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H"-translocating ATPase and Na"/H" antiport activities in the plasma
membrane of the marine alga Platymonas viridis
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Pratan transperl by the vanadate-sensitive ATPuse in plasma membrane (PM) vesicles from the marine unicellulur misronlga Pladyuanus vicidis
was investigited, The ATP-dependent generation of ApH across the membranes of PM vesicles was followed hy the changes in the absorbanee
of the aminoagridine prabe, Acridine ordnge, Nu® ciused the devay of ApH generaied by the ATPase, the rute of the decuy being dependent on
the concentrations of Nu” udded. The phenamenon wus specifie for Na®. Amiloride inhibited Na“~dependent 4pH decay. The experiments suppert
the ided of o Nu"-extruding meehanism (M -translocnting AT Pase plus Na™H® antiporier) operuting in the PM of marine ulga P4 viridis.

F AT Paxe: Na~/H™ antipor Marine slga: Plasmulainmy: Pletyionns viridis

. INTRODUCTION

The plusma membrana (PM) in most of the unicellu-
lar algae of saline habitats pluys a crucial role in the
regulation of cytoplusmic Na™ ¢oncenteations. Never-
theless, the membrane ion transport systems of the halo-
tolerant algae have been investigated poorly, To dute
there has been no reason to doubt that the H™-pump
(H*-ATPuse) operutes in the PM of glycophytes und
fresh water algae [1]. Tt is generally accepted that the
energy of 44 H generuted by the H™-pump in the PM of
these organisms is utilized for the extrusion of Na* from
the cells by means of a Na*/H” antiporter [2. 3]. Prelim-
inary investigations on the ion transport and the prop-
erties of the PM ATPase from the halotolerant (marine)
algae Nitzschia [4], Halicistis [8). and Acerobufaria [6]
have not demonstrated the H-pump (H*-ATPuse) in
the PM of these organisms. A primary active Cl -trans-
porting system (C1™-ATPuse) has been demonsirated to
operate in the PM af Halicistis [5] and Acerobuluria [6].
An ATPase synergistically stimulated by Na™ and K*
was found in the PM-enriched membrane fractions
from Nitzschia {4]. On the other hand, subsequent in-
vestigations of the ion transport carried out on intact
cells of the halotclerant alga Dunalfefla indicate an H*-
translocating system in the PM of this alga (7). It has
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also been found in membrane fractions {rom algae of
genus Dunaliella that the properties of the PM ATPase
from these algae are similar to those of the commeon
p-type ATPase from higher plants (8,9]). Nevertheless,
there is no clear evidence as to whether this ATPase in
the PM of the halotolerant algae is an M -translecating
one, since all attempts to observe ATP-induced proton
transport in PM vesicles from these algae were unsuc-
cessful up to now [8.10). At the same time, the Na~/H*
antiport activity has been found in the PM [ractions
isolated from Dunalivlta cells [11].

We huve previously reported the isolation of highly
purified PM from the marine microalga Plaiymanas
vivldis and investigated the properties of its PM ATPase
[12]. Here the ATP-dependent gencration of the pH
gradients across the plasma membrane vesicles and
Na~-dependent dpH decay in the PM vesicles from the
marine alga P, viridis are demoenstrated with an Acrid.
ine orungs probe. These experiments have revealed that
a Na* extrusion mechanism consisting of an [£*-translo-
cating ATPase and a Na™/H" antiporter operates in the
PM of the marine alga PL wiridis.

2. MATERIALS AND METHODS

P, vivicis cells were eultured in artificial sea water a1 0.46 M NaCl
us deseribed previously [12). The highly purified PM vesicles were
oblained according (o u metliod presented by us and deseribed in
detall previously {12]. This method s based on the partial proteolysis
of the glycoprotein cell wall followed by mild hype-osmotic shock and
subsequent inembrang partitioning by differential centrifugation in 4
discontinuous sucrose gradient, Here, we employed this methed with
slight modifications, namely, mannitol was used instead of glyeerolin
all selutions, The finul membrane peliet was resuspended in the me-
dium consisting ef 0.2 M mannitel, $ mM Tris-MES (pid 7.2), | mM
DTT, 2 mM MgCl, und 0.2 mM EGTA.
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The ATP-dependent farmation und the Na«indused dissipation of
the interior-acid pH gridient acrods the membrunes in isolsted PM
vesicles of 1. viricdis (H™pump activity und Na'/H* exchange activity,
uccordingly) were sxsuyed by monitoring the changes in absarbanee
of the amino-aeridine probe, Acridine orange. recorded with s Hitachi
547 Jual-wavelength spectrophotometer at 492-540 nm {13), The
assny was performed in 2 mi of reaction mixwre containing 0.2 M
mannitol, 10 mM Tris-MES (pH 7.0). | mM DTT. 0.2 mM EGTA,
100 mM NO; (a5 Tris salt), 10 md MgS8O,, 8 uM Acridine oringe,
20-30 ug protein. The vesicles were equilibrated with the medium foe
15-20 min before adding ATP. ATP (bulfered with Trix to pH 7.0) al
4 final concentration af § mM wuc gdded to initiate the fermalion of
ApH.

Various concensrations of Wu* (as indicated in the figure legends)
were added to initinte Nu /M exchange. The initinl rates of absorb-
ance changes dug to antipor! uctivity were determined by drawing the
tangents of the recorded truces obtzined in the first 10 s after sall
uddition.

Protein contenit wus determined by the method of Simpsos and
Somme [14] with bovine serum albumin us a stundard,

3, RESULTS

As shown in Fig. 1, the addition of ATP to the reac-
tion mixture containing the PL viridis PM vesicles re-
sulted in an appreciable decrense in Acridine orange
absorbance. The protonophorous uncoupier CCCP
compietely abolished the ATP-induced decrease in ab-

ATP cccp
} | cceP

100 5¢¢ T
Yanadale

e

492-530om
0.005 0.D.

FEBS LETTERS

Pig. 1. ATP«dependent intravesicular asidification in isolated plasma

membrane vesicles from Pf. viridis monitoring by changes in the abs

sorbanee of Acridine arange. The assny was oncrisd oul as deseribed

in section 2, ATP, bulferad with Tris to pH 7.0, was udded a1 the first

arrow, At the second arrow 12 uM CCCP was added 1o dissipate

proton gradient. Trace (A, standard nssay; trace (B), standurd assiy
with addition of 0.1 mM sedium vanadate.
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Fig. 2. Nu™/H" antiport activity in isolated plusma membrine vesicles

frem P1. viridic. 4pbl generuted by Ui addition of ATP to the reaction

mixture contained PM vesicles (first urrow) was dissipaled by Na®

(sccond arrow. indicuted concentrations), CCCP (12 pM. third nrrow)
abolished the remaining proton gradient,

sorbunce indicuting a JpH generation agross the mem-
branes of PM vesicles in the presence of ATP. A spon-
tansous decay of the gencrated 4pH was slow, showing
a relatively low permeability of the vesicles to protons.
The additions of vanadate, an inhibitor of PM ATPuse
of the plant and fungi cells, decreased the generated
4pH to a considerable degree (Fig. 1). This indicutes the
involvement of the vanadate-sensitive ATPuse in the
ApH generation across the Pl viridis PM.

Na- (either as chloride or as sulfate) caused the decay
of 4pH generated by the ATPase (Fig. 2). The rate of

Table |
Catien specificity of Na/H* antiport in P, vividix plusnii membrane
vesicles
Additien Aclivily
{relulive)
NuCi, 100 mM 100
Na80,, 50 mM o2
KCl, 100 mM a2
CsCl 160 mM ]
LiCl, 100 mM n

Assuys were performed as described in Fig. 2. The activities were
determined us initisl sutes of absorbance chianges (us described in
section 2),
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Fig. 3, Wa® concentention depeadence of JpH decuy. Duts from ig.

2, Theinitial relative rutes of ubsarbance chianges were determined in

section 2. (@), expetimantal curve: (0}, thearatical Michuelis-Menien

curve, Inserl: Linewsaver-DBurk plot of the theorelical curve gives the
theareticul X, = 10 mM.

ApH DECAY, RELATIVE

the decay depended on the concentrations of Na”
added. The effect of Na” displayed a sigmoidal curve
with increasing Na* concentrations (Fig. 3). It can be
supposed that the sigmoidal nature of Na” effect is due
to the superposition ol two independent processes: (1)
an acceleration of intra-vesiculnr ucidification due to
the stimulation of the ATPase by low Na* concentra-
tions [12). and {2) dpH decay due to Na*/H" antiport.
Assuming there is no stimulation of the ATPase by Na™,
this sigmeidal curve could be approximated by u
Michaelis~ Menten curve with apparent Ky = 10 mM
(Fig. 3). The Na*/H" antiport under consideralion is
specific for Na®, Other cations tested (K*, Cs™ and Li")
resulted in ApH decay at significantly lower rates (Table
I). Accordingly, these cations are the potent competitive
inhibitors of Ma~/H* exchange (Table 1I). Amiloride. a

Table 11
Inhibition of Na*/H* antiportin P4 viridies plasma membrine vesicles
Addilion Activily
(relative)
NaCl, 100 mM 100
+KCl, 100 mM 28
+LiCl, 100 mM »
+*CeCl, 140 mM 20
+amiletide, 0.2 mM 10

Assuys wers performed as described in Fig. 2. The cations were added
before addition of Nu”™,
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specific inhibitor of the Na*/H” antiport in various ani-
mal membranes [15] added prior to Na” also delayed
ApH decay induced by Na® (Table ).

4. DISCUSSION

The vanuadute-sensitive ATPuse activity has been
identified recently ns 4 component of the PM of Dunal-
ielfe (8=10) and Plarymonas [12] cells. Here we have
shown the translocution of protons in the PM vesicles
from P! viridis to be initiated by addition of the ATP
and sensitive t¢ vanudate. This is apparently the first
direct demonstration of a H'-translocating ATPase in
the PM of the alga living under high salinity conditions.

The dissipution of dpH generated by the ATPase in
response 1o an addition of Na™ by a mechanism that
exhibits suturation kinetics is specific for Na® and sensi=
tive to amiloride. and indicates the lunctioning of the
Na*/H* antiporter in the PM of Pl viridis.

H*-ATPuse and Na’/H" antiporter in the PM of PL
viridis probably form 4 mechanism extruding Na* {rom
the cell interior und maintaining low intracellular con-
centrations of Na® under high salinity cenditions.

It remains to be elucidated whether this system (H*-
ATPase plus Na*/H" untiporter) is the only ion trans-
porting system in the PM of salt-tolerant algae extrud-
ing Nu* from the cells. In this respect the earlier data
on the unusual PM ATPases in Nitzschia [4). Halicystis
{5]. and Acetobularic (6] are extremely interesting. It is
worth mentioning here the organization of ion trans-
port in the ¢ytoplusmic membrane of the halo- and
alkalotolerant bacterium Vibrio elginalyticus, in which
the ATP-driven primary Na* pump was discovered [16).
A similur enzyme may function in the plasmalemma of
hulotolerant algae. So, one should study the pessibility
of ATP-driven transport of Na* in PM vesicles from
marina algae. Positive results would demonstrate the
operation of a Na“«translocating ATPase in the plas-
malemma of marine algae.
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