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eIF5, a GTPase-activating protein (GAP) specific for eIF2, plays a critical
role in pre-initiation complex assembly and correct AUG selection during
eukaryotic translation initiation. eIF5 is involved in the formation of the
multifactor complex (MFC), an important intermediate of the 43 S pre-
initiation complex. The C-terminal domain (CTD) of eIF5 functions as the
structural core in the MFC assembly. Here we report the 1.5 Å crystal
structure of eIF5-CTD, confirming that eIF5-CTD contains an atypical
HEAT motif. In addition, analyzing the electrostatic potential and the
distribution of conserved residues on the protein surface, we confirm and
suggest some potential regions of interactions between eIF5-CTD and other
eIFs. The structure of eIF5-CTD provides useful information in under-
standing the mechanism of the MFC assembly.
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Translation initiation is a sophisticated, well
regulated and highly coordinated cellular process
in eukaryotes,1–3 in which at least 11 eukaryotic
initiation factors (eIFs) are included. The first step of
translation initiation involves formation of a ternary
complex (TC) of eIF2$GTP$Met � tRNAMet

i . Such a
ternary complex is able to interact with the 40 S
ribosomal subunit, in the presence of eIF3 and
eIF1A, to constitute a stable 43 S pre-initiation
complex. Meanwhile, the mRNA molecule to be
translated is prepared by eIF4F, eIF4A and eIF4B to
remove unfavorable secondary structures. Sub-
sequently, the active mRNA is loaded onto the
43 S complex and the 40 S ribosomal subunit starts
scanning along the mRNA to search for the AUG
start codon. The loading process is facilitated by
eIF3, probably due to its simultaneous interactions
with eIF2, mRNA and 40 S subunit. Once the
anticodon of the Met � tRNAMet

i and the AUG
codon correctly pair at the P site of the 40 S subunit,
GTPase activity in eIF2 is triggered and the GTP in
TC is converted to GDP. This conversion is
lsevier Ltd. All rights reserve

to this work.
e-activating protein;
-terminal domain;
on factor; TC, ternary
residue-rich regions.
ing author:
stimulated by a GTPase-activating protein (GAP),
eIF5 and results in an inactive GDP bound form of
eIF2. The eIF2$GDP complex is then released and
must be re-activated before entering the next cycle
of translation initiation. The reactivation of eIF2 is
accomplished by eIF2B, a guanine-nucleotide
exchange factor that facilitates the exchange of
GDP to GTP in eIF2.
As mentioned above, the assembly of the 43 S

pre-initiation complex involves several important
initiation factors. These initiation factors, including
eIF2 (presenting as eIF2 TC), eIF3, eIF5 and eIF1, are
all components of a stable intermediate complex
namedmultifactor complex (MFC).4 TheMFC is not
only a structural unit but also a functional moiety,
as its integrity is required for the 43 S complex
assembly5–7 and the following selection for the
AUG start codon.4,8,9 In addition, the MFC plays an
important role in TC recruitment during the
re-initiation events.10 Within the MFC, eIF2 is a
trimeric protein composed of a, b, and g subunits,
eIF3 is a multisubunit complex while eIF1 and eIF5
are both composed of a single polypeptide. A recent
investigation on the MFC revealed its minimal
components, mini-MFC, which is constituted by the
C-terminal domain of eIF5 (residues 201–405), the
N-terminal domain (residues 1–140) containing
three lysine-rich segments (K boxes) of the eIF2-b
subunit (eIF2b), the N-terminal serine-rich acidic
segment (residues 1–156) of the eIF3-c subunit
d.
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(eIF3c), and eIF1.11 The interactions between the
above domains of the various eIFs have been
identified and proposed to initiate the assembly of
the entire MFC.11 However, it is uncertain whether
the MFC assembly is a common feature in
eukaryotic translation initiation, because the evi-
dence of the MFC existence has only recently been
obtained in yeast.

eIF5, the GAP for eIF2, is ubiquitously expressed
in yeast, plants, mammals and other eukaryotes.
eIF5 binds directly to eIF2b, and stimulates GTP
hydrolysis only in the eIF2 bound to 40 S ribosomal
subunits.12,13 Genetic and biochemical evidence
demonstrates that eIF5 is divided into two domains
with distinct functions, the N-terminal domain
(eIF5-NTD) that is required for the eIF5-induced
GTP hydrolysis 14,15 and the C-terminal domain
(eIF5-CTD) that is responsible for interactions with
other eIFs.9,16,17 The eIF5-NTD is highly conserved
between eukaryotic species14 while the eIF5-CTD is
only moderately conserved (this study), indicating
slightly different interactions between eIF5 and
other eIFs in different organisms.

It has been shown that eIF5-CTD plays a critical
role in the MFC formation and acts as the core of
pre-initiation complex assembly.4,7,11 Analysis of
the eIF5-CTD sequence revealed two aromatic/
acidic residue-rich regions (AA boxes), which are
also included in the C-terminal domains of eIF2B-e
and eIF4G.18 The AA boxes in eIF5 and eIF2Be are
required for their interactions with the K boxes of
eIF2b.18 In addition to the interaction with eIF2b,
eIF5-CTD also interacts with eIF3c and such
interactions between these eIFs are cooperative. It
is reported that the interaction between eIF5-CTD
and eIF3c is greatly enhanced by the interaction
between eIF5-CTD and the K boxes of eIF2b,
suggesting that MFC formation is coordinately
controlled during translation initiation.11 In order
to elucidate the structural basis of the binding
activity of eIF5-CTD, we crystallized Saccharomyces
cerevisiae eIF5-CTD and report the 1.5 Å structure.
Sequence analysis and structural comparison indi-
cate that eIF5-CTD and the C-terminal domains of
eIF2Be and eIF4G belong to an atypical HEATmotif.
Our studies also confirm and suggest some
potential regions of interactions between eIF5-
CTD and other eIFs by analysis of electrostatic
potential and conserved residue distribution on the
protein surface, which is consistent with a previous
research.17
† Yap, K. (1998). Interhlx—Interhelical angle program.
University of Toronto.
Structure determination

The cDNA fragment encoding the eIF5
C-terminal domain (241–405) was sub-cloned from
a S. cerevisiae cDNA library (a generous gift from Dr
Congzhao Zhou, University of Science and Tech-
nology of China) into pGEX4T-1 expression vector
(GE Healthcare) to express glutathione S-trans-
ferase (GST)-eIF5-CTD fusion protein. The eIF5-
CTD protein was purified by glutathione affinity
chromatography followed by thrombin cleavage
and Superdex-G75 gel filtration.

The hanging drop vapor diffusion method was
employed to obtain high quality crystals diffracting
to 1.5 Å. The phase information was provided by a
KAu(CN)2 derivative, using the single-wavelength
anomalous diffraction (SAD) method. The structure
of eIF5-CTD was refined to an R factor of 17.7% and
an Rfree factor of 20.5% (Table 1).
Structure overview

eIF5-CTD was purified and crystallized as a
recombinant protein, including residues Val241–
Glu405 (numbered after full-length eIF5). The eIF5-
CTD also contained some extra vector-encoded
residues at both N (GSPEF, numbered as 236*–240*)
and C (LERPHRD, numbered as 406*–412*) termini.
The final model contained six eIF5-CTD protomers
(named protomer A–F) per asymmetric unit and
most residues were well modeled except for some at
the termini. A disordered region has been observed
at the C terminus of eIF-CTD, including Glu407*–
Asp412* in each protomer as well as 396–404 in A,
395–405 in B, 396–402 in C, 395–401 in D, 397–402 in
E, and 396–405 in F, respectively. Although Leu406*
was observed in all six protomers, only five of them
could be accurately modeled, since the electron
density surrounding the backbone of Leu406* in B
was too weak. At the N terminus of eIF5-CTD, both
Gly236* and Ser237* are invisible in the electron
density map.

General foldings are identical in the six eIF5-CTD
protomers except for their N-terminal tails (241–
245). It is not surprising that the N terminus of eIF5-
CTD is flexible and able to adopt slightly different
conformations in crystallographic packing, since
these residues probably act as a hinge between eIF5
N-terminal and C-terminal domains. Within each
eIF5-CTD protomer, the structure is essentially
helical, containing ten a-helices (a1–a10) and one
310-helix (h1) with an exception in E (the fourth
a-helix is replaced by a 310-helix). These helices
form four antiparallel helical repeats (RI–RIV),
which are packed against each other in a counter-
clockwise rotational manner. The angle between
two adjacent repeats is 25w358 (Figure 1(a)),
calculated by the program interhlx†. This arrange-
ment results in a left-handed twist in eIF5-CTD.
Further examination revealed that each repeat of
eIF5-CTD can be divided into an N-terminal part
and a C-terminal part. For the N-terminal parts
(RIN–RIVN), all of them are composed of an a-helix
(Figures 1(a) and 2(a)). For the C-terminal parts
(RIC–RIVC), RIC consists of one a-helix (a2) while
the others (RIIC–RIVC) contain two helices (a4 and
a5 in RIIC, h1 (310-helix) and a7 in RIIIC, a9 and a10
in RIVC) (Figure 2(a)).



Table 1. Statistics of data collection, SAD phasing and model refinement

A. Data collection

Data sets Native Au-derivative
Space group P1
Unit cell parameters aZ44.85 Å, bZ64.54 Å, cZ108.92 Å aZ44.83 Å, bZ64.73 Å, cZ109.01 Å

aZ88.68, bZ86.68, gZ74.98 aZ88.78, bZ87.08, gZ74.58
Resolution range (Å) 50–1.5 (1.55–1.5) 50–2.1 (2.18–2.1)
No. of total reflections 601,081 261,803
No. of unique reflections 173,580 (12,895) 65,439 (6364)
I/s 25.4 (4.1) 30.3 (12.9)
Completeness (%) 92.8 (68.9) 94.7 (92.0)
Rmerge (%)a 4.4 (24.5) 6.1 (12.9)

B. SAD phasing (20–2.1Å) Mean FOMb 0.46
Mean FOMb after density
modification

0.80

C. Structure refinement
Resolution (Å) 50–1.5 (1.54–1.5)
Rcryst/Rfree (%)c 17.7 (25.3)/20.5 (30.5) RMSD bonds (Å)/angles (deg.) 0.010/1.2
No. of reflections No. of atoms
Working set 164,931 Protein atoms 8135
Test set 8647 Water molecules 916

Sulfate ions 20d

Average B-factor (Å2) Ramachandran plot
Main–chain 13.1/15.1/15.5/16.6/16.8/17.5e Most favored regions (%) 93.7
Side-chain 14.9/16.9/17.4/17.4/18.0/18.7e Additionally allowed (%) 6.1
Water 32.0 Generously allowed (%) 0.1

Crystallization of eIF5-CTD protein was achieved by hanging drop vapor diffusion method. 1 ml of such concentrated protein solution
was then mixed with 1 ml of crystallization solution (2.8 M (NH4)2SO4, 0.1 M Mes (pH 6.4)) to set up a hanging drop. High quality
crystals were obtained within two days at 4 8C. To prepare heavy-atom derivatives, crystals were soaked in the crystallization solution
containing 5 mM KAu(CN)2 (Hampton Research) for four days. The diffraction data of the native crystal and its Au derivative were
collected at the beamline 22-ID (SER-CAT) at the Advanced Photon Source (APS) using a MAR 300 CCD detector and at the home
facility using a Rigaku R-AXIS IVCC imaging-plate system with a Rigaku FRE Cu rotating-anode generator, respectively. All data were
collected at 100 K and processed with HKL2000.29 SHELXD30 was used to find initial ten Au sites. Fourteen additional sites were found
by autoSHARP,31 which also performed heavy-atom site refinement and phase calculation for the total 24 Au sites. Automatic model
building by ARP/wARP32 yielded an initial model with w90% residues and w70% side-chains placed correctly. The initial model
containing six eIF5-CTD protomers was refined in Refmac533 against the 1.5 Å native data set. Iterative manual adjustments and
rebuilding of the model was finished in Coot.34 NCS restraints were applied at the beginning of the refinement and were released at the
very last stage. After several cycles of positional and individual B factor refinement, water molecules and sulfate ions were added to the
model. At the final step, TLS refinement35 was performed in Refmac5 with 29 TLS groups as suggested by TLSMD.36 The model was
refined to an R factor of 17.7% and an Rfree factor of 20.5%. The stereochemical quality of the final model was checked by PROCHECK.37

Themean temperature factor for all atoms is 18.2 Å2, which is consistent with the suggested value of 18.5 Å2 byWilson plot. Numbers in
parentheses represent the value for the highest resolution shell.

a RmergeZ
P

jIiKImj=
P

Ii, where Ii is the intensity of the measured reflection and Im is the mean intensity of all symmetry related

reflections.
b Mean FOM (figure of merit)Z!jSP(a)eia/SP(a)j, where a is the phase and P(a) is the phase probability distribution.
c RcrystZSjjFobsjKjFcalcjj=SjFobsj, where Fobs and Fcalc are observed and calculated structure factors.

RfreeZ
P

T jjFobsjKjFcalcjj=
P

T jFobsj, where T is a test data set of about 5% of the total reflections randomly chosen and set aside
prior to refinement.

d Number of sulfate ions.
e Values for six protomers (A/B/C/D/E/F) in one asymmetric unit.
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Structure comparison with C-terminal domains
of eIF2Be and eIF4GI

It is predicted by SMART† and some other
research based on computational analysis of
sequences of proteins19,20 that eIF5-CTD and the
C-terminal domains of eIF2Be (eIF2Be-CTD) and
eIF4G (eIF4G-CTD) all contain a similar fold,
“eIF5C”. Results of structural comparison of eIF5-
CTD with yeast eIF2Be-CTD (PDB id: 1PAQ) and
human eIF4GI-CTD (PDB id: 1UG3) using DALI 21

confirmed the prediction. The DALI results showed
that when compared to eIF5-CTD, eIF2Be-CTD
† Simple Modular Architecture Research Tool, http://
smart.embl.de/
(residues 544–703) and the second HEAT domain
of eIF4GI-CTD (eIF4GI-CTD-H2, residues 1439–
1566) had Z scores of 12.1 (136 Ca atoms aligned,
with RMSD of 2.8Å) and 11.7 (115 Ca atoms
aligned, with RMSD of 2.1Å), respectively. The
eIF2Be-CTD structure contains the four antiparallel
repeats similar to eIF5-CTD, while eIF4GI-CTD-H2
only contains the first three repeats (RI–RIII) and
RIVN. However, the full-length eIF4GI-CTD-H2
domain (residues 1439–1600) structure should
include a complete RIV, as indicated by sequence
alignment (Figure 2(a)). Consistent with structural
similarity, the three proteins all contain two
conserved AA boxes. The AA boxes are composed
of aromatic and acidic residues, which are highly
conserved in eIF5, eIF2Be and eIF4G families
(Figure 2(a)).

http://smart.embl.de/
http://smart.embl.de/


Figure 1. (a) Stereo view of the overall structure of the
eIF5-CTD protomer. The four antiparallel helical repeats
(RI–RIV) are colored in red, yellow, green, and blue,
respectively. The 310-helix h1 is colored in light green. The
secondary structural elements are labeled in the left
diagram. The disordered region is indicated by a broken
line. No extra vector-encoded residues are included. See
the text for details. (b) Diagrams of the eIF5-CTD trimer.
The trimeric eIF5-CTD structure is constituted by
protomers A, B, and C colored in yellow, purple, and
salmon, respectively. The residues forming hydrogen
bonds in the interfaces are presented in sticks and balls
while the hydrogen bonds are shown as broken lines. The
right diagram is a vertically inverted view of the left.

4 eIF5-CTD Structure
Although similar in overall foldings, the three
domain structures described above display some
obvious structural deviations. The major difference
is located in the C-terminal regions of RII–RIV,
showing different bending angles (calculated by the
program HELANAL22). In eIF2Be-CTD and eIF4GI-
CTD-H2, RIIIC is a straight a-helix while RIIC and
RIVC (not available in the present eIF4GI-CTD-H2
structure) are kinked. The eIF2Be-CTD RIIC and
RIVC are kinked by w458 and w558, respectively,
while the eIF4GI-CTD-H2 RIIC is kinked by w548
(Figure 2(b)). However, in eIF5-CTD, RIIC–RIVC are
all bent, amongwhich RIIIC is kinked byw548while
RIIC and RIVC are kinked by w878 and w568,
respectively. Although the RIIC and RIVC in the
three domain structures show different kinking
angles, they do bend at nearly the same positions.
These results indicate that RIIC–RIVC in eIF5-CTD
are bent more heavily than those in the other two
structures so that each repeat is separated into two
helices in eIF5-CTD. The structural alignment
shows that the RII fragments in eIF2Be-CTD and
eIF4GI-CTD-H2 are longer than that in eIF5-CTD.
Such differences are reflected in structures as a
longer RIIN a-helix in eIF2Be-CTD and an
additional b-hairpin connecting RIIN and RIIC in
eIF4GI-CTD-H2 (Figure 2). The additional
b-hairpin, on which the residues are not highly
conserved in eIF4G (data not shown), is involved in
the interface formation between the two HEAT
domains in the eIF4GI-CTD structure. Since eIF5-
CTD has been proved to bind to a HEAT domain of
eIF4G,23 it is possible that the interaction between
the eIF5-CTD and eIF4G HEAT domain is similar to
that between two eIF4G HEAT domains. Therefore,
the loops connecting RIIN-RIIC and RIIIN-RIIIC
might be involved in eIF5-CTD binding to eIF4G.

According to Boesen et al.24 RI is more mobile
than the other repeats in eIF2Be-CTD because of
significantly higher temperature factors. However,
this phenomenon is not observed in the eIF5-CTD
and eIF4GI-CTD-H2 structures. In eIF5-CTD proto-
mer A, the average B factors are 13.48 Å2 for all
atoms and 14.57 Å2 for all atoms in RI (residues 241–
280). Similarly, the values are 29.36 Å2 for all atoms
in eIF4GI-CTD-H2 and 29.42 Å2 for all atoms in its
RI (residues 1438–1470). Therefore, due to the
compact association between RI and the other
three repeats, it would be more suitable to define
the four repeats as one functional domain instead of
two. Although similar to HEAT repeat, eIF5-CTD as
well as eIF2Be-CTD and eIF4GI-CTD-H2 show a
few unique structural features different from
canonical HEAT repeats. For instance, several
helices in eIF5-CTD (RIIC–RIVC) and eIF2Be-CTD
(RIIC and RIVC) are bent so heavily that they are
separated into two helices, in contrast to most
helices in other HEAT motifs that are kinked by up
tow458without separation.25 In addition, searching
in PDB database based on eIF5-CTD (performed by
DALI), did not result in any other similar structures
with Z scores larger than 7, much lower than those
between eIF5-CTD, eIF2Be-CTD and eIF4GI (O11).
Combined with the unique conserved AA boxes, it
suggests that eIF5-CTD, eIF2Be-CTD and eIF4GI-
CTD-H2 form a novel fold class as an atypical
HEAT motif. Some other atypical HEAT motifs
were found in the HAM (HEAT analog motif)
domain of human eIF3k26 and the middle portion
of human eIF4GII.27 The eIF5-CTD structure again
supports the idea24 that such atypical HEAT motifs
are common among eIFs and important for protein–
protein interactions.

Surface properties of eIF5-CTD

Analysis of the electrostatic potential distri-
bution, performed by PISA server,28 shows that
eIF5-CTD has a bipartite surface, on which acidic
and basic residues form distinct clusters (Figure 3).
Therefore, the charged surface of eIF5-CTD can be
divided into three areas, one positive and two
negative. Intriguingly, analysis of the primary
sequence of eIF5-CTD demonstrates conserved
residues within these surface areas. The first area
(area I) contains highly conserved acidic residues



Figure 2. (a) Multiple-sequence alignment of the C termini of eIF5 homologues, eIF2Be-CTD and eIF4GI-CTD-H2. The
eIF5 sequences of Saccharomyces cerevisiae (Baker’s yeast, Swiss-Prot accession number: P38431), Schizosaccharomyces
pombe (fission yeast, Q09689), Homo sapiens (human, P55010), Mus musculus (mouse, P59325), Drosophila melanogaster
(fruit fly, Q9VXK6), Caenorhabditis elegans (Q22918), Phaseolus vulgaris (kidney bean, P48724), Zea mays (maize, P55876),
are aligned using Clustal W.38 Yeast eIF2Be and human eIF4GI are aligned with yeast eIF5-CTD by DALI.21 The
secondary structures of eIF5-CTD, which is defined by the DSSP program,39 are indicated above the alignment diagram.
The four repeats (RI–RIV) are labeled above the secondary structure in the colors corresponding to Figure 1(a). Identical
and chemically similar residues in the alignment are boxed in red and yellow, respectively. Filled and open circles denote
residues in AA box 1 and 2, respectively. The residues constituting potential binding sites for other eIFs on area I, II and
III (see the text and Figure 3) are indicated by orange, blue and red, respectively. Cyan boxes highlighted in the sequence
of yeast eIF5-CTD correspond to the residues that are mutated in a temperature-sensitive (TsK) phenotype.40 It is worth
noticing that these nine hydrophobic residues are involved in the formation of the eIF5-CTD hydrophobic core,
confirming the previous prediction.17 (b) Structural comparison of eIF5-CTD, eIF2Be-CTD and eIF4GI-CTD-H2. eIF5-
CTD and eIF2Be-CTD contain four repeats while eIF4GI-CTD-H2 contains only three and a half repeats. Residues after
Glu396 in the eIF5-CTD are not included in the comparison because they are for the most part disordered. In each of the
three structures, the RIIC–RIVC repeats are shown as front view and labeled in yellow, green and blue, respectively. The
light colored region in these repeats indicates the 310-helices. The b hairpin of eIF4GI-CTD-H2 is shown in orange.
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(Asp354, Glu358 and Glu359) and aromatic residues
(Tyr351 and Trp391), most of which are the residues
of the two AA boxes (Figure 2(a)). The second area
(area II) includes some lysine residues (Lys322,
Lys367, Lys370, Lys371, Lys375 and Lys379), which
are conserved in eIF5 homologues from yeast,
insects and mammals but not conserved in those
from plants (Figure 2(a)). In addition to these
conserved lysine residues, some non-conserved
basic residues (Lys337, Lys380, Arg383, and
Lys386) also contribute to the positive charge in
area II. The third area (area III) is highly negatively
charged and resides on the opposite side of eIF5-
CTD to area II (Figure 3). The acidic residues in area



Figure 3. (a) Electrostatic potential distribution on the surface of eIF5-CTD in different views. The surface is colored
red for negative potential and blue for positive potential. Areas I, II and III are circled. (b) The CA model of eIF5-CTD
with the same views of (a). The four repeats are colored as in Figure 1(a). The residues (marked in Figure 2(a) by
triangles) on areas I, II and III are shown with their side-chains in top, middle and bottom diagrams, respectively.
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III are located in two clusters on the eIF5-CTD
primary sequence. One is the loop connecting a1
and a2 (Glu261, Asp262 and Glu264), while the
other contains residues in and around a4 (Asp297,
Glu298, Glu299, Glu303, and Glu306). Although
these acidic residues are non-conserved, abundant
acidic residues in the regions described above are
obvious in the other eIF5 homologues except for the
plant eIF5 0s, which lack acidic residues in the loop
connecting a1 and a2 (Figure 2(a)). The residue
conservation within the charged areas suggests that
all but plants eIF5 homologues share a common
surface electrostatic potential distribution and thus
might employ a similar mechanism in binding to
other protein factors.
Interactions between the eIF5-CTD protomers

Interactions between eIF5-CTD protomers are
observed in crystal packing. In the asymmetric
unit, the six protomers form two eIF5-CTD trimers
of high similarity, while the protomers within each
trimer are related by a non-crystallographic 3-fold
axis (Figure 1(b)). The two trimers are related by a
non-crystallographic translation of about DxZ1/2,
DyZ1/2, DzZ1/2, which has been confirmed by
the fact that the crystal seems to belong to R3 space
group at low resolution. The trimer interfaces are
formed between the C terminus of one protomer
and the RIN–RIIIN (i.e. a1, a3, and a6) as well as the
loop connecting RIVN and RIVC of the adjacent one
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(Figure 1(b)), with a buried area of 573Å2–657 Å2

calculated by the PISA server.28 The PISA results
also demonstrate that the interfaces are mainly
stabilized by hydrogen bonds (Figure 1(b)). Mean-
while Phe240* accounts for some hydrophobic
interactions in the interfaces. The trimerization of
eIF5-CTD is not a result of selective crystal packing,
since such a trimer does exist in solution as
confirmed by analytical gel filtration (data not
shown). However, no oligomerization of eIF5 has
been reported before and the trimerization involves
several vector-encoded residues, such as Glu239*
and Phe240*. Therefore, whether full-length eIF5
forms a trimer and whether the eIF5-CTD trimer is
biologically relevant requires further investigation.

New insights of the binding surfaces on eIF5

The MFC assembly involves interactions between
various eIFs. Our study clearly demonstrates three
areas on eIF5-CTD as potential binding sites for
other eIFs. As the AA boxes of eIF5-CTD are
required for binding to the lysine-rich segments
(K boxes) of eIF2b-NTD,18 the area I of eIF5-CTD
that contains all exposed residues of the AA boxes is
believed to be involved in such interactions.
Recently, some binding surfaces of eIF5-CTD for
other eIFs were characterized by surface residue
mutagenesis based on a homology-modeled struc-
ture.17 Using in vitro (GST pull-down) assays, area I
together with an acidic residue-rich fragment of
eIF5-CTD C terminus (mostly disordered in the
eIF5-CTD structure) was identified as a potential
binding site for the K boxes of eIF2b-NTD while
area II was identified as a binding site for eIF3c and
eIF1. In general, our electrostatic potential distri-
bution analysis of the eIF5-CTD crystal structure is
consistent with these observations. Nevertheless,
careful examination of the surface residues in the
eIF5-CTD structure revealed some contradictory
aspects. According to Yamamoto et al.17 the acidic
residue Glu360 and the basic residue Arg382 are
modeled to interact with the K boxes on area I and
with eIF3c-NTD on area II, respectively. However,
in the eIF5-CTD structure, Glu360 has a very small
solvent accessible area of 8.33 Å2 and forms two salt
bridges with Arg363, using both carboxyl oxygen
atoms. Thus, it is unlikely that Glu360 directly
interacts with the K box residues. Likewise, Arg382
seems not to be exposed enough and also forms two
salt bridges with another buried residue Glu329.
Because Glu329 is strictly conserved in all eIF5
homologues, it is very possible that Arg382 is
involved in the stabilization of the eIF5-CTD
structure rather than the interaction with eIF3c or
eIF1. Our eIF5-CTD structure also reveals some new
candidates for the interactions between eIF factors.
Some basic residues (Lys322, Lys380, Arg383, and
Lys386) contribute to the positive surface charge in
area II and are possibly involved in the interactions
with eIF3c and/or eIF1, although most of these
residues (Lys380, Arg383, and Lys386) are not
conserved.
In addition to the previously characterized areas I
and II, we found a highly negatively charged
surface, area III, which is expected to exist in all
eIF5 homologues except for plant eIF5s
(Figure 2(a)). Area III is composed of the acidic
residues in the loop connecting a1 and a2, and the
acidic residues in and around a4. Because of its
negative charges area III may serve as another
binding site for the K boxes. As being w20Å apart,
area III and area I plus the C terminus are probably
responsible for binding to different K boxes.
Another K box binding protein is eIF2Be-CTD,
which contains fewer acidic residues on the
corresponding region compared to area III of eIF5-
CTD. This indicates that eIF2Be-CTD and eIF5-CTD
might bind to eIF2b-NTD in different ways and/or
with different affinities. Plant eIF5s might possess a
different mechanism of binding to its cognate eIF
partners, since the predicted electrostatic potential
distributions on area II and area III of plant
eIF5-CTD are quite different from other eIF5
homologues. Whether these hypotheses based on
the structure analysis are correct or not remains to
be investigated.

Protein Data Bank accession code

The coordinates and structure factors have been
deposited in the RCSB Protein Data Bank with
accession code 2FUL.
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