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K*/H*—antiporter in membrane vesicles of an alkalophilic Bacillus.
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ABSTRACT

K*-or Na* -gradient dependent movement of H* was observed with membrane vesicles of an
alkalophilic Bacillus (sp. A-007). H* -gradient dependent release of K* was also observed. The K*
-release activity was inhibited‘by NEM. Furthermeore, addition of ATP inside of the vesicles
decreased the K* -release from the vesicles, and DCCD abolished the ATP effect. V

FOOTNOTES

ATP ;adenosine-5’ —triphosphate.

DCCD ; N, N’ -dicyclohexlcarbodiimide.

FCCP ; carbonylcyanide p-trifluoromethylyhenylhy-
drazone. ’

'NEM ; N-ethymaleimide.

Tris ; tris(hydroxymethyl) aminomethane.

INTRODUCTION

For the growth of an alkalophilic Bacillus (sp. A-
007), in addition to alkaline pH, both Na* and K* are
essential (ANDO et al, 1981a ; ANDO et al, 1983a). At
the optimal growth condition, H* -gradient (in>out),
which is reverse of that of mesophiles, is formed (A
NDO et al, 1981a). As far as we examined, Na* -gradi-
ent is major drive force of many solutes (ANDO et al,
1981b ; ANDO et al, 1982). K* -or H* -gradient is
responsible for phosphate transport (ANDO et al,
1983c). The information of the regulation mechanism
of these cation gradients across the membrane is
clearly important for understanding the bioenergetics
of alkalophiles.

Most of above studies were done on the view point
of solutes which were carried by these ion gradients.
We examined the movement of H* and K* (or Na*)
using membrane vesicles. Some evidence that indi-
cates the existence of K*/ H* -antiporter and Na*/H*
-antiporter are obtained. And the possibility that K*
-pumping ATPase ‘does some role in the transport is
discussed. '

MATERIALS AND METHODS

1. Cultivation of bacterium and preparation of
membrane vesicles. ,

Bacillus sp. A-007 was grown aerobically as before
(ANDO et al, 1981b), except glutamate synthetic
medium (L-glutamic acid, 0.5 ; D-glucose, 1.0 ; Na.
COs, 2.0 ;KCl, 0.15% and minerals”) was used for
liquid culture instead of GPY menium.

Membrane visicles were prpared according to
lysozyme-protoplasts method (ANDO et al, 1981b )
and loaded with Tris/HCl pH 7.5 (2.0 mM for the
assay of H* -movement ; 25 mM for the assay of K* -
release), 2.5 mM MgCl; and 0.4 M salt .(NaCl, KCl,
RbCl, LiCl or choline-Cl). The loaded vesicles were
washed once with the same buffer containing 2.5 mM
MgCl; and 0.4 M choline-Cl by centrifugation (30,000
g 10 min), and resuspended in the same buffer to 10 mg
protein per ml.

Estimation of protein concentration was done
according to that of Lowry et al (LOWRY et al, 1951),
using bovine albumine as standard.

1) ; MgSO, 7H,0, 200 ; MnSO, 4H:0, 10 ; FeSO, 7H,
0O, 6 ;CaCl,;, 100 ;Na.HPO, ;500 ; NaH.PO,, 25
(mg/1).

2. Assay method for H -movement.

Membrane vesicles (3 mg protein), which were
prepared as above, were suspended in 0.4 M salt
solution containing 2.5 mM MgCl, in total 12 ml
(initial pH was about pH 8.45, at 37°C) . pH difference
of the mixture was monitored using a pH memter
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(Hitachi, F-7ss II) to which a recorder (Hitachi, 056)

was connected. Initial rate of the pH change was .

calculated using control without cation gradient.

3. Assay method for K* -release from vesicles.

0.4 M KCI loaded vesicles (3 mg protein, prepared
as above) was suspended in 25 mM Tris/HCl (pH 6.2,
pH 6.8, pH 7.4 or pH 8.5) containing 2.5 mM MgCl,
and 0.4 M choline-Cl at 0°C (total 6 ml). After aliquot
was sampled out as control, temperature of the mix-
ture was jumped to 37°C. Aliquots were sampled out at
time indicated in the figures, and half of each was
immediately filtrated through membrance filter (pore
size 0.45 ¢m, Toyo Roshi), which was washed previ-
ously with the same buffer without membrane vesicles
for three times. K* concentration of the vesicles was
calculated from K* concentration (which was deter-
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mine using a flamephotometer) difference of the
mixture with or without filtration. Used vesicles vol-

* ume was 3.3 ¢l per mg protein (unpublished data).

4, Chemicals.

ATP (Mg salt)was purchased from Sigma. Tris,
KCl, RbCl and NEM were obtained from Merk. FCCP
was from Boehringer. Other chemicals were of the
best grade commercially obtainable.

RESULTS

1. Effect of K" -or Na* -gradient on H* -move-
ment across the membranes.
When K* -or Na* -gradient was imposed from out-
side of the vesicles, H* was released from vesicles (e.
g. medium pH decreased) according to the magnitude.
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Fig. 1 Effect of Na* -or K* -gradient on H* -movement across the membrane.
Cation (Na* or K* ) gradient was fomed from outside to inside (a) or from inside to outside (b)
of the vesicles. Assay mixture (total 12 ml, at 37°C) contained 2.5 mM MgCl,, 0.4 M salts (NaCl and
choline-Cl for' o, KCl and choline-Cl for ®), and 0.4 Choline-Cl loaded vesicles (3 mg protein) for
(a) or 0.4 M salt (NaCl, o ;KCl, ») loaded vesicles for (b). Other condition is written in

MATERIALS AND METHODS.
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Fig. 2 Effect of K* -or Na* ~gradient (in<out)
on Na™* -gradient (in > out) stimulated
H*-uptake activity.
Assay mixture (total 12 ml, at 37°C)
contained 2.5 mM MgCl;,, 0.4 M salts
(NaCl and choline-Cl, o ; KCl and
choline-Cl, w), and 0.4 M NaCl-loaded
vesicles (3 mg protein).
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of cation gradient (Fig. la). Rb* -gradient showed
similar pattern as that of K* (data not shown). Li* -
gradient was not effective as drive force (data not
shown). The opposite K* -or Na* -gradient (in>out)
caused uptake of H* into memberane vesicles (e. g.
medium pH increased, Fig. 1b).

Although the cation dependency pattern of H* -
release from vesicles was similar (Fig. la), that of H*
-uptake was significantly different between Na* -and
K* -dependent activity (Fig. 1b). Then Na* -gradient
(0.4 M, in>out) was gradually abolished by imposing
opposite Na* -or K* -gradient to clarify whether they
shared a common antiporter or not. As shown in Fig.
2, decrease pattern of H* -uptake activity driven by
net Na* -gradient was different between the counter
ion gradient (Na* or K* ). H* was released according
to the net magnitude of the Na' -gradient for the
abolishment with Na* -gradient. But for the abolish-
ment which K* -gradient, this was not the case.
Namely, K* -gradient (in<out) seemed to cause H* -
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Fig. 3 Effect of H*-gradient on K* -release
from K* -loaded vesicles.

Assay mixture (total 6 ml, at 37°C)
contained 25 mM Tris/HCl (pH 6.2, m ;
pH 75, o ;pH 89, A), 2.5 mM MgCl,, 0.
4 M choline-Cl, and 0.4 M KCl-loaded
vesicles (3 mg protein, prepared at pH 7.

5).

release even in the presence of reverse Na* -gradient,
suggesting that Na* -and K* -dependent H* -antiport
systems were different. _

2. Effect of H* '-gradient on K* -release from

vesicles.

In above experiments, movement of H* across the
membrane was monitored. Then effect of H* -gradient
on K* -release from pre-loaded membrane vesicles ‘
was examined by monitoring K™ -concentration of the
vesicles using membrane filter method and flame-
photometry. Although we tried to measure Na* -con-
centration of the vesicles, contamination of Na* from
buffer-washed membrane filter hindered the measure-
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ment.

When H* -gradient (in, pH 7.4<out, pH 6.2) was
imposed, K* -release activity was stimulated, and
reverse H* -gradient (in, pH 7.5>out, pH 8.9) de-
creased the activity comparing with that of without
H* -gradient (in=out, pH 7.5) (Fig. 3). The H*-
, gradient stimulation on K* -release activity was aboli-

shed in the presence of protonophore  (FCCP), sugges-
ting direct coupling of H* -and K* -movement (Fig.
4a).

“When HT* -gradient (in<out) stimulated K<*-
_release activity was measured in the presence of 1 mM

NEM, the activity was slightly inhibited. Then, prior
to the assay, K* -loaded vesicles were incubated at 0
°C for 5 min with 10 mM, the activity was significantly
inhibited (Fig. 4b). This result suggested that some
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SH-residue(s) played a significant role in H*/K* -
translocation. :

3.. Effect of ATP on K* -release activity.

As the presence of K* -pumping ATPase was sug-
gested in the previous paper (ANDO et al, 1983b), we
also examined K* -efflux from vesicles in which 2 mM
Mg-ATP was loaded with 0.4 M KCl. As shown in Fig.
5, the loaded ATP decreased K* -efflux, while with the
ATP-loaded vesicles, which treated with 10 mM
DCCD at 0°C for 5 min befor measurement of K* -
eflux, the activity was similar to that without ATP.
10 mM is enough concentration to inhibit ATPase
activity of membrane at 100% (unpublished data).

DISCUSSION

Mandel et al (MANDEL et al, 1980) suggested the
existence of cation/proton antiporters in memberane
vesicles of Bacillus alcalophilus. They examined the
movement of proton with cation-loaded vesicles using
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Fig. 4 Effect of FCCP or NEM on H* -gradient stimulated K* -release activity.
- Assay mixture is the same as that of Fig. 3 in which pH 6.2 was used as extravesicular pH. For
(a), with (®) or without (o) FCCP (2 ug/ml). For (b), with (o, A) or without (w) 1 mM
NEM. and at A, KCl-loaded vesicles were pre-treated with 10 mM NEM at 0°C for 5 min and

diluted to 10 fold with the assay mixture.
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Fig. 5 Effect of ATP of K* -release from K* -
loaded vesicles.

Assay mixture (total 6 ml, at 37°C)
contained 25 mM Tris/HCl (pH 6.2, &,
s ;pH 75, A), 25 mM MgCl,, 04 M
choline-Cl, and 2 mM Mg-ATP and 0.4 M
KCl loaded vesicles (3 mg protein, prepar-
ed at pH 7.5). The loaded vesicles were pre
-treated with (®, A) or without (o) 10
mM DCCD at 0°C for 5 min and diluted to
10 fold with the assy mixture.

respiratory chain as a primary proton pump. The data
presented here showed more clearly the existence of
K*/H* -antiporter as well as Na*/H* -antiporter in
alkalophilic Bacillus sp. A - 007.
Na*/H* -antiporter seems to be respohsible for the

In alkalophiles,

maintenance of intracellular 'pH, while the role of K*/
H* -antiporter is not clearly understood (KITADA et
al, 1982, KTapA & HORIKOSHI, 1985) . In other alkalo-
phile, the generation of membrane potential is idepen-
dent on the presence of Na* and K* (MATSUKURA &
IMAE, 1983).

In this paper, existence of K* -pumping ATPase
was also suggested. This confirmed the previous
relults in which K* -stimulated ATPase and Na* -and
K* -gradient stimulated ATPase activity was obser-
ved (ANDO et al, 1983a & 1983b). In other alkalophile,
ATP synthesis was driven by membrane potential
(diffusion potential of K*) or proton gradient. So, it
was concluded that the ATPase was H* - ATPase
(MATSUKURA & IMAE, 1985),

Na* -pumping ATPase, which pumps Na* outside
of the cell, is reported with Streptococcus faecalis
(KAKINUMA & HArOLD, 1985). This Na* -ATPase
requires external K* for the exchanger of Na*. For
the further examination of these possioility, ATP
synthesis experiment in- which Na* -and K* -gradi-
ents are used as drive-forces, is necessary.

In some bacteria like alkalophiles, it is plausible to
think that most (or some) part of 4ZH in chemios-
motic theory is replaced by 4iZNa (SKLACHEV, 1984).
So, to examine cation/proton antiporter mechanisms
is more important for understanding biochemical
nature of alkalophiles.

LITERATURE CITE

Ando, A., Yabuki., Fujii, T. & Fukui, S. (1981a) :
General Characteristics of an Alkalophilic Bacter- '
ium, Bacillus A-007, Technical Bulletin for Faculty
of Horticulture, Chiba Univesity, No. 29, pp. 17-28.

Ando, A., Yabuki, M. & Kusaka, I. (1981b) : Na* -
Driven Ca?* Transport in Alkalopcilic Bacillus,
Biochim. Biophys. Acta, 640, 179-184. _

Ando, A., Kusaka, I. & Fukui, S. (1982) :Na*-
Dependent Active Transport Systems for Organic
Solutes in an Alkalophilic Bacillus, J. Gen. Mi-
crobiol., 128, 1057-1062.

Ando, A., Shinozuka, R., Matsuda, K., Fujii, T. &
Yabuki, M. (1983a) :K* -Stimulated ATPase in
Alkalophilic Bacillus A-007, Technical Bulletin of
Faculty of Horticulture, Chiba University, No. 31,
pp. 13-18.

Ando, A., Matsushita, T., & Yabuki, M. (1983b) : Na*
-and K* -Granient Stimulated ATPase activity in
an Alkalophilic Bacillus, Technical Bulletin of Fac-
ulty of Horticulture, Chiba University, No. 32, pp. 61
-66.

Ando, A, Irie, S., Masuda, L. M., Matsushita, T., Fujii,

— 35 —




TEAFREFREMME

B/INE

T., Yabuki, M. & Kusaka, I. (1983c) : H* -or K* -
Dependent Transport Systems of Phoshate in
Alkalophilic Baczllus Biochim. Blophys Acta 74,
290-294.

Kakinuma, Y. & Harold, F. M. (1985) : ATP-Driven

Exchange of Na* and K* Ions by Streptococcus fac-

calis, J. Biol. Chem., 260, 2086-2091.

Kitada, M., Guffanti, A. A. & Krulwich, T. A. (1982) :
Bioenergetic Properties and Viability of Alkalo-
philic Bacillus firmus RAB as Function of pH and
Na* Contents of The Incubation Medlum, J. Bacter-
iol., 152, 1096-1104.

Kitada, M, & Horikoshi, K. (1985) : Cation Transport
in Alkalphilic Bacteria (original in Japanese).
Abstract of Ann. Meeting of Japan Agr. Chem.
Society, pp. 471.

H7 VA Y)Y Bacillus lE/NEOKY/ HY -7 > F R—
— « RKNAIF « FdEEF

LR

Lowry, O. H., Rosenbrough, N. J., Farr, A.L. & Ran-
dall, R. J. (1951) :Protein Measurement with the
Folin Phenol Reagent, J. Biol. Chem., 193. 265-275.

Mandel. K.G., Guffanti, A.A.. & Krulwich, T. A.
(1980) : Monovalent Cation/Proton Antiporters in
Membrane Vesicles from Balillus alcalophilus, J.
Biol. Chem., 255, 7396.

Matsukura, H. & Imae, Y. (1983) :Na*- & K*-
Dependency of Membrane Potential in Alkalophile
(original in Japanese), Seikagaku, 55, 906.

Matsukura, H. & Imae, Y. (1985) : Membrane Poten-
tial and ATP Synthesis of Alkalophile (orginal in
Japanese), Seikagaku, 57, 974. '

Sklachey, V. P. (1984) :Sodium Bioenergetics,
Trends in Biochemical Sciences., 9, 483-485.

57__

BT - KRR
(SRBENFETRE)

AAEE

77 V7 U % Bacillus (sp. A-007) B/Niiz 8> TK*
b L <1k Na' BEARKEEO H 0B SRD 51
7o, 27, H BEARAEEO K o b BE I,

IO K HHEEEZ NEM L hHEHEEN, 851, &
ANERW ATP 25T 5 2 ik v, HY BEAEREKS
MK EEEMET L, 2O ATPZRiZ DCCD #in
Z 5B D EIEL T,




