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I Initiation

A. General

Initiation must:
lead to the formation of the ternary complex: ribosome *tRNAiMetemRNA

Elongation
It is a cyclic repetition of several steps:
- Fixation of aa-tRNA
- Transpeptidation
- Translocation
The Termination
A The ribosome is not sufficient on its own to ensure this cyclic incorporation of the
aaq, it needs accessory prot called translation factors which are of 3 types

e Initiation factors (IF)
* Elongation factors (EF) that are of 2 types: those that allow the binding
of aa-tRNA in the A site and those that allow franslocation

& There are no factors for transpeptidation

e Release factors (RF)
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A. General
Aa-tRNA binding sites in the ribosome

* A-site = Aminoacyl-tRNA site
 P-site = Peptidyl-tRNA site
* E-site = Exit site
/\ There is a 4th site which is the entry site of the aa-tRNA

B. Initiation in Prokaryotes
1. General mechanism according to Gualerzi and description of the components
involved
a. Initiation factors

e Gualerziis an Italian researcher who works on understanding the
different ribosomal stages of protein synthesis and more specifically on
initiation

* In bacteria there are 3 initiation factors:

IF3 = 20.7 kDa whose gene (infC) is part of an operon. This
protein is well characterized, its function and structure are
known.
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B. Initiation in Prokaryotes

IF2 = encoded by the infB gene which can give 2
translation products:
- From the AUG initiation codon to the STOP which allows
the IF2a = 97.2 kDa protein to be obtained, which binds to
the GITP to give IF2¢GTP and which participates in protein
synthesis by bringing fMet-tRNAMe! to the 30S subunit

- From a 2nd initiation codon, GUG, located inside the
ORF which allows synthesis of a smaller protein [F23 = 79.7
kDa which also binds to the GTP to give IF2¢GTP and
which also participates in protein synthesis by bringing
fMet-tRNAMet to the 30S subunit

/\ The 2 versions of IF2 (a and ) exist in bacteria and are
active for MS but it is not known why there is a long and
short version of IF2

IF1 = 8 kDa prevents access to ribosome A-site for the
fMet-tRNAMe!
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B. Initiation in Prokaryotes

b. mRNA

In bacteria, MRNAs are often polycistronic, i.e. they are the product of the
transcription of an operon that groups genes coding for several Prot

UuG

leader UuG
or 5UTR GUG GUG Trailer
, AUG or
5 —~— AUG 3UTR
Coding UAR OAn 3
UGA UGA
UAG UAG

Schematically, the mRNA consists of: 5'UTR-initiation codon-ORF1-STOP
codon-Intercistonic region-5'UTR-inifiation codon-ORF2-STOP codon-3'UTR
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B. Initiation in Prokaryotes

c. The random-order mechanism of initiation complex formation ~ 70S Initiation
(according to Gualerzi) complex

fMet-tRNAMet

50S
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B. Initiation in Prokaryotes

According to Gualerzi: when the ribosome reaches the end of the
translation of an mRNA, it dissociates and then

* 1st step: fixation of the 3 initiation factors on the small (30S) su of the
ribosome in the crevice where the mRNA will bind

* |[F1 blocks entry of the A-site

 |[F2 brings GTP

* This complex is stable because the 3 IFs have a very strong affinity for the
small su of the ribosome

* As the 2 separated su of the ribo can assemble automatically, it is
necessary to prevent the reassociation of the 2 su before the mRNA
attaches to the small su

-The 1st role of IF3 is to prevent this reassociation which, as long as it is
bound to the small su, prevents the association of the large su = anti-
association

-Its 2nd role is that it is involved in the binding of mMRNA to the small su at
the level of the crevice
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B. Initiation in Prokaryotes
d. The ribosome
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B. Initiation in Prokaryotes

the E. coli ribosome contains three RNA molecules and 52 proteins.

Ribosome Small Subunit Large Subunit
Sedimentation rate 70S 30S 50S
Mass (daltons) 2,520,000 930,000 1,590,000
Major RNAs 16S = 1541 bases 23S = 2904 bases
Minor RNAs 5S = 120 bases
RNA mass 1,664,000 560,000 1,104,000
RNA proportion 66% 60% 70%
Protein number 21 polypeptides appolypeplides
Protein mass 857,000 370,000 487,000
Protein proportion 34% 40% 30%

The small subunit proteins are numbered S1-S21. The large subunit proteins are numbered L1-1.34,
because of some early misassignments.
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B. Initiation in Prokaryotes
According to Gualerzi:

* If the mMRNA binds in the crevice and nothing happens, the complex is not
stable enough and can re-dissociate (A and A')

fMet-tRNAMet
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B. Initiation in Prokaryotes
According to Gualerzi:

e. The 30S-fMet-tRNAiMet interaction

* The initiator tRNA in bacteria is a tRNAMet carrying the CAU @codon and
carrying in 3' a Met to which a formyl (CHO) group (fMet-tRNAMe) is
attached, it binds to the P-site of the 30S su and the 70S ribosome by
codon-@codon interaction.

L8]

H—C H
NH, N
H—C—COOH H—C—COO0H
(CHa)a {CHz)a
CH CHy

Rethionine M-Formylmethionine
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B. Initiation in Prokaryotes
According to Gualerzi:

* The molecule allowing the binding of mMRNA and fMet-tRNAMe! is [F2-GTP, but
the 30S initiation complex is not very stable and can re-dissociate (B and B')

fMet-tRNAMet

MRNA
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B. Initiation in Prokaryotes
IF2-GTP Fitting and map interpretation of the 30SIC.

The map and the derived molecular model of the
30SIC disclosing the positions and interactions of
IF1, IF2 and fMet-tRNA™et on the 30S subunit are
shown. For map interpretation and domain
assignments, the crystal structure of the 30S/IF1
complexti, of the tRNA° and the IF2 homology
model*2 derived from the alF5B crystal structure!?,
have been fitted in the cryo-EM map of set 1. a, A
stereo representation of the structure of the 30S—
MRNA-fMet-tRNAMe—|F1—-|F2—-GTP complex and
assignment of the components (global view from
subunit interface). The density parts corresponding
to fMet-tRNA™et |F1 and IF2 are coloured in red,
blue and green, respectively. b, View of the IF2—
fMet-tRNA™et sub-complex (view rotated to the left
compared to a). Domain assignment of IF2 and
analysis of its interaction with the fMet-tRNAMet js
shown. The tRNA decoding stem is bent towards the
fMet-tRNA fMet-tRNAMet MRNA (the anti-codon is shown in green; the
residual density next to it corresponds to the AUG
start codon shown in dark green). Notably, the 3’
CCA end of the tRNA (insert, view from 50S side) is
kinked towards IF2 domain IV (C2) compared to a
classical tRNA (in yellow), as seen from differential
A SimongiotéinlRINA ehzity contalring tevels (ShewrPiAginr 07192

and orange).

CCA end



https://www.nature.com/articles/nature07192#ref-CR11
https://www.nature.com/articles/nature07192#ref-CR10
https://www.nature.com/articles/nature07192#ref-CR13
https://www.nature.com/articles/nature07192#ref-CR12
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B. Initiation in Prokaryotes

IF2 & GTP Hydrolysis .
70S Initiation

b complex

E P A
IF2 GDP 70S Pix 305 Initiation

complex
This step is the rate-limiting step of initiation and
requires energy which is provided by the E P A
hydrolysis of GTP — GDP + Pi. This energy allows e e
a change in the conformation of the 30S su +

Then initiation factors lose their binding affinity to the su 30S and this
iswhy IF1, -2-GDP and 3 dissociate from the su 30S. As IF3 (anfi-
associant) has dissociated, the su 50S can bind to the su 30S to form
the 70S ribosome

50S
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B. Initiation in Prokaryotes

e There is a controversy regarding Gualerzi's theory: IF2 does not bind itself to
the su 30S but first interacts with the fMet-tRNAMe! to bring it to the ribosome

fMet-tRNAMet
40 M1

IF2 ‘ ﬁ‘ IF2- fMet-tRNAMet

40s™
30S*
200 uM's71| |1 s

30S*:IF2

fMet-tRNA™Me!
5uM-'s™'] (1.5 Fig 5| The pathway of IF2 - GTP and fMet-tRNA™¢t binding to the 308*
’ complex. The main pathway is shown vertically. The formation of the
’ 30S*- IF2 - fMet-tRNAMet | ternary complex IF2 - GTP - fMet-tRNA™et, which is probably an
insignificant side reaction under normal conditions, might take place
. under conditions of 30S subunit shortage, perhaps acting as a storage
0.004 s complex. IC, initiation complex; IF, initiation factor.
30SIC
70S IC

EMBO Rep 2010 Mar 12;11(4):312-316. doi: 10.1038/embor.2010.12
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B. Initiation in Prokaryotes

2. Shine and Dalgarno Sequence

Discovery of the sequence by

the Toeprint technique. The

protected sequence includes the
inifiation codon as well as a

purine-rich sequence
5’AGGAGGU 3’

EcalitrpA BIAGCACGEAGGGGAAAUCUG
E. coli ara B UUUGCGAUGGAGUGAAACG
E. colilac 1 CAAUUCAGEBOUGCUGCAATU
¢X 174 phage A protein AAUVCUDUGGAGGCUDUUUUDLU
A phage cro AUTGUACTAAGGAGG TUGTU

Shine-Dalgarno sequence;
pairs with 165 rENA

(a)

70S Initiation
complex

Nuclases

N\,

ATl GGAACGOCTUA(
ATG GCCOAUTUGCA
O T4 AAACCAGTTA
AUG GUUCGUUCU
ATG GAACAACGCC

Imitiation codon;
pairs with fMet-tRNAMe

(D S .
Protected fragment =
Toeprint
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B. Initiation in Prokaryotes

2. Shine and Dalgarno Sequence

Small subunit
rRNA

3

(Classical anti-SD motif) ccucc

| |1
(SDsequence) GGAG

5 /
o mRNA

By studying all the mRNAs that could be recognized by the prokaryotic
ribosome, we observe that all of them present this sequence rich in purines from
3 to 10 Nt upstream of the AUG. The consensus sequence is AGGAGGU = SD
sequence that binds a pyrimidine-riche sequence called the @SD sequence (5’
CCUCC 3’) located at 3’-end of 16S rRNA.
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B. Initiation in Prokaryotes

2. Shine and Dalgarno Sequence

Fourier Difference Maps of mRNAs (A) 7 A Fourier
difference map of MK27 mRNA with the mRNA model
(yellow) docked, showing the position of the Shine-
Dalgarno (S/D) helix (magenta) and the positions of
the A- and P-site codons (orange and red,
respectively), viewed from the top of the 30S
ribosomal subunit. (B) Difference map of the MF36
MRNA, showing a four-base-pair tefraloop helix (A-site
helix) fitted to the extra density at the A site. (C) Same
as for (B), except that the A-tRNA anticodon stem-
loop (green) is shown in the position observed
experimentally in the A-IRNA difference map
(Yusupov et al., 2001), in place of the A-site mMRNA
helix. The five-nucleotide (GGAGG/CCUCC) core of
the Shine-Dalgarno interaction is shown in magenta,
and the rest of the 16S rRNA tail in cyan
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B. Initiation in Prokaryotes

2. Shine and Dalgarno Sequence

Path of mMRNA through the 30S Ribosomal Subunit (A) Inferface and (B) solvent
views of the mRNA in the 30S ribosomal subunit. A, P; the A- and P-site codons.
5, 3 the 5' and 3' correspond to positions =15 and +15 of the mRNA model.
The head, platform, shoulder, and body of the subunit, and ribosomal proteins
S2, 53, 54,85,57,S11, S12, and S18 are indicated. The ribosomal proteins are
shown in dark blue, 16S rRNA in cyan and the mRNA is colored as in previous

figure.
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B. Initiation in Prokaryotes

2. Shine and Dalgarno Sequence

* In an mMRNA with 3 coding regions, each coding region must be
preceded by an SD

The genes of the tRNA-dependent amidotransferase of B. subtilis

TTGCTTTAAAGGGCTTGTTTTTGA TATGATCAGTATTATATGACTTAACGGAGAAATATGT
- 10

+1

FiG. 2. Glu-AdT gene arrangement. The genomic organization of the Glu-AdT operon is shown. This includes —35 and —10 regions of the
putative promoter, the Shine-Dalgarno (SD) sequence, and the putative transcription start +1.

* SD allows the interaction between the 3' part of the rRNA (@SD) and the
SD sequence thanks to IF3 which, through its interaction with the su 30S,
makes the @SD region of the rRNA accessible
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B. Initiation in Prokaryotes

2. Shine and Dalgarno Sequence

fMet-tRNAMet

* As this SDe@SD interaction is made of 5 to 6 bps, it is not very stable and
allows the re-dissociation of the complex if nothing happens (see steps A
and A' of the Gualerzi mechanism)
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B. Initiation in Prokaryotes
3. Fate of Formyl-Methionine

* Since there is only one Met codon (AUG), this codon can be used as
both an initiation codon and an elongation codon, — they must be
distinguishable

- Initiator AUG «— fMet-tRNA Met
- Elongateur AUG «— Met-tRNA_Met

* The 2 tRNAMets gre aminoacylated by a single enzyme: methionyl-fRNA
synthetase (MefRS) which does not differentiate between IRNA_Me" and
tTRNAMe!

M92+
Activation Met + ATP + MetRS 4——)" MetRS®Met~AMP + PPi

Transfer MetRSeMet~AMP + ARNt ——2 MetRS + Met-ARNt + AMP
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B. Initiation in Prokaryotes
3. tRNAMet & fMet

* The 2 IRNAs are aminoacylated in the same way but the tRNAMe" has
structural features that the tRNAMet does not have and which make it the
substrate of an enzyme (Ez) formylase which adds a formyl gp to the Met's

NH, gp. thus releasing the fMet-tRNAMe!

C(N3,N4)-A(Ng,N7)

| ) ¥ ' 5
X by Q < \ - r A
e
' . IF2
7
A, rmylase

inversipn
24

ERNA

tRNA
HHhil:l'l'!ﬂ-‘lﬂNA'
(Met-1RNA,)

ERINA;

Farmmylmethionyl-tRMA
(fMlet-tRMNAL)
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B. Initiation in Prokaryotes
3. tRNAMet & fMet

* The 2 IRNAs are aminoacylated in the same way but the tRNAMe" has
structural features that the tRNAMet does not have and which make it the
substrate of an enzyme (Ez) formylase which adds a formyl gp to the Met's
NH, gp. thus releasing the fMet-tRNAMe!
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B. Initiation in Prokaryotes
3. tRNAMet & fMet

* The 2 IRNAs are aminoacylated in the same way but the tRNAMe" has
structural features that the tRNAMet does not have and which make it the
substrate of an enzyme (Ez) formylase which adds a formyl gp to the Met's
NH, gp. thus releasing the fMet-tRNAMe!

Acceptor arm

Free tRNAPhe (green), EF-Tu bound tRNAPhe (blue) and GInRS D-Arm
bound tRNAGIn (pink) were superimposed to tRNAfMet (yellow) o i f
complexed to the formylase (gray). Superimposition was based on Met
the fitting of the phosphate atoms of tRNAs, excluding those of the
acceptor arms. The Calpha trace of the enzyme and the phosphate
backbone traces of tRNAs were drawn using Setor (Evans, 1993).

Comparison of various tRNAs with the formylase-bound tRNAfMet.
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B. Initiation in Prokaryotes
3. tRNAMet & fMet

* Once the fMet-tRNAMet is formed, it binds to IF2-GTP attached to the 30S su,
and IF2 specifically recognizes only the fMet-tRNAMet and not the Met-tRNA_Met

Here again the complex is not stable enough to
avoid re-dissociation. To avoid this, there must
be codon*@codon interaction
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Hussain et al., 2016, Cell 167, 133-144
oo . . September 22, 2016 © 2016 The Author(s). Published by Elsevier Inc. Ce“
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This is done thanks to IF3 correctly
orienting the tRNAIMet with
respect to the mRNA. IF3
recognizes the @codon arm of
the tRNAiMet at a very rigid
region of 3 pdb G=C. IF3 binds to
the RNAtiMet and brings the
tRNAIMet into a good position for
codone interaction@codon
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B. Initiation in Prokaryotes
4. IF3

PIC-IlI
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B. Initiation in Prokaryotes
4. IF3

PIC-1A
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B. Initiation in Prokaryotes

In summary: the tRNAMet js "substrate” of 4 proteins and ........of the

ribosome
A

Interactions with MetRS Interactions with MTF Interactions with IF2 Interactions with IF3

Anticodon Al11:U24 G29:C41 G29:C41

AT73 Cl1, A72,A73 G30:C40 G30:C40
¢ G2:C71 G2:C71 G12,C13, G31:C39
:’3 C3:G70 C3:G70 Cs51, G52
.\ G4:C69 67-76
Met

B

Interactions with the 70S ribosome

3,12, 13,25,
26, 28,30,
34, 35, 38,
40, 41,56,
57,74-76
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Formation of the 308 initiation complex

IF3
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B. Initiation in Prokaryotes

70S Initiation
complex

Once the complex is formed there is a
conformational change induced by the
hydrolysis of the GTP—GDP+Pi, this movement in
the 30S su triggers release of IF1, -2-GDP and -3
and then allows the 508 su to bind and to form
the 708 initiation complex

0d

30S Initiation e
complex @

50S



I. Initiation
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Formation of the 708 initiation complex



