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The genetic code is triplet
-- Key terms

Codon is a triplet of nucleotides that represents an amino acid or a
termination signal.

Genetic code is the correspondence between triplets in DNA (or
RNA) and amino acids in protein.

Initiation codon is a special codon (usually AUG) used to start
synthesis of a protein.

ORF is an open reading frame. presumed likely to code for a protein.

Reading frame is one of three possible ways of reading a nucleotide
sequence as a series of triplets.

Termination codon is one of three (UAG, UAA, UGA) that causes
protein synthesis to terminate.



Polypeptide chains are specified
by ORF

« The protein coding region of each mRNA is composed
of a contiguous, non-overlapping string of codons called
an opening reading frame (ORF) .

« Each ORF begins with a start codon and ends with a

stop codon.
9 K]
AuG MMM-MMMMMMHMMM UGA
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; | CUC HAGC ||GUU ||ACC ||AU
—Leu Ser Val Thr—

5 &IUCA||GCG||UUA| CCA|=I

— Ser Ala

Leu Pro—

3 cuU |CAG||CGU |UAC||CAU|
— GIn——Arg Tyr His—
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E. coli TP £

e
=
=

35 AR F

(cell-free protein synthesizing system)

1. Cell lysate treated by DNase to prevent

new transcription

2. Add homopolymeric synthetic mRNAs
[poly(A)] + 19 cold (non-labeled) and one

labeled aminoacids
3. In vitro translation

4. Analyze the translated polypeptides
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Nirenbergi®£ % (N) fE N IIA 2 LYk &
i A& B0 %‘ﬁ"ﬁkﬁﬁ%ﬂiﬁ&m

poly(U) ---UUU--- polyphenylalanine
poly(C) ---CCC--- polyproline
poly(A) ---AAA--- polylysine
poly(6) --- did not work because of
the complex secondary structure
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Poly(UG)- - -poly(Cys-Val):
5'....U6U 6U6 UGV 6U6 UGV 6U6.....3'

T4 RS MUTF 1638 5 MG TT 16, # R e
UGU(Cys) % 6UG(Val)#i f 5570 7
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Phe-tRNAPre  Lys-tRNALys  Pro-tRNAPr

UuU 4.6 * 0 0
AAA 0 1.7 0
CCC 0 0 3.1
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1.2 15 1) 3% 221 (commaless)
2.5 55 I 4 14 (degeneracy)
3.2 19 ) 3k M (universality)

4. FHY R Rt (specificity)

5. %M1 5 AN AEEAEH



IS (commaless)

= MEE RN — DR
= BkF %152 3E H & (non-overlapping) fli%E
#1] (commaless).
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UGU

Cys
UGC
JUGA Stop

UGG Trp
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CGU
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Third bases have least meaning

Ucu
UCC - -
UCA UAA UGA

UCG  UAG  mues

ccu CGU H

cee “&¢ & Third base degeneracy
S BB G5h describes the lesser

ACU effect on codon meaning of
acc MG TASE o nucleotide present in

ACA
ACG - - the third codon position.
GUU A
GUC GCC GGC
GUA GCA

GGA
GUG GCG - e

Third base relationship  Third bases Codon

with same  Number
meaning

third base irrelevant U,C A, G 32
-} purines differ UorC 14
e

from pyrimidines Aor G 10
ﬁ} unigue U,C A 3
" ] definitions G only 2
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1. Transition (3%#):
purine < purine or
pymidine < pymidine

At third position: no effect except for
Met (AUG) < Ile (AUA,AUC,KAUV);
Trp (UGG) < stop (UGA)

At second position: results in similar
chemical type of amino acids.




RAL RIS

2. Transversions (Hii#i):
purine < pymidine
At third position: over half have no

effect and result in a similar type of
amino acid.

Asp (6AU,6AC) < 6lu (GAA,GAG)

At second position: change the type of
amino acid.



In the first position, both transition and
transvertion specify a similar type of
amino acid, and in a few cases it is the
same amino acid

(Leu: CUA or UVA).
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AUG— H i Z R K Un i ¥
GUG— WA R IR ST

VAA— 211 %4087 (Ochre)
UAG— % 1 %151 (Amber)
UGA— % 1% 51 (Opal)
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UGU

Cys
UGC
IUGH Stop

UGG Trp

»Leu

»Pro
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CGU

CGC
>Arg

AUU
AUC
ALA

JAuE e

lle

> Thr

AAC

Asn

GUU
GUC
GUA
GUG |

+Val

rAla

> Gly
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The standard codons are true for most organisms, but not for all

Codon Usual Use Alternate Use Where Alternate Use Occurs

AGA Arg Stop, Ser Some animal mitochondria, some
Ry AGG protozoans
[N
Eﬂ‘, AUA e Met Mitochondria
EI(J CGG Arg Trp Plant mitochondria
£ U L Thr Yeast mitochondria

Bk cos
,lw% CUG

AL [le start (N-fMet)  Some prokarvotes®

GUG Val

UL Leu

UAA Stop Glu Some protozoans

UAG

UGA Stop Trp Mitochondria, mycoplasmas

selenocysteine  E colr®

“Depends on context of message, other factors
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Amino acid

tRNA 1] & % 14 ¥
TERZHEAR N A2 18 13
2=k X5
mRNA | [ %85+ 4
HAEAHR,

Codon B ACG 3

Anticodon3’U G C %

is usually written as codon ACG/anticodon CGU,
ACG and CGU

«—



Wobble hypothesis

Amino acid

1966F,CrickiZ ) 12 51k ik
(wobble hypothesis), f#
B T DO R R R R
o (DD KIECxS, PAKF
LRIEMRA 2D UL EET
FA) ) el mREMNA &

4% =— Anticodon
123 ¥

,.f"_'//h
Wiobble
position

Codon

5'-anticodon base is able to undergo more movement
than the other two bases and can thus form non-
standard base pairs as long as the distances
between the ribose units are close to normal.



G-U pairs form at the third codon base

Standard base pairs occur at all positions

H H
H@“
Sugar E: E\x:H
Cytﬂmﬂe&
H GL.amne
(.H sugar
b\3
H 'C:-D*q‘
R, M
e L
Eug:.arb N N,
Hbze CH
Uracil N N
Adenine
Sugar

-U wobble paurlng occurs only at third codon position

i
o
cwi}

virtuahtexd .-"'.EFgItDn;:nr' H’ Guanine Sugar

Wobble in base pairing
allows G-U pairs to
form between the
third base of the
codon and the first
base of the anticodon.
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3 Base in 5’ Anticodon in 3’ Codon

5 G UorcC

tRNA % C G
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e / f‘-—“\j U AorG

| I A, U, orC
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tRNA.

JRIZ AN H K2 30-45F1tRNA,
« ELAZ A1 0 P R] BEAFZESOFTtRNA




tRNA
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tRNA

“tRNA— 2 Z5 1) (Primary Structure)
“tRNA 7 45 14 (Secondary Structure)
“tRNA=Z 45 1) (Tertiary Structure)
“TRNAK ThiE



tRNA— 2 45 ¥ (primary structure)

- K1 60-95 nt (commonly 76)

%t 15 [N invariant(fE &) 1 8/~ semi-
invariant(=/E €). invariant 1 semi-variant
% ﬁ:ﬁ’mﬁf ZRAE M =R SRR s B
FHI1E

& 151 (Modified bases):
o B —RNAZ T 20% IR & 2 B85 11 .
o CRIA LSS0 FhAS [FI SR PSR .




tRNA T FIr A 4Rt 7 e g2 11

Base modifications in tRNA vary in complexity
Normal bases Maodified bases

O 0
HN’b\CH rsr"t\ e M’E\QH N”&‘ H E\CH
Di‘.\w, J\\ b J:\ ‘L/H J\\yfvm o N.-"!:H

| S
ridine Riboth mldlna Ty Dih dmurldlne 4-thiouridine
- : (M) : F;S-Juduurldlna{‘qr}
NH , & NH,
a CH;
Nd"‘t\-iH H“M_N”"kiH Nﬁb\»ﬂ‘r
L é\ H k H
I
Cylidine 3- metLylnytldlnE E-methyrlc:ytldlne
NH M_CH_,r:H=c: ok
Gw
Adenusﬂe |mane I‘\F' |supenten1.rlal:jenusme

melhyladenosme ()

- OH
NH-COOCH,
Hﬂr::'H CH- cmm

L - EH,
HN{E\ r\%} HM;b\Crf HC EE\E‘E H
EIN.-}\N.-’ [ HN’k g\ J‘IN"'kN”PLT{ N -Hi

Guanosine 7- methylguanusme (Queuosine (Q) Wyosine (Y)
Enirtualbet wan Frgﬁﬂ .....



tRNA — 7 45t (secondary structure)

AN FERNATES 1) _EAAAE R =R, B/ R B

425 F & (arm or stem)

* 3/"¥(loop)

B HAMICXT 2R = S B 7014514

attached amino
acid (Phe)

anticodon
loop

anticodon a cloverleaf



Acceplor stem
CHH

tRNA =—HEJE 551 gla,
S

IJ TYC arm

1} arm I&{_l | I @ﬂ - A
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im0

D loop r{ﬂ mh}
ﬂ

Yariahle
Aduticodon AeT
arm’ m'-’l[. L
Anticodon IooPH_J{K[
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loop

and olher
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Amino acid acceptor stem

Acceplor stem
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N f « % 4K % ( acceptor
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D-arm and D-loop
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Anticodon loop
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Variable arm and T-arm
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tRNA K TR

AR mRNA H BEIR AR R FERNA, AR A ER:

« HRNA 1) 2687t 5SmRNA _F )% 05148 5.
TRA FEEC XY
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tRNA 2R

1.2 IG5 tRNAFIZEfHERNA

2.[A] ]

_tRNA

-tRNA

3.1



1. R I5tRNAFI ZEfHERNA

o G tRNA: BE4F 7 M 1R 5 mRNAR AR I &
50T HItRNA;
o JE{HtRNA:HAtRNAZ TR N IEHtRNA .

« BL1% A V) FEIGIRNATE 57 B i 2 R (Met),
%A PIRC IG tRNATE w7 H Bt H i 2 R (MLet),

JF A% A A Met-t RN AMet ) 25 E 55 FH AL A2 il
fMet-tRNAMeF (56 2 5 5 H i V)6 il




2.]5) TtRNA

o [F] TtRNA: fCERAMFZZEE KA FtRNA.

« ZE— N F TtRNAA W, FrEtRNAY LS —THHFER)
I -tRNAS 5 .
o [F] TtRNABEESG AN E ) R EZEF LR ANZEA LR

PR DSCER, NERREFMEEN ERILE T, #em
AA-tRNA & B R o
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ZI-tRNA A R
aminonacyl-tRNA synthetase (ARS )

« AA-tRNA & i & —RIEN E IR 5tRNAZ
A R T I -

AA+TRNA+ATP— AATRNA+AMP+PPi



Aminoacylation (R :1l) of tRNAs

0
Adenosine— (BXPPY 4 O/c i

ATP

Ne—cH—fiH,

R
Aming acid

&
Pyrophosphate

Q
\G GH NH

Adenosing — ® = CI F|

Aminoacyl adenylate

L C &
OH

AR R
oo

tRMA

A
p]\p\}‘\ﬂm(ﬁ CHHNH

3-Aminoacyl tRNA

lkb AMP

-

BIFEPIE N

B R IR TE A A
- L
AA+ATP+ (E) — E-AA-
AMP+PPi

F b AR E I tRNA
3¢ Rum AR E IR 12° 832
B b A R E E-tRNA
E-AA-AMP+tRNA — AA-

I 9 tRNA+E+AMP

2-Aminoacyl tRMA



Aminoacyl-tRNA synthetases

catalyze amino acid-tRNA joining reaction
extremely specific.

tRNA -synthetases flicharged tRNAs/ 1}y %

Amino acid: serine

Cognate tRNA: tRNAser

Cognate aminoacyl-tRNA synthetase:
seryl-tRNA synthetase

Aminoacyl-tRNA: seryl-tRNAser



Two classes of Aminoacyl-tRNA
synthetases

Class | (Glu-tRNA synthetase) Class Il (Asp-tRNA synthetase)

\.1“ = -\'I.

» Class I binds minor groove of acceptor arm;
* Class II binds major groove of acceptor arm
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Al 10% 1
ifiiahid 10% 2
DNA 2% 1
mRNA 2% 3.5X103
tRNA 3% 1.6 X 105
rRNA 21% 8 X 105
ZhE R E 9% 2% 104
AR 40% 106

INGTF 3% 7.5 X 106
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Bacterial ribosome = 705 EE EI %ﬁ*—[‘ ’ l:l‘ ﬁﬁl: I% jj%/\ M. .
Remove M‘+t‘ Add Mg2+ > 9 73/\\ /ﬁ %B/\ﬁ_‘/\j:ﬂ
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+ C= RNA 0000,

S B S e R AR

0o *° &%), H4 1 RNAFIHE
H 5 2H 1%

+ < RNA

3 INA

~49 proteins + 3 RNA molecules ~33 proteins + 1 RNA molecule l‘iso l [=
L ]

| l

large subunit

AN

small subunit

MW = 1,400,000

MW = 2,800,000

large
subunit
~82 proteins +

small 4 RNA molecules
subunit

complete ribosome
MW = 4,200,000
Figure 7-31 Essential Cell Biology 3/e (© Garland Science 2010)
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Photo: MRC Laboratory of Craditz: Michasl
Malecular Biology Marslands/vale University
VYenkatraman Thomas A. Steitz

Ramakrishnan

B 1/5 of the prize B 1/5 of the prize
United Kingdom Ush

MRC Laboratory of Yale University
Molecular Biology Mew Haven, CT, US4
Cambridge, United Howard Hughes Medical
Kingdom Institute

b, 1952 b, 1240

(in Chidambararn, Tamil

Madu, Indial

0

=i DURME R

Creditz: Micheline
Pelletier/Carbis

Ada E. Yonath

solved the “"phase problem” the strong-willed pioneer

B 1/5 of the prize

Israel

Weizmann Institute of
Science
Fehovot, Israel

b. 1939

, ) I

O STOCLES O the Structure and Cunctlon of the ribosome
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SMALL RIBOSOMAL SUBUMNIT LARGE RIBOSOMAL SUBUMIT

SSU from Ramakrishnan work with LSU from Steitz and Moore
A-site Anticodon Stem Loop bound labs work shown
as well as mRNA analaog show.



Svedberg (S): the unit used to measure
sedimentation velocity

centrifuge

s B
= / /|
LSO

308 1IN
ribosomal subunits

14-12

Sedimentation velocity is determined by both
shape and size and hence is not a measure of
mass



Ribosomes are ribonucleoprotein particles

Ribosomes rRNAs  r-proteins

‘ 235 = 2904 bases 31
F

Bacterial (70S) 50S 55 = 120 bases

mass: 2.5 MDa

66% RNA
@ > 305 16S =1542 bases 21

28S = 4718 bases

Mammalian ( Eﬂsl 60S 5.8S = 160 bases
mass: 4.2MDa SS9 T oo o 50 pages 49

60% RNA
@ ) 405 185=1874bases 33

Cvirtualtext muw.EfgitD Com
JEAZ AV NE R H 292/3 ) RNA K 1/31% 85 5 2L Bk o
AL E B R RNA 3/5, B E R 52/5.




[ 5 EC R BRI P A/ S B L

60S
(MW= 2,800,000)

& 3

eukaryotic
ribosome

80S
(MW= 4,200,000)

5.85 rRNA

(_'@2.(160

nucleotides)

=5 58 rRNA
- @2"‘(120

nuclectides)

=
S 285 (RNA

E—"> (4,700
©—= nucleotides)

B
s

408
(MW= 1,400,000)

—C

L e/

‘— 40 proteins

% 185 rRNA
»(1,900
&// nucleotides)

~33 proleins

Eukaryotes

prokaryotic
ribosome

708
(MW= 2,500,000)

G-
»

——

—p /\-\- )

508
(MW= 1,600,000}

L 'Bﬁ
(o il

308
(MW= 900,000)

58 rRNA
(120
nucleotides)

(=

_'.G'_S_j

A \ﬁ‘ 23S rRNA
- d'\'\ '\3\(2,900
\Bnb nucleotides)

~————» -34 proteins

=~ 165 rRNA
~— (1,540
nucleotides)

21 proteins

Prokaryotes



Uik REL
BRI ¥ R

=z}
FErRNA (B3
HEO

FFErRNA (B
HFD

TN

RNAFEXT 7+

RNAFT 5 EL
EARYE
B H FUEX T

&
EHE AT G L

AT el

RHEA
708

2.52 X106

1.66 <X 106

66%

8.57X105

34%

FZREAAR T A B

JNTE
30S

9.30 X105

16S (1541)

5.60 X105

60%

21

3.70 X105

40%

P&
S0S
1.59X10¢
23S (2904)
5S (120)
1.10X10¢
70%
36
4.87 X105

30%



X J T VA A% A A8 /0 MU B B 20P R H R A

/\DJ Sl

...... 2K IR, KV I H 365

JrU( N E{'

LA MIAZ AR R EH B, KD /“E‘E/ET

R, 4RI

HAFEH B, /M=

CH33FPEEE R,

H

MTHIARRT 75 B 1

£8X103~4.0 X 104Z_IEﬂ



Ribosomal stress and p53 pathway

Ribosomal stress results from :

« Ribosomal RNA (rRNA) transcription and ribosomal proteins (RPs)
expression (actinomycin D or 5-Fluorouracil treament)

* Processing of pre-rRNA Assembly of ribosome
p53: NEANmEENIEEH

Normal Stress

Caldarola, 2009, FEBS Journal
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Simplified schematic of eukaryotic
ribosome biogenesis
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Ribosome biogenesis surveillance: probing the ribosomal protein-Mdm2-p33
pathway

C Deisenroth™* and Y Zhang'-="*

'Curriculum in Genetics and Molecular Biology, University of North Carolinag at Chapel Hill, Chapel Hill, NC, USA; *Lineherger
Comprehensive Cancer Center, School of Medicine, University of North Caroling ar Chapel Hill, Chapel Hill, NC, USA; *Department
of Pharmacology, School of Medicine, University of North Caroling at Chapel Hill, Chapel Hill, NC, USA and *Department of

Radiation Oncology, School of Medicine, University of North Caroling at Chapel Hill, Chapel Hill, NC, USA

The dynamic processes of cell growth and cell division
remain under constant surveillance. As one of the primary
‘eatekeepers’ of the cell, p53 has a major role in sensing a
variety of stressors to maintain cellular homeostasis.
Growth is driven by new protein synthesis, a process that
requires robust manufacture of ribosomes in the nucleolus.
Ribosome biogenesis is a complex process comprising
transcription, modification, and processing of ribosomal
RNA, production of ribosomal proteins (RPs) and

The Mdm2-p53 stress response pathway is an
important regulator of cellular homeostasis. A variety
of mitogenic and genotoxic stressors converge on this
pathway to elicit a protective p33-dependent stress
response resulting in cell cycle arrest, apoptosis. DNA
repair or replicative senescence (Levine er al.. 2006).
As the cellular “gatekeeper’, p53 remains at the pinnacle
of cellular surveillance to regulate cell growth and
proliferative homeostasis (Vogelstein er al., 2000).
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A ribosome binds mRNA and tRNAs

35 base mRNA

Evirtualtext www.€g it0.com

Size comparisons show that the ribosome is
large enough to bind tRNAs and mRNA.
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Ribosome cycles

In cells, the small and large ribosome
subunits associate with each other and
the mRNA, translate it, and then
dissociate after each round of translation.
This sequence of association and
dissociation is called the ribosome cycle.



Overview of the events of translation/ribosome cycle

The large and the small subunits undergone association
and dissociation during each cycle of translation
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rRNA

1. 5S rRNA
2. 16 S rRNA
3. 23 S rRNA
4. 5.8 S rRNA



5S rRNA
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16S rRNA
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23S rRNA
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mRNA and tRNA move through the ribosome
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Location of tRNAs

Cate et al., Science 1999



Channels for mRNA entering and
exiting are located in the small subunit

There is a pronounced
kink in the mRNA
between the two codons
at P and A sites. This
kink places the vacant A
site codon for
aminoacyl-tRNA
interaction.




Channel for polypeptide chain exiting
locates in the large subunit

The size of the channel
":s- only allow a very limited
.. folding (a helix) of the
** newly synthesized
polypeptide.

Ribosomal protein

exit tunnel
Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings
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