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ABSTRACT. Eukaryotic translation initiation factor elF5B is a ribosome-dependent GTPase that is responsible
for the final step in initiation, which involves the displacement of initiation factors from the 40S ribosomal
subunit in initiation complexes and its joining with the 60S subunit. Hydrolysis of elF5B-bound GTP is
not required for its function in subunit joining but is necessary for the subsequent release of elF5B from
assembled 80S ribosomes. Here we investigated the kinetics of guanine nucleotide binding to elF5B by
a fluorescent stopped-flow technique using fluorescent mant derivatives of GTP and GDP and of the
GTP analogues GTF5 and GMPPNP. The affinity of elF5B for mant-GTRy(~ 14—18 uM) was
approximately 7-fold less than for mant-GDRy(~ 2.3 uM), and both guanine nucleotides dissociated
rapidly from elF5B k-_,mantCTP ~ 2228 51 k_,mant-GbP ~ 10-14 s1). These properties of elF5B
suggest a rapid spontaneous GTP/GDP exchange on elF5B and are therefore consistent with it having no
requirement for a special guanine nucleotide exchange factor. The affinity of elF5B for manSGER

about 2 times lowerKq ~ 6.9 uM) and for mant-GMPPNP 1.5 times highd€q(~ 25.7 uM) than for
mant-GTP, indicating that elF5B tolerates modifications of the triphosphate moiety well.

Translation initiation in eukaryotes is a coordinated process codon, where it stops and forms a 48S initiation complex
in which at least 12 eukaryotic initiation factors (elFs) with an established coderanticodon interaction in the P-site.
mediate the assembly of an 80S ribosomal initiation complex Initiation codon recognition and base pairing with the Met-
in which the anticodon of aminoacylated initiator tRNA tRNAM®" anticodon triggers elF5-mediated hydrolysis of
(Met—tRNA,»Met) is base-paired to the initiation codon of an elF2-bound GTPZ, 3) and subsequent release of phosphate
mRNA in the ribosomal peptidyl (P) sitd) Met-tRNA"® (4), which results in a loss of affinity of elF2 to
enters this pathway as a complex with elF2 and GTP, which Met—tRNAiMet (2, 5) and partial release of elF2-GDP from
together with elF3, elF1, and elF1A binds to a 40S subunit the 40S subunitg). The final step in initiation is mediated
to form a 43S preinitiation complex. This complex binds to by elF5B and involves displacement of elF1, elF1A, elF3,
the capped 5-proximal region of a mRNA whose secondary and the remaining elF2-GDP from the 40S subunit and
structure is unwound by the cooperative action of elF4F, joining of a 60S subunit to the 40S subunit on which Met-
elF4A, and elF4B and then scans downstream to the initiation tRNAM® is base-paired to the initiation codo8, 6, 7).

— elF5B and its prokaryotic homologue IF2 are universally
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and GM63940 to T.V.P.

* To whom correspondence should be addressed. Telephone: (718)dependent GTPase7,(9) and consists of a divergent
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eukaryotic translation initiation factor; FPLC, fast protein liquid importance for GTP binding and hydrolysis and for the
chromatography; FRET, fluorescence resonance energy transfer; G

domain, GTPase domain of human elF5B consisting of residues 628 factor's activity in translation have been confirmed by
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nitrilotriacetic acid; P-site, peptidyl site: SDS, sodium dodecyl sulfate; GDP). The bound nucleotide does not cause significant

Tris, tris(hydroxymethyl)aminomethane. structural changes within any domain but induces rigid-body
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interdomain movements that culminate in am.6 A
swinging movement of domain V.

Human N-terminally truncated elF38-1220is fully active
in subunit joining. It assumes the active conformation on
binding GTP, but whereas hydrolysis of elF5B-bound GTP
is not required for release of initiation factors from the 40S
subunit and joining of it with the 60S subunit, GTP
hydrolysis is required for release of elF5B itself from the
assembled 80S ribosomg (4). This mode of action, when
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Fluorescence Stopped-Flow Kinetic ExperimeStspped-
flow experiments using mant-guanine nucleotides (Jena
Bioscience, Jena, Germany) were done in a SX-18MV
spectrometer (Applied Photophysics, Leatherhead, U.K.).
Fluorescence of mant-nucleotides was excited via FRET by
excitation of tryptophan at 290 nm and measured after
passing through a 400 nm cutoff filter (Schott, Duryea, PA).
All experiments were done in buffer B [20 mM Tris-HCI
(pH 7.5), 0.1 M KCHCOO, 2 mM DTT, and 2.5 mM

the protein alternates between an active GTP-bound andMgCl;] at 25+ 1 °C. All time courses represent an average

inactive GDP-bound state, is like that of many other

of at least seven transients. Data collection and determination

GTPases, including the translation initiation factor elF2 and of kip, were performed with the package from Applied

the elongation factors eEF1A/EF-TL6). The requirement

Photophysics. Time curves were evaluated by fitting a single-

for a dedicated guanine nucleotide exchange factor (GEF)exponential function using the equation:
varies among translational GTPases. Thus, GDP/GTP ex-

change on elF2 and EF-Tu requires elF2B and EF-Ts,

respectively 17, 18). By contrast, no GEF that is dedicated
to recycling IF2GDP or elF5BGDP to the active GTP-

F(t) = F, + Ae e?

whereF(t) is the fluorescence at timeF., is the final value

bound form has been reported, which is consistent with the of fiyorescencek,, is the apparent rate constant, ahds

ability of eIlF5B to participate in multiple rounds of ribosomal
subunit joining 7).

Here we characterized the kinetics of interaction of full-
length native rabbit elF5B and recombinant N-terminally
truncated human elF5B-—1220 (“AelF5B”) with guanine

the amplitude. Association and dissociation rate constants
(k+1 andk-4, respectively) were determined from linear plots
of kapp Versus the concentration of mant-nucleotides or of
protein using GraphPad Prism 4 (GraphPad Software, Inc.,
San Diego, CA).

nucleotides by fluorescence stopped-flow and equilibrium  gteaqy-State Fluorescence MeasuremeRiisorescence
fluorescence titration techniques using derivatives of GTP gmission spectra were recorded on a Fluoromax-3 spectro-

and GDP carrying the fluorescent methylanthraniloyl (mant)

photometer (Jobin Yvon Inc., Edison, NJ) using ax1@0

group. Both forms of elF5B showed moderate affinities for ,m (i.d.) quartz cuvette (Bel-Art products, Pequannock, NJ)
mant-GDP and mant-GTP and fast rates of dissociation of 5t 251 1 °c. All reactions were done in buffer B. Binding

guanine nucleotides, properties that are consistent with €IFSBgf mant-nucleotides ta\elF5B was monitored using an

not requiring a dedicated GDP/GTP exchange factor.

MATERIALS AND METHODS

Proteins.Full-length native elF5B was purified from the
40-50% (NH,).SO, saturation fraction of the 0.5 M KClI

excitation wavelength of 290 nm and an emission wavelength
of 440 nm. To estimate the equilibrium dissociation constant,
Kg, of the AelF5B-mant-nucleotide complex, the fluorescence
of mant-nucleotides (increasing amounts) was measured
alone and in the presence ofu® AelF5B. Dilution was

ribosomal salt wash from rabbit reticulocyte lysate (Green |ess than 2%. Before measuring the fluorescence spectra,
Hectares, Oregon, WI) by sequential chromatographies oncomplexes were incubated in buffer B at 25 for 5 min.

DEAE, phosphocellulose, and a FPLC MonoQ HR5/5
column (7). After each step, elF5B was dialyzed overnight
against buffer A [20 mM Tris-HCI (pH 7.5), 0.1 mM EDTA,
1 mM DTT, and 5% glycerol] containing 100 mM KCI.

A hexahistidine- (His)) and T7-tagged N-terminally
truncated humamelF5Bsg7-1220 fragment (“elF5B”) was
expressed irEscherichia coliBL21(DE3). Only a minor
proportion ofAelF5B was solubleAelF5B was first purified
by chromatography on Rii-NTA—agarose and then by
FPLC chromatography on a MonoQ colum#f) (4). After
elution from NP*-NTA—agarose,AelF5B was dialyzed
overnight against buffer A containing 100 mM KCl, diluted
with buffer A to a concentration of 30 mM KCI, and was
then applied to a FPLC MonoQ HR5/5 column. Fractions
were collected across a 3600 mM KCI gradient; appar-
ently homogeneouaelF5B eluted with 56-70 mM KCI.

To analyze titration data, the one-site binding model was
used:

Y =YX (Ky + X)

where X is the concentration of mant-nucleotide in the
reaction and is the difference in the fluorescence intensities
of mant-nucleotide in the presence and absenckebtF5B
(FRET). Ymax is the maximum value of FRET. Data were
evaluated using GraphPad Prism 4.

The equilibrium dissociation constant for unlabeled GDP
was determined by chase titration of the mant-Gob#F5B
complex (assembled with AM AelF5B and 5¢M mant-
GDP) by increasing concentrations of GDP. The chase of
mant-GDP was monitored by the change in fluorescence of
the mant group (440 nm) after excitation at 297 nm. The

The concentration of protein was determined both by the jitration data were analyzed using the model:

Bradford method using bovine serum albumin as a standard
and spectrophotometrically at 280 nm, in which case the

extinction coefficient was calculated from elF5B’s amino
acid composition19). The final yield of AelF5B was low
(~0.2 mg of AelF5B/L of bacterial culture). The final
preparations of both native elF5B anskelF5B did not

Kmant—GDP

AelF5B+ mant-GDP—=———= AelF5B-mant-GDP

KGDP
AelF5B+ GDP== AelF5B:GDP

contain guanine nucleotides as was determined by HPLCwhere Kmancpp @and Kgpp are equilibrium dissociation

(20).

constants of mant-GDP and GDP, respectively. In this case
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Ficure 1. Fluorescence energy transfer between tryptophan-78%ti5B and mant-GDP/GTP. (A) Emission spectra @i\ AelF5B

(black), 10uM mant-GTP (blue), and their mixture (red) upon excitation at 290 nm. (B) Emission spectiavbA2IF5B (black), 7.5:M
mant-GDP (blue), and their mixture (red) upon excitation at 290 nm. (C) Ribbon diagram of archaeal EF&Bay) with bound GMPPNP

(blue) and M@" (green). Black spheres and the red side chain represent the positions of W1197, W1207, and W764 of human elF5B,
respectively, mapped onto the crystal structure of archaeal elF5B.

fluorescence of mant-GDP in the presence of GDP can bedomain IV, over 50 A from the nucleotide-binding site, and
described by the equation: would make a negligible contribution to FRET. The observed
FRET is therefore likely the result of energy transfer between
the bound mant-nucleotide and W764 /&&IF5B.

Interaction of N-Terminally Truncated Recombina®iF5B
and Full-Length Natie elF5B with Mant-GDP and Mant-
GTP. The kinetics of binding of mant-guanine nucleotides
to full-length native rabbit elF5B and recombinant human
AelF5B (Figures 24) was measured by fluorescence
stopped flow, monitoring fluorescence changes of the mant-
nucleotide upon its binding to the factor after indirect
excitation at 290 nm via FRET from W764 dfelF5B to
the mant group.

The kinetics of association of mant-GDP thelF5B

[Fluorescence Changes of Mant-GDP/Mant-GTP Upon (gjgure 2A-C) was measured under pseudo-first-order
Binding to elF5B.Derivatives of guanine nucleotides that ., 4itions (1uM elF5B and 5-104M mant-GDP). The time
contain the environmentally sensitive fluorescent mant group .q,rses in this (Figure 2A) and all other experiments
attached to the ribose ring have been widely used to studyyegcriped below were fitted by a single-exponential term,
nucleotide blndln_g by proteins. The 'compa.ct. nature of the yielding pseudo-first-order rate constanksyp that were
mant group and its attachment to thé32positions of the ~jinearly dependent on the mant-nucleotide concentration

ribose ring account for the minimal perturbation of nucle- (gjqyre 2¢). This behavior is consistent with a simple one-
otide—protein interactions. Fluorescence changes of the step binding model:

mant-nucleotide can occur upon its binding to a protein due
either to a change in the polarity of the local environment
of the mant group (in which case they can be monitored after
direct excitation of the fluorophore) or to fluorescence
resonance energy transfer (FRET) between tryptophanThe association and dissociation rate constantsandk_,
residues close to the nucleotide-binding site (which serve ascan be determined from the linear concentration dependence
fluorescence donors) and mant-nucleotides (which act asof k,p, using the equation:

acceptors) after excitation of tryptophan residu2g @2).
Binding of mant-nucleotides ta\elF5B did not result in
fluorescence changes upon direct excitation of the mant
group at 349 nm (data not shown). However, after tryptophan The slope of the straight line fitted to the data points defines
excitation at 290 nm, substantial energy transfer was ki, (M~! s71), and the intercept with thg-axis yieldsk-;

F(l) = F,,[mant-GDP)/
([mant-GDP]+ K a0 gpe(1 + [GDPI/Kgpp) + F

min

where Frax and Fnin represent fluorescence intensities of
AelF5B-mant-GDP and mant-GDP, respectively. The equi-
librium dissociation constant of GDIRgpp, Was calculated
by fitting the above equation to the titration data using
GraphPad Prism 4.

RESULTS

k+
AelF5B+ mant-GDPfk:’1 AelF5B-mant-GDP
—1

Kapp= Kia[mant-GDPI+ k_,

observed between tryptophan residueaefF5B and mant
groups inAelF5B-mant-GTP AelF5B-mant-GDP AelF5B
mant-dGTP, AelF5B-mant-GTRH'S, and AelF5B-mant-

(s™1). The value ok_; was also determined in a displacement
experiment in which a 50-fold molar excess of unlabeled
GDP was used to displace mant-GDP from thelF5B

GMPPNP complexes, which was manifested as a simulta- mant-GDP complex (Figure 2B), but although this value is
neous decrease in tryptophan fluorescence and an increasshown in Figure 2C, it was not used for fitting the data points.
in mant fluorescence compared to the protein alone and freeThe time course of mant-GDP displacement was also fitted
mant-nucleotides (Figure 1A,B; data not shown). The only by a single-exponential term, yielding the dissociation rate
tryptophan residue in the G domain of humArlF5B is constantk_;. The values of the association and dissociation
W?764, about 20 A from the nucleotide-binding site, which rate constantsk(; = 5.6uM~1s™%, k_; = 13.6 s1) derived

is sufficiently close to contribute to FRETLY). Other from the concentration dependencekgf, yielded a value
tryptophan residues (W1197 and W1207\eIF5B are in of ~2.4 uM for the equilibrium dissociation constary
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Ficure 2: Binding of mant-GDP, mant-GTP, and GDPAelF5B. Time courses of (A) the association of mant-GDP (5, 7, gud Pwith
AelF5B (1uM) and (B) the dissociation of mant-GDP from the mant-GR&F5B complex (&M mant-GDP and kM AelF5B) in the
presence of GDP (4Q@M). The smooth lines represent single-exponential fits that yielded the respective rate cdggid@s Dependence

of kappvalues for mant-GDfAelF5B association on mant-GDP concentration. (D) Dependerigg,whlues forAelF5Bmant-GDP association
on AelF5B concentration. (E) Titration okelF5B (0.5u4M) with mant-GDP. The solid line shows the fit to the data using a one-site
binding model. (F) Chase titration of the mant-GRRIF5B complex (1uM AelF5B and 5uM mant-GDP) with GDP. The solid line
represents the result of the fit as described in Materials and Methods. Time courses of (G) the association of mant«®MRv{tt0
AelF5B (2uM) and (H) the dissociation of mant-GTP from thAe&IF5B-mant-GTP complex (1M mant-GTP and M AelF5B) in the

presence of GTP (80@M). The smooth lines represent single-expon

ential fits that yielded the respective rate cdggiait©ependence

of kapp values forAelF5B-mant-GTP association on mant-GTP concentration. (J) Titratiaked5B (0.54M) with mant-GTP. The solid

line shows the fit to the data using a one-site binding model. (A, B,

panels.

(Table 1). Despite the very low yield of purifieflelF5B,

the affinity of AelF5B to mant-GDP was sufficient to
perform reciprocal kinetic studies, in which the mant-GDP
concentration (0.2«M) remained constant and that of
AelF5B varied (time courses are not shown). The values for

G, H) Residuals for the fits of the time courses are shown in the lower

GDP (Figure 2F). However, we note that this measurement
might not be completely accurate because of the substantial
observed quenching of the fluorescence of tryptophans due
to the inner filter effect caused by high concentrations of
GDP.

the association and dissociation rate constants (Table 1) The kinetics of binding of mant-GTP thelF5B was also

calculated from the concentration dependendeg{Figure
2D) and resulting value for thi€q of ~2.3uM were virtually
identical (within the range of experimental error) to those

measured under pseudo-first-order conditionsNRAelF5B
and 16-20uM mant-GTP; Figure 2&1). The apparent rate
constants of binding were linearly dependent on the mant-

obtained in titration studies done at a constant concentrationGTP concentration (Figure 2I). The time course of mant-

of AelF5B with varying excess concentrations of mant-GDP
(Table 1). The value 0Kq calculated from kinetic measure-
ments was also identical to thkKy value obtained by
equilibrium titration (Figure 2E, Table 1). TH&; value of
~6.2 uM for binding of unlabeled GDP ta\elF5B was
determined by titrating thAelF5B-mant-GDP complex with

GTP displacement from the binary complex by excess GTP
was also fitted by a single-exponential term (Figure 2H),
yielding the dissociation rate constdnt. The values ok,
=1.7uMtstandk-; = 28.4 s'yielded a value 0f~16.9

uM for the Ky (Table 1) that agreed well with the; value

of ~14.2 uM obtained by equilibrium titration (Figure 2J,
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Table 1: Rate Constants and Equilibrium Dissociation Constants of first-order conditions (kM elF5B and 5-15xM mant-GDP/

the Interaction between Mant-guanine Nucleotides and elF5B mant-GTP) (Figure 3). The apparent rate constants of binding
Determined by Fluorescence Stopped Flow were linearly dependent on the concentrations of mant-GDP
ki (Figure 3C) and mant-GTP (Figure 3F). The valuekaf
protein nucleotide  (MM~ts™) k(s Ka (MM) were determined in displacement experiments (Figure 3B,E).
AelE5B mant-GDP 5602 13.6+14 2.4+0.3 The determined values for the association and dissociation
49403 11.1+04 2233i 8.%: rate constantsk(; = 4.3 uM™! s%, k; = 9.6 s') and
AGlFSB  mant-GTP 17201 284418 166t1n calculated value of2.3uM fpr t_he equilibrium dlssomatl(_)n
14.2+ 2¢ constantKy (Table 1) for binding of mant-GDP to native
elF5B mant-GDP 4302 96+15 23+04 elF5B were very similar to those obtained for recombinant
elF5B  mant-GTP 1501 218+£09 145+1.F AelF5B (Table 1). The values for the association rate
AelF5B - mant-dGTP 0201 304+12 322436 constantk.; = 1.5uM~1s72), the dissociation rate constant
AelF5B  mant-GTRS 14+ 01 98+06 6.8+03 g . o
AelF5B mant-GMPPNP  0&03 149+09 257+ 47 (k-1 =21.8 s1), and the equilibrium dissociation constant
AelF5B  GDP 6.2+ 1.2 (Kg = 14.5 uM) for binding of mant-GTP to full-length

= Determined by fluorescence stopped flow at a constant concentra-Native €lF5B were also very similar to values obtained for
tion of elF5B.° Determined by fluorescence stopped flow at a constant recombinant N-terminally truncatetelF5B (Table 1). The
concentration of mant-GDP.Determined by equilibrium fluorescence  nonessential N-terminal domain of elF5B does not therefore
titration. ¢ Determined by chase titration. contribute to the protein’s affinity to guanine nucleotides.

Table 1). The affinity ofAelF5B for mant-GTP was therefore These results indicate that the affinity of elF5B for mant-
about 7 times lower than for mant-GDP. Unfortunately, it S1F ¢ ~ 14.2-18.3 uM) is less than an order of
was impossible to measure the binding of unlabeled GTP to Magnitude lower than for mant-GDR{ ~ 2.3-2.4 uM)
AelF5B reliably by chase titration because of the severe and that both nucleotides dissociate rapidly from elF5B
quenching of the fluorescence of tryptophans caused by the(k-1°TF ~ 22-28 7%, kPP ~ 10-14 s7).
even higher (compared to GDP) concentrations of unlabeled Interaction of Mant-dGTP, Mant-GTFS, and Mant-
GTP required for titration due to its lower affinity toelF5B. GMPPNP with RecombinanAelF5B. To investigate the
The kinetics of association of mant-GDP and mant-GTP influence of the absence of thé-QH group of the ribose
to full-length native elF5B was also measured under pseudo-ring and of the modifications of the triphosphate moiety on
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Ficure 3: Binding of mant-GDP and mant-GTP to native full-length elF5B. Time courses of (A) the association of mant-@Pwih

elF5B (1uM) and (B) the dissociation of mant-GDP from the elFB#nt-GDP complex (1&M mant-GDP and uM elF5B) in the
presence of GDP (5Q@M). The smooth lines represent single-exponential fits that yielded the respective rate cdggid@s Dependence

of kapp Values for elF5Bmant-GDP association on mant-GDP concentration. Time courses of (D) the association of mant-GM) (10
with elF5B (1uM) and (E) the dissociation of mant-GTP from the elFBRint-GTP complex (12M mant-GTP and kM elF5B) in the
presence of GTP (50@0M). The smooth lines represent single-exponential fits that yielded the respective rate cdggtaffsDependence

of kapp values for elF5Bmant-GTP association on mant-GTP concentration. (A, B, D, E) The lower panels represent residuals for the fits
of the time courses.
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Ficure 4: Binding of mant-dGTP, mant-GTHS, and mant-GMPPNP tAelF5B. Time courses of (A) the association of mant-dGTP (10
uM) with AelF5B (2uM) and (B) the dissociation of mant-dGTP from tAelF5B-mant-dGTP complex (1zM mant-dGTP and ZM
AelF5B) in the presence of dGTP (7&aM). The smooth lines represent single-exponential fits that yielded the respective rate constants
kapp (C) Dependence dpp values forAelF5B-mant-dGTP association on mant-dGTP concentration. Time courses of (D) the association
of mant-GTRH'S (10uM) with AelF5B (2uM) and (E) the dissociation of mant-G¥B from theAelF5B-mant-GTR'S complex (1M
mant-GTH'S and 2uM AelF5B) in the presence of GPB (700uM). The smooth lines represent single-exponential fits that yielded the
respective rate constanks,, (F) Dependence dfsp, values forAelF5B-mant-GTR'S association on mant-GJB concentration. Time
courses of (G) the association of mant-GMPPNP 4M) with AelF5B (2uM) and (H) the dissociation of mant-GMPPNP from the
AelF5B-mant-GMPPNP complex (14M mant-GMPPNP and 2M AelF5B) in the presence of GMPPNP (78M). The smooth lines
represent single-exponential fits that yielded the respective rate conkign($) Dependence ok, values forAelF5B-mant-GMPPNP
association on mant-GMPPNP concentration. (A, B, D, E, G, H) Residuals for the fits of the time courses are shown in the lower panels.

the binding of guanine nucleotides to elF5B, we studied the s, 30.4 s?, and 32.2uM, respectively (Table 1). The
kinetics of binding mant-dGTP, the slowly hydrolyzable GTP affinity of elF5B for mant-dGTP was therefore about 2-fold
analogue mant-GTF5, and the nonhydrolyzable analogue lower than for mant-GTP. Although mant-GDP/mant-GTP

mant-GMPPNP ta\elF5B. consists of mixtures of the'2and 3-O-methylanthraniloyl
The kinetics of mant-dGTP binding taelF5B was isomers that do not always bind identically to guanine
assayed under pseudo-first-order conditiong 2 AelF5B nucleotide binding proteins (e.g., 123), the kinetics of mant-

and concentrations of mant-dGTP from 5 to2@; Figure GDP/GTP binding to elF5B did not indicate that the two
4A—C). The value ok_; was determined more accurately isomers bind to elF5B with different affinities, and therefore
in a displacement experiment analogous to those describedhe lower affinity of AelF5B to mant-dGTP is most likely
above. The apparent rate constants of binding were linearlynot due to the lower affinity of the’3>-methylanthraniloyl
dependent on the concentrations of mant-dGTP (Figure 4C).isomer but is instead due to the low stimulatory influence
The calculated values fde,1, k-1, andKq were 0.9uM 1 of the 2-OH group on binding of mant-GTP to elF5B.
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Finally, the kinetics of association afelF5B with the
slowly hydrolyzable GTP analogue mant-G/% and the

Pisareva et al.

The affinities of translational GTPases to GTP and its
nonhydrolyzable analogue GMPPNP can differ. Thus, the

nonhydrolyzable analogue mant-GMPPNP was measuredaffinity of EF-G for mant-GMPPNP is about 6 times lower

under pseudo-first-order conditionsy®1 AelF5B and 8-18
uM mant-GTR/'S/mant-GMPPNP; Figure 4Bl). The linear

than for GTP 82), and according to recent data, eukaryotic
release factor eRF1 has a strong stimulatory effect on binding

dependency of apparent rate constants on concentrations obf GTP, but not GMPPNP, to eukaryotic release factor eRF3
mant-GTH'S/mant-GMPPNP (Figure 4F,l) indicated that the (33). It has recently been suggested that GMPPNP might be
binding of these mant-nucleotides to elF5B could also be a poor GTP analogue for elF5B3), based on the crystal
described by a one-step binding mechanism. The associatiorstructure of the complex of archaeal elF5B with GMPPNP,
and dissociation rate constants determined from the linearin which binding of this guanine nucleotide caused relatively

plots and the calculatelly = 6.9 uM for the complex of
mant-GTR'S with AelF5B andKy = 25.7 uM for the
AelF5B-mant-GMPPNP complex (Table 1) indicated that
mant-GTR'S bound to elF5B~2 times more strongly than
mant-GTP, mostly due to a slower rate of dissociation,
whereas binding of mant-GMPPNP A®|F5B was 1.8-fold
weaker, mostly due to a slower rate of association.

DISCUSSION

Data reported here indicate that the affinity of human
elF5B for mant-GTPKy ~ 14—18 uM) is less than an order
of magnitude lower than for mant-GDR{ ~ 2.3 uM) and
that both nucleotides dissociate rapidly from elF%B,£™
~ 22—28 s%, k.1®PP ~ 10—-14 s%). Fast rates for dissocia-
tion from, as well as for association of, GDP and GTP with
elF5B account for there being no requirement for a guanine
nucleotide exchange factor (GEF) for GDP/GTP exchange
on elF5B. The similarity in elF5B’s affinities for GDP and
GTP suggests that, at physiological concentrations of GTP
(305 uM) and GDP (36uM) in human cells 24), elF5B
will spontaneously dissociate from GDP after release from
the assembled ribosome and readily rebind GTP.

The affinity of elF5B for mant-GTP and mant-GDP was
also similar to the affinity of its bacterial homologue IF2 to
GDP and GTP assayed by equilibrium dialysis &C5K 4P
~ 4 uM and K™ ~ 37 uM; 25) and to mant-GTP assayed
by fluorescence stopped flow at 20 (K™ CTP ~ 40 uM;

26). It was previously reported that the binding of GTP, but
not GDP, to IF2 can be strongly stimulated by the simulta-
neous presence of fMet-tRNA' and 30S subunits ~ 2
uM) (27). Although, unlike IF2, elF5B does not form a
ternary complex with GTP and initiator tRNA in solution
and is not involved in binding of initiator tRNA to the small
ribosomal subunit, it is possible that elF5B might interact
with initiator tRNA at a later stage in eukaryotic initiation,
after elF5-stimulated hydrolysis of elF2-bound GTP. Thus,
we recently found that, even in the absence of 60S subunits,
elF5B facilitates release of elF2-GDP from the 40S subunit
in initiation complexes®). We therefore cannot exclude the
possibility that binding of elF5B to the 48S initiation
complex after elF5-induced hydrolysis of elF2-bound GTP
might also specifically increase the relatively low affinity
of elF5B for GTP. That ribosomes and functional transla-
tional ribosomal complexes influence the affinities of transla-
tion factors for GTP/GDP is not unusual. Thus, prokaryotic
ribosomal posttermination complexes act as the GEF for
release factor RF28), whereas 80S ribosomes increase the
affinity of rat liver andSulfolobus solfataricuEF2 for GTP

or analogues thereof (but not for GDR9Y( 30), and 70S
ribosomes strongly increase the affinity of EF-G to both GTP
and GDP 81, 32) likely by closing the nucleotide-binding
pocket, as suggested by Wilden et &2)(

small structural changes in the G domalb)(that do not
lead to coordination of the-phosphate by the invariant Thr
residue of switch 1 and the Gly residue of switch 2 (Thr-
665 and Gly-705 in human elF5B) that is characteristic of
the crystal structures of other GTP&S&P complexes
(reviewed in ref34). Contrary to this suggestion, we found
that the affinity of elF5B for GMPPNP was only less than
2 times lower than for GTP. However, we cannot exclude
the possibility that binding of the ribosome to elF5B in
initiation complexes might induce local conformational
changes in its G domain that result in greater differences
between elF5B’s affinity for GTP and GMPPNP. The role
of the ribosome in binding of guanine nucleotides to elF5B
would be an interesting subject for further investigation.
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