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ABSTRACT. Recent studies have shown that elongation factors extracted from archaea/eukarya and from
eubacteria exhibit different structural and functional properties. Along this line, it has been demonstrated
that, in contrast to EF-T&ulfolobus solfataricugF-1o in complex with GDP $$£F-10-:GDP) does not

bind Mg?*, when the ion is present in the crystallization medium at moderate concentration (5 mM). To
further investigate the role that magnesium plays in the exchange process of &kdlto check the

ability of SE€F-10-GDP to bind the ion, we have determined the crystal structugsef-1o-GDP in the
presence of a nonphysiological concentration (100 mM) ofM@he analysis of the coordination of

Mg?" unveils the structural bases for the marginal role played by the ion in the nucleotide exchange
process. Furthermore, nucleotide exchange experiments carried out on a truncated k-G,
consisting only of the nucleotide binding domain, demonstrate that the low affinBg##-1a-GDP for

Mg?" is due to the local architecture of the active site and does not depend on the presence of the other
two domains. Finally, considering the available structures of &Falletailed mechanism for the nucleotide
exchange process has been traced. Notably, this mechanism involves residues such as His14, Arg95,
GIn131, and Glul34, which are strictly conserved in all archaea and eukarya E&gliences hitherto
reported.

important cellular processes. Although the magnitude of the
conformational change varies among different GNBP, it

members of this family play crucial roles in cell growth and represents a fundamental step for their function.
proliferation, signal transduction, membrane trafficking, and |, GNBP involved in protein biosynthesis, the conforma-

protein biosynthesis. In these enzymes, the transition from 4| changes associated with the GTP hydrolysis produces
the active GTP-bound form to the inactive GDP-bound state 4 major rearrangement of the multidomain structure of these

is associated with a conformational switch, which activates enzymes. The most studied translation GNBP are the

elongation factors that transport the aminoacyl-tRNA to the
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*The atomic parameters (code 1skq) have been deposited in thearchaea) %-5). In carrying out their biological functions,
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these enzymes interact with several cellular components:
GTP, GDP, aminoacyl-tRNA, ribosome, and the exchange

:IcsltiRtgthdi Biostrutture e Bioimmagini, CNR. factors (EF-Ts in eubacteria and EB-In eukarya and
! Dipartiménto di Chimica Biologica, Universitiegli Studi di Napoli archaea), which activate these GNBP by fav_orlng th.e release
Federico 1. of the GDP. In the past decade, a number of impressive three-
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dimensional (3D) structure determinations of EF-Tu have
shed light on the structural details of the elongation cycle in
eubacteria. These investigations have provided a clear picture

1 Abbreviations: GNBP, guanine nucleotide binding proteins; EF- 0f the conformational flexibility of EF-Tu, whose shape is

exchange factor EFgt SEF-15/EF-10-GDP, complex oB. cereisiae
EF-la with EF-18 and GDP;SEG)EF-1a, guanine nucleotide binding
domain of S. solfataricusEF-1o; ppGpp, guanosine-sliphosphate-
3'-diphosphate.

I;LSSDP’ colmpleé (l)ff }hg elon%a:ion ffg:éoga TumitGhD%Dgg-lﬁ- modulated by the interactions with GD&9), GDPNP (L0,

, complex ofSulfolobus solfataricuEF-1lo wi ; -la : ) _ ) G
GDP/Mg", complex ofS. solfataricusEF-1o. with GDP and Mg"; ,11)' aminoacyl-tRNA (2-14), EF-Ts (15, 16), and antibiot
SEF-18/EF-1oc complex ofSaccharomyces cearisiae EF-1o with the ics (17, 18).

On the other hand, there is limited structural information
available on the translation elongation factors isolated from
eukarya and archaea. Only recently, the 3D structures of the
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complex of EF-&x with the catalytic C-terminal domain of
EF-13 from Saccharomyces cersiae (SEF-15/EF-1o-
GDP) (19), and the structure of EFelfrom the archaeon
Sulfolobus solfataricusn complex with GDP $£F-1a-
GDP) have been determine@0j. The structure of the
complex SEF-10/EF-15 has revealed that in eukarya the

association between elongation and exchange factors is

completely different from that observed in eubactefig)
Taking into account the structures of the compBeiF-15/
EF-1o bound to GDP or GDPNP2() and the structure of
EF-TueGDP, a mechanism for the nucleotide exchange

process in EF-d has been proposed, based on the disruption

of the magnesium binding site.

Surprisingly, the structure oS€£F-1a-GDP complex
showed that, in contrast to EF-Tu and most of the other

GTPases, the interactions between the protein and the
nucleotide are not mediated by magnesium, despite the

presence of the ion (5 mM) in the crystallization medium

(20). Complementary biochemical studies have supported the

crystallographic results, by showing that the addition of

Mg?*, although essential to the GTPase activity, has only a

marginal effect on the nucleotide exchange proc@ss. (
Therefore, these findings undermined the previously pro-
posed 21) exchange mechanism in Efetl

To further investigate the role the magnesium plays in the
GDP binding to EF-its and particularly to check the ability
of SEF-10-GDP to bind this ion, we have determined the
crystal structure of th&€£F-10-GDP in the presence of a
nonphysiological concentration (100 mM) of Ktg In
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Table 1: Data Collection and Refinement Statistics

Crystal Data

a(h) 61.95
b (A) 113.83
c(A) 81.08
B () 90.1
space group P2;

Data Processing
resolution range (A) 361.80
no. of observations 301602
no. of unique reflections 98914
Mlo(i)O 24.6 (2.3}
completeness (%) 94.3 (80%7)
R-mergé (%) 3.5(34.3)

Refinement

resolution range (A) 301.80
R-factor 0.219
R-free! 0.255
no. protein atoms 6506
no. of GDP molecules 2
no. of magnesium ions 1
no. of water molecules 353

Root-Mean-Square Deviations from Ideal Values

bond lengths (A) 0.019
bond angles?) 2.0
dihedral angles?) 25.5
improper angles®) 1.3

aThe values given in parentheses refer to the highest resolution shell
(1.86-1.80 A).® R-merge=y nyilli — OIV|lil. ¢ Rfactor= Y n(||Friobd
— KIFnicad )/ Y hidl Frikobd - ¢ R-free= 3 n(I|Fobd — KIFcaid [}/ nlFord Where
h is a statistical subset (9.3%) of data.

addition, nucleotide exchange experiments have been carried®f SEF-la-GDP/Mg" were grown using PEG 4000 and

out on a truncated form of SsEFxlto unveil whether the
low affinity for Mg?" depends on the local architecture of

the active site or on the domain organization of the enzyme.

Finally, comparing the structures &£F-1o-GDP/Mg™,
S€F-10-GDP, SEF-15/EF-10-GDP, andSEF-15/EF-1a.

propan-2-ol as precipitants. Diffraction quality crystals were
obtained using the microbatch under oil technique a€4
and a protein concentration of 6 mg/mL. The final concen-
tration of the components of the crystallization medium was
8% (w/v) PEG8000, 8% (v/v) propan-2-ol, 4 mM Na citrate

a detailed mechanism for the nucleotide exchange proces¢PH 5.6), and 100 mM MgGl

of EF-1o. has been proposed.

EXPERIMENTAL PROCEDURES

Preparation of SSEF-d. The expression vector used was
a pT7-7 derivative, containing the gene encoding the
elongation factor & from S. solfataricug22). The recom-
binant plasmid was transferred into tlscherichia coli
BL21 (DE3) strain. The transformed cells were grown
overnight at 37C in 10 mL of L-broth containing 10@2g/
mL ampicillin. The culture was then diluted 1:100 to a final
volume d 1 L and grown up to an absorbance of 0.8 at 600
nm; induction (3 h) was performed by adding isoprofyl-
p-thiogalactopyranoside up to a final concentration of 0.4
mM. The bacterial cells were collected by centrifugation,
resuspended in a buffer (6 mL/g of wet cells) containing 20
mM Tris/HCI (pH 7.8), 50 mM KCI, 10 mM Mg}, and
15% (v/v) glycerol and 1 mM phenylmethanesulfonylfluo-
ride, and disrupted by a constant system of cell disruption
at 2 kbar (Constant System, Ltd, U.K.). The recombinant
protein was purified following the procedure previously
reported 22). The protein was stored at20 °C in a buffer
containing 20 mM Tris/HCI (pH 7.8), 50 mM KCI, 10 mM
MgCl,, and 50% (v/v) glycerol.

Crystallization, Crystal Data and Refinement of Sskf-1
GDP/Mg*. As for the complexSEF-10-GDP 23), crystals

Data collection was performed at ESRF synchrotron beam
line ID-14-1 (Grenoble, France) at 100 K. The crystals were
frozen after a 1-min soak in a solution containing 10% (w/
v) PEG8000, 10% (v/v) propan-2-ol, 4 mM sodium citrate
(pH 5.6), 100 mM MgC, and 20% (v/v) ethylenglycol as
cryoprotectant. Diffraction data were registered up to 1.8 A
resolution. The crystals @$£F-1o-GDP/Mg*" are isomor-
phous to those dd€£F-1a-GDP and contain two independent
protein molecules in the asymmetric unit. Diffraction data
were processed using the HKL packa@d)( A summary
of the statistics of the data collection is reported in Table 1.

The structure oSEF-10-GDP/Mg" was refined using
the structure ofS€£F-lo-GDP (Protein Data Bank code
1INY) (20) as a starting model. The crystallographic
refinements were alternated by manual modifications of the
model carried out with the program Q%). The rigid body
refinement of the initial model, which included neither water
molecules nor GDP, converged to Rrfactor of 0.330 R-
free 0.329) using diffraction data in the resolution range-6.0
1.85 A. Since the early stages of the refinement, it was clear
that an electron density peak compatible with a?Mipn
was present in the active site of the molecule of the
asymmetric unit designated as molecule A (Figure 1A),
which is characterized by a better defined electron density
and lower B factors. The inspection of the active site cleft
of molecule B reveals that no ion is bound to the GDP of
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Ficure 1. OmitF, — F. electron density maps corresponding to
the active sites of molecule A (A) and molecule B (B) of the
asymmetric unit. The magnesium ion is colored in blue. A large
electron density peak, located in proximity of the'@8m of the
ribose, is evident in both molecules (see the text for details). In
panel C is reported the omi, — F. electron density map
corresponding to the active site region of the recombinant wild-
type SEF-10-GDP. This structure has been refined toRxfactor
value of 22.8 R-free 26.1) using diffraction data in the resolution
range 26-1.85 A.

this protein molecule (Figure 1B). Similar to what was
observed in the EFel:GDP structure derived from crystals
grown in 5 mM MgC} (20), the phosphate groups of GDP

Vitagliano et al.

In both molecules, a second peak was located in proximity
of the O3 oxygen of the sugar moiety of the GDP (Figure
1A,B). This extra electron density likely corresponds to a
phosphate group of the GDP analogue guanosistgphos-
phate-3-diphosphate (ppGpp) (see below for details).

In the final stage of the refinement, water molecules were
identified by evaluating the shape of the electron density and
the distance of potential hydrogen bond donors and/or
acceptors. The final model, which includes 353 water
molecules, was refined to @ifactor of 0.219 R-free 0.255)
in the resolution range 30-01.80 A. This model presents a
good stereochemistry (Table 1).

The figures were drawn using the programs £b)(
Molscript (26), Bobscript 27), and Raster3D28).

Chemical Nature of the Nucleotide Bound to SskF-1
To identify the chemical nature of the nucleotide bound to
the active site of the enzyme, chromatography and mass
spectrometry experiments were carried out. The nucleotide
was separated from the protein by HPLC chromatography
in denaturing conditions. In particular, the nucleotide was
isolated using a reverse phase C18 column under ion-pairing
conditions. The isocratic elution was conducted using a buffer
containing 50 mM potassium phosphate (pH 6.7), 10 mM
tetrabutylammonium hydrogensulfate, and 10% (v/v) aceto-
nitrile. The molecular weight of the nucleotide was deter-
mined by MALDI-TOF mass spectrometry. A clear peak at
625.60m/zwas interpreted as due to ppGpp (molecular mass
602.12 Da) complexed with a sodium ion (molecular mass
22.99 Da).

Preparation and Nucleotide Exchange of SskEFGua-
nine Nucleotide Binding DomainThe truncated form of
SEF-1a corresponding to the guanine nucleotide binding
domain of the enzymeSEG)EF-1n) was prepared by
introducing a stop codon after the triplet encoding lle 235
as previously reported20). S{G)EF-Io-[3H]GDP was
prepared by incubating/2Vl S{G)EF-1a with 20 uM [3H]-
GDP (specific activity 520 cpm/pmol) for 30 min at 8C.

The nucleotide exchange activity was measured &G

a reaction mixture containing AM S{G)EF-la-[*H]GDP

in 350 uL of 20 mM Tris-HCI buffer (pH 7.8) and 50 mM
KCI. The effect of Mg was evaluated in the presence of
either 10 mM MgC} or 10 mM EDTA. The exchange
reaction was started by the addition of either GDP or GTP
at 1 mM final concentration.

RESULTS AND DISCUSSION

Overall Structure of SSEFd-GDP/M¢". The structure
of the complex SEF-1a-GDP/Mg?" was derived from
crystals grown in a medium containing 100 mM MgCihe
structure was refined to aR-factor of 0.219 R-free 0.255)
using diffraction data extending to 1.8 A resolution. As for
the complex,S€F-10-GDP, the electron density is well
defined for most of the protein residues. Disordered regions,
not included in the final model, correspond to the fragments
1-3, 65-77, and 436-435 of both molecules present in the
asymmetric unit. The overall structure of the enzyme is
practically identical to the structure 8&F-10-GDP, since
the root-mean-square deviation ot &oms is as low as
0.27 A. Therefore, the8EF-1a-GDP/Mg* complex pre-

molecule bound to molecule B are surrounded only by water serves the domain organization®&F-1a-GDP (Figure 2).

molecules.

The first domain (residues—435), which contains the
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FiGURE 2: Overall structure o8EF-1a in complex with GDP and Time (min)

Mg?*. The three domains are colored differently. The GDP, Asp60, Ficure 3: Nucleotide exchange on the isolated guanine nucleotide
Asp90, and Mg" (in blue) are also shown in ball-and-stick. binding domain ofSEF-1a: [*H]GDP/GDP (A) and $H]GDP/
GTP (B) exchange reactions in the presence of either 10 mM MgCl
nucleotide binding site presents a3 structure, whereas (gpe.”.c.'rlc'es) or 10 mMm EDTAh(f'”ed circlesio andC, represent
the other two domains (residues 23835 and 336430) t e.|3n|t|a concentration and the concentration at it S€F-
. lo-[*H]GDP, respectively.
display g-barrel structures.

The GDP Binding SiteThe difference Fourier map inthe  mental Procedures, the extra-phosphate moiety has not been
active site region of the two molecules in the asymmetric modeled in the electron density.

unit clearly shows the presence of electron densities corre- A diff . f h vsis of th
sponding to the GDP molecules. However, a deeper inves- fferent picture emerges from the analysis of the

tigation revealed the presence of 'extra eak,s in these re ionselectron density of the GDP binding pocket of molecule B
9 P P 9 Figure 1B). In this case, only the extra electron density

In one molecul_e, designated as m_olecule A and characterize ocated nearby the O®xygen atom of the ribose could be
by a better defined electron density and lower B factors, two . s . ;
identified. On the other hand, there is no evidence of the

extra peaks were identified (Figure 1A). The first one was electron density corresponding to the magnesium ion. Indeed,

Io::i:%:] '{] pigl(l'mgzcﬂf ?gggl;prmseprzztenzgitgg %Elion'rélt:r_]_?u only water molecules surround the beta phosphate on analogy
P ypically P y 9 with the EF-Tn structure derived from crystals grown in the

structures. The presence of six ligands (four water molecules, L

an oxygen atom of thg-phosphate of the GDP, and the O presence .Of é "m'_teq amount of M.gﬁl .
atom of Ser20), arranged in an octahedral coordination, These findings indicate that thg interactions between the
provided unambiguous evidence for the presence ofMg S$F-10-GDP and the magnesium are extremely weak
in the structure (Figure 1A). The second peak (8.0 and 5.5 Pecause (i) a nonphysiological concentration of the ion is
sigma level in molecule A and B, respectively) was located Necessary to detect the binding, and (i) only molecule A of
in proximity of the O3 oxygen of the sugar moiety of the the asymmetric unit binds the magnesium. The analysis of
GDP. The occurrence of this peak is not related to the the coordination sphere of the Ffgbound to molecule A
presence of the magnesium in the crystallization medium Provides some clues about the weak affinity S F-lo-
since it has also been found in structure of the recombinantGPP for this ion. As shown in Figure 1A, Mg is
wild-type S€F-1a. in complex with GDP derived from  coordinated by one oxygen atom of thghosphate moiety
crystals grown in the absence of Rig(Figure 1C). In  Of GDP, by the @ atom of Ser 20, and by four water
addition, this peak has also been observed in the structurgnolecules. Interestingly, in contrast to that generally ob_served
of a SEF-1a. mutant complexed with GDP, whose crystals for other GTPases bound to GDP and¥ghese coordina-
were also grown without Mg (unpublished results). No-  tion water mqlecules are not involved in h_ydrogen_ bondlr}g
tably, this electron density peak was not present in the INteractions with other r_e5|dues of the protein. The 5|de_ chains
previous structure dB<EF-1o-GDP which was derived from ~ Of the conserved residues Asp60 and Asp90, which are
a protein sample purified frorB. solfataricuscells (Figure usually hydrogen bonded to the water molecqles coordinating
2 of ref 20). Therefore, the extra electron density may be the Mg in EF-Tu structuresg, 7, 32), are, in fact, very
due to some modifications of the nucleotide occurring upon far from the ion (Figure 2). These missing interactions may
protein expression and purification. It has been reported that,account for the weak affinity o8<£F-1a-GDP for Mg’*.
under particular conditions, bacteria produce a large amount It is worth mentioning that the binding of Mg does not

of ppGpp and that ppGpp can bind to GNBBO( 31). produce significant modifications on the structureSdEF-
Therefore, the electron density peak located in proximity of 1lo-GDP as shown by the very low root-mean-square
the O3 oxygen could be ascribed to one of the two deviation (0.27 A) betweeSEF-10-GDP andSEF-1o-
phosphates of the pyrophosphate moiety bound to the ribose GDP/Mg**. The only clear variation involves the side chain
The second phosphate is likely to be disordered since it is of Ser20 of molecule A, whose conformation was ambiguous
exposed to the solvent. Although this hypothesis is supportedin the structure o8€F-1a-GDP @0). Indeed, the interaction

by the mass spectrometry experiments reported in Experi-with the Mg?™ makes the electron density corresponding to



6634 Biochemistry, Vol. 43, No. 21, 2004 Vitagliano et al.
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E. coli  comvD- D—YDFPGDDTP-GS-E ---------------- GD,
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E. coli EBRGIKREEIERGONEE---- KPGTI—LSKDEGGRHTPFFKGYRP-R’I_L ——————
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5. .
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Ficure 4: Sequence ahgnments of EF-Th. (coli andThermus aquaticysand EF-11 (S. cereu|5|aeandS. solfataricusfor which structural
data have been reportg@tstrand andx-helix regions are cyan and pink, respectively. The notation of the secondary structure elements of
EF-Tu, reported in the first line, has been taken from Song eB3a). A similar notation has been used for EE-{last line).

the side chain of this residue very well definedSg€EF- 1o scenario, the interactions between helix B and domain 11l
GDP/Mg*. Consistently, the side chain of molecule B Ser may impede the participation of Asp90 to the binding of
20 remains somewhat disordered. The binding of Mipes water molecules that coordinate the ion and therefore reduce
not have any effect on the region 637, which remains  the affinity of the protein for magnesium. It is also worth
disordered as ilb€EF-10-GDP (20). noting that the interactions of helix B with domain Il are

Role of Magnesium on the Nucleotide Exchange Processcompletely different in GDP complexes of EF-Tu and
of Ss(G)EF-#&. To identify the structural determinants of EF-la
the low affinity of SEF-1a for Mg?*, nucleotide exchange The analysis of H]GDP/GDP and JH]GDP/GTP ex-
experiments were carried out on a truncated form (residueschange processes 8§G)EF-Io reveals that the magnesium
1-235) of SEF-1a constituted only of the guanine nucleo- ion at a concentration of 10 mM has minimal effects (Figure
tide binding domain. This investigation was aimed at 3) as observed for the full-leng®<€F-1a (20). On analogy
elucidating whether the reduced affinity for the magnesium with SEF-1a (20, 33), the GTPase activity dbgG)EF-1n
is an intrinsic property of the GTPase domain or it can be requires the presence of Ffgion (data not shown). These
due to the influence of the other domains. The latter findings suggest that the low affinity of Mg for SEF-1o.
hypothesis is apparently supported by the observation thatGDP is an intrinsic feature of the guanine nucleotide binding
the contacts between helix B (residues-9D02), which is domain and does not depend on the interdomain contacts
directly linked to Asp90, and domain Ill represent the only present in the protein. This also indicates that the different
relevant interdomain interactions BEF-10-GDP. In this behavior of EF-Tu and EFel cannot be ascribed to the
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Ficure 5: Structural modifications induced by the binding of the
exchange factor/d on domain I/domain Ill interface and on the
P-loop region. In panels A and B are reported the structures of
SEF-10-GDP/M@™ and SEF-13/EF-10-GDP 1), respectively.

For clarity, the side chains of residues-157 and residues 1618
have been omitted from panels A and B, respectively. The GDP
B-phosphate moiety @d&EF-15/EF-1o-GDP structure is disordered
(2.

different relative orientation of helix B and domain Il in
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different interaction pattern i®&EF-13/EF-1a-GDP (and
SEF-10/EF-15). Indeed, due to the overall structural rear-
rangement associated to the binding of EF-the helix B

is no longer involved in strong interactions with domain 3.
As a consequence, this helix can establish strong interactions
with helix C through the residues Glu135, GIn132, and Arg96
(SEF-10. sequence numbering) (Figure 5B). The distance
between the center of mass of the two helices decreases from
13.7 A (in SEF-10-GDP/M¢") to 10.4 A (inSEF-15/EF-
1lo-GDP). The strong interactions between helix C and helix
B weaken the interaction of the former with the P-loop.
Indeed, the hydrogen bond between N GIn131 afidHis14,
observed irBEF-10-GDP/Mg*, is lost inSEF-13/EF-1a.-

GDP (andSEF-10/EF-16). As a result, His15 side chain in
SEF-16/EF-1a-GDP can interact with the N of Asp17, thus
favoring the flip of the peptide bond 16l7. The flip
destabilizes the interaction of the P-loop with fhphosphate

of the GDP, which becomes disordered in 8d&F-15/EF-
1o-GDP structure (Figure 5B).

It is worth mentioning that all the residues involved in
the interactions described above are very well conserved in
the sequences of archaea and eukarya &$=-Therefore,
the mechanism may be of general validity among Efs:1

CONCLUSIONS

The present structural data demonstrate $88F-1a-GDP
can bind Mg@" at least at nonphysiological concentrations.
The analysis of the binding mode of the ion unveils the
structural bases for the marginal role thatglays in the
nucleotide exchange process of Eé-1ndeed, four of the
six ligands of the octahedral coordination of the Wgre

these two protein Systems_ It can be surmised that theWater moleCU|eS, which are not involved in interactions with

different role M@" plays in EF-Tu and EFd may be due

protein residues. A survey of complexes of GTPases with

to the large sequence (Figure 4) and structure differencesGDP and Mg" reveals that at least one water molecule of

occurring in the switch | region, which embodies Asp60
(Asp50 inE. coli EF-Tu), a residue potentially involved in
the binding of the water molecules coordinating the ion.
Comparison of the Structures of SsE&-GDP/Md¢,
SSEF-b-GDP, ScEF-B/EF-10-GDP, and ScEF-A/EF-
lo: A Detailed Mechanism for the Nucleotide Exchange.
The availability of several EFelstructures $€F-1a-GDP/
Mg?*, SEF-10-GDP, SEF-18/EF-10-GDP, andSEF-15/
EF-10) (19—-21), in various binding states, allows the tracing

Mg?" coordination is also linked, through hydrogen bonds,
to protein atoms. IIBEF-1a-GDP/Mg+ Asp60 and Asp9o0,
which play a role in the binding of the magnesium ion in
EF-Tu, are very far from the nucleotide binding site.

The progressive accumulation of structural information on
EF-1a highlights the differences between translation elonga-
tion factors isolated from bacteria and archaea/eukarya.
Paradoxically, Mg" is essential for GTPase activit@@) but
not important for nucleotide binding of EFal while the

of a detailed structural mechanism of the GDP exchange 'everse has been reported fidrermus thermophilugF-Tu

process.

The relative orientation of the nucleotide binding domain
with respect to domains 2 and 38¥F-10-GDP andS£F-
1o-GDP/Mg" is completely different to that observed in
SEF-15/ScEF-T-GDP (Figure 5). Indeed, the binding of
the exchange fact@EF-15 produces a large rearrangement
in SEF-1o structure 20). A rotation of as much as 70s

required to superimpose domains 1 after the superimposition

of domains 2 and 3 08€EF-10-GDP/Mg*t and SEF-15/
EF-10-GDP.

In addition to these overall rearrangements, the binding
of EF-15 also produces local alterations that favor the
exchange process (Figure 5). 88&F-10-GDP/Mg* (and
S€EF-10-GDP) the helix B is tightly bound to domain 3.
Helix B is also rather distant from helix C, which interacts
with the P-loop (residues 1419), through the hydrogen bond
GIn131 N atom-His14 N* atom S<£F-1o sequence num-
bering) (Figure 5A). These residues are involved in a rather

(34). The structure reported here, which likely represents a
transient state with the Mg still bound to the GDP after
the GTP hydrolysis, indicates that the role ¥Mglays in
EF-1a is closer to more distant GBNP, such as the hetero-
trimeric G-protein 85), and the small GNBP ARL3g), and
RhoA (37), than to EF-Tu.
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