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The F,-type ATPase has been tsolated from membrane preparahons of marme alkalotolerant bacterium, Vzbrro algtnalyttcus The enzyme was found 
to constst of two maJor subumts of 55 and 58 kDa and at least two mmor components (38 and 23 kDa) Ammo acid sequences of N-termmal 

regtons of the maJor subunits revealed close homology with those of E co21 H+-ATPase and of Propromgenrum modesturn Na+-ATPase 

Marme bacterium, ATPase, Sequence, (Vlbrto algmolytrcus) 

1. INTRODUCTION 

The bioenergetics of marine alkalotolerant bacteri- 
um, UVibrio alginolyticus, has been thoroughly studied 
in our laboratory. The ApNa+-dependent ATP syn- 
thesis in the cells of K alginolytzcus and ATPase-linked 
Na+-uptake by inverted membrane vesicles have been 
demonstrated [ 1,2]. These data suggest that Na+-driven 
ATP-synthase is inherent in this microorganism. Re- 
cently we described an ATPase in the membrane prepa- 
rations from V. alginoiyticus [3]. This enzyme was in- 
hibited by DCCD, NBD-Cl, sodium azide and diethyl- 
stilbestrol and was resistant to vanadate. Such pattern 
of inhibitor sensitivity is characteristic of FoFi- 
ATPases. Here we report purification of the Fi compo- 
nent of I’. algznolyticus ATPase and N-terminal se- 
quence of its major subunits. 

2. MATERIALS AND METHODS 

2.1. Cell cultrvatron and tsolatton of the membrane fractron 
V. algmolyttcus, stram 138-2, was a gift of H Tokuda (Chtba 

Umversrty, Japan) Cells were cultivated and subbactertal vesicles 
were prepared as described elsewhere [3] 
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Abbrevrattons: Mes, 2-(N-morphohno)ethanesulfomc acid; Hepes, 
N-(2-hydroxyethyl)plperazlne-N’-(2-hydroxypropanesulfonlc acid); 
DCCD, N,N’-dtcyclohexylcarbodumtde; PMSF, phenylmethyl- 
sulfonylfluonde, NBD-Cl, 7-chloro-4-mtrobenz-2-oxa-l,3-dutzole; 
ApNa+, electrochemtcal potenttal of Na+-ions 

2 2 Analytic procedures 
ATPase was assayed etther by hberatton of morgamc phosphate by 

the method of Lm and Morales [4] or by ADP productton m an 
enzyme-coupled regenerating system wtth pyruvate kmase and lactate 
dehydrogenase [S] at 28°C. The assay medmm routinely contained 
100 mM Tns-Mes, pH 7 6, 7 mM MgS04 and 2 mM ATP 

2 3 ATPase extractton 
Membranes were diluted 30-fold wtth the medmm, contammg 

3 mM EDTA, 5 mM ATP, 10 mM Trts-Mes, pH 8.0, 1 mM PMSF, 
incubated for 30 mm at room temperature and then pelleted by cen- 
trtfugatton at 50000 x g for 1 h. Supernatant was used for the 
ATPase purification 

2 4 Chromatography techniques 
The extract contammg solubthzed ATPase was apphed to DEAE- 

Sephacel column (2 8 x 3 cm) m the buffer contammg 10 mM Tns- 
Mes, pH 8.0, 5 mM ATP, 20% ethyleneglycol, 0 1 mM PMSF (buf- 
fer A) The protein was eluted with thts buffer and supplemented with 
NaCl (linear gradtent O-O.5 M) Fracttons, contammg ATPase acttvt- 
ty were mtxed and 50 ~1 of 5 M NaCl per ml were added This protein 
solutton was applied to phenyl-Sepharose column (1 x 20 cm) pre- 
equilibrated with buffer A, contammg 0 5 M NaCl Column was 
washed wtth 2 vols of this solutton and then protein was eluted first 
with a decreasmg gradtent of NaCl m buffer A (0 4-O M) and then 
wnh buffer A alone Fracttons contammg ATPase acttvny were mtx- 
ed and concentrated on a small DEAE-Sephacel column Gel ftltra- 
tton was performed on a Toyo-pearl HW-60 column (2.8 x 100 cm) 
equthbrated wtth buffer A 

SDS-electrophoresrs was performed accordmg to Laemmh [6] wtth 
14010 separating gel. 

2.5. Electroblottmg 
After electrophorests the gel was soaked m transfer buffer (20 mM 

NasB407, pH 9 5) for 5 mm to reduce the amount of Trrs and glycme 
PVDF membrane was rinsed wtth methanol and soaked m transfer 
buffer for 5 mm The gel was sandwtched between PVDF membrane 
and several sheets of blottmg paper and was assembled mto a blottmg 
apparatus (Mtdget Multtblot 205’ (LKB, Sweden) and then electro- 
eluted for 2 h at 300 mA m transfer buffer The PVDF membrane 
was soaked m detomzed water for 3-5 mm, stamed wtth 0 1% 
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The ATPase activity of the EDTA extract was found 
to be sensitive to NBD-Cl and azide, which are known 
to interact with Fr component of FoFt-ATPases. Di- 
ethyistilbestrol had no inhibitory effect on solubilized 
ATPase. DCCD inhibited both the membr~e~bound 
and solubilized ATPases, though in the latter case much 
higher inhibitor concentrations were necessary (fig. 1, 
table 1). In another experiment the vesicles were treated 

Fig. 1. DCCD inhibition of the membrane-bound (0) and solubilized 
(e) ATPase. Prepartions were incubated with DCCD for 30 min at 
20°C. Protein concentration 0.1 mg/ml. Activity without DCCD was 
0.20 pmollmg protein for the membranes and 0.37 pmol/mg protein 

kDa 

for EDTA extract (solubilized ATPase). 67 

2.7. Chemicals and mareriais 
Tris, Mes, Hepes and ATP were from Sigma (USA), DCCD from 

Serva (FRG), DEAE-Sephacei and phenyl-Sepharose from Phar- 
macia (Sweden), Toyo-pearl from Toyo-Soda (Japan). PVDF mem- 
branes (Immobilon Transfer), 0.4 pm pore size were obtained from 
Millipore (UK). Sequencing grade reagents, glass and Teflon fiber 
discs and Polybrene were purchased from Applied Biosystems (USA). 
Other chemicals were of analytical grade. 

3. RESULTS 

Coomassie blue R-250 in 50% methanol for 5-7 min, then destained 
in 50% methanol/lO% acetic acid at room temperature and air-dried. 
The membrane was stored at - 30°C. 

2.6. Sequence ana&sis 
The protein band (80 pmolf eiec~oblott~ onto PVDF membrane 

and stained with Coomassie blue was cut out with a clean razor, 
centered on the Teflon seal and placed in the cartridge block of these- 
quenator. Proteins were sequenced on Applied Biosystems model 
477A sequenator equipped with on-line PTH-analysis model 120 
HPLC apparatus (Applied Biosystems). The PTH derivatives were 
separated by reverse-phase HPLC over a Microsil C-18 column 
(Macherey-Nagel). 

Table 1 

Inhibitor sensitivity of the membrane-bound and solubilized ATPase 

inhibitor Concentration 
@Ml 

Percent of inhibition 

membrane solubilized 
ATPase ATPase 

DCCD 10 63 <5 
200 75 88 

NBD-chlo~de 100 ?I 65 
DES 20 59 <5 
Sodium azide 1 75 93 

Table 2 

Purification of the solubilized ATPase 

Specific activity Yield of Protein 
(~mol/min mg prot.) activity (Ore) (mgf 

Membranes 0.19 100 60 
EDTA extract 0.42 91 23 
DEAE-Sephacel 4.3 41 1.3 
Phenyl-Sepharose 7.2 17 0.3 

30 - 

- 

a b c d 

Fig.2 SDS-electrophoresis of the purified ATPase (hydrophobic 
1 chromatography) (a), partly purified ATPase (ion exchange 
chromatography) (b), EDTA extract (c), membranes (d). 30 cg pro- 

tein was applied to each lane. 
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" a~~~,zoi>tt,,tu~ f3 M-Q-L-N-S-T-E-I-S-It-L-I-K-Q-R-I-E-S-F- 

one, which possesses catalytic activity and is inhibited 
by NBD-Cl, sodium azide and DCCD at htgher concen- 
trations. 

1 c. : 1.1 15 

E.cwlt p M-A-T-,,-K-I-V-Q-V-I-k-h-Q-V-D-V-E-P-I'- 

v <azglnoiYtEcus a A_T_tJ_K_~_~-~-T_T_G_~-~_~_D_~_E_~_P_ 

Rg 3 The N-terminal sequences c&E colr ATPase [i I] and Y @igmO- 
&$KXS solublllzed ATPase In the case of V ~l~~~oly~~c~ ATPase ry 
and # deslgnatlons correspond to the electrophoretx moblhty of the 
subumts rather than to their structural characterlstxs or functlonai 

role 

The solubilized ATPase was purified 35fold from 
the EDTA extract of the membranes. Its polypeptide 
composition and molecular mass appear to be stmilar to 
the known Fi-ATPases, though we failed to observe the 
e-subunit. Densitography of the gels has also shown 
that the 3” and &content in solubilized ATPase was 
considerably lower than LY#& structure requires. 
This may be a result of partial dissociation of the minor 
subunits in the course of the enzyme puri~catlon. 

with DCCD (100 PM, 10 nmollmg protein). As a result 
their ATPase activity decreased to 36% of the control. 
Then the membranes were diluted 30-fold with EDTA- 
containing buffer (as described m section 2). After the 
dilution, DCCD concentration decreased to 3 FM. Spe- 
cific ATPase activity of this extract proved to be 89~~ 
of the activity in the control extract. These data indicate 
that DCCD-inhibited ATPase IS reactivated after its 
dissociation from the membrane. 

We have used the two-step procedure to purify the 
solubil~ed ATPase from the EDTA extract. The ex- 
tract was fractionated by ion exchange chromatography 
on DEAE-Sephacel and then by hydrophobic interac- 
tion chromatography on phenyl-Sepharose. Finally we 
obtained an ATPase preparation with a specific activity 
of 7.2 amol ATPfmg protein. This prep~ation was 
shown to consist of two major polypeptides of 58 and 
55 kDa (ru- and ,&-subumts) and two minor components 
of 38 and 23 kDa (3” and 6-1 as revealed by SDS-duc- 
electrophoresis (fig.2a). A faint band at approximately 
the 65 kDa position is most likely to represent an tm- 
purity because we have not observed any noticeable cor- 
relation between its content and specific ATPase ac- 
tivity. 

The N-terminal sequence of the major subunits re- 
vealed the striking homology with E. co/i ATPase, 
though it was the heavier subunit of V. algi~oiyt~c~s 
ATPase that was homologous to,@ of E. colz and vice 
versa. This somewhat intriguing result is probably ac- 
counted for by the fact that, in the case of V. aigmo- 
lytlcus ATPase, as distinct from most of the other 
F~-F~-ATPases, the a-subunit is of higher electro- 
phoretic mobility than ,L?-. Such relationships were also 
reported for 3aciI~~s subtl~~s 171, ~~crococc~s biters 
and ~actobac~~~~ case1 [8]. This does not necessary im- 
ply that the cr-subunit has a lower molecular mass than 
the ,&, because molecular mass values of certain pro- 
teins, estimated by SDS-electrophoresis, sometimes ap- 
pear to be slightly different from the true ones. 

Thus the V. a~gi~o~ytic~s ATPase seems to be of the 
FoFi-type like Hf-ATPase of E, co/i and the sodium- 
transporting ATPase of P. modest~m [9]. 

The molecular mass of the solubtlized ATPase was 
estimated by gel filtration on Toyo-pearl HW-60 to be 
approximately 360 kDa. This value suggests a composi- 
tion of ~y3fl3yS type. 

We have determined the N-termln~ sequence of the 
(x- and &subunits (fig.3). A high degree of homology 
with the major subunits of E. colr ATPase has been re- 
vealed. However, a cross-like relationship was ob- 
served: the a-subunit of V. algmolyticus is homologous 
to the ,&subunit of E. coli and vrce versa. 

It should be stressed that the P. modesturn Na+- 
ATPase is DCCD-sensitive and transports H+, when 
Naf is absent. Its ~-subunit shows 70% homology wtth 
the E. colr &subunit. At the 9th position there is an iso- 
leucine in P. modestum instead of the vahne in E. colt 
[lo]. In the V. algrnolytxw Lu-subumt this position is 
occupied by isoleucine, like in the P. modesturn en- 
zyme. In this respect other bacterra (Qs. ~lastica, A%. 
rubrum, thermophilic bacterium PS3, Synechococcus 
sp. strain 6301 and ~~a~obacteri~m ~er~glne~m), as 
well as beef heart mitochondria proved to be similar to 
E. colr, whereas chloroplasts resembled P. modestum 
and V. algi~o~ytzc~s [lo-121, Other amino acid residues 
up to 19th position m E=. colt P-subunit and V. algmo- 
iytrctrs ~-subunit proved to be identical (fig.3). 
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