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Abstract  

After transcription, mRNA translation is another highly regulated process in gene expression. 

In plants, translation regulation plays an important role during progamic phase, fertilization and 

seed development, where synthesized transcripts are stored and selectively translated later in 

development. Translation regulation is also broadly used in stress responses as a fast and 

flexible tool to change gene expression; therefore, it plays an essential role in the survival 

strategy of sessile organisms like plants. Both regulation of the global translational rate as well 

as selective regulation of specific transcripts modulate the final gene expression response. Most 

of the regulatory mechanisms are concentrated in the stage of initiation, which is facilitated by 

several translation initiation factors. Eukaryotic translation initiation factor 3 (eIF3) is the 

largest and most complex of these factors, consisting of 12 conserved subunits. Its key function 

in the initiation is to scaffold the formation of the translation initiation complex and in the 

scanning mechanism accuracy. In past decades, additional eIF3 functions were discovered 

acting upon the whole translation cycle, including its importance in global and specific 

translation regulation. The aim of this work is to review eIF3 functions and to discuss current 

evidence for eIF3-mediated translation regulation in flowering plants. 
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Abstrakt   

Translace mRNA je po transkripci dalġ² vysoce regulovanou etapou genov® exprese. U rostlin 

nabĨv§ regulace translace znaļn®ho vĨznamu bŊhem progamick® f§ze, oplozen² a vĨvoje 

semen, kdy jsou s rŢznou m²rou selektivity translatov§ny jiģ skladovan® molekuly mRNA. D§le 

se regulace translace uplatŔuje d²ky sv® rychlosti a flexibilitŊ i v reakci na stresov® situace, coģ 

m§ velkĨ vĨznam pro schopnost pŚeģit² rostlin jakoģto pŚisedlĨch organismŢ. PŚesn§ modulace 

genov® exprese je vĨsledkem glob§ln² translaļn² regulace stejnŊ jako specifick® regulace 

urļitĨch transkriptŢ. VŊtġina tŊchto regulaļn²ch mechanismŢ je soustŚedŊna do iniciaļn² f§ze 

translace, kter® se ¼ļastn² cel§ Śada pomocnĨch translaļn²ch iniciaļn²ch faktorŢ. EukaryotickĨ 

translaļn² iniciaļn² faktor 3 (eIF3) je nejvŊtġ²m a nejsloģitŊjġ²m translaļn²m iniciaļn²m 

faktorem, skl§daj²c²m se z 12 konzervovanĨch podjednotek. Jeho role strukturn²ho leġen² 

v iniciaļn² f§zi translace je kl²ļov§ pro vytvoŚen² translaļn²ho iniciaļn²ho komplexu a pro 

pŚesnost skenovac²ho mechanismu. V posledn²ch letech byly objeveny dalġ² funkce, kter® 

rozġ²Śily pŢsobnost eIF3 do cel®ho translaļn²ho cyklu, a to vļetnŊ jeho vĨznamu v glob§ln² i 

specifick® translaļn² regulaci. C²lem pŚedkl§dan® bakal§Śsk® pr§ce je popsat funkce eIF3 a 

diskutovat poznatky o jeho roli v translaļn² regulaci krytosemennĨch rostlin. 
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1 Introduction   

Translation is an essential step for gene expression. The process of translation requires not 

only large amount of cell energy, different RNA molecules, ribosomal proteins but also precise 

regulation. In plants, expression of some key developmental regulators is specifically controlled 

at the translational level. Moreover, stress-related 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 the complex 

process of mRNA storage and subsequent selective translation needs precise control. Most of 

the translational regulation is centered in the translation initiation phase, where several 

translation initiation factors ensure mRNA association with the ribosome, precise start codon 

recognition and correct ribosome assembly. 

 Eukaryotic translation initiation factor 3 (eIF3) is the largest initiation factor, conserved 

across eukaryotic kingdom and is consisting of 12 subunits in plants. eIF3 forms two structural 

modules that are joined together; PCI/MPN octamer and yeast-like core (YLC). In initiation 

process, the octamer module plays a role of scaffold structure that interacts with multiple 

components of translational machinery, promotes assembly of pre-initiation complex and joins 

together mRNA and small ribosomal subunit, while the YLC module participates in scanning 

and stringency of start codon recognition. Recent studies also uncovered many additional 

species-specific roles for eIF3 in other translational processes and for individual eIF3 subunits 

in global and specific translation regulation.  

Plant eIF3 composition is similar to the mammalian eIF3 complex, and some plant eIF3 

subunits were analyzed during the last 20 years using mainly Arabidopsis thaliana as a model 

organism. Plant eIF3 research focused mainly on the subunit eIF3h and described its ability in 

promoting the translation of specific transcripts that contain inhibitory upstream open reading 

frames (uORFs) in their 5Ë leader. Several other studies pointed to the importance of other eIF3 

subunits in various plant developmental stages as well as in abiotic and biotic stress response. 

However, the knowledge about the exact regulation mechanisms pertained by eIF3 is still 

mostly unknown. 

 The aim of this work was to review the current evidence for the translation regulation 

mediated by individual eIF3 subunits in flowering plants and to suggest future directions in 

plant eIF3 research. Because of the translation context complexity, preceding the description of 

eIF3 structure and functions, the process of translation initiation is presented for better 

understanding and orientation in the topic.  
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2 Eukaryotic translation  

Translation is the last step of the central dogma of molecular biology, where the nucleotide 

sequence is translated into amino acids by the rules of the genetic code. Translation consumes 

the majority of the cell energy and is a conserved, multistep and multifactorial process. 

Excluding translation in organelles, this chapter presents the general process of eukaryotic 

translation for 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 

regulatory function. Also, three types of RNA play key informational, structural and functional 

roles in protein synthesis: ribosomal (rRNA), transfer (tRNA) and messenger (mRNA). 

rRNAs and ribosomal proteins form ribosomes, massive ribonucleoprotein complexes with 

catalytic activity ensuring protein synthesis. Across species, the catalytic function is performed 

by rRNA in the conserved peptidyl transferase center (PTC), while ribosomal proteins have 

rRNA stabilizing and regulative function (Graifer and Karpova, 2015). Within the eukaryotic 

cell, ribosomes are localized freely in cytoplasm or associated with endoplasmic reticulum. 

Eukaryotic cells also contain subpopulations of prokaryotic-like ribosomes in semi-autonomous 

organelles (mitochondria, plastids). Cytoplasmic 80S ribosome consists of four rRNA chains; 

28S, 18S, 5.8S, and 5S, and 70-80 ribosomal proteins, all divided into two subunits: large 60S 

and small 40S. In the assembled 80S ribosome (Figure 1) there are three channels; polypeptide 

exit channel, mRNA entry and mRNA exit channel. For the tRNA, three sites are identified; 

aminoacyl-tRNA binding site (A site), peptidylȤtRNA binding site (P site) and exit site (E site). 

tRNA is a short non-coding RNA with a specific cloverleaf-like secondary structure, 

L-shaped tertiary structure and many base modifications. It plays a major role in deciphering 

the genetic code during the translation, as it holds the three-nucleotide anticodon on one of its 

loops and can covalently bind the proper amino acid on the acceptor stem. The binding of amino 

acid to its specific tRNA (tRNA charging) is performed with high efficiency by aminoacyl-

tRNA synthetases. 

mRNA carries the sequence information from the nucleus to cytoplasm, where the protein 

synthesis apparatus is located. From the start of transcription, the elongating nascent transcript 

undergoes mRNA processing; a series of co- and posttranscriptional modifications, that add 

7-methylguanosine cap (5Ëcap) on its 5Ë end, polyadenylate tail (polyA) on 3Ëend and remove 

introns (Reviewed by Moore and Proudfoot, 2009). Moreover, transcripts are never fully 

ñnakedò, but associate with proteins to form the ribonucleoprotein particles (mRNPs). The 
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composition of mRNPs is highly dynamic and changes several times during the mRNA life, as 

it directs the mRNA molecule throughout the RNA processing, nuclear export, translation 

viability, mRNA storage or the rate of degradation (Singh et al., 2015). For translation, mRNA 

is activated by several initiation factors and multiple copies of the cytoplasmic Poly(A)-binding 

proteins (PABPs). 

During all of the steps of translation, ribosomes need the support of many other proteins, 

known as translation factors (Table 1). Initiation factors control the activation of mRNA, its 

assembly with small ribosomal subunit and initiator tRNA, scanning of mRNA and start codon 

recognition. Then they are released from the initiation complex to allow for the joining of the 

60S to form an elongation-competent 80S ribosome. Elongation factors supply charged tRNAs 

to the A-site and mediate mRNA translocation within the ribosome. Their functions are fueled 

by GTP hydrolysis. Release factors are responsible for the proper termination of translation by 

recognizing the stop codon and promote the separation of ribosomal subunits.  

Figure 1: Crystal structure of the S. cerevisiae 80S ribosome. Views from the E site (A), small subunit side 

(B), A site (C) and large subunit side (D). Polypeptide exit tunnel, mRNA entry and exit tunnels are indicated. 

The large 60S subunit is shown in yellow with orange proteins and the small 40S subunit in cyan with blue 

proteins. Adapted from (Jenner et al., 2012). Schematic model of three sites for tRNA (E), here shown with 

mRNA and two aminoacyl-tRNA molecules in P and A site. Modified from (Browning and Bailey-Serres, 2015) 
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2.2 Variability of translational machinery  enables specific regulation 

2.2.1 Ribosomal proteins build populations of heterogenous ribosomes 

In ribosomes, rRNA molecules are enveloped by ribosomal proteins. In plants, there are 

more than 200 genes for 80 gene families of ribosomal proteins, each family being encoded by 

two to five paralogs in Arabidopsis (Browning and Bailey-Serres, 2015). In all eukaryotes, most 

of the ribosomal proteins are found in some ribosomal complex, therefore one cell contains 

many populations of heterogenous ribosomes (Simsek et al., 2017). Moreover, distinct 

ribosomes were found to preferentially translate specific subpopulations of mRNA (Shi et al., 

2017), increasing their role in selective translation. Plants are no exception from this 

phenomenon, and show as well some plant specifics in ribosomal biogenesis (Weis et al., 2015). 

2.2.2 Sequence and structure determine translation of individual mRNAs  

Some mRNAs contain special features that influence their lifespan or translation efficiency 

(Figure 2). These additional features are mostly found in 5Ëuntranslated region (5ËUTR), less 

commonly in 3Ëuntranslated region (3ËUTR) or in main ORF (mORF). Recognition of transcript 

specificity is dependent mostly on sequence and ability to form secondary structures. Upstream 

Protein Function 

Initiation factors (eIFs) 

eIF1  
PIC formation, scanning, AUG selection, controls eIF5 activity, promotes 40S open 

conformation 

eIF1A  PIC formation, scanning, AUG selection, promotes 40S open conformation 

eIF2 subunits Ŭ, ɓ, ɔ Small GTPase, forms ternary complex with GTP and Met-tRNAi
Met 

eIF2B  GDP-GTP recycling factor for eIF2 

eIF3 12 subunits Formation of PIC, scanning and AUG recognition, mRNA joining 

eIF3j  eIF3 associated factor, promotes eIF3 binding to 40S 

eIF4A  ATP-dependent helicase, unwinds secondary structure of mRNA, binds mRNA to 40S 

eIF4B  Cofactor of eIF4A 

eIF4F 
eIF4E 

eIF4G 

5Ëcap binding protein 

Scaffold protein 

eIF5  GTPase activating protein for eIF2, Met-tRNAi
Met placement  on AUG 

eIF5B  Joining of 60S subunit, GTPase 

PABP  Binds poly(-A) tail, interacts with eIF4G 

Elongation factors (eEFs) 

eEF1A  small GTPase, binds aminoacyl tRNA and GTP 

eEF1B subunits Ŭ, ɓ, ɔ Recycling factor of eEF1A 

eEF2  tRNA and mRNA translocation 

Release factors (eRFs) 

eRF1  Termination/peptide release 

eRF3  Termination/peptide release 

ABCE1  Ribosome recycling 

Table 1:  Overview of eukaryotic translation factors and their function in canonical translation. Simplified  

from the list of Arabidopsis thaliana translation factors in (Browning and Bailey-Serres, 2015). 
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open reading frames (uORFs) have inhibitory effect on translation of the major ORF. Another 

well-known regulatory mechanism used is sequence-specific translation repression mediated 

by small RNAs (Reviewed by Islam et al., 2018 and Liu et al., 2018). Hairpin secondary 

structures in mRNA are found to be a barrier in scanning process and can be surpassed by 

additional helicases or rarely by ribosome shunting. More complicated structures mediate 

IRES-like initiation or might be recognizable by classical or additional RNA binding proteins 

(Merchante et al., 2017). 

2.2.3 Plant-specific initiation factors operate on different mRNA pools 

Similarly to ribosomal proteins, plants frequently encode a translation factor by more than 

one gene. Moreover, two structurally distinct eIF4F complexes are found in plants to provide 

mRNA activation; canonical eukaryotic eIF4F and plant specific eIF4isoF (Figure 3). eIFisoF 

is comprised of a plant specific cap 

binding protein eIF4isoE and a scaffold 

protein eIF4isoG. However, mixed 

complexes of eukaryotic and plant 

specific factors could be formed, too 

(Mayberry et al., 2011). Recent studies 

suggest that both complexes are 

differentially expressed and operate on 

different mRNA pools (Mayberry et 

al., 2009; Mart²nez-Silva et al., 2012; 

Gallie, 2016). The plant eIF4B is non-

conserved and may have alternative 

functions (Browning and Bailey-

Serres, 2015). Plants also possess large 

variety of PABPs (Belostotsky, 2003). 

Figure 3: Plant options of mRNA activation. After export 

from the nucleus, mRNA is activated by cap-binding complex 

eIF4F or plant-specific eIFiso4F at the 5ǋ end, PABP at the 3ǋ end 

and additional factors eIF4A and eIF4B before loading to 43S 

PIC. Adapted from (Browning and Bailey-Serres, 2015) 

Figure 2: Structural features of mRNA that influence translation. The 5Ë Cap and the poly(A) tail enhance 

translation. Internal ribosomal entry sites (IRESs) promote cap-independent translation; hairpins and upstream 

open reading frames (uORFs) generally reduce translation of the main ORF (mORF). Light orange ovals represent 

RNA-binding proteins that recognize specific sequences in the transcript, marked as blue bands, and can either 

inhibit or enhance translation. Red bands represent small RNA binding sites and enhance mRNA degradation and 

specific gene silencing. Adapted and modified from (Merchante et al., 2017). 
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2.3 The translation cycle  

2.3.1 Initiation phase  

Initiation is the opening step of translation (Figure 4), accomplished by the scanning 

mechanism in eukaryotes (Reviewed by Hinnebusch, 2014; 2017). Initiation starts with 

formation of the Ternary Complex (TC) from eIF2-GTP and initiator Met-tRNAi
Met. The TC is 

then bound to free 40S ribosomal subunit along with initiation factors eIF1, eIF1A, eIF3 and 

eIF5 to form the 43S pre-initiation complex (43S PCI). In this assembly, eIF3 plays a role of a 

scaffold that joins other proteins together. In addition, eIF1, eIF2, eIF3 and eIF5 could pre-

assemble, independently on 40S, forming the so called multi-factor complex (MFC). Free 

cytoplasmic MFC was observed in yeast (Asano et al., 2000), plants (Dennis et al., 2009), and 

in mammals (Sokabe et al., 2012). In the 43S PIC, Met-tRNAi
Met is placed almost precisely in 

the future P-site of the ribosome with anticodon CAU complementary to start codon AUG.  

 Activated mRNA joins 43S PIC along with associated proteins; eIF4E, eIF4A, eIF4B, 

PABP and eIF4G. 43S PIC and mRNA are joined together via the eIF3-eIF4G bond to form 

48S pre-initiation complex (48S PIC) in the open conformation (Villa et al., 2013). The open 

48S PIC starts scanning the 5ËUTR until the AUG codon is reached in Kozak consensus 

Figure 4: Model of the Scanning Mechanism of Eukaryotic Translation  Initiation . Here shown as a series 

of steps. Starting with 43S PIC assembly (A) and mRNA activation (B), followed by mRNA acquisition to form 

43S-mRNA PIC (C). GTP hydrolysis on eIF2 starts subsequent scanning of the mRNA (D), accompanied with 

ATP dependent unwinding of mRNA by eIF4A (E). AUG recognition form the closed 48S that triggers the 

release of eIF1, Pi, and eIF5-eIF2-GDP to, while eIF5B-GTP binds to the complex (F) and promotes joining of 

the 60S subunit to the PIC, with the release of residual initiation factors (G). Formed 80S IC is then ready for the 

first round of elongation (H). Adapted and modified from (Hinnebusch, 2017) 
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sequence, a favorable context of surrounding nucleotides (Kozak, 1987). Scanning is first 

driven by hydrolysis of GTP on eIF2, a process promoted by eIF5, where the phosphate remains 

bound to the eIF2 through the scanning process (Algire et al., 2005). Then, eIF4A unwinds the 

5ËUTR using the ATP hydrolysis as an energy source. Start codon in Kozak sequence consensus 

is recognized by the codon-anticodon pairing with Met-tRNAi
Met with the support of eIFs. The 

following release of eIF1 opens the way for the phosphate to dissociate from eIF2 (Algire et 

al., 2005). The phosphate release is followed by the dissociation of eIF1A, eIF2-GDP, eIF3 and 

eIF5. PIC is then in the closed conformation, ready to bind with the 60S large ribosomal subunit, 

with Met-tRNAi
Met anticodon interacting with start codon in the future P-site. The 60S subunit 

is joined with the help of eIF5B, in a process fueled by GTP hydrolysis, resulting in the 80S 

initiation complex (80S IC), ready for the first round of elongation.  

2.3.2 Elongation, termination and ribosome recycling  

In one elongation cycle, eEF1A-GTP delivers charged tRNA to the A-site, accompanied by 

GTP hydrolysis. After the ribosome catalyzes new peptide bonding in the PTC, eEF2 promotes 

tRNA translocation within the ribosome sites and allows mRNA to move by one codon, a 

process powered by another GTP hydrolysis. The GDP in the eEF1A is exchanged for GTP by 

eEF1B, while eEF2 requires no recycling factor for recharging. As the ribosome completes the 

elongation, one tRNA molecule binds stepwise to the codon in the A-site, moves to the P-site, 

holding the growing peptidyl chain and leaves through the E-site after another elongation round. 

The elongation cycle is repeated, until a stop 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 A-site and binds eRF3. eRF3-mediated GTP hydrolysis releases the polypeptide 

from the ribosome by the hydrolysis of tRNA-eRF3 bond within P-site (Brown et al., 2015).  

Ribosome recycling starts after the polypeptide chain has been released and 80S ribosome 

is still bound to mRNA. In eukaryotes, there is no homolog of prokaryotic ribosome recycling 

factor (RRF). Instead, eRF1 remains bound to the 80S after termination and may have a role in 

ribosome recycling (Pisarev et al., 2007). The dissociation of the 80S ribosome to 40S and 60S 

subunits is in eukaryotes promoted by highly conserved ATP-binding cassete E (ABCE1) 

(Pisarev et al., 2010). Elongation, termination and ribosome recycling are discussed in detail in 

Dever and Green, 2012. 

2.3.3 Non-canonical translation events 

There are several exceptions, where general rules of translation cycle are challenged. To be 

treated independently of global translation and its regulation, viruses developed several 

mechanisms to do so, and as was mentioned in previous chapter, some cell transcripts also 
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possess specific features enabling them to fine-tune their own translation. In Leaky scanning, 

the start codon is surpassed during the mRNA scanning, when AUG is in weak surrounding 

sequence (Kozak, 2002). To the contrary, during non-AUG initiation ribosomes initiate 

translation on codon other than AUG (Hsu et al., 2016). Viral internal ribosome entry sites 

(IRES) are complex structures in their 5ËUTR that bind 40S, initiation factors, and place viral 

RNA in ribosome with AUG directly in P-site. Some cell transcripts also possess IRES-like 

structures to promote Cap-independent initiation (Yamamoto et al., 2017). Other mRNA 

secondary structures, inhibitory hairpins in 5ËUTR, can be bypassed by the scanning complex 

by the so-called ribosome shunting, a mechanism performed by some viruses as well (Pooggin 

and Ryabova, 2018). Reinitiation occurs on post-termination ribosomes, where mRNA remains 

bound to 40S and fresh TC and eIFs are loaded to form a new 43S PIC that is able to scan and 

reinitiate (Skabkin et al., 2013). During Stop codon readthrough, successful recognition of stop 

codon is decreased and ribosomes continue in elongation cycles (Schueren and Thoms, 2016). 

3 Eukaryotic initiation factor 3  

In the previous chapter, eukaryotic translation initiation factor 3 (eIF3) was shown as a part 

of the initiation machinery. This chapter provides a more detailed description of structural and 

functional features of this protein complex. In most studies, yeast and mammalian eIF3 was 

examined, but much could be applied on other organisms, because eIF3 is conserved in all 

eukaryotes, comprised of as much as 12 subunits. First was isolated from rabbit reticulocytes 

in the 1970Ës (Benne and Hershey, 1976; reviewed by Cate, 2017) and from then, several eIF3 

functions were discovered, with some of them not even related to the translation initiation. 

3.1 Composition differences in organisms 

eIF3 is likely to be present in every eukaryotic cell. Individual subunits are conserved in 

their structure, protein domains and at least the basal functions (Table 2). In the beginning of 

the 21st century, a unified letter nomenclature for eIF3 subunits was proposed instead of 

molecular weight (Browning et al., 2001; Burks et al., 2001). The most diverged eIF3 complex 

that has been discovered and intensively studied is in Saccharomyces cerevisiae, consisting of 

just 5 subunits (-3a, -3b, -3c, -3i, and -3g) with molecular mass of ~360 kDa (Asano et al., 1998; 

Phan et al., 1998; Khoshnevis et al., 2012), suggesting for the essential subunits needed for eIF3 

functions in translation initiation. eIF3j is also found in S.c. and is necessary for eIF3 binding 

to 40S, but is only loosely attached to eIF3 (Val§ġek et al., 2001; Elantak et al., 2010) and not 

present in purified yeast eIF3 complex, considered as an eIF3 associated factor (Asano et al., 

1998; Khoshnevis et al., 2012). In mammals, homologs of all 5 yeast eIF3 subunits are found 
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Table 2: Table of eIF3 subunit composition in different organisms. Not including eIF3 associated protein eIF3j. 

Modified from (Val§ġek et al., 2017), with respect to (Li et al., 2016) and (Li et al., 2017). 

in the purified complex, together with 7 additional subunits -3d, -3e, -3f, -3h, -3k, -3l and -3m 

(Zhou et al., 2008; Smith et al., 2013). In mammals and Neurospora crassa, eIF3-associated 

protein eIF3j shows similar functions as its S.c. ortholog (Fraser et al., 2004; Smith et al., 2013). 

Plant eIF3 composition is similar to the mammalian model (Burks et al., 2001), suggesting for 

a high conservation of the 12 subunits and that the yeast eIF3 is likely reduced. In Excavata, 

eIF3 composition is also similar to the mammalian model, although subunits differ in sequence, 

keeping conserved only their domains, and for some species from this group, there is a lack of 

evidence for some subunits (Rezende et al., 2014; Han et al., 2015; Meleppattu et al., 2015). In 

Bacteria and Archaea, there is no homology for eIF3 subunits, except of the homology with the 

subunit eIF3i found in Archaea (Benelli and Londei, 2011; Rezende et al., 2014), corresponding 

with the fact that neither Bacteria nor Archaea initiate translation by the scanning mechanism. 

3.2  Structure  and assembly  

Size, complexity and structural flexibility are barriers in solving the complete eIF3 structure. 

In recent years, major progress pushed the boundaries of knowledge further, as the structure of 

eIF3 in different contexts of PICs has been solved in yeast (Erzberger et al., 2014; Korostelev, 

2014; Aylett et al., 2015) and in mammals (Hashem et al., 2013a; Querol-Audi et al., 2013; des 

Georges et al., 2015; Simonetti et al., 2016; Eliseev et al., 2018), together with the biochemical 

data of proposed eIF3 subunit assembly, composition and mutual interactions (Zhou et al., 

2005; Masutani et al., 2007; Zhou et al., 2008; Sun et al., 2011; Herrmannov§ et al., 2012; 

Khoshnevis et al., 2012; Wagner et al., 2014; 2016).  

Mammalian eIF3 can be divided into two modules (Figure 5C), first module being an 

octamer formed from eIF3a, -3c, -3e, -3f. -3h, -3k, -3l and -3m subunits. Assembly of this 

octamer is enabled by a scaffold structure of 6 subunits (-3a, -3c, -3e, -3k, -3l and -3m) 

Subunit Domains Organism 

  
S.  

cerevisiae 

S.   

pombe 

T.  

brucei 

H. 

sapiens 

A.  

thaliana 

O.  

sativa 

eIF3a PCI, Spectrin x x x x x x 

eIF3b WD40, RRM x x x x x x 

eIF3c PCI x x x x x x 

eIF3d 5Ëcap binding?  x x x x x 

eIF3e PCI  x x x x x 

eIF3f MPN  x x x x x 

eIF3g RRM, Zn finger x x x x x x 

eIF3h MPN  x x x x x 

eIF3i WD40 x x x x x x 

eIF3k PCI   x x x x 

eIF3l PCI   x x x x 

eIF3m PCI  x  x x x 
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containing a PCI (for Proteasome, CSN, eIF3) domain and 2 subunits (-3h and -3f) containing 

a MPN (for Mpr1-Pad1-N-terminal) domain. This PCI/MPN octamer has a  five-lobed structure 

(Siridechadilok et al., 2005; Querol-Audi et al., 2013), stabilized by two interaction hubs; the 

PCI domain-containing subunits form a structure known as ɓ-sheet arc, plus every subunit of 

the octamer joins with one Ŭ-helix, forming the helical bundle (des Georges et al., 2015). This 

structure is shared between otherwise functionally unrelated protein complexes (Figure 5); CSN 

(COP9 signalosome) and 26S proteasome lid (Pick et al., 2009; Enchev et al., 2010; Ellisdon 

and Stewart, 2012). The second module consists of eIF3 subunits -3b, -3i and -3g, structurally 

similar to the yeast orthologs. Both modules are connected via -3a/-3b interaction. In the most 

reduced S.c. complex, -3a PCI domain binds with the second PCI domain of eIF3c to form one 

subcomplex. The second subcomplex consist of the mutual interaction between eIF3g and 

eIF3i. Both subcomplexes are bridged by eIF3b, binding both -3g and -3i via its CTD, while its 

NTD binds with eIF3a. Associated protein eIF3j binds loosely to the spectrin domain of eIF3a 

and to RNA recognition motif (RRM) of eIF3b (Val§ġek et al., 2001; 2003).  

The assembly of the 12 subunit eIF3 was proposed by Wagner and co-workers in 2016. In 

this model, the -3a binds -3b, forming the nucleation core, then -3i and -3g join the -3b to form 

a subcomplex of -3a, -3b, -3g and -3i, containing four out of five budding yeast eIF3 subunits, 

therefore called yeast-like core (YLC) (Figure 5C), which alone is still able to bind to 40S and 

recruit activated mRNA in vivo (Wagner et al., 2014). Assembly of other PCI/MPN core 

subunits proceeds, starting with -3c joining -3a to form the ñheadò, followed by -3m, -3f and -

3h to form the ñleft legò. Then, the ñright armò -3e joins, followed by the ñright legò -3l and -3k 

to complete the octamer. eIF3d is a non-octameric subunit, which is bound to -3e. Although in 

this model, the proposed human nucleation core is the -3a/-3b dimer and the YLC is considered 

a key prerequisite for octamer assembly, the whole human octamer alone was reconstituted in 

vitro and subunits -3b, -3d and -3i completed the whole complex when added later on. In this 

study, the dimer of  -3a/-3c was proposed as the main nucleation core  (Sun et al., 2011). From 

these slightly different evidences it might be suggested that both modules can be formed 

independently, therefore variable eIF3 subcomplexes might be present in vivo, still capable of 

at least the basal functions. Moreover, such subcomplexes were observed in some 

aforementioned experiments as well as in recent reconstitution of  Neurospora crassa eIF3 

(Smith et al., 2016). In this study, minimal subcomplex containing -3a, -3b, -3c, -3f, -3g, -3i, 

and -3m subunit was proposed as sufficient for survival (Smith et al., 2016). As suggested on 

these little differences between the essential subunits needed, the probability of species-specific 

functions for eIF3 subunits is apparent.  
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3.3 eIF3 in translation initiation  

eIF3 alone is able to bind to 40S and in the case of some initiation factor missing in PIC, 

eIF3 prevents the 40S and 60S association (Kolupaeva et al., 2005). After binding to 40S, eIF3 

enhances TC, eIF1, eIF1A, eIF5 loading on the 40S (Val§ġek, 2012). Moreover, eIF3 can bind 

eIF1, eIF1A, eIF2 and eIF5 without the presence of 40S, forming the multifactor complex 

(MFC) that loads the Met-tRNAi
Met  on the 40S (Sokabe et al., 2012). In the MFC assembly, the 

eIF3c provides several interactions with other factors (Kar§skov§ et al., 2012; Obayashi et al., 

2017). In assembled 43S PIC, eIF3 encircles the 40S in a clamp-like fashion. In S.c., eIF3c 

and -3a bind to the solvent side of 40S and eIF3b, -3g and -3i are placed near mRNA entry 

channel (Aylett et al., 2015). eIF3g interacts with two entry channel ribosomal proteins, Rps3 

and Rps20 (Cuchalov§ et al., 2010), and associated eIF3j interacts with two other ribosomal 

proteins, Rps2 and Rps23, in entry channel (Elantak et al., 2010). The position of the 12 subunit 

mammalian eIF3 on 40S ribosome seems to be analogous, the PCI/MPN octamer is placed on 

the solvent side of the 40S with eIF3a NTD reaching the mRNA exit channel, and YLC placed 

on the intersubunit side near the mRNA entry channel (des Georges et al., 2015), interacting 

Figure 5: Structure comparison of the 26S proteasome lid, COP9 signalosome and eIF3 protein complexes 

that share PCI/MPN core and helical bundle interactions. Cartoon model of the yeast 26 S proteasome lid (A), 

modified from (Estrin et al., 2013). Cartoon model of human COP9 signalosome (B), modified from (Lingaraju et 

al., 2014). Cartoon model of human eIF3 (C), modified from (Wagner et al., 2016). 

 




































