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Summary. Plasma membrane vesicles were prepared from Ehrlich
cells using two-phase system compartmentation. The highly pure
plasma membrane vesicles obtained presented a negligible mito-
chondrial contamination and were suitable for studies of amino
acid transport. L-Serine transport showed a clear ionic specificity,
maximum incorporation being observed when an inwardly di-
rected NaSCN gradient was used. Na*-dependent L-serine trans-
port was dependent on assay temperature and membrane poten-
tial, and it seemed to be carried out by two different transport
systems. An essential sulfhydryl group seemed to be involved in
the transport process.
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Introduction

Neoplastic transformation is accompanied by an ad-
aptation of metabolism to an increase in nucleotide
and protein synthesis, which requires a continuous
supply of substrates. Glucose and glutamine are the
main energy and nitrogen sources for these pro-
cesses (Medina & Nriinez de Castro, 1990q), al-
though other substrates are also incorporated by
tumor cells (Spector & Steinberg, 1965; Baker et al.,
1974; Ookhtens & Baker, 1979; Lazo, 1981; Sauer
& Dauchy, 1983). The high rates of protein synthesis
in rapidly growing tumors require a continuous sup-
ply of both essential and nonessential amino acids
(Peran, Munoz & Sainz, 1990a,b).

In tumor cells, there is an increase in the activi-
ties of the enzymes involved in serine biosynthesis,
as well as an increase in the activities of the enzymes
that use serine as a precursor for purine biosynthesis
(Knox, Herzfeld & Hodson, 1969; Thordinke, Pelli-
niemi & Beck, 1979; Snell, 1985). L-Serine concen-
tration in plasma of tumor-bearing animals is lower
than in plasma of healthy mice (Marquez et al., 1986,
1989). Other authors have also found decreased L-
serine plasma concentrations in patients with cancer

(Levin & Grevers, 1981a,b), as well as in Walker
256 carcinoma-bearing rats (Krause et al., 1979).
Furthermore, L-serine concentration in ascitic fluid
in Ehrlich ascites tumor-bearing mice is always
lower than in plasma (Mérquez et al., 1989). These
results show that L-serine is consumed by tumor
cells (Marquez et al., 1989).

The capacity of tumor cells for using exogenous
L-serine must imply the existence of very efficient
transport systems. However, the study of transport
in whole tumor cells is hampered by the great meta-
bolic capacity of these cells. To avoid the interfer-
ence of the rapid metabolism of L-serine, the uptake
of this amino acid should be studied in isolated
plasma membrane vesicles. Currently, there are rel-
atively simple and efficient procedures to obtain
plasma membrane vesicles from different sources
(Hanning & Heidrich, 1974; Bardin & Johnstone,
1978; Larsson & Andersson, 1979).

The present paper reports the application of a
polymeric aqueous two-phase system to obtain
highly purified plasma membrane vesicles from Ehr-
lich ascites tumor cells containing amino acid trans-
port activity. The study of Na*-dependent L-serine
transport in these vesicles is also reported.

Materials and Methods

EHRLICH ASCITES CELLS

A hyperdiploid Lettré strain was maintained as previously re-
ported (Quesada et al., 1988). Mice were inoculated with 5 x 10°
tumor cells from different infested animals; cells were harvested
on day 10-11 after tumor transplantation at the beginning of the
stationary growth phase (Mérquez et al., 1989). Animals were
killed by cervical dislocation immediately before the ascitic tumor
samples were taken. The cells were washed with 0.9% NaCl.
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ISOLATION OF A ““MICROSOMAL’’ FRACTION

The isolation of plasma membrane vesicles was carried out in two
steps: (i) to obtain an initial ‘‘microsomal’’ fraction, and (i) to
separate plasma membranes by two-phase system compartmenta-
tion. Unless otherwise stated, the procedure was carried out at
4°C.

To obtain the initial microsomal fraction, the method de-
scribed by Colombini and Johnstone (1973) was followed with
slight modifications. Briefly, washed cells were resuspended in a
volume of 1 mM ZnCl;, 10-fold that of packed cells. Cells were
maintained for 10 min at room temperature, and for 10 min in ice.
Afterwards they were homogenized with a Polytron PTA 20S at
position 3 for 2 min. To separate nonbroken cells, nuciei, and ceil
debris, the homogenate was centrifuged three times at 1000 x g
for 1 min, discarding the pellet at each step. The supernatant from
the last centrifugation was treated with EDTA at 1 mM final
concentration to remove the zin¢, and it was centrifuged at
16,300 x g for 10 min. The resultant pellet was resuspended in
5 mMm potassium phosphate buffer, 0.33 M sucrose, S mm KCl,
pH 7.4 (S buffer). The suspension was centrifuged once more at
16,300 x g for 10 min, and the pellet was resuspended in S buffer.
This suspension represented the initial microsomal fraction.

Two-PuASE SYSTEM COMPARTMENTATION

The polymers used in the two-phase system were polyethylene
glycol (PEG) 3350, and dextran (Dx) 500. As the amount of water
contained in Dextran-3500 widely changes from available commer-
cial batch to batch, for each one the exact concentration should
be determined by using a polarimeter, as described by Larsson
(1983).

The 24 g two-phase system was prepared by adding the
following reagents at the indicated final concentrations: resus-
pended microsomal membranes in S buffer (6 g), 6.2% (wt/wt)
Dx-500, 6.2% (wt/wt) PEG-3350, 0.33 M sucrose, 3 mM KCl, and
S mMm potassium phosphate, pH 7.4. The system was mixed by
30-40 inversions of the tubes by hand. The two phases were
separated by centrifugation in a swinging bucket rotor at 1500
x g for 2 min; simultaneously, fresh two-phase systems were
prepared in which microsomal membranes were omitted. The
fresh phases were used to wash the phases obtained in the system
containing the microsomal fraction. The upper phase, enriched
in plasma membrane, was rewashed twice with fresh lower phase.
In the same way, the lower phase was partitioned by adding new
fresh upper phase. The final upper phases containing plasma
membranes were combined, diluted (1:3) with 5 mm HEPES
buffer, adjusted with KOH at pH 7.4, and centrifuged at 100,000
x g for 20 min. The pellet was suspended in 15% (vol/vol) di-
methyl sulfoxide at a final concentration of 12 mg protein/ml and
stored at —80°C until use. Stored in such a way, the membranes
retained their transport activity for weeks.

PROTEIN DETERMINATION

Proteins were measured as described by Bradford (1976).

ENZYME ASSAYS

The following methods were used to determine marker enzyme
activities: 5'-nucleotidase (Im & Spector, 1980), K*-stimulated,
ouabain-sensitive paranitrophenyl phosphatase (Kashiwamata et
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al., 1979), glucose-6-phosphatase (Nordlie & Arion, 1966), succi-
nate dehydrogenase (Im & Spector, 1980), and cytochrome ¢
oxidase (Urdiales et al., 1989). The phosphate determination re-
quired for the three first enzyme markers was carried out ac-
cording to the classical Fiske-Subbarow method, as described by
Esmann (1988).

TRANSPORT MEASUREMENTS

Membrane preparations stored in 15% DMSO were quickly
thawed. To discard the DMSO, the membranes were precipitated
by adding 0.1 M NaCl (final concentration), and centrifuging at
16,300 x g for 10 min. The pellet was suspended in 5 mm HEPES
buffer, 0.1 m KCl, pH 7.4, and centrifuged once more. The final
pellet was suspended in the same buffer at a concentration of 4—-6
mg protein/ml.

Transport experiments were initiated by mixing, in a 1:4
ratio, the membrane suspension with 125 mM NaSCN or KSCN
in 5 mm HEPES buffer, pH 7.4, in the presence of 0.2 mM L-(3-
3H)-serine (275 dpm/pmol). At each assay time, a 50 ul-aliquot
was taken, added to 2 ml of ice-cold stop solution (0.1 M NaCl in
5 mm HEPES buffer, pH 7.4), and rapidly filtered through a glass
fiber filter (Whatman GF/C) using a 1225-multiple collector from
Millipore connected to a vacuum system. Finally, the filter was
immediately washed with 5 ml of ice-cold stop solution. Na*-
dependent L-serine transport is a process that is dependent on
assay temperature {Sips, Van Amelsvoort & Van Dam, 1980;
Herrero, Giménez & Aragén, 1987). The apparent transport in
the presence of KSCN was practically independent of the temper-
ature. Transport experiments were carried out at room temper-
atuye.

The filters were dried at 60°C and then placed into scintilla-
tion vials containing 5 ml Aquasol-2. Radioactivity was deter-
mined using a Rack-Beta liquid scintillation counter from Phar-
macia.

All the measurements were carried out at least in triplicate
and were corrected for nonspecific binding, calculated from the
radioactivity retained in the filters at zero time.

CHEMICALS

L-(3-*H)-Serine (sp act: 1.85 GBq/mmol) was purchased from
Amersham. Aquasol-2 was obtained from NEN-DuPont. Al
other chemicals were obtained from Merck, or Sigma.

Results

" ISOLATION OF PLASMA MEMBRANE VESICLES

In the procedures to obtain native plasma membrane
vesicles, there are two steps clearly differentiated:
The isolation of an initial fraction of membranes
(usually called microsomal fraction), and the purifi-
cation of plasma membrane from this fraction. The
first step used in the present work was that reported
by Colombini & Johnstone (1973). However, the
microsomal fraction was further purified and plasma
membrane isolated by using an aqueous two-phase -
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Table 1. Specific activities of marker enzymes in membrane fractions during the preparation of plasma membranes from Ehrlich cells

Enzymes Specific activities® RSAP Rec®
F, F, F3

5'-Nase 03 = 0.1 28 06 11.0= 0.8 37 12.8

PNPPase 188 = 6.2 70.3 + 7.8 299.5 = 50.8 16 4.4

GPase 3.6 = 0.1 5.0 07 2.1 = 0.0 0.58 0.2

SDH 51.6 = 4.1 80.6 = 10.6 33 1.9 0.06 0.018

CCOase 335.7 = 80.8 1743.0 = 145.6 41.2 £ 20.5 0.12 0.052

2 Units of specific activity: nmol/mg protein-min. Values are mean = SeM for three different determinations.

" RSA or enrichment is obtained as specific activity in F; divided by specific activity in F.

¢ Recoveries in F; fraction are expressed as percentages of the activities found in the first homogenate.

£ is the homogenate, F, is the microsomal fraction, and Fj is the purified plasma membrane fraction.

system containing 6.2% (wt/wt) PEG-3350, and  Table 2. Recovery of enzyme activities

6.2% (wt/wt) Dx-500.

Table 1 shows the specific activities of the  Enzymes FilF\(%) Fy/Fy(%)
marker enzymes used to characterize the obtained 4, .. 24 0
plasma membrane vesicles: 5'-nucleotidase, and  gpae 38 5
K*-stimulated, ouabain-sensitive paranitrophenyl CCOase 24 0.25

phosphatase, as plasma membrane markers; glu-
cose-6-phosphatase, as endoplasmic reticulum
marker; and succinate dehydrogenase, and cyto-
chrome ¢ oxidase, as inner mitochondrial membrane
markers. Specific activities were determined in the
homogenate (F, fraction), in the microsomal fraction
(F, fraction), and in the purified plasma membrane
vesicles (F; fraction). The enrichment obtained for
5'-nucleotidase (37-fold higher in F; than in F,), and
paranitrophenyl phosphatase (16-fold enrichment)
reflects the purity of the plasma membranes ob-
tained. The enrichment of plasma membranes ob-
tained with gradient centrifugation methods is usu-
ally less (Van Amelsvoort, Sips & Van Dam, 1978;
Zafra & Giménez, 1986). Previously reported proce-
dures to isolate plasma membrane vesicles from Ehr-
lich ascites tumor cells yield approximately a 20-
fold enrichment in the plasma membrane fraction
(Colombini & Johnstone, 1973; Kilberg & Chris-
tensen, 1979; Im & Spector, 1980). However, the
degree of contamination by internal membranes (es-
pecially, mitochondrial membranes) in these prepa-
rations is greater than that obtained by the two-
phase system compartmentation used in the present
work. In fact, our plasma membrane preparations
contained an endoplasmic reticulum contamination
of less than 2%, and an inner mitochondrial mem-
brane contamination of less than 0.4%. The purity
of the plasma membrane obtained was greater than
95%.

Table 2 shows the recoveries for the different
marker enzymes in F, and F; fractions. These data
reveal valid information on the specificity of each
one of the two steps in the procedure followed to

isolate plasma membrane vesicles. The data clearly
show that the isolation of a microsomal fraction is
the less efficient step. However, 2-phase system
compartmentation yielded such a good result that it
compensated for the inefficient first step. Nonethe-
less, the global procedure might be easily optimized
by changing the homogenization and centrifugation
conditions used in the first step.

There is something that is worthwhile to stress.
As Table 2 shows, in the first step there was no
selective elimination of the mitochondrial fraction
which was completely eliminated after two-phase
compartmentation. This fact reveals that 2-phase
compartmentation is such a selective method that it
is not necessary to obtain an initial membrane frac-
tion essentially free of mitochondria, a condition
that is almost indispensable when density gradient
centrifugation methods are used.

Ionic SpeciriciTy oF THE Na*™-DEPENDENT
L-SERINE TRANSPORT

Table 3 shows that 1-serine accumulation in native
vesicles depends on ionic gradients: maximum up-
take was obtained with a Na* gradient. A K+ or
choline-ion gradient did not stimulate 1 -serine trans-
port. However, L-serine transport in the presence of
an NH; -ion gradient was 41% of that obtained in
the presence of Na®. This surprising effect of
NH; was previously found in the transport of L-
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Table 3. Ionic specificity of Na*-dependent 1L-serine transport

Added compound Transported

L-serine (%)

NaCl 100
NH,CI 41
Choline chloride 25
KCl 6
Mannitol 10
NaSCN 137
NaHzPO4 52
Sodium citrate 78

Na*-dependent L-serine transport was determined with 160 um
L-(3-3H)-serine in the presence of different salts at 100 mm concen-
tration (except sodium citrate, at 33 mM), or mannitol at 200 mM.
Transport was stopped after 15 sec. Results are expressed as
percentages of transport taking the transport in 100 mm NaCl as
100%. Standard deviations for the mean values reported were
within the 20% range.

glutamine {(unpublished results), and its possible
causes deserve further study. In the absence of ionic
gradient, L-serine uptake was minimal. It could be
concluded from these data that L-serine is trans-
ported into plasma membrane vesicles from Ehrlich
cells mainly via Na*-dependent systems.

The counter-ion accompanying Na* influences L-
serine accumulation. Total uptake was correlated
with the penetrability of the anion (Table 3). Thus
maximal uptake was obtained with a NaSCN gradi-
ent. The anion thiocyanate easily diffuses across the
phospholipidic bilayer and gives rise to a membrane
potential change (negative inside), which constitutes
an additional driving force for Na*-dependent L-
serine transport. This effect of thiocyanate has been
previously described (Liicke, Haase & Murer,
1977). The effect of the anions on L-serine transport
could only be observed in the presence of a Na™*
gradient; this fact rules out the possibility that the
observed L-serine incorporation arose from osmotic
changes in the medium. Similar results have been
obtained in plasma membrane vesicles from other
sources (Sips et al., 1980; Sips, DeGraaf & Van
Dam, 1982; Lynch & McGivan, 1987).

Valinomycin is a selective ionophore for K*.
When valinomyein is added to a membrane vesicle
suspension, a dissipation of the transmembrane po-
tential takes place (Medina & Nufez de Castro,
1990bh). Na*-dependent L-serine transport in the
presence of 10 uM valinomycin was twice that ob-
tained in control vesicles with no valinomycin added
(results not shown). This finding shows that this
transport activity responds to changes in transmem-
brane potentials. The increase was similar to that
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Fig. 1. Time course of Na*-dependent L-serine transport in
plasma membrane vesicles isolated from Ehrlich cells. Values of
transport in 100 mM NaSCN were corrected with those in 100 mm
KSCN. A typical result is represented

observed by Colombini and Johnstone (1974) in na-
tive vesicles and greater than that obtained in recon-
stituted vesicles from Ehrlich cells (McCormick,
Tsang & Johnstone, 1984).

TiME COURSE OF Na™-DEPENDENT
L-SERINE TRANSPORT

Na™-dependent L-serine transport reached a maxi-
mum at 30 sec, and it was almost linear for this
period of time (Fig. 1). The decrease observed from
the 30th sec on reflects the dissipation of the Na*
gradient. Im and Spector (1980) also observed a de-
crease in Na*-dependent AIB transport after the
first minute, reaching equilibrium values at 10 min.

KINETIC CHARACTERISTICS OF Na*-DEPENDENT
L-SERINE TRANSPORT

Na~*-dependent L-serine transport showed an ap-
parently hyperbolic kinetics (Fig. 2). To determine
the possible existence of a positive cooperativity,
the Hill plot was represented (Fig. 2, insert), yielding
an apparent S5 = 0.45 mmM, and a Hill coefficient
very close to unity (1.1). Na*-dependent L-serine
transport might be mediated by, at least, two differ-
ent carriers, most probably A, and ASC systems
(Christensen et al., 1965; Christensen, Liang & Ach-
erd, 1967; Christensen, 1990). To elucidate the ki-
netic features of these two carriers, methyl-AlB is
usually employed as a selective inhibitor for A sys-
tem (Christensen, 1989). However, we could not
obtain congruent results upon the utilization of
methyl-AIB (results not shown). For this reason,
only *‘total” kinetics could be evaluated.
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Fig. 2. Kinetics for total Na‘*-dependent L-serine transport.
Transport was determined at different L-serine concentrations in
100 mM NaSCN and 100 mm KSCN. Transport was stopped after
15 sec. Corrected values are represented. fnsert: Hill plot for the
kinetics

Table 4. Effect of some amino acids on the Na™-dependent
L-serine transport

Na*-dependent
L-serine transported (%)

Added amino acids

None 1060 = 3
L-Glutamate 69 £ 9
L-Leucine 94 = 25
L-Lysine 9 = 2
L-Serine 21 + 19
L-Threonine 39 =13

Membrane suspensions were incubated in the presence of 160 um
L-(3-*H)-serine and nonlabeled amino acids at 5 mMm concentra-
tion. Transport was stopped after 15 sec. Values of transport in
NaSCN were corrected with those in KSCN. Results are ex-
pressed as percentages and are means *+ sSb for three different
determinations.

Another useful criterion could be the inhibition
by L-threonine, a specific inhibitor for system ASC
(Handlogten et al., 1981). Table 4 shows that Na*-
dependent L-serine transport was not totally inhib
ited in the presence of an excess of L-threonine. This
result suggests that both Na*-dependent systems A
and ASC transport L-serine are present in Ehrlich
cells. Na*-dependent L-serine transport was not in-
hibited by basic (lysine), or branched-chain (leucine)
amino acids. On the other hand, there was a partial
inhibition by the acidic amino acid glutamate. As
expected, the greatest inhibition was obtained using
nonlabeled L-serine as a competitive inhibitor. In
the presence of KSCN, a significant increase in the
values of radioactivity recovered in filters was ob-
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Fig. 3. Effect of pH on Na“-dependent L-serine transport. L-
Serine transport was determined at different pH values. Buffers
used (all of them at 5 mm concentration) were: carbonate at pH
9.5; Tris-HCl at pH 8.5; HEPES or phosphate at pH 7.4; phos-
phate at pH 6; and acetate at pH 5. Transport was stopped after
15 sec. Values obtained in the presence of 100 mm NaSCN were
corrected by subtracting the correspondent values in the pres-
ence of 100 mM KSCN. Data are presented as percentage of L-
serine incorporated, taking the amount of L-serine incorporated
at pH = 7.4 as 100%

served when L-serine transport was studied in the
presence of the charged amino acids glutamate and
lysine, but not in the presence of neutral amino
acids.

EFFECT OF pH

Figure 3 shows the effect of pH on Na*-dependent
L-serine transport. Uptake was maximal at pH =
7.4. There was a stepwise decrease of transport ac-
tivity with increasing pH. On the other hand, the
decline in the transport was more pronounced at
acidic pH, in such a way that at pH 5 Na*-dependent
L-serine transport was not observed. First, Handlog-
ten et al. (1981) reported that both transport systems
A and ASC behave dissimilarly against the acidifica-
tion of the medium. System ASC is described to be
less sensitive to decreases in pH than system A; in
fact, system ASC slightly decreases at pH 6,
whereas system A is almost totally ineffective at pH
6. Since the observed activity decrease at pH 6 was
60%, it is possible to conclude that both systems A
and ASC are functional in the transport of L-serine
in Ehrlich cells. These data are in good agreement
with the partial inhibition observed in the presence
of L-threonine (Table 4). However, the Na*-depen-
dent L-serine transport activity completely ceased
at pH 5 (Fig. 3); this result agrees with Makowske
and Christensen (1982), who showed that the trans-
port activity of system ASC sharply drops at pH
below 6.
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Table 5. Inhibitory effect of sulfhydryl reagents on Na*-depen-
dent L-serine transport

Added inhibitor Na*-dependent

L-serine transported (%)

None 100 = 12
DTNB 37+ 6
PCMBS 28 + 21
Mersaly! 712

Plasma membrane suspensions were preincubated for 5 min at
room temperature in the presence of different inhibitors at 0.5
mm. Transport was started by adding L-(3-*H)-serine in NaSCN,
or KSCN, at final amino acid concentration of 160 umM, and
inhibitor concentration of 0.1 mM. Transport was stopped after
15 sec. Results are percentages and are means + sp for three
different determinations.

EFFECT OF SULFHYDRYL GROUP REAGENTS

Table 5 shows the effect of mersalyl, 5,5’-dithiobis-
2-nitrobenzoic acid (DTNB), and para-chloromer-
curobenzenesulfonate (PCMBS) on Na*-dependent
L-serine transport in native plasma membrane vesi-
cles. All of them produced an inhibition greater than
50%. These compounds are inhibitors that act on
sulfhydryl groups. The inhibition observed could be
explained as an evidence for the existence of essen-
tial sulfhydryl groups for the activity of the trans-
porter molecules. In the absence of an electrochemi-
cal gradient of Na*, the amount of L-serine ac-
cumulated into the vesicles was not altered by the
presence of organomercurials (PCMBS and mersa-
1yl). This fact might suggests that the inhibition pro-
duced by these compounds is a specific effect, and
not a consequence of nonspecific damage or alter-
ations in membrane permeability (Quesada & McGi-
van, 1988). On the contrary, DTNB produced an
increase in the apparent L-serine incorporation in
the presence of KSCN. It could be concluded that
the inhibition produced by DTNB is less specific
than that produced by organomercurials and, at least
in part, it could be the result of an increase in the
membrane permeability (Biber & Haiiser, 1979).
As PCMBS is weakly penetrating (Driessen &
Konings, 1990), and yet it produces an inhibition
greater than 50%, it could be suggested that the
sulfhydryl groups involved in the transport activity
are exposed at the external surface of the plasma
membrane. Very recently Pola et al. (1990) confirm
the different characteristics of system A and ASC
transport activities to thiol-group-modifying re-
agents in vesicles isolated from hepatocyte plasma
membranes. Nonetheless, to know the actual role
played by the sulfhydryl groups in the carriers, as
well as their spatial disposition, it would be neces-
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sary to carry out additional experiments of inhibition
on purified transporters and protection experiments
with compounds like DTT (Driessen & Konings,
1990; McCormick & Johnstone, 1990).

Discussion

The importance of transport processes in connection
with tumor growth and proliferation was stressed by
Holley (1972}, who suggested that the crucial change
in the malignant transformation would be due to
alterations in plasma membrane. Owing to the ele-
vated nourishing needs and the limited blood supply,
as a consequence of the scarce vascularization of
tumors, these cells must have very efficient trans-
port systems to compete with the normal tissues of
the host.

The study of amino acid transport in whole cells
is difficult to carry out owing to the great metabolic
capacity of neoplastic cells; thus isolated plasma
membrane vesicles must be used (Sips et al., 1980;
Bardin & Johnstone, 1978; Im & Spector, 1980; Za-
fra & Giménez, 1986). Nonetheless, in the last years
some authors describe an alternative method using
whole cells adhered to an inert bed, perfused in a
column, and applying a highly resolutive technique
of double isotopic labeling (Peran et al., 1990q).

The first aim in the present work was to develop
a new method of isolation and purification of plasma
membrane vesicles from Ehrlich cells. Several dif-
ferent methods are described (Colombini & John-
stone, 1973; Kilberg & Christensen, 1979; Im &
Spector, 1980; Medina, 1989) which suffer from
slowness, poor recovery, and/or contamination by
other subcellular fractions. The good results ob-
tained with the method used in the present work
reveal the great capabilities of 2-phase compartmen-
tation to clearly and efficiently separate different
subcellular fractions (Flanagan, 1985). The effects
of including ZnCl, in the homogenization buffer or
in the 2-phase system have been systematically in-
vestigated (Gruber et al., 1984). It seems that plasma
membrane recovery increased significantly when
ZnCl, was omitted in the homogenization medium

and included in the 2-phase system (Gruber et al.,

1984).

The main problem in transport studies, particu-
larly when the accumulation ratio is low, 1s the dis-
crimination between unspecific binding of the sub-
strate to the membranes and their transport. It can
be assumed that the ‘“‘incorporation’” measured in
the present work is really the consequence of a trans-
port into the intravesicular compartment due to the
following observations: (i) L-serine uptake is ion-
dependent (Table 3); (ii) L-serine uptake depends on
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its extravesicular concentration, and it is saturable
(Fig. 2); (ii1) the process depends on assay tempera-
ture; and (iv) the inhibitory effect of organomercuri-
als is dependent on the cation present in the external
medium.

L-Serine transport in native plasma membrane
vesicles from Ehrlich cells can be separated into two
components: one Na* independent and the other
Na™* dependent. The first one represents a small
percentage of total L-serine transport (Table 3).
Na*-dependent L-serine transport showed an appar-
ently Michaelian kinetics. However, the double re-
ciprocal plot did not completely fit a straight line,
which suggests that Na*-dependent L-serine trans-
port could be carried out by more than one transport
system. Moreover, three converging evidences for
the functionality of both systems in the transport of
L-serine are presented: (i) L-threonine, a specific
inhibitor for system ASC, inhibited, but not totally,
Na*-dependent L-serine transport; (i) at pH 6, the
transport activity decreased by 60%, but not totaily,
as it should be expected if only A system is func-
tional; on the other hand, this decrease was greater
than that expected if only ASC system is functional;
in fact, at pH 6 it is reported that the activity of
system ASC decreases less than 20% (Makowske &
Christensen, 1982); and (iii) there is a decrease in
the incorporation of L-serine at pH higher than 8,
behavior that is characteristic of system ASC
(Handlogten et al., 1981).

The next step for a further characterization of
L-serine transport in Ehrlich cells should be the
study in functional reconstituted vesicles.

Thanks are due to Mr. R. Cameselles for drawing the figures. This
work was supported by Grant PB/88/0445 from the DGICYT.
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