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Abstract. After stimulation with ATP and in the ab-
sence of divalent cations, isolated barley mesophyll
vacuoles exhibited massive solute fluxes across the
tonoplast, measured either as efflux of endogenous
solutes or as uptake of radioactive-labeled compounds.
Transported solutes were ions (particularly K™,
NO7, Cl7) and amino acids (for example, ala, arg, asp,
gln, leu, met). Addition of Mg?*in excess of added ATP
inhibited fluxes of inorganic ions and of positively
charged amino acids, but not, or to a smaller extent,
those of neutral amino acids. Thus, Mg?™ increased the
specificity of the carrier for amino acids such as alanine
and glutamine. All ATP-stimulated transport process-
es were sensitive towards inhibition by lipophilic amino
acids, for example by leucine and phenylalanine. Af-
ter stimulation with sulfhydryl reagents, the inhibitory
properties of Mg?" and lipophilic amino acids were
lost. These data concur with the hypothesis of a single
transporter which exhibits a channel-like structure with
a low degree of substrate selectivity in the absence of
Mg?*, and which functions as a neutral amino acid car-
rier in the presence of Mg?™,
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Introduction
The large vacuoles of higher plants contain various

solutes, predominantly potassium, nitrate and chloride
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under nonsaline growth conditions. In addition, or-
ganic compounds such as sugars, amino acids and al-
kaloids are also frequently associated with the vacuole
of differentiated plant cells. The composition of the
vacuolar sap is determined by the selectivity of its sur-
rounding membrane, the tonoplast. Two primary
pumps, a number of antiporter systems, carriers for fa-
cilitated diffusion, and channels with distinct conduc-
tances for ions and organic substrates have been iden-
tified (for a recent review, see: Martinoia, 1992). How-
ever, we still know little about the regulation and the
specificity of the transporters. For example, it is yet not
clear how many different protein structures are involved
in the coordinated trans-tonoplast transport of malate
and potassium. Malate is reported to be shuttled across
the tonoplast via a selective channel (Smith, Penning-
ton & Pantoja, 1992), a nonselective channel (Hedrich
et al., 1988) and a dicarboxylate carrier (Martinoia et al.,
1985; Marigo, Bouyssou & Laborie, 1988). A similar-
ly complex situation arises for potassium which may be
transported across the tonoplast by an ion channel with
low (Hedrich et al., 1988), or high selectivity (Kolb,
Kohler & Martinoia, 1987; Klughammer et al., 1992) or
possibly by the tonoplast H"-pumping pyrophosphatase
(see Rea et al., 1992). In this paper we demonstrate the
importance of controlling the composition of the sus-
pension medium of vacuoles, beyond the presence or ab-
sence of the substrate of interest, in order to address the
physiological function of translocator proteins. Our
data suggest that the ATP-stimulated amino acid trans-
porter at the tonoplast (Dietz, Martinoia & Heber, 1989;
Dietz et al., 1990; Martinoia et al., 1992) can function
as a nonselective transporter carrying cations, anions
and amino acids, and is turned into a carrier for neutral
amino acids in the presence of excess Mg?™.
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Materials and Methods

Barley (Hordeum vulgare, cv. Gerbel) was grown in soil culture in a
growth chamber. Primary leaves of 9-11 day-old seedlings were har-
vested at the beginning of the 14 hr light period. Vacuoles were pre-
pared from protoplast as described by Martinoia et al. (1981) with the
following modification: The digestion medium contained 450 mmol
liter™! sorbitol, 30 mmol liter™! morpholino ethane sulfonic acid
(MES-KOH, pH 5.5), 30 mmol liter"! KCI, 1 mmol liter™! CaCl,,
0.1% (w/v) polyvinylpyrrolidone, 1% (w/v) bovine serum albumin,
supplemented with cellulase Y-C (1% w/v), macerocyme (0.25%
w/v) and pectolyase Y-23 (0.05% w/v).

TRANSPORT EXPERIMENTS

Uptake and efflux experiments were performed with the silicone oil
layer centrifugation technique in principle, as described by Martinoia
et al. (1985) and Dietz et al. (1989). The vacuoles were recovered af-
ter the last centrifugation step (¢f. Dietz et al., 1990). Vacuoles (107)
occupy a volume of about 160 l, corresponding to a tonoplast area
of 0.0307 m2. For the transport experiments, 400 ul polypropylene
tubes were prepared as follows: 40 ul of the vacuolar suspension was
added to 60 pl of an osmotically adjusted solution, so that the final
concentrations were: 40% Percoll, 30 mmol liter™! K gluconate, 30
mmol liter~! HEPES, KOH, pH 7.5, 2 mmol liter~! dithiothreitol and
0.5% bovine serum albumin. DTT and BSA were omitted in the ex-
periments with sulfhydryl reagents such as p-chloromercuriphenyl sul-
fonic acid (pCMBS). All other reagents were added as indicated in
the legends. The incubation reaction was overlayered with 150 pl sil-
icone oil (AR 200, Wacker Chemie, Munich, Germany) and 60 pl
H,0. The transport was terminated by centrifugation for 30 sec.
During this centrifugation, intact vacuoles floated through the silicone
oil layer to the upper H,0 phase which was then used for cation, an-
ion or amino acid determinations and for measuring the activity of the
vacuolar marker enzyme a-mannosidase (Boller & Kende, 1979).
For the measurement of amino acid uptake, '“C-labeled amino acids
were added to the incubation reaction at an activity of 4-5 kBq; the
final amino acid concentration was 1 mmo! liter™!; 3H20 was included
to determine the volume of the recovered vacuoles (cf. Martinoia et
al., 1985).

ANALYSIS OF THE VACUOLES

Amino acid and anion composition of the recovered vacuolar fraction
was determined with an anion chromatograph (Schroppel-Meier &
Kaiser, 1988) or amino acid analyzer (Dietz et al., 1989). Cation con-
tents of the vacuolar fractions were analyzed with an induced coupled
plasma atomic emission spectroscope (Jobin Yvon JY 70, Instru-
ments, France) (Dietz et al., 1992).

Results

SOLUTE CONTENTS OF ISOLATED BARLEY VACUOLES

The isolation of barley vacuoles was performed in me-
dia of an osmolarity close to 600 mosmol liter~!. Since
vacuoles are not a turgor system, the osmolarity of the
surrounding medium and the vacuoles must be equal.
Table 1 shows the concentrations of inorganic ions and
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Table 1. Solute contents of isolated mesophyll vacuoles in mmol
liter™!

Concentration

Vacuolar solutes [mmol liter ']

Cations
K* 294.6 £ 43.2
Na* 194+ 49
Mg?* 54+ 12
Ca** 1.5+ 05
Anions
Ci~ 123.8 = 25.0
NO3 92.1 = 34.6
PO?{ 921 £233
SO%{ 63+ 1.8
Malate 15.1 & 6.4
Amino acids 76.7 = 38.4

Total solute concentrations 727.1 mmol liter ™!

The data are means (=SD) of at least 20 determinations.

amino acids in isolated vacuoles. The mean sum of
these compounds was 727 mmol liter~!. Although not
all minor constituents of the vacuoles were measured,
molecular interaction, in particular between divalent
cations, inorganic anions and organic acids, provided a
plausible explanation of why the measured concentra-
tions exceeded the osmolarity. Measurements of solute
fluxes require standardization. For ion flux experi-
ments, we found it most reliable to relate the measured
concentrations to the vacuolar phosphate contents which
proved to be unchanged during the experiment. The
mean phosphate content was 437 * 74 pug 1077 vacuoles
(n = 9). After an incubation for 47 min, the mean
phosphate contents of the reisolated vacuoles had de-
creased by only 1.5 ug 1077 vacuoles, i.e., by less than
0.4%.

PotassiuM EFFLUX FROM ISOLATED VACUOLES

ATP was shown previously to stimulate the rate of
amino acid transport across the tonoplast membrane
(Dietz et al., 1989, 1990; Martinoia et al., 1992). There-
fore, ATP was tested for its effect on potassium efflux
from isolated vacuoles (Fig. 1). Even in the standard
medium or in medium supplemented with EDTA, efflux
of potassium was observed. Upon addition of ATP, the
efflux increased by a factor of about 2.5. Addition of
EDTA had no effect on ATP stimulation. A similar in-
crease in potassium efflux was observed in the presence
of the nonhydrolyzable ATP-analogue adenylylimi-
dodiphosphate (AdoPP[NH]P). Addition of excess
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Mg?* caused an inhibition of the ATP and
AdoPP[NH]P-stimulated potassium efflux to the level
observed in the absence of ATP. Maximum rates of
potassium efflux were measured in the presence of
pCMBS. They were similar to the rates seen after in-
corporation of the potassinm channel-forming exotox-
in gramicidin into the tonoplast, and somewhat higher
than after addition of a mixture of valinomycin and
nigericin (data not shown).

ANION EFFLUX

Chloride and nitrate were the predominating anions in
barley vacuoles. Although their mean concentrations
were similar or the chloride concentration was even
higher than that of nitrate, nitrate was lost with about
twice or more the initial rate of chloride, confirming re-
sults by Lew and Spanswick (1985) who used fluores-
cence quenching to determine the relative permeability
of the tonoplast for various ions. Only after stimulation
with pCMBS, efflux rates were similar for NOE and C1~
(results not shown). Addition of ATP stimulated efflux
of NO7; by a factor of more than 2. After ATP stimu-
lation (set to 100%), Mg2* decreased efflux of NO7 to
30 * 12% (n = 4). The Mg?*-dependent inhibition of
anion efflux is shown in more detail in Fig. 2. The chlo-
ride and nitrate contents of the vacuoles were deter-
mined after 2, 11 and 20 min. Largest efflux was seen
in the presence of valinomycin and nigericin. Interest-
ingly, the kinetics of anion loss was complex: In the first
phase, nitrate was lost at a higher rate than in the sec-
ond phase, whereas chloride efflux was low in the first
and increased in the second phase of the experiments.
Both chloride and nitrate loss was low under control
conditions; it was stimulated 3.5-fold in the presence of

to.4

Fig. 1. Potassium efflux from isolated barley
vacuoles as affected by different compounds. The
incubation time was 20 min. The effector
concentrations were: EDTA: 1 mmol liter—!;
ATP, AdoPP[NH]P: 5 mmol liter™!;
Mg(gluconate),: 10 mmol liter™!; pCMBS: 1
mmol liter™! and gramicidin: 1 pmol liter~'. The
numbers of independent experiments were in the
order as shown: 3, 4, 12, 2, 14, 2, 12, 3. The
maximum standard deviation ¢,_, is shown for

! L al]l experiments with at least three replicates; for
icidin the two experiments with AdoPP[NH]P, the
region of the two results is indicated.

0.2

5 mmol liter~! ATP. Addition of Mg?" at a concen-
tration of 2.5 mmol liter "! had only a slight inhibitory
effect, whereas addition of excess Mg2+ decreased the
ATP-stimulated efflux to the control rates.

TRANSPORT OF AMINO ACIDS

The stimulatory function of ATP and ATP-analogues on
amino acid transport has been described previously.
Both efflux of endogenous amino acids (Dietz et al.,
1989) and uptake of externally added '*C-labeled amino
acids such as ala, gln, leu (Dietz et al., 1990) or asp and
arg (Martinoia et al., 1992) have been shown to be ac-
tivated by ATP. These observations are confirmed by
the data shown in Fig. 3. It has been shown previous-
ly that uptake of amino acids was linear with time
(Dietz et al., 1990). Therefore, rates were determined
from standard incubation times of 2’ and 20”. Uptake
of the *C-labeled amino acids ala and arg was stimu-
lated after addition of ATP. However, it was a new
finding that ala and arg uptake were differentially af-
fected by Mg?". Whereas uptake of arginine was in-
hibited to the level of the unstimulated control, Mg?*
bad no significant effect on ATP-stimulated alanine
transport. The same inhibitory effect of Mg?™ was al-
so observed for K* efflux (Fig. 1). A more detailed
analysis showed a similar Mg?*-dependent inhibition of
K™ efflux and arg uptake (data not shown). Half-max-
imal inhibition of K* efflux was observed at a Mg2*
concentration of 3.5 mmol liter™!, as compared to 3
mmol liter™! Mg?* necessary for 50% inhibition of
ATP-stimulated arg uptake (Martinoia et al., 1992).
Table 2 summarizes the differential effect of Mg?* on
transport of amino acids and ions. Excess Mg?* in-
hibited ATP-stimulated asp, arg, K*, NO7 and CI~
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Fig. 2. Nitrate and chloride efflux from isolated vacuoles. Vacuoles
were incubated in standard medium supplemented with effectors as
indicated. The vacuolar nitrate and chloride contents were deter-
mined at time points 2, 11 and 20 min. The data are mean values of
two experiments with similar results (maximum deviation 11%). The
initial anion contents (set to 100%) differed for the two experiments:
the endogenous chloride concentrations were 127 and 144 mmol
liter™!, respectively, and the nitrate concentrations 67 and 57 mmol
liter ™!, respectively. Effector concentrations were: ATP: 5 mmol
liter™!, Mg(gluconate),: 2.5 and 10 mmol liter™!, valinomycin: 1
umol liter™!, nigericin: 10 pmol liter™ 1.

transport to a level close to the unstimulated control,
whereas ala, phe and gln showed no, or a much lower
degree, of inhibition.

LEUCINE-INHIBITION OF ATP-ACTIVATED TRANSPORT

As depicted in Fig. 4 (Top), leu inhibited not only up-
take of amino acids but also efflux of K*. In contrast
to lipophilic amino acids such as leu and phe (¢f. Dietz
et al., 1989), gin showed no effect on transport of amino
acids or ions. All tested transport activities were high-
ly stimulated by pCMBS and NEM. After pCMBS-
stimulation, leucine and Mg?* lost their inhibitory func-
tion (Table 3). The effect of leu on phe uptake was sim-
ilar for the ATP/EDTA and ATP/Mg?*-activated
transport (Fig. 4, Bottom). However, no further inhibi-
tion by leu was seen after Mg?* inhibition of ATP-
stimulated K™ transport.

Discussion

THE VACUOLE AS STORAGE COMPARTMENT

The tonoplast is of critical importance for establishing
and maintaining specific concentration gradients be-
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tween the cytosol and the vacuole. Under conditions of
high ion concentrations in the rooting medium and in the
absence of stringent exclusion mechanisms in the roots,
excessively accumulating ions will be compartmental-
ized into the vacuoles. Ions such as C17, NOj and Na*
are accumulated to vacuolar concentrations higher than
in the cytoplasm (Martinoia et al., 1986). The situation
is different for N and C assimilates which are mainly ex-
ported to sink tissues via the phloem. Consequently,
sugar and amino acid concentrations are usually high-
er in the cytoplasm. Nevertheless, under conditions of
restricted phloem loading, they also accumulate in the
mesophyll and are necessarily, for osmotic reasons,
partly deposited inside the vacuole.

THE SUBSTRATE SPECIFICITY OF THE TONOPLAST AMINO
AcID CARRIER

The ATP-activated amino acid carrier has been pro-
posed to catalyze the transfer of amino acids across the
tonoplast for intermediate storage of amino acids inside
the vacuole (Dietz et al., 1990; Goerlach & Willms-
Hoff, 1992) and to allow for amino acid release from the
vacuole when the cytoplasmic amino acid concentra-
tions fall below the vacuolar concentrations. Efflux
studies have shown that the transporter carries all amino
acids which endogenously accumulate in vacuoles
(Dietz et al., 1989). The data shown above demonstrate
the even broader spectrum of substrates of the ATP-ac-
tivated transporter. Inorganic cations and anions are
rapidly transferred across the tonoplast after activation
with ATP in the absence of Mg“. There is, however,
a cutoff of molecular mass above which solutes are no
longer transported. The tripeptide glutathione is neither
transported in the presence of ATP/EDTA nor in the
presence of MgATP, whereas oxidized glutathione
(GSSG) is taken up by isolated vacuoles only after ad-
dition of ATP in the presence of Mg2™, indicating en-
ergized transport (Dietz et al., 1992). A similar broad
substrate specificity has been reported for the domi-
nant tonoplast ion channel, the so-called SV-type chan-
ne! (Hedrich et al., 1988). It is evident from the above
arguments that both tonoplast transporters, the SV-type
ion channel and the ATP-stimulated solute carrier, must
be subjected to strict control to prevent nonspecific dis-
sipation of the transtonoplast solute gradients. Although
controls beyond energization of transport processes by
ATP have frequently been described in animal systems,
this does not seem to be a frequently used principle in
plants. In connection with the similar effects of
lipophilic and hydrophilic amino acids and of Mg?* on
the transport of ions and amino acids, we find it unjus-
tified to assume the existence of more than one ATP-
regulated transporter at the tonoplast right now.
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Fig. 3. Effect of increasing Mg concentrations
on efflux of K* and uptake of ala and arg by
isolated vacuoles. Maximum transport rates were
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Mg?" AS REGULATOR OF THE TONOPLAST AMINO
AcID CARRIER

The data of this communication suggest that Mg?™ is an
important regulator of the ATP-stimulated amino acid
transporter. Inhibitory properties of Mg?™ on trans-
porters have been reported: The megachannel from rat
liver mitochondria (Szabo & Zoratti, 1992) and the an-
ion channel of the inner mitochondrial membrane of an-
imals (Beavis, 1992; Kinnally, Antonenko & Zorov,
1992) are inhibited by increasing Mg?" concentrations.
In addition to the inhibitory effects, Mg?" seems also
to exert regulatory functions in respect to the specifici-
ty of the vacuolar transporter. At high Mg?* concen-
trations, the ATP-stimulated transport of anions and
cations, and of amino acids with positive or negative net
charge was suppressed to the level of the unstimulated
control, whereas uptake of ala was hardly and that of gln
and phe only partly affected. The free concentration of
Mg?" in the cytoplasm of plant cells has been measured
by Mg?*-selective microelectrodes and has been re-
ported to be in the range of 0.7 to 1.5 mmol liter™!
(Thaler, 1991). It has to be concluded that Mg?* is usu-
ally present at sufficient high free cytoplasmic concen-
trations to saturate the transporter with Mg?* and there-
by to modulate its substrate preference towards a speci-
ficity for amino acids.

LirPOPHILIC AMINO ACIDS AS INHIBITORS OF AMINO
AciD TRANSPORT

The ATP-modulated transporter is subjected to further
regulation by lipophilic amino acids. As reported pre-
viously (Dietz et al., 1989, 1990; Martinoia et al., 1992),

2.6 Mg/ATP

set to 100%, which allows comparison of the
transport rates; 100% corresponded to 1.58 *
0.43 nmol (107 vacuoles min)~? for ala, 3.83 =
0.12 nmol (107 vacuoles min)~! for arg and for
K* 0.58 pwmol (107 vacuoles min)~!. Amino acid
transport was measured at 1 mmol liter~!
concentrations of arg and ala; the endogenous
K* concentration was close to 300 mmol liter !
(cf. Table 1). The control rates were determined
in standard transport medium. ATP (5 mmol
liter™*) was added to all other incubations in the
presence of varying Mg?" concentrations, i.e.; 0,
2.5, 5 and 10 mmol liter ! Mg(gluconate),. The
original data were obtained from 8 (ala), 4 (arg)
K and 2 (K*) measurements (the bars connect the
two results). At 10 mmol liter~! Mg, ala uptake
was 1.68 = 0.27, arg uptake 0.90 = 0.05 nmol
(107 vacuoles min)~! and K* efflux 0.21 and
0.26 ptmol (107 vacuoles min)~’, respectively.

Table 2. Effect of Mg?* on ATP-stimulated solute fluxes

Ala Phe GIn NO; Asp Arg CI7 K*
(%)

S 103 70 58 17 14 12 11 -17

R

Transport of amino acids was measured as uptake of radioactive la-
bel, transport of K*, NO;7 and C1™ as efflux as described above. The
values give the mean remaining stimulation of transport (Sg) in the
presence of 5 mmol liter™' ATP and 10 mmol liter ™' Mg>* (Fyy/arp)
as a percentage of the stimulation after addition of 5 mmol liter ™" ATP
(T 4 1p) as related to the control rate (T.):

Sg = 100(Tygarp — THTarp — T~

lipophilic amino acids such as leu, val and phe are po-
tent inhibitors of the ATP-stimulated amino acid carri-
er. Three observations suggest that this effect of
lipophilic amino acids is not due to competitive inhibi-
tion of the transporter: (i) Leu has been shown to inhibit
both efflux and influx of amino acids regardless of the
endogenous concentrations of lipophilic amino acids.
(ii) Hydrophilic amino acids, such as gln which are al-
so transported at high rates and which therefore should
be similarly effective competitors, revealed much low-
er inhibitory properties than lipophilic amino acids.
This differential effect of leu vs. gln was also seen af-
ter reconstitution of the transport system by incorpora-
tion of solubilized tonoplast proteins into liposomes
(Thume & Dietz, 1991). (iii) Over a wide range of sub-
strate concentrations, the transport rate was roughly lin-
early related to the substrate concentrations (Dietz et al.,
1990; Martinoia et al., 1992). Therefore, only small
competitive interactions should be expected between
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Fig. 4. Leucin-inhibition of ATP-stimulated transport. (Top) Com-
parison of the effects of ATP/EDTA, ATP/Mg and ATP/EDTA +
leucin (10 mmol liter~!) on arg, asp and gln uptake and K™ efflux.
Amino acid concentrations were 1 mmol liter ~!. The data are mean
values (*SD) of 5 (arg, asp and gln) measurements with 3—4 repli-
cates and 3 measurements (K™), respectively. To normalize the scale
of the y-axes, maximum transport values in the presence of ATP/
EDTA were set to 100%. (Bottom) Effect of leu (10 mmol liter—!) on
ATP/EDTA- and ATP/Mg-stimulated uptake of phe by isolated vac-
uoles.
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Table 3. Loss of Mg?*- and leu-dependent inhibition of K™ efflux
of isolated vacuoles after stimulation with pCMBS

Efflux of vacuolar n %
K* [umol (107
vacuoles min)~!]

Incubation condition

Effect of len

ATP/EDTA 047 = 0.12 8 100

ATP/EDTA + leu 0.25 = 0.06 3 53

ATP/EDTA + gln 0.43 = 0.15 4 91
ATP/Mg?* 0.27 = 0.10 3 100
ATP/Mg?* + leu 0.24 + 0.13 3 89
pCMBS 0.82 = 0.22 3 100
pCMBS + leu 0.81 = 0.27 3 99
Effect of pPCMBS

ATP/EDTA 0.43 = 0.18 6 100

ATP/Mg? 0.16 = 0.06 6 37

ATP/Mg?* + pCMBS 0.67 = 0.21 6 156

Isolated mesophyll vacuoles were incubated in the presence of the ef-
fectors as indicated: The concentrations were: ATP: 5 mmol liter™!,
Mg(gluconate),: 10 mmol liter™!, leu or gln: 10 mmol liter?,
pCMBS: 1 mmol liter~!. Incubation was terminated by flotation af-
ter 20 min, and potassium contents of the reisolated vacuoles were
determined. The initial K* content of the vacuoles was 50.4 = 8.1
pmol (107 vacuoles)~ 1.

ATP- or sulfhydryl-
reagent-activated
‘channel’

Fig. 5. Schematic representation of the hypothetically proposed four
activation states of the tonoplast amino acid carrier: The ATP-acti-
vated (/) and the pPCMBS-modified protein (4) show a broad substrate
specificity and high transport rates (“channel’-like). It should be
noted that there is only some indirect evidence that the large fluxes
observed in the presence of pCMBS and NEM are due to SH-group
modification of the amino acid carrier. Addition of Mg?* to the ATP-
activated state causes the transporter to become more specific for cer-
tain neutral amino acids (2). The ATP-activated or MgATP-modulated
amino acid transporter is inhibited in the presence of 1ipopﬁilic amino
acids (3).
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the various substrates below the apparent K,, values. In
contrast to this expectation, the K, (leu) for efflux of en-
dogenous amino acids was below 2 mmol liter !
(Dietz et al., 1989), and the K| (phe) for arginine uptake
was about 1 mmol liter !, Since additive whole leaf
concentrations of lipophilic amino acids (ile + leu +
met + phe + val) are in the range of 1 mmol liter ! and
higher (cf. Dietz, 1989) and based on their preferential
cytoplasmic compartmentation, it has to be concluded
that the ATP-stimulated amino acid carrier is in the in-
hibited state under normal conditions (Fig. 5). It is
tempting to speculate that the transporter is activated by
a decrease in the concentration of cytoplasmic lipophilic
amino acids under specific metabolic conditions allow-
ing the release of stored vacuolar amino acids. A de-
crease in cytoplasmic amino acid concentration will oc-
cur when efficient amino acid export via the phloem is
coupled to limited nitrogen assimilation—for example,
under nitrogen deficiency. Furthermore, the inhibitory
effect of lipophilic amino acids on ATP-stimulated ion
and amino acid transport may be taken as coincidental
evidence that both kinds of transport are mediated by the
same carrier.

A HYPOTHETICAL MODEL OF THREE (OR FOUR)
DISTINCT STATES OF THE TONOPLAST AMINO
AcID CARRIER

The four proposed activity states are summarized in
Fig. 5. In addition to the ATP- and pCMBS-activated
states, which both have a broad substrate specificity
but are unlikely to occur in vivo, the transporter switch-
es between an active and inactive state mainly as a
function of the cytoplasmic lipophilic amino acid con-
centration. Artificial transformation of carriers to pore-
like proteins after chemical modification with SH-group
modifiers has been reported for the mitochondrial as-
partate/glutamate- and ADP/ATP-carrier (Dierks et al.,
1990; Dierks, Salentin & Kramer, 1990). However, it
should be mentioned that, besides the correlations re-
garding the specificity of the efflux, there exists no
strong evidence that the observed stimulation of fluxes
after addition of sulfhydryl reagents is caused by chem-
ical modification of the amino acid carrier.
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The work was supported by the Deutsche Forschungsgemeinschaft
within the Sonderforschungsbereich 176 of the Bayerische-Julius-
Maximilians-Universitdt Wiirzburg.
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