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Protein synthesis elongation factor Tu has been purified from
an extireme thermophilic hydrogen oxidizing bacterium Caldercbacte-
rium hydrogenophilum. The molecular mass of EF-Tu .GDP is 51 000.
The factor is heat stable and_loses only 50 % of its activity
after heating for 5 min at 80°C. Under mild conditions trypsin
cleaved EF-Tu.GDP to four main fragments.Only one fragment of
M_= 20 000 had a mobility similar to the trypsin fragment "B" of
Escherichia coli EF-Tu.Other peptide fragments of E.coli and C.
hydrogenophilum EF-Tu differed in size,but native preparations of
both factors are immunologically similar. o 1988 academic press, Inc.

Protein synthesis elongation factor Tu from an extreme thermo-

phile Thermus thermophilus differ from that of mesophilic E.coli

in several important features.Complex EF-Tu.EF-Ts of T.thermophi-
lus could not be dissociated by the surplus of GDP to EF-Tu and
EF-Ts (1). The factor from T.thermophilus is fully active at 60°C,
while EF-Tu of E.coli lost its activity after 5 min incubation at
55°C. Antibodies developed against EF-Tu of E.coli did not cross-
react with T.thermophilus EF-Tu. However,recent reports on sequ-
ence determination of the ftuf gene coding EF-Tu of T.thermophilus
showed about 70 % homology with those of E.coli (2,3). Although
the molecular basis of thermostability of EF-Tu remalns unknown
the high content of G+C in T.thermophilus (66 mol %) is implica-

ted in the mechanisms of EF-Tu thermoresistance (2).
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Here, we rTeport on molecular properties of EF-Tu from

Calderobacterium hydrogenophilum containing 41 mol % G+C. The

factor is structurally related to EF-Tu of E.ccli and has been

shown to be fully active at 70°C.

MATERIALS AND METHODS

Calderobacterium hydrogenophilum an extreme thermophilic,obligate chemoau-
totrophic hydrogen oxidizing bacterium was isolated from hydrotherms of Kamcha-
tka.The Cells were cultivated in a mineral medium in atmosphere of H /D €0
(7:2:1) at 75°C (4).After a 18 h cultivation the cells were washed thict whth
standard buffer (10 mM Tris-HC1l,pH 7.5, 10 mM magn851um acetate, 60 mM NH C1
and 6 mM 2-mercaptoethanol) and frozen at -70%.

Isolation of EF-Tu.GDP

Postribosomal supernatant proteins were precipitated with ammonium sulphate to
30 % and 70 % saturation.Protein fraction sedimented at 70 % saturation conta-
ins the bulk of EF-Tu.Electrophoretically homogeneous EF-Tu.GDP was isolated
by affinity chromatography on GDP-Sepharose (5).

Limited tryptic digestion of EF-Tu.GDP

Bigestion of EF-Tu.GDP with trypsin was performed as described previously (6).
The ratio of the factor to trypsin was 40:1.The reactions were performed at
379C or at 0°C.At the time intervals lO/ul samples were mixed with 40 ,ul sclu-
tions containing 60 mM Tris-HC1l, pH 6.8, 2 % SDS, 10 % glycerol, 5 % Z-mercap-
toethanol and 0.001 % bromophenyl blue. The samples were boiled at 95°C for

3 min and subjected to electrophoresis on 15 % S0S-polyacrylamide gels.

Terminal amino acids

The dansyl-Edman method with identification of the nmewly released N-terminal
amino acid at each cycle with dansyl chloride was used to determination of
N-terminal residues of EF-Tu and tryptic peptides (7).Carboxypeptidase A was
used to determination of C-terminal sequences (8).

Assay of EF-Tu
EF-Tu.GDP (505 pmol) was incubated with 500 pmol |3H[GDP at 0°C in a reaction
mixture (0.1 ml) containing 50 mM Tris-HC1l, pH 7.8, 10 mM magnesium acetate,
50 mM NH461 and 1 mM dithiothreitol.After a 20 min incubation the reaction mix-
tures were stopped,filtered through membrane, washed and radiocactivity of dry
filters was determined.

EF-Tu dependent translation of poly(UG) was performed as in (9).

RESULTS

Polyacrylamide gel electrophoretic analysis under denaturating

conditions of the elongation factor Tu from C.hydrogenophilum is

shown in Fig.l. The purity of the factor was at least 97 % (Fig.1A
lane 1).This factor differs from analegous preparations of E.coli

in electrophoretic mobility (lane 4) or when both EF-Tu.GDP prepa-
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Fig.1.5DS-polyacrylamide gel electrophoresis of C.hydrogenophilum EF-Tu.GDP

(A) Lane 1-C.hydrogenophilum EF-Tu.GDP (5,ug); lane 2-reference proteins
(from top: conalbumin M_=78 000, egg élbumin M_=45 000, B-lactalbumin
M_=40 000,chymotrypsinogen M_=25 000, myoglobiﬁ (M_=17 000); lane 3-
partially purified preparation of C.hydrogenophilum EF-Tu (25/ug);
lane 4-E.coli EF-Tu.GDP (10,ug); lane 5-C.hydrogenophilum and’E.coli
EF-Tu were mixed and run together.

(B) Relative mobilities of the C.hydrogenophilum EF-Tu.GDP and reference
proteins.

rations were mixed and run together (lane 5).The relative molecu-

lar mass of the EF-Tu.GDP from C.hydrogenophilum <Mr: 51 000) was
calculated from mobilities of reference standard proteins plotted
against their molecular mass (Fig.1B).

In order to gain some insight into molecular organization of
the factor,we decided to dissect the protein with trypsin.The fra-
gments generated were compared with well characterized tryptic di-
gests of E.coli EF-Tu (Fig.2).Trypsin cleaves (at 0°c or 37°C)

EF-Tu of C.hydrogenophilum to the main fragments of Mr: 43 000,

41 000, 20 000, 17 000 and 10 000. The high molecular mass frag-
ment (Mr: 43 000) and small fragment (Mr: 10 000) were produced
after 1 min incubation at 37°C. The fragment of Mr: 43 000 was
then cleaved to a more resistant peptide of Mr: 41 000.Kinetics of
trypsinolysis suggest that the fragment of Mr= 41 000 was further

digested to fragments of Mr: 20 000 and Mr: 17 000. The data pre-
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Fig.2.Electrophoretic pattern of limited digestion of E.coli and C.hydrogeno-
philum EF-Tu.GDP. E_-E.coli EF-Tu.GDP; E;to E4 -time dependent trypsi-
nolysis of the factBr (min). C —C.hydrogénophlgum EF-Tu.GOP; Clto Cag™
time dependent digestion of the factor.

sented in Fig.2 also show that only one fragment of Mr: 20 000 had

a mobility similar to the trypsin fragment "B" of E.coli EF-Tu.

We further attempted to locate trypsin fragments with structure
of EF-Tu. The following N-terminal sequences were found: the small
fragment Mr: 10 000 contains Ala-lLys; the fragments Mr=41 000 and
Mr: 20 000 possessed‘identical sequences Gly-Ile-Thr-Ile-Asn-Thr-.
The fragment Mr: 17 000 contains seguences Leu-Ile-. Since the
N-terminal amino acid of native EF-Tu contains free Ala, the frag-
ment of Mr= 10 000 is presumably derived from the N-terminal part
of EF-Tu. Sequence homologies between N-terminus of fragments
Mr: 41 000 and Mr: 20 000 suggest that the last fragment arose from
that N-terminal part of the peptide Mr: 41 000. C-terminal amino
acids of native EF-Tu,fragments of Mr: 10 000 and Mr: 17 000 were
analyzed after Carboxypeptidase A digestion (8).The tentative
C-terminal sequences of intact EF-Tu as well as those of fragments
Mr: 17 000 are OH-Gly-Val-Ala-.These data indicate that the pepti-
de Mr= 17 000 is derived from C-termini of EF-Tu.

It was shown previously(l) that antibody developed against
E.coli EF-Tu did not show any cross-reactivity with the EF-Tu of
thermophile microorganisms J.thermophilus. We found immunological

similarity between EF-Tu of C.hydrogenophilum and EF-Tu of E.coli

(Fig.3).Clear precipitin lines were visible already after a 10 h
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Fig.3.Immunological reactivity of C.hydrogenophilum EF-Tu with anti-EF-Tu
of E.coli. Central well contained the anti EF-Tu of E.coli and periphe-
ral wells 1 and 2 E.coli EF-Tu.Wells 3-6 contained an increasing amount
of C.hydrogenophilum EF-Tu (1,5,10,and ZO/UQ).

Fig.4.Elongation factor Tu dependent translation oflRoly(UG) on ribosomes of
E.coli. Synthesis of polyphenylalanine from |* C|Phe-tRNA was carried

out in 0.1 ml reaction mixtures as described in (9). E-E.coli EF-Tu;
C- C.nydrogenophilum EF-Tu.

of incubation at room temperature. We thus conclude that EF-Tu of

E.coli and C.hydrogenophilum are structurally related proteins.

The factor dependent translation of poly(UG) was employed to
study EF-Tu specificity. Synthesis of polyphenylalanine from
|14C|Phe—tRNA on ribosomes of E.coli was examined at 37°C.Results

presented in Fig.4 show that C.hydrogenophilum EF-Tu can substitu-

te about 75 % of the activity E.coli EF-Tu. As expected at the
temperature optimal for translation of poly(UG) on ribosomes of

C.hydrogenophilum (70%C) (10),E.coli EF-Tu was inactive.

In the following experiments the activity of both EF-Tu prepa-
rations was examined as a function of temperature. The factors
were preincubated for 5 min at different temperatures ( 359C to
95°C) and EF—Tu.GDP/IEHiGDP exchange was estimated using membrane

filter assay. As shown in Fig.5A, E.coli EF-Tu.GDP lost about

388



Vol. 165, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

600
A 600 B
L]

- = i
Rl £

400 g
g ~ 400
- °
I3 c
5 3
° o
2 2
&
; 8 I
-~ 200 T
I T 200
< L) ~

o L 0 fe}
40 50 60 70 80 90 100 0 3 10 15 0
Temperature (°C) Time (min)

Fig.5.Thermal stability of C.hydrogenophilum and E.coli EF-Tu GDP.

(A) Eiongation factors were prelncubated at_temperatures from 3508 to 95°¢C
for 5 min and incubated for 20 min at 0 C. C.hydrogenophilum EF-Tu.GDP
(@ J; E.coli EF-Tu.GDP ( QO ).

(B) Kinetigs of activation of EF-Tu.GDP of C.hydrogenophilum at 60 % ( Q)
and 70°C (. ). Temperature dependent inactivation of EF-Tu.GOP of
E.coli at 60°C ( [T ) and 70°C ( g ).

50 % of activity at 55°C and after preincubation at 60°C the fac-

tor was inactive. In contrast, the activiiy of C.hydrogenophilum

EF-Tu increases as a function of temperature up to 70°C and at
80°C the factor lost only 50 % of its activity. The complete ther-

mal inactivation of the factor was observed after a 5 min at 9508.

The binding of lBHIGDP stimulated by C.hydrogenophilum EF-Tu was

enhanced by thermal activation of the factor. Kinetic of the reac-
tion at 60°C and 70°C is shown in Fig.5B. When the factor activity
was examined at 0°C (without activation) the factor possessed
about 75-80 % of its maximum activity (after activation).To eli-
minate possible artifacts of the assay system,analogous experi-

ments with E.coli EF-Tu were simultaneously performed.

DISCUSSION
The experiments reported here are consistent with conception

that the thermal stability of C.hydrogenophilum £F-Tu is not accom-

panied by an extensive structural changes of the factor.This sugge-
stion is supported by results of immunological experiments (Fig.3)

demonstrating a structural relationship between C.hydrogencphilum
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and E.coll EF-Tu.The thermal stability of EF-Tu of T.thermophilus
is connected with a higher G+C content in the DNA (2).However,
there are data indicating that the high G+C rate may not be exclu-
sively connected with thermal stability of proteins.Thus,Strepto-

myces aureofaciens contains 72 mol % of G+C and temperature opti-

mum for growth is 28°C and the EF-Tu lost 50 % activity after 2 min

at 50°C (11).0n the other hand,Methanothermus fervidus or Methano-

coccus janaschii contais 33 and 31 mol % of G+C and optimum tempe-

ratures for growth are 83°C and 85°C respectively (12).

An interesting difference between the EF-Tu of C.hydrogenophi-

lum and T.thermophilus was found in response to elevated temperea-
tures. The EF-Tu from T.thermophilus had the same activity when
heated for 5 min at 20°C to 60°C and then assayed at 0°C for the
residual activity (13).In contrast, the preincubation of C.hydro-

genophilum EF-Tu at temperatures from 50°C to 70°C (Fig.S5A and B)
enhanced the rate of |3H|GDP exchange significantly.These results
indicate that temperatures regquired for the optimum growth may
induce conformational changes of EF-Tu influencing its functional
state. Further study using NMR and oligonucleotide directed muta-
genesis of the tuf gene should provide more stringent evidence

whether this assumption is correct.
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