Chapter 10:
The Structure and Function of DNA

covers
DNA replication
DNA transcription
MRNA translation

Chapter 11 covers
the regulation of gene expression

In 2005, almost 5 million
people worldwide were
newly infected with HIV.

The loss of a single
nucleotide from a 1,000-
nucleotide gene can completely

destroy the gene's function,

. Although lifelike, viruses are
=*% not considered alive.

-

Because all organisms use
the same genetic code,
scientists can make a plant

glow like a firefly.
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Gene expression
in an eukaryotic cell:

Nuclear
envelope

Eukaryotic cells are cells

i Transcription
with a nucleus. i ript

Translation takes place in the cytosol.

cytosol + organites = cytoplasme



RNA p ing: The RNA p
is spliced and modified to produce
mRNA, which moves to the cytoplasm.

~Amino acid

Amino acid attachment: The tRNA
molecules pick up their amino acids.

Translation by ribosomes
ocures in 3 steps :

)

Ribosomal
subunits

Polypeptide

[ ] initi i Initiation of translation: The first
In It 1a t lon tRNA combines with the mRNA
and ribosomal subunits to start

polypeptide synthesis.

[o

e elongation

Stop codon

e termination

. . e Termination: A stop codon signals
@ Elongation: The polypeptide elongates release of the completed polypeptide
as amino acids are added. and separation of ribosomal subunits.

Attaching an amino acid to
the appropriate tRNA
requires energy.



Genetic code

AGA UUA
AGG UUG
GCA CGA GGA CUA
GCC CGC GGC AUA CUC
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC cuG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU Cuu
Ala Arg Asp Asn Cys Glu GIn Gly His lle Leu
A R D N C E Q G H | L
AGC
AGU
CCA UCA ACA GUA
CCC UuCC AcCC GUC UAA
AAA UUC CCG UCG ACG UAC GUG UAG
AAG AUG UUU CCU UCU ACU UGG UAU GuUuU UGA
Lys Met Phe Pro Ser Thr Trp Tyr Val stop
K M F P S T w Y Vv

Note interesting facts :

¢ 61 sense codons + 3 STOP codons

e Tryptophan is encoded
by only 1 codon

e arginine, leucine and serine are
encoded by 6 codons

® synonymous codons :
codons for the same amino acids



TRANSLATION of
a messenger RNA

growing

polypeptide

ribosome

Scanning electron microscope ,
.J Synthése de protéines (MET, image colorisée).
On distingue les ribosomes en bleu, 'ARN messager en rose
et les protéines synthétisées en vert.



Translation

Complete protein

Secondary structure
begins to form

~ Growing protein
Large subunit

of ribosome

— @
3 1 \
mRNA \ Ribosome

. subunits

Ribosomes move along mRNA
released

Small subunit
of ribosome

1. initiation 2. elongation 3. termination



Ribosomes: made of rRNA and proteins

o0 RNA 000
.o..o.i.. S :'o'::
®o%ee"® 0°e0 0.
eo%e0le RNA 00 +"’_,:__—_:_>> RNA
0 0g0% 0 T T
®eece’ RNA 0o °°
~49 proteins + 3 RNA moleculles —-133 proteins + 1 RNA molecul:a
L) _ )
large subunit small subunit
MW MW = 1,400,000
Eukaryotic ribosome = 2'300'00\‘: /
(prokaryotic ribosomes o
are similar but different large subunt ~82 proteins +
. small subunit 4 RNA molecules
enough to be specifically
complete ribosome

inhibited by antibiotics) MW = 4,200,000



Eukaryotic ribosome

P-site  A-site

| / _- large ribosomal subunit
EPA

u— small ribosomal subunit

mRNA-binding site
(D)

3 binding sites

for tRNA

e A-site (amino acyl)
e P-site (polypeptide)
e E-site (exit)



depicting
Mona Lisa

depicting
translation

(@2y)
Round 1(a)
E
7 GTP

actual structure

Textbook drawing



tRNA (transfer RNA): carrier of amino acids

Secondary | aurached amino Tertiary
structure | acid (Phe) structure
base pairing c N\A TR
CFK
{5 anticodon & = (
. ..'OOp @ @ .‘-i{'.
anticodon a clover leaf
(A) (B) (C)
Primary : '
tructure 5 GCGGAUUUAGCUCABDBGGEAGAGCGCCAGABIGRAYARCUGGAGGUCCUGUGTYCGAUCCACAGAAUUCGCABEE 3
S

(D) anticodon
There are unusual bases: y , D, |



Amino acid (7 AminoacybRNA Attaching a specific amino acid
synthetase
to a tARN

Energy e Only 1 enzyme
PyroﬁPHSthate .
ATP > AMP+PEAPL for a 2-step reaction

Phosphate @ l

The accuracy of translation depends mainly on these enzymes.
There are 20 enzymes, one for each amino acid.

Aminoacyl tRNA |Q
(an “activated”

amino acid) <)




Initiation of translation
(in eukaryotes)

—> determines the reading-frame

1. small subunit + initiator tRNA
(with Met)
-> bind to cap

2. "scan" for first AUG
= Met

3. large subunit joins

initiator tRNA

.2 small ribosomal subunit with translation
initiation factors bound (not shown)

mRNA BINDING
mRNA 3

RNA cap INITIATOR tRNA MOVES ALONG RNA

3 SEARCHING FOR FIRST AUG
5! 3'

INITIATION FACTORS =

DISSOCIATE [
SL 3'

— f) AMINOACYL-tRNA BINDS (step 1)

S'i 3'

l FIRST PEPTIDE BOND FORMS (step 2)

|

etc.

LARGE RIBOSOMAL SUBUNIT BINDS




Met
Large ribosomal
subunit

Initiator tRNA
mRNA

A site

Small ribosomal
subunit

Figure 10.18 The initiation of translation



Amino acid
Polypeptide

Anticodon

A site

o Codon recognition

Elongation

Stop codon € Peptide bond formation

New peptide

Figure 10.19
The elongation of a polypeptide. »

e Translocation



How do ribosomes and tRNA add amino acids during translation?

Translation : elongation
growing polypeptide chain

incoming




One elongation cycle :

2 steps Nascent polypeptide
P 508 o
tRNAs
/mRNA
~. "*494, P e
EF-G — & 6eo 9 aa-tRNA
R S,
P 30S S,
9 K
g %
i 2
(EIP] (EIPIA]
&

peptide bond for™




Elongation : tRNAs arrive bound to EF-Tu

Figure 6-67 (part 1 of 7) Molecular Biology of the Cell (© Garland Science 2008)



This amino acid is kept
//away from the growing

polypeptide

The codon-anticodon pairing
is checked

Figure 6-67 (part 2 of 7) Molecular Biology of the Cell (© Garland Science 2008)



incorrectly base-
paired tRNAs rejection

preferentially
PROOFREADING dissociate

adwmission

GTP > GDP +P;

EF-Tu leaves and goes
grab another amino acid

Figure 6-67 (part 3 of 7) Molecular Biology of the Cell (© Garland Science 2008)



When a tRNA arrives
in the A site

Two possible decisions :  accommodation 1 _—
acceptation rejection

correct base S incorrect base

pairing pairing



Note the position of the in-coming tRNA

Low FRET Mid-FRET High FRET
Codon recognition GTPase activation Full accommodation/

GTP = GDP + P. peptide bond formation
1. codon/anticodon L

is checked

Marshall et al. Annu. Rev. Biochem. 2008.77:177-203.



One elongation cycle :
3 steps

2. Formation of a peptide bound

What about the energy ?

Is the reaction
exergonic
or
endergonic ? i

(EIPLA) (EIPIA]

P, (\00
eptide pond for™®



One elongation cycle :

2 steps Nascent polypeptide
P 50S o
tRNAs
/mRNA
EF.G — ;&o*\ (EIPIA]
P 30S
O
EF = Elongation Factor 5’
~ 3. mMARN is pushed by 3 bases

EF-G is a motor



Translocation :
the model where the large subunit moves forward followed by movement of the small subunit is outdated.

growing polypeptide chain

incoming

Movement forward of the large subunit

In reality mRNA is pushed by EF-G A

3!
—~— Movement forward of the small subunit to
realign with the large subunit



Termination of translation

when ribosome reaches a stop-codon:
1. no complementary tRNA

2. release factors bind at A-site

3. detach and release polypeptide

H,
E A

ACC
5 UGGLUAG

H

E

ues
3

L —

BINDING OF
RELEASE
FACTOR

TO THE
A-SITE

ACC
: UGGUAGEBAUCG
5 3

Hy () et
COOH
pe—

TERMINATION

NH;

\— _/
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A '%R

'AUGAACUGGUAGCGAUCG ,
w

Ribosome deassembles



Eukaryotic messengers are monocistronic.

If you engineer a bicistronic messenger only the upstream cistron is translated.

AUG coding STOP coding  noncoding
5 | sequence | sequence sequence .
% gGGQG.___________________________________ o

5 ca A
P protein

Now you should understand why only the first cistron is translated




Many ribosomes on a single mRNA

' Polypeptide
chain

messenger RNA
{mRNA)

growing
polypeptide |
chain

(A)




