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5.1. EATTiH
5.2. Genetic Code
5.3. peptide synthesize

5.4. {R*iEpeptideEREI VL]
5.5. Central Dogma HJKFE







@ the second step of gene expression
@® Multiple & complex assessment

@® t(RNA as a adapter for codon & amino acid

® tRNA loading aa by aa-tRNA22 synthetase
(AARS) & paracodon

@® tRNA recognition codon by anti-codon



codon; universal triplex codon

two of three reading codon

paracodon

codon in codon
codon degeneracy; wobble hypothesis
Isoacceptor
codon usage (codon bias)

mechanism of accurate translation
Initiation, loading, elongation, proofreading






5.1.1. tRNA
@® mini RNA, 4s, (70-80 Nt)

® tRNAPrhe 77Nt cloverleaf form (1964 Holly R)

@® Nt more modified by methylation

® 5arms & 4 loops
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---aa acceptarm ;

loading aa at 3’ end

_—

---DHU loop;
contact with AARS

---anti-codon loop;

34t js wobble base

---TWY C loop;
contact with 5s rRNA

z=7
a8

o | type; 3-5Nt 3/4 tRNA
30 Il type ; 13-21 Nt

AL

oy &8

AL Fw

R 55 @8 -
@i - ---extraloop;

classification marker ?

CRIE: o TrAWE (2007) , HREE, 2E1790)



e Capping
v Cap 0: m’GpppXpYp
v Cap 1: m’GpppXmpYp
v Cap 2: m'GpppXmpYmp
v'Help the splicing of the first intron

o Pre-RNA talling

v'A poly(A) tail (50-200+) be added at -20 Nt =+
tailing signal (AAUAAA) from 3’-end of Pre-RNA

v'Specific endonulcease recognizes AAUAAA and
the following GUGUGUG, cuts within the
sequence, adding poly(A)s at 3'-end




e RNA internal methylation
m°C
mOA
Modifications of tRNAs
e Pre-RNA splicing
v’ Introns be classified into |, Il, lll by junction sequence
v" Group | splicing model: 5’---exon----U ------ intron------G ----exon-----3'
v CCS (central core sequence)
v Internal guide sequence (IGS): within the intron close to 5’ junction seq

v 3 times of trans-esterification between G & U

v RNA auto-splicing as Ribizyme
v" Group |l splicing model: 5’----exon----- GUGCG--------- B.S----Py AU ---
-exon---3’

v" Group llI splicing model: 5'---exon--- GU-------- intron-------- AG --—---
exon---3', SnRNAs



Chapter 5 Protein translation

e tRNA
v"mini RNA, 4s, (70-80 Nt)
v' Nt more modified by methylation

v tRNA rhe 77Nt cloverleaf form

v Aa accept arm, DHU loop (contact with AARS), anti-
codon loop, TWC loop (contact with 5S rRNA), extra loop

v Paracodon: a number of Nts, on tRNA, contact with
AARS

o1



® Paracodon

—-HE TN, FETIRNASEME E
-5 AARSIEEEE A )43 F &K ESF R <RE”
--- A tIRNAKER 71 B Z R L 2 —

o tRNAKI’L"=%4M5ThkE

“L”Wﬂﬁgé‘&ﬁlj}
- R X RS R
- R IEEREL S, TR e

:‘:"ri
oy




t(RNAKI”L? =4 451

CRIE: 74 (2007) , KHEE, #18011)



---aa accept arm AL F“L7HI—¥5, & TR EK ik

. l \ N

/MNP FE_E Bcodon of mMRNAREE X

4

.
““
.
“

4
aa’-tRNAQ




--- TY C loop & DHU loop
UVAs il PR = NN
ATF“L G TR E
---“L7 G5 PR HERR ) K
fEHIR IS TRE
wobble base
VL S5 H R U
HERR 73/
HHEEX
f Bl 2R BT X R IR

—

Source:Quigley,G.J,Structural domains of transfer RNA moleculars,Science 194:197



5.1.2. rRNA

Ribosomal genes (rDNA) are different

in several ways from other nuclear gene

e have GC content of 60% & Rich methylation

e each cell contains from several hundred to over
20,000 copies of rDNA gene

e 'RNA synthesized in nucleolus and was stimulated
by low ionic strength & Mg+2



® Prokaryote 23s, 16s,5s /Eukaryote 28s-5.8s, 18s, 5s

® Rich methylation (m2U, m3A, m3U, m,SA(Z H #)...)

CRUE: ATF)




® 5s RNA 5TW C loop of tRNAZB4 B %b, FFERIHCXY

® InProk

3’-end of 16s rRNA rich CCU conservative seq.
complementary with

5’ leading seq. of mRNA
Shine-Dilgarno seq. of rich AGG

CR¥E: 7Y (2007) , HMAHBE 51831N)



® 23srRNA

--- 6 domalins

—-H RSN PAERNPHER K

---2660 = Nt region a -1 loop (alpha Sarcin)
binding with complex of aa-tRNA%~(EF)-Tu~GTP

(FlEZEEZRR! 1)

G, > C, aa-tRNA2 into A site go down

e R O3 1k A

"_62252’ GZZSBXX%\%Q%JC; )I%‘X‘:H

=



In Euk.

3’-end of 18s rRNA 5 Rz 4EYR B H L,

(B 5 S.D.seq. H AR SFFF1

£ MRNAKIAUG_L{iFF7E CCACCE#E A scanning seq
AR RN E— AUGHIES

Bacterial
16S

\YElnlEUER!
185  AMEAMECCUGCGG

AMEAMECCUGCGG

UuU

GGAUGA

AA

CCUCCUU

GGAUGAUUA

=) AL



5.1.3. mRNA

® In Prokaryote

(Source:Molecular Biology(2002),Robert F.Weaver,Page539)

5’-end;  300xNt leading seq. (A/G f———AUG)
Shine-Dalgarno seq. (S.D seq) GGAGG

7— 9Nt better
rich AU, — G mut. translation go down l

poly-cistron



® In Eukaryote

5’ m’Gppp--- ----- CCACC-----
/D EEABAUG
KI5 5 P31

mono-cistron

leading seq.——|

A_S___A]_UZGSG4_

EP SR

2

But mRNA of chloroplast shows similarities to prokaryote

typel; S-D seq. with greater secondary structurein L. S.

type2; rich AU with little secondary structurein L. S. polycistron



5.2. Genetic Code

Source:Oscar Miller/SPL/Photo Researchers,Inc



5.2.1. Universal triplet codon

codon K 4F1E
e codonfZmRNA _F#ESEHEF K =AML R F 5,

e codonEFH

o E— i

HmE—NRAERE R KRR

UREDRARERAESRTE (BEmt)

K F5H codon EFEANES AT R




%{m? E@m% (1968. nobel prize)

Marshall Nirenberg (1961)

Invitro Poly(U) === poly(Phe) peptide
Poly(C) ===p poly(Pro) peptide
Poly(A) ===p poly(Lys) peptide
Poly(G) mmmp poly(Gly) peptide
But
poly(UCUCUC...) ===p poly(Ser-Leu-Ser-Leu...)

UCU/CUC == Scr/leu ?



M. Nirenberg & P. Leder (1964. Science 145;1399)

In vitro
UCU ~ Ser-¢14, Leu, Lys, Arg,...
(trinucleotides) < Ser, Leu™*, Lys, Arg,... >
Ser, Leu, Lys 4, Arg,...
tRNA3
Ribosome

Nitrocellulose filter



CRIE: o rAEWeE (2007) , HBHEE, 55188M)



Stop codon HJIIESE

61 codons#E i, (INFUAA UAG,UGA? )

Brenner (1961)

3k1%; T4phage kK
UEBH; RAESLEE

HERFRBEFREE (amber)

SEEiige

itk

R LFWEAEFRRET ZIERE, FEARS AR
Garen (1965)
$K158; E.coli MBEMRESEEELE (phoA) AmberZEZRRER

T

RE

H

a4 e bk
STIEA st R BB R




Stop codon HJUESE

aa and codon in back mutant

[ Ser: UAG UCC, UCA, UCU, AGU, AGC
Leu: UAG UUA, CUU, CUC, CUA, CUG

%%g%%ﬁ < Tyr : UAU, UAG
Trp (UGG) Lys: UAG AAA

Gln UAG CAA

\ Glu UAG GAA
UEBH: &5 A

UAG (amber B¥¥158%%) XYZ 2 UGG
UAA (ocher #4552 2%)

UGA (opal E HARZ)




Genetic codon

- . AT
)

| '

:

- a—— TRI A wm mmin e, T it I

)



5.2.2. Degeneracy of codon (ZHEFHIfa3E )

a) WFHMEHIBES;

—— PR IR Z 24 LA _EcodonZm AL HB AN 5

---ZR 5 —Fhaaf144~codona], {X 3" Nt A~ [H,
#RA  codon family

%]; Ser (6 codons) 1 codon family & 2 extra codons



b) TIHIARKIHLEL;

® Isoacceptor; FAEF—RER, HIRHAFREET
I FItRNA
® \Wobble hypothesis; |
RERT - EIT | 20— g vl 0 O T RE SR X DL

1t(N34) @ 3 rd-Nit

mRNAS’---CGU---CGC---CGA---CGG---AGA---AGG---3’
"Welelel[2

clele GCU UCU
tRNA (J Q} <—] Q} <—]
, 5

5 S’ )
?1 3 3,® ) 3 \® J

3 Isoacceptors 1 codon family 2 extra codons




o) AL HIDLEL;

® Isoacceptor; fAE R —= AR, HIRHA
KA EtRNA

T

gl

T HIAFRNA? |

gl

ﬁﬁ =l _‘ﬁi%@’ TR AH

Tyr codon: UAC

AUG AUG
HAUAC Codon
FATryJtRNA
AW, (HE
EER PN \
A\ .
Y




tRNA™t & tRNA™t ; tRNA™t & tRNAM

W BRI SGHESR

\Y

NN
A
(~
A
A

tRNA™L [\
Se

£~ No base pairing

»

L e

¢ 4¢ «— G-Crich

CRUE: 4T (2007) , HAHE, 55196171

tRNA™




CRIE: o rAEE (2007) , HBIHEE, 551930)

@ \Wobble baserj32 32 E X & T




Genetic codon

SECOND BASE

l .

; -~
] Py , &

‘:-‘.A-‘u*—.‘ -“,.‘-.__‘-_J‘.—.. - PR

P—_—

icc 1.
p S

3 »

’ fa

SR 1

GUG (val) E‘JE@—'N'té\LJWEEiHﬁ%'—%tRNAm&f

vll
oD

l"‘_

rn

fl -
l_".J-J
UGA

_ ! _

- 1 .‘-:.‘. . IJ‘,);J

T8

FE T (CAU) KA “#E:

5

Z BT, TENE

(E.coli GUG/AUG =1/30)

(Source:Molecular Biology(2002),Robert F.\Weaver,Page570 )



MRNA (1GU

G) (val) fEARIGE

5. 5tRNA U K 2555 T (CASU) AL

X, AREL

E RO EH) R

B FtRNAMet . 5 7 B8~ Ry 5 — P NE(37) A fE
WRIA , T HABIRNAZE 37NN L b &K i kitk

1T YNt

B GntRNA™et 537N A
(N6- 75 Z R Pk IR i 1)



tRNA™ & tRNA™ ; tRNA™t & tRNA™
FFAE B RIS =57

tRNAMet, ';' tRNAMet

CRUs: 1M (2007) , HAEE, 55196171



TR B 320 P A ARG i 0 B T 152 (AT L 51
mMRNA  1GUG AUG
tRNA™t  CASUA (37)  CA3UA (37)

AUG
tRNA™t  CAUtA (37)



B 2 #% 7% Be X K5 3

(Source:Molecular Biology(2002),Robert F.Weaver,Page570 )



® \Wobble base#Z Ao X KA1 HE

- tRNARI# Fh 2 B 5 1)

34NFRIEAL AL T Hh H S5 IR It
BREEHERR 1/,
RIS B B HEK

--- SANFRIRAL AR BRI R
T JR ) B AR

JEPIA® 51 = |=A/I=C/I1=U
- 34N LA

- SRR
U34 = N(any)
when U3* —» U* = A/G only

Source:Quigley,G.J,Structural domains of transfer RNA moleculars,Science 194:197




5.2.3.  Anti-codon X H P MIBREBAH T BT

BRI F BN
a) Methylated Nt at anti-codon and flanked
Xo05U (G-BREKFH) m'G - (7-HERH)

|
4
N—r”

CmnmsU (G-REREFRFY) MC  GFEH

memU G-REEETRRE) T4 CTERE)
Xmes?U  (5-FZE-254NRE) 5°C (2-FACHET)

K2C - E R I E) L (BRE)

ComiU  (5Q)-BBEEREE) A (N6- TR ERIRIR IR

| (Inosine ¥ 5 4 Q (Queuosine &t



b) &M EINGAKIEE A BE /7

Nt! of anti-codon — Nt3of codon

U (mt,ct) > AUCG
CmO°U (5(2)-F3&R FE:RH) ~ AGU
Cmnm°U (5-3R FEE HERE) - AG
mCmU (5- B sE B3k A& R ) - AG
Um (2°-O-FERH) - AG
XmdS2U  (5-H Z-2Bm AR F) - A

Q (Queuosine) - U,C

| (Inosine) - U,CA




c) tRNAF

Hanti-codonBRIE B K A X

o [RBINFMINENFERYE, IRIESREREE

U—o> A/G

CmsS2U — A (only) £
S?U—> A

FERIEG

o WFEMIRAES, PIEREBHMN, PIMRIERZRITEE

A—-> U

U—o A/G

A =) | - A/C/U

U= CmO°U — A/G/U



5.2.4. tRNA abundance
&
codon usage (codon bias)



Codon usage Observed for E.coli Ribosome Protein

First
Position

(3" End)

Second Position

U

10 UUU
‘ -4-}. UucC
1 UUA T

2 UUG

4§ CUU
3 CUC
0 CUA

UA A Sto r'.‘
L: A C, S o p

3 CAU -
5 CAC
9 CAA

] His

Third
| Position

(3' Enj)

} Gin

9 CUG % CC CAG
—u

AGU
2 AAC J fon ux |

AA
2 ] Lys

.-[ 4‘& (J'C
) AUA

AUL‘ . I o AW .Af\U
(ie 6 ACC
AUGC Met 2 AAG

b(“ ] Arg

GUU 93 GCU 17 GAUT . GGU
5 GUC | (., * KC | . |88 GAC | A | a4 aac ”
GUA | 5. GeA | M 61 GAA | GGa | =Y
6 GUG . 8 CCG 16 GAG J ™ 0 CCG

1209 codons

- i

S TEMSE (2007) , FRITIEE, $519770)




Codon usage In the genes of Animals

U C A G |
[frst L UUU Phe 16 UCU | 10 UAU ) 10 UGU T - | U Third,
' Position 28 UUC ' I8 UCC 53 UAC | I¥F Icc | ~7° | Pq
Position U 28 18§ UC Ser 23 UAC 13 UGC J C Position
(5' End) 2 UUA ] o 9 UCA i ] UAA Stop UGA  Stop A | 3 End)
9 UUG ] e ] ¢ o o . UAG  Siop 12 UGG Trp G |
9 CUU 14 CCU .l 10 CAU H 8§ CGU U
: 27 CUC | 17 CCC | CAC J = 11 CGC C
C v Leu | 3 P 5 A g
7 CUA |*®™ | 10cca|®™ | 10 caA E $CeAl "% | A
7 CUG | § CCG % caG J &I 5 CGG G
e |
— — — e —
| 11 AUU] | 15 AcU 8 AA T 2AGUY. 7 | U
34 AUC (@ l =i ACC A AC | ASD . g B -
A L ¢ - ;e l L0 AL _I,hr | 8 AACQ 2] 1&\(_)(_.J C
4 AUA | 11 ACA | 19 AAA" 8 AGA ‘“
16 AUG Met | 6 ACG. | 49 AAGI™® | w Acc) A T G
- e : e l "
9 GLU 2. GCU ; 16 CAU ] _ 22 GGU U
: 21 GUC | ., 8 GCC | 24 GAC P | 3 GGC C
- 5 GUA | "™ MGCA] Y | 21 GAAY . 16 GGA | &Y A
3 GUG | 6 GCG | woac)®™ | 73 GoGl G
| L R el = T B 1 = | J

2244 codons CRIE: 4T (2007) , HEE, 5519870)



tRNA abundance & codon usage (codon bias)

-- R F— = R A

HEYGCU AN = KF

icodon IR E
l A

o B 82 LRI tRNAR 3 T35 codond F SR 2 (10 B

H

A tRNA(isoacceptor) B A5

- N[ A=Y 18] [F]—isoacceptor ] B AL

FEREAF

tRNA abundance ;

R

codon usage (codon bias)

P

N

RISHENHIZ —




tRNA abundance ~ 1

-} 2% ~ codon usage

a) WEEZHNEAMR (

BEA P TE B B B R R R AL

BEMRNARE R ERE

(modulator )

>4 aafficodon usage & = W RNAE D

b ) codon Santi-codon

>

] F) 478 ) 58

mmm) codon usage



G .. U FFEEACK =) aa-tRNA2
=5 K B ] 1 USRS

Into A site of ribosome

G = C BARELX == aa-tRNA
ST I

Out P site of ribosome

H #R 1% FEcodon/anti-codon [8]3& B 45 & 78 & fJcodon usage
PAORUE B A ) 2 H & R &




In prok. Gly (GGG)usage=0 Pro(CCC) usage=0

Phe (UUC) > (UUU)

Anti-codon AAG!
23/1209 > 10/1209

\I

ME: GICEEA
the seq.of codon in usage

In general

[—

l:!q

Tyr (UAC) > (UAU)

AUG!

13/1209 > 3/1209

14 - codon/anti-codon [E3&E 45 & IR

=S

, IRNAS
12--3
Uu G

GG U

12 -3
AA C

CC A



5.2.5. two of three codon-reading in mitochondrial

a) &enh B 5EAFEEARKNHEE R

® ZghifEcodonB ARESE (3 A2/4/6)

2codon; F 1I,Y,H, Q,N,E, k, DW, M, C
4 codon; V, P, T, A, R, G, (family) & stop codon
6 codon; L, S (2 isoacceptorseach)

® Inmt 22 tRNA only (32 tRNA in universal code)
ZRpL R« =P e 7 AT D tRNA




Codons Comparing between in usual and in
A ' é&

u.-‘u }Phé. W;
, 7"\ 4“ uA ( {
e } | my
f (,‘iUL )
AR Lw&, 'l"“/

a 158 (MEA)

pre (W) LAY (WS)

_}é(l ' CUUT)

’64

feef‘ A }L.u»ﬂ“) ‘J‘ }A hi ‘I“ AL ,)’f,k" qc“,
A C - ¢ A AL Yy A

lle v (URY) oY
AW ‘}I\/Iet M) AcA | AA -}t-,, CUGA)
\ ﬁ A S i -. ":’r'»/" -

stop

| (4 N/ r G\ ‘ s 114 “ Ee _ T ' ( WCC
}\/ﬁ‘\ N\ ‘-' \ ' 17 | l..’. , | . ] B ' }'&Q/ '\af F4

CRUE: ATF)



Changes occur in the mitochondrial genetic

Common UGA

Mammal ' A:Bé
I

Man woal pliA

l r ‘ '.1. -:’. p‘l.J.A
!

S AUA

—_—

-

Usual
Mezning

! !
CAUA

A
,\‘_]Ilﬁ




@® Codon-reading

For codon family; two of three reading

codon UCU-----UCA-----UCG-----

anti-codon g UAG?

UC — Ser codon
N34 (U) A/U/C/G

L1

¥ codon i FFHIE FE




Codons Comparing between in usual and in
. A ¢
}Tyr (WA) Ugu } o (§A)

(AR stop Fay ston
¢ st “” TrptUA)

"u.)!

be '}H.> () 4
“95 1AW co
;m‘\}ﬁln (uug) ©9 """ j,\

f n

Mh“}AS'\(‘ﬁuu) !””}SU‘ (.ch/

“

:M ‘}l)(,W*M g0 Arg
ARG / A ’;r i stop

>€le CC
q

CRUE: ATF)



® Codon-reading

For 2 codon type;
Nt34 wobblebase G —» C/U



Codons Comparing between in usual and in

CRUE: ATF)



® Codon-reading

For 2 codon type,;
Nt** wobble base *U —> G/A



Codons Comparing between in usual and in

A

&

AAA W

4 J}q *UUG

HH
\{5{ Tl"[ *UCA

}H.> cqug) 9

r
4

v" |‘J \

» pA") (‘Mqu ’

‘.‘.“

H:"i \}l
1’\ ’)

9.\1

e}, () Wy, o

stop ”

5

A ~~}Am) AU ser
é\




® Codon-reading in mt (Nt3*: U/U*/G)
For codon family; two of three reading

codon UCU----- UCA----- UCG----- UCC

anti-codon UAG

UC — Ser codon, N3*4(U) {X#E*¥:codonfg - HI{EH

For 2 codon type; Nt3* wobble base U* > G/A
G —» C/U



5.2.6. codon in codon or general genetic codon

(GGC |~ X&HMT)
YD ARRR B pR e B A &S IR R B B R YRR B RS
Al I FEFEGGC
) BRI (ERERAR)
m) 2B ) ) 3

—MGGC g LM ERE R —> EHREHEAZE




a) codon / anti-codon[&] K1 4F & RerHr

@ 2¢d Nt of codon (N;N,N,)
*fcodon/anti-codon ) 4% & BE Ta BA B K
HM.2¢dNtAH [E] ¥jcodon
codon/anti-codon[&] K] 4% & BEAH 1L

® X4 & 6o K TT Bk
2Nt > 1thNt >  3rdNt



b) codonXy

REEIR M IR IR E

2¢dNIt of codon X2 ZEFR P i fN 2R B i 2% (5] 45 1)
¥R e BN

NUN — FERHEGK SRR
o-helix & B-sheetf 1T B#

VAR R

(

TH BT AER

NAN — HRHFEKERRER,

i T2

/

N (G/C) N— g5 K ERAR N E+

4=V




Codon in codon (& 2¢dNt of codonTi Il & LR F) 1 )

AR 75 W e aa SRk A T B 45 R

(1)

N3N 5N 5

GGN
CUN

AUA/C

GUN
GCU

UUU/C
UGU/G

AUG
ACN

i

uj

(2)

N3N 5N 5

UGU/C
UUU/C
AUA/C
GUN
CUN
AUG

UGG
CAU/C
UAG/C

i

=

F.J.R.Taylor 1989 Bio-Systems 22.p177-187

N1 N 5N 5

GGN MW 75 kd
GCN 2N

UCN

CCN

GUN

CAN
UGU/C
CUN
AUA/C H




UCN

UGG

UAU/C
CAA/G
AAAIG
AAU/C
GAA/G
CAU/G
GAU/C
CGN

S

2ed Nt =U

A

GCN
GGN
ACN
UCN
CCN
CGN
AAU/C
CAA/G
GAA/G
GAU/C
AVavavie

ES

( hydrophobic aa)
( hydrophilicaa)

G/C ( neutral aa)

GAU/C
AAU/C
GAA/G
CAA/G
AAA/G
AUG
CAU/C
UUU/C
CGN
UAU/C
UGG

(.

N 204 kd



c) Nt of codon ¥} & H R ThHERI L5

o 1th & 3rd Nt #EE
Xt B R E T e A K

® 2:INtANREREE

2¢dNt of codon & ZE 1R I Sr AL 4R 4iE
Bl & GGC or codon in codon




d) YR X
o ATE A R

» fk#Ecodon in codon (2¢INt of codon)
AT H R R

» B H R
HEHRERBRE > (HARTE)

THRBE

hadud



1S

T

(Source:Tripos Associates/Peter Arnold,Inc.)



5.3.1. direction of peptide elongation N’— C’

AN

X —o—I
L—=

O —0

—

@ —O—T
2 )
7\
T I
+
N\
1 J

o _
R\n_ulH
Z
/ N\
T I



Met + tRNAMet, G

®

9

O

®

-O*—c =0
P JOHS3, |
' H—(IZ N\ H
Q H-CH H
3
CH,
ACCA .,
PJ0*—c=0
H—CIZ N—H aa
H-cH ¢ O [ OH? OH ¥
S H EE g
CH,

formylation




5.3.2. Aminoacyl—tRNA?22

In Prok.
f Met—tRNA ™t & Met--tRNA ™

In Euk.
Met—tRNA ™ & Met--tRNA ML



JERE AL &L= DHU loop
¢ 5745 &AL R paracodan

9

g
HC N'HJ

Ca
/By

CR¥E: 4rTFEW2 (2007) , HHERE, $211R)




5.3.3. peptide synthesis



a. Initiation Enzyme of translation in Prok.

IF-1 9.5kd

IF-2 95kd-117kd

IF-3 20kd

IngRIF-2,

| F-3 1) BV

fRfFfMet-tRNA met 23Rk K 25 &

ZE30SW 3 B

fief#30S3

) FE ST mMRNAE LS HE

(RBtRNA et £

HE & GCHI R FMFE, way in P site ?1)

H A ## 55 30S550SE

L 13 1

N




Initiation of translation in Prok.

Binary complex

v

Inivation factors relocosred

30s-mRNA complex

3@

Complete fmet

Initiation complex

IF3;
«
n

4

CRUE: ATF)

e W ———



b. Initiation Enzyme Of translation in Euk.

elF2
elF2-A
elF1

elF3
elF4b

elF4a
elF4C

elF5
elF4e

3 I

65kd

15kd
>500kd
80kd

50kd
19kd

150kd
(elF4f P EE)

R =TuRIEE A1 (elF2, GTP, tRNA)
{REMet-tRNAM 5 40S W H 45 4
RAFEMRNA 540STHLE &

RAEMRNA 540STP 44
{RfFEMRNA 540STWH 4 &

REESmMRNA GTPS &
{RAE MRS &

BfelF2, elF3
55w 456



35 §-Met incorporated (cpm x 107%)

(a)

a-with elF4e

(b)

(a) : translation of

15 Capped Sindbis virus mRNA

o (b) : translation of

. Uncapped picona virus mRNA

elF4e stimulates translation of

capped, but not uncapped,

(Source:Shatkin,Differential stimulation of
capped mRNA translation in vitro by cap-
binding protein Nature 285:331, 1980.



c. Initiation ribosome complex

Including 8 activation sites & occupy 20+ Nt

* P site (peptidyl attachment site)

A site (Aminoacyl binding site)

* E site (Exit site of tRNA)
* 55 rRNA site (5s rRNA + TW C loop)

« AT D

N

+EF /G binding site

 MRNA biding site

» peptididyl transferase binding site

» SEH R

N

FH S REF-Tu-aa-tRNA22 binding site



Complete initiation Complex of translation

Translation domain Exit domain menbrane

5s

. Site =

~ A‘_ _

| Peptidyl transferase - -

fMet--tRNA™. way in P site by S.D Seq. (prok.)
Scanning sequence way in P site .
Met--tRNAmetI way In A then turn toP1? (Euk)

CRIE: o TrAEWE (2007) , HFHEE, %5185MW)



d. Processing initiation

S.D. Scanning
Sequence sequence

(¢ fMet-tRNAT 611 | Met-tRNAMet
| U | |
Mgl i

)

CRIR: ANTE)



EUKARYOTE

CRIE: T EW (2007) , HHBE, #520571)



18.3 The Elongation Mechanism 5

(a) CH4 CH,
NH, N
N, N N
[ | ) | ;
~N \
N~ N N~ N
tRNA—CH, 0 HO Clﬁ_: o._ |
< A K 1
\—J lw
O OH HN  OH
0=¢C 0=C
HC—cH;—< () >—oH HC—0oH,— ) )>— OCH.
NH., NH.,
Tyrosyl-tRNA Puromycin
(b)

Polypeptide
N

(Source:Molecular Biology(2002),Robert F..Wgaver,PageSIY.S)



Chapter 5 Protein translation

e tRNA
mini RNA, 4s, (70-80 Nt)
Nt more modified by methylation
tRNA phe, 77Nt cloverleaf form

Aa accept arm, DHU loop (contact with AARS), anti-codon loop,
TWC loop (contact with 5S rRNA), extra loop

Paracodon: a number of Nts, on tRNA, contact with AARS

e rRNA

High GC-content, rich methylation, high copy number, synthesized in
nucleolus

Pro: 23S + 53, 16S; Euro: 285/5.8S + 53, 18S

o1



e MRNA
Pro: Shine-Dalgarno seq. (S.D seq) GGAGG
Euro: 5 m7Gppp--- ---- CCACC-----A-3---A1U2G3G4—
Degeneracy of codon
Codon family

Mechanism of codon degeneracy

Isoacceptor: different tRNA that load the same aa, but recognize
different/same codon

Wobble hypothesis: 34th Nt in tRNA
e Codon usuage/bias



e MRNA
Pro: Shine-Dalgarno seq. (S.D seq) GGAGG
Euro: 5 m7Gppp--- ---- CCACC-----A-3---A1U2G3G4—
Degeneracy of codon

Mechanism of codon degeneracy

Isoacceptor: different tRNA that load the same aa, but recognize
different/same codon

Wobble hypothesis: 34th Nt in tRNA

e Codon usuage/bias

Different condons are used at different frequency by a
species



e Peptide synthesis
Direction of peptide elongation

Aminoacyl—tRNAZ?, Initiation and elongation

AARS
three sites: tRNA site, AA site, ATP

DHU loop, nonspecific; paracodon, specific

Enzymes for translation in Prok
IF1: separate 50S and 30S subunits, help other factors
IF2: for the binding of fMet-tRNA /™t to 30S
IF3: for the binding of MRNA to 30S



e Peptide synthesis

Enzymes for translation in Eu
elF4e, cap binding factor

elF4e stimulates translation of capped, but not uncapped
MRNA

Met-tRNAMet occupies ribosomal P site & Initiation
translation

Tuand Ts



A Three-Site Model of Ribosome

Puromycin
— Resembles an aminoacyl-tRNA

— Can bind to the A site
— Couple with the peptide in the P site

— Release it as peptidyl puromycin
If peptidyl-tRNA is in the A site, puromycin will not
bind to ribosome, peptide will not be released

Two sites are defined on the ribosome:

— Puromycin-reactive site (P)
— Puromycin unreactive site (A)

3" site (E) for deacylated tRNA bind to E site as exits
ribosome



(a)

(b)

Polypeptide

)\/N
o
tRNA_Cf:‘},O\\

(|) OH
0=¢
| \
H(I:— CH,— —/)7
NH,
Tyrosyl-tRNA

Puromycin

P site -} ALA site

18.3 The Elongation Mechanism

5!



fMet-tRNA Met

Way in

P

Complete

o -AUG

|
|
|
|

—Puromycin
~Ribosomes
Met-tRNA Met
— Way in A
under
F elongation
[ Complete
~Ribosomes |
= ? -AUG l
— () | Met-tRNA Me!
B Way in P
[ Complete
o -AUG
-Ribosomes
02 5 8 12 18

« Mixed [3°S]fMet-tRNAMet with
ribosomes, AUG, and puromycinsmuz)

* If AUG attracted fMet-tRNAMet to
the P site, then the labeled fMet
should have been able to react with
puromycin(in A site), releasing labeled
fMet-puromycin.

« |If the fMet-tRNAMet went to the A site,
puromycin should not have been able
to bind, so no release of labeled amino
acid should have occurred.

« fMet-tRNAMetoccupies ribosomal
P site & Initiation translation

(Source:Bretscher and Marcker Nature 211:382-3,
1966)



Effects of mMRNA Secondary Structure

Secondary structure near the 5’-end of an
MRNA can have either positive or negative
effects

Halirpin just past an AUG can force a pause by
ribosomal subunit and stimulate translation

Very stable stem loop between cap and initiation
site can block scanning and inhibit translation



Bt of Bt il iRt JREIE L tE LIRERTIINE R AL L CRIL T2 IETEL TICHE TEIRIE SR SRR 2 ath LT TIRE 2 TR L L D DL TEIE SRE D it 1

(@) /C\ (b) 3 3
G U * +
N/ Construct: 3 2 1 1 4 4
AU
G—C
G—C
- /0N
G—C ¢ v
N b
U A—U
c -
C—G U—A
Construct G—C G—C lane 1 2 3 4 5 6
G og 60
1 ® 12nt 7 \ CAT g U/ \A
C—G o—g
G—C G—C
G—C G—C
52 nt G—C w
J \ ~
U—A
G—C
G—C
-
3 @ {AUGH CAT C—G
G—C
C—G
G—C
G—-C
G—C
G—C

71 nt

I

P
~
’

CAT




Control of Initiation

Given the amount of control at the transcriptional
and posttranscriptional levels, why control gene
expression at translational level?

Major advantage = speed

— New gene products can be produced quickly

— Simply turn on translation of preexisting mRNA
o VValuable in eukaryotes
e Transcripts are relatively long
e Take correspondingly long time to make

— Most control of translation happens at the
Initiation step



Bacterial Translational Control

Most bacterial gene expression iIs controlled at
transcription level

Mayjority of bacterial mMRNA has a very short
lifetime

— Only 1 to 3 minutes

— Allows bacteria to respond quickly to
changing circumstances

Different cistrons on a polycistronic transcript
can be translated better than others



Shifts in mRNA Secondary Structure

MRNA secondary structure can govern
translation initiation
— Replicase gene of the MS2 class of phages

o Initiation codon Is buried in secondary structure
until ribosomes translating the coat gene open up
the structure

— Heat shock sigma factor, 32 of E. coli
o Repressed by secondary structure that is relaxed
by heating
o Heat can cause an immediate unmasking of
Initiation codons and burst of synthesis



Shift from o079 to o032 at
temperature higher
than 37° C

=PRI EN TR W E L
i, iR ERmEE: W
+5HICEZHA, HIRERHH
3.5f5 Mk 8 1.41%

EPL I EN SNTRIWar EE
I, iR 5 4




MRNASs Induce mRNA Secondary
Structure Shifts

Small RNAs with proteins can affect mMRNA
secondary structure to control translation initiation

(a) Weak translation




Stimulation by an mRNA-Binding
Protein

Ferritin mRNA translation is subject to induction by
Iron

Induction seems to work as follows:

— Repressor protein (aconitase apoprotein) binds to stem
loop iron response element (IRE)

— Binding occurs near 5’-end of the 5°-UTR of the ferritin
MRNA

— Iron removes this repressor and allows mRNA translation
to proceed



Elongation: Protein Factors and
Peptide Bond Formation

One factor 1s T, transfer

— It transfers aminoacyl-tRNAs to the ribosome
— Actually 2 different proteins

e Tu, ustands for unstable

e Ts, s stands for stable

Second factor 1s G, GTPase activity

Factors EF-Tu and EF-Ts are involved 1n the first
elongation step

Factor EF-g participates in the third step



Elongation: The Mechanism

Elongation takes place in three steps:

1.

EF-Tu with GTP binds aminoacyl-tRNA to
the ribosomal A site

Peptidyl transferase forms a peptide bond
between peptide in P site and newly arrived
aminoacyl-tRNA in the A site

Lengthens peptide by one amino acid and
shifts it to the A site

EF-G with GTP translocates the growing
peptidyl-tRNA with its mMRNA codon to the P
Site



2 3 Round 1(a) ?
EW
5 GTP

Round 1(b)
Peptidyl transferase

Round 2(b)
Peptidyl transferase

Round 2(c)
EF-G

GTP



[C]Phe-tRNAP™ bound (pmol)

Phenylalanine polymerized (pmol)

Binding

with EF-T

<

without EF-T

| |

0.5 1.0
[GTP] (M)

Polymerization

with EF-T and
EF-G

with EF-T

50 100
[GTP] (LM)

Figure 18.13 Effects of EF-T and GTP on Phe-tRNA""® binding to
ribosomes and on poly-Phe synthesis. (a) Binding Phe-tRNA™" to
ribosomes. Ravel mixed '“C-Phe-tRNA™" with washed ribosomes
and various concentrations of GTP in the presence or absence of
EF-T. She measured Phe-tRNA""~ribosome binding by filtering the
mixture and determining the labeled Phe bound to the ribosomes on
the filter. Considerable nonenzymatic binding occurred in the absence
of EF-T and GTP, but the EF-T-dependent binding required GTP.

(b) Polymerization of phenylalanine. Ravel mixed labeled Phe-tRNAP"®
with ribosomes, EF-T, and various concentrations of GTP in the
presence and absence of EF-G. She measured polymerization of Phe
by acid precipitation as follows: She precipitated the poly(Phe) with
trichloroacetic acid (TCA), heated the precipitate in the presence of
TCA to hydrolyze any phe-tRNA"", and trapped the precipitated
poly(Phe) on filters. Polymerization required both EF-T and EF-G and a
high concentration of GTP. (Source: Adapted from Ravel, J.M., Demonstration

EF-T dependent binding of
charged tRNA to ribosome
required GTP

Polymerization required both EF-
T and EF-G and a high

concentration of GTP 18104




The cycle of T (Tu and Ts)

(a) EF-TuSGIPE S _TE &Y

(b) #—2FHaminoacyl-tRNA JEB=TCH &Y

(c) =TTEEY 5P ECHpeptidyl -tRNARI B AL &

(d) GTP#:/KfE, JERL EF-Tu - GDPRE &1k, MiZfitk LR, ZEAPL R
B T #riJaminoacyl—tRNA

(e) EF-Ts exchanges GTP for GDP on EF-Tu, ZAEHRHH EF-Tu - GTP

Ha



(@) EF-Tu-GDP 20 (b) EF-Tu-GTP 20 (c) EF-Tu+GTP

©
£
2
o
'_
i
e
=
T
g
<
Z
T
@
©

10 20 30 10 20 30
Time (min) Time (sec) Time (sec)

EF-Ts7ZEIEF-Tu-GDP }EY e taminoacyl-tRNA | Tu. GTP=JT
REYIKITER (panel a).

EF-Tu-GTP (panel b) or EF-Tu+GTP (panel c) %Ak TEF-
TsH REB=TTE &Y.



Elongation

AUG UUU CUG UAG AUG Uuu CUG UAG

/'nf LYV
Q) 6 )
'I

| | TemperateS
Ts+ADP ATP ME CRiE: 2 FEW% (2007) , HHEE, #52061)




Termination of peptide

---When stop codon into ribosome A site

|

Release factor ,,, (or transpeptidase or RF or rRNA ribozyme ?)

|

Hydrolysis

|

Complex disassemble

|

peptide + tRNA + mRNA + large & small subunit...



Termination

UUU CUG UAG

UUU CUG UAG

:;:5 Q :"'Ii:j'" RE

I

RF1- UAA/UAG
RF2- UAA/UGA

CIRUR: ANTE)




Error rates differ at each stage of gene expression

l Wrong base N
e L W

5.5. Mmaﬁhi"
%ﬁﬂk%}(@ﬁF Mﬂg aminoacyl-tRNA
t

PRI L
2 i.;‘ggz Wrong aming acid
N ? Wrong tRNA: W o -

c
y
1_ 16°% 10° 10"
CRIE: ATE)

COOH ? virtuakbaxt W.Ergll':l.cm

L-P

&,
a

B




Error rates differ at each stage of gene expression
( R,
J—
"’ Vronmng bhase
i S T i T

T N ST
& | WWirong amincacylftRrA |
-*_-“_-F“-"-‘_—l-i.'m-*

T

SHH=
Ao - H--H  Wiorng amino acig

acyltRMNA, ',

gd ? WWIrong tRNA:
r~H
S =

R-C-H —10N-4
VCOOH ? g 10

CRIR: ANTE)




DNA replication E=104
RNA transcription &=10*

Peptide translation PFER)= (1—&) nEERHEHA)

N P (=102 P(E=10?) P(E=10)

100 36% 91.5% 99%
200 4.9% 84% 97%
1000 0.004% 36% 90%

MACHENISM ?



Ao ocid ond ATP
form omwnoocyd AMP

\

JERE AL &L= DHU loop
¥ 45 &7 R paracodan

HCNH

7 |
\ e Transfer RNA binds
\ O o

JAVAYRS)
Aminoacyl tRNA synthetase

v -

CRIE: o T7AEWE (2007) , HHHEE, 52110)



5.5.1. HERStRNAB K REHET M
a) FEBHRNAS S (AARS) MEEMBIIE R IR SEE

AARS; aa binding site, tRNA binding site, ATP site

aa binding site Xt &5 4 A8 B & TR H WU

#l; Cys HS—CH,—CH—COOH
“~ oy AP A
NF, Ala-RS =—> -’%m}:!%ﬂ
/ %Eﬁ)xﬁ
Hirm

Ala H—CHZ—C|H—COOH

NH,



Invitro lle & Val &)

lle ||-|

EHFHFIL T

(|ZOOH

CH,—CH,—C—CH

N

CH, NH,
200X ‘
e-RS Val-tRNA'e 8241 2.2
1% 1/200!
Val l H COOH
CH.—C—CH

CH,

NH,



In vIVO

Val : lle=5:1

Val-tRNA'"® $5iZ i LR
1/40 11

{H SE F U xE B85 AL RN A 1/3000 2!




Double Sieve effect @

aa’+ATP AARS> Mis-activation aa’-AMP + tRNA22

Mis-loading AARS> l

aa’-tRNA22

| Hydrolyzed or Edited
aa’ + AMP

aa binding site &&
gE4Ar 8 ( Biding Site or Activation Site )
IKfEAL A (Hydrolytic Site or Editing Site )




lle / Val #E B f7 /&

Kinetic
Comformational

Chemical 1 proofreading
RAED
TRE




lle / Val #E B f7 /&

Kinetic

proofreading

Comformational ==p 743 RE

Chemical

H

|

lle 43 F B KT Val

—

DACE Lea AN 1

e lledE AB AL {EAREFEAH AL 5
e Validk A\ B 7 s FH3E N H A7 10 45 F A




Double Sieve

Editing site

Smaller aminoacyl-AMPs

accepted

Activation site
Larger amio acids @Val + AMP
rejected @Ala + AMP
@ Gly + AMP
@Val-AMPY
Tyr O —
@Ala-AMP
Phe ) @Gly-AMP
Val @] G
.IIe-AMP‘
Ala @
Gy @
le @ | lle-tRNA'®

CRIE: 1w (2007) , HHBE, $21270)




Paracodon (B|#HEF)HIME;

tRNAF SR 52 7 B 8 2 R 1Y 25 [ A

tRNAHF )4 | 5AARS FJtRNA binding site
kRS aE AT 1) s e iy

P

tRNA binding site aa binding site

| |

Paracodon of tRNA——Iloading Amino Acid (R)

%
s
K
]




® paracodon KRR

- A [ —FAARS BTG —4A
B @?( FRAARS, 5t

tRNAAR
tRNAAR

--- paracodon & JAARS!
(FFIEII A —XFNts, HHIEN R

RIZhZ A R A
HAEREARL! )

i
=

}ﬂﬁGB . U70 paracodon

5 AR PTIRA B TN

B —AHINts)

--- AARS Xfparacodon HiRA 54 & 2RI RERS

N

Bk 2 [H] ) 3

E

BEUR . BT

=W 11 B =R 8] 2B 0



--- paracodon 2 2R

tRNATH] fex
Nt

EHAARS 4

l

& 2R tRNA J )

4w

¥ footprint

I T AR R E R K oligo

R FrF

5k g 2 TR ) A7 38 R O

W FtRNA K] &F

--- paracodon/

AFEItRNA ] paracodon ] BN

HEE £

VAN E




The position of Paracodon

aaarm
AiDlGlH1N1SI
73t site

A.C.D.E.FG.
H.I.K.L.M.N.
P.Q.R.S.V.W.

Extra loop

Anti-codon loop

C,D,E,FG,HI,K,M,N,P
Q.R T,VW)Y

CRis: 2> 1M (2007) , HHHE, 5521277)
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Crick F. H. C On protein synthesis Symp. Soc. Exptl. Biol. 1958 (12) : 138-163

Genetic Central Dogma

/
RNA

> protein
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From 1970s to.....

Reverse transcription
Temin H. m Nature 1970 (226):1211

Xt AV FEZERFIBRRN—AMRK

Splitting gene
Phillip Sharp . 1977
Crick B8 n/2] A =%
Untranslated sequence
Huang W.M. Science 1988 (239): 4843




RNA alternative splicing
ChristopherW. Ann.rev.Genet.1989(23) :527
RNA editing
Cech T.R.Cell 1991 (64): 667

Protein as template for peptide synthesis
Lipmann F.Ann. Rev. Biochem1984 (53): 1

Prion

Prusiner S.B. Science 1991 (252): 151

FEN R xR EBIE
PEEEAMEEH N EHFSH (dogma)




Anti Central Dogma (= ayE I %%
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DNA/RNA 5 protein(a] FF51 {1 JE3E 2k

Peptide synthesis by protein as template

SEHE (GramicidinS GS)>— &M E G HIKPIAER)
& AR A28 (LE 100kd) EEF (HE 280kd)

Lt

L E (3 e Rg)
L-Phe > D-Phe
general special
1 HE (am) B H 5 BRI IL
RN, REPREERE

D-Phe: Pro : Val : Ornithine(—'i'aﬁ@) : Leujﬁl: 1:1: 1: 1

WIR AL R I DOAEE AR




D-Phe---Val---Orn---Leu---

D-Phe \lai

Pro , orn

Leu | Leu

|

Orn Pro

LVaI - D- —
Phe

WATE AR (GramicidS)

Profi Lk —— ¥+ Bk

HAMZ SRR
SEAFESRK ( tyrocidin )
R E (edeine)
ZAEZE (polymyxin)
K E (colistin)
ERHEE  (surukacillin)
WHFEE C(circulin)
&k E  (actinomycin)

AmanitiNeeeee




bR

DNA/RNAE protein|d] 551 i1 JE3L 2k

Post-translation processing

aztimgm_u B@J,_EWJT 1@ H}i
modification
Peptide Protein

WAL, ZBHML. BERR{L. BEAL.
inteinf]f&. —ARETE R

{H££ 7] 5. H A(concanavalin A) K& ik
HEBTFIRET SHohE S AR
BB T HOvE ) A2k v T )

Post-translation processing




pseati ik | N7 R

0040400% 0000000
conA JR4rF '"Asn .
Can be glucosylated in Asn only
Asn NI
0040400% 0000000
N 0% o000000000 N C
\ 0% e000000000C

Mature conA: & EERRF 58 AR B By T HE
AW T 5SDNARFIRIE L LR




Anti Central Dogma

(R ETI R

b. RNAH fJ 124

P!

FA—EREDNA! ?




* Intron 2 H.LENARERA RIS

» Poly(A)5 DNARRER Toiknt b
TRk B R —Epoly(A) 7 2 1k B Attard G. (1985)
* RNA editing (Crypto gene)

RNA editing \JR R, RAESIY, WIIWRIEYE EFE
RNA editing X3 P F 4m 28008 B v KT 7 51150%0

REZERNAediting &IFRRA

— R ?

gt L AT O

B BRI RNARR B R ?

Sollner-Webb. B 1996 Science (273):1182



Anti Central Dogma (0o i) % &)

c, DNARBR/L(E B FEH L,
{BA R ME— YR 3k
(KILWERES W) ! ?



prion BLZR K E

L R (&

HRRBREY RS ? )

---Prion2 FFE R (scrapie), 4145 4R fiwi 4 BSE (mad cow disease)
P22 R SRR WP I B0 Rl 1

R4 K prion ILAAN TR, RSHYIMEN IEFFERN—FREEH,

PrP¢ (MW 33-35kd), X% HEEEUR, BUEsYH HEIRE
@ fr£E Chrom.29S (human) Chrom.2 (rat)

WA, RBEENBIPrrsc (MW 27-30kd)
FENSGEPrPC />67aa, —HFFIM M, —REMERBE
B, iR R

ZPrPC & A7 /7 isoform



RECIPIENTS RESULTS

Lanor Animals

Y
e S
o,

“x._ﬁ“ f'l—:‘:"l-—:'El:
Infected Mous - e, S
m-PrP &2 H Knockout mouss PrP gene is required
Mo Prp gene for successful infection

FPIPSC wm YLtk PrP [

MW 33-35kd

PrP SC & H :

o FHBHEBT o-helix 30% < 42%
BT 2 By REN--Yi B-sheet 43% > 3%




Prion A& A RAFHEARKE A K (PrP) th5
FRMELBLEEFES (PrP0) 958, EHT
HABEIRBI T, HHMBPIPC LA PrPscaitse (I




1997 NP

for his discovery of Prions —--

Stanley B. Prusiner
University of California,
School of Medicine
USA

1942 -

a new biological principle of infection

Griffith (1967) “%& B B BT, —F

FAERTTRI T~

/EAiL:

N EW

EZR”

THK



1997 NP

Stanley B. Prusiner
University of California,
School of Medicine
USA

1942 -

R T MERA R, DENEARBEEA T
B, FrIEN PR T B B A e R
Bt — A ER ik




» DNA B AR A2 15 B BRAIRA (FIR! D

- DNARJ B /£ 15 B 2

SR (crypto)

- DNARIEL{E B 22 H K (movable, alternative)
transposon : FIZADNAKI B —/ME5

intron : DNA _F

78

N

AR/ NHIAS AT 238 1 Th B8 AL

DNA rearrangement : Immunoglobulin gene

RNA tran-splicing
RNA alternative splicing....
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