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- Table 26-1. Key to Function. The “Standard” Genetic Code” R
Genetic code .=
position Second position position
(5' end) (3' end)
U C A G
W uuU | ucu UAU L, |UGU | v
Phe §H2 Tyr Cys ?"z
uuc @ ucc UAC UGC .
CH; H
U luua uca ¢ J,Hz UAA UGA STOP A
Leu i STOP : .
Translates the genetic information 4G vAG i i
H
] ] = |
into functional proteins cw oo [ L ]
I I ~So= T |
cuc c:u, ccc e, S CAC uﬂ 1}:_" CcGC b, c
C Leu CH Pro 2 il Arg cHa
. . . . CUA N |cea CAA Ly o lcea L2 A
MRNA is read in 5‘ to 3‘ direction i iy =
UG G CAG ] cce el ¢
HZN/C=° NHj
AUU ACU AAU | |AGU U
" | CH2 I
Codons are base triplets Auc fle "<§ ace anc Asn Lo agc Ser {2 | ¢
. . . i | HaN o
representing one amino acid A lava “ laca ™ A |nan AGA
AUG Mett  lacG aaG L . | Ace Arg
H3C—S—CH;—CHj HaN ‘- CHy—CHy—CH-CHa
e.g. GCA — Ala GUU GCU GAU lI:H; GGU U
GUC GCC GAC AsP /c'_o GGC C
I o
| |
6 loa¥ A, leca®™ o |oaa 1| cea Y w A
GUG GCG GAG Glu _DITO GGG [

9Nonpolar amino acid residues are tan, basic residues are blue, acidic residues are red, and
polar uncharged residues are purple

bAUG forms part of the initiation signal as well as coding for internal Met residues.

Table 26-1 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Four features of the genetic code

N
TABLE 27-3 Degeneracy of the Genetic Code

— First reading
frame start Number Number
Second reading Amino acid  of codons Amino acid  of codons
frame start
Third reading Met 1 Tyr 2
frame start Trp ! lle 3
Y Asn 2 Ala 4
o“voCo“erCo“voCo“nA c Asp 2 Gly 4
| ._._._ First reading Cys 2 Pro 4
frame Gln 2 Thr 4
| ._._._ Second reading Glu 2 Val 4
frame His 2 Arg 6
' (Lew) ‘—“— Third reading Lys 2 Leu 6
frame Phe 2 Ser 6
1. Read in a particular frame, 2. Degenerate: 1 amino acid can
[l Starting point determines be encoded by up to 6 codons

amino acid sequence!
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3. Non random:

similar amino acids are encoded
by similar codons

LI Change of 1 base has only
small effect on protein

4. Widespread,

almost universal:
same in most organisms from
bacteria to human with very few
exceptions

Lecture 10

Genetic code
- Features 2
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Table 26-1. Key to Function. The “Standard” Genetic Code” R
Fi_rst Th_ird
position Second position position
(5' end) (3" end)
U C A G
uuu | ucu UAU uGU | u
Phe M2 Tyr = Cys Sha
uuc @ ucc | UAC UGC S
CHy H
U fuua uca ™ L luaa UGA STOP
Leu STOP 0
UuG uCG UAG UGG Trp cuzw G
H
cuu ccu N o [cau tHy CGU | 1]
cuc L lece TE %o cac His "'I:'"\'; cGc j2 C
?Hz Hzc\cf:Hz Hﬂ . ’?’H—H ?Hz
2 il CH
A 2
C CUA Leu ) c/c\HCH CCA Pro CAA |c“2 CGA rg ,!m A
3 3 | | +
CUG CCG cag S0 o cec Fetlia
e NH;
HaN
AUU ACU AAU | AGU U
| g L
Auc lle Fs<=("  facc AAC Asn (. | AGc Ser ™2 c
Ha | OH
A éH Thr CH i
3
AUA ACA " o Ncuy |ARA AGA
AUG Metb  lacG AAG L AGG Arg
H3C—S—CHy—CH, H3N'-CHy—CHy—CHp~CHa
GUU GCU GAU I GGU U
CH;
GUC GCC Gac AP | | Gac C
G val la | o’ Gly |
a Ala y
GUA |, N, |GCA s |GAA L, |GGA H
GUG GCG GAG Glu 11“2 GGG G
=0

9Nonpolar amino acid residues are tan, basic residues are blue, acidic residues are red, and
polar uncharged residues are purple

bAUG forms part of the initiation signal as well as coding for internal Met residues.
Table 26-1 Fundamentals of Biochemistry, 2/e

© 2006 John Wiley & Sons
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tRNAs as adaptors

A tRNA
|
5' o
tRNA ]
Amino acid O0=P—0—CH2 o_ adenine
Y H H
H3, 2,H
. O OH
~Amino acid |
binding site ?= (0
Anticodon H—C—R
I3 2 1l I
HaS NH3*
mRNA 5’ AUC 3 Adaptor .
23 Aminoacyl-tRNA
Codon LA Bty desurtinil
C|UIA|U|G|A|C|UIA|G|U|C|G|G
mRNA

tRNA anticodon can
form base pairs with
MRNA codon

Lecture 10

[
Nucleotide triplet coding
for an amino acid

At least 1 tRNA
for 1 amino acid

Biochemistry 2000

3' end of tRNA is
covalently linked to

amino acid

[] Aminoacyl-tRNA
Slide 5
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A Amino
C IAmmo acid TC arm il mpm
cjarm [ 7 m— |
pG— @
*o—0
e—e
B D arm
*o—@0
s —e (residues
- o ® 10-25)
Pu e V] eeee bl
o A T T T T . 111 .
e00G
G* eceeoe g Tiy C )
G A ° Anticodon
Contains *—f® Extra arm arm
two or three *—e Variable in size,
D residues B not present in
at different ::: all tRNAs (b)
positions Py °
U Pu Anticodon I
arm - ' ' '
position 5.| |3,
Anticodon

Secondary structure (base pairs): Aminoacyl-end and anticodon are
Cloverleaf structure on opposite sites of the tRNA.

Lecture 10 Biochemistry 2000 Slide 6
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Aminoacyl-tRNA
Synthases

NNVZ S
SR

One or more enzymes for each amino acid -
Specifically recognize tRNA & attach amino acid to its 3‘end:

1. Activation of amino acid by forming aminoacyl-AMP:.

NH»

H o H o o
Y Lo y
R—CI—C + ATP =— R—CI—C—O—T—O—Ribose—Adenine+PP,- N | N\>
NH3* @ NH3* o KN N
Amino acid Aminoacyl-adenylate HNA—03PO—CHa. 5
| o (aminoacyl-AMP) o Ea
g’;;;?:’:;idv;:lg:;;z%:sﬁg Fundamentals of Biochemistry, 2/e ol OH
2. Transfer of amino acid to tRNA's 2 or 3° OH (ribose) by Cm0
forming an ester bond with carboxyl group of amino acid Nf:_f“z@“
3

Tyrosyl-tRNA

3. Proofreading: bonds to incorrect amino acids are hydrolyzed

Lecture 10 Biochemistry 2000 Slide 7
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Wobble Hypothesis

R Problem: 61 sense codons versus ~ 40 different tRNAs

Solution: 3rd codon position

allows non Watson-Crick base 7
pairs
 wobble base pairs N
HN
Allowed wobble pairings: >
5‘ anticodon 3‘codon

C G

A U Ribose
U AorG Inosine

G UorC

| U, C,orA

L] 1 tRNA can recognize 1-3 codons

Lecture 10 Biochemistry 2000 Slide 8
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2 A

Procaryotic Ribosome

(a7 o

-site: aminoacyl tRNA

. ) P-site: peptidyl tRNA
I\ E-site: exit
deacylated tRNA

Small mRNA
Subunit
prokaryotes) 8L = Subunit
- (50S in
prokaryotes)

Figure 26-15b Fundamentals of Biochemistry, 2/e

Low-resolution structure from cryo-electron microscopy
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Ribosome structure

High-resolution crystal structures available since 2000

Inner core of the ribosome is RNA
Proteins 'decorate’ the outer surface
=> The Ribosome is a Ribozyme!

Lecture 10 Biochemistry 2000 Slide 10
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(4) As the ribosome
moves along the
mRNA, a new amino

'_ ] acid forms a peplide (3) Incoming tRNA
= hond o the growing rogen honds
; . protein chain :-:_fd #

complementary
mBENA sequence

(5)tRNA reenters icodon)

the cytoplasmic
pood of free
IRNA, ready to
he recharged
with a new aming
acid

Portion of
mBENA
already

Lecture 10 Biochemistry 2000
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Start codon
in P site

Is of Bioch

Figure 26-26 Fund
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Start codon on mRNA is usually AUG (Met)
Requires initiation factors (IF1, IF2 & IF3)

In bacteria further defined by:

Slide 12
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3 AUUCCUCCACUAG 5

of Biochemistry, 2/e

3’ end of 16S rRNA
ndamentals

© 2006 John Wiley & Sons
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Elongation cycle

(a7 o

1. Elongation factor Tu (EF-Tu)
delivers aminoacyl-tRNA to the

+ [ eop.
A-site EF-Tu I. r?
2. Peptide bond is formed
. ] aa-tRNA 1 Aa-tRNA
between growing peptide

binding

EF-Ts

Pi

chain and new amino acid 2 Peptide
Bond
LLRERLLLL Formation

3. Elongation factor G (EF-G) P A

catalyzes movement of the 3 ;I:s:tslon
ribosome along mMRNA o
(translocation) A., + q

[J Cycle can resume

<=

S

EF-G

Lecture 10 Biochemistry 2000 Slide 13
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@ Elongation factor Tu
R

EF-Ts | GTP

Nascent M

polypeptide EF-Tu+GTP | [EF-Tu+EF-Ts|

'fN\et Aminoacyl—tRNA\( KGDP ’fMe't
E

F-Ts

(. Peptidyl-tRNA  Aminoacyl-tRNA e EF-Tu+*GDP
| / EF-Tu+*GTP P;

5’IIIIIIIIIIIIIlIIIIII!II3' sfjlllliilllllIIIIIIIIIIJ_I_I3’

mRNA

&, Aminoacyl-
tRNA

Decoding

Empty 1
P site——

EF-Tu as a G protein switch:

* EF-Tu-GTP binds aminoacyl-tRNA and brings it to the ribosome
 correct codon recognition triggers GTP hydrolysis by EF-Tu
 EF-Tu-GDP is recycled to EF-Tu-GTP by elongation factor Ts (EF-Ts)

Lecture 10 Biochemistry 2000 Slide 14
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@ Peptide Bond Formation
)~ ﬂ
P site A site P site A site
1. Amino group of aminoacyl- :
tRNA (A site) attacks ester n:vu
bond between growing . il o
peptide chain and P-site tRNA LH e
NH
Rn—1_(l:|'| Rn—ClH
2. Peptide chain is transferred o ’ o
from P-site tRNA and to A-site +H HLo +H
tRNA (forms peptide bond) Rn—f*/“nn—‘f“ e
o=C o=C 0=cC
. 4 e T
_Cata.lyzed by ribosomal RNA, e o e e
1.e. rlbOZyme Peptidyl-tRNA Aminoacyl-tRNA Uncharged tRNA Peptidyl-tRNA

g "
© 2006 John Wiley & Sons

L] new peptidyl-tRNA is in A site
L] deacylated (uncharged) tRNA in P site
Lecture 10 Biochemistry 2000 Slide 15
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Translocation

Elongation factor G (EF-G) catalyzes
Simultaneous movement of:

« deacylated tRNA from P to E site (then
dissociates from ribosome)

* peptidyl-tRNA from A to P site

* mMRNA bound to the tRNAs

EF-G also hydrolyzes GTP
L] peptidyl-tRNA in the P site
L] empty A site presenting next codon

Lecture 10 Biochemistry 2000

Esite Psite A site

(o]

Y2
A

Deacylated
tRNAfMet

Dipeptidyl-

translocation /@

GTP
Esite Psite  Asite \‘@*‘ GDP + P;
y

Incoming
aminoacyl-tRNA,

Direction of
ribosome movement

Slide 16
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Translation Termination

End of peptide chain indicated by stop
codon in the A site

Requires release factors (RF1, RF2, RF3,
RRF) and EF-G

Polypeptide /"™ H20 —

# <02 - RF1/RF2 bind stop codon
e - RF3 catalyzes RF1/RF2 removal
RE-1 + p; —3

Ribosome Recycling:
_ RRF/EF-G catalyzes removal of tRNA
e , and mRNA

GoP RF3 and EF-G are GTPases

508 subunit

308 subunit

Inactive 70S ribosome

Lecture 10 Biochemistry 2000 Slide 17
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