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Abstract

After transcription, mRNA translation anotherhighly regulatedorocess irgene expression.

In plants, translation regulation plays an important role during progamic phase, fertilization and
seed development, whesgnthesized transcripts arestored andselectivelytranslated laten
development. Translation regulation is also broadly used in stress responses as a fast and
flexible tool to change gene expressitinerefore it plays an essential role the survival
strategy ofessile organisms like plants. Both regulatiorttaglobal translational rate as well

as selective regulatiaf specific transcripts modulate the final gene expressisponseMost

of the regulatory mechanisms are concentrated in the stage of injtiakimh is facilitated by
severaltranslationinitiation factors. Eukaryotidranslationinitiation factor 3 (elF3) is the
largest and most complex of these factors, consisting of 12 conserved subunitsiuitskey

in the initiation is to scaffold the formation of the translationinitiation complex andn the
scanning mechanism accurady past decadesdditional elF3functionswere discovered
acting upon the wholéranslation cycle, including its importance in global and specific
translation regulan. The aim of this work is teeviewelF3functionsandto discusscurrent
evidenceor elF3mediated translation regulation in flowering plants.
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List of frequently used abbreviations

ABA - abscisic acid

ATP - adenosine iphosphate

CTD - C-terminal domain

CaMV - Cauliflower mosaic virus

eEF - eukaryotic translation elongation factor
elF - eukaryotic translation initiation factor
EPP - EDTA/puromycinresistant particle

eRF - eukaryotic translatiorelease factor
GTP - guanosine triphosphate

IRES - internal ribosome entry site

MFC - multi-factor complex

MPN - Mpr-PadXN-terminal domain

MUMP- microbe associated molecular patterns
NMD - nonsense mediated decay

NTD - N-terminal domain

ORF - open reading frame

PABP - poly adenylate binding protein

PClI - Proteasome, COP9 signalosome, elF3 domain
PIC - pre-initiation complex

PRR - pattern recognition receptor

PTC - peptidyl transferase center

S - Svedberg unit

SAM - shoot apical meristem

TAV - transactivator viroplasmin piein

TC - ternary complex

UTR - untranslated region

YLC - yeastlike core
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1 Introduction

Translation is an essential step for gene express$tom pocessof translationrequires not
only large amount of cell energgifferent RNAmoleculesribosomal proteins but algwecise
regulation In plants, expression of some key developmental regulators is specifically controlled
at the translational leveMoreover, stresselated transcripts are selectively translated under
stress conditions, when translation is globally downregulated. Specific translational regulation
comes to importance also during pollen maturation and pollen tube growth, where thexcompl
process of mMRNA storage and subsequent selective translation needs preciseMositiaf.
the translational regulation is centered the translationinitiation phase, whereseveral
translationinitiation factorsensuremRNA association with theilbosome, precisestart codon
recognition andorrectribosomeassembly

Eukaryotictranslationinitiation factor 3 (elF3) is the largestitiation factor, conserved
across eukaryotic kingdoandis consistingof 12 subunits implants elF3 forms two structat
modules that argined together; PCI/MPN octamer and yel#dst core (YLC). In initiation
process the octamer module plays a role of scaffold structure that interacts with multiple
components of translational machinery, promotes assembly-ofipaéion complex and joins
together mRNA and small ribosomal subunit, wiiile YLC module participates in scanning
and stringency ofstart codonrecognition Recent studies also uncovered many additional
speciesspecific roles foelF3in othertranslationaprocesseandfor individual elF3 subunits
in globalandspecifictranslation regulation.

Plant elF3 composition is similar to the mammaliatF3 complex, and some plant elF3
subunitswereanalyzed duringhelast 20 yearsisingmainly Arabidopsisthaliana asa model
organism Plant elF3researcHocusedmainly on the subunitelF3handdescribedts ability in
promotng thetranslation ofspecific transcripts that contain inhibitanpstreanopen reading
frames(UORFs)i n t h e i .BSevaéaibthdrstudiespwinted tathe importance abther elF3
subunitsin variousplant developmeat stagess well asn abiotic and bioticstress response
However,the knowledge abouhe exactregulationmechanismgertained by elF3s still
mostly unknown.

The aim & this work was to review the currentevidencefor the translation regulation
mediated by individual elF3 subunits filowering plants ando suggest future directions
plant elF3 researclBecause of the translation contertnplexity precedinghede<ription of
elF3 structure and functia) the processof translation initiationis presentedfor better

understanding and orientation in the topic.



2 Eukaryotic translation

Translation ighe last stepf the central dogmaf molecular biologywherethe nucleotide
sequencés translated into amino aadby therules of thegenetic codeTranslationconsumes
the majority of the cell energyand is a conserved multistep and multifactorial process
Excluding translation in organellethis chaptempresentshe generalprocess ofeukaryotic

translationfor better orientation in the plant translation regulation.

2.1 Components of the translational machinery

The complex process of translation requires many proteins with structural, enzymatic and
regulatoryfunction.Also, three types of RNA play key informational, structural &ntttional
roles in protein synthesisbosomal (rRNA), transfer (tRNAgandmessenger (MRNA)

rRNAs and ribosomal proteins form ribosomasassive ribonucleoprotein complexesh
catalyticactivity ensuring protein syntheshcross specieshe catalytic functioms performed
by rRNA in the conserved peptidyl transferase center (R M@)ile ribosomal proteins have
rRNA stabilizing and regulative functiqiGraifer and Karpova, 2015)Vithin the eukaryotic
cell, ribosomes are localized freely in cytoplasm or associated with endoplasmic reticulum.
Eukaryotic cellalsocontainsubpopulations of prokaryotiike ribosomes in serrautononous
organelles (mitochondria, plastids). Cytoplasmic 80S ribosome consists of four rRNA chains;
28S, 18S, 5.8S, and 5S, and&Wribosomal proteins, all divided into two subunits: large 60S
and small 40S. In the assembled 80S ribos@figrrel) there are three channels; polypeptide
exit channel, mMRNA entry and mRNA exit channel. For the tRtifee sites are identified;
aminoacylRNA binding sitg(A site), peptidydRNA binding sitg(P site) anekxit site(E site.

tRNA is a short nortoding RNA with a specific cloverleatike secondary structar
L-shaped tertiary structusend many base modifications. It plays a major role in deciphering
the genetic code during the translation, as it holds the-thueleotide aticodon on one of its
loopsand can covalently bind tipgoperamino acid on the acceptor stefhe binding of amino
acid to itsspecifictRNA (tRNA charging) isperformedwith high efficiencyby aminoacw
tRNA synthetases.

MRNA carries the sequence infioation from the nucleus to cytoplasm, whtre protein
synthesisapparatuss located From the start of transcriptiptheelongatingnascent transcript
undergoesnRNA processinga series of coand posttranscriptional modifications, that add
7-methylgwanosinecags&ap) on it s 5 Hail poyd), ool YEearcydmad e
introns (Reviewed by Moore and Proudfoot, 2009)oreover, transcripts are never fully

Anakedo, but associate with prot kNP )sThe o f or



E-site view Head

Figure 1. Crystal structure of the S. cerevisiae 80S ribosom&iews from the E sit€A), small subunit sic
(B), A site(C) and large subunit sid®). Polypepti@ exit tunnel, mMRNA entry and exit tunnels are indici
The large 60S subunit is shown in yellow with orange proteins and the small 40S subunit in cyan
proteins. Adapted fronjJenner et al., 2012%chematic model of three sites for tRNB), here shown wit
mRNA and two aminoacyiRNA molecules in P and A site. Modified fraf@rowning and BaileySerres, 201!

composition oimRNPsis highly dynamic and¢hangs several times during the mRNA life, as

it directs the mRNA molecule throughout the RNA processing, nuclear export, translation
viability, mRNA storage othe rate oflegradatior{Singh et al., 2015} or translation, mMRNA

is activated byseveralnitiation factors and multiple copies of the cytoplasmic PolylgAiding
proteirs (PABPS)

During all of the steps ofranslation,ribosomes need the support of manther proteins,
known as translation facto(3able 1). Initiation factors control the activation of mRNRAs
assembly with small ribosomal subunit and initiator tRNA, scanning of mMRNA and start codon
recognition. Then they are released frahe initiation complex to allowfor thejoining of the
60S to form an elongatiecompetent 80S ribosome. Elongation factors supply charged tRNAs
to the A-site and mediate mMRNA translocation within the ribosome. Their furscaomfueled
by GTP hydrolysisRelease factors are responsibletf@propertermination of translation by
recognizing the stop codon apcbmote theseparation of ribosomal subunits.
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Table 1: Overview of eukaryotic translation factors and their function in canonical translation. Simplified
from the list ofArabidopsisthalianatranslation factors ifBrowning and BaileySerres, 2015)

Protein Function

Initiation factors (elFs)

elF1 PIC forma_tion, saaning, AUG selection, controls elF5 activity, promotes 40S open
conformation
elF1A PIC formation, scanning, AUG selection, promotes 40S open conformation
elF2 subunb d < Small GTPase, forms ternary complex with GTP ted-tRNA;Met
elF2B GDP-GTPrecycling factor for elF2
elF3 12 subunits Formation of PIC, scanning and AUG recognition, mRNA joining
elF3j elF3 associated factor, promotes elF3 binding to 40S
elF4A ATP-dependent helicase, unwinds secondary structure of mMRNA, binds mRNA to £
elF4B Cofactor of elF4A
CIF4F elFAE 5Ecap binding protein
elF4G Scaffold protein
elF5 GTPase activating protein for elR@et-tRNAMe placementon AUG
elF5B Joining of 60S subunit, GTPase
PABP Binds poly-A) tail, interacts with elF4G
Elongationfactors (eEFs)
eEF1A small GTPase, binds aminoacyl tRNA and GTP
eEF1B s u b unf a ¢ Recycling factor of eEF1A
eEF2 tRNA and mRNA translocation
Release factors (eRFs)
eRF1 Termination/peptide release
eRF3 Termination/peptide release
ABCE1 Ribosome recycling

2.2 Variability of translational machinery enables specificegulation
2.2.1 Ribosomal proteinsbuild populations of heterogenous ribosomes

In ribosomes, rRNA molecules are enveloped by ribosomal proteins. In plantsatbere
more than 200 genes 80 gene families afibosomal proteins, each family being encoded by
two to five paralogs in ArabidopsiBrowning and BaileySerres, 2015)n all eukaryotesmost
of the ribosomal proteins are found in some ribosomal tmmpherefore one cell contains
many populations of heterogenous ribosoni@snsek et al., 2017)Moreover, distinct
ribosomes were found to preferentially translate specific quidpttors of mMRNA(Shi et al.,
2017) increasing their role in selective translation. Plants are no excefoon this
phenomenon, and sh@g wellsome planspecifics in ribosomal biogenegWeis et al., 2015)
2.2.2 Sequence and structure determine translation of individual mRNAs

Some mRNASs contain special features that influence ttiegplan or translation efficiency
(Figure2. These additional features are mostly
commonly in 3Eunt r aimsdinfORE(hORFE Recognition(ofXrengdtf R) o r

specificity is dependent mostly on sequence and ability to form secondary strugpstesam
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Figure 2: Structural features of mRNA that influence translation.The 5E Cap a rl@nhand
translation. Internal ribosomal entry sites (IRESs) promoteirgdgpendent translation; hairpins and upsti
open reading frames (UORFs) generally reduce translation of the main ORF (mORF). Light orange ovals
RNA-binding proteins tharecognize specific sequences in the transcript, marked as blue bands, and ¢
inhibit or enhance translation. Red bands represent small RNA binding sites and enhance mRNA degra
specific gene silencing. Adapted and modified fridnerchante et al., 2017)

open reading framesiQRF9 have inhibitory effect ofranslation of the major ORF. Atieer
well-known regulatorymechanism used sequencepecific transtion repression mediated
by small RNAs(Reviewed by Islam et al.,, 2018 and Liuadt, 2018) Hairpin secondary
structures in mMRNA are found to be a barrier in scanning process and can be surpassed by
additional helicasesr rarely by ribosome shunting. Mommplicated structures mediate
IRES-ike initiation or might be recognizabley classical or additional RNA binding proteins
(Merchante et al., 2017)
2.2.3 Plant-specific initiation factors operate on differentmRNA pools

Similarly to ribosomal proteins, planteequentlyencodea translation factoby more than
one gene. Moreovemnwb structurally distinct elF4F complexes are found in plants to provide
MRNA activation canonical eukaryotic elF4F amptant specificelF4isoF(Figure3). elFisoF

is comprisé of a plant specific cap .rna

binding protein elF4isoE arakcaffold e \{®)n

: : - ATP
protein elF4isoG. However, mixed 4A, 4B, PABP
ADP 4F /iso4F
complexes of eukaryotic and plar

specific factors could be formed, toof

Plant-specific Eukaryotic
(Mayberry et al., 2011)Recent studies (@) (@)n

elFiso4F A elF4F AC 48
sugget that both complexes ar complex prz complex 4 Iy

differenially expressed and operate ¢
different mMRNA pools(Mayberry et
al ., 2 0 0 -Silva eMal. r2012;
Gallie, 2016) The pgant elF4B is non

conserved andnay have alternative’

. . . Figure 3: Plant options of mRNA activation. After expor
functions (Browning and Bailey from the nucleus, mRNA is activatéy capbinding comple
elHF or plantspecific elFisodat t h,& ABM eard
Serres, 2015pPlants also possess Iargand additional factors elF4A and elF4&@fore loading to 4:

varietyof PABPs(Belostdsky, 2003) PIC. Adapted fronfBrowning and BaileySerres, 2015)
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2.3 The translation cycle

2.3.1 Initiation phase

Initiation is the opening stepf translation(Figure 4), accomplished by the scanning
mechanism in eukaryotedReviewed by Hinnebusch, 2014; 201Tjitiation startswith
formation ofthe Ternary Complex (TC) from elF&TP andinitiator MettRNAM®, The TC is
then bound tdree 40S ribosomal subunit along withitiation factorselF1, elF1A, elF3 and
elF5 to form the 43$re-initiation complex (43S PCI). In this assembly, elF3 plays a role of a
scaffoldthat joins other proteins togethdn addition, elF1, elR2, elF3 and elFxould pre-
assembleindependently on 40Sprming the so calledmulti-factor complex (MFC)Free
cytoplasmidIFC wasobservedn yeast(Asano et al., 2000plants(Dennis et al., 2009and
in mammalgSokabe et al., 2012)n the 43S PIC, MetRNAM®t is placedalmost preciselyn
the future Psite of the ribosomwith anticodon CAU complementary to start codon AUG

Activated mRNA joins 43S PIC along with associaterbteing elF4E, elF4A elF4B,
PABP andelF4G. 43S PIC and mRNArejoined togethewia the elF3-elF4G bondo form
48Spre-initiation complex (48S PICin the open conformatiofVilla et al., 2013) The open
48S PIC startsscaming the 5 E U il the AUG codonis reachedn Kozak consensus

elfFs1,1A,3,5
LA ‘
®GTP  @ATP PE Dl "
-

O GDP-P; E
405
®GDP  @ADP ¢

AUG recognition pAG

1A
A
mRNA m’G\/\/\Aus/\/\f\f(A)" @ %)485

® MFC b

B elFs 4A,4B,4E,4G o
L . ] elF5-elF2-GDP
i .
PIC assembly C)EWSB—GTPﬁ_’ EF.
(A) A” 0 ﬁ% F 5

1A
m’G, 4G
mRNA activation %)
A) AR
) G 605 ﬁl;’ i

Subunit joining ) PABP o
o

4G

- m

y, i v

80S Elongation

Figure 4: Model of the Scanning Mechanism oEukaryotic Translation Initiation . Here shown as a set
of steps. Starting with 43S PIC assem{#y andmRNA activation(B), followed by mRNA acquisition to for
43SmRNA PIC(C). GTP hydrolysis on elF2 starts subsequent scanning of the nfRNAccompanied wi
ATP dependent unwinding of mRNA by elF4K). AUG recognition form the closed 48S that triggers
release of elFIRi, and elF&lF2-GDP to, while elF5BGTP binds to the complg¥) and promotes joining
the 60S subunit to the PIC, witierelease of residual initiation factdiS). Formed30SIC is thenready forthe
first round of elongion (H). Adapted and modified frotfHinnebusch, 2017)
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sequencea favorable context of surrounding nucleosdé&ozak, 1987) Scanning is first
driven by hydrolysis of GTP on elF2 procespromoted by elFSyherethe phospate remains
bound to the elF2 through the scanning pro¢&kgre et al., 2005)Then,elF4A unwinds the
5 EUTR the ATPrglrolysis as an energy sourt codornn Kozak sequenogonsensus
is recognized by the codeamticodon pairing with MetRNA;M® with the support of elFsThe
following release o€lF1 opens the way for the phosphate to dissociate from(algRe et
al., 2005) The phosphate release is followed bydssociatiorof elF1A, elF2GDP, elF3 and
elF5. PIC ighen intheclosed conformatigmeady to bind with the 60S large ribosomal subunit
with Met-tRNAM®t anticodon interacting withtartcodon in the future Bite. The 60S subunit
is joined with the help of elF5Bn a process fueled by GTP hydrolysis, uk#g in the 80S
initiation complex (80S ICyeady forthe first round oklongation.
2.3.2 Elongation, termination and ribosome recycling

In oneelongationcycle eEF1AGTP delivers charged tRNA to thedite, accompanied by
GTP hydrolysis. After the ribosee catalyzesiew peptide bonithg in the PTC, eEFpromotes
tRNA translocation within theibosomesites and allows mRNA to mougy one codona
procesgpowered byanotheiGTP hydrolysis The GDP in the eEF1& exchangd for GTP by
eEF1B, while eEF2 requs norecycling factor for rechargind\s theribosomecompleteshe
elongationponetRNA moleculebindsstepwiseto the codon in the Asite, moves to the-Bite,
holding thegrowing peptidyl chain and leaves through theité after anothexlongatiorround.

The elongation cycle is repeated, uatitop codon (UAA, UGA, UAG) is reached. In most
organisms, there is no tRNA with proper anticodon. Instead, eRF1 recognizes all three stop
codons in the Asite and binds eRF@RF3mediatedGTP hydrolysigeleagsthe polypeptide
from the ribosome bthe hydrolysis oftRNA-eRF3bondwithin P-site (Brown et al., 2015)

Ribosome recycling starts after the polypeptide chain has been reteab®0S ribosome
is still bound to MRNA. In eukaryotes, tieeis no homolog of prokaryotic ribosome recycling
factor (RRF). Instead, eRF1 remabound to the 80S after termination and may have a role in
ribosome recyclingPisarev et al., 2007The dissociation of the 80S ribosome to 40S and 60S
subunitsis in eukaryotegpromoted byhighly conservedATP-binding cassete E (ABCE1)
(Pisarev et al., 2010Elongation, termination and ribosome recycling are discussidetailin
Dever and Green, 2012
2.3.3 Non-canonical translation events

There are several exceptions, where general rules of translation cycteeagedTo be
treated independently of global translatiand its regulton, viruses developed several
mechanisms to do s@andas was mentioned in previous chapter, sarek transcripts also
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possess specific featurerabling them to findune their own translation. llneakyscanning
the start codon isurpassed duringthe mRNA scanning, when AUG is in weak surrounding
sequence(Kozak, 2002) To the contrary, durm nonrAUG initiation ribosomes initiate
translation on codon other than AUBsu et al., 2016)Viral internal ribosome entry sites
(IRES) are complex structurestileir5 EUTR t hat bind 408S, initiat
RNA in ribosome with AUG directly in ite. Some cell transcripts also possess HRIES
structures to promot€ap-independent initiation(Yamamoto et al., 2017)0ther mRNA
secondary structures n hi bi t or y h,&dn bebiypassed itye scahrting ToRiplex
by the so-calledribosome shuntinga mechanism performday some viruses as wéPooggin
and Ryabova, 2018Reinitiationoccurs on postermination ribosong whae mRNA remains
bound to40S and fresh TC and elFs are loaded to famaw 43SPIC that is able to scan and
reinitiate(Skabkin et al., 2013PuringStop codon readthrougbuccessful recognition of stop

codon is decreased and ribosomes continue in elongation ¢$claseren and Thoms, Z8)1
3 Eukaryotic initiation factor 3

In the previous chaptegukaryotictranslationinitiation factor 3(elF3) was shown aspart
of theinitiation machineryThis chapteprovides amore detailedlescriptionof structural and
functional features othis proteincomplex.In most studies, yeast and mammalian elfE& w
examined, butnuch could be applied on oth@rganisms, becaussF3is conservedn all
eukaryoes compri®d of as much as 18ubunis. First wasisolatedfrom rabbit reticulocytes
in the 1970 &Benne and Hershey, 187reviewed by Cate, 2012&nd from thepseverakelF3

functionswere dscoveredwith someof themnotevenrelated to tharanslationinitiation.

3.1 Composition differencesin organisms

elF3is likely to be present in evergukaryoticcell. Individual subuits are conserveih
their structure protein domaingandat least the basal functiofEable2). In the beginning of
the 21% century, a unified letter nomenclature for elF3ubunits was proposed instead of
moleallar weight(Browning et al., 2001; Burks et al., 200The most divergecIF3 complex
thathas been discovateandintensvely studiedis in Saccharomyces cerevisja®nsising of
just5 subunitg-3a,-3b, -3¢, -3i, and-3g) with molecular mass 6f360 kDa(Asano et al., 1998;
Phan et al., 1998; Khoshnevis et al., 20%$8ygestindor theessentiatubunitsneeded for elF3
functions in translation initiatiarelF3j is also found irs.c.and is necessary for elF3 binding
to 408 butis only loosely attachetb elF3( V a k & gl.e2001; Elantak et al., 201@)dnot
present in prified yeast elF3 complexonsidered aanelF3 associatethctor (Asano et al.,

1998; Khoshnevis et al., 2012) mammalshomologs ofall 5 yeast elF3ubunitsarefound
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Table 2: Table of elF3 subunit composition in different organismsNot including elF3 associated protein elF3;j.
Modified from( Val 8 § e k ,avith reagect tdLi €2 &.,1201p)and(Li et al., 2017)

Subunit Domains Organism

S. S. T. H. A. 0.

cerevisiae pombe  brucei sapiens  thaliana sativa

elF3a PCI, Spectrin X X X X X X
elF3b WD40, RRM X X X X X X
elF3c PCI X X X X X X
elF3d S5Ecap indi X X X X X
elF3e PCI X X X X X
elF3f MPN X X X X X
elF3g RRM, Zn finger X X X X X X
elF3h MPN X X X X X
elF3i WD40 X X X X X X
elF3k PCI X X X X
elF3l PCI X X X X
elF3m PCI X X X X

in the purified complextogether with7 additional subunits3d, -3e, -3f, -3h, -3k, -3l and-3m
(Zhou et al., 2008; Smith et al., 2018) mammals andNeurospoa crassa elF3associated
protein elF3j shows simildunctions as it$.c ortholog(Fraser et al., 2004; Smith et al., 2013)
PlantelF3 compositions similar to the mammalian modéBurks et al., 2001 )suggeshg for

a high conservation afhe 12 subunits anthat theyeastelF3is likely reducedIn Excavata
elF3 compositiors alsosimilarto themammalian modehlthoughsubunits differ in sequence
keepingconserved onlyheir domaing andfor somespecies from this groyphere is dack of
evidence for some subunii®ezende et al., 2014; Han et al., 2015; Meleppattu, &Cdl5) In
Baderia and Archaea, there is homology for elF3ubunits except othehomology withthe
subunitelF3i found in Arclaea(Benelli and Londei, 2011; Rezende et al., 20&d)respondhig

with the factthat neither Bacteria nor Archaea initiate translatiothiegcanning mechanism.

3.2 Structure and assembly

Size, complexity and structural flexibility are barriersaiving thecomplete elF3 structure.
In recent years, major progress pushedthendaries oknowledge further, as the structure of
elF3in differentcontexs of PICshas been solved in yed&rzberger et al., 2014; Korostelev,
2014; Aylett et al., 2015nd in mamrals(Hashem et al., 2013a; Quewilidi et al., 2013; des
Georges et al., 2015; Simonetti et al., 2016; Eliseev et al., 2088}jhemwith the biochemical
data ofproposedelF3 subunit assemplcompositionand mutualinteractions(Zhou et al.,
2005; Masut ani et al ., 2007; Zhou et al
Khoshnevis et al., 2012; Wagner et al., 2014; 2016

MammalianelF3 can be divided into two modulg&igure 5C), first modulebeing an
octamerformed fromelF3a, -3c, -3e -3f. -3h, -3k, -3l and-3m subunits Assemblyof this

octamer is enabled by scaffold stucture of 6 subunits {3a, -3c, -3e, -3k, -3l and -3m)
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containinga PCI (for ProteasomeCSN, elF3)domainand2 subunits {3h and-3f) containing
aMPN (for Mpr1-Pad:N-terminal)domain. ThifPCI/MPN octamethas afive-lobedstructure
(Siridechadilok et al., 2005; QuerAludi et al., 2013)stabilized by twdnteraction hubsthe
PCl domaincontaining subunitform astructureknown asb-sheetarc plus everysubunitof
the octamejoins with oneU-helix, forming the helicalbundle(des Georges et al., 2013his
structure isharedetween otherwise functionally unrelated protein compléxgsire5); CSN
(COP9 signalosome) and 26S proteasdichéPick et al., 2009; Enchev et al., 2010; Ellisdon
and Stewart, 2012Yhe fcond module conssbf elF3 subunits3b, -3i and-3g, structurally
similar to the yeastrthologs Both modules are conoeed via-3a-3binteraction In themost
reducedS.c.complex,-3a PCI domain binds wittihe second®CI domain of elF3c to form one
subcomplex.The ®cond subcomplex consist tfe mutual interaction between elF3g and
elF3i. Both subcomplexes are briddedelF3b, binding botk3g and-3i viaits CTD, while its
NTD binds with elF3a. Associated protein elF3j binds looseth¢éspectrin domain of elF3a

andto RNA recognitionmotif (RRM) of elF3b( Val 8gek et .al ., 2001;

The assembly ahe 12 subunit elF3 was proposedWwgnerand ceworkers in2016 In
this modelthe-3a binds-3b, formingthe nucleation corehén-3i and-3g join the-3b to form
a subcomplexfo-3a,-3b, -3g and-3i, containing four out of five budding yeast elF3 subunits,
therefore callegeastlike core (YLC) (Figure5C), which alone is still able to bind to 4@8d
recruit activated mRNAN vivo (Wagner et al., 2014)Assemby of other PCI/MPN core
suburits proceeds, starting witt8c joining-3 a t o f o r ,rollovdd &y-3mh-3f and- 0
3h to form t héeifrliedf htejoaesgimowedbyither, i g h3lant-gkg o
to complete the octamezlIF3d is a noroctameric subunit, whiclsibound te3e.Although in
this mode] the proposetumannucleation core is th&a-3b dimer and the YLC isonsidered
a key prerequisite for octamer assemttlye wholehumanoctamer alone was reconstituted
vitro andsubunits-3b, -3d and-3i compldedthe whole complex whemdded later ann this
study, thedimerof -3a-3cwasproposedasthe main nucleation coréSun et al., 2011From
these slightly different evidences might be suggestd that both modulesan beformed
independentlythereforevariable elF3ubcomplexemight be presenh vivo, still capable of
at least the basal functiandMoreover, suchsubcomplexes were observed some
aforementionedxperiments as well aa recentreconstitution of NeurosporacrassaelF3
(Smith et al., 2016)in this studyminimal subcomplexontaining-3a, -3b, -3c, -3f, -3g, -3i,
and-3m subunitwasproposedas sufficientfor survival (Smith et al., 2016)As suggesédon
these little differences betwedreessential subunits needéuk probability ofspeciesspecific

functions forelF3 subunitss apparent
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Figure 5: Structure comparison ofthe 26S proteasome lid, COP9 signalosome and elF3 protein comple
that share PCI/MPN core and helical bundleinteractions. Cartoon model the yeast 26 S proteasome (&),
modified from(Estrin et al., 2013)Cartoon model of human COP9 siéasome(B), modified from(Lingaraju e
al., 2014) Cartoon model of human elg&), modified from(Wagner et al., 2016)

3.3 elF3in translation initiation

elF3aloneis able to bindo 40Sandin the caseof some initiation fator missing in PIC,
elF3 prevents the 408)d60S associatio(Kolupaeva et al., 20057 fter binding to 40S, elF3
enhances TC, elF1, elF1A, elF5 loading on the@05a | 8§ g e Kkoreow) €élF3 fan bind
elFl, elF1A, elF2 and elF5 without the presence of 40S, formhiegnultifactor complex
(MFC) that loadshe Met-tRNAM® onthe40S(Sokabe et al., 2012)n the MFC assemblyhe
elF3c provides several interactions with other facfoksar 8s kov 8 et al
2017) In assembled 43S PIC, elF3 encircles the 40S in a elépashion. InS.c, elF3c
and-3abind tothe solvent sideof 40SandelF3b,-3g and-3i areplaced near mRNA entry

, 201

channel(Aylett et al., 2015)elF3g interacts with two entry channel ribosomal proteips3R

and Rps2q Cu c hal ov §, andassaziated ,elF3Ridtera@ty with two othmdrosomal
proteins, Rps2 and Rps23, in entry chaifB&intak et al., 2010Y he position of the 12 subunit
mammalian elF®n 40S ribosome seems to be analogous, the PCI/MPN octamer is placed on
the solvent side of the 40S with elF3a NTD reaching the mRNA exit channel, and YLC placed
on theintersubunit side near the mRNA entry chanfoels Georges et al., 201%)teracting
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