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Abstract

Eukaryotic translation initiation is a multistep process requiring a number of eukaryotic translation
initiation factors (elFs). Two GTPases play key roles in the process. elF2 brings the initiator Met-
tRNA, to the pre-initiation complex (PIC). Upon start codon selection and GTP hydrolysis
promoted by the GTPase-activating protein (GAP) elF5, elF2-GDP is displaced from Met-tRNA;
by elF5B-GTP and is released in complex with elF5. elF5B promotes ribosomal subunit joining,
with the help of elF1A. Upon subunit joining, elF5B hydrolyzes GTP and is released together with
elF1A. We found that human elF5 interacts with elF5B and may help recruit elF5B to the PIC. An
elF5B-binding motif was identified at the C-terminus of elF5, similar to that found in elF1A.
Indeed, elF5 competes with elF1A for binding and has ~100-fold higher affinity for elF5B. Since

elF5 is the GAP of elF2, the newly discovered interaction offers a possible mechanism for
coordination between the two steps in translation initiation controlled by GTPases: start codon

selection and ribosomal subunit joining. Our results indicate that in human, elF5B displacing elF2

from Met-tRNA; upon subunit joining may be coupled to elF1A displacing elF5 from elF5B,
allowing the elF5:elF2-GDP complex to leave the ribosome.
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Introduction

Translation initiation in eukaryotes consists of several steps: (i) 43S pre-initiation complex
(PIC) assembly from the 40S ribosomal subunit and eukaryotic translation initiation factors
(elFs) 1, 1A, 2, 3, and 5, and the initiator Met-tRNA; (ii) recruitment of the 43S PIC to the
5’-end of MRNA by the cap-binding elF4F complex; (iii) scanning along the mRNA; (iv)
start codon selection; and (v) joining of the large ribosomal subunit. elF2 is a GTPase that in
its active, GTP-bound form, brings Met-tRNA; to the PIC. elF5 is the GTPase-activating
protein (GAP) of elF2. elFs 1,2, 3, and 5, as well as Met-tRNA;, form a multifactor complex
(MFC) off the ribosome and may bind to the PIC together, with the elF5 C-terminal domain
(elF5-CTD) acting as the nucleating center for MFC assembly.’” Basepairing between the
anticodon of Met-tRNA, and the start codon induces major conformational changes in the
PIC, from an open, scanning complex to a closed complex, locked at the start codon. The
stringency of start codon selection is controlled by the interplay of several factors, including
elF1, which destabilizes PICs at non-AUG codons, AUG codons in suboptimal sequence
context, or AUG codons too close to the 5’-end of MRNA (reviewed in references 8-13).

The C-terminal tail (CTT) of elF1A is located in the ribosomal P-site and counteracts the
transition from open to closed complex. Start codon selection triggers the release of elF1
from the PIC and “eviction” of elF1A-CTT from the P-site.1=3 elF5 promotes GTP
hydrolysis by elF2, followed by phosphate release. elF2-GDP has lower affinity for Met-
tRNA, than elF2-GTP, and is released together with its GAP, elF5.16-19 ¢|F2-GDP release is
accelerated by a second GTPase, elF5B,20 which then itself binds to Met-tRNA;. elF5B-
GTP, together with elF1A, promotes ribosomal subunit joining, followed by GTP hydrolysis
by elF5B and release of elF5B and elF1A, leaving an 80S ribosome ready to start protein
synthesis. An interaction between an elF5B-binding motif, at the C-terminus of elF1A, and
domain 4 of elF5B (elF5B-D4) is important for both subunit joining and the coordinated
release of elF5B and elF1A.4 2123 This interaction is most likely established upon start
codon selection, when elF1A-CTT is displaced from the P-site and is thus able to contact
elF5B.

We recently reported that the binding affinity between elF1A and elF5B is regulated by a
network of intramolecular interactions both within elF1A and elF5B. In particular, the
intrinsically disordered elF1A-CTT contacts dynamically the folded domain of elF1A,
which blocks the folded domain from interacting with domain 3 of elF5B (elF5B-D3) and
weakens the binding of elF1A-CTT to elF5B-D4. elF1A biding to the 40S ribosomal
subunit disrupts the intramolecular interactions within elF1A, increasing the affinity of
elF1A for elF5B, when both proteins are bound to the ribosome.8

Here, we report that human elF5, the GAP for elF2, also binds to elF5B, with affinity that is
about two orders of magnitude higher than that of elF1A. The interaction is mediated by an

elF5B-binding motif located at the C-terminus of elF5, similar to that of eIlF1A and the two
proteins compete for binding to elF5B. Since elF5 is the GAP of elF2, the newly discovered
interaction links start codon selection and ribosomal subunit joining.
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Materials and Methods

Protein expression and purification

The constructs used in this study are shown in Fig. 1. The proteins were cloned with an N-
terminal GB1 tag, Hisg-tag, and a TEV protease cleavage site (GH-tag). The expression and
purification of human elF5B5g7_1220, (GH-AelF5B); human elF5Bgs1_1229, cOmprising
domains 3 and 4 (GH-elF5B-D34); and human elF5B1g76_1220, comprising domain 4 (GH-
elF5B-D4) was as described previously.8 Full-length human elF5 (GH-elF5) was expressed
at 20 °C O/N and purified on a TALON Cell-Thru His-tag affinity column (Clontech) in
buffer containing 20 mM Tris, pH 7.0, 300 mM KCI, 7 mM BME and 0.1 mM AEBSF. The
GBL1 tag was cleaved using TEV protease. lon exchange chromatography on an Uno Q
column was used to remove the GB1 tag as well as an abundant truncated fragment,
corresponding to elF5-NTD. elF5196-431 (GH-elIF5-CTD) was expressed and purified
similarly to GH-elF5. elF5 fragments comprising the C-terminal 39 residues (GH-elF5-
CT39) and 9 residues (GH-elF5-CT9) were expressed and purified similarly to GH-elF5, but
the expression was carried out at 37 °C for three hours. Fluorescein-labeled elF1A-CT7 (FI-
elF1A-CT7) and elF5-CT7 (Fl-elF5-CT7) were chemically synthesized. 1°N-, 13C- and 2H-
labeling was achieved by growing bacteria on minimal medium supplemented with 15N-
NH,CI, 13C-glucose, and 2H-glucose + 2H,0, respectively. Proteins were exchanged into
Buffer A (20 mM Tris, pH 7.0, 150 mM KCI, 1 mM EDTA, 1 MM DTT and 0.1 mM
AEBSF).

Fluorescence anisotropy

NMR

Fluorescence anisotropy (FA) measurements were done on a QuantaMaster QM4 fluorescent
spectrometer (PTI), equipped with polarizers and dual monochromators. elF5B-D4 and
elF5B-D34 were titrated into a synthetic fluorescein-labeled Fl-elIF1A-CT7 or Fl-elF5-CT7
peptide, to determine their Kps for the peptide, by plotting FA as a function of protein
concentration. The Kps of unlabeled elF5 fragments for elF5B-D4 and elF5B-D34 were
determined using a competition assay, where increasing concentrations of the unlabeled elF5
fragment were titrated into a sample containing an elF5B fragment and either Fl-eIF1A-CT7
or Fl-elF5-CT7, plotting drop in FA as a function of unlabeled competitor concentration.
The experiments were performed in a buffer containing 20 mM Tris—HCI, pH 7.0, 150 mM
KCI, 1 mM EDTA, 1 mM DTT, 0.1 mM AEBSF, at 20 °C. Data analysis was done in
SigmaPlot.

NMR experiments were performed in buffer A, containing 5% 2H,0. NMR spectra were
collected on a 500 MHz Bruker spectrometer with a cryoprobe (Boston University School of
Medicine), except the Nuclear Overhauser Effect Spectroscopy (NOESY) spectra, which
were collected on a 700 MHz Varian spectrometer (MIT), also with a cryoprobe. NMR
resonance assignments for elF5B-D4 were available.* & Resonance assignments for elF5-
CT39 and for the elF5B-D4:elF5-CT39 complex were obtained using standard triple-
resonance experiments24-27 on 15N/13C-labeled samples. 15N heteronuclear single-quantum
coherence (HSQC) experiments on 1°N-labeled proteins were used for NMR binding
analysis by Chemical Shift Perturbation (CSP) assay. For binding experiments, a 15N-
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labeled protein sample was titrated with increasing concentrations of unlabeled binding
partner, until saturation (where no further chemical shift changes are observed), and affected
residues were mapped on the surface of the protein. 1°N-edited NOESY-HSQC spectra were
collected on elF5B-D4:elF5-CT39 complexes at 0.5 mM to 1 mM concentration. The
proteins we mixed at 1.2 : 1 ratio of elIF5B-D4 to elF5-CT39, at low protein concentration,
followed by concentrating the samples in a 5K MW concentrator (Vivaspin). Excess free
elF5B-D4 (which has limited solubility) precipitated during concentration, yielding a
stoichiometric ratio of elIF5B-D4 and elF5-CT39, as confirmed by CSP analysis of the
chemical shifts observed in an 1°5N-HSQC spectrum. NOESY spectra were collected on
three samples: 15N-elF5B-D4+15N-elF5-CT39, 15N-elF5B-D4+2H/15N-elF5-CT39, and 2H/
15N-elF5B-D4+1°N-elF5-CT39. In the first sample, the sidechains of both proteins are
protonated and give rise to NOEs, both intra- and inter-molecular. In the second sample,
only the sidechains in elF5B-D4 are protonated and give rise to NOEs. Therefore, all
sidechain NOEs to NHs in elF5B-D4 are unambiguously intra-molecular (since they are to
sidechains in the same protein) and all sidechain NOEs to NHs in elF5-CT39 are
unambiguously inter-molecular, since they are to sidechains in elF5B-D4). This approach
allows to readily and reliably identify inter-molecular NOEs. A model of the human elF5B-
D4:elF5-CTT complex was generated based on the structure of the S. cerevisiae
elF5B:elF1A-CTT complex.® All pairs of nuclei in elF5B-D4 and elF5-CT39, between
which we had observed inter-molecular NOEs, were within less than seven A of each other,
even before optimizing sidechain orientations. Therefore, the structure of the human elF5B-
D4:elF5-CTT complex is very similar to that of the S. cerevisiae elF5B:elF1IA-CTT
complex.>

Sequence analysis

Results

Search for elF5 and elF1A sequences was done using PSI-BLAST?8 from NCBI (http:/
blast.ncbi.nlm.nih.gov/Blast.cgi). The results were then curated manually based on E-value
and protein length, to eliminate incomplete sequences. The elF5B-binding motif in elF1A
and elF5 has limited information content; therefore, it was not possible to perform a reliable
motif search. Instead, elF1A and elF5 sequences were inspected manually for the presence
of the motif at their C-terminus. No obvious elF5B-binding motifs were detected at the C-
termini of proteins other than elF1A and elF5 (data not shown). Sequence alignment was
done with ClustalW2®: 30 through the Max-Planck Institute for Developmental Biology
Bioinformatics Toolkit (http://toolkit.tuebingen.mpg.de/).

elF5 binds to elF5B and competes with elF1A for binding

We have reported previously that elF5B purified from mammalian cell lysates has weak
elF5-like activity in vitro3! and noticed that endogenous elF5B is contaminated with elF5.
Since this observation indicates that elF5 and elF5B likely bind directly to each other, we set
out to map the interacting regions of the two proteins. Using His-tag affinity pull-down (data
not shown), we found that elF5 binds to recombinant elF5Ba;_sg7 (corresponding to the
entire archaeal alF5B). We further mapped the interaction to the 39-residue elF5 C-terminal
tail (elF5-CT39) and the elF5B-D4 (the domain structure of the proteins and the constructs
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used in this study are shown in Fig. 1). We used fluorescence anisotropy (FA) assay to
determine the binding affinities of a set of elF5 fragments for elF5B and to further map the
interacting regions (Fig. 2). The assay measures the displacement of a fluorescently labeled
peptide from its binding site on a protein, by increasing concentrations of unlabeled peptides
or proteins competing for the same binding site. We noticed that the C-terminus of human
elF5 resembles the C-terminus of elF1A, which has been shown by us and others to bind to
elF5B-D44-6. 23 (see also Fig. 3, below). We found that elF5-CTT does indeed compete with
elF1A-CTT for binding to elF5B-D4 (data not shown), and the last seven residues of human
elF5 are sufficient for binding (Fig. 2 and Table 1), as in elF1A.% The presence of eIF5B-D3
lowered the affinity of the interaction between elF5B-D4 and elF5 two-fold, also similar to
elF1A binding to elF5B (Table 1).% Remarkably, elF5-CT7 had ten-fold higher affinity for
elF5B than elF1A-CT7. Furthermore, while the entire elF1A-CTT has similar affinity to that
of elFLA-CT7 and full-length elF1A has lower affinity due to competing intramolecular
contacts, the complete elF5-CTT has three-fold greater affinity than elF5-CT7, and full-
length elF5 has the same or even slightly higher affinity. As a result, elF5 has 100-fold
greater affinity for elF5B than elF1A (Table 1).

Evolutionary conservation of the elF5B-binding motif in elF1A and elF5

Analysis of the available elF1A and elF5 sequences shows that the elF5B-binding site at the
C-terminus of elF1A is conserved in virtually all elF1A homologs. The elF5-CTT is
conserved in Metazoa, but absent in elF5 sequences from most fungi, including budding and
fission yeast (a select set of elIFLA-CTT and elF5-CTT sequences is shown in Fig. 3). A C-
terminal tail with the elF5B-binding signature is found in some fungal species from the
subdivision Ustilagomycotina, including Ustilago maydis. The sequence of this motif is
somewhat divergent from that of the typical motif found in most elF1A and elF5 sequences,
in that it has leucines, instead of isoleucines. Interestingly, in these fungal species, the elF1A
C-terminus also has leucines, instead of isoleucines (Fig. 3). The functional significance of
this difference is not clear, and we were unable to find obvious complementary changes in
the elF5B sequences from these organisms (data not shown). While no known plant elF5
sequences have the elF5B-binding motif, elF5 sequences from species belonging to three
other Kingdoms, A/veolata, Excavata, and Protozoa, have C-terminal tails with an elF5B-
binding motif. These motifs have similar consensus sequence to those of Metazoan elF5
(Fig. 3). The elF5B-binding motif is found in elF5 sequences from individual branches of
two phyla from Kingdom A/veolata: Ciliophora (Ciliates) and Apicomplexa. Among
Apicomplexa members, all known Plasmodium and Cryptosporidium elF5 sequences have
the motif, whereas Toxoplasma species (which belong to the same order as
Cryptosporidium, but a different family) do not. The situation is similar in Ciliates, where
only part of the known elF5 sequences have the elF5B-binding motif. Only a limited number
of protein sequences are available for the other Kingdoms. Three elF5 sequences are
available from species belonging to Class Parabasalia, Kingdom Excavata, all of which
contain the elF5B-binding motif, including 7richomonas vaginalis elF5 (Fig. 3). Among
Protozoa species, Acanthamoeba castellanii, from Class Discosea, Phylum Amoebozoa, has
an elF5B-bindig motif, whereas the other available eiF5 sequences (belonging to different
classes of Phylum Amoebozoa) do not.
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Mapping the elF5-CTTe+elF5B-D4 interface by NMR

We mapped the binding interface between elF5-CT39 and elF5B-D4 using NMR chemical
shift perturbation (CSP) assay (Fig. 4). In this experiment, the NMR spectrum of a protein
labeled with an appropriate stable isotope (e.g. 1°N) is compared to the spectrum in the
presence of an unlabeled (and thus “invisible”) binding partner. The NMR chemical shifts
are highly sensitive to the environment and, therefore, the peaks corresponding to residues
affected by the interaction “move” upon binding. We used 1H-1°N Heteronuclear Single-
Quantum Coherence (HSQC) NMR spectra, which yield a peak for every NH group and
thus serve as a “fingerprint” for a protein. To map the affected residues on the protein
structures, we obtained the backbone NMR assignments for elF5-CT39 using standard
triple-resonance experiments.24-27 The backbone assignments for elF5B-D4 were already
available from previous work.# 8 Our NMR experiments showed that elF5-CT39 in the
absence of interacting partner is unfolded, similar to elF1A-CTT.32 The NMR CSP assay
identified the extreme C-terminus of elF5-CTT as the primary binding site for eIF5B-CTD
(Fig. 4A). Smaller effects were also observed in residues farther away from the C-terminus
of elF5, consistent with the FA results that elF5-CT39 has slightly higher affinity for elF5B-
D4 than elF5-CT7 (Table 1). However, only the residues near the C-terminus became folded
upon binding to elF5B, whereas the rest of elF5-CT39 remained unstructured, indicating
that this region of elF5-CTT forms only weak, dynamic contacts with elF5B-D4. Mapping
the effects of elF5-CT39 binding to 1°N-labeled elF5B-D4 (Fig. 4B) indicated that the main
elF5-binding surface on elF5B-D4 is the same as the elF1A-binding surface (Fig. 4C).4-6
NMR spectra of 15N-labeled elF5B-D4 with unlabeled elF5-CT9 showed effects essentially
indistinguishable from those with unlabeled elF5-CT39 (compare Fig. S1A and B).
Therefore, it appears that the dynamic contacts causing weak CSP effects in the internal
portion of elF5-CTT (Fig. 4A) do not cause significant effects on backbone NHs in elF5B-
D4. Binding of unlabeled elF5-CTD to elF5B-D4 affected the same residues, causing mostly
identical CSP effects, except in the region near the N-terminal portion of elF5B-D4, where
the magnitude of the CSPs is slightly smaller with elF5-CTD, compared to elF5-CT9 (Fig.
S1C).

The structure of the human elF5B-D4+elF5-CTT complex is very similar to that of the yeast
elF5BeelF1A-CTT complex.

In the course of the NMR CSP experiments described above, it became clear that while free
elF5B-D4 and the elF5B-D4eelF1A complex have limited solubility, the elF5B-D4eelF5-
CT39 complex is stable and soluble to at least 1 mM. We, therefore, proceeded to solve the
structure of this complex by NMR. We used standard 3D triple-resonance NMR
experiments24-27 to obtain the backbone and sidechain resonance assignments of the
complex. To obtain intra-molecular and inter-molecular distance restraints for the elF5B-
D4selF5-CT39 complex, we collected 3D 15N-edited Nuclear Overhauser Effect
Spectroscopy (NOESY) spectra. In NOESY spectra, magnetization is transferred through
space and every pair of 1H nuclei located < 5 A apart gives rise to a peak. In a 1°N-edited
spectrum, only peaks that involve a 1H attached to a 15N are observed. We collected a set of
NOESY spectra on three different samples (Fig. S2A):
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1) Both elF5B-D4 and elF5-CT39 15N-labeled. This spectrum yields both intra- and
inter-molecular NOE peaks involving NH groups from either elF5B-D4 or elF5-
CT39.

2) Both elF5B-D4 and elF5-CT39 15N-labeled, and elF5B-D4 also perdeuterated.
Since the proteins are dissolved in water, deuterium atoms in NH groups are
exchanged back with 1H, whereas the sidechains remain deuterated. In this spectrum,
all sidechain NOE peaks are to sidechain 1H nuclei belonging to elF5-CT39 (which
is not deuterated). Therefore, all NOE peaks between elF5-CT39 NHs and a
sidechain 1H are unambiguously intra-molecular, whereas all NOE peaks between
elF5B-D4 NHs and a sidechain 1H are unambiguously inter-molecular.
3) Both elF5B-D4 and elF5-CT39 15N-labeled, and elF5-CT39 also perdeuterated. In
this spectrum all sidechain NOE peaks are to sidechain H nuclei belonging to
elF5B-D4 (which is not deuterated). Therefore, all NOE peaks between elF5-CT39
NHs and a sidechain 1H are unambiguously inter-molecular, whereas all NOE peaks
between elF5B-D4 NHs and a sidechain *H are unambiguously intra-molecular.
This approach allowed us to reliably identify NOEs between elF5B-D4 and elF5-CT39 in
the complex. Even though the CSP effects on elF5-CT39 extended far from the C-terminus
(Fig. 4A), NOE peaks to elF5B-D4 were only observed for the C-terminal six residues of
elF5. The intermolecular NOEs we observed were fully compatible with the structure of the
yeast elF5BeelF1A complex® (Fig. 4D and Fig. S2B), indicating that the two complexes are
very similar, even at the atomic level. Therefore, we concluded that solving the atomic
structure of the human elF5B-D4elF5-CTT complex was not worthwhile since it would
only yield marginal refinement of side-chain positions over the homology model shown in
Figures 4D and S2B, and not produce any new biological information.
Discussion

A novel interaction between human elF5 and elF5B

In this work, we show that human elF5 binds to elF5B with sub-uM affinity (Table 1). This
interaction provides an unexpected link between the two GTPases in translation initiation,
elF2 and elF5B because elF5 is the GAP of elF2. The interaction is mediated by the C-
terminus of elF5, which is very similar to the C-terminus of elF1A (Fig. 3) that also binds to
elF5B. Indeed, human elF5 and elF1A compete for binding to elF5B-D4, with elF5 having
~100-fold greater affinity (Table 1). The elF5-CTTeelF5B-D4 interface is very similar to the
elF1A-CTTeelF5B-D4 interface (Fig. 4)*8 and involves hydrophobic, as well as
electrostatic, interactions. While human elF1A has only two hydrophobic residues
contacting elF5B (1140 and the C-terminal 1143), elF5 has three (1426, 1428, and the C-
terminal 1431), all of which are involved in productive interactions (Fig. 4D). This difference
likely accounts for the 10-fold higher affinity of the human elF5-CTT, compared to the
human elF1A-CTT (Table 1). This makes the elF5 C-terminus more similar to the S.
cerevisiae elF1A C-terminus, which also has three large hydrophobic residues at the same
positions (Fig. 3), all contacting elF5B.%> Accordingly, while the affinity of yeast elF1A for
elF5B is not known, it appears higher than that of human elF1A because the interaction
between the yeast proteins is strong enough to be observed by affinity pull-down.23 Unlike
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human elF5, S. cerevisiae elF5 does not have a C-terminal tail (Fig. 3) and is not known to
bind to elF5B. Comparison of our NMR results for the elF5B-D4+elF5-CTT complex with
the crystal structure of the yeast elF5BeelF1A complex® shows that the two are remarkably
similar (Fig. 4D and Fig. S2).

The elF5B-binding motif in elF5 was present in the last common ancestor of Eukaryotes

The elF5B-binding motif is present in almost every known elF1A sequence (a set of
representative sequences is shown in Fig. 3). In contrast, our analysis shows that, while a C-
terminal tail with an elF5B-binding motif at the end is found in elF5 proteins from most
metazoan species, it is not as well conserved in other eukaryotes (Fig. 3). For example, no
known plant elF5 sequences have the elF5B-binding motif and only a subset of fungal
species, including Ustilago maydis, have a C-terminal tail with an elF5B-binding motif.
elF5 sequences from species belonging to individual branches of other Kingdoms also have
C-terminal tails with an elF5B-binding motif (Fig. 3). Therefore, the elF5B-binding C-
terminus was present in the last common eukaryotic ancestor, but then lost in some
kingdoms, and in parts of others. This observation indicates that elF5-CTT could be taking
over some of the elFLA-CTT functions, but not others. The functions of elF1A-CTT, and its
interaction with elF5B, in translation initiation, and the possible role of eIF5-CTT in the
process are discussed below.

Function of the elF5-CTTeelF5B interaction

elF1A and elF5 bind to the same surface of elF5B and compete with each other. It is,
therefore, clear that the two interactions cannot occur simultaneously. The elF1Ae«elF5B
interaction is important for ribosomal subunit joining, at the end of translation initiation.
After formation of the 80S ribosome and GTP hydrolysis by elF5B, elF1A-CTT mediates
the coordinated release of elF1A and elF5B from the ribosome.21: 22 Binding of elF1A to
the ribosome removes the intramolecular interaction between the CTT and the OB domain,
which exposes an elF5B-binding surface on the elF1A OB domain and also increases the
elF1A-CTT affinity for eIF5B.8 However, when elF1A binds to the 40S ribosomal subunit,
its CTT is located in the ribosomal P-site, away from the elF5B binding site on the 40S
subunit. Upon start codon selection, the PIC undergoes a conformational transition from an
open scanning-competent state to a closed state, accompanied by displacement of elF1A-
CTT from the P-site.13 The elF1A-CTTeelF5B-D4 interaction is most likely established at
that stage, because elFLA-CTT is now able to reach the elF5B position on the ribosome. In
the 43S PIC, elF1A can stabilize elF5B binding to the ribosome through the elF1A-
OB-<elF5B-D3 interaction. Upon start codon recognition, the elF1A-CTTeelF5B-D4
interaction can also contribute to recruiting elF5B to the 48S PIC, if it is not already bound,
or to stabilize its binding.% Upon start codon selection, elF5B accelerates the release of elF2-
GDP20 and must be present in the PIC at that stage. elF2-GDP is released from the ribosome
in complex with elF5.16.18.19 Therefore, the elF5-CTTeelF5B-D4 interaction can take place
before and until start codon selection. elF5B has no known functions prior to start codon
selection. Therefore, the most likely role of the elF5-CTTeelF5B interaction is recruitment
of elF5B to the 43S or 48S PIC, before it has reached the start codon. Since the binding
affinity between free elF1A and elF5B off the ribosome is rather low due to competing
intramolecular interactions,® it is unlikely for eIF1A and elF5B to be recruited to the PIC as
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a binary complex in human, although this is possible in S. cerevisiae, where the interaction
seems to be stronger.23 Even if elF1A helps recruit elF5B to the PIC, the elF1A-CTT would
not be able to stabilize elF5B on the ribosome until after start codon selection. In contrast,
human elF5-CTT would be available for binding elF5B in the 43S PIC, as well as during
scanning. Unlike elF1A, full-length human elF5 has the same, or even higher affinity for
elF5B than elF5-CTT (Table 1). This indicates that human elF5 and elF5B can form a
complex off the ribosome and be recruited to the ribosome together. A multifactor Complex
(MFC) was recently reported in human.33 Therefore, human elF5B could also be part of the
MFC. This model is shown schematically in Fig. 5.

What are the potential benefits of early and stable recruitment of elF5B to the PIC, through
the interaction with elF5-CTT? The obvious advantage is that this increases the probability
of elF5B already being present during start codon selection, even when most elF5B is
ribosome-bound and the concentration of free elF5B in the cell is low. This would make
translation initiation faster and more efficient, because the PIC would not have to stay idle
until an elF5B molecule binds, to help displace elF2-GDP, and promote subunit joining. A
delay in elF5B binding to the PIC can have additional negative effects, beyond lower
translation rate. Free Met-tRNA is prone to deacylation,3* which can happen if elF2-GDP
leaves the PIC before elF5B is there to replace it. Subunit joining stabilizes the initiation
complex at the start site and prevents it from sliding off. Therefore, delay in elF5B binding
and subunit joining increases the frequency of leaky scanning.35-38 It is difficult to
determine whether, or when, elF5B binding to the PIC is rate-limiting because that depends
on the binding rate constant and the concentration of free elF5B, neither of which is known.
A “best-case scenario” upper limit of the binding rate constant can be estimated assuming
diffusion control and the intracellular concentrations of most translation initiation factors,
including elF5B, have been found to be in the low-uM range (see e.g. references 39: 40);
however, it is unclear what fraction of elF5B is free at any given time, what fraction is bound
to other PICs, or how this ratio varies with changes in the cell metabolic status. A cell can
respond to slow rates of elF5B binding to the PIC by increased steady-state elF5B levels, or
tolerate the associated drop in translation rates and rise in leaky scanning. Thus, while a role
of the elF5+elF5B interaction in elF5B recruitment to the PIC has obvious benefits, it does
not appear essential, especially in simpler organisms. It is also possible that elF5B plays
additional, currently unknown roles in translation initiation before or during start codon
selection.

Role of the competition between elF5 and elF1A for elF5B

Since upon start codon selection, elF1A-CTT becomes available to bind elF5B and elF5
leaves the PIC together with elF2-GDP, at that stage, elFIA-CTT must displace elF5-CTT.
This rearrangement is likely coordinated with elF5B displacing elF2-GDP from the Met-
tRNA, (Fig. 5). The difference in affinity for elF5B between elF15-CTT and elF1A-CTT is
about ten-fold (Table 1). While this is not as great as the 100-fold difference of affinities
between the full-length proteins, it is enough to raise the question how the weaker elF1A-
CTTeelF5B-D4 interaction displaces the stronger elF5-CTTeelF5B-D4 interaction. A
possible explanation is that the conformational rearrangements in the PIC could somehow
lower the elF5 affinity for elF5B. elF5-CTD has been reported to bind to elF1, elF1A,
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elF2p, and elF3c, through multiple interaction interfaces that are partially overlapping and
undergo major rearrangements during translation initiation.23: 41-44 These findings indicate
that while in binary elF5:elF2 complexes, elF2p binds tightly to elF5-CTD, in the scanning
PIC, elF2p is at least partially displaced by elFs 1, 1A, and 3c. At the same time, the elF5-
CTD interaction with elF3c prevents the latter from contacting the ribosome-binding surface
of elF1. Upon start codon selection, the PIC transition from an open scanning complex to a
closed complex is accompanied by elF2p displacing elFs 1, 1A, and 3c from elF5-CTD and
release of elF1 from the PIC.41-43 |t remains to be determined whether any of the
interactions between elF5-CTD and other elFs affect the affinity of elF5-CTT for elF5B-DA4.
For instance, if elF2p binding to elF5-CTD weakens the elF5 - elF5B interaction, that
would help elFLA-CTT displace elF5-CTT from the elF5B-D4 surface. A second possibility
is that changes in the positions and mutual orientation of elF5B and elF5 in the closed PIC
could impair their ability to bind to each other. Even if the affinity between elF5 and elF5B
is unaffected by ligands binding to elF5-CTD, the location of elF5-CTD is likely to change
as a result of the structural rearrangements in the PIC upon start codon selection, and that
could indirectly affect the ability of elF5-CTT to reach elF5B and bind to it, changing their
effective concentrations in the vicinity of each other. Of course, these two possible
explanations are not mutually exclusive.

More work needs to be done to elucidate the functions of the interaction between human
elF5 and elF5B reported here, as well as the timing and molecular mechanisms of its
formation and disruption during the process of translation initiation. In view of the role
elF5B plays in elF2-independent translation initiation,36: 4° the direct contact between elF5
and elF5B raises a set of new questions. Since elF5 binds to elF3 and elF1, it could be
present in these elF2-independent PICs, either alone, or together with elF2-GDP. It is
currently not known whether elF5 and/or elF2 are present in such PICs, and if so, what roles
they play.
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Figure 1. Domain structure and interactions of elF5B, elF5, and elF1A.
(A) Top, domain structure of elF5B. The binding site for elF1A-CTT and elF5-CTT is

labeled. Bottom, constructs used in this work. (B) Top, domain structure of elF5. The
binding site for elF5B-D4 is labeled. Bottom, constructs used in this work. (C) Top, domain
structure of elF1A. The binding site for elF5B-D4 is labeled. Bottom, construct used in this
work.
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A Binding of elF5B-D4 and elF5B-D34 to Fl-elF5-CT7,
Fluorescence Anisotropy, direct binding
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Figure 2. Binding affinities between elF5 and elF5B fragments determined by fluorescence
anisotropy (FA).

(A) Direct titration of fluorescein-labeled 7-residue elF5 C-terminal peptide (FI-eIF5-CT7)
with elF5B domain 4 (elF5B-D4) and elF5B domains 3 and 4 (elF5B-D34). The calculated
Kps are shown in the inset. (B) Competition assay with elF5-CT9 and elF5-CT39. The
calculated Kps are shown in the inset.
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Figure 3. The C-termini of elF1A and elF5 are conserved.
Sequence alignment of elF1A (top) and elF5 (bottom) C-terminal tail (CTT) sequences from

a select set of species. Hydrophobic residues are green; negatively charged residues are red,
and positively charged residues are blue. The C-termini of the proteins are marked with *.
Locations of intervening sequences not included in the alignment are marked with //. The
elF5B-binding motifs at the C-terminus of human* and S. cerevisiae® elF1A, and human
elF5 (this work) are marked with a line. The elF5B-binding motif is conserved in elF5 from
Metazoa, as well as fungi from subphylum Ustilaginomycotina. 1t is not found in elF5 from
other fungal species, including budding and fission yeast, or in plant elF5. The C-terminus
of metazoan elF5 appears more similar to that of S. cerevisiae eIlF1A than human elF1A.
elF1A-CTT and elF5-CTT from Ustilaginomycotina fungi appear more similar to each other
than to elF1A or elF5 sequences from other species. The C-terminal sequence of C. elegans
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elF1A (in lower-case and highlighted gray) does not appear to contain an elF5B-binding
motif.
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Figure 4. Comparison of the elF5B<elF5 and elF5B<elF1A binding interfaces
(A) Comparison of elF5B-D4 binding to elF5-CTT and elF1A. Left, region of the 15N-

HSQC spectra of GB1-tagged elF5-CT39 (GH-elF5-CT39) in the absence (black) and
presence (red) of unlabeled elF5B-D4. The C-terminal six residues of elF5 are labeled and
the changes in their positions upon binding of elF5B-D4 are marked with dashed arrows.
Right, elF5B-D4 induced chemical shift perturbation (CSP) mapped on the sequence of
elF5-CTT (top) and elF1A-CTT (bottom, from reference 4). Only the last 10 residues of
elF1A and the last 33 residues of elF5 are shown, because there were no detectable CSP
effects on the rest of the two tails. Residues experiencing medium (>0.03 ppm) and large
(>0.1 ppm) CSP effects are marked with * and **, respectively. (B) elF5-CTT binding
surface of elF5B-D4. elF5-CTT induced CSPs were mapped on the structure of human
elF5B-D4, from light yellow (weak effects) to red (strong effects). Residues that could not
be analyzed are light grey. (C) elF1LA-CTT binding surface of elF5B-D4 from reference 6
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shown for comparison. Coloring is as in panel B. (D) Model of the human elF5B-D4eelF5-
CTT complex, in cross-eye stereo, based on the yeast elF5B-D4eelF1A-CTT complex.®
elF5B-D4 is light blue, and elF5-CTT is gold. Sidechains exhibiting intermolecular NOEs
between elF5 and elF5B, are shown as blue (elF5B) and red (elF5) sticks, and the
corresponding residues are labeled.
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Figure 5. Model for the dynamic interactions of human elF5 and elF1A with elF5B.
elF5 is navy. The coloring of elF5B is from yellow (D1) to dark orange (D4); the N-terminal

region of elF5B is not shown. elF1A-OB is light blue; elF1IA-CTT is blue; and elFIA-NTT
is not shown. elF2-GTP is magenta; elF2-GDP is purple. The 40S ribosomal subunit is gray.
The 60S ribosomal subunit is shown as an outline. The alternative pathways for elF5B
recruitment to the 43S PIC are marked with dashed arrows. elF5B may either bind directly
to the PIC through interactions with elF5, the 40S subunit, and elF1A-OB, or be recruited in
complex with elF5, possibly as a component of the multifactor complex (MFC). In the
scanning PIC, elFLA-CTT extends into the P-site, where it stabilizes the open complex. Start
codon recognition promotes the closed, scanning-incompetent conformation of the PIC;
elF1A-CTT is displaced from the P-site=3 and in turn displaces elF5-CTT from elF5B-D4.
This process is likely coupled to elF5B displacing elF2-GDP from the Met-tRNA;, which
leads to release of the elF5+elF2-GDP complex from the 48S PIC.
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Binding affinities between elF5 and elF5B constructs, determined by Fluorescence Anisotropy (FA)

elF5B-D4 elF5B-D34
(M) (M)

Flelps.cr7l  L4+-01  24+-01
elF5-CT9? 0.74+/-0.08 1.2+/-0.2
elF5-CT392 05+-01  11+/-02
elF5-CTD? 0.37 +/-0.06  0.72 +/- 0.09
elF52 0.37 +/-0.07  0.51+/-0.09
Fl-eIFIA-CT78  12%1 27+3
elF1A-CTT3 12+2 18+5
elF1A3 39+9 41+9

lDirect binding FA assay to fluorescein-labeled synthetic elF5-CT7 peptide (FI-eIF5-CT7)

2 "
Competition FA assay

3From reference 6.
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