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Abstrakt

Syntéza bilkovin, neboli translace mRNA, je komplexni a velmi konzervovany proces. Translace probiha v
n¢kolika na sebe navazujicich fazich: iniciaci, elongaci, terminaci a recyklaci ribozomu. Vzhledem k tomu, Ze
snahou objasnit molekularni mechanismus vsech jejich kontrolnich bodd. Iniciacni faktor eIF3, ktery se v
kvasinkach sklada z péti esencidlnich podjednotek tvoficich jeho jadro (eIF3a/TIF32, b/PRT1, ¢/NIP1, g/TIF35, a
i/TIF34) a jedné pfidruzené neesencialni podjednotky (j/HCRI1), patfi neoddiskutovatelné ke klicovym hra¢tim
iniciace. Kromé této tlohy hraje rovnéz dulezitou roli v recyklaci ribozomu, reiniciaci, signalnich drahach bunééné
signalizace, kontrolnich a regulacnich mechanismech, jakym je kuptikladu degradace mRNA s pfed¢asnym stop
kodonem (nonsense-mediated mMRNA decay - NMD) atp.
faktory vykonavajici svou funkci nejen v iniciaci translace, ale i jeji terminaci a reiniciaci. To zahrnovalo mimo jiné
i genetické mapovani vazebnych mist e[F3 na malou ribozomalni podjednotku.

Ukazali jsme, ze vazba mezi 200-400-tym aminokyselinovym zbytkem N-konce a/elF3 a flexibilnim
chvostem C-konce RPSOA vyznamné stimuluje navazani elF3 a s ni asociovanych faktord na malou ribozomalni
podjednotku in vivo, a tak a/TIF32-NTD, spolu s nedavno publikovanou PCI (proteasome component) doménou C-
konce ¢/NIP1, tvofi dilezity mezimolekularni most mezi eIF3 a 40S. Dale jsme piedvedli, Zze Caste¢na delece
domény vazajici RPSOA v a/TIF32 blokuje znovu zahijeni translace genu GCN4, ktery probihd prostiednictvim
reiniciaci. Geneticka analyza odhalila funkéni vazbu mezi 5°cis-pisobicich sekvenci mRNA genu GCN4 a N-
koncem a/TIF32. Tato interakce se podili na stabilizovani post-terminacnich 40S ribozomalnich podjednotek na
uORF1 (¢tecim ramci v protisméru) mRNA genu GCN4 a obnoveni skenovani.

Dalsi ¢ast mé dizertacni prace odhaluje funkéni charakteristiku dvou esencialnich podjednotek elF3: g/TIF5
and i/TIF34, u kterych bylo dfive in vitro prokazano, Ze jsou postradatelné pro vytvoieni 48S neiniciaénich
komplexut, jedné ze zakladnich roli eIF3. Ukazali jsme, Ze oba proteiny ovliviiuji rychlost a procesivitu skeninku
v zivych buikach. Dale jsme ukazali, ze g/TIF35 se specificky vaze na ribozomalni proteiny RPS3 a RPS20, které
se nalézaji v blizkosti vstupniho kanalu mRNA do ribozomu a jeji RRM (RNA recognition motif) doména hraje roli
Vv reiniciaci jiz zmitiovanym stabilizovani uORF1 post-termina¢nich 40S ribozomi na mRNA genu GCN4, ackoliv
jinym molekularnim mechanismem nez a/TIF32-NTD. Mimo to jsme uvefejnili krystalovou strukturu, v rozliSeni
2.2A°, i/TIF34 podjednotky v komplexu s malou ¢asti C-konce b/PRT1 (654-700-tym zbytkem).

V posledni ¢asti mé dizertaéni prace jsme identifikovali a definovali roli elF3 v procesu rozpoznani stop

kodonu a odhalili jeji aktivni roli v terminaci translace.



Uvod

Syntéza bilkovin neboli translace mRNA je celistvy a konzervovany proces. Translace mtize byt rozdélena
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kvasinkach sklada z péti esencidlnich podjednotek tvoticich jeho jadro (elF3a/TIF32, b/PRTL, c¢/NIP1, g/TIF35, a
i/TIF34) a jedné ptidruzené neesencialni podjednotky (j/HCRI), se aktivné zapojuje v regulaci prvnich téi kroki
(Valasek, Mathew et al. 2003; Szamecz, Rutkai et al. 2008; Cuchalova, Kouba et al. 2010; ElAntak, Wagner et al.
samotnou elF3, ale podporuje ji v tom, zatim neznAmym mechanismem, jeji interakéni partnerem, kterym je protein
ABCE/RLI1 s ATP-vazajici kazetou (Dong, Liu et al. 2004).

Po iniciaci nasleduje elongace, kdy dochazi k ptipojovani aminokyselin ke vznikajicimu polypeptidovému
fetézcei.

Terminace nastava, kdyz ribozom dosédhne konce kodujici oblasti a v ribozomalnim A- misté se objevi stop
kodon (UAA, UAG a UGA). Terminacni proces se sklada z rozpoznani stop-kodonu a hydrolyze esterové vazby
peptid-tRNA v ribozomalnm P-misté, ktera uvoliiuje vznikajici polypeptid (Jackson, Hellen et al. 2012).

Po probéhlé terminaci jsou piitomny post-terminaéni komplexy (post-termination complexes - post-TCs),
které je nutno recyklovat, a které se skladaji z 80S stale vazané k mRNA, tRNA v P-misté a eukaryotickych faktora
1 a 3 (tedy minimalné eRF1). V eukaryotach bylo ukdzano, ze kromé jiz zminénych eRF1 a eRF3 hraje esencialni
roli vrecyklaci ribozomu ABCEL/RLI1 (Pisarev, Hellen et al. 2007; Pisarev, Skabkin et al. 2010). Je tieba
poznamenat, ze molekularni mechanismus, jakym jsou eRF1 a eRF3 uvolnény z posttermina¢nich komplexi je stale
neznamy.

Vedle klasické cesty iniciaci translace existuje fada alternativnich mechanismi iniciace, které jsou
pouzivany zejména viry nebo jsou vyuZity v kontrole translace nékterych gent. Zakladaji se na 5’cis-pusobicich
sekvenci mRNA a vyzaduji rizné faktory. Jednim z takovych mechanismu je reiniciace (reinitiation - REI), ktera
pomaha, na zakladé stimull z okoli, regulovat zvySeni ¢i sniZeni exprese/translace regula¢nich proteind jakymi jsou
transkrip¢ni faktory a protoonkogen.(Kozak 2005). Je to specificky mechanismus kontroly, ktery je charakterizovan

schopnosti post-terminacnich 40S ziistat na mRNA u nékterych uORF (Hinnebusch 2005).



Cile mé prace

.....

nim sdruZené factory svou lohu nejen v iniciaci translace, ale i terminaci a recyklaci ribozomu:

1. Snazili jsme se najit odpovéd na dlouho polozenou otdzku a to jakym mechanismem je zajiSténa vysoce

efektivni reiniciace po precteni regula¢niho cteciho rimce uORF1 na mRNA genu GCN4.

2. Zaméfili jsme se na charakterizaci dvou nejmensich podjednotek elF3, kterymi jsou g/TIF35 a i/TIF34, se

snahou objasnit jejich funkci, ktera byla doposud nezndma, ptestoze jsou ob¢ tyto podjednotky esencialni.

3. Dalsim nasim cilem bylo pochopit a popsat Glohu, kterou hraje elF3 v terminaci.

Material a metodika

Experimenty byly provedeny na modelu puéicich kvasinek Saccharomyces cerevisiae.

Seznam metod

Analyza polyzomového profilu

komplexi

B-galactozidazova analyza
Glutathion S-transferaza (GST) vazebna analyza
Western blot analyza

mRNA vazebna analyza

Ni?* chelatacni chromatografie
NMR spektroskopie

40S-vazebna analyza

Ptiprava protilatek

Read-through analyza

Analyza polyzomovych gradientt

Koimunoprecipitace a tag-vazebna analyza

.....



Vysledky a diskuse

Mapovani vazebnych mist eIF3 na 40S ribozomu

Systematicke Usili bylo vénovano mapovani vazebnych mist eIF3 na 40S ribozomu. Jiz diive jsme ukazali,
ze nékolik dulezitych domén podjednotek elF3 spolu s elF5 zprostiedkovavaji interakci multifaktorového komplexu
(multifactor complex - MFC) s 40S a toto zjisténi ndm dovolilo piedpovédét nékteré aspekty v organizace 43S PIC
(Valagek, Mathew et al. 2003). V ¢lancich této dizertani prace jsme ukazali, Ze (i) ¢astena delece v elF3a doméné
vazajici RPSOA-binding zhorSuje iniciaci translace a redukuje vazbu elF3 a s ni asociovanych faktori na nativni
predevsim RPS3 (Cuchalova, Kouba et al. 2010), jenz je hlavni komponentou pfi zméné nastavajici na konci
skenovani, ktera je charakterizovana rozvolnénim vazby mezi RPS3 a helixem 16 - 18S rRNA a naslednym
preskupenim spojeni helix18—helix34-RPS3, které se nazyva petlici mRNA vstupniho kanalu (Passmore, Schmeing
et al. 2007) (iii) delece extrémni C-koncové domény (C-terminal tail - CTT) proteinu RPSOA znemoznila ukotveni
MFC k malé ribozomalni podjednotce, jak bylo ptedpovézeno (Kouba, Danyi et al. 2012). Na zakladé vSech
znamych zjisténi jsme oznacili N-koncovou doménu proteinu a/TIF32 a PCI doménu v C-koncové doméné proteinu
¢/NIP1 (Kouba, Rutkai et al. 2012) jako hlavni komponenty intramolekularniho mostu, kety tvoii skrze interakce se
svymi partnery na 40S podjednotce a to RPSOA a ASC1 a modifikovali jsme na$ originalni model proteinu eIF3 na

40S.

Charakterizace dvou nejmensich podjednotek elF3 a jejich role v translaci

V dalsi sérii ¢lanku jsme se zaméfili na funkéni charakterizaci dvou malych podjednotek elF3, kterymi jsou
g/TIF35 a i/TIF34. Jejich role v zivych bunkach zistavala neobjasnéna, piestoze jsou obé esencialni (Naranda,
Kainuma et al. 1997; Humphrey and Enoch 1998; Hanachi, Hershey et al. 1999). Testovali jsme, zda jejich mutanty
prokazuji fenotypy, které by ukazovali jejich tlohu v kontrole translace genu GCN4 (Hinnebusch 2005). Zjistili jsme
skonavani podporuji. Dale jsme ukazali, Ze RRM doména (RNA recognition motif domain) elF3 podjednoty -
g/TIF35 hraje roli ve stabilizovani posttermina¢nich 40S na mRNA genu GCN4 (Cuchalova, Kouba et al. 2010).
Kromé vyse zminénych skute¢nosti, ze g/TIF35 specificky interaguje s ribozomalnimi protein RPS3 and RPS20,
které se nalézaji blizko vstupniho mRNA kanalu, jsme ziskali interakci mezi témito malymi podjednotkami elF3 a N
a N-M doménou RF1 (Cuchalova and Beznoskova et al. under the review).

Daéle jsme uvefejnili krystalickou strukturu komplexu i/TIF34 a minimalni ¢asti C- koncové domény
proteinu b/PRT1 (654—700), definované NMR spektroskopii. Mimo to jsme pifedpovédéli, Ze stabilita vazby mini-
modulu i/TIF34—g/TIF35 ke zbytku elF3 pies b/PRT1 signifikantné kotvi elF3 a elF5 k vznikajicimu pre-

.....



elF3 je rozhodujici hra¢ pro obnoveni skenovani postterminacnich ribozomu

Odhalili jsme, Ze elF3 je kriticky vyzadovano pro obnoveni skenovani posttermina¢nich ribozomi, coz je
zivotné dulezitd podminka uspé$né reiniciace. Detekovali jsme genetickou interakci mezi N-koncovou doménou
alTIF32 (A8) s caste¢nou deleci v RPSOA vazebné &asti a mutaci v sekvenci 5 'konce otevieného ¢teciho ramee -
UORF1, kdy dele¢ni efekt v a/TIF32-A8 na reiniciaci byl uml¢en nebo alesponi eliminovan témito mutacemi v 5
nepiekladané oblasti. Genetickd epistize mezi mutacemi v identifikované stimulaéni nepfekladané oblasti pied
UORF1 a a/TIF32-A8 piesvédéivé ukazuje, ze elF3a se vaze na reiniciaci zajistujici sekvence, kterym fikame
“reakéni mista®“ a/TIF32-NTD (a/TIF32-NTD-responsive site, elF3a-RS). Piedpovédéli jsme, Ze vytvoieni interakce
mezi a/TIF32-NTD a specifickymi misty - elF3a-RS na 5” uORF1 blizko vystupniho kanalu mRNA z ribozomalni
podjednotky stabilizuje asociaci posttermina¢nich 40S s MRNA a tak zajist'uje nasledné obnoveni skenovani mRNA
a uspé$nou reiniciaci (Szamecz, Rutkai et al. 2008).

Kromé toho jsme ukazali, ze substituce konzervovanych rezidui v RRM doméné g/TIF35 zpisobuje silny
Gcen fenotyp také diky neschopnosti postterminaénich 40S podjednotek obnovit skenovani a reiniciovat po pieéteni
UORF1 genu GCN4. Podrobna geneticka analyza v8ak odhalila, ze g@/TIF35-RRM a a/TIF32-NTD zajistuji
efektivitu vySe popsanych fenoménd, jakymi je reiniciace, odliSnymi molekuldrnimi mechanismy (Cuchalova,

Kouba et al. 2010).

elF3 je diilezitym spojujicim ¢lankem mezi iniciaci a terminaci translace

Vzhledem Kktomu, ze predikce role elF3 v procesu recyklace ribozomu byla zalozena pouze na
experimentech s 11 kodénovou mRNA v rekonstruovaném sav¢im in vitro modelu, jsme se rozhodli vysetfit, zda
elF3 hraje tlohu v terminaci translace a/nebo recyklaci ribozomu v zivych bunkach. Ukazali jsme, ze se elF3
objevuje in vivo spole¢né v komplexu s uvoliiyjicimi faktory eRF1, eRF3 a RLI1, faktorem recyklujicim ribozomy,
zpusobily sniZzenou schopnost ,,pro¢teni - read-through stop kodonu v Zivych buiikich a ukazali synteticky fenotyp
s mutantami v RF1 a RF3. Nutno poznamenat, Ze fenotyp sniZzené schopnosti proéteni stop kodonu nebyl nikdy pted
tim pozorovan. Naproti tomu delece neesencialni podjednotky jJHCR1 zvysila schopnost procteni stop kodonu, coz
vedlo k nahromadéni eRF3 v té€Zkych polyzomech. ZvySena davka RLI1 v bufikach plné suprimovala ristovy a
procitaci fenotyp zptisobeny deleci j/HCR1, ale nesuprimovala fenotyp v iniciaci translace. Vhledem, k tomu, ze
jsme ukdzali, ze tak substituovala roli j/HCR1 v terminace, ale nikoli v iniciaci, miZeme tato zjiSténi uzavfit
detekovali komplex mezi elF3, RLI1 a obéma eRF1 a eRF3 nezavisle na RNA a ribozomech, a 7ze ob& malé
podjednotky elF3: i/TIF34 a g/TIF35 se piimo vazi na N a N-M domény eRF1, nam dovoluje predikovat, ze alespoi
elF3 a uvolnovaci faktory eRF1 a eRF3 pfichazeji do pre-temina¢niho komplexu v spolu (Cuchalova and
Beznoskova et al. 2013).



Zavéry

Provedli jsme genetické a biochemické mapovani vazebnych mist kvasinkové elF3 na malé ribozomalni
podjednotce, které ndm umoznilo ptemodelovani elF3-40S komplexu.

Zamgtili jsme se na funkéni charakterizaci dvou esencialnich podjednotek elF3: g/TIF35 a i/TIF34, a
ukézali prvni vhled do jejich role v iniciaci translace, stejné jako kontrole translace/exprese genu GCN4. Kromé
toho jsme publikovali krystalickou strukturu podjednotky i/TIF34 v komplexu s minimalni ¢asti CTD domény
podjednotky b/PRT1.

Odhalili jsme, ze a/TIF32-NTD a g/TIF35-RRM, jsou velmi kriticky vyZadovani pro obnoveni skenovani
posttermina¢nich ribozomu, coZ je nutna podminka efektivni reiniciace

Nakonec jsme identifikovali a definovali roli elF3 v terminaci a na zaklad€ nasich zjisténi predikujeme, zZe
zmény v kazdé fazi jsou okamzité reflektovany zménami v jiné fazi, aby byla zachovana homeostaze a nepferusen

proces.
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Abstract

Protein synthesis or mRNA translation is a complex and highly conserved process. Translation consists of
initiation, elongation, termination, and ribosome recycling stages. Since most regulation occurs during initiation, its
mechanism is being studied intensively to elucidate the molecular basis of every potential control point. The
initiation factor elF3, which in yeast consists of five essential core subunits (elF3a/TIF32, b/PRT1, ¢/NIP1, g/TIF35,
and i/TIF34) and one transiently associated, non-essential subunit (j/JHCRZ), is undisputedly one of the key
promoters of initiation. In addition, it has also been implicated in playing a critical role during ribosomal recycling,
reinitiation, signal transduction, NMD etc.

We have focused on determining the molecular mechanism of the roles of elF3 and its associated elFs not
only in translation initiation but also in termination and in reinitiation. This included the biochemical and genetic
mapping of yeast elF3 binding site on the small ribosomal subunit, among others.

We showed that the interaction between the residues 200-400 of a/TIF32-NTD and flexible C-terminal tail
RPSOA significantly stimulates attachment of elF3 and its associated elFs to small ribosomal subunits in vivo, thus
a/TIF32-NTD together with the recently published PCI (proteasome component) domain in ¢/NIP1-CTD form
important intermolecular bridges between elF3 and the 40S. Moreover, we demonstrated that the partial deletion of
the RPSOA-binding domain of a/TIF32 also severely blocks the induction of GCN4 translation that occurs via
reinitiation. Genetic analysis reveals a functional interaction between 5 cis-acting sequences of the GCN4 mRNA
and a/TIF32-NTD. This interaction facilitates stabilizing post-termination 40S subunits on upstream ORF1 of the
GCN4 mRNA and resuming of scanning downstream.

Furthermore, another part of my Ph.D. thesis reveals functional characterization of two essential elF3
subunits, g/TIF35 and i/TIF34, previously suggested to be dispensable for formation of the 48S preinitiation
complexes (PICs) in vitro, hallmark function of elF3. We showed that both subunits are involved in promoting the
rate and processivity of scanning in living cells. Moreover, we demonstrated that g/TIF35 specifically interacts with
ribosomal proteins RPS3 and RPS20 located near the ribosomal mRNA entry channel and its RRM domain plays
role in reinitiation by stabilizing UORF1 post-termination 40S ribosomes on GCN4, although by different molecular
mechanism than a/TIF32-NTD. Besides, we reported the 2.2A° resolution crystal structure of i/TIF34 subunit in
complex with the minimal CTD of b/PRT1 (654-700), the boundaries of which were defined by solution NMR
spectroscopy

In my last part of this thesis we identified and defined a role for elF3 in the stop codon selection process in
vivo and uncovered its active roles in translation termination, defining a communication bridge between initiation

and termination/recycling phases of protein synthesis.
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Introduction

Protein synthesis or mRNA translation is a complex and highly conserved process. The process of
translation can be divided into initiation, elongation, termination and ribosome recycling phases.

The initiation phase of protein synthesis is promoted by numerous proteins or protein complexes called
eukaryotic initiation factors (elFs). The beginning of a translational cycle involves a series of steps that culminate in
the assembly of the 80S initiation complex (IC) on the AUG start codon. These steps include 1) Met-tRNA; M
recruitment to the 40S subunit to form the 43S pre-initiation complex (PIC), 2) mRNA recruitment to the 43S PIC to
form the 48S PIC, 3) scanning of the 48S PIC to the first recognized start codon, and 4) joining of the 60 subunit to
commit thus formed 80S IC for the elongation phase. The translation initiation factor elF3, which in yeast consists
of five essential core subunits (elF3a/TIF32, b/PRT1, ¢/NIP1, g/TIF35, and i/TIF34) and one transiently associated,
non-essential subunit (j/HCR1), is actively involved in regulation of the first three of these steps (Valasek, Mathew
et al. 2003; Szamecz, Rutkai et al. 2008; Cuchalova, Kouba et al. 2010; ElAntak, Wagner et al. 2010; Herrmannova,
Daujotyte et al. 2012; Valasek 2012). In the PIC assembly steps, the action of elF3 is further stimulated by one of its
interacting partners, the highly conserved and essential ATP-binding cassette protein RLI1 (ABCEL in mammals),
by an unknown mechanism (Dong, Liu et al. 2004).

Initiation is followed by elongation when amino acids are added to the nascent polypeptide chain.

Termination occurs when the ribosome reaches the end of the coding region and a stop codon enters the
ribosomal A-site (UAA, UAG, and UGA). The termination process consists of stop-codon recognition and
hydrolysis of the ester bond of the peptidyl-tRNA located in the ribosomal P-site, which releases the nascent
polypeptide (Jackson, Hellen et al. 2012).

After termination has occurred, the post-termination complexes (post-TCs) consisting of an 80S couple still
bound to mRNA, P-site deacylated tRNA and eukaryotic release factors 1 and 3 (or at least eRF1) need to be
recycled. In eukaryotes, besides the known termination factors, ABCE1/RLI1 elF1, elF1A and elF3 has recently
been shown to play an essential role in ribosome recycling (Pisarev, Hellen et al. 2007; Pisarev, Skabkin et al. 2010).
It should be noted that the molecular mechanism by with eRFs 1 and 3 are ejected from post-TCs is still unclear.

Various alternative mechanisms to the canonical translation initiation pathway exist that are mostly utilized
by viruses or function in gene-specific translational control. They rely on cis-acting mRNA features and exhibit
distinct factor requirements. Reinitiation (REI) is one such mechanism utilized to down- or up-regulate translation of
regulatory proteins such as transcription factors and proto-oncogenes in response to various environmental stimuli
(Kozak 2005). It is a gene-specific translational control mechanism characterized by the ability of some short
upstream UORFs to retain post-termination 40S subunits on mRNA (Hinnebusch 2005).
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Aims of the study

The aim of the study was to understand and describe the molecular mechanism of the roles of elF3 and its

associated elFs not only in translation initiation but also in termination and in reinitiation.

4. We addressed the longstanding question of what endows UORF1 from the GCN4 mRNA leader with its
unique ability to allow highly efficient REI.

5. We focused on functional characterization of two small subunits of elF3, g/TIF35 and i/TIF34, the cellular
roles of which have remained highly elusive even though these subunits are essential for the viability of
yeast cells

6. We have concerted our effort to the role of elF3 in translation termination

Material and methods

Experiments were carried out with the model system of budding yeast Saccharomyces cerevisiae.

List of methods

Polysome profile analysis

1% or 2% HCHO-cross-linking, WCE preparation, and fractionation of extracts for analysis of preinitiation
complexes

B-galactosidase assays

Glutathione S-transferase (GST) pulldown experiments
Western blot analysis

mMRNA binding assay

Ni?* chelation chromatography

NMR spectroscopy

40S-binding assay

Preparation of antibodies

Read-through assay

Polysomal gradient analysis

Coimmunoprecipitations and affinity tag pull downs
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Results and discussion

Mapping the elF3 binding site on the 40S ribosome

Systematic effort was devoted to mapping the binding site of elF3 on the 40S. We earlier identified several
important domains of elF3 subunits and elF5 mediating interaction of the multifactor complex (MFC) with the 40S
that allowed us to predict certain aspects of the organization of the 43S PIC (Valasek, Mathew et al. 2003). In
articles of this thesis we showed that (i) the partial deletion of the RPSOA-binding domain of elF3a impairs
translation initiation and reduces binding of elF3 and associated elFs to native preinitiation complexes in vivo
(Szamecz, Rutkai et al. 2008) (ii) g/TIF35 interacts with the 40S beak proteins RPS20 and mainly with RPS3
(Cuchalova, Kouba et al. 2010), which is one of the main components of the conformational change upon scanning
arrest is characterized by dissolution of the contact between RPS3 and helix 16 of 18S rRNA and reformation of the
helix18-helix34-RPS3 connection designated as the latch at the mRNA entry channel (Passmore, Schmeing et al.
2007) (iii) deletion of the C-terminal tail (CTT) of RPSOA fails to anchor the MFC to the small ribosomal subunit, as
would be predicted (Kouba, Danyi et al. 2012). Based on all known interactions we concluded that at least the NTD
of a/TIF32 and the PCI domain in the ¢/NIP1-CTD (Kouba, Rutkai et al. 2012) form important intermolecular
bridges between elF3 and the 40S via its RPSOA and ASCL1 protein constituents.

Characterization of the two smallest core subunits of elF3 and their roles in translation

In other series of articles, we focused on functional characterization of two small subunits of elF3, g/TIF35
and i/TIF34, the cellular roles of which have remained highly elusive even though these subunits are essential for the
viability of yeast cells (Naranda, Kainuma et al. 1997; Humphrey and Enoch 1998; Hanachi, Hershey et al. 1999).
We tested the g/TIF35 and i/TIF34 mutants for specific phenotypes indicating impairment of translational control of
GCN4 expression (Hinnebusch 2005). We found that both subunits stimulate linear scanning and genetically interact
with several scanning-promoting initiation factors. Moreover, we demonstrated that RRM domain of g/TIF35 plays
role in reinitiation by stabilizing UORF1 post-termination 40S ribosomes on GCN4 mRNA (Cuchalova, Kouba et al.
2010). Besides the aforementioned fact that g/TIF35 specifically interacts with RPS3 and RPS20 located near the
ribosomal mRNA entry channel, we have observed an interaction between these two small elF3 subunits with the N
and N-M domains of release factor eRF1 (Cuchalova and Beznoskova et al. under the review).

We also reported the 2.2A ° resolution crystal structure of the i/TIF34 subunit in complex with the minimal
CTD of b/PRT1 (654-700), the boundaries of which we defined by solution NMR spectroscopy). Furthermore, we
proposed that stable association of the i/TIF34—g/TIF35 mini-module with the rest of elF3 via b/PRT1 significantly
stabilizes binding of elF3 and elF5 to the nascent pre-initiation complexes in vivo and ensure fidelity of scanning

(Herrmannova, Daujotyte et al. 2012).
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elF3 is critical for resumption of scanning by post-termination ribosomes

We revealed that elF3 is indeed critical for resumption of scanning by post-termination ribosome, which is
a vital prerequisite for efficient REI. In detail, we detected a genetic interaction between the partial deletion of the
RPSOA-binding site in the a/TIF32-NTD (A8) and mutations in sequences 5 of uORF1, wherein the deleterious
effect of a/TIF32-A8 on REI is blunted or even eliminated by these 5> UTR mutations. Genetic epistasis interactions
between mutations in the identified stimulatory sequences upstream of UORF1 and a/TIF32-A8 strongly indicated
that elF3a interacts with these REI-enhancing sequences that we named a/TIF32-NTD-responsive site (elF3a-RS).
We proposed that establishment of the interaction between a/TIF32-NTD and the specific elF3a-RS 5” of uORF1 at
or near the mRNA exit channel of the post-termination 40S subunit stabilizes its association with mRNA and
promotes the resumption of scanning for efficient REI at the downstream ORF (Szamecz, Rutkai et al. 2008).

Furthermore, substitutions of conserved residues of the RRMdomain of g/TIF35 were shown to provoke a
strong Gen™ phenotype owing to the inability of post-termination 40S subunits at the GCN4’s uORF1 to resume
scanning for reinitiation downstream. Detailed genetic analysis revealed, however, that the g/TIF35-RRM and the
a/TIF32-NTD ensure efficient resumption of scanning by different molecular mechanisms (Cuchalova, Kouba et al.
2010).

elF3 critically connects initiation of translation with its termination

Since the implication of elF3 in the recycling process was, however, deduced only from experiments
carried out with 11-codon long model MRNA in mammalian in vitro reconstituted systems, we decided to investigate
whether or not elF3 also plays a direct role in translation termination and/or ribosomal recycling in the living cell.
We demonstrated that elF3 occurs together with eRFs 1 and 3 and the ribosomal recycling factor RLI1 in a
ribosome- and RNA-free complex in vivo. Various mutants of core elF3 subunits, but not of other initiation factors,
decreased stop codon read-through in living cells (actually, decreased stop codon read-through is a novel phenotype,
never ever observed before) and showed synthetic phenotypes with mutant release factors eRF1 and 3. Conversely,
deletion of the non-essential j/HCR1 subunit of elF3 increased stop codon read-through and resulted in
accumulation of eRF3 in heavy polysomes. Finally, increased dosage of RLI1 was shown to substitute for the
J/IHCR1 roles in termination (but not in initiation) and in enabling efficient cell growth, as it fully suppressed both
the read-through as well as slow growth phenotypes of the hcriA strain, implying that the jJHCR1 function in
termination is more critical for optimal cell proliferation than its function in translation initiation. The fact that we
could detect a complex between elF3, RLI1 and both eRFs free of RNA and ribosomes, and that two small elF3
subunits i/TIF34 and g/TIF35 directly interacted with the N and N-M domains of eRF1 as mentioned above,
suggests that at least elF3 and eRFs come to the pre-TC in a pre-formed complex (Cuchalova and Beznoskova et al.
2013).
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Conclusions

We demonstrated biochemical and genetic mapping of yeast elF3 binding site on the small ribosomal
subunit that enabled us to model the organization of the elF3-40S complex.

We focused on functional characterization of two small essential subunits of elF3, g/TIF35 and i/TIF34,
and provide the first insights into their functional contributions to general translation initiation as well as to
translational control of GCN4 expression. Furthermore, we reported crystal structure of i/TIF34 subunit in complex
with the minimal CTD of b/PRT1.

We revealed that a/TIF32-NTD and g/TIF35-RRM, are needed critical for resumption of scanning by post-
termination ribosome, which is a vital prerequisite for efficient reinitiation. Finally, we identified and define
the role of elF3 in termination and our findings suggest that changes in one phase of translation are promptly
communicated to and coordinated with changes in the other phases to maintain cellular homeostasis of all ongoing

processes.
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