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ABSTRACT. The G13A substitution in the G13XXXXGK]|T,S] consensus sequence of the elongation factor
1la from the archaeoulfolobus solfataricuéSEF-1a) was introduced in order to study the reasons for
selective differences found in the homologous consensus element AXXXXGK]T,S] of the other elongation
factor EF-2 or EF-G. In a previous work, it was shown that the main effect of the A26G mutation was
the activation of the intrinsic GTPase 8&EF-2 [De Vendittis, E., Adinolfi, B. S., Amatruda, M. R.,
Raimo, G., Masullo, M., and Bocchini, V. (199&ur. J. Biochem. 262600-605]. In this work, we

found that, compared to the wild-type fact@9F-1o. wt), G13ASEF-1a shows (i) a reduced rate of
[®H]Phe polymerization that was probably due to its reduced ability to form a ternary complex with
heterologous aa-tRNA and (ii) a reduced intrinsic GTPase activity that was stimulated by high concentrations
of NaCl (GTPas¥) [Masullo, M., De Vendittis, E., and Bocchini, V. (1994) Biol. Chem. 26920376~
20379]. In addition, G138<F-1o showed an increased affinity for GDP and GTP. Surprisingly, the
decreased intrinsic GTPd%eof G13AS<EF-1a can be partially restored by kirromycin, an effect not
found for S€F-1o. wt. The temperature inducing a 50% denaturation of G3&4&-1a. was somewhat
lower (—5 °C) than that oS€F-10. wt, and the decrease in its thermophilicity was slightly more accentuated
(—10°C). These results indicate that the nature of the residue in position 13 is important for the functional
and physical properties SE€F-1a.

The elongation factor d from the hyperthermophilic  glycine @). In the 3D structure of EF-Tu, in either the GDP-
archaeorSulfolobus solfataricdss a GTP-binding protein;  or the GTP-bound form, this glycine is not directly involved
thus, it is endowed with a GTPase activiy(3). Its amino in the binding of phosphatel4, 15). Therefore, it appears
terminal displays the selective homologies of the guanine interesting to investigate its role in the functional properties
nucleotide-binding proteins3). These GTPases are charac- of the translational elongation factor El:1from the
terized by the consensus sequences [G,A]XXXXGK]|T,S], archaeorS. solfataricugS€F-1a). In a previous work, it
DXXG, and NKXD that are involved in the binding of GDP  was found that A26G substitution activated the intrinsic
or GTP @). Furthermore, the three-dimensional (3D) struc- GTPase ofSE£F-2 (16). Our results show that G13A re-
tures of eubacterial EF-T®{-9) and EF-G 10, 11 and that placement affects the affinity dd€F-1a for guanine nu-
of eucarial EF-# (12) show that the guanine nucleotide- cleotides as well as the ability to hydrolyze GTP and sustain
binding domains share similar structural featurgs, (L4). poly(Phe) synthesis. In addition, G13A mutation makes
Interestingly, however, in the sequence motif [G,AJXXXXGK, S<£F-lo sensitive to the antibiotic kirromycin, a typical
the first amino acid residue is alanine in EF-2 and EF-G, inhibitor of eubacterial but not of archaeal or eucarial protein
whereas in EF-d and EF-Tu, this position is occupied by synthesis.
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encoding the wild-type elongation factor frddn solfataricus
lo (SEF-1o wt) (17) was used as a template with two self- 161
complementary primers ATA GCT CAC GTC GAT CAC
GG, carrying the G38C base substitution, as numbered from
the EF-1In starting codon. The new plasmid was synthesized
by polymerase chain reaction and used to transfescheri-
chia coliBL21 (DE3) 19). An overnight cell culture grown

at 37°C in an L broth containing 10@g/mL of ampicillin

was diluted 1:100 and grown up to 0.7 absorbance units at -16
600 nm. Induction (3 h) was performed by adding isopropy!- 200 210 220 230 240
p-D-thiogalactopyranoside up to a final concentration of 0.4
mM. The bacterial cells were collected by centrifugation,

resuspended in buffer A (6 mL/g of wet cells) containing I'\:/'IGURE L Fatr'UV CD Spe(;m;ﬂa ?%Fgm a”‘tj 91355':{10;:
15% glycerol and 1 mM phenylmethanesulfonyl fluoride, Ofegsiu:ﬁg)ﬁqul_s}nwgrior%:&r s HO guf?egr&ﬁlnY%c;réﬁg_rglon

and disrupted by pressure using a constant cell disruptioncontinuous line: G138€F-10, dashed line.

system (Constant Systems Ltd., U.K.) at 1.5 kbar. The

G13AS€£F-1o mutant was purified according to the proce-  Thermophilicity and Heat Stability of G13ASSE&-The
dure already reported foB&EF-1a wt (17). Briefly, the thermophilicity of G13/8<€F-1o. was checked by measuring
postribosomal supernatant was treated for 30 min 70  GTPas#? in the temperature range of 491 °C. At each

and most of theéE. coli denaturated proteins were removed temperature, the reaction was followed kinetically; at time
by centrifugation. The supernatant was dialyzed against 25intervals depending on the temperature diGaliquots were
mM MES/KOH (pH 6.2) and applied onto a MonoS column  wjithdrawn and analyzed for th&P, released ). The data
equilibrated with the same buffer. G1S&F-lo was eluted  \vere treated according to the Arrhenius equation, and the
by a 0-400 mM KCI gradient at about 200 mM KCI.  energetic parameters of activation were calculated as reported
Fractions containing a single protein band on sodium dodecyl (23).

sulfate-polyacrylamide gel electrophoresis (SBBAGE) Heat inactivation of G138€EF-lo. was evaluated by
were pooled, concentrated with Aquacide lla, dialyzed jncypating a 4M protein in buffer A for 10 min at selected
against buffer A containing 50% (v/v) glycerol and AM temperatures in the interval of 2002 °C. Aliquots of 25

-8
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GDP, and stored at20°C. ~ uL were cooled on ice for 30 min and then analyzed for
SSEF-I AssaysThe poly(U)-directed poly(Phe) synthesis  heir BH]GDP binding ability, and their residual GTP&3e
and isolation of total tRNA and ribosomes frog solfa- activity measured in a final volume of 100 and 200,

taricuswere performed as already describ2@)(The effect  egpectively, as described previously. Ultraviolet (UV) melt-
of 100uM kirromycin on poly(Phe) synthesis was checked jng cyrves were obtained in the temperature range ef 60
kinetically at 75°C. . 100°C as previously reporte@{). CD measurements were
The preparation of Phe-tRNA; the formation of the  performed with a JASCO J-710 spectropolarimeter, calibrated
ternary complex G138£EF-1o-[y-*P]GTPEPhe-tRNA™, with an aqueous solution ofH) camphorsulfonic acidho
was carried out as already describ2d)( Protection against 5t 290 nm. Far-UV CD spectra were recordered using a 0.1

the spontaneous deacylation &f[Phe-tRNA™and PH]- cm cuvette at a time constarft4's and a 2 nnbandwidth.

Val-tRNA"2 was obtained as previously reporte2® Thermal unfolding curves were determined at 222 nm in 10
The ability of G13A5€F-1a to form a binary complex  mm Tris HCI (pH 7.0) with a scan rate of 1 K/min.

with [*H]GDP was tested as describet).(The number of Molecular Modeling.The 3D structure of EF-TGDP

[3H]GDP binding sictehs abr.]d the appellrerz)t equilibrium dissoci- om Thermus aquaticu€raeF-Tu, Protein Data Bank entry
ation constanti(y) of the binary complex between G134&F- code 1TUI) was used as a template to predict the effect of

Lo-[*H]GDP were determined by a Scatchard plg; for the G13A point mutation irSEF-1a by using the Swiss
GTP was obtained by competitive-binding experiments in ppg viewer softwareZ4).

the presence of 2aM [3H]GDP (specific activity of 530

cpm/pmol) at different GTP concentrations; the apparent ResyLTS

dissociation rate constant of the G18#&F-1o-GDP com-

plex was determined as already reportéjl The effect of SsEF-b and G13ASsEF Showed Identical Molecular
S€EF-18 on the PH]GDP/GDP andJH]GDP/GTP exchange  Properties.Under either native (gel filtration) or denaturing
on the preformed G138£EF-10-[*H]GDP complexes was  (SDS-PAGE) conditions, purified G138<£F-1o showed
evaluated at 60C as previously describe@3). the sameM, as SEF-1o. In addition, at 25°C, bothSE£F-

The GTPas¥ activity of G13ASEF-1o. was measured 1o and G13/<£F-1o showed almost overlapping CD spec-
in the presence of 3.6 M NaCR) and in the presence or tra (Figure 1) with a minimum at 222 nm. This result sug-
absence of kirromycin. Unless otherwise indicated, the gested that both samples contained the same extent of
reaction mixture contained-13 uM G13ASEF-1o. and 50  secondary structure.
uM [y-32P]GTP (specific activity of 156300 cpm/pmol) G13ASsEF-a Supports Poly(Phe) Syntheside rate of
in buffer B. The reaction was followed kinetically up to 30 poly[*H]Phe synthesis catalyzed by G13#&F-1o. was about
min at 60 °C; the amount of¥?P; released, the catalytic 1 order of magnitude slower than that elicited B§F-1a
constant of GTPas®@ the affinity for [y-*?P]GTP, and the  (Figure 2A). Such a difference became smaller at increasing
inhibition constants by GDP and Gpp(NH)p of GTP#se concentrations of the elongation factor (Figure 2B). The
were determined as already report@@)( maximum rate of amino acid incorporation was almost
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Ficure 2: Poly(U)-directed poly(Phe) synthesis promotedSdyF-

1o and G13/8<£F-1o. (A) Time course of{H]Phe polymerization;
300 uL of the reaction mixture contained 25 mM Tris HCI (pH
7.5), 19 mM magnesium acetate, 10 mM ;) 10 mM dithiotrei-

tol, 1.6 mM GTP, 0.16 mg/mL poly(U), 3 mM spermine, 0,25
Sgibosome, 80ug/mL S$RNA, and 2.4uM [3H]Phe (specific
activity of 24 120 cpm/pmol). The reaction was started by the
addition of 0.5 uM final concentration of SEF-loc (O) or
G13ASEF-1o (A) and carried out at 75C. At the times indicated,
70 uL aliquots were withdrawn, chilled on ice, and then analyzed
for the amount of H]Phe polymerized. (B) Effect of increasing
concentration ofS€F-1a and G13/€F-1a. The reaction was
allowed to proceed for 20 min under the experimental conditions
as in panel A;v is the rate of polyH[Phe polymerization. (C)
Lineweaver-Burk plots of the data reported in panel B.
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Ficure 3: Interaction betweeB<EF-1o, G13ASEF-10, andEcEF-

Tu with EcPhe-tRNA" 35 uL of buffer A contained 60 mM Nt

Cl, 0.2uM SsEF-I. (O), G13ASsEF-i (A), or ECEF-Tud) and

1 uM EcPhe-tRNA"Me 1 uM [y-32P]GTP (specific activity of 6200
cpm/pmol), 1 mM phosphoenolpyruvate, andmL pyruvate
kinase. The reaction mixture was incubated for 10 min 4€Q
and then 3Q:L was loaded onto a Sephadex G-25 column (0.4

15 cm) equilibrated with buffer A. The 100L fractions were
collected and counted for radioactivity. Blanks run in the absence
of EcPhe-tRNA" were subtracted.

identical for both the mutated and the wild-type enzyme (0.38
and 0.41 mol of {H]Phe polymerized (mol of enzyme)
min~1, respectively), but the concentration of GIS#&F-
la required to get half-maximum activityKe) was about
16-fold higher than that required bg€F-1o (1.732 and
0.105uM, respectively; Figure 2C).

The ability of G13A5$EF-1a to interact with aa-tRNA was

Masullo et al.

Table 1: Affinity of S€F-1o. and G13/8<EF-1a for Guanine
Nucleotides at 60C?

Kd k.yGDP ki1 GDP
GDP M) GTP M) (min™Y) (uM~1min™?)
SEF-1o 1.6 35 0.1 0.06
G13ASEF-1a 0.7 10 5.7 8.1
a ks, was calculated ak-1/K{'.
y B
J 1\ )
o
k]
T T T ] T T T
0 8 1624 0 4 8 12
Time (min)

FicURE 4: Effect of SEF-18 on the PHJGDP/GTP exchange on
the preformedS<£F-10-[*H]JGDP and G13&<F-1a-[*H]GDP
complexes. The preforme@HEF-1o-[*H]GDP and G138 $£F-1o-
[®H]GDP complexes were prepared by incubating A\ protein
with 6 uM [®H]GDP (specific activity of 2000 cpm/pmol) for 30
min at 60°C. The exchange reaction (3aQ) was started by the
addition of 2 mM GTP (empty symbols) or 2 mM GTP and 0.1
uM SEF-15 (filled symbols) and was followed kinetically by
measuring the amount of residual radioactive complex in¥45
aliquots.Cy is the concentration of the radioactive binary complex
at the time zero ang; its concentration at the time panel A,
S&F-1a; panel B, G13/EF-10.

Ecval-tRNAV2 and PH]EcPhe-tRNA ™ against spontaneous
deacylation (not shown).

Interaction of G13ASsEFel with GDP and GTP.As
shown in Table 1, the affinity of G13®$F-1a for GDP
and GTP was about-23-fold higher as compared ®<EF-
lo.. A more pronounced effect was observed for the disso-
ciation and association rate constants ®f|GDP binding
that for G13AS€£F-1a were about 2 orders of magnitude
higher as compared t8<EF-1o.

The PH]GDP/GTP exchange rate @®&F-1o-[*H]GDP
became about 3 times faster in the presenc8&f-153 in
the case of eitheBE£F-1o-[*H]GDP or G13A8E£F-1o-[3H]-
GDP (Figure 4). A similar result was obtained for tREIJ
GDP/GDP exchange reaction (not shown).

G13ASsEF-a Supports a Reduced GTP&3Activity That
Was Partially Restored by Kirromycin. 5B-1a is able to
hydrolyze GTP in the presence of NaCl at molar concentra-
tions (Figure 5A2). The turnover rate of GTPa¥elicited
by G13ASEF-1a (Figure 5B) was significantly lower as
compared to that db€EF-1a (Figure 5A). At 60°C, theK,
for GTP and thek.4 of the reaction decreased by 17- and
8-fold, respectively; as a consequence, the catalytic efficiency

tested by measuring the amount of ternary complex formed of the GTPas¥ of G13ASEF-1a was 2 orders of magnitude

between heterologougcPhe-tRNAM [y-32P]GTP, and
G13AS<£F-1a under the experimental conditions already
reported 21, 22). As shown in Figure 3 SEF-1o wt,
compared toEcCEF-Tu, showed a lower affinity toward
EcPhe-tRNA"® that was further reduced in the case of
G13AS<E£F-1a. This behavior was confirmed by the lower
ability of G13ASEF-1o versusSEF-1a wt to protect H]-

lower as compared to that 8EF-1a (Table 2). As already
found for SEF-10, the GTPas¥ of G13ASEF-lo was
competitively inhibited by GDP but with a lower efficiency
as compared t&E£F-1o.

Kirromycin did not stimulate the GTPd¥eof SEF-1o
(Figure 5A). Vice versa, the antibiotic enhanced the rate of
GTP hydrolysis by G138%£F-1a, and the maximum stimu-
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Ficure 5: Effect of kirromycin on the GTPa%of SEF-1o and
G13AS<EF-10; 230uL of the reaction mixture contained Oui
SsSEF-It (panel A) or 3uM G13AS<£F-1a (panel B) in the absence
(empty symbols) or in the presence (filled symbols) of /0@
kirromycin in buffer A containing 3.6 M NaCl and 5M [y-32P]-
GTP (specific activity of 300 cpm/pmol). The reaction was carried
out at 60°C, and at the times indicated, 50 aliquots were
withdrawn and analyzed f&?P, release as reported in the Materials
and Methods section.

Table 2: Intrinsic GTPase &@¥F-1o. and G13/<£F-1o at 60°C

Km Keat Keal Km Kicop)
@M)  (min ) mintaMY (M)
SEF-1a 2.7 0.8 0.3 0.8
G13ASE£F-1a 46.0 0.1 0.003 4.2
-~ 0.099A 4548
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Ficure 6: Affinity of G13AS<EF-1oe for kirromycin in the
GTPas#2 (A) The reaction mixture contained 8V G13AS<EF-

la and was prepared as described in the legend to Figure 5 in the
presence of kirromycin at the indicated concentration. The reaction

was followed kinetically at 60C, and the slope of the linear part
of each kinetics was plotted as a function of the kirromycin
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FIGURE 7: Heat stability of G13&8$EF-1a andSEF-1a. Residual
[®H]GDP binding ability (panel A), UV melting curves (panel B),
and CD denaturation curves (panel C) 8fEF-la (O) and
G13ASEF-1o (A). For other details, see the Materials and Methods
section.
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Ficure 8: Thermophilicity of G13A$EF-1o. and SEF-1o.. The
GTPas¥2 activity was assayed as described in the legend to Figure

5 at the indicated temperatures and was reported as a percentage
of the maximum GTPa$® calculated considering 4.0 and 0.064
mol of [y-32P]GTP hydrolyzed per minute per mole of protein for
SEF-10 (O) or G13ASEF-1a (A), respectively. (Inset) Arrhenius
analysis of the data in the range-680 °C for G13ASE£F-1a0 and
60—87 °C for SEF-1a.

protein. The thermal stability db€F-1o. and G13/A5EF-

lo. was also studied by measuring the loss of secondary
structure by CD measurements at 222 nm. The temperatures
for half denaturation observed in the casesSdtF-10. and
G13AS<E£F-1o were 86 and 85C, respectively (Figure 7C).

The thermophilicity of the G13A mutant was compared

to that of SEF-1o. on the basis of GTPa¥tactivity at
increasing temperatures. G18#&F-1o showed the highest

concentration. (B) The data reported in panel A were treated by activity at 80°C, a temperature about 1T lower than

the LineweaverBurk equation after the subtraction of the
GTPas#? activity of G13AS<EF-1a. in the absence of kirromycin.

latory effect was observed at around 4M kirromycin
(Figure 6A); the concentration of kirromycin required for
half-maximum activation was 10M (Figure 6B).

Thermophilicity and Thermostability of SSEE-Are Also
to Some Extent Affected by G13A Substitutibhe heat
inactivation profile of the JH]GDP binding ability showed
that G13ASEF-1o. was half inactivated after exposure for
10 min at 91°C (Figure 7A). This value was 3C lower
than that required for the half inactivation S#F-1o.

The stability of SEF-1a and its G13A mutant was
evaluated by ultraviolet-monitored thermal denaturation
(Figure 7B). The temperature for the half denaturation of
G13ASEF-1a (87 °C) was close to that determined from
the inactivation profile (Figure 7A) and was’& lower than
that observed during the denaturation of the wild-type

that measured foISEF-10, after inactivation occurred
(Figure 8).

The analysis according to the Arrhenius equation in the
rising part of the curves indicated that the values of the
activation energy of GTPa¥%were 55.4 and 67.3 kJ mdl
for the G13A mutant an®<£F-1a, respectively (Figure 8,
inset). The entropies of activation at 80 for the GTPase
reaction-catalyze®€F-1o. and G13/A8EF-1a were —90
and —154 J mot! K™, whereas the free energies of
activation were 94 and 104 J mé) respectively.

DISCUSSION

The GTP-binding proteins are characterized by the [G,A]-
XXXXGK|T,S] consensus sequence. The first amino acid
residue of this sequence is glycine in EF-Tu and EFahd
in Ha-Ras p21, whereas it is alanine in elongation factors
EF-G and EF-24). To investigate the biochemical effects
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depending on such a difference, a muta®daF-1a carrying cyis [
the G13A substitution was constructed, and its properties — ]
were compared to the effects causedSstF-2 wt by the R ! \ -
opposite A26G replacement in the corresponding consensus -7

sequencel).
The G13A mutation significantly reduced the efficiency
of SEF-1a to sustain poly(Phe) synthesis (Figure 2). This

behavior cannot be attributed to impairment by the G13A

Masullo et al.

A

substitution of the nucleotide-exchange reaction becauseFricure 9: Three-dimensional structure B8EF-TuGDP andTtEF-
S<£F-18 was able to accelerate the GDP/GTP exchange onG-GDP in the P-loop region: (AYaEF-TuwGDP, (B) TaEF-Tu

G13ASE£F-1a almost with the same efficiency as that for
S€EF-1o wt. The lower ability of G13&AEF-1a to stimulate

poly(Phe) synthesis might depend on a much less efficient

interaction of G13A8<$F-1a with aa-tRNA, as studied using
the heterologous aBetRNA (Figure 3). Alternatively, the
reduced efficiency of G138£F-1a in poly(Phe) synthesis
is the lower capability of G138$£F-1a to hydrolyze GTP,
as evaluated through GTP&8einduced by a high-salt
concentration (Table 2). The G13ASsE&-finutant binds

GDP after the substitution of Gly18 by Ala, and (EF-G-GDP
(PDB entry 1DAR). Models were visualized by using the RasMol
software.

1o different from eubacterial EF-TW®28). Among the eight
amino acid residues that, i coli EF-Tu, were involved in
the binding of kirromycin 28—30), only A375 is conserved
in SEF-1o0 as A410 B). Therefore, it is possible that, in
SEF-10, the G13A mutation unmasks other structural
features which are recognized by the antibiotic. This pos-

GDP and GTP with affinities higher than those displayed sibility is supported by the fact that eukaryal E&-from

by S€F-1o (Table 1). Such an increased affinity was more

calf brain, phylogenetically closer to archaeal Ed+ather

pronounced for GTP than for GDP. In the case of GDP, the than to eubacterial EF-Tu, is sensitive tog kirromycin,

increment might be ascribed to a higher valuekof with
respect tck_;. This finding suggested that the G13A mutation

although, in such a case, the antibiotic inhibits the intrinsic
GTPase of EF-4 (32).

rendered more accessible the nucleotide-binding site on Regarding the effect produced by the G13A replacement

S<£F-1o.. An opposite effect was observed in the reciprocal
mutation of SEF-2, where the A26G mutation causes a
significant increase oKy for GDP (16). Contrary to the
increased affinity for GTP and GDP, G13&F-1o displays,

as compared t8<E£F-1a, a significantly reduced GTPd¥e
characterized by a lower affinity for both GTP and GDP
(compareK, for GTP toK; for GDP in Table 2) and by a
reduction of its catalytic efficiency. Such a different behavior

on the thermostability o8€EF-1a, only a marginal impair-
ment was observed by monitoring the residu#d]GDP
binding (Figure 7A), UV melting (Figure 7B), or CD
denaturation curves (Figure 7C). In addition, these findings
indicated that the thermal denaturation process of Bd#ifr-

lo and G13/8<E£F-1a involves the entire molecule and not
the catalytic domain only. A similar result was also found
for SEF-2, where the A26G replacement did not alter the

can be the consequence of the unsual high-salt concentratiothermostability of the enzymel).

(3.6 M NaCl) required to unmask the intrinsic GTPase of
S€F-1a (2). In regards taSEF-2, an opposite effect was

To explain on a structural basis the effect of the G13A
substitution iNSEF-1a, the 3D strucures in the P-loop region

observed because the A26G replacement increased itof TaEF-Tu-GDP andTtEF-G-GDP were compared (Figure

intrinsic GTPase stimulated by ethylene glycol and BacCl
(16). Compared taSEF-1o. wt, the reduced GTPa¥eof
G13ASE£F-1o can be explained also by the energetic

9). In ECEF-Tu (Figure 9A), the likely function of the first
invariant glycine (Gly18) is to allow an unusual conformation
of the main chaing). The modeling of the 3D structure of

parameters of activation of the reaction, as shown by the TaEF-Tu by introducing the G18A substitution reveals an
increase in the free energy of activation and a less favorableorientation of the methyl group of Ala18 (CB in Figure 9B)

entropic factor found for the GTPd%Seof G13ASEF-1a.
Surprisingly, kirromycin that did not stimulate the

GTPask? of SSEF-1t is able to stimulate the GTPa%ef

G13AS<EF-1a (Figure 5). However, the affinity of the

toward thea helix containing the consensus elements which
interact with GDP, thus resembling what occurs in the 3D
structure ofTtEF-G (Figure 9C). Although (also iftEF-G)
Alal9 is not involved in the interaction with GDP, it is

mutant toward the antibiotic was 1 order of magnitude lower possible that, irS€F-1a, the methyl group introduced by

than that determined for eubacterial EF-Tb), However,
kirromycin was incapable of stimulating the GDP/GTP
exchange reaction on bo8¥F-1a and G13/&$EF-1a, even
though a stimulation by kirromycin of the nucleotide
exchange on G138<£F-1a cannot be excluded because the
GDP/GTP exchange rate on G1S#&F-1o. was very fast,

the corresponding G13A substitution will cause hydrophobic
interactions, making the P-loop region more rigid, thus
increasing the affinity of the mutant enzyme toward GDP
and GTP but reducing its ability to hydrolyze GTP. This
possibility seems supported by the effects observed on the
biochemical properties @€£F-2. The removal of a methyl

even in the absence of the antibiotic. In addition, under the group by the A26G substitution makes the P-loop region

experimental conditions used in this work, kirromycin was

more flexible; therefore, the mutate8iEF-2 showed an

not able to inhibit poly(Phe) synthesis supported by both increased GTPase activity ).

SEF-1o and G13/AEF-1a (not shown). These results agree

In conclusion, the reduced ability of G13&F-1a to

with the previous observation that protein synthesis in support fH]Phe polymerization can be ascribed at least to

archaea is not inhibited by 1M kirromycin at 72°C (26,

two main reasons: (i) reduced capability to form the ternary

27). Such a different behavior between eubacterial EF-Tu complex with eterologous aa-tRNA and (ii) reduced GTPase

and archaeal EFel toward kirromycin was interpreted to

activity. Finally, the overall results reported in this work

be due to different architectures which made archaeal EF-indicated that the first amino acid residue in the consensus
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sequence G13XXXXGK[T,S] oBEF-1o. or A26XXXXGK-
[T,S] of SEF-2 (16) is important for the catalytic properties
of the two enzymes. In fact, when glycine is present in this
position, both factors display the maximum intrinsic GTPase;
vice versa, when alanine is present, the hydrolytic activity
is significantly reduced.
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