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' SUMMARY

' + - . .
The Na -dependent accumulation of a-aminoisobutyric acid (AIB), measured

" in normal growing and quiescent (serum-deprived) HSWP cells (human diploid

fibroblast). was found to be 2-fold higher (AIBin/AIBou = 20-25) under

t
nprmal growing conditions. Serum stimulation of quiescent cells increases
their AIB concentrating capacity:by approximately T0% witﬁin 1 hr. These
observations'suggest that the driving forces'for.AIB accumulatiﬁn nmay be
reversibly influenced by the serum concentration of the growth‘ﬁedium.

Addition of valinomycin (Val) to cellé pre-equilibratéd with AIB causes an
enhanced accumulation of AIB, suggesting that the membrane potential caﬁ

serve as a driving force for AIB accumulation. After pre-equilibration ﬁith
AIB in 6 mM K+, transition to 94 mM K+ with‘V;l results in a mafked and rapid
net loss of AIB. The effect of Val on the accumulation of AIB is greaﬁest

in quiescent cells, With the intracellular AIB concentrations reaching those
seen in bofh Val-stimulated, normal cells and.Val—stimulated, serum-stimulated
cells. By adjusting'[K+]o, in the presence of Val, the merbrane potential of
growing cells can be matched to that of quiescent celis_or vice versa.A The
resultant AIB accumulating capacity is characteristic of the membrane potential
rather than of the growth state. In sﬁmmary; these data éﬁggest'fhatrthe
accumulation of AIB in HSWP cells may be influeﬁced by éhanges in‘membrane

potential and that a serum-associated membrane hyperpolarization could be

. partly responsible for the increased capacity for AIB accumulation in serum-

stimulated cells.



INTRODUCTION

In recent years, many investigators have sought to determine whether
alterations in membrane permeability can be correlatéd with changes in cell
growth state. Several studies have demonstrated‘that a decrease in the
transport of several small molecular weight nutrients (Pi, uridine, amino
acids) occurs when cells go from a state of grovth-to one of quiescenée;
These observations have led to speculation that alteratiéns in hembrane‘
permeability to metabolites may, by controlling their intracellular concen-
trations, play a role in regulating cell growth and transfofmation (1).

The transporﬁ of amino acids, in particular, has been extensively
studied as a possible growth reguiatory mechanisn. Thé wéll documented
Adépendence of cell growth on amino acid suppl& {2), as well as the small
margin of safety observed in some cells between maximal transport rate of and
metabolic demands for amino acids (3), suggest that this pathwéy is well
suited for such a regulatory functioﬁ. Investigationé of amino acid transport
indicate that the rate of amino acid uptake 1n logarlthmlcally growlng, non-
transformed cells is substantially hlgher than in either confluent [3T3 cells
(4)], nhyperconfluent [chick embryo cells (5)] or serum-deprlved quiescent
cells [chick embryo cells (5), human diploid cells (6)]. The enhanced amino
acid uptake.seen in growing cells suggests the presén;e of an increésea
number of transport molecules in the cell meﬁbrgne. Howéyer, in some éésés,'
changes in transport are too rapid to be due to the incorporatioﬁ of new
_ transport sites into the membrane. Also, observatioﬁs indicaténthat the
level of amino acid accumulation is elevated in growing cells (L4,5). Since;

an increase in the number of transporters is not sufficient to increase the
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amino acid concentrating capacity of the cell, it appeafs that when cells
enter a growth state there may be either an increase in the driving force
for amino acid uptake or a more efficient coupling to existing‘forces.,

The present study attempts to identify the source of energy for the
elevated accumulation of amino acids in growing cells. Amino acid transport
is studied in a skin-derived, human diploid fibroblast strain (HSWP),‘usingzl
o—-aminoisobutyric acid (AIB) as a model substrate fér_the Na+—dependent
amino acid transport system. We show that AIB.accumulation is greaper in
growing cells than in serum-debrived, quieécent cells énd that the éffect is"
partially reversed within 1 hourvafter serum—stimulation of quieséent cells.
The possible role of.the membrane potential iﬁ driving the enhanced amino acid
. accumulation in growing cells is tested using vélinomycin to_altef the resting
membrane potential. Evidenge is presented vhich suggests that the enhanced

level of AIB accumulation in growing cells is the result of a growth-related

membrane hyperpalarization.

MATERIALS AND METHODS

Cells and Growth

HSWP cells, human diploid fibroblasts, were derived from.human foreskin
by J. D. Regan (ORNL). They were cultured in Eagle's minimum essentiai

media (KC Biological Inc.) containing 10% fetal calf serum (KC Biological Inc.),
and 25 ﬁg/ml.gentamicin (Schering Corp.). Stock culﬁureg ﬁefe maintainea at
, confluéﬁce in the same medium with 1% fetal calf serum. .Cells were groﬁn at

" 37°C in a 95% air-5% CO2 atmosphere, and wg}é used'betweeﬁ the 10th and

25th passage. Cells were removed from stock flasks by.tryfsinization and .

were seeded onto individual coverslips (11 X 22 mm) in Petri dishes as
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ofiginaily described by Foster and Pardee (L4) and modified by Salter and

Cook (T). Twenty-four hours after plating, the cells wére fed with growth -
media containing either 10% fetal calf serum (growing cells) or 0.1% fetal

calf serum (serum-deprived cells). Transport measuremenfé vere performed

on growing cells at subconfluent densities and on serum-deprived cells following
2 to 4 days on O.l%'fetal calf serum. Serum-deprived cells are considered to

be quiescent when 3H thymidine incorporation into the acid insolﬁble fraction
drops below 10% of growing controls.

Transport Studies

Amino acid transport was measured using a-aminoisobutyric“acid (AIB),

a nonmetabolizable substrate of the Na+—dependent, amino acid concentrating, -
transport system [A system (8)]. The assay medium consisted of amiﬁo acid-
free Eagle's minimum essential medium with Hank's salts, 20 mM'Hepes
(N—2-hydroxyethylpiperazine—N'—2—ethanesulfonic acid), 0.1 mM AIB, and

v 1 yCi/ml 34 AIB (ICN). In some experiments the I\IajF and XK' concentrations

of the assay media were altered by egquimolar substitutioﬁ of either potassium
chloride or choline chloride for sodium chloride iﬁ the Hank's salts. In »
all media [NaCl + KC1l.+ ChCl] = 1L4 mM. Valinomycin (Val; Sigma Chemical Co.)
was added to some assay media as an ethanol solution with the appropfiate" .
amount of ethanol aiso being added to control media (< 0.25% final coﬁcentra~
tion). '

Four-ml aliquots of assay medium were placed in }S X b5 mm shell vials
(Kimble Products) and equiiibrated atA37°C. Coverslips were removed from
their growth media, drained by touching to an absorbent paﬁer tdwel aﬁd
' placed in shell vials for the required times. To terminafé AIB uptake,
the coverslips were removed from the assay media, and.rapidlj'washed 3

times in cold tris buffered saline (pH T.4). They were then drained and
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placed in a glass scintillation vial containing 1 ml of 0.1 N NaOH to lyse
the cells. Following lysis, 0.1 ml of 1N HC1l and 10 ml of Triton
X-100/toluene counting solution, containing 5.5g/L Permablend I (Packard),

were added. Radioactivity was determined in a Nuclear-Chicago Mark II

Spectrometer.

Protein Measurement

Protein was measured by the intrinsic fluorescence of tfyptophan residues
(9). ?rotein was solubilized by placing each coverslip in a éhell vial éon— ‘
taining 4 ml of 0.2% sodium d&decyl sulfate (SDS). The emission of the SDS
extréct was measured at 338 nm, using an excitation wavelength of‘é86 nm
(Perkin Elmer model 20k fluofescence spectrophotometér). Bovine serum
albumin dissoived in 0.2% SbS was utilized as a standard.

Water and Electrolyte Measurements

Cell water content was measured using the distribution of 3—0—Methyl
glucose, which is passively distributed in HSWP cells (10). The distribution
of L-glucose, which is not transported in these ceils? was used to‘measure
extracellular medium not removed by washing. The water to pfotéin rétié
(ug H20/ug protein) was_h.h + 0.10 (n = 5) for growing éells in the 6 mM,Kf;
138 mM Na.+ assay medium. This ratio wés not appreciably‘altefed by any of'
the experimental manipulations (i.e. serum depfivation, Naliﬁom#cin additioﬁ,"
decrease in [Na+]o, increase in [K+]o), |

Na+ and K+ concentrations were determined flame éhotometricgily'using

.+ .
Li as an internal standard.



RESULTS

HSWP cells cultured in 10% fetal calf serum grow to confluent densities
of 120 * 15 pg protein per coverslip within 6 to 8 days after plating. 1In
contraét, cells which are deprived of serum, 24 hours after plating, become
quiescent within 3 to 5 days. The serum—defrived cellé grow to denéities
of 30 = 5 pg protein per coverslip and can achieve confluent densities only
upon restoration of serum to the growthAmedium.

AIB uptake was measured in both growing and serum—deprived cells 3 to 5
days subsequent to plating on coverslips, which corresponds to a tiﬁe of
logarithmic growth for the serum-sufficient cells and of qﬁiescence for the
serum—-deprived cells. Although AIB uptake in growing cells is'rglatively
slow, reaching steady state in about 60 minutgs, fhe ATB concentration
ratios (AIBi/AIBO) which can be maintained are 20 to 25 (Figure '1)7 The
AIB accumulatidn in quiescent, serum—deérived cells ié_considerably lower
than that in growing cells, with AIB ratios ol ouuly 0 1o 10. Howevef, the
AIB concentrating capacity ofAthe quiescenf cells can be ét 1east partially
restored by serum—stimulafion (20% fetal calf serum for l_houf) prior té
measurement of AIB uptake. Serum stimulatéd celis can4accumulété AIB to
concentration ¥atios of 12 to 15. | o ' |

The data in Figure 2 demonstrate tﬁat the uptake of Aiﬁ in_growing
HSWP cells is Na+—dependent. When extracellularAéodium céﬁcentrations are
decreased by equimolar replacement with cho;ine,Itﬁ;'accumuiation éf AIB
is also decreased. For examplé, when the eﬁvironmentai:SOdium ;onceﬂtration

is lowered from 138 mM to 10 mM, the accumulation ratio drops from 20 to k.
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The capacity for concentrating amino azcids in growing cells is
dependent on the membrane potential as well as on the Na+ concentration
gradient. If celié are equilibrated with 0.1 mM AIB for T5 minutes, in
a control medium of 6 mM K+ and 50 mif Na+, and then transferred to é
50 mM Na+,v0.l mM AIB environment containing the K+—ionophoré valinomyciﬁ
(val), the final level of AIB accumulation is mafkedly influenced bj the
external concentration of K+. In the absence of Val? growing cells incu-
bated in this control envirohment can achieve én AIB accumulation ratio of
8 (Figure 3). Membrane hyperpolarization by thé addition of Val to cells
in this medium enables an accumulatiénlratio of at leasf 10 to be achieved.
However, if cells pre-equilibrated in the control environment are transifibned
to a Val—containing'medium with 9L mM K+, céusing a membrane depolarizatioﬁ,
there is a marked and rapid net loss of intracellular AIB.

The experiments depicted in Figure L4 were designed to compare the effects
of membrane hyperpolarization on the'AIB'accumulating capacity of cells inv
three different growth states. Either growving, quiescént, or ;erﬁmrstimulated
cells were incubated in a medium containing 0.1 mMVAIB, 138 mM Na+,'and
6 mM K+ for 90 minutes, at which time they were tranéferred‘tolan identical
medium ¢ontaininéAVal (10 ﬁg/ml). The_presence.of Valiénébied growing'cells
to increase their accumulation ratio of AIB from 25 to 3k (Figuié L). AThe
effect of Val-stimulation is more drématic in quiescent célls, causing a‘
3-fold increase in the previously depressed intracellﬁiaf ATB cpnceﬁtration,'
to an ATB accumulation ratio of 34. This correépbﬂds to the same'éoncen-
trating capacity observed in Val—stimdlated, érowipg cells. :It‘is important
to emphasize that the effects of serﬁm—stimulation-and Val—sﬁimulétion on
AIB aécumulation in quiescent cells are not additive. The'combined treatmént
with Val and serum drives the internal AIB concenfration~to the same value

observed in quiescent cells treated with Val alone. Thus, Vai—stimulation



o?erridés the differences in AIB accumulation associated with the growing,
quiescent, and serum-stimulated growth states.

Since a membYane hyperpolarization could negate the growth associated
diffefences in AIB accumulation, the next series of experiments investigated
wﬁether the inéreased concentrating capacity in growing cells might be
accounted for by a higher membrane potential. In this series of experiments,
fhe Na+ concentration of the assay medium was maintained at 50 mM to allow
flexibility in manipulating K& concentration. Memﬁrane pofentials wvere
estimated by.varying the external K+ concentration in thé.presence of Val,
and determining at what value of [K+]0 the AIB accumulation equaled the
accumulation in the control medium (6 mM K+, no Val). This method is based
on the "null point"” technique used with the fluorescent dyes (11). After
AIB accumulation has reached steady state in the controls (6 mM K+, no Val),
[K+]o is adjusted to a series of values in the presence of Val and the change
in ATB is determined for each value of-[K+]o. The value of [K+]O, iﬁ the |
presence of Val at which there is no change in AIB concentration ratio, is
determined and the membrane potentlalicalculated from the equation for a K
electrode (Em = BT 1n {§+%O) Since cells lose about 10% of their internal.
K content after 60 minutes in the presence of Val, the potentlal was
calculated based on the value of [K]i measured at the end of the experiment.
This potehtial is taken to be the same as the pre—exisfing potential of the
éontrol cells in 6 mM K+ without Val. The complete data for the dgtermina—
'tion of the "null point" is presented elsewhe?e (125. | |

The data in Figure 5 demonstrate that in the control environment
(6 mM K+, no Val) the cells accumulate AIB to about an 8—fold'concéntratioﬁ
ratio, and experience little or no change of AIB when cells are transferred
to a 21 mM K’+ environment containing Val. Thus, the "null point" value for .
[K+]o is approximately 21 mM, when [K+]i = 125 mM (measurgd at the end of

" the experiment). This corresponds to a membrane potential of -LTmV. The
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quiescent cells, on the other hand, have a "null point" of 50 mM K+, again
with [K+]i = 125 mi (measured at the end of the efperiment), vhich corresponds
to a membrane poféntial of -24 mV. Thus, in the control environment quiescent
cells accumulate AIB to a concentration ratio of approximately S and undergo
no changé in internal AIB concenfration vnen transferred to a 50 mM K+
environment containing Val (figure 5).

Quiescenﬁ cells in a 21 mM K+ + Val medium, whére their membrane
potential is matched to that determined for growing‘cells, accumulate . AIB
to fhe same level as do growing cells in a control environment (Figuré 5).
Conversely, growing cells in a 50 mM K+ + Val medium, where their membrane
potential is matched to that determined for quiescent cells, decréase their

AIB concentration ratio to the same level found in control quiescent cells.,

DISCUSSIOHN

Studies of growth—felated alterations in amino acid transpori have dealt
primarily with the kinetics of initial transport rates. The observation that
in some cells the maximum amino acid transport rate is higher dufing'gréwth
than quiescence suggests a larger number of transport sites in growing cellé."
However, since the V. for ATB uptake_éan be a function of more than the
number of transport sites, and under some'conditiéns may even reflect
primarily a change in the membrane potential (13);,th¢n the gfoﬁth—associated-
alterations'in'transport may be more complex than a simple increase-in the
number of iransporf sites. Steady state transpért'experimeﬁts can help
clarify this point by determining whether increased transport rates during
growth are accompanied by an increased .amino acid #ccumulating'capacity.

An increase in concentrating capacity would be independent of the number
of transport siteé, but would instead be dependent on an additionél source

of energy.
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The observations that AIB accumulation in confluent 3T3 cells is 30%
lover than in nonconfluent cells (4) and that valine equilibrium uptake
(expressed only a; cpm/mg protein) into the acid-soluble fraction of chick
embryo cells is about 4-fold higher in growing than in hyperconfluent célls
(5) suggest that more than an inerease in the numbér of transport sitesAis
‘required to explain growth-associated alterations in amino acid tréqsport.
The above mentioned findings, coupled to the observations thét growing HSWP
cells can accumulate AIB to a two-fold higher concentration ratio than'can
quiescent cells (Figure 1) indicate that in growing cgils there is.eithér
an increase in the driving force for amino acid transport or a more
efficient coupling to existing forces.
One possible source of energy for an enhanced amino acid concentrating
capacity in growing cells, is the electrochemical potential_ehéféy stored
in the cation gradients. A growth-related increase in the Na.+ electro-
chemical potential could provide an increased driving force for the accumu-
lation of Na+—dependent amino acids. The response of AIB uptake in érowing
cells to alterations in the Na' concentration gradient.(Figure é) is con-
sistent with this idea. waever, not only a change in the Na+ coneentration
gradient, but élso an altération in the membrané potentiai affects fhe Na+
electrochemicai gradient.l,Thus, a growth associated inérease in:the meﬁ—
- brane potential céuld provide tﬁe necessary energy fbr the enhancéd AIB .
éccumulation observed in growing cells. | | | .
| Experiments to test this hypothesis wére based on the assumption ihat
in the presence of Val the cell membrane behaves like a K electrode so
that Em = ln %§+}1. It has been determined that Val speC1f1cally 1ncre§se§jl
the K conductance of Amphiuma red cell membranes (11), artificial lipid
membranes (14,15), and many other sysﬁems; Although no comparable electrlcal
'measurements are available in HSWP cells, we have found that Val 1nduces a

865 b)

L-folad increase in K" exchange (measured with wvhen the normal K"
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exchange components are innibited by ouabain and furosemide {unpublished

observations). This occurs presunably by electrical coupling of influx
and efflux through a conductive pathway. |

The accumulation of AIB in growing cells Qas demonstrated to be
sensitive to Val-mediated alterations in the membrane potential (Figure 3).
When the membrane is hyperpolarized by adding Val t§ cells in a 6 mM K+
medium there is a 36% increase in the AIB concentrating capacity. In con-
trast, a dramatic decrease in AIB accumulation is obsefved vhen the mem-—

. + )
brane is depolarized by transferring cells to a 9h mM K mediun containing

Val. Thus, the response of AIB accumulation to changes in mewmbrane poten—

tial indicates that a growth-associated alteration in membraneApotential
could provide the energy reqﬁired for an enhanced AIB aﬁcumulétion in
growing HSWP cells. |

if the enhanced AIB concentrating capacity in growing éells is due
solely to an increase in membrane potential, then one Vould predict that '.
AIB accumulation could be driven to the same level in quiesceﬁtlaud
growing cells by hyperpolérizing both to the same membrane potential.
However, if the energy we¥e_pfovided by some other source (i.e., an in—
crease in the I\Ia+ concentration gradient) or if fhe enhéncemenﬁ wefe due -
to tighter couplipg to existing energy sources, theﬁione would expéct that
a hyperpolarization would increase the concentréﬁing capacity'in both |
guiescent and growing cells, but that accumulation would still be.higher
in thé growing cell. Therefore, the observation that a membrane h&pe?—
polarization drives the AIB accumulation ratio té 34 in both Quiescent
and growing cells suggests that a growth-associated differeﬁce in membrane
potential does exist and is responsible for the higher AIB accunulation
observed in growing cells (figure L). Also, the observation that Val-

stimulation of serum-stimulated cells again drives the AIB accumulation
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ratio to\3h is consistent with this hypdthesis, andlsuggests that the -
membrane poténti&l in serum-stimulated c=1ls is somevhere interﬁediate
between that of growing and quiescent cells. |

An attempt was made to measure indirsctly the membrane potential of.
groving and quiescent cells by varying the external K+ concentration in
the presence of Val, and determining at what value of [K+]o the AIB
_accunmulation corresponded to control accuzmulation (6 mM K+ environment,
withoﬁt Val). The "null point" value of [K+]O for-groﬁing cells is
approximately 21 mM which predicts a membrane potential of -LT mV.
(Figure 5). In contrast, the "null point" value of [K+]o for quiéscent
cells is about 50 mM, vhich correspondé,to a membrane potential of
-24 mv.

It must be poiﬁted out that, although this metﬁoé is adequate
for measuring differences in membraﬁe potentizal between the two growth
states, the actual values of the potentials nmeasured in a 50 mM Na+
medium may deviate from those that exist in a normal growth enviroﬁment.
Since we have no data onAhow the actual cytoélasmic Na+ concentraiions
(16,17) vary with the reduction of extracellular Na® coﬁcentfation, we
cannot estimate the contribution of the.Na+ gradient to the potential.
However, since the membrane potentials of both.gréwing and quiescent cells
wefe measured in the same environment if appears fhat a real difference in
potential does exist. If anything, the difference in potentials may be
underestimated in a 50 mM Na+ medium. In a 138 ﬁM Na+ environment, growiﬂg
cells accumulate more than twice as much ATB és ao quiescent'cells (Figufé 1),
while in a 50 mM Na+ environment, AIB accumulatiog is only 1;5 times higher |
in growing cells (Figure 5). A lower potential in quiesgent cells implies

that the Goldman equation (18), describing the potential in quiescent cells,
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may be weighted more in favor of the Na+ potential than in growing cells.
Thus, reducing the external Na+ concentration might cause a larger increase
in the potential ih quiescént cells than in growing cells, thereby decreasing
~the difference between them.

The most'convincing evidence that an increased membrane potential is
responsible for the enhanced AIB accumulation.in groving cells is thé
observation that accumulation in quiescent cells can‘be matched to thét of
growing celis by increasing the membrane ébtential of the quiescent cells
to -47 mV. Conversely, the accumulation of AIB ih growing cells caﬁ be
matched to that in quiescent cells by decreasing the membraﬂe potential
of growing cells to -24 mV. Thus, by adjusting their ﬁembrane potentials
one can mimic the growth-associated alterations of AIB accumulation seen
in HSWP cells.

It is 6f interest toAnote that cell cycle dependent variations in AIB
accumulation ' ratios have beeﬁ observed in Ehrlich ascites fumor cells (19).
Minimum AIB accumulation ié seen in early M phase with maximum AIB ratios,
representing a 3-fold increase, occufing iﬁ S-phase. ‘SinCe it has been
demonstrated that Na+—dependent amino aqid accﬁmulation in ascites cells
responds to Val-mediated alterations in membrané potential (20,21), oné'can
speculate that ceil cycle dependent variations in membrane~po#ential could
be responsible for the observed changeé in AIB accumulation rafios; Althougﬁ

'no measurements of membrane potential throughouf theAascites cell cycle ‘ —
"have been reported, comparable measurements in cuitured Chinese hamster
cells indicate that their membrane potentia}-is at a maximum during SA '
phase (22). Also, the ouabain-insensitive, furosemide—insensiti?e com-
ponent of K+ flux, presumably the diffusional K+flux, in the ascites cell
approximaﬁely triples during S phase (23). This finding is consistent with

a hyperpolarization during S phase in the ascites cell.’
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At';resent we have no information concerning the-mechanism.for
growth associated alterations of membrane potential in the HSWP Céll.
The possibility that changes in ionic conductances, comparable to those
seen in the ascites cell, may occur is currently being investigated.
Also_undef investigatioﬁ is the possibility that . .alterations iﬁ membrane
potential are responsible for the differences in amino acid transport

observed between transformed and nontransformed cells.
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FIGURE LEGENDS

Figure 1 Effect of serum deprivation and serum stimulation on AIB
uptake in subconfluent HSWP cells.

For assay, cells were removed from the indicated growth medium and placed
in a serum-free, amino acid-free, Eagle's minimum essential medium (6 ¥*, 138 Nat )
containing 0.1 mM AIB. AIB uptake is plotted versus time of accumulatlon for
data compiled from 4 experiments. Mean * SE of at least three determinations

at each time point is shown.

. v o : .
Figure 2 Na scncitivity of AIR uptake in subconfluent, growing HSWP cells.

Cells were removed from their normal growth medium and placed in a
serum-free, amino acid-free medium containing 0.1 mM AIB, 6 mM XK', and
Nat + Ch’ = 138 mM. AIB uptake versus time of accumulation is plotted
for a representative experiment. Mean + SE of at least three determinations
is shown. C :

Figure 3 Modification of AIB accumulation by vallnomyc1n and its’ dependence
on the K+ diffusion gradlent : -

Cells were removed from their normal growth medium and incubated in a
serum-free, amino acid-free, 6 mM K*, 50 mM Nat medium for 75 minutes. They
were then transferred to either (i) the same medium, (ii) a 6 K*, 50 mM Na‘t
medium containing Val (10 pg/ml), or (iii) a 9% mM K*, 50 mM Na’ medium con-
taining Val. The intracellular AIB concentration is plotted versus time of
accumulation for data from 3 experiments. Mean * SE of 9 determinations
is shown. .
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Figure b4 Effect of valinomycin on 4IB accumulation by HSWP cells in
three growth states. '

~

Cells were removed from their gfowth mnedium and incubated in a
serum-free, amino acid-free, EMEM (6 K', 138 Na*) containing 0.1 mM
AIB for 90 minutes. Valinomycin (10 pg/ml) was added to half the
population -of cells at 90 minutes, while the other half served as
‘controls. AIB uptake is plotted versus time of accumulation for data
compiled from 3 experiments. Mean * SE of at least 3 determinations
is shown. )

Figure 5 AIB accumulation in quiescent and grpwing cells: +the effect
of matching their membrane potentials. '

Cells were removed from their §rowth medium and incubated in a
serum-free, amino acid-free, 6 mM X°, 50 m¥ Na , 0.1 mM AIB medium for
75 minutes.  They were then transferred to either a 21 mM,K+, 50 mM Na+,
Val containing medium or a 50 mM K*, 50 mM Nat, Val containing medium.
Intracellular AIB concentration is plotted versus time of accumulation
for a representative experiment. Mean of at least three determinations

is shown.



- mmol ALlB
L CELL H,0

al SUBCONFLUENT,

32 3 2 GROWING (10% FCS)
%’—— 2 -
3 - -

2—4
] % 08— SERUM-STIMUL ATED
%/4 a _ (0.1 % FCS— 20 % FCS)
/ / . 2' s SUBCONFLUENT,
qo R §—8—8 §—s J-QUESCENT
§: /01:/Q ' (OI °/° FCS)
7 IA’ §/§
:/
(0] y T T T ' T ' ]
o 20 60 90 120

TIME (min)

"Eral



mmol AIB
L CELL HZO

i

@

& o

§/ 3 somm

TIME (min)

| 1 “ /E/—'_—_-E ‘ , : ;
3 3 3 g 1O0mM
T T T - T i
O 30 - 60

90



mmo! AIB

TRANSITION TO
VAL - CONTAINING

SOLUTIONS o
- 6K*+VAL
J _¥~% 50 Na*
P '
0.8 33 r__{d’i { 3 6K* CONTROL
o, - \ 50 Na*
i
I J
| § .\l\
= 3 3 }
- ~
O 04+ ~% ogqKkr+VAL
- 50 Na*_
[r18] = 01 mM THROUGHOUT
O v ¥ v 1 S : ] S
0 40 80 - 120

TIME (min)



mmcl AIB
L CELL H,0

K =6 mM
[+]

; GROWING _QUIESCENT _ SERUM-STIMULATED
;’L-— -------------- - T s mssmes

3+ /: VAL e ! 4 .
x 3 ¥
3 L2
/" sTeapy-sTATE )
% 73 3 /
¢ +VAL

;"P ] ; .
n/ + VAL
2+ . 1/
A IN AIB ACCUMULATION » / STEADY-STATE
BETWEEN GROWING AND 4 10 ? ] 3
-{ SERUM-DEPRIVED, 4 1
QUIESCENT CELLS . A IN AIB ACCUMULATION

BETWEEN QUIESCENT AND
SERUM-STIMULATED CELLS

/ STEADY-STATE
L 3 ° 3

T T T T T T T T T -
90 135 180 S0 135 {80 SO 135 180
TIME (min) ' S



mmol AIB
L CELL H,0

1erOWING ‘ lauiescent
VAL +
e A 21 mM K*
08 CONTROL IN -
50 mM Na*
6mMK*
4 VAL
$ .
.- —20o— _o____
CONTROL IN ® o °
04- - 50 mM Na* : vaL+
6 1M K* o 50 mM K
[Na']O = 50 mM
[p18], = 0.1 mM THROUGHOUT
(o] 2T T T T 2 7 —r— T
60 80 100 . 120 60 80 100 120

TIME (min)





