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Membrane vesicles of L6 myoblasts were prepared in order to study the amino acid transport system A.

The role of the membrane in the adaptive response of transport to amino acid-supplementation was

assessed. The membranes, prepared by N; cavitation, displayed Na* (but not K*)-dependent L-proline

uptake. An overshoot of L-[*H]proline uptake was observed after exposure of the vesicles to an inward

Na* gradient. Isolated membrane vesicles loaded with 50 4M proline displayed countertransport

(stimulation of proline uptake). It is concluded that the adaptive decrease of proline uptake observed in
amino acid-supplemented cells cannot be accounted for by trans-inhibition of transport.
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1. INTRODUCTION

The L6 cell line is a good experimental model for
studying transport regulation in muscle cells in vi-
tro [1,2]. Proline enters L6 cells through a sodium-
dependent mechanism which is probably equiva-
lent to the transport system A in [3]. In several cell
types the activity of this system is regulated by hor-
mones and by the amino acid concentration in the
surrounding medium {e.c. [4] for review). We have
found that proline uptake into L6 cells is markediy
depressed by pre-incubation in media supplemen-
ted with amino acids [S]. Attempts to investigate
the mechanism of transport depression by supple-
mentation in intact cells [6] suggested that an adap-
tive response took place, but did not rule out trans-
inhibition as an alternative possibility. Trans-
inhibition refers to a reduced rate of amino acid
entry, resulting from the interaction of intracellu-
larly trapped substrate with the transporter. If in-
deed system A is subject to trans-inhibition, the
phenomenon should be also apparent in isolated
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membranes. On the other hand, adaptive respon-
ses probably require the interplay of other cellular
elements in addition to the plasma membrane.
Hence, an adaptive response to amino acid supple-
mentation is unlikely to occur in isolated membra-
nes. In order to approach this and other aspects of
the process of transport regulation, an isolated
membrane preparation is required in which the
proline uptake system is preserved. Plasma mem-
branes from cells in culture can be prepared by a
variety of procedures, and their usefulness in the
study of transport phenomena has been stressed by
several investigators [7-10]. As pointed out in
[11], nitrogen cavitation is the method of choice to
produce large, sealed membrane vesicles, suitable
for transport determinations. In addition, by care-
ful selection of the nitrogen pressure, one can mi-
nimize lysis of mitochondria, nuclei and other or-
ganelles, thus preventing the production of a mix-
ture of membranes which is difficult to resolve.
This communication reports the isolation of mem-
brane vesicles from L6 muscle cells and the charac-
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terization of sodium-dependent proline uptake in
the isolated vesicles. The effects of proline supple-
mentation were tested in these vesicles. In addi-
tion, proline uptake was measured in membrane
vesicles derived from amino acid-supplemented
and -depleted cells.

2. MATERIALS AND METHODS

2.1. Cells

L6 myoblasts were grown in monolayers in
75 cm? culture flasks in a-minimal essential medi-
um containing 2% fetal calf serum, at 37°C under
an atmosphere of 5% CO; and 95% air. Cultures
were maintained in continuous passages by trypsi-
nization as in [5].

2.2. Membrane preparation

Cell disruption was accomplished by an adapta-
tion of the method in [11]. Cells approaching con-
fluence were incubated in fresh medium 24 h prior
to membrane preparation. The cells from 8-10
flasks were then rinsed with phosphate-buffered
saline solution, and scraped off with a rubber poli-
ceman. All further procedures were done at 4°C.
The suspended cells were washed with 200 mM su-
crose, 0.2 mM MgSOy, 20 mM Tris—HCI (pH 7.5)
by sedimentation at 50 X g for 5 min in a bench top
centrifuge. About 5 x 10° cells were then suspen-
ded in 20 ml of the same buffer and their viability
determined by Trypan blue exclusion (in all cases
viability at this stage exceeded 90%). The cell
suspension was equilibrated with 700 Ib/in* N; in
a cavitation chamber (Parr Instruments) with mag-
netic stirring, for 15 min on ice. After pressure re-
lease, the collected lysate (containing intact nuclei
but less than 5% intact cells) was made 1 mM with
EDTA and centrifuged at 600 x g for 15 min, the-
reby sedimenting intact cells and nuclei. The super-
natant (Seoo) was centrifuged at 10000 x g for
15 min and the resultant supernatant (S;ox) was fi-
nally centrifuged at 40000 X g for 60 min to yield
a microsomal pellet (Psok). Typical yields were (in
mg protein): intact cells 17.6; disrupted ells 17.0;
Sﬁ()() = 14.4; Smx = 10.8; me = 1.4; P40K = |.8.
Protein was estimated by the method in [12].

2.3, Transport measurements

15 1 of a membrane suspension (about 10 mg
protein/ml in the sucrose—Tris buffer) were incu-
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bated with 15 4l of 5 xM [*H]proline (40 xCi/ml)
in 20 mM HEPES (pH 7.5) containing either
200 mM NaCl or 200 mM KCI. After variable time
periods, the suspensions were diluted with 3 ml ice-
cold isotonic NaCl or KCl, passed through Milli-
pore filters (0.22 xm pore size) and washed twice
on the filters. These were then counted by scintilla-
tion in Budgetsolve. The radioactivity bound to the
filters in the absence of membranes was subtracted
from all measurements.

2.4. Materials

L-[3,4-*H]Proline (15.6 Ci/mmol) was purcha-
sed from New England Nuclear. o-Minimal essen-
tial medium and fetal calf serum were from Gibco.

3. RESULTS AND DISCUSSION

Membranes were prepared from L6 cells as out-
lined in section 2. When the microscopic appear-
ance was analyzed by thin section, a predominant
population of membrane-bound vesicles was
observed. Enzyme marker determinations showed
that the membranes were 8-fold enriched in the
plasma membrane marker bis(p-nitrophenylphos-
phatase) relative to the disrupted cell suspension
(1.5 and 0.2 nmol.mg '.min"!, respectively).
Moreover, the membranes were relatively depleted
of the mitochondrial marker cytochrome C ox-
idase (2.2 nmol.mg '.min™' wvs 7.0
nmol.mg~!.min"! in the disrupted cell suspen-
sion). Fig.1 shows a representative determination
of the time course of proline uptake into these
membranes. The figure shows that uptake in the
presence of sodium was faster than in potassium
media. However, the equilibrium concentration of
proline inside the microsomes was the same in the
presence of either cation. The internal volume of
the transporting vesicles was estimated from the
amount of proline taken up at equilibrium
(60 min). The calculated volume (1.9 xl/mg
protein), is similar to those obtained in other
vesicular systems [13], and therefore suggests that
a significant fraction of the vesicles is engaged in
transport. In similar experiments, the concentra-
tion of proline varied between 2.5 zM and 2 mM,
and uptake was determined after 2 min. Although
these are not rigorous determinations of the initial
rates of uptake, approximate values of the kinetic
parameters could be calculated: The apparent
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Fig.1. Time course of proline uptake by membrane

vesicles from L6 cells. Uptake of [*H]proline (5 xM) was

carried out as described in section 2, in the presence of
100 mM NacCl (e) or KCi (0).

K, was 0.1mM and Vmax approximated
75 pmol.mg™'.min"'. In intact L6 cells, Ky is
0.3 mM [5].

In the presence of sodium, a small but signifi-
cant increase above the equilibrium uptake was ob-
served at short times, which eventually subsided to
reach equilibrium (fig.1). This change in concen-
tration of proline was probably driven by the
short-lived, inwardly directed sodium gradient.
The gradient is most likely dissipated after 8 min,
resulting in the equilibration of the intravesicular
proline with the external medium. Similar ‘over-
shoots’ of sodium-dependent amino acid or glu-
cose uptake have been observed in membranes
from other cells [13—20]. Some of these studies
have suggested that the overshoot depends both on
the chemical sodium gradient and on the electrical
gradient. In membranes from L6 cells, no increase
in the size of the overshoot was observed when
thiocyanate replaced chloride in the outer solution
(not shown). This could indicate that the conduc-
tivity of the vesicles to both anions was similar, or
alternatively, that in these membranes proline up-
take is insensitive to the electrical potential.

The membranes obtained in this study constitute
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a useful system to investigate the mechanism of re-
gulation of amino acid transport observed in vivo.
As mentioned in section 1, incubating L6 muscle
cells in the presence of proline results in a decrease
in their transport capacity for amino acid substra-
tes of system A. It was therefore of interest to de-
termine whether such a response could be observed
in the isolated vesicles. For this purpose, isolated
membranes were either exposed to amino acid-free
media or else loaded wih 50 xM proline for 30 min
prior to the determination of proline uptake. Up-
take was measured at 45 s and 2 min, The results
in table 1 indicate that sodium-dependent trans-
port of [*H]proline was higher in proline-loaded
than in amino acid-free vesicles. The fact that
trans-inhibition of system A could not be elicited
in the isolated membrane system, suggests that this
mechanism is unlikely to have caused the decreased
proline uptake in proline-supplemented intact cells
[5]. In fact, these results indicate that transport
system A displays trans-stimulation. This mecha-
nism was probably obscured in amino acid-loaded
cells by the adaptive inhibitory response.

Table 1
Effect of proline preloading on [*Hlproline uptake

Expt Proline uptake
no. (pmol.min~!.mg protein™")

Control vesicles Loaded vesicles
Na* K* Na* K*

1 043 + 0103 = 0.1 32 £ 04034 + 0.1
2 1.6 + 0414 + 0.2 31 £ 0716 + 0.4
3 0.5 0.23 25+ 0506 +03

Membrane vesicles were prepared as described in section
2. They were then incubated for 30 min in the absence
{control) or presence (loaded) of 50 xuM non-radioactive
proline, in 100 mM NadCl, 20 mM HEPES (pH 7.4) at
room temperature. The membranes were then diluted
10-fold by exposure to 10 volumes of uptake medium
(100 mM NaSCN or KSCN, 10 mM HEPES—Tris (pH
7.5) and 40 xCi/ml [*Hjproline). The concentration of
proline was adjusted to 5 kM with cold proline in the
case of control membranes. Uptake was determined in
duplicate for 45 s and 2 min as described in section 2.
Protein (30-50 xg) was used per determination. The
data are means + SEM (n = 4) except in control
experiment 3, where the mean of two measurements is
reported
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Finally, we also analyzed whether membranes
from amino acid-deprived cells retain the stimula-
ted proline transport observed in intact cells. Re-
sults of 3 independent experiments performed in
duplicate indicated that proline uptake (measured
after 2 min in the presence of 2.5 xM proline) was
not significantly lower in the membranes from
proline-supplemented cells than in the membranes
from deprived cells (P > 0.05). Thus, the stimula-
tion of amino acid uptake undergone by the cells in
vivo is not preserved in the isolated membrane ve-
sicles. It is conceivable that (cytoplasmic) factors
essential to maintain the activation of transport are
inactivated or lost during the isolation procedure.

In conclusion, membrane vesicles of L6 myo-
blasts were prepared in order to study the amino
acid transport system A. The membranes displayed
Na* (but not K*)-dependent L-proline uptake, and
an overshoot of L-proline uptake was observed af-
ter exposure of the vesicles to a NaCl gradient. Iso-
lated membrane vesicles loaded with 50 xM proline
displayed trans-stimulation. Thus, the adaptive de-
crease of proline uptake observed in amino acid-
supplemented cells cannot be accounted for by
trans-inhibition of transport.
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