay ra trong
®) phan duge ngan cach boi mang nhan. Khi RNA
m6i dugc phién ma, goi la pre-mRNA, sau khi qua ché
bién mRNA duoc goi la truong thanh hay mRNA that sy
va roi nhan.

Polypeptide

24/03/2016 3:03:44 SA 5 Nguyén Hiru Tri

i RNA tong s6

=

*Messenger RNA (mMRNA): 1-5% )
La mach khudn cho qua trinh sinh tobng hop protein

* Ribosomal RNA ,(rRNA): >80%
Thanh phan cau trac nén ribosome

* Transfer RNA (tRNA): 10-15%

Van chuyén acid amino turong (rng véi codon trén mRNA

24/03/2016



@  RNA thong tin (mRNA)

mRNA 1a ban sao cua nhing trinh tu nhét dinh trén DNA, dong vai trd trung gian
chuyén thong tin ma hoa trén phan tr DNA dén by may giai ma thanh protein
tuong ung.

mRNA duogc tao ra nhd qua trinh phién ma khi c6 nhu cﬁu; va do d6 no s€ ma hoa
cho cac protein dac hiéu cho t€ bao.

mRNA 6 té bao eukaryote sau khi dugc dich mi s& dwoc xtr 1y (processing) trudc
khi roi1 nhan di ra t€ bao chat 1a noi xay ra qué trinh dich ma

& Prokaryote qua trinh dich ma din ra gan nhu ddng thoi ciing v6i qua trinh
phién ma.

24/03/2016 3:03:44 SA 7 Nguyén Hiru Tri e

i Khung doc mé ORF

h
|[izs|vislass]|uza]assliag]ian]
—
—_—
— The three possible reading frames
Start codon +—— 2400 - 500 codons ——* Stop codon
[123f123]123|123][123]123]| «——— Potential ORF
EET EE RO EE I EE T EEEU EEE I

Stop codon
lidallaaiadaa]
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RNA ribosome (rRNA)

+ RNA ribosome chiém dén hon 80% tong s RNA té bao
« Cac RNA két hop V01 cac protein chuyén bi¢t tao thanh ribosom.
* Mot ribosome gom mot tleu don vi nho va mot tiéu don vi 16n.

MGoi tiéu don vi gdm nhiéu protein va rRNA c6 kich thudc khac
nhau

« Tiéu don vi nho €O Vi tri gin v6i phan tr mRNA. Tiéu don vi
16n ¢6 ba vi tri gan cho phan tir tRNA, vi tri P (Peptide site), vi
tri A (Amino acid site) va vi tri E (Exit 51te) Trong suot qua
trinh sinh tong hop protein hai tiéu phan nay gin v6i nhau.

24/03/2016 3:03:44 SA 9 Nguyén Hiru Tri e

@h  RNA van chuyén (tRNA)

« Hiu hét cac phan tir tRNA cia prokaryote va
eukaryote c6 ciu tric rit giéng nhau.
« Day don RNA gap khiic tao thanh vong (loop), cho
ra mdt phan tir c¢6 ciu tric bac hai trén than chinh.
— T!lﬁn (stem) hoac nhanh (arm) la viung ‘chl'ra cac cap base
noi véi nhau, twong wrng theo ma di truyeén.
— O cac loop khong c6 s bit cip giira cac base

24/03/2016 3:03:44 SA 10 Nguyén Hitu Tri

24/03/2016



@ Cau triic RNA vian chuyén

* Phan tir tRNA

+  La mdt chudi RNA mach don cé chiéu dai khoang 76 nucleotide
— Co6 hinh L
— MJdi tRNA mang mdt amino acid dic hi¢u véi diu cudi.
— MJbi tRNA mang mdt anticodon & diu khac

Vi tri géin
Amino acid

(11}
3 Anticodon

Ki higu

Céu tric 3-D

24/03/2016 3:03:44 SA 11 Nguyén Hiru Tri e

@ Cau tric RNA vin chuyén

=

(a) 3

®) - dihydrouridine
(@ = inosine

® = ribothymidine
@ = pseudouridine
m = methyl group

(b)

TYCG loop Acceptor sterr

D loop

Variable
loop

Anticodon loop

24/03/2016 3:03:44 SA 12 Nguyén Hiru Tri e

24/03/2016



i

Mai di truyén

2nd (middle) base

1st 3rd
base U C A G base
UUU Phe |UCU Ser | UAU Tyr | UGU Cys U
U UUC Phe |UCC Ser | UAC Tyr | UGC Cys C
UUA Leu |UCA Ser | UAA stop [UGA stop| A
UUG Leu |UCG Ser | UAG stop| UGG Trp G
CUU Leu |CCU Pro | CAU His | CGU Arg U
C CUC Leu |CCCPro | CACHis |CGC Arg C
CUA Leu |CCAPro [CAAGIn [CGA Arg A
CUG Leu |CCG Pro | CAG Gln | CGG Arg G
UU Ile CU Thr | AAU Asn | AGU Ser U
UCIle CC Thr | AAC Asn | AGC Ser C
UAIle CA Thr | "AA Lys GA Arg A
UG Met | A\CG Thr | V\AG Lys GG Arg G
GUU Val |GCU Ala | GAU Asp | GGU Gly U
G GUC Val |GCC Ala | GAC Asp | GGC Gly C
GUA Val |GCA Ala | GAA Glu | GGA Gly A
GUG Val |GCG Ala | GAG Glu | GGG Gly G
13 Nguyén Hiru Tri

24/03/2016 3:03:44 SA
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Codon

24/03/2016 3:03:44 SA

alanine (ala) A
GCU
CHy GCC
GCA
GCG

uGu
bl UGeC

asparagine (asn) N

o MM, AAG| ©_ 0 GAC| M,

aspartate (asp) D

GAU

GAA
GAG| M

arginine (arg) R

CAU
HN—CH CAC

AUG

uuu

,/\;‘ uuc
W
i

—
it cuu
i cuc
cH, CUA
| CUG

ccu
o, cce

ci, on, CCA
\ CCcG

tyrosine (tyr) Y

lysine (lys) K

NH
ICH,),

serine (ser) S

AGU|
ou AGC
oy ucu

ucc

UcA

ucG

ACU P UGG UAU| GUUY
CH, ACC 7N oH UAC| HE€ 4, GuC
HO—CH ACG X g ek GUG
ACA / i GUA|
HN,
oH, CH,y
STOP  UGA sTOP UAA
UAG|
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@ Dot bien 1am thay doi khung doc

frameshift met gln val glu
mutation AUG CAA GUC GAGA..... normal
— * U deleted
met gln ser arg
AUG CAA UCG AGA...... mutant

nonsense met gln
mutation AUG CAA GUC GAG...... normal

changed to A

met gin val glu

AUG CAA GUC GAG...... mutant
missense met trp val glu
mutation AUG UGG GUC GAG...... normal
changed to U
met trp val glu
AUG UGG GUC GAG...... mutant

24/03/2016 3:03:44 SA 15

Nguyén Hiru Tri e

@ Su tien hoa cua ma di truyén

» Céac codon phai duogc doc dung khung doc dé

tong hop nén mdt chuoi polypeptide dac hi¢u

« Mi di truyén gan nhu c6 tinh van ning

(universal)

— Tt 1a toan bo thé gidi cac sinh vt tir don gian nhat
la vi khuan té1 céc loai dong vat phac tap nhat cé
chung bd ma di truyén.

AGA UUA AGC

AGG uuG AGU
GCA CGA GGA CUA CCA UCA ACA GUA

GC GGC AUA CucC CCC UCC ACC GUC UAA
CG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UUC CCG UCG ACG UAC GUG UAG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG AUG UUU CCU UCU ACU UGG UAU GUU UGA
Ala Arg Asp Asn Cys Glu Gin Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val stop

R D N C E Q G H 1 L K M F P s T w Y v

24/03/2016 3:03:44 SA 16
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1] Khung doc ma b ba

=

met his glu tyr
A U G|ICUAIG A A|U A C...reading frame 1

cys stop asn
AlU G clu A GIA A U|A C... reading frame 2

ala arg ile
A U|G Cc UIA G A|A U AlC... reading frame 3

24/03/2016 3:03:44 SA 17 Nguyén Hiru Tri é

) Su dich ma

=

Trinh tu cua bdn loai nucleotide trén mRNA duoc dich ma thanh
trinh ty cta cac acid amin trén protein.

* 1. RNA van chuyén (tRNA) dong vai tro van chuyén cac amino
acid can thiét dén bd may dich ma dé tong hop protein r mRNA
tuong ung

* 2. Ribosome xtc tac cho qua trinh dich ma.

3. Protein, la polymer cta cac amino acid, dugc tong hop nho cac
aminoacyl-tRNA

* 4. Protein dugc tong hop theo hudng tir N-C, trong khi mRNA
(mRNA) duoc dich ma theo hudng 5'-3'.

« 5. Nhom amino cua aminoacyl-tRNA gin vio dau C-terminal
carbonyl cua chudi peptide dang hinh thanh d tao cdu ndi
peptide.

* 6. Ti I€ sai sot khoang ~ 107*

24/03/2016 3:03:44 SA 18 Nguyén Hiru Tri @
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iy Hoc thuyét trung tim

DNA 5" —— ATG GGC TAC CCC TGC CTG — 3%
3y — TAC CCG ATG GGG ACG GAC —¥%

ﬂ transcription

mRNA 5 —|AuGlGGecluAacicceclucelcug| — 3
ﬂ translation
protein N-terminus met gly tyr pro cys leu
M G Y P C L
Chiéu 3’ - 5 trén mach DNA dwgc phién ma thanh phan tir mRNA
va dugc dich ma thanh protein. Chi y, mRNA duwgc tong hgp theo
chiéu 5’ - 3’ va protein dwgc tong hop theo chiéu tir dau N.

Nguyén Hiru Tri e

C-terminus

24/03/2016 3:03:44 SA 19

i@) Qua trinh dich ma (Translation)

e = aminoacid (aa)

+
I
\anticndon ¢ #4
- — tRNA

-1- polypeptide
ribosome j f

@ ‘
5 3
mRNA start stop /
“‘

protein
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@ Sy khéi dau dich ma (Intiation)

» Hai sy kién quan trong nhat xay ra trudc
khi kho1 dau dich ma xay ra do 1a
— Sy tao thanh cac aminoacyl-tRNA

* Amino acid phai tao duoc cau ndi déng hoa tri voi
tRNA

* Qua trinh ndi tRNA véi amino acid duge goi 1a nap
tRNA (tRNA charging).
— Su phan ly ctia ribosom thanh hai tiéu phan
» Té bao hinh thanh phtrc hgp khéi dau dich ma trén tiéu
phan nhé cua ribosome
* Hai tiéu phan phai duoc tach nhau trudc khi quéa trinh
khéi dau dich ma xay ra.

24/03/2016 3:03:44 SA 21 Nguyén Hiru Tri e

i@ Nap tRNA

=

« Tét ca tRNA co cing 3 base tai dau cudi 3’-
(CCA)

« Dau cudi adenosine 1a diém nap ctia amino acid

« Amino acid duoc gin boi cau ndi ester giita
— Nhom carboxyl ciia amino acid

— Nhoém 2°-OH hoac 3’-OH cua dau cudi adenosine cua
tRNA

Copyigne e e splay.

Vi tri géin
Amino acid

BEErRE 00N

g 56"
tRNA chain _O_IT_O_CHZ 0o A
o-
(l) OH
=0 —
‘ Anticodon
H—C—R

22
‘ Nguyén Hiru Tri @
NH,*
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R

%‘%"’}

Nap tRNA

« Cac Aminoacyl-tRNA synthetase gan cic amino acid
vao cac tRNA chuyén biét vdi chung.
* Qua trinh nay hoan thanh thong qua hai budc phan
ung:
— Kh(”)zi dﬁ}l la qué trinh hoat hdéa amino acid v6i AMP co
nguon goc tr ATP
— Budc thir hai, nang lugng tir aminoacyl-AMP duoc st dung
deé chuyén amino acid tdi tRNA

a) amino acid + ATP — aminoacyl-AMP + PPi
b) aminoacyl-AMP + tRNA — aminoacyl-tRNA + AMP

o

24/03/2016 3:03:44 SA 23 Nguyén Hiru Tri

i@

=

Nap tRNA

Amino acid ’ s
- )
-

1. Vi tl‘i hOZ_lt d(f)ng cﬁa enzyme DD denoune ] , /Aminoacyl—[RNAsynthetase(enzyme)
aminoacyl-tRNA  synthetase % } \\| °

dwgc gin v6i amino acid va

ATP. o

2. ATP mit hai nhém P va ndi Pwophosphm_ﬁ_’)é
vGi amino acid & dang AMP. ® &

3. tRNA thich hop két hop véi

/

enzyme va hinh thanh ciu néi
ddng héa tri véi amino acid,
thay thé AMP.

4. Amino acid dwgc hoat hoa
dugc phong thich khéi enzyme.

24/03/2016 3:03:44 SA

Phosphate ﬁ) \ o
tRNA «
»
© —ﬁ
O Rdenowne ] *

AMP \
o ~
\#3

-

Aminoacyl tRNA: Mot amino acid dugc “nap”) @EE

24 Nguyén Hiru Tri
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@ Sur stra sai

incorrect
amino acid

removed

incorrect
amino acid tRNA

synthetase

SYNTHESIZING EDITING

24/03/2016 3:03:44 SA 25 Nguyén Hiru Tri

o

‘mi' L3
@3 Ribosome

La mot thanh phan nam trong té bao chat tham gia vao
qua trinh dich mi (translation), tong hop chudi

polypeptide.

Large subunit Large ribosomal

subunit

Small ribosomal s
subunit

24/03/2016 3:03:44 SA 26 Nguyén Hiru Tri
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i Ribosome

=

» Ribosome c¢6 ba vi tri gan cho tRNA
— Vl tri P Vi tri P (Peptidyl-tRNA binding site)
~Vitri A
—VitriE

Vi tri A (Aminoacyl-

tRNA binding site)
Vi tri E (Exit site)

Tiéu don vi 16n

Vi tri gin mRN
Tiéu don vi nhé

M3 hinh cho théy cac vi tri gin ciia Ribosome.

24/03/2016 3:03:44 SA 27 Nguyén Hiru Tri e

@ Ribosome

-
/- CINEEHGEN  Components of Cytoplasmic, Organelle and
Bacterial Ribosomes

Location Subunits Ribosomal RNA Proteins

Animal Cytoplasm 40S 18S 33
60S 28S, 5.85, 55 49

Animal Mitochondria 285 125 31
39S 165 48

Plant Cytoplasm 405 185 ~35
60S 28S, 5.85, 55 ~50

Plant Ch|orop|csf 30S 16S 22-31
508 23S, 58, 4.55 32-36

Plant Mitochondria 30S 185 >25
508 26S, 55 >30

Bacterial 308 165 21
508 23S, 55 31

Archeal 30S 168 26-27
508 23S, 55 30-31

24/03/2016 3:03:44 SA 28 Nguyén Hiru Tri e
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@ Codon va aminoacyl-tRNA dau tién

Codon khoi dau ¢ Prokaryote 1a:
Thong thuong 1a AUG
Co thé 1a GUG
boi khi 1a UUG

\
H NH
.
0
H
Ris
LCNAL
Khi dipeptide dugc hinh thanh, o—NH, v HN
Risa

cia Met m& dau c6 thé téc kich vao nhom  wna .
~C=0 ciia gbc aa thw hai. Qué trinh nay = °
khong xay ra néu o—NH, ciia Met khoi ddu g
dugc formyl hoa thanh -NH-CHO. (A site)

24/03/2016 3:03:44 SA 29 Nguyén Hiru Tri

o

i@?@ Codon va aminoacyl-tRNA dau tién

Aminoacyl-tRNA khéi dau 1a

N-formyl-methionyl-tRNA iHs
N-formyl-methionine (fMet) la (lmz

amino acid du tién cua chudi AHZ

polypeptide dugc tong hop —OOC_AH_N/H

Amino acid nay sau d6 duogc H>°=° formyt
tach khoéi phan tur protein trong

sudt qua trinh tredng thanh

24/03/2016 3:03:44 SA 30 Nguyén Hiru Tri
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f@ Su phan tach cua Ribosome

Copyrigne &

 Céc ribosome E. coli phan O Q

tach thanh cac ti€u phan tai / N/, )
o reassociatiof
Dissociation f 2

budc cudi cua quad trinh
dich ma O

IF3

 JIF1 xuac tac hoat hoa cho
qua trinh phan tach nay

« IF3 gin vao tiéu phan 30S
ty do va ngin can su tai
lién két véi tiéu phan 508
dé hinh thanh ribosome
hoan chinh.

24/03/2016 3:03:44 SA 31 S
Nguyeén Hiru Tri

@h Phirc hop 30S khéi dau dich ma

Khi ribosome hoan toan tach thanh hai tiéu phan
50S va 308, té bao tién hanh thiét lap mot phuc
hop khoi dau dich ma hoan chinh trén tiéu phan
30S gém:

— mRNA

— fMet-tRNA

~ GTP

~ Yéu td IF1, IF2, IF3

24/03/2016 3:03:44 SA 32 Nguyén Hiru Tri 3
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@h Gin mRNA vao tiéu phan 30S

=

« Phitc hop 30S khdi dau dich md dugc hinh thanh
tr mét tiéu phén ribosome 30S tu do cong thém
mRNA va fMet-tRNA

 Viéc gan gilta tiéu phan ribosome 30S &
prokaryote vao vi tri khoi dau dich ma (initiation
site) cia mRNA phu thudc vao su bat cap bo
sung gitra:

— Mot trinh ty ngan Shine—Da}lgarno ciia mRNA nim &
upstream cua codon khéi dau.
— Trinh tu b6 sung & dau cudi 3 cua 16S RNA

24/03/2016 3:03:44 SA 33 Nguyén Hiru Tri

W O vi khuén, tiéu don vi nhé gén vo1 mRNA tai trinh tu Shine-
W= Dalgarno (RBS = ribosome binding site) ¢ upstream cua
codon AUG khéi dau.

A)
S-D
sequence

iy Tl W 3 Ribosome 30S subunit
-* “e
- -
= 16S rRNA
-
P 3
-
,’ RBS.-.s.l:n'rl-- -~ e Stop RBS Start Stop

5° NNGG AGGNNNNNNNAUGNN 3°

24/03/2016 3:03:44 SA 34 INguyen Huu 1 6
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i@i Initiation Factor va tiéu phan 30S

« Lién ket gilra trinh ty B) 3osivmamon

Shine-Dalgarno trén

mRNAvVSi trinh ty bd @ '-l

sung cua 16S rRNA P '-l

duoc hoat hoa badi IF3 3

_ Tro gitip béi TF1 va IF2 ®

— Luc néy‘ ca 3 ini?iation
fagtor ‘déu lién két voéi
tiéu phan 30S

75 )

®

24/03/2016 3:03:44 SA 35 Nguyén Hiru Tri é

@{i G#n fMet-tRNA vao phire hop 30S khéi diu

« IF2 13 nhan t6 chinh xuc tac cho viéc gan cua
fMet-tRNA vao phtrc hop 30S khoi dau dich
ma.

« Hai yéu t6 khoi dau dich ma con lai cling dong
vai tro trg gitp quan trong.

« GTP can thiét cho viéc gan cua IF2. GTP
khong bi thuy phan ¢ budc nay.

24/03/2016 3:03:44 SA 36 Nguyén Hiru Tri @
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@ Phirc hop 70S khéi dau dich ma

* GTP dugc thuy phéan sau khi
tiéu phan 50S gan vao phirc
hop 30S d€ hinh thanh phirc
hop 70S khoi dau dich ma
(708 initiation complex).

e Muc dich cua sy thuy phan
la taich IF2 va GTP khoi
complex giup qua trinh keo
dai chuf)i polypeptide c6 thé
duoc bat dau.

24/03/2016 3:03:44 SA 37

C) 708 INITIATION
COMPLEX

Nguyén Hiru Tri

@

1. IF1 tac dong lam tach

ribosome
binding site

Khéi dau dich mi

start
codon

ribosome 70S thanh e | I
50S va 30S. § ceAseAuG

2. Gan IF1, IF3 vao 308,
ngan can sy tai hinh
thanh ribosome hoan
chinh.

3. 1F3 xuc tac cho viéc
gan tiéu phan 30S vao
mRNA

24/03/2016 3:03:44 SA 38

untranslated
sequence

s %@ AUG

IF3

¥
- -
30S ribosomal
subunit
¥

Nguyén Hiru Tri

24/03/2016

19



i Khéi dau dich ma
=

4. TF2 xtc tdc cho viée gin :3 3
fMet-tRNA va GTP vao phuc l_ O
hop. Khi fMet-tRNA gin vao

mRNA, phirc hop 30S khai dau et

dich ma duogc hinh thanh. ‘l"m 2

5. Viéc gan vao cua 50S cing ° ! ’

308 initiation complex

voi viéc tach ra cua IF1 va IF3.
IF2 tach ra va thiy phan GTP. Q
6. Hoan thanh phu:c hop 70S 505 ribosomal
khdi dau dich ma. Lac nay o

fMet-tRNA nidm 6 vi tri P.

c

=)
\w/
SF

o
=]
3
+
0

+"

@
«

'luS initiation complex

24/03/2016 3:03:44 SA 3 S
Nguyeén Hiru Tri

@h Sw kéo dai chudi Polypeptide

=

Elongation factor

Su kéo dai bat dau khi ribosome mang fMet-tRNA ¢ vi tri P site
va aminoacyl-tRNA ¢ vi tri A. Su kéo dai gom 3 budc.

24/03/2016 3:03:44 SA 40 Nguyén Hiru Tri e
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‘@ Céc protein factor va hinh thanh lién két peptide

« Factor thtr nhat T (transfer).
— Van chuyén aminoacyl-tRNAs t6i ribosome
— C6 2 protein khac nhau
« Tu, khong bén (unstable)
« Ts, bén (stable)
» Factor thir hai, G, ¢6 hoat tinh GTPase.

« Factor EF-Tu va EF-Ts tham gia vao budc dau tién cua quéa
trinh kéo dai.
» Factor EF-G tham gia vao budc thir ba.

EF-Ts GTP Aa-tRNA

N

—_ E(;-TII/GDP\_\: EG-Tu/EF-Ts _\; E(}-Tll/GTl"\_‘;E(;-Tuf(:TP:’aa-tRNA —_

GDP EF-Ts

18-41 @

ﬁf;i?? Sw kéo dai chuéi Polypeptide

1. EF-Tu/GTP két hop aminoacyl-tRNA gin véo
vi tri A trén ribosome.

EF-Tu/GTP
“ EF-Tu/GDP Factor Binding Center
Aa-tRNA é g ‘

2. Peptidyl transferase tao mot lién két peptlde glu’a
peptide trén vi tri P va aminoacyl-tRNA méi dén & vi tri
A. Keo dai chudi peptide thém mot amino acid va dich
chuyén no sang vi tri A.

24/03/2016 3:03:44 SA 42 Nguyén Hiru Tri 3

24/03/2016

21



@ Su kéo dai chuoi Polypeptide
3. EF-G/GTP sur dyng hoat tinh GTPase thuy phan GTP

va chuyén vi tri ctia peptidyl-tRNA vd1 mRNA codon
tuong Uing sang vi tri P.

Factor Binding Center EF-G/GTP I
e

. EF-G
Hybrid location of A site

tRNA
24/03/2016 3:03:44 SA 43 Nguyén Hitu Tri

GDP

) Co ché kéo dai

=

A) ACCEPTANCE OF A NEW t-RNA

AUG mRNA X3 5 AUG

EF-T

24/03/2016

22



e

1. Dya vao viéc bat cdp Codon -
Anticodon: Khi qua trinh bat cap ding xay &

ra, hai cdu noi hinh thanh gita 16S rRNA Esite
va anticodon, Khi bat cap sai cua tRNA va
codon, s& thiéu sy thém vao hai cau ndi nay
nén qua trinh phan ly dé dang xay ra hon.

2. Su dinh vi cua aa — tRNA trong vi tri A
boi EF-Tu/GTP: Néu bit cap dung thi vi tri

Co che swra sai

incorrectly |

~y

cia EF-Tu/GTP nam tai Factor binding soos
center (FBC) vi vy GTP c6 thé bi thuy
phén va EF-Tu tach khoi aminoacyl- tRNA.
Néu bit cap sai, FE-Tw/GTP tao phuc hop
v6i aa-tRNA s& khong tiép xuc véi FBC
theo ding cach. GTP khong dugc thiy phan
va EF-Tu/GTP/ aa-tRNA bi day ra.

3. Su thich nghi: Néu_bét cap dung sé giup
cho tRNA ¢ vi tri A dé dang hinh thanh lién
két peptide giita aa va chudi polypeptide
dang hinh thanh. Néu tRNA & vi tri A sai thi
no sé bi day ra khoi ribosome.
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@ Nhan to két thuc (Release Factor)

o Su két thic dich mi & Prokaryotic
dugc thuc hién thong qua 3 nhan
t6 két thuc RF:

— RF1 nhan stop codon UAA va UAG
— RF2 nhan stop codon UAA va UGA

— RF3 1a mot GTP-binding protein hod
tro RF1 va RF2 bam vao ribosome

46

Proin IS

N G ERTR
R Final
¥

2

)

RELEASE FACTORS
RF1 & RF2
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@ Sy két thuc qua trinh dich ma

 Budc cudi cung cua dich ma Ia su két thic khi
ribosome di to1 stop codon trén mRNA

Release factor / ;\

4

5

Stop codon
(UAG, UAA, hoic UGA)

® Khi mot ribosome tién t&i mot stop
codon trén mRNA, vi tri A cua
ribosome dugc gin protein goi 1a
release factor thay vi mot tRNA.
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@ Release factor thily phan cAu
nbi gitta tRNA & vi tri P va amino
acid cudi cing cua chudi
polypeptide. Chudi polypeptide
Pugc giai phong khoi ribosome. &

Polypeptide
duoc giai phong

I].‘

3[7 w&3

=

@ Hai tiéu phan cua ribosome
Va cac cau tir khac cta phirc
hop phién ma tach nhau ra.

47 Nguyén Hiru Tri

@

) Su dich ma

=

» Prokaryote
— N-formyl-methionine
— Trinh ty Shine-Dalgarno
chi cho ribosome biét
dau 1a diémkhoi dau dich
ma

24/03/2016 3:03:44 SA

*Eukaryote

— Bit du véi methionine

— tRNA khoi dau khong gidng nhu
tRNA tham gia vao qua trinh
kéo dai

— Co trinh ty Kozak (ACCAUGG)

— mRNA c6 mii chup tai dau 5’

48 Nguyén Hiru Tri 9
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@ Su dich ma
* Su l;héc nhau gitta qua trinh biéu hién gen cua té bao prokaryote
va t€ bao eukaryote
« Prokaryote thiéu mang nhan CE]O phép q1~1é trinh dich ma bat dau
trong khi qua trinh phién ma van dang dién ra.

PABPI { PABPI
NAAA A 4

24/03/2016 3:03:44 SA
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i Polyribosome

=

Nhiéu ribosome c6 thé tham gia dich ma mdét phan ti
mRNA cung mdt lac hinh thanh nén polyribosome

ribosome

MRNA
R 5 3
. O
RNA Hudng phién ma _ 0.25 ym
polymerase DNA
Polyribosome { i A ! s
Polypeptide L 3 4 1

(amino cudi)

Ribosome

polypeptide chain

mRNA (5" end)
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@ - Amino acid va lién két peptide

~00C—CH —NH;*

o.- amino acid

r0ir Ir Ir
NH;+—CH—C—N—CH—C—N—CH—C------- N—CH—COO~
I [ |
0
polypeptide
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@ Protein dugc tong hop nhu thé ndo?

A) NORMAL B) ALTERNATIVE SPLICING

) )97

‘One mRMA One protein

Multiple different mRNAs

Multiple proteins

C) POLYPROTEIN D) FRAMESHIFT

One mRNA Multiple proteins
RNAof  Polyprotein
virus

Smaller proteins
are cut out from

polyprotein
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i Bién doi1 sau dich ma

=

Translation Posttranslational processing
Proteolysis

=loX}
8BS
AN
Phosphorylation
(&

Mic du ma di truyén chi ma hoa cho 20 amino acid, nhung nhiéu
amino acid khac van dugc tim thiy trong cac protein. Ngoai
selenocysteine va pyrrolysine, con cd nhiitng amino acid khac
duoc tao thanh do su bién ddi cua chudi peptide sau khi duoc
tong hop. Qua trinh nay duoc goi 1 bién doi sau dich ma.
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iﬁ;@ Hinh thanh Protein c6 chirc nang
« Chubdi polypeptide tiép tuc trai qua sy bién do6i
sau khi dich ma
« Sau khi dich ma protein c6 thé duoc bién d6i

theo nhiéu con duong dé hinh thanh nén hinh
dang 3-D.
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Hinh thanh Protein c6 chirc nang

Protein dugc dua dén hé théng nd1 mang hoac
duoc tiét ra
— Puoc chuyén dén ER
— C6 signal peptides dugc ndi véi signal—recognitiop
particle (SRP), giup ribosome dich ma toi1 lién két
vo1 ER

24/03/2016 3:03:44 SA 55 Nguyén Hiru Tri e

signal-cleaving

Ribosome

mRNA
Signal
peptide

W

5ng ER
A Protein

Signal-

recognition,

particle

(SRP)  SRP
receptor (

CYTOSOL protein
e

ER LUMEN

Translocation
comple
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Co ché chuyén protein muc tiéu dén ER

® Tong  hop @ Mot SRP ghn voi @ SRP gin v6i mot receptor @ SRP tich ra, va @ Signal-cleaving @ Phan con lai cia chudi
Polypeptide bit  signal peptide, 1am trén mang ER. Receptor nay  chudi polypeptide tiép tuc  enzyme ct dut polypeptide rdi ribosome
ddu tén mot  gidn doan qua trinh la mot phan is cta phirchop  dugc tong hop trongkhi  signal peptide. va gip cuén lai hinh thanh
ribosome tw do  sinh tong hop trong protein  (mdt phitc hop né duge chuyén qua mang chu tric cudi cing.
trong cytosol. gidy lat. chuyén vi) comotkénh trén (signal peptide vin
ming  va mOt enzyme  bim vao mang.)
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Protein synthesis in cytosol Inside of cell

\ To rough endoplasmic reticulum

To

-

L
endoplasmic '

/ reticulum  Lysosome &
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Diéu hoa su gap cudn protein

Cytoplasm
Ubiquitin=
Hspa0 proteasome g}
Misfolded HspT0 i o
Native protein o
o 5 Denaturtion o ~Hsp0| = =
o e N W\,
¥ Damage : Hspd &
L

Endoplasmic

Foked .7 & reticulum
.+ Misfolded

v - R

Vesicle
£ = RNA
[ Lo =
% Nucleus '@:‘
Golgi
Nguyén Hiru Tri e
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@ Selenocysteine: Amino Acid thw 21

» Selenocysteine (Sec) khong phai la mdt amino acid dién hinh, va né chi dugc
gén vao chudi polypeptide trong mot sb protein hiém théng qua qué trinh dich
ma trén mRNA boi ribosome. Qua trinh nay xay ra ¢ ca prokaryote va
eukaryote, bao gdm ca con ngudi. Selenocysteine duoc ma hoa boi UGA. Tuy
nhién, UGA lai 1a mot stop codon. Su lya chon gilra “stop” va selenocysteine
phu thudc vao mét trinh tu dac bi¢t goi la selenocysteine insertion sequence
(SECIS element).

A) BACTERIA B) MAMMALS

Single protein
binds tRNA-Sec
and stem - loop

eEFsec

SelB
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iy Selenocysteine vs cysteine

« Selenocysteine c6 tRNA cia riéng nd. Trén thyc té,
selenocysteine-tRNA dugc khdi dau bang cach nap
v6i serine. Sau d6 serine dugc enzyme bién doi thanh
selenocysteine. Selenocysteine 1a mot analog cua
cysteine, nhung n6 c6 selenium thay vi sulfur.

H H
H,N— C — COOH H,N— C — COOH
I L
s K2
H H
CYSTEINE SELENOCYSTEINE
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Pyrrolysine: Amino Acid thir 22

Vao nam 2002, mot amino acid
thl:f 22 duo‘ C kh ém ph é _ PYRROLYSINE

pyrrolysine, mot dan xuét cua i M);(oﬁ
lysine gin v&i vong pyrroline. \C(\Lﬁ I
Amino acid ndy duoc tim thay 4

0 vai archaebacteria, n6 duoc L
ma hoa badi stop codon UAG. “/\W

Co ché nap Pyrrolysin vao tRNA ciing nhu viéc chén
pyrrolysin vao chudi polypeptide duoc cho ring twong tu
voi1 truong hop cua selenocysteine.
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gy Cofactor vs prosthetic

« Pé c6 day du chtrc nang, nhiéu protein can nhing
phén khong c6 ban chit 1a protein, duoc goi la
cofactor hay nhom prosthetic. Nhiéu protein sir
dung mot nguyén tor kim loai lam cofactor; co
nhitng nhém phtc tap hon 1a 13 cac hop chat hitu
co.

* Do d0, prosthetic l1a nhitng nhom ¢d dinh véi mot
protein, trong khi cofactor thanh phan truong di tu
do twong tac voi protein.
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e

Nhom prosthetic.

« Tén goi chung cua nhiing

nhém khong phai la protein
ma lién két chat véi protein va
gitp n6 c6 dugce chiic nang goi

la nhom prosthetic.

* Mot protein khong c6 nhoém

prosthetic dugc hoi la mot

apoprotein.

o Mot sb protein lién két chat
ché voi cac ion kim loai dé co
chtrc nang. VD: Hemoglobin.
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“00C—CH,—CH, : CH,—CH,—C00~
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Organic Cofactors and Vitamins

Vitamin/Parent compound

Vitamins that are enzyme cofactors or their precursors

Vitamin A = Refinol
Vitamin B1 = Thiamine
Vitamin B2 = Riboflavin

Vitamin B3 = Niacin (refers to
nicotinamide and/or
nicotinic acid)

Vitamin B5 = Pantothenic acid

Active form/Cofactor Function
Retinaldehyde vision
Thiamine pyrophospt Jecarboxylofi

Flavin adenine dinucleotide
Flavin menenucleotide

Nicofinamide adenine
dinucleotide

Nicofinomide adenine
ks i g

many redox reactions

redox reactions
(degradative)
redox reactions
Ibiosvathetic)

Coenzyme A

acylation reactions

4-Phosphopantetheine fatty acid synthesis
Vitamin B& = Pyridoxine, pyridoxal, ~ Pyridoxal phosphate amino acid metabolism
or pyridoxamine
Vitamin 812 = Cobalamin Methyl Cobalamin methyl group carrier
Deoxyadenosyl Cobalamin rearrangements
Biotin (a B vitamin) Biofin carboxylations
Folic acid (a B vitamin) Tetrahydrofolate redox reactions and
one carbon carrier
Vitamin K
Vitamin K1 = Phylloqui Phyll post-translational
Vitamin K2 = Menaq A corboxylation of
Vitamin K3 = Ji glutamate
Vitamins that are not enzyme colactors or their precursors
Vitamin A = Refinol Retinoic acid hormone/regulator
Vitamin C = Ascorbic acid Ascorbic acid ontioxidant
Vitamin D = Ergocalciferol (D2) Calcitriol hormone controlling
or Cholecalkiferol (D3) Ca and P metabolism
Vitamin E = Tocopherol Tocopherol ontioxidant
Colactors that are not vitamins (i.e_can be made by animals
Heme Heme oxygen carrier
Lipoie acid Lipoomide redox reactions
2-carbon carrier
Biopterin Tetrohydrobiopterin Phe metabolism
64 Nguyén Hiru Tri
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