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The original purification of the heterotrimeric eIF4F was pub-
lished over 30 years ago (Grifo, J. A., Tahara, S. M., Morgan,
M. A., Shatkin, A. J., and Merrick, W. C. (1983) J. Biol. Chem.
258, 5804 –5810). Since that time, numerous studies have been
performed with the three proteins specifically required for the
translation initiation of natural mRNAs, eIF4A, eIF4B, and
eIF4F. These have involved enzymatic and structural studies of
the proteins and a number of site-directed mutagenesis studies.
The regulation of translation exhibited through the mammalian
target of rapamycin (mTOR) pathway is predominately seen
as the phosphorylation of 4E-BP, an inhibitor of protein synthe-
sis that functions by binding to the cap binding subunit of eIF4F
(eIF4E). A hypothesis that requires the disassembly of eIF4F
during translation initiation to yield free subunits (eIF4A,
eIF4E, and eIF4G) is presented.

The Biology of eIF4F

The initial findings in the study of natural mRNA translation
reflected the newly discovered m7G cap at the 5� end of eukary-
otic mRNAs (2). mRNAs lacking this structure were translated
with less efficiency than mRNAs that contained this structure
(3). This unique structure allowed for specific assays or purifi-
cations, many established in the laboratory of Dr. Aaron Shat-
kin with assists from his colleagues. Two of note were the use of
m7G-Sepharose for affinity purification (4, 5) and the crosslink-
ing of periodate-oxidized mRNAs to proteins (6).

The initial application of these methodologies identified two
different molecular weight species (about 25,000 and at least
200,000), although the high molecular weight protein con-
tained the small molecular weight component, now known as
eIF4E (7). Given the size of several other known translation
factors, the question was whether these contained the small
molecular weight subunit (notably eIF3 and eIF4B) (8 –11).
Ultimate purification of eIF4F indicated that neither of these
were correct but that eIF4F would form stable complexes with
either, thus being consistent with the eIF4E component track-
ing with them. At the same time, it was recognized that the
46,000 molecular weight subunit of eIF4F was eIF4A. By phys-
ical analysis, eIF4F was a heterotrimeric complex of eIF4A,
eIF4E, and eIF4G (1).

The next studies were to attempt to identify the functions of
the various proteins required specifically for natural mRNA
translation (eIF4A, eIF4B, and eIF4F). The characteristics of

these three proteins were very different. In the absence of ATP,
binding to RNA could only be well demonstrated with eIF4F
(Table 1). eIF4A and eIF4F could hydrolyze ATP in the pres-
ence of single-stranded RNA, and eIF4B would enhance both of
these activities (12). In terms of mechanism, the coupling of the
binding of ATP and RNA was realized in recognizing that
eIF4A or eIF4F had the ability to unwind duplex RNA. As noted
in Table 1, the “strength” of the helicase activity was greater
with eIF4F (14).

As the ability to determine amino acid sequence from RNA
sequence advanced, it was found that there were numerous
conserved amino acid motifs in eIF4A that could be found in
other proteins, and this led to the establishment of the DEAD-
box proteins (15). The DEAD-box proteins became the first
group of well characterized RNA helicases.

This information was soon put into a variety of model initi-
ation pathways in which the primary feature of the eIF4 pro-
teins was their utilization for the unwinding of possible second-
ary structure to form a single-stranded RNA that could be
bound to the 40S subunit (as the 43S preinitiation complex
containing eIF1, eIF1A, eIF3, and the ternary complex eIF2�
GTP�Met-tRNAi). A later finding that RNA helicases can dis-
place protein from an RNA�protein complex adds a second ele-
ment to the activation process as mRNAs exit the nucleus as
mRNPs2 (16).

In the mid-90s, as efforts were continuing to define the bio-
chemistry of the eIF4 family proteins, a very unique discovery
was made. One of the major proteins to be phosphorylated in
cells in response to insulin treatment was called PHAS-I (phos-
phorylated heat- and acid-stable protein regulated by insulin)
(17). By a separate analytic procedure, this protein was also
identified as a protein that bound to eIF4E and would later be
discovered to be a major target of the mTOR pathway
(mTORC1) (18). The phosphorylation of this protein (4E-BP)
led to its inactivation (inability to bind to eIF4E). Because the
binding of eIF4E by either eIF4G or 4E-BP is to overlapping
sites on eIF4E, only one of the two can be bound to eIF4E at any
point in time (19, 20).

This finding added a second arm to the global regulation of
eukaryotic protein synthesis. The first was the regulation of
available initiator tRNA as the ternary complex eIF2�GTP�Met-
tRNAi. The second was the restriction in the level of eIF4F
activity due to the lowered availability of eIF4E. Consistent with
the general pathway of 80S complex formation (Fig. 1) was that
the binding of the ternary complex preceded the binding of
mRNA. As a consequence, translation of most mRNAs was
reduced equally when ternary complexes became limiting. In
contrast, reduction of eIF4F activity forced mRNAs to compete
for limiting eIF4F, and this resulted in “good” mRNAs being
preferentially translated, whereas “poor” mRNAs were not.
This was consistent with the mathematical modeling, initially
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by Lodish and colleagues (21, 22) and then refined by Godefroy-
Colburn and Thach (23). Although a generalization, it would
appear that the ability of an mRNA to compete for the transla-
tional apparatus was mostly determined by the availability of its
m7G cap (24).

A second protein that can influence the formation of eIF4F is
the protein PDCD4, a tumor suppressor. This protein binds to
eIF4A and can thereby limit the amount of eIF4A available to form
eIF4F (25). PDCD4 is regulated through phosphorylation by the
mTOR pathway (which inhibits its binding to eIF4A) (26–28).
Based on the observation that mRNAs with structured 5� ends
require additional eIF4A for translation, the lack of PDCD4 phos-
phorylation could lead to reduced translation of these mRNAs,
either as free eIF4A or as eIF4A to reconstitute eIF4F. In sum,
mTOR coordinately regulates eIF4F formation by controlling the
level of phosphorylation of both 4E-BP and PDCD4.

The Biochemistry of eIF4F

With the recognition that eIF4A was a subunit of eIF4F,
much of the subsequent biochemistry focused on the difference
between these two proteins and the differential affect of eIF4B
on these proteins (it is noted that the relatively late discovery of
eIF4H has resulted in more minimal studies in this comparison)
(29). The standard assays initially used were: 1) RNA binding,
an assay that monitors the retention of an RNA on nitrocellu-
lose filters indicative of a protein�nucleic acid complex; 2) RNA-
dependent ATPase, an assay that measures the hydrolysis of
ATP in a reaction requiring the presence of RNA; and 3) duplex
RNA unwinding, an assay that measures the ATP-dependent
strand separation of an RNA duplex to yield two single strands.
For a number of RNA helicases, there is a dependence on a
single-stranded region being part of the duplex.

Data from these assays are shown in Table 1. Consistent with
their behavior on phosphocellulose, in the absence of ATP,
eIF4A failed to bind mRNA, whereas eIF4F bound significant
levels of mRNA (30). However, the presence of ATP greatly
enhanced the binding of mRNA by eIF4A (with or without
eIF4B), whereas it only offered a slight stimulation with eIF4F.
The kinetic data for the RNA-dependent ATPase assay indicate
that the primary difference between eIF4A and eIF4F is the
apparent affinity of the proteins for RNA, although the pres-
ence of eIF4B renders the ability of eIF4A to catalyze hydrolysis
nearly equivalent to that seen with eIF4F (13). Similar trends are
evident when the melting of RNA duplexes is considered; how-

ever, the -fold difference in the initial rates of unwinding is less
dramatic with a 2–3-fold difference between eIF4A and eIF4F
(� eIF4B) with a shorter duplex, but a greater difference with a
more stable duplex (up to 6-fold) (14).

Yeast Just Aren’t Human

A relatively early observation was that Saccharomyces cerevi-
siae eIF4F is different from the human protein and that some of
these differences play out with eIF4A as well. Perhaps the most
challenging difference is that a three-subunit eIF4F has not been
purified from yeast, but rather only the two-subunit eIF4E�eIF4G
complex has been isolated (31). Secondly, eIF4B is a monomer in
yeast but a dimer in the mammalian system, which may have pro-
found influences on the biochemical behavior of either eIF4A or
eIF4F (32–34). In this light, eIF4B enhances the RNA-dependent
ATPase activity of eIF4A in the mammalian system by reducing
the Kact 1000-fold (13). In contrast, there is no stimulation
observed in the yeast system. Thus, given these differences, the
remaining discussion will focus on the mammalian eIF4F (and
eIF4A and eIF4B), although it is anticipated that similar activities
will be visualized for the yeast system as well.

Subunit Interactions in eIF4F

From numerous studies, interactive domains of eIF4G have
been determined, and a graphic representation of these
domains is seen in Fig. 2A. Because of the many interactions,
eIF4G is able to coordinate functions related to m7G cap bind-
ing (eIF4E), RNA helicase unwinding (eIF4A), binding to the
40S subunit (eIF3), and coordinating initiation using freshly
terminated ribosomes via the interaction with the poly(A)-
binding protein (PABP) as the “circular” mRNA.

At the level of crystallographic studies, individual structures
for eIF4A, eIF4E, and the HEAT domains of eIF4G have been
determined (35– 45). The only catalytically active co-crystal
structure is for eIF4A complexed with the middle domain of
eIF4G (amino acids 572– 853), and in this structure, both the
N-terminal and the C-terminal domains make contact with the
eIF4G HEAT1 domain (Fig. 2B) (37–40). This interaction would
appear to restrict the flexibility of the eIF4A molecule around the
11-amino acid flexible linker that joins the two domains. Of par-
ticular interest is the effect that eIF4G has on orienting the sub-
domains of eIF4A into a more active (open) confirmation in con-
trast to the variety of confirmations theoretically possible with free
eIF4A (38, 40). At present, the mechanism for the observed acti-
vation of eIF4A activity by eIF4B is unknown, but it would not be
surprising if it were similar. This activation appears to reflect pri-
marily differences in binding nucleic acid as the apparent Km for
ATP is relatively unaffected (13).

An interesting side note comes from the structural analysis of
eIF4E complexed with the inhibitor peptide, 4EGI-1 (42, 43). In
contrast to the 4E-BPs, the inhibitor peptide binds to an allosteric
site on eIF4E, leading to the displacement of eIF4G from eIF4E
(43).

Unfortunately, further crystal structure analysis has been
limited by either the low level of protein in normal cells or the
inability to readily express human full-length eIF4G (although
see Feoktistova et al. (45)). This is accompanied by the concern
that the post-translational modifications known to occur on

TABLE 1
Relative activities of translation initiation factors

Initiation
factor

Globin mRNA
bindinga

RNA-dependent
ATPaseb Helicase activityc

�ATP �ATP Kact Vmax �G � �17.9 �G � �24.7

eIF4A 130 1800 15,000 110 3.0 0.6
eIF4B 230 350 –d –d –d –d

eIF4F 3610 3990 30 20 7.3 1.3
eIF4A, eIF4B 150 5170 60 135 10.3 3.6
eIF4F, eIF4B 3820 4260 30 30 9.6 3.6

a Radioactively labeled globin mRNA retention on nitrocellulose filters (cpm) (12).
b Hydrolysis of [�-32P]ATP in response to added RNA (Kact in �M, Vmax in fmol of

PO4 released per s per �g of either eIF4A or eIF4F) (13).
c Unwinding of duplex RNA with a 33-nucleotide single-stranded region or 29-

nucleotide single-stranded region; duplexes were 11 and 15 bp, respectively (ini-
tial rate of unwinding) (14).

d — � not determined.
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both eIF4E and eIF4G may be important for function, and the
degree of modification obtained with expression in either Esch-
erichia coli or insect cells may be limiting. Also, as noted for
eIF2, it is possible that a cellular protein might be required for
the correct assembly of the complete complex (46). Thus, it will
be important to compare both biochemically and physically
native protein purified from actively translating systems (i.e.
HeLa or reticulocytes) with recombinant proteins.

“Modern” Biochemistry with eIF4F
Subunits/Reconstitution

The availability of molecular biological techniques and pro-
tein expression has allowed for the preparation of numerous

translation initiation factors, either as subunits or as individual
proteins. For the most part, these expressed proteins have dem-
onstrated activity either as individual components or as added
to a reconstitution assay. The most useful of these are when
the expressed protein can be independently assessed for
activity, as is the case for eIF4A. With respect to the
“mRNA-specific initiation factors,” whereas eIF4E can be
assessed for binding to m7GTP-Sepharose and eIF4B and
eIF4G can be assessed for binding to nucleic acid, for most of
the “functional assays” (RNA-dependent ATPase, RNA
duplex unwinding, toe printing, protein synthesis), it is the
effect that the added protein (or protein subunits) has on the
activity of eIF4A that is most often measured.

FIGURE 1. Actions of eIF4F in translation initiation. Shown in this figure are the eIF4F steps in translation, the activation of mRNA, which converts an mRNP
to an activated mRNA with bound eIF4F and scanning, and the movement in a 5� to 3� direction of the mRNA to the initiation codon AUG. Both of the steps are
ATP-dependent. The degree wo which free eIF4A, eIF4B, or other RNA helicases may play a role in this process is not pictured. This figure is adapted from
Merrick, W. C. (2010) J. Biol. Chem. 285, 21197–21201 (90).
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Using expressed eIF4A, eIF4B, and either fragments or full-
length eIF4G, Ozes et al. (47) found that eIF4B stimulated the
unwinding activity of eIF4A about 10-fold, whereas eIF4G stimu-
lated the unwinding less than 2-fold. However, the combination of
eIF4A, eIF4B, and eIF4G provided for a 100-fold stimulation over
free eIF4A (Table 1 of Ref. 47). Additional studies have examined
the helicase activity of eIF4A in the presence of various eIF4G
fragments with and without eIF4B and/or eIF4E. In part, these
studies utilized a series of truncated (or full-length) forms of eIF4G
(amino acids 682–1166, 557–1137, 557–1600, and 1–1600) (45).
When a larger eIF4G fragment was used (or the complete protein)
that contained the eIF4E binding site (amino acids 557–681), a

surprising result was found. The 682–1105 fragment provided
more stimulation of activity than either the 557–1137 or 557–1600
fragments or the full-length protein. However, the lost activity of
the larger fragments containing the eIF4E binding site was recov-
ered upon the addition of eIF4E. This led to an autoinhibitory
model (Fig. 5 of Ref. 45) where the presence of eIF4E directly influ-
ences eIF4F activity by removing this inhibition. This observation
may provide a partial answer as to how the eIF4F/mRNA interac-
tion might be stabilized to allow kinetically for the interaction with
eIF3 of the 43S preinitiation complex, perhaps something similar
to the clamping activity of eIF4AIII when it is part of the exon
junction complex (48).

FIGURE 2. High resolutions structures of eIF4F components. A, a graphic representation of the interactive domains of eIF4F and the two-domain structure
of eIF4A. PAM, PABP-interacting motif. B, clockwise, a selection of a few high resolution structures that represent eIF4A�AMP�eIF4FG HEAT domain in the open
confirmation (Protein Data Bank (PDB): 2VSO (40)), the closed confirmation of eIF4AIII as it exists in the exon junction complex with ADPNP (PDB: 2HYI (86)), the
structure of the C-terminal HEAT-2 and HEAT-3 domains in eIF4G (PDB: 1UG3 39)), the N-terminal PABP binding domain of eIF4G with PABP�poly(A) (PDB 4F02
(87)), and a solution structure of m7GTP�eIF4E bound to eIF4G (PDB: 1RF8 (88)). Note that the colors of the domains in the structures are coded to those as seen
in the graphic in panel A. This figure is used with the generous permission of Dr. Christopher Fraser, University of California at Davis, and with permission from
Elsevier Publishing. This figure can be found in Ref. 89.
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From the above (and other) results, it is clear that both eIF4B
and eIF4G stimulate the helicase activity of eIF4A, results con-
sist with earlier observations where eIF4F was found to be more
active than eIF4A and the eIF4A unwinding activity was stim-
ulated by eIF4B (see Table 1). However, none of these studies
addressed the root cause for these observations. Did the addi-
tional proteins enhance the catalytic rate, or did they enhance
the affinity of eIF4A for substrate? Based upon the results from
the RNA-dependent ATPase assay, the primary effect would
appear to be an improvement in substrate affinity (13). How-
ever, it is clear that a secondary effect appears to be related to
the stability of the RNA duplex and the helicase activity of
eIF4A. Using a duplex with a �G of �24.7 kcal/mol, the stim-
ulation of eIF4A activity by eIF4B in unwinding is 7-fold,
whereas for a less stable duplex (�G � �17.9 kcal/mol), the
stimulation was 3-fold (14). The suggestion here is that beyond
the presumed hydrolysis of ATP and the partial strand sepa-
ration of the RNA duplex, the other proteins are likely stabiliz-
ing the partially melted intermediate, allowing additional time
for the duplex to unwind (and more complicated mechanisms
could easily be envisaged). Thus, the roles played by both eIF4B
and eIF4G may also relate to activities not directly related to
eIF4A activity, but dependent upon it.

Very recently, using single molecule FRET, Garcia-Garcia
et al. (49) have shown that the combination of eIF4A, eIF4B,
and eIF4G can lead to the processive unwinding of a 70-bp
hairpin. The processive character was dependent on eIF4B, and
“hints” of this processivity were also seen previously with native
eIF4F (14). Currently, it is not clear what the contribution of
eIF4E might be in this processive unwinding. The unexpected
finding was that a 70-bp hairpin (�G � 100 kcal/mol) could be
completely unwound despite the observation that a hairpin this
stable will usually block translation completely.

Hints at the Instability of eIF4F

The original purification of eIF4F took 5– 8 days, suggesting
that the complex of eIF4E, eIF4A, and eIF4G was quite stable
(1). However, in the process of numerous purifications, my col-
leagues and I noted that the level of purity varied from one
preparation to another. As a result, different alterations to the
purification scheme were tried. The first effort was the use of
m7GTP-Sepharose a second time, but with more extensive
washing to remove contaminating proteins. Much to our dis-
may, the use of extensive washing of the bound eIF4F led to the
purification of eIF4E only.3 It appears that the additional time
taken to wash the column destabilized the interaction between
eIF4E and eIF4G. In retrospect, this is consistent with the early
purification efforts using m7GTP-Sepharose that resulted in
the isolation of eIF4E (50, 51).

As an alternate, gradient elution from phosphocellulose was
attempted as the early step in the purification scheme used
batch elution from phosphocellulose. When this effort was
made, again my colleagues and I were surprised. We found that
we had separated eIF4A from eIF4F and that the remaining
eIF4E-eIF4G complex was also purified (52). The eIF4F activity
could be restored by adding back purified eIF4A to the

eIF4E�eIF4G complex. The inference here is that the binding of
eIF4F to phosphocellulose was a “poor man’s RNA affinity col-
umn” and that the interaction of eIF4F with RNA was leading to
the separation of eIF4A from the eIF4G�eIF4E complex.

Further studies with purified eIF4A and eIF4F indicated that
free eIF4A could exchange with bound eIF4A in the eIF4F com-
plex (53). In part, this observation provided an explanation for
the dominant negative affects of a mutant eIF4A (R362Q) in
translation (54). Although the exchange of the mutant eIF4A
for the wild type eIF4A in eIF4F accounted for much of the
inhibition observed, it did not account for the dominant nega-
tive aspect. At the time, this was taken as evidence that multiple
rounds of eIF4F action were necessary for the utilization of a
single mRNA via the cap-dependent pathway, likely to be 4 –5
rounds of eIF4F utilization (54). However, it was not clear
whether these multiple rounds of eIF4F utilization reflected the
initial mRNA activation step or scanning or both.

The eIF4F Disassembly Hypothesis

The one biologic necessity of eIF4F would appear to be the
requirement for the release of eIF4E. Otherwise, what would
4E-BP ever bind to? Although many of the above data/observa-
tions describe the differential activities depending on whether
different combinations of subunits were added to the test tube,
none looked at the actual formation or possible dissolution of
the eIF4F complex. However, it is possible to piece together a
hypothesis that builds upon the observations related to the
instability elements of eIF4F noted above. 1) Based upon the
observations above, it appears that the eIF4E/eIF4G interaction
is destabilized upon binding the m7GTP cap. 2) Release of eIF4E
might then stabilize the eIF4G�eIF4A�eIF4B complex on the
mRNA with the postulated autoinhibitory activity seen with the
loss of eIF4E (45). This might provide for an RNA clamping
activity. 3) In what is likely an ATP-dependent event, eIF4A is
released from eIF4G in a manner reflected in the phosphocel-
lulose-induced release of eIF4A from eIF4F (52). This step
could also be the source for loading of eIF4A onto the 43S pre-
initiation complex as there is generally 5–10 times more eIF4A
on 40S subunits than eIF2, eIF3, or eIF4F (55, 56). 4) Additional
eIF4F and/or eIF4A molecules are required for the ATP-depen-
dent scanning of the mRNA. This step could also lead to the
additional release of subunits from eIF4F. 5) As a result of
mRNA activation and scanning, the products of the initiation
pathway are the individual subunits of eIF4F (eIF4A, eIF4E, and
eIF4G) as shown in Fig. 1.

Our initial observation that eIF4F purified as a complex with
eIF4B does raise the question as to whether its association
would enhance, hinder, or have no effect on the process of dis-
assembly. As in general, eIF4B stimulates the activity of both
eIF4A and eIF4F, it is anticipated that it might enhance the
disassembly process as well in the context of the m7GTP cap
and the RNA body of the mRNA or the RNA of the 40S subunit.
Given the observations with 4EGI-1, it is also possible that a yet
unidentified compound or factor may have an allosteric affect
in triggering the release of subunits (44).

With the release of subunits, to perform the next round of
initiation, eIF4F needs to reassemble its three subunits. The
pathway below is suggested, but in the absence of real data. 1)3 W. Merrick, unpublished results.
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eIF4G binds to eIF4A to form the eIF4G�4A complex. This is
seen as the preferred first step as the concentration of eIF4A is
roughly 10-fold greater than the concentration of eIF4E. Addi-
tionally, a functional complex of eIF4G�4A has been seen in the
experiments of Fraser and colleagues (45, 47), and evidence
from the yeast system also suggests that this association might
be facilitated by eIF4B (47, 57). 2) The eIF4G�4A complex binds
eIF4E to form eIF4F. Besides forming eIF4F, the binding of
eIF4E also relieves the postulated “autoinhibition” from the
N-terminal region of eIF4G (45). 3) eIF4F binds eIF4B to form
the eIF4F�4B complex, which is seen as the “real” initiation fac-
tor that begins the mRNA activation process.

The combination of the disassembly process and the refor-
mation of eIF4F are depicted in Fig. 1. The reformation process
could also begin with the binding of eIF4G to eIF4E followed by
the binding of eIF4A. Also, by that same token, it is possible that
in the disassembly process, eIF4A might be released prior to the
release of eIF4G. It should be noted that an equivalent thermo-
dynamic pathway has been traced for the yeast proteins (see Fig.
1 in Ref. 58). Although the Kd values for the various associations
would appear to favor eIF4E binding to eIF4G as the first step,
the observation that in yeast eIF4A exceeds eIF4E concentra-
tion by about a factor of 3 would make either reassembly path-
way possible (56). One of the supporting pieces of evidence for
the postulated existence of the eIF4G�4A complex is that this is
the experimentally functional component required for internal
ribosomal entry site-mediated translation, and thus, there is a
biological assay for (and use of) the two different forms of eIF4G
complexes, eIF4F and eIF4G�4A (58, 59).

Other Complications

This minireview has focused on eIF4F as the primary driving
force in the activation and utilization of mRNAs in cap-depen-
dent protein synthesis. However, numerous articles have indi-
cated that for mRNAs with highly structured 5� UTRs, addi-
tional proteins may be required. One of these is additional
eIF4A for which one might imagine a mechanism (60). The
others represent different RNA helicases including DDX3,
DDX41, DHX9, and DHX29 (61– 64). These alternate possibil-
ities are extensively reviewed in Parsyan et al. (65). Using either
in vitro or in vivo conditions, researchers were able to show
through the addition of more or less (depletion via siRNA) of
these proteins that expression from a reporter mRNA was
influenced. What is not clear is whether these RNA helicases
are truly part of the normal initiation process, although not
required for efficiently translated mRNAs, or whether they are
specific for mRNAs with highly structured 5�-UTRs. One sug-
gestion is that these “extra” helicases might be the first binders
to the mRNP and that their subsequent action is influenced by
the downstream actions of eIF4A, eIF4B, and eIF4F (52). These
observations are relatively recent, and clearly more experimen-
tation will be required to determine the exact mechanism for
the utilization of these additional RNA helicases.

For the mammalian factors, an added complication is the
number of isoforms for each of the eIF4F subunits (well
reviewed in Hernández and Vazquez-Pianzola (66)) with three
isoforms for eIF4A, three isoforms for eIF4E, and two isoforms
for eIF4G. With no additional information (concentration, tis-

sue-specific expression, relative affinities for other subunits),
the number of combinations is 18. To date, most of the com-
bined biochemical, biological, and structural data have focused
on one of the possible eIF4F forms (eIF4E1, eIF4A1, eIF4G1). It
remains to be seen whether dramatic differences in biologic
function in the other possible combinations will emerge (i.e.
such as the difference between eIF4A1 and eIF4A3, the former
an active RNA helicase, the latter an RNA clamp in the exon
junction complex) (48).

Two of the major proteins implicated in eIF4F function are
eIF3 and PABP, both of which form complexes with eIF4F (67–
69). Those formed with eIF3 are sufficiently stable to be isolated
by either gel filtration or sucrose density gradients, whereas the
PABP interaction has been seen by cryoelectron microscopy
and pulldown experiments. It is anticipated that the eIF3 inter-
action is required for each initiation event, whereas the inter-
action of PABP with eIF4F may be most important in poly-
somes in assisting in a three-dimensional, intramolecular
reaction that facilitates initiation events from a freshly termi-
nated ribosome.

Although much of this review has focused on mammalian
eIF4F, it does need to be recognized how different the yeast and
mammalian proteins are. A small sampling is provided in Table
2 for yeast and mammalian eIF4A and eIF4F. From this sam-
pling, the yeast and mammalian proteins are very different. The
yeast eIF4A shows greater stimulation of its ATPase activity
with double-stranded RNA than with single-stranded RNA by
more than a factor of 10, whereas the reverse is true for the
mammalian protein. At the same time, the yeast eIF4A is much
more dependent on a single-stranded overhang for duplex
unwinding, whereas the mammalian protein is only slightly
stimulated by a single-stranded overhang.

In contrast, the ATPase activity of yeast eIF4F is much better
stimulated by single-stranded RNA than dsRNA as was seen
with mammalian eIF4A and eIF4F. Both the yeast and the
mammalian eIF4F show a marked dependence for a single-
stranded overhang for duplex unwinding, with a requirement of
at least 20� nucleotides. However, there is a very dramatic
difference in the yeast and mammalian proteins in that the yeast
eIF4F shows an extreme preference for a 5� single-stranded
region over a 3� single-stranded region, whereas the stimulation

TABLE 2
Comparison of yeast and mammalian initiation factor activities

Assaya y4A m4A y4F m4F

RNA-dependent ATPase
Single-stranded RNA/poly(U) 0.003 35 6 5
Double-stranded RNA 0.12 3 0.08 NDb

RNA duplex unwinding
�5�-Single-stranded region 9.5 4.5 113 60
�3�-Single-stranded region 6.5 4.5 4.9 60
Blunt end duplex 1.2 3.3 1.2 5

a The indicated values are to be compared for relative differences and not for ab-
solute level of activity and are taken from tables where direct comparisons be-
tween substrates were made; the yeast and mammalian values were reported in
different publications. Direct comparisons should only be made within columns
(i.e. all the y4A values), but relative comparisons can be made between columns.
The values used in this table are from Refs. 12, 14, 70, and 71. Some values rep-
resent rates (yeast eIF4A and eIF4F, mammalian eIF4A), whereas others repre-
sent extent of reaction (mammalian eIF4A- and eIF4F-directed duplex
unwinding).

b ND, not determined.
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for mammalian eIF4F is equivalent with either 5� or 3� single-
stranded regions.

The caution in relating the mechanism of action of the yeast
and mammalian initiation factors reflects not just differences in
methodologies used to assess function, but also in the physical
and biochemical differences that have been noted. That said,
there does tend to be general agreement on the pathway for
forming an initiation complex. However, the most poorly
described steps in translation initiation are in fact mRNA acti-
vation and scanning, two steps that are highly dependent on
eIF4F and for which much better information is required to
more accurately assess the individual steps catalyzed by this
protein, either in solution (mRNA activation) or on the surface
of the 40S subunit (scanning).

It should be recognized that this retrospective focused on
eIF4F, and as such, is not a review of translation initiation in
general, nor does it probe the various aspects that might call for
other proteins, either as RNA helicases or as proteins that
might allow for non-standard initiation events. To obtain a
fuller appreciation of where eIF4F fits into the grand scheme of
things, the reader may find one or more of the closing refer-
ences to reviews useful (72– 85).
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