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Small subunit

Large subunit

(a) Bacterial ribosomes and free subunits
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(b) Bacterial ribosome
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(c) Eukaryotic ribosome
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mRNA-binding
site
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Interior view
(b) Molecular model of a bacterial ribosome
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Amino acid 3

attachment site OH

tRNAAla

Alanine

These structures are drawn in the
3’ — &’ orientation because tRNA
aligns this way relative to mRNA.

(a) Secondary structure of tRNA, before and after amino acid attachment
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(b) Tertiary structure of tRNA
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In the rest of the
chapter, tRNAs will
be illustrated using
this simplified
structure:

(c) Molecular model of phenylalanine tRNA
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3 & 3 5

Anticodon |

: Wobble
in tRNA position
5’ A 3 5 A G 3

Codon in mRNA

U in the first (5’) anticodon
position can pair with A or G

(a)

Bases Recognized in Codon

(third position only) Base in Anticodon
U A
G C
AorG U
CorU G
UC,orA | (Inosine)

(b)
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Amino acid ’T Is\;?‘ltl;‘:at!:::tRNA

© Amino acid and ATP enter
the active site of the enzyme.

€ AP is joined to the
amino acid, accompanied
by release and breakdown
of pyrophosphate.

ISV NC Calid
® Pyrophosphate
Phosphate

€ AMP is displaced by tRNA,
creating an aminoacyl tRNA. /

@ Aminoacyl tRNA
is released from the
enzyme.
Aminoacyl tRNA
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Untranslated Coding sequence Untranslated
A A A

3'

' v e N
5';.— ¥
Ribosome-binding  Start codon Stop codon
site (Shine-Dalgarno AUG UAG, UAA,
sequence) or UGA
(a) Prokaryotic mRNA
Untranslated Coding sequence Untranslated
s = " A ~ A
5’ [Cap E. @ @ @@ 1 .
I
(b) Eukaryotic mRNA Poly(A) tail
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5
. tRNA carrying
- first amino acid Ribosomal
oS subunits
> >
UAC 5’
Anticodon INITIATION
5 3 GRavasia ELONGATION
— e 0 During initiation, the components
AUG mRNA UAG of the translational apparatus come 3 9 T -
Start codon Stopcodon - together with an mRNA, and a tRNA ¢ SR argbrouéht 5
carrying the first amino acid (AA.) ' the mRNA by tRNAs and
binds to the start codon (AUG). are added, one by one, to a
growing polypeptide chain.

Recycling of
translational
components

Completed

polypeptide factor ’

/ 4" LERMINATION

9 During termination, a stop codon
3 in the mRNA is recognized by a

protein release factor, and the

translational apparatus comes apart,

Sto codon releasing a completed polypeptide.
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o Initiation factors
and GTP bind to the
30S ribosomal subunit.

Ribosome-binding site
mRNA AH'-’U =
Start codon @ Initiator tRNA and

mRNA bind to the
30S ribosomal subunit.

Shine-Dalgarno sequence Translation start site

mRNA

: Ts-5 5’ dadulof

mRNA-binding site

30S initiation complex

e 50S ribosomal subunit
becomes bound to the
30S initiation complex.

70S initiation complex
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Initiation

4
L
Y First Second
e codon codon
AA

Binding of aminoacyl tRNA

@ An aminoacyl tRNA binds
to the A site, escorted by EF-Tu
bound to GTP. During tRNA
binding, the GTP is hydrolyzed

. and EF-Tuis released. EF-Ts

helps recycle the EF-Tu.

e The mRNA advances by three
nucleotides, the peptidyl tRNA moves
from the A site to the P site, and the
empty tRNA moves from the P site

to the E site, accompanied by the
hydrolysis of GTP bound to EF-G.

—~JW WY S Y g

(08 Sesaia

Aminoacyl tRNA
for second codon

Recycling of
EF-Tu with help
of EF-Ts

Peptide bond formation

e A peptide bond is formed between
the carboxyl group of fMet (or, in later
cycles, of the terminal amino acid) at the
P site and the amino group of the newly
arrived amino acid at the A site.

10



Growing polypeptides
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Polypeptide chain still

attached to tRNA tRNA in

P site Release

3'

Stop codon at A site
(UAG, UAA, or UGA)

5

Ribosomal
subunits

mRNA

5I
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o Hsp70 and associated e ATP hydrolysis
Newly forming protein (Hsp40) loosely leads to tight binding
polypeptide bind polypeptide to polypeptide

e Hsp70 acquires new ATP
and detaches; polypeptide
properly folded

COo0™

(a) Folding aided by Hsp70 protein

GroEL <

Chaperonin
(fully assembled)

(b) Hsp60 chaperonin
structure
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Polvmpm

€@ An unfolded or partially @) A GroES subunit attaches to the other ) GroES detaches; another GroES attaches
folded polypeptide enters end, causing GroEL to change shape, to opposite end; correctly folded protein is
the GroEL subunit from creating a hydrophilic environment that

released.
one end.

leads to correct protein folding.

(c) Folding aided by Hsp60
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Base-pair substitutions can create a:

Missense mutation DNA: GAA GTA
CTT CAT

mRNA: GAA —— GUA
Protein: Gy —> @

Nonsense mutation DNA: TTA TAA
AAT ATT

mRNA: UUA ——> UAA

Protein: Ley =——> Stop
Silent mutation DNA: cccC CCA
GGG GGT

mRNA: CCC ——> CCA

Protein: Pro — Pro

Base-pair insertions or deletions can create a:

Frameshift mutation /lnsertion
DNA: ATGAAGTTTGAC > ATGCAAGTTTGAC
TACTTCAAACTG TACGTTCAAACTG

mRNA: AUGAAGUUUGAC —» AUGICAAGUUUGAC

Protein: Met — Lys — Phe — Asp —> Met —M—scop
—

Missense Nonsense

(a) Mutations affecting one base pair

Insertion

Deletion

Duplication

EREEEE ———— ERNEEE

(W] —==" [ []

EEEE S
Translocation ‘“J...-
[  (veciprocal) [ [

DNA of nonhomologous
chromosomes

(b) Mutations affecting long DNA segments
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Preproinsulin

NL | |
Pre- Chain B Pro- Chain A
amino amino
acids acids
o Pre—amino
acids cleaved
Proinsulin
@ Disulfide
linkages between A
and B chains formed
Chain B
9 Pro—amino
acids cleaved
Insulin
s Chain A
S S

Chain B
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Ribosomes initiate translation in the cytosol '

5
i /
subunlg polypepitie

Completed

NH, polypeptide
in cytosol

Remains

in cytosol Or is imported

into an organelle

Via nuclear

N

Peroxisome

-~

27

==
Lysosome Plasma membrane Mitochondrion Chloroplast

Secretory vesicle

(@) COTRANSLATIONAL IMPORT (b) POSTTRANSLATIONAL IMPORT
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CYTOSOL

CYTOSOL

o SRP binds to ER signal e SRP binds to SRP receptor; Q GTP binds to SRP and SRP
sequence and blocks translation. ribosome docks on membrane.

receptor; pore opens as the
polypeptide is inserted.

CYTOSOL

O GTP is hydrolyzed and SRP is e Signal sequence is cleaved by e Completed polypeptide is

released. signal peptidase as polypeptide released into ER lumen, ribosome is
elongates and translocates into ER  released, and translocon pore closes.
lumen.
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(a) Type | protei stop- q and ER signal sequence

© signal sequence targets @) Stop transter sequence © Protein released laterally
il ide to halts I

polypep signal into ER membrane. N terminus
sequence removed. is In ER lumen: C terminus
is in cytosol.
(b) Type Il transmembrane protein: Polypeptide with single start.

© Protein continues © Protoin is released laterally
translocation until the C into ER membrane.

terminus moves

translocon.

in: Multiple s | start- and stop

© Starttranster sequence € Protein continues © Portion of protein is released laterally

starts poly until into ER membrane. Next start-transfer
stop: repoals p 1o initiate
is encountered, a second lransmembrane region.
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CYTOSOL

o Hsp70 (chaperone)
bound to polypeptide.

Sec61
translocator

NHg*

Q Hsp70 molecules detach
as polypeptide passes
through membrane.
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CYTOSOL CYTOSOL

Receptor Receptor

Pore Pore

Outer
membrane
Inner TIC
membrane
MITOCHONDRIAL CHLOROPLAST
MATRIX STROMA

Mitochondrion Chloroplast
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CYTOSOL
coo™

o Hsp70 (chaperone)
binds to polypeptide. . Outer

membrane

© Hsp70 molecules detach
as polypeptide passes
through membranes.
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