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Significant quantities of endogenous GDP and ADP are present
on catalytic sites of the F-ATPase isolated from M. lysodeikticus
in the absence of added nucleotides
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The F-ATPase from Micrococcus fysodeikticus is isolated in the absence of exogenous nucleotides. After removing loosely
bound nucleotides from the isolated enzyme by gel permeation chromatography, analysis for tightly bound nucleotides revealed
in 14 cxperiments (0.4 + 0.1 mol ADP. 0.5 £ 0.2 mol GDP, and 0.8 + 0.2 mol ATP per mol of F,. Incubation of the isolated
enzyme with Mg®" or Ca** did not alter the endogenous nucleotide composition of the enzyme. indicating that endogenous
ATP is not bound to a catalytic site. Incubaiion of the ¢nzyme with P, decreased the amount of tightly bound ADP and GDP but
did not affcct the ATP conrent. Hydrolysis of MgATP in the presence of sulfite raised the tightly bound ADP and lowcered tightly
bound GDP on the enzyme. In the reciprocal experiment. hydrolysis of MgGTP in the presence of sulfite raised tightly bound
GDP and lowered tightly bound ADP. Turnover did not affect the content of tightly bound ATP on the enzyme. These restlts
suggest that endogenous ADP and GDP are bound to exchangeable catalytic sites, whercas endogenous ATP is bound to
noncatalytic sites which do not exchange. The presence of endogenous GDP on catalytic sties of isolated F suggests that the
F,F,-ATP synthasc of M. lysodeikticus might synthesize both GTP and ATP under physiological conditions. In support of this
hypothesis., we have found that plasma membrane vesicles derived from M. Asodikticus synthesize [ PIGTP from { PP, using
malate as clectron doner for oxidative phosphorylation,

Introduction enzyme is usually made up of five different polypeptide

chains with the stoichiometry a,8;yde. The isolated

The ATP synthases of energy transducing mem-
branes are composed of an integral membrane com-
plex. F,. which mediates transmembrane proton con-
duction. and a peripheral membrane protein complex,
F,, which contains the catalytic sites. When removed
from the membrane in soluble form. F, hydrolyzes
ATP and a number of other nucleotides. The isolated
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F,-ATPases bind up 1o 6 mol of adenine nucleotides
per mol [1.2]. Three of the binding sites are potential
catalytic sites and are exchangeable during catalytic
turnover. The other three, which have a poorly defined
functional role. and are thus called noncatalytic sites,
do not exchange during turnover. The cadogenous
nucleotide contents of F,-ATPases isolated from dif-
ferent sources vary considerably. For instance. the F-
ATPase isolated from the thermophilic bacterium PS3
contains none [3]. whereas the F-ATPasc isolated frem
Escherichia coli contains about 5 mol of adenine nu-
cleotide per mol [4,5]. These variations might reflect
differences in physiological propertics of the intact
synthases or represeat differences in loss of nu-
cleotides during purification of individual enzymes, Al-
though ¥-ATPases from different sources hvdrolyze
GTP and ITP and bind exogenous GTP. ITP and GDP
[6-8] only ATP and ADP have been reported to be
present in isolated enzvmes. We report here that the
F,-ATPase isolated from M. Asodeikticus. which s
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purifed in the absence of adenine nucleotides. con-
tains tightly bound endogenous GDP in addition to
tightly bound ATP and ADP.

Materials and Methods

Enzyme purification. A bacterial culture of Micro-
coccus Ivsodeikticus, Fleming's strain (2665) was used.
The bacteria were grown under aerobic conditions at
30°C for 15 h in a medium containing 19 Bacto-tryp-
tone (Difco). 0.5 yeast extract (Difco), 0.5% NaCl
(pH 7.4) and werc harvested in early stationary phase.
To obtain membranes, the cells were treated with
lysozyme and DNAase according to Ref. 9. The mem-
branes were washed first with 0.1 M and then 0.03 M
Tris-HCI buffer (pH 7.4) before extracting the ATPase
with 10.003 M Tris-HCl {pH 7.4) according to Ref. 9.
The ATPase extract was centrifuged at 140000 X g at
15°C for 30 min and the supernatant w s concentrated
by ultrafiltration in Amicon cclls with synthetic mem-
branecs (YM 10 Diatlo).

The ATPase was purified by gel-filtration on a col-
umn packed with Superose 6 (1 X 100 ¢m) equilibrated
with 50 mM Tris-sulfate buffer (pH 7.8). About 5 ml of
protein (I mg/ml) was loaded and the column was
cluted with the same buffer at a rate 1 ml per min.
Fractions (1 mi} containing ATPase (Fig. 1A) were
pooled. the protein was concentrated to .6-0.8 mg /ml
by ultrafiltration and stored at — 10°C in 50 mM Tris-
sulfate buffer (pH 7.8). When the puritied ATPase was
submitted to polyacrylamide electrophoresis in the
presence of 19 SDS according to Lacmmli [10], it was
clear that it was ncarly homogencous as illustrated in
Fig. 1B. Although the € subunit ran off the gel shown
in Fig. 1B, it was readily apparent when the pooled
fractions were submitted to clectrophoresis under dif-
ferent conditions.

Preparation of plasma membrane vesicles. Plasma
membrane vesicles from M. hsodetkiicus were pre-
nared as follows. M. hsodeikticus celis (30 g) were
treated with 3 mg of lysozyme and 1 mg of DNAse in
300 mi of 10 mM Tris-HCl buffer {(pH 7.4). 3 mM
MgSO; and 0.25 M sucrose for 20 min at 37°C. The
resulting suspension was centrifuged at 16000 X g and
the sediment was resuspended in the same buffer also
containing 1 mM ATP and 1 mM malate to a final
protein concentration of about 1} mg per ml. The
suspension was sonicated for 1 min under cooling in
MSE-500 W ultrasonic disintegrator at a frequency of
20 keyeles and a current of 0.5 A. The sonicated
mixture was centrifuged at 22000 x ¢ and the sediment
discarded. The supernatant was centrifuged at 144000
X g. The pellet was washed in 10 mM Tris-HCl buffer
(pH 7.4) containing 0.25 M sucrose and 5 mM MgSO,
and then suspended in the same buffer at a final

protein concentration of about 20 mg per ml. The
vesicles were stored in | ml aliquots at — 20°C.

Analvtical procedures. The protein concentration was
determined by the method of Lowry et al. [11] using
bovine serum albumin as a standard. The MgATPase
activity was assayed with an ATP-regenerating system
coupled to oxidation of NADH by pyruvate in the
presence of lactate dehydrogenase. A sample of AT-
Pase (10-50 wl) was added to | ml of assay reaction
mixture which contained 50 mM Tris-HCI buffer (pH
8.0}, 2.6 mM MgSO,, 2.6 mM ATP, 50 mM KCl, I mM
PEP, 0.2 mM NADH, 10 U of pyruvate kinase and 10
U of lactate dehydrogenase at 37°C. For determination
of MgGTPase activity, lactate dehydrogenase and pyru-
vate kinase were increased to 30 U each. CaATPase
activity was measured in S0 mM Tris-HCI buffer (pH
8.0) containing 3 mM ATP and 3 mM Ca(l, at 37°C by
P, rclease was determined according to Rathbun and
Betlach {12].

Tightly bound nucleotides were analyzed by the
following procedure. Samples of the ATPase were cen-
trifuged through the columns of Sephadex G-50 equili-
brated with appropriate buffer. The protein was pre-
cipitated by treatment with perchloric acid (final con-
centration 0.5 N) and scparated by centrifugation. The
precipitate was dissolved in 0.2 M NaOH and protein
was determined according to Lowry et al, [11], The
supernatant was neutralized by KHCQ; (final concen-
tration (.5 M) and after 30 min at (0°C, KCIO, was
removed by centrifugation. The supernatant containing
extracted nucleotides (about (.1-0.2 ml) was diluted to
1 ml with 50 mM Tris-HCI buffer (pH 7.5).

Separation of nucleotides was carried out by ion
exchange chromatography on a Pharmacia-LKB (HRS
/ 1) Mono-Q column using an FPLC system (Phar-
macia-LKB). The column was equilibrated with 50 mM
Tris-HCI (pH 7.5). After loading the sample, the col-
umn was washed with 5 ml of the same buffer and
nucleotides were cluted with a salt gradient of 0 to 0.4
M NaCl in 50 mM Tris-HCI (pH 7.5) at a flow rate |
m! per min. Fractions of 0.25 ml ware collected. The
column was then washed with 2 ml of 1 M NaCl
followed by 3 ml of 50 mM Tris-HCI. The absorbance
of the eluate was monitored at 254 pm. The mM
cxtinction coefficients of 15.0 for ADP and ATP and
13.7 for GDP at 254 nm were used, For reference,
separation of AMP, ADP, ATP, GMP, GDP and GTP
present in a standard mixture by this method is illus-
trated in Fig. 2B. Absorption spectra of ADP, ATP
and GDP isolated by fractionation illustrated in Fig.
1A were determined between 220 nm and 320 nm
using an LKB Ultraspec recording spectrophotometer
in a volumn of 0.2 ml. A molecular mass for the
ATPase of 380000 was used in calculations. The GTP
and ATP synthasc activitics catalyzed by plasma mem-
brane vesicles from M. lysodeikticus were determined
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5 ml of crude ATPase extract (about 2 mg/ml) were loaded onto 4
column (1 x 100 cm) of Superose 6 which was equilibrated and cluted
with 30 mM Trs-HCH (pH 7.8) with a flow rate 1 ml per min. The
Ca-ATPase o1 10 ul of each fraction was assayed as deseribed 1o
‘Materials and Methods'. {B) Paticrn of stained proteins obtained
after submitting fractions 50-57 (Fig. 1A) to polyacrylamide gel
celectrophoresis according to Laemmlbi [10} on 12% gels in the pres-
ence of 17 sodium <odecyl sultate, S0 ul of each fraction were
loaded into the wells of the designated lanes. The molecular weight
standards were: rabbit skeletal muscle myosin, 2000000; E. coli 8-
galactosidase. 116250: rabbit muscle phosphorylase b. 97400: bovine
serum albumin, 66200; hen egg white ovalbumin. 42699 hovine
carbonic anhydrase. 31000: soybean trypsin inhibitor. 21 30X: and hen
epg white vsozyme B0

by the incorporation of [*PJP, into GTP and ATP.
Reaction mixtures (0.5 mi) contained 20 mM Hepes
(pH 74). 5 mM MgSO,. 0.25 M sucrose. H{*PO,
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(2.5-10° cpm) | mM KH.PO,. I mM GDP or ADP
and plasma membrane vesicles (40 ug of protein).
Syntheses were initiated by addition of 10 mM malate
and were carried out at 20°C with intensive acration.
At 2 min intervals, samples, 50 ul each, were removed
from the reaction mixtures and injected into 0.5 mi of
% activated charcoal suspended in 0.5 M HCL. After 5
min, the charcoal containing {>PIGTP or [“PJATP
was collected on glass microfiber filters (Whatman
GF /F) and submitted to liquid scintillation counting.

Results

The ATPase purified from the membrancs of Mi-
crococcus vsodeikticus hydrolyzes CaATP with a spe-
cific activity of about 3~5 ymol min~' (mg protcin) '
at 37°C. The ATPasc activity observed when F, was
removed from the membrane. where the ATPase is
latent in the absence trypsin digestion, might be caused
by partial proteolytic digestion of a small inhibitory
subunit by endogenous proteinases [13.14]. As pre-
sented in Table I. Mg®*-dependent ATPase activity of
the soluble ATPase in a coupled ATP-regencrating
system was 1.9 gmol min ' (mg protein) ' and was
stimulated 2-fold by sulfite. The same level of activity
and sulfite stimulation were observed for the hydrolysis
of MgITP. However, MgGTP was hydrolyzed more
slowly with a specific activity of 0.85 wmol min "’ mg ™'
but exhibited 3.5-fold activation with sulfite. The high
level of stimulation of GTPase activity by sulfite is a
characteristic of the M. Ivsodeikticus ATPase that dis-
tinguishes it from the mitochondrial ATPase [15].

The tightly bound. ¢ndogenous nucleotides present
in a typical preparation of M. fsodeikticus ATPase is
shown in Fig. 2. From comparison of Fig. 2A with Fig.
2B it appears that the enzyme containys three different
tightly bound nucleotides. ADP. GDP and ATP. To
verify that the peaks do indeed contain these nu-
cleotides, samples of the different peaks were submit-
ted to scanning spectrophotometry. The spectra of

TABLE 1

ATPase and G TPase actinty of Fr-ATPase trom Mucrococcus lsodvih -
feus

Laame activity was measured with an ATP or GTP regenerating
system containing M mM Tris-HCE buffer (pH 80). S0 mM KOl 1
mM PEP. .2 mM NADH. 10 or 30 U of lactate dehydrogenase and
pyruvate inase at 37°C.

Substrate Activity Sulfite
(gmolmin ' aciivation
mg Y

2.5 mM MgATP 1.y

2.5 mM MgATP. 20 mM suifite 17 2.5-fold

2.5 mM MeGTP (.85

2.5 mM MgGTP. 20 mM suitite 0 33-fold
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Fig. 2. {A) Separation of tightly bound endogenous nucleotides

removed from the M Asodekticus ATPase by anion exchange chro-
matography. Loosely bound nucleotides were removed from a 0.2 ml
sample of the ATPase Gabout 0.5 mg /ml} by centrifugation through a
O ml Sephadex G-30 column equilibrated with 50 mM Tris-HCl
{(pH 7.3). The pruwin was precipitated with perchloric acid. The
protein content of the preeaitate was determined according to
Lowry et al. [H] The supernatant was neutralized with KHCO,,
reeentrifuged to remove RCIO,. and then submitted to ion exchange
chromatography on @ Mono-Q column which was cluted with a NaCl
gradient from U 1o 0.4 M in S0 mM Tris-HCHpH 7.5) at a flow rate |
ml per min. (B). Position of AMP, ADP. ATP, GMP, GDP and (TP
when elated from the MonoQ column using & gradient of (.4 M
NaClin 30 mM Tris-HCH(pH 7.5) into the same butfer at a tflow rate
of 1 ml per min. The concentrations of nucleotides were: AMP. 1.9
#MUADP. 27 g M ATP. 23 aM: GMP, 038 uM: GDP. 125 uM.
and GTPR. 8.6 M.

samples from peaks 1. 2 and 3 are presented in Fig, 3.
Comparison of retention times of peaks in Fig, 2 and
these spectra with those of authentic samples of ADP
and GDP coniirmed that peak 2 contained GDP. The
spectrum of the material examined in peak 3 was that
of an adenine nucleotide (curve 3 in Fig. 3). Therefore
this peak is concluded to be ATP. The small peak
eluting at 2 min before the salt gradient was applied
probably represents traces of protein not precipitated

after PCA treatment which were detected by the sensi-
tive optical system employed. From the data of four-
teen cxperiments, the mol of ADP, GDP and ATP
tound per mol of ATPase were 0.4 £ 0.1, 0.5 £ 0.2 and
0.8 + 0.2, respectively.

Other propertics of the nucleotide binding sites
were examined. The results of these experiments are
summarized in Table II. The ATPase was incubated
under different conditions, and then separated from
the incubation mixture by centrifugation through the
Scphadex G 50 column. Tightly bound nucleotides
were then analyzed.

As presented in Table 11 incubation of the ATPase
with Mg®* o Ca’* for 30 min did not change the
content of tightly bound ADP., GDP or, most impor-
tantly. ATP. Hydroelvsis of tightly bound ATP was not
observed under these conditions, Incubation of the
ATPase with P, resulted in a decrease of the level of

tightly bound ADP and GDP but did not affect the
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Fig. 3. Absorbtion spectra of the tightly bound endogencus nu-
cleatide of the M. hsodeiktions ATPase. {A) Absorption spectra of
peak H1) and peak 202} and peak 3(3} from Fig. 2. (B) Absinption
spectra of L7 M ADP and 5 xM GDP in 50 mM Tris-HCl baffer
(pH 7.8).



TABLE 1]

Effects of Mg* ", Ca”". P, and PP, on tighthe hound endogenous
nucleotides on the M. Ivsodeikticus Fp-ATPase

Samples. 0.2 ml each, of M. hsodeikticus ATPase preparations
(0.2-0.7 mg of protein/ml} were centrifuged through a 2 mil column
of Sephadex G-50 cquilibrated in 50 mM Tris-HCE (pH 7.5) or 20
mM sodium phosphate (pH 6.3). and then incubated under the
different conditions indicated. Unless indicated otherwise. samples
were treated in SO mM Tris-HCl {(pH 7.3). Samples marked with an
asterisk (*) were passed through a second centrifuge column equili-
brated with 50 mM Tris-HCl before analysis for nucleotides as
described in Materials and Methods.

Additions Bound nicleotides
(mol/mol F))
ADP GDP ATP
None 0.4 0.4 09
None 04 0.4 1.0
None 0.5 0.3 1.0
I mM Mg” "1 20°C; | min 0.6 0.5 0%
10 mM Mg? *; 20°C: | min 0.5 04 1.0
10 mM M;:,: T2 37°C: My min n.s 0.4 0.9
5mM Ca® " 37°C; 30 min 04 (0.3 1n
*20mM P, (pH 6.3): J7°C:
30 min 0.1 0.2 1.0
*10mM PP | mM CDTA:
37°C; 30 min 0.4 (.6 0.8
20 mM P, (pH 6.3).
1 mM Mg® "1 37°C: 30 min 0.6 0.5 08

ATP content. The addition of 1 mM MgSO, to the
incubation mixture prevented loss of ADP and GDP
promoted by P,. Inorganic pyrophosphate in combina-
tion with CDTA did not promote rclease of tightly
bound nucleotides from the enzyme.

As shown in Table I, incubation of the enzyme
with MgATP in the presence of sulfite (at pH 7.5)
raised the ADP content and decrcased the tightly

TABLE 111

FExchange of tighthy bound endogenous ATP and GDP promoted by
exogenous nucleotides

Samples. 0.2 ml each. of M. fsodeihrices ATPase (0.2-0.7 mg of
protein /ml) were centrifuged through & 2 ml column of Sephades
G-50 equilibrated with 500 mM Tris-HCl buffer (pH 7.3) ana then
incubated under the different conditions indicated, After incubation.
samples were passed through two centrifuge columns, | ml each.
equilibrated with the same bufter.

Additions Bound nucleotides
(mol/mol enzyme)
ADP GDhp ATP
In Tris-HCl (pH 7.5)
None 0.3 o 1.6
0.1 mM MgATP: 1S mM
sulfite: 37°C: ¥ min 1.2 (2 0.3
0.1 mM MgGTP; 15 mM
sulfite: 37°C: 30 min 0.1s [t 0.6
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TABLE IV

Inactivation of M. hodeikticws AT ase by 40 g M quinacrine miistard
with and without exogenaies natiral bgands

The ATPase (0.2 mg/mb was incubated in 50 mM Tris-HCT bufier
(pH 7.8) with 40 M quinacrine mustard in the presence or absence
of ligands. Samples of the reaction mixtures were withdrawn at S min
intervals to deter nine MgATPise activity using the coupled ATP-re-
generating system. Pscudo-first-order rates of inactivation, &', were
determined from Guggenheim plots [25]

Additions 10° <k tmin D
None 8.25

3mM Mg*- 78

0.1 mM MgADP 45

0.1 mM ATP 44

(1.1 mM MgATP 20

0.1 mM MpGTP 32

bound GDP content. On the other hand. incubation
with MgGTP and sulfitc lowered the level of tightly
bound ADP. whereas the level of tightly bound GDP
increased. Thus. ADP and GDP can exchange with
cach other during turnover conditions, The amount of
tightly bound ATP did not change under any of the
conditions examincd.

Quinacrine mustard which has been shown to inacti-
vate the mitochondrial F-ATPase by derivatizing the
B subunit. [16.17] is a potent inactivator of M. hsodeik-
tices ATPase as shown in Table 1V. As has been
observed for the mitochondrial enzyme (Bullough, D.A.
and Allison, W.S. (1988), unpublished data). adenosine
and guanosine di- and triphosphates protect the M.
Iesodeikticus ATP against inactivation with quinacrine
mustard. However, inactivation of the M. hsodeikticus
ATPasc with quinacrine mustard did not affect the
tightly bound nucleotide content of the enzyme. This
observation is consistent with evidence presented on
the mitochondrial F-ATPase which suggests that the
site in the B subunit that reacts covalently with
quinacrine mustard is not part of a nuclcotide binding
site [17.18]. Therefore, binding of nucleotides to their
specific sites appears to decrease the affinity or reactiv-
ity of quinacrine mustard for its specific site in the 38
subunit by indirect effects.

The presence of tightly bound GTP on the enzyme
ard the observation that sulfite stimulates GTPase
activity, suggested that the membranc-bound ATP syn-
thase of M. hsodeikricus can catalyze GTP as well as
ATP synthesis. To test this hypothesis. the capacity of
membrane vesicles to phosphorvlate GDP and ADP
with [PIP, under conditions of oxidative phosphoryla-
tion was determined as described under Materials and
Methods, The results of this comparison showed that
33.6 nmol GTP and 39.5 nmol ATP were synthesized
per mg protein per min under the same conditions in
Jdiffcrent experiments. As shown in Table V. GTP-syn-
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TABLE Y

GTPase synthase aen iy of M. sodeiknicns plasma piembrane cestcles
GTP-svithase wetivity was measured as deseribed in Materials and
Methods. Plasma membriane vesicles (1660 gg of protein /mi) were
treated by 0.5 mM DOCCD in the buffer containing 20 mM Hepes
(pH 745 5 mM MgSO,. (.25 M sucrose at 20°C for 20-25 min. The
reaction misture was diluted 2-fold with the same bufter rot contain-
ing DCCD but containing GDP {or ADP) and KH37PO,. Synthesis
was initiated by wddition of malate. Ethanol at 0.57¢ did not inkibit
oxidative phosphonvlation in the absence of DCCD.

nmol | ¥ PIGTP min !
tmg protein)

None 3.6
KON, 05 mM 2.7
FCCP, 45 uM 0.0
DCCH. 0.A mM 87

Fthanol, 0.5 330

thase activity was inhibited by 927 in the presence of
0.5 mM KCN, by 74¢ after treating the membrane
vesicles with 0.5 mM DCCD. and by 100% in the
presence of 4.5 uM FCCP,

Discussion

From the results presented it s clear that M.
Isodeikticus ATPase contains tightly bound ATP, ADP
and GDP. Incubation of the enzyme with Mg~ ", sulfitc
and GTP (turnover conditions) did not release ATP
from this binding site. these results strongly suggest
that ATP is located in a nonexchangeable, noncatalytic
sitc of the enzyme. The observation that endogenous
nucleotides were exchanged during hydrolysis of ATP
or GTP shows that both ADP and GDP arce located in
exchangeable sites on the enzyme. Although. it was not
shown thart the rate of exchange observed is cquivalent
to that of turnover. the results presented suggest that
tightly bound ¢ndogenous ADP and GDP are on cat-
alytic sites.

The observation that stimufation of the Mg® -
GTPase by sulfite was greater than stimulation of the
Mg -ATPase activity by sulfite distinguishes the bac-
terial ATPase from the mitochondrial ATPase. since
sulfite has little effect on GTP or ITP hydrolysis by
mitochondrial ATPase {15]. Evidence has been pre-
sented showing that sulfite accelerated the release of
ADP from the catalytic sitc of the spinach chloroplast
ATPase under turnover conditions [19]. Thus, the fact
that sulfite stimulated GTPase activity of the M.
Ivsodeikticus ATPase supports our contention that en-
dogenous GDP is located on a catalytic site of the
cnzyme.

The F,-ATPases from bovine heart mitochondria
and yeast [8.20] and spinach chloroplasts [6] have been
shown to bind cxogenous GTP or GDP. Harris et al.

[21] have reported that hydrolysis of GTP or I'TP by
submitochondrial particles is relatively inefficient in
driving cnergy dependeni reactions. However, in con-
trast to this contention, Matsuno-Yagi and Hatefi [22]
have recently reported that submitochondrial particles
catalyze cooperative GTP synthesis. The phosphoryla-
tion of GDP and IDP was also shown to be catalyzed
by chloroplast [23} and E. coli membranes [24].

The results presented establish that tightly bound,
endogenous GDP is present on the M. lysodeikticus
F,-ATPasc when isolated in the absence of exogenous
nucleotides. Since other F-ATPases are usually pre-
pared in the presence of ATP. which would exchange
with endogenous GDP on catalytic sites, it is not clear
whether this property is unique to the M. hysodeikticus
ATPase. or this is a property common to F-ATPases
in general. The presence of tightly bound endogenous
ADP and GDP on a catalytic site of F, may indicate
that GTP as well as ATP are synthesized by the F F;-
ATP synthasc of M. lysodeikticus under physiological
conditions. This possibility is strongly supported by the
demonstration that plasma membrane vesicles isolated
from M. lvsodeikticus catalyze ATP and GTP synthesis
with cqual facility using malate as clectron donor for
oxidative phosphorylation,
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