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Ribosomal Structural History

» Late 1990s: Crystal structure of 30S and 50S ribosomal subunits
Nobel Prize in 2009 (Yonath, Steitz, Ramakrishnan)

» 2010: Eukaryotic 80S (yeast) ribosome structure elucidated at
atomic resolution 4.1 A (Ben Sham et. al)

» 2011: Eukaryotic (yeast) ribosome structure elucidated at atomic
resolution 3.0 A (Ben Sham et. al)

Limited knowledge about mechanistic details of eukaryotic translation machinery

Combination of biochemical and structural approaches will help to learn more



Eukaryotic vs Prokaryotic Ribosome: one core two shells

Bacteria

(T. thermophilus or E. coli)

2.3 MDa

54 proteins
3 rBRNA

Large subunit (505):
33 proteins
235 rANA—2,904 bases
55 rBRNA—121 bases

Small subunit (30S):
21 proteins
165 rBNA—1,542 bases

The common core

2.0 MDa

34 proteins
3 rRNA

Large subunit:
19 proteins
23S rBNA—2,843 bases
55 rBNA—121 bases

Small subunit:
15 proteins
16S rBNA—1,458 bases

Lower eukaryotes
(S. cerevisiae)

3.3 MDa

79 proteins
4 rBNA

Large subunit (60S):
46 proteins
5.85 rARNA—158 bases
255 rBNA—3,396 bases
55 rANA—121 bases
Small subunit (40S):
33 proteins
185 rRNA—1,800 bases



Role of Ribosomal proteins

» Clear from biochemical studies, ribosomal proteins are
not involved in peptide formation, per se.

What is the role of ribosomal proteins especially
universally conserved?

Eukarya: 78 Archaea: 68
(32;46) (28;40)

BAE: 34}

@
B: 23
(8;15)

Bacféﬁa: 57
(23;34)

Wilson & Nierhaus- Critical Reviews in Biochemistry and Molecular Biology, 2005



Role of Ribosomal proteins

Ribosome biogenesis: S3, S15 etc

Ribosome independent function

Believed to be involved in recruitment of tRNA and translation factors



Universally conserved ribosomal protein uS9 (S16)
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Location of Ribosomal protein uS9 (S16)

40S head il -~ o P
(S.cerevisiae) . >

Ben Sham et al, The Structure of the eukaryotic ribosome at 3.0 A resolution ,2011



Role of uS9 tail in prokaryotic translation

» C-terminal tail of uS9 contacts
anticodon stem loop of P site t-RNA

Hoang et al, Creating ribosomes with an all RNA 30S subunit P site,2004



uS9 C-Terminus Location in Eukaryotic Ribosome

,:Lf

Lomakin annd Steitz ,Rabbit 40S ribosomal subunit in complex with mRNA, initiator tRNA and elF1A., (2013)



Highly Conserved uS9 C-Terminus

Y142 R143

130 140 \\N u//

RS16 Agossyppi TLLTADSERPEPKEFGGRGARARHOKSYR
RS16 Klactis TLLIADSRRPEPKKFGGRGARSREQKSYR
RS16 Scerevisiae TLLIADSRRPEPKKFGGKGARSREQOKSYR
RSle Cglabrata TLLIADARRPEPEKFGGKGARARKOKSYR
RE16 Calbicans TLLVADSERMEPEEFGGRGARARHOKSYR
RSle Spombe TLLVADPERMEPKEFGGHGARARQOKSYR
RS16 Rnorvegicus TLLVADPRRCESKKFGGPGARARYOKSYR
RS1le Mmusculus TLLVADPRRCESKEFGGPGARARYQKSYR
RS16 Hsapiens TLLVADPERCESKEFGGPGARARYOKSYR
RS16é Dmelanogaster TLLVGDPRERCEPEKFGGPGARARYOKSYR
RSlo_CPlegana SLLVADPRRRESKKFGGPGARARYOKSYR
RS9 Tacidophilum TLIVNDVRIKLPEKAGGRGARAKKHOKSYR
RS9 Tpallidum —LLTRDSEMVEREKKYGQRGARRREQFSKR
RSS9 Ethermcphilus —~LLTRDARMVERKKPGLKKARKAYOFSKR
RS9 Ecoli —-FVTRDARQVERKEVGLREKARRRHOFSKR
SRS . o s « B

Objective: 1) To study the significance of uS9 CTT in eukaryotic translation in yeast
v the length of C terminal tail of uS9
v’ positively charged Arginine



uS9 C-terminal mutants

» To study the importance of the C-terminus length:
v/ R143A- deletion of arginine
v" YRAA- double deletion of R143 and Y142
v' R144- Insertion of an extra R at the C-terminal end

> To study the role of arginine in interaction with negatively charged tRNA :
v/ R143G- substitution of arginine by glycine
v/ R143E- substitution of arginine by glutamate

130 140
I I
uS9/S16 PEPKKFGGKGARSRFQKSYYR

uS9/S16-R143G PEPKKFGGKGARSRFQKYYG
uS9/S16-R143An PEPKKFGGKGARSRFQKYY
uS9/S16-YRAA  PEPKKFGGKGARSRFQKS
uS9/S16-R143E PEPKKFGGKGARSRFQKYYE

uS9/5816-R144 PEPKKFGGKGARSRFQKYYRR
\ J

|
uS9 C-terminus




Creating uS9 C-terminal mutants

Mutagenesis

!

RPS16
\'M\n{ pRPS28

]

) URA3

Amp

S16 mutants

Transformed

—

rps16A::HIS3
rps16B::kanMX4

PRPS28-RPS16A
PGAL-RPS16A

rps16A::HIS3
rps16B::kanMX4

pRPS28-RPS16A

e

Glucose repressible
]



Experimental scheme

» To assess the impact of different mutations on translation:
Cell growth
Translation initiation by polysome profiling
Translation factor association by western blot
Mechanism of translation initiation by expression of reporter constructs

Mechanism of translation initiation by using yeast reconstituted translation
initiation system



Slow growth phenotype of uS9 mutants

101 1= 10° 10" 107

wTt

rps16-R143A

QO

rps16-R143G

rps16-R143E

rps16-YRAA



Translation initiation defect in uS9 mutants

» Studied by polysome profiling

A254

[ ]
10%
Ultracentrifugation
Whole cell extract 20,000 rpm, 18hrs
— —
\'4
50%
N/
sucrose
Polyksome

80s [ \

Gradient read on a UV detector

10%

50%

40S

60S
80S

Polysome



A254

A254

Translation initiation defect in uS9 mutants

10-50% Sucrose gradient
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Eukaryotic Translation Initiation
-------- >
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elF2/elF1 association with mutant 40S ’

5
GTP ot GTPE et AUG t// a
recognition
o0 — O o ¥
Ternary complex 40S 40S |
(TC)
‘ N GDP +Pi

e
5%
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Ultracentrifugation 40S  m—
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20,000 rpm, 18hrs 805
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M 40S
40% \ )

Western blot using antibody
against elF2/elF1



elF2 accumulation on 40S of uS9 mutants
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elF1 accumulation on 40S of uS9 mutants

elF1
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Conclusion

> RPS16 C-terminal tail has a definitive role in translation initiation

» Which exact step of initiation is compromised?



GCN4 translation control in yeast

» GCN4 mRNA translation under starvation, repressed under normal
conditions

» GCN4 expression control mediated by translation reinitiation

» Extremely sensitive to the activity of TC

— —C] ——{ GCN4

uORF1 uORF2 uORF3 uORF4



GCNA4 translation control mechanism

TC
Non starvation (?gh level) TC conc is high, ~98% of 40S
J resumes initiation before it crosses
AUG4, thus repressing GCN4
expression

TC conc is low, reinitiating 40S gets
loaded with TC after crossing AUG4
and hence available for GCN4
expression

Hinnebusch, Translation regulation of GCN4 and the general amino acid control, 2005



Translation Reinitiation Is Compromised in uS9 mutants

Non starvation
p180 reporter ~ Transformed , Measure beta-

plasmid T : ‘ gal activity

Starvation (+3AT)

400.00 -
350.00 -
300.00 -
250.00 -
200.00 -
150.00 -
100.00 -
50.00 -

0.00 -

B-galactosidase activity (U)

F-value: < 0.001

-———————q GCN4-lacZ ; p180
1 2 3 4




Eukaryotic Translation Initiation
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uS9 mutants show failure to resume scanning

140 nt

GCN4-lacZ

pM199 reporter
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Defective 43S complex formation in uS9 mutants

135
120 -
105
90 -
75 -
60 -
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30 -
15 4
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Eukaryotic Translation Initiation
-------- >
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uS9 mutants show leaky scanning of AUG codon

1 GCN4-lacZ{ pM226 Transformed (D Measure beta-
1 \ ‘
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AUG and UUG recognition is Compromised in uS9 mutants

— ]~

—

B-galactosidase activity

450.00
400.00
350.00
300.00
250.00
200.00
150.00
100.00
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0.00

AUG recognition
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—)
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UUG recognition

I I
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35.7% 32.1% 25% 12.7% 12.3%



Eukaryotic Translation Initiation
-------- >
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Increased GAP (GTPase activating protein) function of elF5

rescues slow growth phenotype of uS9 mutant

TIF5-G31R

XX \ %-:{ ‘;

s S
CEN
YCplac33
RPS16
TIF5-G31R:

. ) RPS16
Stlmulat.e elF2-GTP = GDP+Pi <TIF5-G31R>
hydrolysis

rps16-YRAA
rps16-YRAA

<TIF5-G31R>

)) Transformed

rps16A::HIS3
rps16B::kanMX4

PRPS28-RPS16A

ron

101 102 103 104




rps16-YRAA
elF1
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Purification of 40S subunits for GTPase assay

40S peak

NN

A 254

Western for

ribosomal protein S5 - .l s



Purification of initiation factors for GTPase assay

» Expresses fusion protein (desired elF+ chitin binding domain)
» The chitin binding domain is a high affinity tag.

elF1 elF1A elF2 elF5
58kD_“_y45kD- fl
17 kD- -
34 KD-e— -y

— B

12 KD- [



Benchtop GTPase assay

Met-RNAMet, elF2, GTP y[32P] 408, elF1, elF1A, elF5, model mRNA
15’
26°C
Ternary complex Ribosomal complex

48S preinitiation complex

|

Quantify GTP hydrolysis

GTP! [2P]




Compromised GTP hydrolysis in uS9 mutants
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Programmed ribosomal frameshift efficiency

reporter plasmid

AUG UAG
| ADH1 5'UTR I-i Renifla |—i  Firefly i—l cYc1 FUTR| Transformed ‘ Measure
el ) luciferase
HIV-1  UAG .
Ty! UGA signal

O-frame Protein NN
F5MTPotein l H M B B E B E RN

» Luciferase reporter plasmids in which frame shift signals (LA, Ty1, Ty3) inserted
between luciferase gene

» Only when ribosomal frame shifting , firefly luciferase will be synthesized

» Hence, high firefly luciferase signal implies more Programmed Ribosomal Frame
shift (PRF) efficiency, more translation infidelity



Reduced programmed ribosomal frameshifting
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+1 PRF
(Ty1)

-1/+1 Programmed ribosomal frameshifting

Ribosome pauses at ‘hungry’ Abundant tRNA Gly©CC occupies

al
AGG codon. P-site tRNA slips Y|EF1A the new codon in the +1 frame
one base in 3’ direction

ﬁ N
D ‘ —_—
GAU

CCA C UUA CA

ﬁ

— AAU
GGG_UUU
Ribosome pauses tRNAs slip one base Pseudoknot melted out,
at mBNA pseudoknot in —1 (5") direction. translocation occurs,
and ‘slippery site’ Re-pair non-wobble bases translation resumes in —1 frame

Harger et al., Integrated model of programmed ribosomal frameshifting, 2002,



Anisomycin resistance of uS9 mutant ribosomes

uS9/S16 uS9/8S16-R143A uS9/S16-YRAA

Zone of inhibition
mm)

RPS16 R143A YRAA



Reduced association of eEF1A to uS9 mutant ribosomes

uS9/516 uS9/S16-YRAA

80S
80S

60S

A254 nm
A254 nm

60S
40S

408

eEF1A 1*-10-_._h - h"

uS7/S5 - —— . L Ll

Fraction # 172 3 456 7 8 9101112 1234 567 8 9 101112



Role of C-terminal tail of uS9 during elongation

» eEF1A mutant (N153T) exhibits enhanced resistance to anisomycin and also
decreased PRF efficiency, also exhibit stimulated intrinsic GTPase activity (Cavallius
and Merrick, 1998, Kinzy et al, 2002).

» Hypothesize uS9 mutants increase GTPase activity and thus accommodation.

» Deletion of Tyrosine (Y) and Arginine (R) residues in the uS9 CTT causes reduced
frameshifting, anisomycin resistance and reduced eEF1A association to 40S.

»uS9 CTT might play a role during GTP hydrolysis during elongation, different than
initiation.



Conclusions

» uS9 C-terminal tail (CTT) is important during translation initiation in eukaryotes
e Recruitment of TC and scanning
* AUG recognition at the P site
* GTP hydrolysis

» uS9 CTT also important during elongation

. Accommodation of amino-acyltRNA at the A site
* Possible role in GTP hydrolysis

» uS9 C-terminus potentially forms different set of contacts with elongator tRNA
vs initiator tRNA
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