
Translation factors are thought to accelerate the rate of
protein synthesis and/or increase the fidelity of the pro-
cess. In addition, the positive contributions of translation
factors to cellular protein synthesis provide a means to
regulate this process in response to cellular or environ-
mental cues. Along with the requirement for factors to fa-
cilitate translation elongation, a distinct set of factors
have been identified that promote assembly of a func-
tional ribosome•mRNA•initiator Met-tRNAi

Met complex
in which the anticodon of the Met-tRNAi

Met and the AUG
codon of the mRNA base-pair within the ribosomal P site.
Whereas three translation initiation factors (IF) have been
identified in prokaryotes, translation initiation in eukary-
otes requires at least 12 independent factors (Fig. 1) (for
review, see Hershey and Merrick 2000). In addition, GTP
is an essential requirement for translation in both
prokaryotes and eukaryotes. Although biochemical and
genetic analyses have provided insights into the roles of
the translation initiation factors, the precise molecular
function for most of these factors has not been resolved.

The recent deciphering of the genomes of a large num-
ber of organisms has revealed that a subset of translation
initiation factors has been conserved among prokaryotes,
archaea, and eukaryotes. As indicated in Figure 1, the fac-
tors IF1/eIF1A and IF2/eIF5B are conserved in all three
kingdoms. The factor EF-P/eIF5A has also been con-
served; however, whereas eIF5A stimulates model assays
of translation initiation, in vivo studies have not con-
firmed a role for the protein in translation (Kang and Her-
shey 1994). The homology of the factors IF1 and eIF1A
has been revealed by both amino acid sequence conser-
vation (Kyrpides and Woese 1998) and similarity of fac-
tors’ three-dimensional structures (Sette et al. 1997; Bat-
tiste et al. 2000). The conservation between IF2 and
eIF5B is discussed in detail below. In addition to these
universally conserved factors, it is interesting to note that
factors eIF1 and eIF2 have been conserved between ar-
chaea and eukaryotes. Genetic studies in yeast have im-
plicated both of these factors in AUG start codon recog-
nition by scanning 40S ribosomal complexes (for review,
see Donahue 2000). It is intriguing to speculate that eIF2
may functionally substitute for the mRNA Shine-Dal-
garno sequence/16S rRNA interaction that promotes
AUG start codon recognition in bacterial cells. As the
structures of eIF1 (Fletcher et al. 1999) and the prokary-

otic factor IF3 (Biou et al. 1995) show some resemblance,
and a role of IF3 is to ensure AUG start-site specificity, it
is also intriguing to speculate that the function of IF3 may
have been assumed by eIF1 during evolution. Finally, the
function of many of the eukaryotic-specific translation
factors, notably in the eIF4 family and eIF3, is to facili-
tate binding of the 40S ribosomal complexes to the 5´-
capped end of the eukaryotic mRNAs.

CONSERVATION OF TRANSLATION 
FACTOR IF2/eIF5B

Analyses of the amino acid sequences of IF2 and eIF5B
from prokaryotes and eukaryotes reveal that the protein
can be subdivided into three regions (Fig. 2): an amino-
terminal region with an abundance of charged residues, a
highly conserved consensus GTP-binding domain, and a
carboxy-terminal region that is fairly well-conserved.
The eIF5B from archaea is highly similar to the prokary-
otic and eukaryotic factors; however, it lacks the amino-
terminal region (Fig. 2). Interestingly, the amino-terminal
region of yeast eIF5B can be removed with no effect on
yeast cell growth or on the ability of eIF5B to promote
translation in vitro (Choi et al. 2000). The amino-terminal
region of bacterial IF2 has been reported to bind ribo-
somes (Moreno et al. 1999), and like eIF5B, this region of
IF2 is nonessential in vivo; however, deletion of the
amino-terminal region of IF2 severely cripples bacterial
cell growth (Laalami et al. 1991).

In the yeast Saccharomyces cerevisiae, eIF5B is en-
coded by the gene FUN12. Deletion of the FUN12 gene
results in a severe slow-growth phenotype, and polyribo-
some profiles from isogenic wild-type and fun12∆ strains
reveal a translation initiation defect in the strains lacking
eIF5B (Choi et al. 1998). This translation defect is also
observed in vitro. When programmed with a luciferase re-
porter mRNA, whole-cell translation extracts prepared
from wild-type strains produce ~15- to 25-fold more lu-
ciferase than extracts prepared from strains lacking eIF5B
(Fig. 3) (Choi et al. 1998). Importantly, addition of re-
combinant GST-yeast-eIF5B to extracts prepared from
strains lacking eIF5B fully restored translational activity
(Fig. 3). This in vitro result demonstrates that eIF5B di-
rectly stimulates translation and indicates that eIF5B is a
translation initiation factor. 

Human and archaeal eIF5B fully or partially, respec-
tively, substituted for yeast eIF5B and restored high-level
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translational activity in extracts prepared from the eIF5B-
deficient yeast strain (Fig. 3) (Lee et al. 1999). Consistent
with their ability to restore translational activity in vitro,
human and archaeal eIF5B substituted for yeast eIF5B in
vivo and partially suppressed the slow-growth phenotype
of strains lacking eIF5B (Lee et al. 1999). These in vivo
and in vitro results demonstrate that the function of eIF5B
has been conserved between yeast and mammals, and
likely reflects a conservation in eIF5B function among all
archaea and eukaryotes. To date, in vivo cross-comple-
mentation studies between archaeal or yeast eIF5B and
Escherichia coli IF2 have been unsuccessful (J.H. Lee et
al., unpubl.), suggesting that IF2 and eIF5B make critical
contacts with other components of the translational ma-
chinery or ribosomes that are specific for bacterial versus
archaeal/eukaryotic organisms. This lack of complemen-
tation between IF2 and eIF5B may reflect the fact that we
have been unable to detect binding of eIF5B to initiator

Met-tRNAi
Met (T.V. Pestova et al., unpubl.), whereas IF2

has been reported to specifically bind fMet-tRNAf
Met (see

Wu and RajBhandary 1997; Guenneugues et al. 2000;
Szkaradkiewicz et al. 2000). To summarize, archaeal and
eukaryotic eIF5B appear to be functional homologs, and
their function may be slightly diverged from that of bac-
terial IF2.

REQUIREMENT FOR AN ADDITIONAL
MOLECULE OF GTP IN EUKARYOTIC 

VERSUS PROKARYOTIC 
TRANSLATION INITIATION

Role for eIF5B in Ribosomal 
Subunit Joining

As described elsewhere in this volume, Tatyana
Pestova in a biochemical study identified eIF5B as a fac-
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Figure 1. A core set of translation initiation fac-
tors is conserved through evolution. The factors
in archaea have been identified on the basis of
amino acid sequence similarity to the factors in
prokaryotes and eukaryotes. As indicated, an or-
tholog of eukaryotic translation factor eIF1 has
been identified in some, but not all, of the
prokaryotic genomes that have been sequenced.

Figure 2. Conservation of IF2/eIF5B in prokaryotes, archaea, and eukaryotes. The schematics representing the full-length IF2/eIF5B
from the yeast S. cerevisiae (encoded by the gene FUN12), humans, the archaea Methanococcus jannaschii, and E. coli are aligned
through their highly conserved GTP-binding domains (containing the indicated consensus sequence motifs). Numbers above the
schematics indicate the amino acid residue. Numbers within the schematics of the human, archaea, and E. coli factors are the per-
centages of amino acid sequence identities in the amino-terminal, GTP-binding, and carboxy-terminal domains relative to yeast
eIF5B. At the right is indicated the percentage of amino acid sequence identities (ID) and similarities (SIM) of the full-length proteins
compared to yeast eIF5B.
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tor required for the ribosomal subunit joining step of pro-
tein synthesis. Following scanning of the small ribosomal
complex containing Met-tRNAi

Met and most likely the
factors eIF2, eIF3, eIF5, eIF1, and eIF1A from the 5´ end
of the mRNA to the AUG start codon, eIF5 is thought to
promote GTP hydrolysis by eIF2, resulting in release of
the factors from the ribosome (for review, see Hershey
and Merrick 2000). Pestova et al. (2000) found that an ad-
ditional factor, eIF5B, was required for 60S subunit join-
ing. Recombinant human eIF5B substituted for the native
protein and stimulated 60S subunit joining as well as me-
thionyl-puromycin synthesis, a model assay for first pep-
tide-bond formation. Consistent with the presence of the
GTP-binding domain in eIF5B, Pestova et al. (2000)
found that eIF5B bound GTP and that the factor hy-
drolyzed GTP in a ribosome-dependent reaction. Finally,
eIF5B acted catalytically to promote subunit joining, and
blocking the GTPase activity of eIF5B using the nonhy-
drolyzable GTP analog GDPNP permitted subunit join-
ing but prevented the release of eIF5B from the 80S ribo-
somes following subunit joining (Pestova et al. 2000).
Interestingly, the requirement for eIF5B for subunit join-
ing is consistent with the observation that bacterial IF2
promotes subunit association (Godefroy-Colburn et al.
1975) and that the GTPase activity of IF2 is triggered
upon subunit association (Kolakofsky et al. 1968; Tomsic
et al. 2000).

Kinetic Studies Reveal GTP Requirement 
in a Late Step of Translation Initiation

Two recent kinetic studies have provided new insights
into the roles of GTP and IF2 in translation initiation.
Lorsch and Herschlag (1999) studying translation initia-
tion in a mammalian in vitro system obtained evidence

for a new GTP-dependent step late in the translation ini-
tiation pathway. This GTP requirement followed subunit
joining and resulted in a 30-fold activation of the 80S
complex, generating what they referred to as the 80S*
complex (Lorsch and Herschlag 1999). This GTP-depen-
dent conversion of 80S to 80S* was attributed to a solu-
ble factor, as opposed to a ribosomal constituent. Finally,
conversion of 80S to 80S* was inhibited by inclusion of
GMP-PNP, resulting in formation of dead 80S com-
plexes. These attributes are strikingly similar to the prop-
erties reported by Pestova et al. (2000) for eIF5B, and it
will be very interesting to see whether recombinant hu-
man eIF5B can promote the conversion of 80S to 80S* in
this system.

In a related study using a reconstituted bacterial trans-
lation initiation system, Tomsic et al. (2000) reported that
GTP hydrolysis by IF2 occurred with fast kinetics fol-
lowing subunit joining; however, Pi release from the
IF2•ribosomal complex was slow and rate-limiting for
subsequent binding of the first elongating aminoacyl
tRNA in complex with EF1A. It was proposed that a con-
formational rearrangement of IF2 or the ribosome is re-
quired subsequent to subunit joining to allow for IF2 re-
lease and first peptide-bond formation (Rodnina et al.
2000). This model is strikingly similar to the 80S to 80S*
conversion proposed by Lorsch and Herschlag (1999).
Surprisingly, the results of the kinetic study on bacterial
translation suggest that GTP is not required for subunit
joining and that GTP hydrolysis by IF2 is not linked to re-
lease of IF2 from the 70S ribosome. However, a point
mutation in the IF2 GTP-binding domain that blocks GTP
hydrolysis causes a dominant-lethal phenotype in vivo
and results in retention of IF2 on the 70S ribosome fol-
lowing subunit joining (Luchin et al. 1999). Interestingly,
this latter result is consistent with results of Pestova et al.
which indicated that GTP hydrolysis by eIF5B is required
for release of the factor following 80S complex formation
(Pestova et al. 2000). The source of the discrepancy be-
tween the results of the kinetic and mutational studies on
IF2 is unclear at present, and additional work is necessary
to resolve the role of GTP hydrolysis by IF2 in translation
initiation.

Model for the Roles of GTP in 
Translation Initiation

The discovery of eIF5B together with the previous
identification of eIF2 and the work of Lorsch and Her-
schlag (1999), indicates that there are at least two GTP-
dependent steps in eukaryotic translation initiation. In
contrast, IF2 is the only GTPase required for prokaryotic
translation initiation. A model to account for the addi-
tional GTP requirement in eukaryotic translation initia-
tion in comparison to prokaryotic translation is presented
in Figure 4. In prokaryotes, IF2 facilitates fMet-tRNAf

Met

binding to the 30S ribosomal subunit, and in addition, IF2
promotes subunit joining. Hydrolysis of GTP by IF2 oc-
curs rapidly following subunit joining and may be neces-
sary for IF2 release from the 70S ribosome following sub-
unit joining. In eukaryotes, the IF2 homolog eIF5B is
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Figure 3. Restoration of translational activity in extracts from
fun12∆ yeast strains lacking eIF5B by addition of recombinant
yeast, human, or archaeal (M. jannaschii) eIF5B. In vitro trans-
lation extracts were prepared from isogenic wild-type (eIF5B+)
and eIF5B-deletion (∆eIF5B) yeast strains. The extracts were
supplemented with the indicated amounts of recombinant pro-
teins and programmed with an in-vitro-transcribed luciferase re-
porter mRNA. Translational activity was determined after 15
minutes’ incubation by measuring luminescence. (GST-y-
eIF5B) Yeast eIF5B fusion protein; (GST-h-eIF5B) human
eIF5B fusion protein; (a-eIF5B) M. jannaschii eIF5B (no GST).



required for efficient subunit joining, and GTP hydroly-
sis by eIF5B is required for release of the factor from the
80S ribosome following subunit joining. Accordingly,
IF2 and eIF5B are performing complementary roles to
promote subunit joining in prokaryotes and eukaryotes,
respectively.

The presence of a second GTPase, eIF2, is restricted to
archaea and eukaryotes (Fig. 1). The factor eIF2 binds the
Met-tRNAi

Met to the ribosome in eukaryotes (for review,
see Hershey and Merrick 2000). Thus, together eIF2 and
eIF5B perform the functions attributed solely to IF2 in
bacteria. The eIF2 forms a ternary complex with GTP and
Met-tRNAi

Met, and this ternary complex then binds to a
40S ribosomal subunit together with the translation fac-
tors eIF1, eIF1A, eIF3, and eIF5 to form a 43S preinitia-
tion complex. This complex associates with the mRNA
and scans to the AUG start codon. Recognition of the
AUG start codon is accomplished by base-pairing with
the anticodon loop of the tRNAi

Met. This base-pairing is
thought to trigger eIF5 to activate GTP hydrolysis by
eIF2. In this way, eIF5, together with eIF2 and the Met-
tRNAi

Met, stringently ensures the fidelity of the initiation
process (Huang et al. 1997; Donahue 2000). In prokary-
otes, the selection of the AUG start codon is specified by
interactions between the ribosome-binding site (Shine-
Dalgarno sequence) on the mRNA and the 3´ end of the
16S rRNA in the 30S subunit. Thus, the novel GTP-
dependent step in eukaryotic translation initiation is a fi-
delity checkpoint that replaces the simple base-pairing in-

teraction used by prokaryotes to specify the translational
start site. In addition, it should be noted that introduction
of eIF2 in eukaryotic translation initiation provides a new
opportunity to regulate protein synthesis. Like EF1A,
eIF2 requires a guanine nucleotide exchange factor
(eIF2B) to regenerate the active eIF2•GTP complex fol-
lowing each round of translation initiation. Phosphoryla-
tion of eIF2 on Ser-51 of its α subunit by specific stress-
responsive kinases converts eIF2 from a substrate to a
competitive inhibitor of eIF2B (Dever 1999). The phos-
phorylation of eIF2 is a common mechanism employed
by eukaryotic cells to regulate both general and gene-
specific mRNA translation (Dever 1999).

Finally, a question that arises concerns the function of
eIF2 in archaea. Several studies have reported the pres-
ence of Shine-Dalgarno-like sequences, complementary
to the 3´ end of 16S rRNA, near the AUG start codons of
open reading frames in various archaea. These findings
suggest that archaea use a prokaryotic-like mechanism to
locate translational start sites and, as such, archaea should
not require eIF2. However, a recent report suggests that
in the archaeon Sulfolobus solfataricus the first open
reading frame in a number of operons lacks Shine-Dal-
garno ribosome-binding sequences, whereas subsequent
open reading frames in these operons are preceded by a
Shine-Dalgarno sequence (Tolstrup et al. 2000). Thus, it
can be proposed that archaea employ a eukaryotic scan-
ning-type mechanism involving eIF2 to locate the first
open reading frame on a polycistronic mRNA, whereas
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Figure 4. Model depicting two GTP-dependent steps in eukaryotic translation initiation versus only a single GTP requirement in
prokaryotic translation initiation. (Left) In prokaryotic translation initiation, IF2 is the lone GTPase. The preinitiation complex with
bound initiator fMet-tRNAfMet and factors localizes to the AUG start codon via interactions with the Shine-Dalgarno sequence on
the mRNA. Following binding of the large 50S ribosomal subunit, hydrolysis of GTP by IF2 is coupled to release of the factors from
the 70S ribosome. (Right) In eukaryotic translation initiation, the preinitiation complex containing factors eIF2, eIF3, eIF5, eIF1 (not
depicted), and eIF1A, and initiator Met-tRNAiMet scans on the mRNA to the AUG codon. Proper base-pairing between the anticodon
of the Met-tRNAiMet and the AUG start codon triggers eIF5-dependent GTP hydrolysis by eIF2 and release of the factors and depo-
sition of Met-tRNAiMet in the ribosomal P site. The factor eIF5B then binds and promotes binding of the large 60S ribosomal sub-
unit. Assembly of the 80S ribosome triggers the GTPase activity of eIF5B, leading to release of the remaining initiation factors from
the ribosome.



the subsequent open reading frames are translated via a
prokaryotic-like mechanism which may or may not re-
quire eIF2 to bind the Met-tRNAi

Met to the ribosome.

STRUCTURAL ANALYSIS OF IF2/eIF5B

Recently, we determined the structure of eIF5B from
the archaeon Methanobacterium thermoautotrophicum
(Roll-Mecak et al. 2000). The protein consists of four do-
mains and resembles a molecular chalice. The GTP-bind-
ing domain and domains II and III form the cup of the
chalice, and they are connected via a long α helix (the
stem of the chalice) to domain IV, which forms the base
of the chalice (Fig. 5A). The GTP-binding domain re-
sembles the GTP-binding domains of the translation fac-
tors EF1A and EF2, as well as that of Ras and the het-
erotrimeric GTP-binding proteins. Domains II and IV are
antiparallel β barrels, whereas domain III is a novel
α/β/α-sandwich.

Domain IV of eIF5B, as expected, resembles the car-
boxyl terminus of IF2 from Bacillus stearothermophilus
(Meunier et al. 2000). This carboxy-terminal domain of
IF2 is responsible for binding fMet-tRNAf

Met, and muta-
genesis studies and spectroscopic methods have impli-
cated several residues of IF2 in fMet-tRNAf

Met binding
(Misselwitz et al. 1999; Guenneugues et al. 2000). Inter-
estingly, these residues are not conserved in archaeal and
eukaryotic eIF5B, consistent with the inability to detect
specific binding of eIF5B to Met-tRNAi

Met. In contrast to
the binding of aminoacyl tRNA to EF1A, the binding of
fMet-tRNAf

Met to IF2 appears to only require fMet and

the 3´ end of the tRNA. Competitive binding studies re-
vealed that fMet-AMP can effectively compete the bind-
ing of full-length fMet-tRNAf

Met to IF2 (Szkaradkiewicz
et al. 2000). In addition, deacylation protection and spec-
troscopic titration experiments demonstrated that fMet
linked to the last six residues of the acceptor end of
tRNAf

Met interacted with similar affinity as the full-length
fMet-tRNAf

Met to IF2 (Guenneugues et al. 2000). Thus, it
can be proposed that a primary function of the fMet-
tRNAf

Met binding property of prokaryotic IF2 is to ensure
that translation initiates with a formylated amino acid.

Comparison of the active and inactive structures of
IF2/eIF5B revealed a concerted movement of domains II,
III, and IV triggered by small conformational changes in
the active site of the G domain induced by Mg++/GTP
binding (Fig. 5B) (Roll-Mecak et al. 2000). eIF5B seems
to employ an articulated lever mechanism to amplify the
small conformational changes in the active site over a dis-
tance of 90 Å to the carboxy-terminal domain IV. We pre-
sume that these conformational changes induced by
Mg++/GTP binding allow the proper interaction of the
factor with the ribosome. 

Similarity of IF2/eIF5B to Translation 
Elongation GTPases Suggests a Model for 
eIF5B Function in Translation Initiation

As mentioned above, the GTP-binding domain of
eIF5B is structurally similar to the GTP-binding domains
of translation factors EF1A and EF2. However, the struc-
tural similarity between eIF5B, EF1A, and EF2 extends
to the domain II β barrel (see Fig. 6) (Roll-Mecak et al.
2000). Not only are the first two domains of eIF5B•GTP,
EF2•GDP, and EF1A•GTP structurally similar, they also
display the same relative orientation, suggesting that
these domains form a common ribosome-binding plat-
form. However, domains III and IV in IF2/eIF5B are not
structurally similar to the corresponding domains in EF2.
Comparison of the structures of EF1A•GTP•Phe-
tRNAPhe and EF2•GDP revealed that domains III–V of
EF2 appear to mimic the shape of the tRNA moiety of the
EF1A ternary complex, with domain III acting as the ac-
ceptor stem, domain V as the T stem, and domain IV as
the anticodon helix (Nyborg et al. 1996). The surface
charge distribution on domain IV of EF2 is similar to the
anticodon helix of the tRNA, and electron microscopic
studies have shown that this domain inserts into the ribo-
somal A site (Agrawal et al. 1998; Stark et al. 2000), pre-
sumably to promote ribosomal translocation during trans-
lation elongation. When the GTP-binding domains of
eIF5B and EF1A are superimposed, domain IV of eIF5B
is positioned at roughly 90° relative to the anticodon he-
lix of the tRNA in the EF1A ternary complex (Fig. 6).
Thus, as opposed to domain IV of EF2, which inserts into
the decoding center on the small subunit, we predict that
domain IV of IF2/eIF5B traverses across the top of the A
site where it can be in close proximity to the 3′ end of the
P-site tRNA, as discussed below.

A model that takes into account the structure of eIF5B
and its resemblance to the elongation factors EF1A and
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Figure 5. Three-dimensional structure of IF2/eIF5B. (A) Ribbon
diagram showing the nucleotide-binding face of IF2/eIF5B from
the archaeon M. thermoautotrophicum in complex with the non-
hydrolyzable GTP analog GDPNP (Roll-Mecak et al. 2000).
The locations of the GTP-binding domain (G domain) and do-
mains II–IV are indicated. (B) Domain movements in IF2/eIF5B
induced by Mg++/GTP binding. Ribbon diagrams of
IF2/eIF5B•GDPNP (black) and IF2/eIF5B•GDP (gray) super-
positioned based on conserved elements in their GTP-binding
domains (Roll-Mecak et al. 2000). The view of eIF5B is rotated
90° about a vertical axis relative to the image in A. The arrows
denote the relative domain movements induced by GTP binding
to eIF5B. (Reprinted, with permission, from Roll-Mecak et al.
2000 [copyright Elsevier Science].)



EF2 is presented in Figure 7. Prior to describing the
model, it is important to note that domain IV of yeast
eIF5B directly interacts with the translation factor eIF1A.
As mentioned earlier, eIF1A structurally resembles IF1
and, together with IF2/eIF5B, these proteins are the only
universally conserved translation initiation factors (Fig.
1). Protein–protein interaction assays revealed that the
carboxyl terminus of eIF5B directly interacts with eIF1A,
and the two proteins form a complex independent of the
ribosome (Choi et al. 2000). Similarly, the factors IF1 and
IF2 have been reported to be cross-linked when bound to
the ribosome (Boileau et al. 1983). Thus, these homolo-
gous factors likely physically interact on the ribosome to
promote translation initiation in all organisms. Previ-

ously, the IF1-binding site on the ribosome was mapped
to the A site (Moazed et al. 1995), and more recently, the
X-ray structure of IF1 bound to the 30S subunit con-
firmed that the factor binds to the base of the A site adja-
cent to the mRNA (Carter et al. 2001). In our proposed
model for eukaryotic translation initiation (Fig. 7), the
40S ribosomal subunit scans to the AUG codon where
eIF2 hydrolyzes its GTP and many of the factors are re-
leased. The resulting complex contains Met-tRNAi

Met

base-paired to the AUG codon of the mRNA in the P site
and eIF1A in the A site of the 40S subunit. We propose
that this complex is unstable in the absence of eIF5B, and
that this instability at least partly accounts for the slow-
growth phenotype of yeast strains lacking eIF5B. Inter-
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Figure 6. Comparison of the structures of the translational GTPases IF2/eIF5B•GDP and EF1A•GDPNP•Phe-tRNAPhe. Ribbon dia-
grams of IF2/eIF5B•GDP (left, Roll-Mecak et al. 2000) and EF1A•GDPNP•Phe-tRNAPhe (right, Nissen et al. 1995) oriented based
on the alignment of the conserved P loop and α-helix H1 in the GTP-binding domains of the factors. The conserved GTP-binding (G
domain) and β-barrel (II) domains of the factors are depicted in black; domains III and IV of IF2/eIF5B, domain III of EF1A, and Phe-
tRNAPhe are depicted in gray. The dorsal face of the factors is shown from the perspective of the small 40S ribosomal subunit.
(Adapted and reprinted, with permission, from Roll-Mecak et al. 2000 [copyright Elsevier Science].)
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estingly, this slow-growth phenotype can be partially res-
cued by increasing the dosage of tRNAi

Met genes in the
cell (Choi et al. 1998). We propose that the increased
abundance of Met-tRNAi

Met in these strains alters the
equilibrium of the binding reaction, resulting in more
Met-tRNAi

Met bound to the ribosome, and thus increasing
the efficiency of protein synthesis.

According to our model, the eIF1A in the A site serves
as a docking point for eIF5B. Domain IV of eIF5B will
also be in position to interact with the aminoacyl end of
Met-tRNAi

Met bound in the ribosomal P site (Fig. 7). This
latter interaction may be more significant in bacterial
translation, where domain IV of IF2 specifically recog-
nizes fMet as described above. The binding of eIF5B to
the 40S subunit facilitates joining of the large ribosomal
subunit. Upon subunit joining, eIF5B hydrolyzes its GTP
and presumably undergoes a conformational change that
could dislodge eIF1A, weaken the binding of eIF5B to
the ribosome, and/or alter the conformation of the ribo-
some or the Met-tRNAi

Met in the P site to facilitate the
transition to translation elongation. (These changes may
reflect the conversion of 80S to 80S* as described above.)
Finally, the domain movements of eIF5B may result in
formation of a functional A site such that following re-
lease of eIF5B, a molecular imprint is left for binding the
EF1A ternary complex in the first step of translation elon-
gation.

CONCLUDING REMARKS

Two translation initiation factors have been conserved
through evolution. These factors, IF1/eIF1A and
IF2/eIF5B, physically and functionally interact to pro-
mote assembly of a translationally competent ribosome
with Met-tRNAi

Met in the P site base-paired with the
AUG start codon of the mRNA. Interestingly, the third
prokaryotic translation initiation factor IF3 and the eu-
karyotic factor eIF1 appear to have somewhat overlap-
ping roles to ensure fidelity in the initiation process and
specify initiation at an AUG codon. The identification of
eIF5B reveals that there are at least two GTP-dependent
steps in eukaryotic translation initiation as opposed to the
single GTP requirement in prokaryotes. In eukaryotes
and archaea, the GTPases eIF2 and eIF5B together per-
form the functions attributed to IF2 in prokaryotes.
Whereas eIF5B is required for subunit joining, the factor
eIF2 is needed for AUG start-codon selection and appears
to functionally substitute for the ribosome-binding site
(Shine-Dalgarno sequence) in prokaryotic mRNAs.

Key questions to address concerning the function of
eIF5B in translation initiation include: (1) Which transla-
tion factors are released from the 40S subunit upon GTP
hydrolysis by eIF2? (2) When does eIF5B bind to the ri-
bosome and what factors are present on the 40S subunit
when eIF5B binds? (3) What ribosomal constituents are
required to stimulate the GTPase activity of eIF5B? (4)
What is the conformational transition of eIF5B upon
binding to the ribosome and after GTP hydrolysis? In ad-
dition, based on the critical role of eIF5B to promote sub-
unit joining, it is surprising that eIF5B is not essential for
viability in S. cerevisiae. In Drosophila melanogaster,

eIF5B appears to be required for proper development and
viability of the organism (Carrera et al. 2000); however,
it remains to be determined whether eIF5B is required for
cellular viability in Drosophila or other higher eukary-
otes. Finally, electron microscopic and/or X-ray crystal-
lographic images of IF2/eIF5B bound to the ribosome
will provide important insights to further reveal the func-
tion of this universally conserved translation initiation
factor.
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