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ABSTRACT: Eukaryotic initiation factor 5 (elF5) plays multiple roles in translation initiation. Its N-terminal
domain functions as a GTPase-activator protein (GAP) for GTP bound to elF2, while its C-terminal region
nucleates the interactions between multiple translation factors, including elF1, which acts to inhibit GTP
hydrolysis or Prelease, and th& subunit of elF2. These proteins and the events in which they participate
are critical for the accurate recognition of the correct start codon during translation initiation. Here, we
report the three-dimensional solution structure of the N-terminal domain of human elF5, comprising two
subdomains, both reminiscent of nucleic-acid-binding modules. The N-terminal subdomain contains the
“arginine finger” motif that is essential for GAP function but which, unusually, resides in a partially
disordered region of the molecule. This implies that a conformational reordering of this portion of elF5
is likely to occur upon formation of a competent complex for GTP hydrolysis, following the appropriate
activation signal. Interestingly, the N-terminal subdomain of elF5 reveats/afold structurally similar

to both the archaeal orthologue of thesubunit of elF2 and, unexpectedly, to elF1. These results reveal
a novel protein fold common to several factors involved in related steps of translation initiation. The
implications of these observations are discussed in terms of the mechanism of translation initiation.

The initiation of protein synthesis in eukaryotic cells is a initiation factors (elFs},are required for the correct execution
tightly regulated process entailing an intricate network of and control of the translation initiation proceds ). A key
reversible proteirrprotein and proteirRNA interactions, player in this process is the elF2, a guanine nucleotide-
as well as multiple phosphorylation events. It culminates with binding protein, which, in its active GTP-bound state, recruits
the assembly of a translation-competent 80S ribosomethe Met-tRNAMet to the 40S ribosomal subunit. Upon
containing, in the P (peptidyl) site, the initiator methionyl- identification of the initiating AUG codon of an mRNA, the
tRNA (Met-tRNAMeY) base paired with the AUG start codon GTP molecule bound to elF2 is hydrolyzed to GDP in an
of mRNA (1, 2). Several proteins, termed eukaryotic irreversible reaction that requires elF5, a GTPase-activating
protein (GAP) 4, 5), leading to the release of an inactive
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Zn-finger C-terminal portion of elF5 shows sequence and perhaps
alF2p | B structural similarities with the extreme C-terminal part of
Lysine tracts Zninger the catalytic subunit of elF2B (elF2Bin the region that
ar2p B B B El binds their common substrate, elF2, through the basic regions
in the N-terminal part of elR2 (23) (Figure 1). This
‘Walker box’  Zn-finger AA-boxes interaction appears to be mediated by two AA boxes (rich
oIF5 E [] || I in aromatic and acidic residues) conserved in elF5, et-2B
R15 PDEichlinker @ o and_also elFAG (Figure 1). F_inally,. the central_ part of_eIF5
iF2Bs (C-vominal region) L] (residues 175210) abounds in prolines and acidic residues

and may act as a disordered linker between the N-terminal
GAP and C-terminal factor-interaction domains of elF5.
elF1, a small protein of only 12 kDa, is also a component
of the MFC. Studies in yeast have shown that elF1 associates
with elF3, elF5 (via the C-terminal domain), and the ternary
complex of elF2GTP-Met-tRNAMet (19, 20, 23—26). In
mammals, elF1 appears to enable 48S complexes to reject
incorrect matches with the AUG codo®7) and association
miscoded proteins. Mutations in the genes encoding for of elF1 with elF4G enhances the accuracy of scanrgy (
factors elF1, elF2, and elF5 result in the ability to initiate It has been proposed that elF1 functions to restrain the GAP
translation at UUG codons, indicating their involvement in activity of elF5 (7, 9, 10); indeed, overexpression of elF1
start-site selection1@—14). in yeast suppresses the otherwise high GAP activity of the
In the case of elF5, the critical point mutation is located elF5(G31R) mutant9), perhaps via a direct elF1l/elF5
in the N-terminal region of the protein, which has been interaction. However, the most recent d&ké)(suggest that
shown to contain the GAP function. The primary catalytic elF1 impairs the release of Rom elF2GDP rather that
residue was identified as arginine 15 in the human protein the hydrolytic step and that codon recognition may promote

Ficure 1: Structural and functional motifs of human elF5 and its
comparison with alF2, elF23, and the C-terminal region of the
subunit of elF2B. The region encompassing residues-B%4 of
elF5 shows high sequence homology with the region-5212 of
elF2Be, whereas the fragment spanning amino acids B3 of
elF5 has similarity at the level of the primary sequence with the
region 217307 of elFZ. All of the numbering refers to human
proteins.

(4, 5) (Figure 1). Similar to the catalytic arginine of other
arginine finger-type GAPs, Argl5 in elF5 is flanked by
hydrophobic (aromatic) residued, (15). Two conserved

the dissociation of elF1 from the 40S ribosomal complex.
In this paper, we report the solution structure of an
N-terminal fragment of human elF5 that reveals two sub-

lysine residues (K33 and K55) also appear to be required domains reminiscent of nucleic-acid-binding motifs. Interac-

for GAP function ). Adjacent to these lies an imperfect
version of the Walker A box motif found in nucleotide-

tion studies with RNA though did not prove conclusive. The
analysis of the GAP domain also appears to suggest that a

binding proteins. This is a highly conserved feature of elF5 conformational rearrangement may occur upon formation of
across species, but its function is presently unknown. Its a functioning complex capable of catalyzing GTP hydrolysis,
possible involvement in interacting with GTP or GDP has although direct evidence for this is thus far lacking. Surpris-
been extensively investigated using a variety of methods, ingly, the N-terminal subdomain of elF5 displays structural

although no direct nucleotide binding was detect#®d The
N-terminal half of elF5 also contains a putative-<C, zinc

similarities to elF1 despite no homology at the primary
sequence level. This reveals @ sandwich fold that

finger (Figure 1), and some evidence has been presented thatonstitutes another common motif among translation initia-

elF5 binds nucleic acids in a zinc-dependent mantéy. (
Interestingly, the N-terminal region of elF5 shares high
sequence homology with a C-terminal portion of the
subunit of elF2 (Figure 1); in the latter case, the zinc
fingerlike domain has been shown to be important for the
fidelity of AUG codon selectionX(7), suggesting that nucleic
acid binding by this motif may have a possible role in start-
site recognition or in the functional consequences of this
recognition step that lead to GTP hydrolysis and elF2
dissociation from the ribosomal complex. Alternatively, it
is conceivable that the zinc finger domain of elF5 is involved
in the interaction with the homologous region of efF2
(heterodimerization), bearing in mind the role of zinc finger
domains in the homodimerization of CK2 subunii8)(

In addition to its GAP function, elF5 also performs a
different but equally important function in the translation

tion factors.

EXPERIMENTAL PROCEDURES

Plasmid Construction and Protein Expressi@iF5(1—
170) was subcloned into a modified pET28a vector that adds
a short N-terminal His tag as previously describ2g, 30).

The protein was expressed in a BL21(DE3) pL¥&Rheri-

chia coli strain grown on minimal media enriched with 0.7

g L~ IN-ammonium chloride ah2 g L™ *°C glucose plus
100 uM zinc chloride. Cells were grown at 3T until an
ODgoo Of 0.3, then placed at 18C, and induced with 1 mM
isopropyl$-bp-thiogalactopyranoside (IPTG) at an @pof

0.6. Cells were harvested 16 h after induction, resuspended
in 20 mM Tris-HCI, 300 mM NaCl, and 10 mM imidazole

at pH 8, and lysed by sonication. After centrifugation, the
soluble fraction was purified by affinity chromatography on

initiation process. Studies in yeasts have shown that thea Ni—NTA resin (Qiagen) using the protocol of the

C-terminal domain of elF5 can interact with other compo-
nents of the translation initiation apparatus, including elF2,
elF1, elF4G (a scaffold protein), and elF3, a multisubunit

manufacturer. The eluted protein was dialyzed in 20 mM
Tris-HCI, 100 mM KCI, and 2 mM dithiothreitol (DTT) at
pH 7.25 and loadedrma 5 mL Hi-Trap Heparin column

factor responsible for promoting the interaction between the (Amersham Pharmacia Biotech). The protein was eluted with

40S subunit and the mRNA8(19—22). Thus, a second
function of elF5 is in the assembly of a multifactor complex
(MFC) leading to 48S initiation complex formation. The

a linear 6-2.0 M KCI gradient in buffer A [50 mM Tris-
HCI and 10% (v/v) glycerol at pH 7.25] and dialyzed in 20
mM sodium acetate and 2 mM DTT at pH 6.
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Table 1: Summary of Structural Statistics for elF5(I70) RESULTS
NMR restraints elF5(x170) Tertiary Structure of the N-Terminal Region of elFthe
total distance restraints (interresidue) protein used for structural studies included the entire region
short-medium range (residue i fot j, j = 1—4) 481 encompassing residues-170 from human elF5, termed
long range (residugtoi +j, > 4) 200 elF5(1—170). In solution, elF5(£170) is monomeric and
hydrogen bond 42 . ) . ' .
total dihedral angle restraints 204 folds into two distinct subdomains connected by a long
¢ 102 central helix (helix 4) spanning residues-827 (Figure 2).
i< violations 102 The first 6-7 amino acids of this helix form stable
distance restraint violatior 0.2 A none hydrophobic interactions with the most N-terminal subdo-
dihedral restraint violatior 5° none main that consists of four antiparallgl strands and three
average rmsd (A) among the 18 refined structures additionalo. helices exhibiting 1515202033344 topol-
residues . 21-86 98-142 ogy. Thes sheet is closely packed on one side against helices
backbone of structured regichs 0.66 0.92 d | he fi id h
heavy atoms of structured regions 1.45 1.69 (12,. (13{, anda4. Conv_erse_y' the nirst 29 residue stretch,
backbone of all residues 1.017 1.38 which includes the helixt1, is not well-defined with respect
heavy atoms of all residues 1812 233  tothe rest of the molecule; no long-range NOE contacts could
Ramachandran statistics of 18 structures be unambiguously assigned, and its proposed intrinsic
percentage of residues in e . . .
most favored regions 77 mobility is in agreement W|th backbone relaxation anqu3|s
additional allowed regions 16 and previous structural studies of the homologssibunit
generously allowed regions 4.4 of the archaeal initiation factor 2 (see below). The second
disallowed regions 25

subdomain contains a zinc finger motif, is composed of three

aR_esidues selegted on the basis'®fl backbone dynamics. N- B strands, generating#—36—/37 antiparallel topology, and
L‘Zﬁr:'ggsi‘;%dg?da'{‘é&ig’ 83-45, and 56-86; C-terminal subdo-  fianked on one side by helix5. Zinc is coordinated by four

' : highly conserved cysteines at positions 99, 102, 122, and
125 and is essential for the structural stability not only of

NMR Spectroscopyor NMR studies, pure elF5¢1170) this domain but also of the entire elF5{170) fragment.
was concentrated to 0.6 mM in 700 or 3@0. NMR spectra  The presence of zinc was confirmed by atomic absorption
were r_ecorded at 298 K on Varian Inova spectrometers spectroscopy (data not shown). An apolar patch ofthkeet
operating at 14.1 and 18.8 T and on a Bruker Avance participates in a network of hydrophobic contacts with
spectrometer at 14.1 T equipped with a triple resonance gnq the C-terminal part ai4. The loop connecting strand
cryoprobe. TheH, **N, and**C resonance assignments for - g7 and helixa5 displays intrinsic flexibility in the nane

elF5(1-170) is reported elsewhera. Biomol. NMRmanu- — picosecond time scale, as well as the most C-terminal region
script submitted). NMRPipe/NMRDravB{) was employed spanning residues 14@.70.

to process all spectra, which were then analyzed using
XEASY (32). For structural calculation, nuclear Overhauser
effect (NOE) distance restrains were obtained ffé and
13C-edited NOE spectrometry (NOESYheteronuclear single-
quantum coherence (HSQC) experimer®’) backbonep
andy dihedral angles were obtained using TALOS software

(34). Hydrogen-bonded amide protons were detected by * , , .
analyzing a series dH-15N HSQC experiments up to 10 h tion of the two subdomains, we attempted to obtain residual

after the proteins were buffer-exchanged igOD T1, T2, Qipqlar couplings of thg NH vectors. Nonetheless, all of the
and {1H}-15N NOE experiments were recorded using the liquid crystalline media employed, namely, alkyl-poly-
pulse sequences adopted from standard sche®&s ( (ethylene glycol) 89), Pfl phage 40), and compressed
Structure CalculationThe solution structure of elF5@  Polyacrylamide gels4l, 42), failed to produce any usable
170) was calculated using a combined torsion angle andMeasurement because of unfolding, aggregation, and/or

Cartesian coordinates dynamics protocol executed in XPLOR Precipitation of the protein sample.

(36). The structures were calculated from random starting These data taken together indicate that, while the two
coordinates on the basis of 681 NOE distance restraints,subdomains of elF5(1170) are not completely mobile with
including 481 short-range (residu¢o residug + j, where respect to each other, a fixed orientation in solution could

1 < | < 4) and 200 long-range connectivities (residue not be unambiguously found in our investigations. Therefore,
residuei + j, wherej > 4), 204 dihedral angle restraints each subdomain was superposed separately to calculate the
(102 ¢ and 102y angles), and 42 hydrogen-bond distance root-mean-square deviation (rmsd). A final family of 18
restraints. Notably, for large portions of the molecule superimposed structures for elF5(187) and elF5(94145)

Because both subdomains interact extensively with resi-
dues at opposite ends of helird, they do not tumble fully
independently from each other in solution; however, no
unambiguous contacts between the two distinct portions of
the molecule could be detected in the present experimental
conditions. To further investigate the relative spatial orienta-

(residues 221, 145-170, and the central part of helad), is shown in Figure 2. The overall rmsd between the family
few short-range and no long-range NOE restraints could beand the mean coordinate position is 0.66 and 0.92 A for
detected. backbone atoms in secondary-structured regions, respectively.

The structures were analyzed using MolM@&@7) and The quality of the data reflects the challenges encountered
PROCHECK-NMR 88). Structures were displayed using in the structural analysis, because of instability of the sample
MolMol and PyMOL (www.pymol.org). The final family =~ compounded with aggregation and severe spectral overlap
comprised the 18 structures of the lowest total energy; especially in the aromatic region. The structure calculation
structure statistics are shown in Table 1. statistics are given in Table 1. The double-domain structure
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S ~Walker box

! Disordered region

Ficure 2: Structural analysis of elF5. (a and b) Superimposition of the backbone traces for the 18 lowest energy structures for (a) the
N-terminal subdomain (residues-189) and (b) C-terminal subdomain (9445). The N and C termini and the secondary-structure elements

are indicated. (c) Relative orientation of the two subdomains with respect to each other in the 18 lowest energy structures superposed on
the N-terminal subdomain; whereas they are not fully mobile with respect to each other, long-range contacts could not be unambiguously
detected in this study. (d) Diagram of elF5(170) showing secondary-structure elements and N- and C-terminal flexible regions. The
structure chosen corresponds to the lowest energy structure. (e) Comparison wittiratf21. thermoautrophicun(43). (f) N-Terminal
subdomain of elF5 with residues important for the GAP function. The imperfect Walker A box motif is highlighted in blue. The orientation

is similar to that in a.

shown in Figure 2d represents the lowest energy structureobservable for residues® and 13-16, and for the former
obtained from the calculation. region, backbone chemical-shift values show evidence of the
The structure of elF5(170) closely resembles the beginnings of the helical structure (termed by analogy
structure of thef subunit of archaeal initiation factor 2  to the N-terminal region of eli). These localized structures
(alF28) from Methanococcus jannaschéind Methanobac- appear to involve hydrophobic side chains; Phel3, Tyrl4,
terium thermoautotrophicurt#3, 44) (Figure 2). Thisisnot  and Tyrl6 in particular seem to form a cluster of aromatic
surprising because of the high sequence conservation betweeresidues, but the precise nature of the fimnigg interactions
the N-terminal region of elF5 and alF2The main structural ~ could not be determined because of spectral overlap. Overall,
difference lies in the zinc finger domain, with elF5 possessing the relaxation analysis for the residues®® indicates a
the additional C-terminak helix (a5). In contrast to alF2, conformational equilibrium between two or more partially
in which this domain is capable of folding independently populated states, with a significant population adopting a
from the N-terminal domaindd), protein fragments express- helical structure around residues ®. A similar result was
ing the isolated zinc finger domain from elF5 failed to also found for the N-terminal regions of both known gfF2
produce folded material (data not shown). A possible structures, despite lower sequence similarity with elF5 in
explanation resides in the presence in elF5o6f that is this region. Intriguingly, in the case of the elF5 family of
stabilized by the apolar interactions widtal. proteins, the N-terminal fragment is unique because it
A partially unfolded N-terminal region is found in elF5; contains the primary arginine (Arg15) shown to be essential
backboneH, N, and '3C assignments together with for the GAP function (see below). Equally, the N-terminal
characteristic NOE patterns provide a strong indication of conserved region of archaeal alFZcorresponding to a
the propensity for a localized structure in these ardas ( central fragment of the eukaryotic elf2that is not present
but the lack of long-range NOE with residues preceding lle21 in elF5 is responsible for the stable interaction with elF2
coupled with relaxation analysis of the protein backbone (data (46). The elF5/elF2 interaction is likely to occur transiently
not shown) supports the conclusion that this region is largely at the appropriate stage of the initiation/start-codon recogni-
disordered. Several shemnedium range NOE contacts were tion process.
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GAP Domain of elF5GAPs for the Rho and Ras family  rule out any major structural reorganization within the core
of small GTPases function by contributing a “primary” of the N-terminal subdomain of elF5 upon codon recognition,
arginyl residue (termed the “arginine finger”) to the active K33 appears to be spatially positioned in a region of the
site of the GTP-binding protein, which by itself does not molecule that may indeed be able to establish stabilizing
possess all of the catalytic groups required for GTP hydroly- interactions with the primary arginine in the eH&IF2 GTP
sis (15, 47). These molecules all share a common architecture complex.
and all appear to function by inserting the “arginine finger” Interestingly, K33 is also contained within an imperfect
within reach of the G protein-bound GTP. The N-terminal Walker A box motif, which is a highly conserved region in
region of elF5 has been demonstrated to act as a GAP,elF5 (but not present in elB2 and forms a loop betweegh
whereby a invariant arginyl residue (Argl5 in mammalian strands 1 and 2. The importance of this motif for the GAP
elF5) is required for the ability of elF5 to promote the function is reinforced by the observation that the yeast SUI5
hydrolysis of GTP bound to elF2,(5). This reaction appears  suppressor gene that can initiate translation in the absence
to be a key element for the control of stringent selection of of the AUG initiation codon is characterized by a single
the AUG start codon during translation initiatioh2j, and mutation Gly31— Arg mutation (2). This residue corre-
the available data strongly support an arginine fingerlike role sponds to Gly31 in mammalian elF5, and the structure
for Argl5 of elF5 @, 5). The structure of elF5 presented presented here shows that substitution to arginine is likely
here reveals that the presumed catalytic Arg1l5 is, in fact, to affect the conformation of this loop. While this variant
located within the disordered N-terminal region (Figure 2f). Walker A motif has been shown not to bind GTP or GDP
Thus, although the stereochemical basis of the transition- by itself and its role at present is obscure, it is intriguing to
state stabilization by this residue may be quite similar to speculate that this region may function as a surrogate
that observed in other related systems (RhoGAP/RasGAPP-looplike structure in the right context at some stage in the
structures) 15, 48), the underlying pattern of proteirprotein initiation process.
interactions must be quite different and is likely to entail a  elF5 Is Structurally Related to elF1 and &al Nucleic-
structural reordering of the partially disordered N-terminal Acid-Binding ProteinsAccording to a search of the protein
arm upon formation of a GTP hydrolysis competent complex structure matching server at EMBL-EBI (http://ebi.ac.uk/
with elF2y. In such a complex, Arg15 could in fact relocate msd-srv/ssm) 49), the N-terminal subdomain of elF5
to the GTPase active site where it may act in an arginine (residues 19-90) is a close structural homologue of the
fingerlike mechanism, as suggested by earlier repdyts)( scorpion toxin osk150) (Q = 0.31; rmsd~ 2.21 A over
Alternatively, the invariant arginine 15 may play a role in  53% of Gx), C-terminal domain oE. coli arginine repressor
stabilizing elF5 binding through interactions with some other in complex withL-arginine 61) (Q > 0.29; rmsd~ 3.07 A
component of the initiation complex. Other interpretations over 80% of @), KH1 from the fragile X-protein FMR1
are, of course, possible, and further investigations are needed52) (Q > 0.26; rmsd~ 2.60 A over 66% of @), and human
to elucidate such a mechanism. translation factor elF153) (Q > 0.24; rmsd~ 2.23 A over

Most GAPs are specific for a member or subfamilies of 85% of Gu). A number of these proteins have been shown
GTP-binding proteins; members of different GAP subfamilies to be involved in interactions with nucleic acids. Several
appear dissimilar at the level of the primary sequence, but proteins structurally related to the zinc finger subdomain
in many cases, short conserved sequence motifs around théresidues 97143) were also identified: transcription elonga-
invariant arginine finger can be identifieti5). Consistently, tion factor Sll 64) (Q > 0.31; rmsd~ 1.89 A over 72% of
the invariant Arg15 in elF5 is flanked by aromatic residues Ca), ribosomal protein L3655) (Q = 0.30; rmsd~ 1.70 A
in the sequence FYRY, as seen for other arginine finger over 59% of @), and the N-terminal domain of the
GAPs, and it is most closely related to that found in transcription elongation factor TFIIE6) (Q = 0.23; rmsd
RhoGAPs ¢YR¢, where¢ are hydrophobic residues)s). ~ 2.85 A over 72% of @). These data may be consistent
The hydrophobic residues in RasGAP, RhoGAP, and relatedwith a role of elF5 in nucleic acid recognition. Indeed, the
proteins pack into the core of the helical GAP domain and zinc finger domain of elF5 has been reported to bind single-
stabilize the arginine finger loop conformatioh5( 47). It stranded DNA and poly(U) RNA1E). Our preliminary
is therefore possible that these residues in elF5 play a similarinvestigations, however, did not prove conclusive of RNA-
role as part of a series of structural rearrangements thatbinding activity of elF5 (data not shown), and further
precede the introduction of Arg15 into the GTP-binding site experiments are in progress.
during GTP hydrolysis. As discussed previously, both elF5 subdomains appear to

Rho- and RasGAPs also contain a “secondary” positively be structurally similar to the corresponding regions found
charged residue (Arg or Lys), which has been shown to in archaeal alF2, in particular to theM. jannaschiiprotein
stabilize the finger loop 15, 47). By analogy with other (44) (Q = 0.29; rmsd~ 3.3 A over 72% of @, andQ =
GAPs, the conserved lysines 33 and 55 in elF5 have been0.36; rmsd~ 2.00 A over 68% of @, respectively);
proposed to participate in the GAP function, possibly acting interestingly, mutations in the zinc finger region of g2
as a structural equivalent to the secondary stabilizing Lys result in translation initiation at the UUG codon, highlighting
or Arg (5). The structure of elF5 shows that these lysines its importance in stringent start-codon recognitid)( A
are located in the N-terminal subdomain: K33 is at the specific role of the zinc finger domain of elF5 has yet to be
beginning of strang2, and K55 resides in the center of the demonstrated.
helix a3 (Figure 2f). The now available structural information The structure similarity between elF5 and elF1 is both
thus suggests that K55 is less likely to play this role, becauseintriguing and surprising; no sequence homology is detectable
it is located on the opposite side of the domain from the between the two proteins, but both factors play a fundamental
N-terminal arm. Although at this stage it is not possible to role in AUG start-code selection. Figure 3 shows that most
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indicates a variety of surface properties for the three proteins,
with elF1 displaying the most marked basic and acidic
character (data not shown).

Notably, the elF125 fold appears only in archaeal and
eukaryotic translation factors. Although a structural resem-
blance between elF1 and the C-terminal domain of the
prokaryotic initiation factor 3 (IF3) was previously reported
(3), IF3 has, in fact, a different topology¢Sos6 with a

mixed 31523354 sheet) %8).
DISCUSSION

Eukaryotic initiation factor elF5 is an essential component
of the translation initiation machinery that commits the
ribosomal complex to downstream events by activating the
first irreversible step in the process, the hydrolysis of elF2-
bound GTP. Recently, parallel studies carried out in several
laboratories have convincingly demonstrated that start-codon
recognition is accompanied by structural rearrangements of
the 43S ribosomal complex' (8, 10, 11); nonetheless, the
molecular details of how this is linked to GTP hydrolysis
and the release of the factors still remain obscure. The
structure of elF5(£170) presented here reveals that elF5 is
the only arginine-type GAP known thus far with the primary
arginine located in a partially unfolded region, suggesting
that a structural reordering of this fragment occurs in the
interaction with elF2 during 40S ribosomal complex
activation, perhaps in a manner similar to that observed for
the disordered region of elF4G following an elF4E interac-
tion (59). The C-terminal domain of elF5 contains a highly
elF5/elF2p conservec_i bipartite motif involved in simultaneou_s bin(_jing
____ to the lysine box region of elffi2 presumably, while this

interaction represents the initial docking event, the N-terminal
FiGure 3: Structural comparison of the N-terminal domain of (a) domain of elF5 contacts the nucleotide-binding pocket of

elF5 with (b) elF1 §3) and the N-terminal domain of alBc) elF2y to catalyze the GTP hydrolysis, following the correct

from M. jannaschii(44) and (d) fromM. thermoautrophicuni43). St ; : ;
Notably, the pdb file oM. jannaschiialF25 did not contain helix _actlvatlon signal. T.hls mechanls_m suggests a complex
a4. The topology of the common elF125 fold is shown in e. interplay between different domains and subunits of elF2

Secondary elements in gray correspond to variations within the coreand elF>5.

fold. Furthermore, elF5 and alBaave a longer helixi4 than the It is tempting to speculate that the required conformational
corresponding helba3 in elF1. Interestingly, all three factors  yegrganization of elF5 for the timely activation of the GTP
contain a disordered N-terminal arm (not shown). hydrolysis could be promoted by the interaction with other
of the N-terminal subunit of elF5 superposes well to the components within the ribosomal comple, including nucleic
structure of elF1, with the exception of hel2, which is acids, although the current evidence does not argue strongly
not included in the structure similarity. elF1 also contains for an RNA-binding property of elF5 (see above). Recent
an element (stran@5) without a structural counterpart in  studies of the32-chimerin have indeed portrayed the role
elF5. When these results are taken together, they show thatf the domair-domain interaction in exerting control on
elF5, elF3, and elF1 possess a common fold, characterized GAP activity; only when lipid binding t@2-chimerin occurs,

by a central four-stranded antiparajiesheet with31523453 a large conformational change exposes its RacGAP domain,
topology, flanked on one side by two helice3(ando4 in allowing it to bind to the GTP-binding proteir6Q).

elF5/elF? and a2 and a3 in elF1l) (Figure 3). Extra The structure presented here shows that elF5 is the first
secondary-structure elements can be found in addition to theGAP, to our knowledge, to resemble nucleic-acid-binding
core domain, in particulaw? in elF5 and elF2 and5 in proteins. However, in our opinion, the most remarkable
elF1l. Thus, we suggest that thig domain, termed the  finding is that the N-terminal subunit of elF5 shows striking
elF125 fold, is another common fold found among translation three-dimensional similarity to elB2zand elF1, with the latter
initiation factors, in addition to RRM-, HEAT-, and OB- unanticipated from primary sequence analysis. The reiterative
type domainsg, 6). Furthermore, the N-terminal subdomain use of common folds appears to be a frequent trait in
of elF5 and elF2 could be structurally related to the translation initiation factors, and théss sandwich module,
4-stranded winged helixturn—helix (wWHTH) domains, termed the elF125 fold, joins the ranks of other conserved
including the prokaryoti€rp family and the eukaryotic HSF ~ domains (OB, HEAT, and RRM). Interestingly, the elF125
family (heat-shock transcription factorg7), possibly sug- fold is not conserved in the prokaryotic translation initiation
gesting a common wHTH evolutionary ancestor for the apparatus; however, the similarity among archaeal and
elF125 domain. The comparison of the electrostatic surfaceeukaryotic factors points toward a common evolutionary
potential for the elF125 module of elF1, elF5, and ¢lF2 ancestor.

To helix a4

elF1 1

e e e, e, e, e === —
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recognition

FiGURE 4. Possible mechanism for the roles of elF1, elF2, and
elF5 in translation initiation. The C-terminal domain of elF5 [elF5-
(C)] interacts with lysine blocks (KKKKK) in elF2 and with elF1.
Although no interaction between elF5(N) and elH#as yet been
demonstrated, given that elF5 is the GAP for this GTP-binding
subunit of elF2, such an interaction must presumably occur,
although it may be too transient to detect easily. In this model, we
speculate that binding of MRNA results in a conformational change
that removes elF1 from proximity to elFAwhich binds GTP),
allowing the structurally similar N-terminal region of elF5 [elF5-
(N) containing the catalytic arginine*] to move into place next to
the GTP, resulting in GTP hydrolysis. After correct codon/anticodon
pairing between Met-tRNAand the start codon, a further rear-
rangement occurs, involving or resulting in a conformational change
in elF23. This causes the release of elF1 an@m allows elF2

to move relative to elF@y. elF25 consequently occupies (part of)
the space formerly occupied by the structurally homologous
N-terminal domain of elF5 (see the text). Subsequent events are
not depicted here.

The structure of the N-terminal half of elF5 presented here
and its structural similarities to elF1 and effF2ould help
elucidate the molecular mechanisms that trigger the irrevers-
ible GTP hydrolysis upon AUG recognition. Given the tight
functional links between these factors, it is alluring to

hypothesise that their structural resemblance also has mecha-

nistic significance. This leads us to propose a possible model
for the concerted action of elF1, elF5, and ¢ifeRiring start-
codon recognition and GTP hydrolysis, depicted schemati-
cally in Figure 4. We anticipate that this exploratory model
will provoke further discussion and experimental analysis.
In this speculative model, we propose that elF1, bound to
the C-terminal domain of elF5, is positioned close to elF2
thereby sterically impeding its interaction with the N-terminal
GAP domain of elF5 and therefore repressing GTP hydroly-
sis. This activity of elF1 is thought to occur in the context
of the MFC. It is important to point out that the existence of

the MFC is based on data from yeasts, and it remains to be
established whether an analogous complex also exists in

mammals. Nonetheless, given the high degrees of similarity

between the translation factors and between other aspects

of translation in the two systems, we feel it is not unreason-
able to suggest that translation initiation in mammals does
also involve a similar type of complex. In the first confor-
mational switch induced by mRNA bindind 1), a confor-

mational and/or electrostatic change in the local environment 1

displaces elF1, allowing the GAP domain of elF5 to form a
complex with elF2 that is competent for GTP hydrolysis.

Conte et al.

Finally, the second structural rearrangement following AUG
codon recognition is accompanied by the release; @ingl
elF1 from the ribosomal complexL]). In our model, we
propose a rearrangement within the elF2 subunits (now in a
binary complex with GDP), whereby thg subunit moves

to the site just occupied by the GAP domain of elF5 and
previously by elF1. This could weaken the affinity of elF2
for the ribosome (or MFC), resulting in its release. The
proposed mechanism could be guided kinetically, with the
dwell time of the ribosome at a specific codon determining
the likelihood that the conformational change leading to
elF25 movement and elF1 release occurs.

The structural determination of isolated initiation factors
or subunits is undoubtedly a valuable first step in elucidating
the molecular mechanism of key stages of initiation of protein
synthesis. A detailed understanding of the nature of the
intricate interplay between the factors, to confirm, modify,
or refute proposed mechanisms, awaits structural information
of ribosomal complexes at a different stage of the initiation
process.
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