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Three events must occur for
ranslation to be successfully initiatec

mRNA

« The ribosome must be
recruited to the mRNA;

» A charged tRNA must be
~ placed into the P site of
the ribosome:

« The ribosome must be
precisely positioned over the
start codon (This is critical).
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A specialized t1RNA (initiator tRNA) charged
with a modified methionine (f-Met) binds
directly to the prokaryotic small subunit

CH, CH;
S S
CH, CH,
H CH, O H CH,
H P!l C —COOH H (|3| PL C —COOH
H H
methionine N-formyl methionine (fMet)

N- ¥ BL ¥ B 2 BR

Copyright ® 2004 Pearson Education, Inc., publishing as Benjamin Cummings



A special initiator TRNA starts the
polypep'l'lde chain

Initiator tRNA has distinct features

Formylated
amino acid

No base pairing

C UM
C o0
GCU

' 3 G-C base pairs

Jormy!
?\fﬂet
A
5
C
{;ﬁ Needed for
Ge C formylation
CeG
3
[ ]

Ge ¢cegec &y
8 LUGGE A
5 CU T‘U 5
C G

Gue A AG
Ce G
8: 8 Needed to
Ge G enter P site
§
Ca U
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30S subunits initiate; ribosomes elongate

Only fMet-tRNAs enters
partial P site on 30S

IF-2 :
s subunit bound to MRNA

fl

G
e

Only a.o-tRNA enters
A site on complete

EF-Tu —w ribosome

fwlet
EUG NN
1"‘»# o, 09
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A model of initiation factor binding to
the 30S ribosomal subunit
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M1 FRtRNA S /NI LE &
o IF3G5E T /NI I
HE5RIVHELEE, XNHH
TEI R REE,

initiator |
fMet tIRNA 7
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The 16S rRNA interacts with the ribosome
binding site to position the AUG in the P site

ribosome 16S start 30S
binding site rRNA codon subunit
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14-23
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The 5' end of eukaryotic mRNA is capped

Kozak sequence
5NNENNNAUGGNNJ

start stop
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mRMNA has two features recognized by ribosomes

Porengl? GCCRCCAUGG

Methylated cap  Ribosome-binding site

1 Small subunit binds to methylated cap

- e

Z Small subunit migrates to binding site

Gy

e p GCCEIPCAUGE

3 If leader is long, subunits may form queue

e > = GC&AUSG
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Translation initiation factors hold
eukaryotic mRNAs in circles

\ /}

poly-A binding
protein

Y\t

Hﬁ—r—m stop (AGU)
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v @ 1). JEZEAA-tRNAY

growing polypeptide chain

‘ incoming
S aminoacyl-
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TEF-Tu = fit 5 fMet-tRNA L7} 1) H
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2 BRBE E AR R

2 —— 46 & L

polypeptide chain
H ]

Protein is synthesized in a
N- to C- terminal
direction

Peptide bonds are
formed by transfer of
the growing peptide chain
from peptidyl-tRNA to
aminoacyl-tRNA.
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Overview of the events of translation
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Differences between bacteria and eukaryotes

Bacteria
Ribosome: 30S+50S -> 70S

Few initiation factors:

— IF-1(elF1A), IF-2(elF5B), IF-
3(?)

Elongation factors

— EF1A (EF-Tu), EF1B (EF-Ts),
EF2 (EF-G)

Release factors

— RF-1, RF2, RF3

MRNA is not capped

Direct binding of 30S particle

next to initiation codon (AUG)

at Shine-Dalgarno sequence,
5'-AGGAGGU-3’

Translation coupled to
transcription

Eukaryotes

Ribosome: 40S+60S-> 80S
Many initiation factors

— elF1, elF1A, elF2, elF2B, elF3,
elF4A, elF4B, elF4E, elF4F,
elF4G, elF4H, elF5, elF5B, elF6

Elongation factors
— eEF1, eEF2
Release factors
— eRF1, eRF3

Most mRNA is capped at 5’ end and
polyadenylated at 3’ end

40S particle is recruited to 5’ cap
structure or poly(A) tail or an
internal ribosome entry site (IRES)

Translation is always (?) in
cytoplasm apart from transcription
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B2 1t (Phosphorylation)

+E B PR 1 AL
KA E R R B IR
HAERR I I

),

PKs (protein kinases) and PPs (protein
phosphatases) mediate phosphorylation and
dephosphorylation of proteins respectively.
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(molecular chaperone)
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Exposed hydrophobic regions interact
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Chaperonins fold their substrates internally

Protein is inserted Protein emerges
into closed chamber  after folding
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Nuclear pores are used for import and export

Direction  substrate Fassages
faresdmin
Impaort HIstones 100

Wonhistone proteins 100
=ibosomal proteins 130

Export Ribhosomal subunits  ~5
M A, 1



Nuclear pores are large symmetrical structures

Nuclear pores appear as annular structures (J4R )\ E X FREE 1)



Transport Substrate  Carmer

receptors carry O

cargo proteins lv
through the pore

Chytosol

A carrier protein
binds to a
substrate, moves
with it through the
nuclear pore, is
released on the
other side, and
must be returned
for reuse.




H %15 577 INES
(nuclear export sequences)

NES: Hi/KMEREZERITEZE AR FLERE £ X I

protein NES consensus

HIV-1 Rev L_PPLERLT-L
PKI LALKLAGLD-1L
lx Ba MVKELQE I R-L
COMMD1 VNQILKTLSEV
HSCARG (272-278) | --EL-TLR-=-L

NES consensus DX, OX DOXD
(=L 1LV, F, M, Xis any amino acid)

CRM1{& %Y. #7CRM1 (chromosome region maintenance-1)i: 5345 &,
M i H . AP A% BE# Leptomycine-B (LMB) #iil].

SHRIKESH SACHDEV, et al., MOLECULARAND CELLULAR B/OLOGY, 1998, 2524-2534.
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Bacteria use both co-translational
and post-translational translocation

Bacteria have two membranes

Inner Penplasmic Outer Secreted
membrane protein membrane protein

protein protein v
: o

ST ol
B
Fost trar*ﬁﬁaliunaln Co-translational
protein transport translocation

M o
CYTOPLASM /

+— Inner membrane
PERIPLASM

- Quter membrane
virlualtext v 'E'-r::'-l D com

Bacterial proteins may be exported either post-
translationally or co-translationally, and may be located
within either membrane or the periplasmic space, or may be
secreted.
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Ubiquitylation

« Ubiquitylation is the covalent attachment of
ubiquitin to the ¢ -amino group of lysines via
isopeptide bonds(F Ik %).

 Polymeric ubiquitin chains usually target proteins
for proteasomal degradation, whereas
monoubiquitylation can control various functions.

A hierarchical cascade connecting an activating
enzyme (E1) with several conjugating enzymes (E2)
and protein ligases (E3) mediates ubiquitin
transfer to a protein.



Enzymes and reactions of the
ubiquitin/proteasome system.

Activation Conjugation Ligation Degradation

i&gﬁ @

El E2 E1 E3 ™ @ 0,

@7—?” Ehﬂ“-_ﬂ._;.. [g@ = ~~ * substrate 5ut:rs rdIE@j v \ f P : " peptides
ATE  AMP+PP substrate E3) E2 @@ ATF ADP+PI Y ox :'

De-ubiquitination

*The E1 catalyzes the formation of a ubiquitin thiol ester in an ATP-
dependent reaction.

*The thiol-linked ubiquitin can then be transferred to an E2 in the
conjugation reaction.

The ligation reaction is promoted by ubiquitin ligases, or E3 proteins.
Ubiquitination may be reversed by de-ubiquitinases (DUBs).



The crystal structures of E3 ligase and the
complex of E3 ligase with its substrate

SCFSkp2-E2E SV 4514 DDB1-CUL4A-ROC1Z = i+ 5 45
Zheng, et al., Nature, 2002, 5HIVEHE S SRR
416:708.) Angers, et al., Nature, 2006, 443:590.



A Diverse Array of Ubiquitin Chain Linkages Can
Lead to Different Outcomes for the Substrate
Protein and Result in Different Cellular Responses

&
Substrate

_|_

Ubigquitin
_|_
Q@ @
E1,E2, E3
Ubiquitin enzymas

Mono

K6, K11, K29

Unanchored K&3
-

Wb, Uk, Uk, Ub
Linear

L}

PP

ARRERRRY

Forked

Trafficking, endocytosis, gena exprassion, DNA repair,

protein interaction

Proteasome degradation? DMNA repair?

Kinase activation, proteasome degradation

Protain interaction

Proteasome degradation

Kinase activation, DN A repair, trafficking, translation

Kinasa activation

Signaling pathway activation

Unknown




TNF-receptor-1
and TLR4-IL-1-
receptor-induced
signaling pathways
towards NF-kB
activation



/NZ R A RIBHYIME
(Sumoylation)

SUMO (small ubiquitin-like modifier) modification is the covalent
attachment of SUMO to lysine residues usually located within or
near the consensus sequence ¥ -K-x-E (where ¥, hydrophobic; x,
any amino acid residue; K, lysine; E, glutamic acid).

Although analogous to ubiquitin in biochemistry, the molecular
role of SUMO conjugation is usually not the induction of protein
degradation.

Sumoylation rather alters protein interactions, protein
localization and transport.

Four different SUMO proteins have been discovered to date
which are referred to as SUMO1-4. A hierarchical cascade
connects the E1 activating enzyme AOS1-UBA2 with the E2
SUMO conjugase Ubc9, which catalyses the transfer of SUMO
to a protein. E3 ligases enhance sumoylation in a more or less
substrate-specific manner.



/NZ B AR RIB TP
(Sumoylation)

Processing Conjugation
Modifier  Carboxy-terminal Mature Activating Conjugating  Ligating Substrate
hydralase enzyme E1  enzyme E2 enzyme E3
ARAR, ATP
Ubiquitin - 0000~ o —-C j — dj—:- c:g—pé)
¥
O UEAT UBCs Many
ATP
SUMO o o _.-Cj — ?
ADSTS
UBAZ

Ubiquitin and SUMO are synthesized as precursors and processed carboxy-
terminally by hydrolases (vertical arrows) and are subsequently conjugated to
proteins involving activating (E1) and conjugating (E2) enzymes that form
thioesters (S) with the modifiers.



Reversible modification of proteins
SUMO and its consequences

Sumaoylation

@D SUMO
4051/ é} == Degradation
IBCS

(:%:} Stabilization

C 5 é___f)

QP SUMOD Complex formation

ubiquitin

De-sumoylation

«Sumoylation either prevents ubiquitylation followed by degradation

or results in the formation of protein complexes.
«Sumoylation requires AOS1/UBA2 and UBC9 enzymes;
de-sumoylation is catalyzed by members of the ULP family.
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Neddylation)
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Neddylation 3 %

Bif, X—dREHERN
Neddylation.

‘Neddylation [)% &ML
Z R, TFEEL. E2.
E3 /S H— R I B [ B

Progress in Biochemistry and Biophysics
2009, 36(9): 1089~1094




Proteins reported to be neddylated
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