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ABSTRACT

Neutral amino acid uptake r¿as studíed in tr¡o Chinese hamster

ovary ce1l línes (the wild-type, and a concanavalin A-resistant
. ^R*.varÍant, C---7). Uptake was studied by time course, sodium ion-

sensitÍvity and inhibition studies. Results indicated the presence of

at least three separate systems -r¡hich operate in the uptake of neutral

amino acids in both cell lines. The systems have different amino

acid preferences. Two of the systems prefer amino acj-cìs with short,

polar or linear side chains. The third sysLem prefers the larger amino

acÍds r¿ith branched or ringed side groups. No major differences \^7ere

observed between the wild-type and the cR-7 cells in relation to the

characterístics of the uptake systems. Treatment r,Títh concanavalin A

inhibited the uptake of certain amino acids in the wíld-type but not

^R_in the C-'-7 monolayers. The inability of the lectin to affect amino

acid uptake in the variant may be related to the resistance of the

variant to the cytotoxic effects of concanavalin A.
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INTRODUCTION

The differences in the amino acid transport processes between

transformed and normal cell lines may be related to the changes ín

membrane structure that accompany transformation (53, 55, 56).

Membrane structural differences relative to amino acíd uptake have

been investigated with the use of the membrane probe, concanavalin

A (54, 56, 57). fne CR-7 variant exhibits many altered membrane

properlies similar to transformed

of interest to compare amíno acíd

uptake in wild-type cells. Amino

described in the CR-7 cells or any

variant. Partial characterization

ce'l ls (75) . Consequently, it was

p
uptake in the C"-7 cells i¿ith the

acid uptake has not previously been

other concanavalin A-resistant

of the amino acíd uptake systems

was necessary in an attempt to uncover any differences bet\^/een the

wild-type and the CR-7 cells. Further, in view of the studies performed

ín transformed cells, the effects of concanvalin A on amíno acíd uptake

in both ce11 lines \rere examined. This was partícularly interesting

since any differentíal effects of concanavalin A on amino acíd uptake
D

in the C't-7 and wild-type cells may be correlated r¿ith concanavalin

A-resistance.
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Neutral amino acid transport

Neutral amino acÍd transport in animal cells has been extensively

studíed during the past two decades. Príor to this tÍme, transport

was primarily studied in bacterial ce11s and focused on the problems

of Íon and sugar transport (L,2). Ironically, t'uphill" or "active"

transport was first demonstrated using amino acíds as substrates (3).

In 1913, Van Slyke and Meyer observed that segürents of dog intestinal

tissue accumulated amino acíds from the external medium against a

concentratíon gradient (3).

The term tttransporttt refers to lhe mediated movement or transfer

of a solute from one compartment to the next across a barrier. The

process in animal cells usually includes both uptake and exodus across

the plasma membrane. Transport basically proceeds by three steps: the

solute is bound at one side of the membrane, transferred across the

membrane, and finally released ín an unmodified form on the other side

of the membrane (lr4). The transfer of a solute which occurs agaínst

a concentration gradient at the expense of energy is referred to as

"active transport'r. Energy may either be directly supplied by metabolic

reaction (primary active transport) or indírectly derived from anoiher

transport process (secondary active transport). The latter may be

of major imporLance to amino acid transport in animal cells. Mediated

transport which proceeds r¿ithout energy expenditure is usually referred

to as 'rfacilítated diffusion" (1,4).
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The mode of energization of transport is unknown though several

theorÍes exlst. Two extreme theories are represented by the t'pure

vectorial force model'(Fig. 1). The former predicts thar energy wíI1

be introduced to alter the conformation of the transport carrier such

that its affinity for the solute will be reduced. This results in

as¡nnmetrícal distributíon of solute across 1-he membrane while equal

numbers of receptor sites at each síde of the membrane are ¡¡ainf-ained.

Conversely, the carríer of the "pure vecf:orial force modeltt remains

unaltered but is found in a higher concentration at one side of the

membrane. ThÍs as;rrnmetrical distríbution of carrier results in an

asymmetrical dÍstribution of solute. The asymmetry is maintained by

vectorial force. The actual mode of energization is probably not

represented by either of these t\^ro extl:emes but may be a compromise

between the two (1"5).

The amino acids, in particular those rvhich are neutral ín reactíon

at physiological pH are excellent substrates for the investigation of

the transport phenomenon. They are important biologically and are

present ín solution only occasionally as lipid-so1uble specíes. Conse-

quentl-y, the contribution to overall transport by non-specific transport

is not a major consideration (1). The neutral amino acids also contain

three chemically distinct groups including an amino group, a carboxyl

group and a side chain. These groups may be experimentally manipulated

in the study of receptor preferences and specifications. Fína1ly, the

group of neutral amino acids contains a large number of species which

display a rnríde range of solute structure, This has been indispensible
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in the discrimination and characEerízatíon of the neutral amino acíd

transport syslems ín animal cells (1, 4, 6, 7).

The neutral amino acids are transported in many animal cells by

three distinct systems. The A, ASC and L sysl-ems can be described on

the basis of amino acid preference, sodium ion-dependency, sensitivity

to both pH and temperature changes, and exchange propertÍes (Table I)

(4). The A and L systems were first described in Ehrlich ascítes

tumor ceÌls by Oxender and Christensen in 1963 (B). The ASC system,

l,¡hich is similar to the A system, was finally characterized in Ehrlích

ascites cells four years later (9). Prior to the discovery of the

separate systems, the theory ihat a single agency LTas responsible for

the transport of all neutral amino acids was widely accepted (6). This

theory was largely based on competítion experiments, in which amino

acíds present in the external- mecìium were observed to inhibit the

uptake of other amino acids. Competition between cationic and neutral

or anionic and neutral amino acids \,ras not observed (I0,11). The

possibílity that transport may be medÍated by more than one agency \,ras

realized following the observation that glycine uptake in the intesline

could not be saturated by increasing amounts of glycíne (12).

Christensen (13) suggested that the entry and the exodus of neutral

amÍno acids may proceed by different roìites. Differences observed in

the degree of competítiton between amino acids for uptake in the

Ehrfich ascites cells compounded the problem (14,15). The amíno acíds

Dl-leucine, Dl,-valíne, and Dl--phenylalanine, \.rere observed to ínhj-bit

the uptake of L-methionine but had no inarked effect on glycine uptake



TABLE I

Some properties of the neutral amino acíd transport systems found in

many animal cells.

Systeml Some preferred Na*- Sensitivity Sensitivity Exchange
substrates dependence to pH change to temp- -,proPerties

erature
change

A Ala, pro, ser, Yes
g1y, met, alB,
meAlB, cl-eu

ASC Ala, ser, cys, Yes
thr

L Leu, ile, phe, No
met, val, try,
'Ëyr, cLeu

Yes Yes \^/eak

N.D .2 variable

No strong

No

No

lThe systems are those described by Chrístensen (1,6,36) for Ehrlich
ascites tumor cells but similar systems have been described in many
animal tissues and cells. Examples include human fibroblasts (38),
human glia and glioma cells (39), hepatocytes (40,41), hepatoma cells
(42), diaphragm (43) , uterus (44), S37 ascites tumor ce11s (45),
Balb/3T3 cells (22) , placenta (46), mouse tymphoeytíc 'cells (33); òhiqken
heart cells (35), chick embryo fibroblasts (47,48,49).

2Not determined.



(f4). Similarly, glycine uptake rvas found to be iniribited by L-serine,

but L-serÍne and L-leucÍne did not appreciably compete for uptake (f5).

These observations \,rere extended to rat intestinal and diaphragm tíssue,

in whích amino acíd analogues, o-aminoisobutyric acid and l-amino-

cyclopentane-l-carboxylic acid behaved líke glycine and L-va1ine,

respectively (16,17) . The detailed experíments of Oxender and Christen-

sen (B) finally resolved the issue. Tj-me course profiles of the uptake

of several amino acíds ín Ehrlich ascites cells suggested the existence

of two systems. Amj-no acids such as glycine, and the amino acÍd

analogue, o-aminoisobutyrÍc acid, reached much higher steady-state

levels than were predicted on the basis of their low initial rates of

entry. Conversely, the larger amino acíds, like leucine and valine,

rapidly entered the cell but reached comparatively lor¿er levels of

accumulation. This suggested that the rates of exodus of the two

"groups" of amino acids were different, with the latter amino acids

exciting the cell at rates comparable to their rates of uptake. The

simultaneous operatíon of the trvo processes r.tould only be possible if

two rouLes of transport existed. Results obtained from competition

experimenLs also suggested the existence of two dj-sti.Dct s),stems (8).

Five amino acids rvere tested for their abilíty to inhÍbit the uptake of

one another (Fig. 2). All of the amino acids could inhibit the uptake

of one another but not to the same extent. Leucine rvas observed to

greatly inhibit the uptake of va1íne and methionine, but the uptake of

alanine and glycine \^/as not greatly inhibited by leucine. Conversely,

alanine effectively competed wíth glycine for uptake but did not



Figure 2. Inhibitíon of amino acid uptake in EhrlÍch ascites cells

by amino acicis present in the external medium (B). The uptake of

five radiolabelled amino acids (listed at the top of the figure)

present at concentrations of I mM was studied in the presence of

5 mM non-l-abelled amino acids (listed Ín the body of the figure).

Uptake proceeded for one minute. Reading across the fígure, the

trends exhibited for the inhibition by leucíne and alanine are

shown.
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appreciably inhibit ihe uptake of eÍther leucine or vafine in these

cells. The results could not be interpreted to mean that a single

agency of transport \tas elíciting this trend and Oxender and Chrístensen

(B) tentatívely ídentified tr¿o systems. These r¿ere descrÍbed as the

t'alanine-preferríng" or A system and the "leucine-preferringt' or L

system.

The amino acíd preferences of the tûro systems have since been

investigated in a number of cell lines (4,5,6). The A system prefers

amino acícis whÍch contain short, polar or linear side chains (such as

alanÍne and serine) . The bulkier amino acÍds rn'hÍch have branched or

ringed side chains (such as leucine or phenylalanine) are the preferred

substrates of system L. All of the neutral amino acids show affinity

for each of the systems but in general the affinities can be predicted

on the basis of these broad structural characteristics. Methionine

appears to have a high affinity for both systems A and L. This amino

acid may exhibit structural features cominon to both system A and L

requirements (6 , 7,8) ,

The ASC system is very similar to the A system in amÍno acid

preference. Amino acids such as alanine, serine, cysteine, and f-hreonine

are the preferred substrates (4r5,6). Consequently, the identífication

of this system rvas difficult. The existenee of the ASC system was

first indicated from the results of competition experÍments which were

designed to minimize the activities of both the A and L systems (18).

Ehrlich ascÍtes tumor cells r¿ere incubated ín excessive amounts of both

o.-methylaminoisobutyric acid and L-phenylalanine while the uptake of
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L-alanine was monitored, A small but significant uptake of L-alaníne

was still observed which could not be attributed to either the,A or L

system. Further study led to the characterízatíon of the ASC system

r¡hich is highly íntolerant of N-methylated amino acíds; displaying a

higher stereospecificity than the A system (9). The intolerance of

N-methylated ai¡jno acÍds by the ASC system is a key factor which ís

often used to differentiale betrveen the A and ASC systems. Conse-

quently, the amino acj-d analogue, a-methylaminoisobutyríc acÍd is con-

sidered a characteristic substrate of system A (1,4,6).

A second characteristic which is usually used to separate systems

A and ASC from system L is sodium ion-sensitivity (L,4,19-22). In many

animal cel-ls, the amino acid substrates of both the A and ASC systems

display a distinct dependence on the presence of sodj,um ion in the

external medium cìuring uptake. Reduction of sodium concentration

correspondingly reduces uptake. Conversely, the uptake of L system

preferred substrates is relatively ínsensitive to the presence of

sodium ion. Sodíum ion is belíeved to be a cosubstrate r¡hich is bound

to the carrier along r¿ith the amino acid and translocated across the

membrane. The energy required for the accumulatíon of amino acíds may

be derived from the coupling to the sodium íon flux dov¡n its electro-

chemical gradient (L9,20,23-27). This forms the basis of the "gradient-

hypothesis" which rvas first proposed by Crane in the early 1960s as a

mechanÍsm for the intestinal transport of sugars (28). The possible

importance of the sodium gradient in energizing amino acid uptake

\ùas actually implied earlj-er by Riggs et aL. (29) though not emphasized.
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They suggested that the influx of sociium ion may in some r'ray stimulate

the uptake of glycine in Ehrlich cells only as an alternative possibílity

to the observed efflux of poaur=r.m íon which accompaníed glycine uptake.

The association between the dor,mhill movement of poiassíum ion and amino

acid uptake was ividely known at thís time, but the role of sodium ion

r,ras at best vague (13,30,31). Kromphardt et aL. (32) f inally demonstrated

the importance of the extracellular socÌium ion conceniratíon to glycine

uptake in Ehrlich ascites tumor cells. These results rvere confin¡ed

by Inui and Christensen (21) wíth the observation that both K* and

V*"* values of methÍonine, o-aminoisobutyric acid, and q.-methylami.no-

ísobutyric acid

concentration of

of the uptake of

Recent findings

relationship between

acid uptake and the

observation supports

transported rvith an

23,24) .

uptake j-n Ehrlich cells changed as the extracellular

sodium r^/as changed. They also noted that a small part

these thr:ee amino acids was sodium ion-insensitÍve.

rna mouse lynphocytic cell lÍne demonstrated a linear

the reciprocal of the Ç, of c-aminoisobutyric

extracellular sodium concentratj-on (33). Thís

the model which predicts that sodium ion is co-

amino acid by prior complexing lo a carrier (I9,20,

The process by which energy is derived from the sodium gradient is

probably not directly related to the function of the (na* + K+¡-ATease

(34,35). Experiments in which cells r,7ere treated r+ith ouabaín have

generally reveafed that the uptake of amino acíds preferred by both A

and ASC s)'stems remained unaffected (:¡,34). An exception r+as observed

Ín aggregates of cultured chicken heart cells (35). The uptake of 2-
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aminoisobutyric acíd in these cells \,/as greatly reduced following a

150 minute preíncubaLion with ouabain. Closer examinaiion revealed

that the ioníc gradients had been disrupted. Conversely, preincubation

r,rith ouabain for only 10 minutes, which roas suffj-cienl to inhibit the

ATPase but not sufficient to clestroy the íonic gradients, had minímal

effect on the uptake of 2-aminoisobutyric acid. The tg"*/f+ pump does

not appear to be immedíately related to either the sodíum gradíent or

the gradient's influence on amino acid accumulation (:S¡.

The exlent to which the A and ASC systems rely on the alkali-

metal gradient for energízatíon remaj-ns unresolved. Chrislensen maín-

taíns that energy may also be donated from another source (for example,

from metabolic or chemical reaction) (L9,24,36). Cl-early, primary

active transport is impor:tant in the accumulation of the amino acids

preferred by the sodium ion-insensitive L system (19). Evidence al,so

suggests that a smal1 conlribution to the uptake of o,-aminoisobutyric

acid in Ehrlich ascites ce1ls by priinary sources Ìnay occur (37).

Amino acíd accumulation may also result from an exchange phenomenon,

in r^rhich the uptake of an amino acid is stimulated by the exodus of

another amino acÍd. This phenomenon, also referred to as "acceleratíve

exchanget' and t'transstimul.ation" (f ,4), \.ùas descrÍbed in Ehrlich ascites

tumor cells by Oxender and Christensen during the characLerizaiion of

systems A and L (B). The exchange propertíes of system L roere observed

to be much stronger in comparison to those of system A. Recent studies

in Chinese hamster ovarv cells have confirmed these observatÍons (22).

The uptake of L-phenylalanine r,/as accelerated ín Chínese hamster ovary



I4

cells preloaded with eíther L-phenylalaníne or L-leucine, Conversely,

cel-ls preloaded rvith L-alaníne, glycine or o;-aminoisobutyric acid,díd

not demonstrate increased uptake of either L-alanine or glycine. The

operatíon of these systems in response to existing conditions ill-ustrates

the hÍghly complex interaction that occurs bet\ùeen the systems. System

A may function prímaríly in the uptake of neutral amíno acíds while

exodus may be achieved primaríly by system L, The interactÍon may

serve to maintain intracellular l.evels of ainino acÍds. The intracel-lul.ar

amino acíd pools may directly regu1ate cellular growth (1,4,50).

Regulation by the intracellular amino acids may be achieved by

feedback mechanisms which act on the transport agencies (5f). The endo-

genous anino acid pools of Balb/3T3 cells have recently been examined,

at various cell densities, in relation to neutral airiino acid uptake

(5I,52). The uptake of glycine, L-alanine and L-leucine was monitored

in cell monolayers which had attained from 20 to B0 percent confluency.

Ce1ls demonstrated changes in amíno acid transport as ce1.1 densíty

increased. The transport changes correlated to changes in the endogenous

amino acíd poo1s. In general, system A activity, as measured by

glycine and L-alanine uptake, raas observed to decrease as ce11s approached

conf luence. Conversely, an increase in system L activity \,ras observed

when L-leucine uptake increased. The levels of most íntracellular

amíno acids increased as the cells approached confluence. System A

amino acids reached higher levels than system L amíno acids. According

to Oxender et aL. (5f), as cel1 populations increase from sparse to

near-confluent monolayers, the amino acid pool sizes rise and evenLually
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feed back to inhibit further increase in amino acid levels, Thís

feedback regulatÍon ís achieved by,acceleratíve exchange or trans-

stimulation of system L and transinhíbítíon of s,vstem A. Trans effects

cannot entirely account for the oi¡served decrease in system A actír¡ity

as experiments have revealed that system A only weakly participates

in exchange (8,22). Rather, a numberof factors may regulate the

activity of system A in response to changes in growth conditions (4).

Amj-no acid transport changes in transformed cells

Transformed cells exhibit a number of meinbrane changes which may

be related to loss of growth control (53,54). According to Holley (50),

malígnant growth may result from increases Ín intracellular concen-

trations of critical nutríents as a consequence of alterations in

transport processes. Changes in anrino acid transport have been noted

following viral-transformation in a number of cell lines: polyoma virus-

transformed 3T3 cells (55), polyoma virus-transformed baby llamster

kidney cells (S0¡, SV40-transformed Balb/3T3 cells (56) and murine

sarcoma virus-transformed rat liver cel1s (56). Transformed cells

accumulate amino acids at much higher rates in comparison to the non-

transformed cell lines. Polyoma virus-transformed 3T3 cells, for

example, \^rere observed to concentrate both c-aminoisobutyric acid and

cycloleucine betr^reen 2- ar'd 2.5-fold more rapidly than observed in the

non-transformed 3T3 cells (55). Similarly, polyoma virus-transformed

baby hamster kidney cells, SV40-transformed Balb/3T3 cells and murine

sarcoma virus-transformed rat liver cells rvere observed to transport

these amino acids at rates whÍch rvere estimated f-o be betrveen 2.5- and
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3.5-fold higher

transformed cell

than the rates determined in Lheir corresponding non-

lines (56). Though the separate systems of amino

acid uptake were not properly discriminated, the íncrease seened to be

assocíated with all the amino acíds tested. The exceptions \dere

glutamic acid and arginine ruhich \dere transported at comparable rates

in both the polyoma virus-transfomed 3T3 cells and the rron-transformed

cefl line (55). These amino acids appeared to be accumulated in poly-

oma virus-transformed baby hamster kÍ<iney cells at increased rates (56).

Kinetic studies of amino acici uptake revealed that the changes

observed in transformed cells were akvays associated with increased

Vr"¡ values (55,56). Changes in K,n values r,rere Ðot observed. According

to Issefbacher (56), increased V¡¡3¡ estimates reflect an increase in

the number of amino acid transport sites in the plasma membrane. The

membrane changes r¿hich accompariy transformation may result in changes

to the amino acid transport processes such {-hat the transformed cells

exhibit increased transport activíty (55).

Concanavalin A and Lhe effects of concanavalin A on amino acid

transport in tr:ansfon¡ed cells

ìfembrane structural differences, in relation to amino acid uptake

betrveen virally-transformed and non-transformed cel-l línes, have

been studied rvith the use of the membrane probe, concanavalin A (56,57)

Concanavalín A is a lectin which is capable of agglutinating a number

of different cells (58). The lectin ru'as isolated in 1935 from Jack

Bean meal (CarLauaLía einsiot"r¡rLs) (59). Concanavalin A can be found as
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a moriomer, a dimer, a tetramer or a multimer, depenciing on both pH

and ionic condítions (60,61). The molecul-e dissociates into monomers

below pH 4.6 and is found Ín tetrameríc form between PH 5'6 and 7.0

(61). The monomers are iclentical. Each monomer has a mol,ecular

weight of 25,500, and contains one sugar binding site. One calcium and

one magnesium binding site is also present per subunít (6I,62). Sugar

bindÍng is prevented in the absence of calcium and magnesium ions (63).

Concanavalin A specifically binds o,-D-mannopyranosyl and a-D-gluco-

pyranosyl resídues (64,65). The C-3, C-4 and C-6 hydroxyl groups of

the D-arabj,no confíguratÍon are involved in concanavalin A interaction

(66). The l-ectin is also capable of binding the non-exposed q,-D-

mannose residues present in the core region of glycoprotein oligo-

saccharide chains (66).

The ability of concanavalin A to bind glycoproteins makes ít an

ideal membrane probe for use in the study of cel1 surface structure

and membrane-associated processes (Sa¡. Transformed cells exhibít

altered membrane glycoproteíns and glycolipids (53). Consequently,

concanavalin A interacts differently with transformed ce1ls as opposed

to norinal ce1ls (58). For example, oncogenically transformed cells

are aggl.utinated by concanavalin A at concentrations that do not cause

the agglutínation of normal cel-ls (67). The comparalive sensitivity

of transformed cells to concanavalin A has been exploited to study the

membrane changes accompanying transformation (53,54). The effects of

concanavalin A on amino acid uptake in transformed cells have been

invesrigated (56,57). Concanavalin A appears to differentially inhibít



ÌÕ

amino acíd uptake ín transformed and non-trarisformed cell l-ines.

Transformed cells generally exhibit a greater decrease.in amino acid

uptake than non-transformed cells (56). Inbar et aL. (57) have

reported that the amino acid uptake in normal hamsier cells v¡as

coinpletely ir-rsensitive to concanavalin A notwithstanding the observation

that both the normal and transforned cells bound a símilar number of

lectin molecules at their surfaces. Amino acid uptake in transformed

cefls incubated with concanavalin A, conversely, r,ras inhibited between

40 and 60"/. of the controls. Incubation in the presence of both

concanavalin A and the hapten, o-methylglucoside, prevented the inhibítÍon

of amino acid uptake (57). Furtber, the ef fecls \.vere reversible upon

transfer of transformed cells from concanavalin A containing medium

to me<iium r+hich contained c-methylglucosÍde ín phosphate buffered

saline alone (56). Accordíng to Inbar et aL. (57), o-methylglucoside

binds to concanavalin A and dísplaces the lectin from 1-he membrane.

The differential inhíbition of amino acid transport in the presence

of concanavalín A suggests that transformation results in cell surface

structural changes which can be related to changes in amíno acid

transport. Inbar et aL. (51) ha.ve sr,rggested that tbe amino acíd trans-

port sites have been relocated io positions in the membrane which

are closer to concanavalin A binding sites. Consequently, the binding

of the lectin sterically ínterferes with amino acid transport activity.

Alternatively, since the uptake of many amj-no acids are effected by

concanavalin A follorving ce11 transformation, a general alteratíon in

the nrernblane structure may have occurred which indirectly affects
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the efficiency of the amino acid transport carrier (54).

The <iifferential effects of concanavalin A on amino acid uptake

in transformed and normal celts may be related to símílarly differentíal

cytotóxic effects of this lectin (68) , A number of virally Lransformed

cell fines \ùere observed to be more sensitíve than their normal counter-

parts to Lhe cytotoxic effects of concanavalin A. For example,

incubatíon with concanavafin A (50 ug/ml) for B hours was sufficient

to reduce plated populations of polyoma virus-transformed 3T3 ce1ls by

over 60% of controls. The normal 3T3 cell monolayers exhíbited no

decrease in ceIl numbers everi at concanavalin A concentrations of 1000

ug/ml . The precise mechanisms involved ín concanavalin A tox:'-city are

not clear. Kornfeld et aL. (69) have shown that the initial steps

involve binding of the lectin to carbohydrate receptors on the plasma

membrane. The lectin is then thought to enter the cell by pinocytosís

and cause death by a mechanism r*'hich remains to be identified (54).

Lectins have been used as selective agenis to obtain a varíety of resist-

and variant from established cell lines (70,75).

R_
Ë¡c¿erties of the conc -/

The cytotoxic effecLs of concanavalin A were exploited to select

several concanavalin A-resistant variant.s from independent, concanavalin

A-sensitive, wild-type Chínese hamster ovary cells (7L,13). The variant,
D

C"-7, is a subclone rvhich ruas selected from a mixed population of

concanavalin A-resistant cells. The míxed population of cells \,ras

obtained following ten passâges of a wild-type population at 34oC in
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gro\^7th medium which contained concanavalin A at a concentration of

40 vg/nI (7L,74). The CR-7 cell line was found to be temperature

sensitive, wÍth a norr-permissive temperature of 39oC (7L).

The concanavalin A-resistant variant, CR-7, exhibited a complex

phenotype characterized by altered growth propertÍes and changes in

membrane associated properties (Table II) (75). The variarit \ùas less

sensitive to the cytofoxic effects of concanavalin A with a Dl 0 value

which was about 2.5-fo1d higher than that observed with the wild-type.

The D10 value refers to the concentratíon of concanavalin A required

to reciuce cell survival to LjZ of controls (12). Increased resisiance

may be related to the reduced abílity of the CR-7 lirlu to bind

concanaval-in A. the CR-7 cells were observed to bind about 2.5- Lo

3-fold less of the lectin than the wild-type cells. Further, in

contrast to parental wild-type cells lectín bindÍng in the CR-7 ce1ls

\^ras non-cooperative. Alterations in CR-7 cel-1 surface glycoproteins

may account for both decreased concanavalin A bindíng and the clecre-ased

ability of the lectin to agglutinate the CR-7 cells in comparison to

the wÍld-type hamster cef1s. The latter r'ras particularly pronounced

at high concentrãtions of concanavalin A (500 ug/ml) ruhich were

sufficíent to completely agglutinate al-l of the rvild-type cells, but

only suffícient to agglutinate 50% of the CR-7 population (71). The

CR-7 cefl surface also appears to contain an additional glycoprotein,

as deter:mined bv surface labelling techniques. This extra glyco-

protein has a molecular weight of 155,000 and is conspicuously absent

in rvild-type cells (76). This unique glycoprotein may contribute to
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TABLE II

llodified cellular properties of the concanavalin A-resistant cel1

^R*rrDe, Ç -/, serected in the laboratory of Dr. J.A. I^Iright.l

Obvious temperature-sensitive growth propertíes.

Altered cellular morphology on culture plates.

Increased sensitivity to some membrane-aciive agents such as
phenethyl alcohol and sodium butyrate.

Altered lectin agglutínatíon properties.

Increased resistance to cytotoxÍc effects of concanavalin A.

Decreased ceflular aclhesiveness to substratum.

Defective lectin-receptor mobílity characteristics.

Differences in bindíng mecbanism and amount of lectin bound/cell-
surlace area at 4oC.

Altered surface glycoproteins as detected by lactoperoxidase
iodination, galactose oxidase and metabolic labellÍng proceciures.

laf ter l{right (75) .
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lhe reduced concanavalin A receptor mobility and the non-cooperative

binding mechanism observed with the CR-7 lirr.. According to Ceri

and l^JrighL (76), less than 10% of the CR-7 ce1ls formed aggregates

or caps on incubation with fluorescent labelled concanavalín A. In

comparison, 907" of the wíld-type cells demonstrated cap formation.

Conceivably, the extra component may interfere 1ocally with receptor

mobility (76). Clearly, increased resistance to the cytotoxic effects

of concanavalin A may be accompanÍed by membrane structural changes.

These membrane changes may result in altered membrane-assocíated

processes. Furthermore, the alteraûions at the surface meinbrane apPear

to be directly due to a defect in glycosyltransferase activíties ín

concanavalin A-resistant cells. Recently, it has been shor^m (77) that

CR-7 cells contain a lesion in lipid-oligosaccharide bios;.nthesís

rvhÍch affects the transfer of marlnose residues to ce1l surface glyco-

proteí,ns. Also, changes in fucosyl transferase activity (77) and

glycosidase activity have been described (78,79) for concanavalín A-

resistant cells.
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I'ÍATERIALS AND }IETHODS

MATERIALS

Cell growth material

The hamster cells r¡ere maintained in alpha-minimal essential

medium (Flow Laboratories, Rockville, Md.) supplemented r^rith f etal

calf serum (cibco Ltd., calgary, A1ta.) and antibiotics (cibco Ltd.,

Calgary, Alta.). The cells LTere growrt either in 16 ounce Brockvray

bottles (Brockway Glass Co., Brockway, Pa.) or in 35 mm culture plales

(Lux Scíentific Corporation, Calif.) as described elsewhere (Zf¡-

Experimental Material

The radioactive amino acíds used in this study l.rere: L-[U- C]

proline (10 mci/inmol and L25 mci/mmol), L-[U-14C] alanine (10 mci/

mmol and 171 mCi/mmol), L-[U-i4C] tl-rreonine (10 nCí/imo1), L-[u-t+ç1

Leucíne (10 mCi/mmol and 150 mci/mmol), L-[u-t+ç1 isoleucine (I0 mCi/

mmol), L-[U-l4C] phenylalanine (10 mCí/mmol), 2-amino [1-iag] iso-

butyric acid (60 mCi/mmol), and o-[t-laç] methylarninoisobutyric acid

(5f.8 mCi/mol). AI1 of these amino acids l{ere Pulchased from the

Radiochemical Centre, Amersham, I1l. The Aqueous Counting Scíntílfant

was also obtaíned from Amersham. All of the foflowing cold amino

acids \^iere obtained f rom the sigma chemical company, st. Louis, Mo.:

L-prolíne, L-alaníne, L-threonine, L-leucine, L-isolelrcine, L-phenyl-

alani¡e, o-aminoisobutyric acid, cr-methylaminoisobutl'ric acid, glycine'
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L-serine, L-methionine, L-valine, L-ryrosíne, and L-tryptophan. The

bacto-trypsin was also supplied by the DIFCO Chemical Company.

Concanavalin A was purchased from Calbíochem, San Diego, Ca1if. The

proteín \ras assayed using a kit supplied by BÍo-Rad Laboratoríes,

Mississauga, OnL.

METHODS

Cell and culture conditions

Tv¡o Chinese hamster ovary cell lines T¡/ere used: a wÍ1d-type cel1

line and a concanavalin A-resistant variant cell line (CR-Z). These

cell lines \tere kíndly provided by Dr. J.A. I^lright. The cells ruere

gror.rn in alpha-minimal essential medium (80) whÍch was supplemented

wírh l0% (v/v) feral calf serum. Penicillin G (100 units/nl) and

streptomycin sulfate (100 ug/ml) were also added to the medium. Cells

\ùere gro\,rn as monolayer cultures either in 16 ounce Brockway bottles

or in 35 mm tissue culture dishes. All cells \,,Iere maíritained at

34oC in a 57" CO2 atmosphere. Cells used for experíments v/ere gro\¡7rl

in 35 mm dishes and the medíum was changed every 48 hours. Cell

density \.vas measured following removal of the cells with 0'05% (w/v)

trypsÍn in phosphate buffered salíne. The trypsinized celfs were

diluted ín isotonÍc saline (0.18 M NaCt) and counted in a particle

counter (Coulter Electronics Ltd.).

R-hiild-type and C --7 gro\dth ctrves

Gror¡th curves were obtained by seeding exponentially growing cells

in 35 mm tissue culture díshes. I^Iíld-type ce11s r¿ere seeded at 4 x 10q
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cells per plate. C*-7 cells were seeded at 2 x lga cells per plate.

Ce1l growth was measured on duplicate plates at 24 hour intervals.

The doubling time was determined from a plot of 1og cel1 number as a

functíon of the culture time.

ProteÍn relationship to ce11 number

The relatÍonship between proteín and cell number was determined

for both wíld-type and CR-7 ce1ls. Cell number per 35 mm pJ-ate was

determined in duplicate plates every 24 hours. Two Pl-ates gror'rn in

parallel were used for protein deterinination. The medíum l'¡as decanted

from the l_atter plates, the cel1s were r¡ashed twice with 1.0 ml

phosphate-buffered saline and solubilized with 1.0 ml of 0'2 N NaOH for

trvo hours at room temperature (22, Bl, 82). Solubilized samples \üere

neutralized l,'ith an equal volume of 0.2 N HCl and assayed for proi,ein

by the method of Bradford (83). An alternative method of sample

preparation, in whích the cefls \{ere removed from the pl-ates with

tr,vpsin was used to assess the effectiveness of the solubílization

technique. Trypsinized cells nere centrifuged for 45 seconds at 1000

x g in an Tnternatioiral clinical centrifuge to pellet the cells. The

pellet rvas dissolved in l-.0 ml 0.2 N NaOH and assayed for protein

as above.

Estimation of cell viability
R_

Cell viability of both the rvifd-type and the C -7 cells was

estimated by the trypan blue exclusion test as described by Phillips
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(84) . Ce1l,s were incubated r^'ith Dulbeccots phosphate-buf f ered salíne

at 34oC for varíous times ranging from 0 to 120 minutes and were

then screened for viability. Cell numbers were also recorded over

the experimental period.

Uptake Experiments

General upl-ake procedures

Amino acÍd uptake roas measured in 35 mm tissue culture plates by

methods similar to those used by Nishíno et aL. (85). \^líld-type and

CR-7 cells were allowed to grow in 35 mm plates to dense but not

confluent monolayers. These monolayerS lrere used for uptake experi-

ments. Iledia was removed by aspiration and the cells ¡¡ere washed twice

with 2.0 m1 of Dulbecco's phosphate-buffered saline, PH 7'4 which

was Ìrefd at room temperal-ure (86). This buffer contaíned NaCl (8.0 g)

KC1 (0.2 e), Na2HPo4(1.15 g), and KH2PO,* (0.2 g) in deionized, bi-

dÍstífled \,rater (1000 ml). The buf fer also contained 0-0L7. (rv/v)

CaCL2 and 0.OlZ (t/v) MgC12. In the absence of CaCI2 and MgC12, the

_R_C -/ varlant dl-ssociated from the surfaces of the plates. CaCI2 and

MgCl2 may stabil-ize the plasma membrane of the CR-7 in a manner analogous

to that observed in erythrocytes (87). Following the buffer r'+ash,

2.0 m1 Dulbecco's phosphate-buffered saline which contained 0.1% (rlv)

glucose r¡ere added to the plates and the plates were incubated for

40 minutes at 34oC. This incubation \^ras necessary in an attempt to

reduce Lhe levels of intracellular amino acids which may otl-rerwÍse

influence the uptake of amino acids (38,47). Gazzola et aL. (38) have
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demonstrated in human fibroblasts, preloaded r¿íth radiolabelled L-

prolíne, L-alanine, crr L-leucine, that a depletion time of 40 minutes

was sufficient to reduce intracellular levels of these amino acids

by 807", On thís basís, a depletion time of 40 minutes r'¡as selected

for use in the wild-type and CR-7 cel1 experíments. Depletion rvas

termínated by aspiration of tbe buf fer. Uptake \.ùas then ínitiated r¿ith

the addition of 0.5 ml uptake medium to each pl-ate (85). This volume

was sufficient to cover the bottom of the p1ate. The uptake medium

consisted of [14C]-labe11ed amino acid, corresponding non-radío1abe1led

amino acid r^rhich was added to achieve the desired concentration of

amino acid, and 0.1% (w/v) glucose in Dulbecco's phosphate-buffered

saline pH 7.4. The uptake medium was held aL 34oC. The final specific

activity in most experiments rdas 5 UCÍ/U¡role for amino acíd at a 0.1 mll

concentratíon. Uptake was allowed to proceed at 34oC for various times.

Tríals were also routinely made at OoC. Tþese plates were adapted for

10 minutes at OoC prior to the inítiation of uptake. Uptake tímes

recorded as O minutes of uptake reflect the uptake over the time required

to remove the uptake medium iiru:nediately following íts addítion to the

monolayers. This operation required 4 seconds to complete. Uptake rvas

terminated by rapid aspiration, to remove the uptake medium, followed

by five washes i¡ith 2.0 ml of ice-cold Dulbecco's phosphate-buffered

saline, pH 7.4 (85,88). The rqashing buffer did not contain glucose.

The entire operation, including the initial aspiration and the fíve

successive washes, required 15 seconds to complete. The cells rvere

then extracted with 1.0 ml of. 10"/" (v/rr) etbanol at B0oC for 30 minutes
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(82,88). The ethanol-sotuble fraction was collected and the plates

r,¿ere rvashed r¡ith an addilional 1.0 inl of 107. eilnanol . The wash was

pooled with the ethanol-soluble fractíon. The volume of ethanol-

sofuble fraction collected varied from plale to pJ.ate. Consequently,

the ethanol-soluble fraction and pooled r¡ash r¿ere evaporated to dry-

ness by a jet of air. The resulting resídue rvas then resuspended ín

1.0 in1 of l0'A ethanol. The addition of the last two stePs greatly

increased the reproducibility of the results. A sample of the

resuspended ethanol-soluble fraction was counted in 5.0 ml of ACS

scintillation cocktail in a Beckman LS230 scintillaLion counter as a

quantitative measure of uptake (BB). The observed cpm \,/ere converted

to cipm by reference to the appropriate quench and background curves.

The results \,rere finally expressed aS nanomoles amino acid taken up per

plate as standardized by protein (55,56). All results \tere corrected

for extracellular labe1 by subtracting the values obtained for a zero

rlinute incubation at OoC (90). Protein r,¡as estímated, as previously

described, from ethanol-insoluble fractions. These fractions were

obtained from lhe plates, following removal of the ethanol-sofuble

material , by a 2 hour solubilization r^¡ith 0.2 N NaOH at room temperature

(22,8I,82). Samples of the ethanol-insoluble fraction were also

occasíonally monitored for radioactivity to estimate the degree of

incorporation of labe1 into macromolecules (B1,BB).

Time course of amino acid uptake

Each of the amino acids investigated rvas present in the uptake

medium at 0.1 mM and at a final specific activity of 5 UCi/umo1e.
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Uptake times ranged from 0 to 4O minutes with at least four tríals

per time of incubation. Steady-state levels of uptake rvere reached

within 40 minutes for most of the amino acids studied. Six natural,

metabolizable amino acj-ds, and trvo non-metaboTízable amino acid

analogues, were examined.

Sodium íon-sensitívity of amino acid uptake

The sensitivíty of L-proline, L-a1aníne, L-leucine and o-neLhyl-

aminoisobutyric acid uptake to the presence of sodium ion was examíned

over time. This was achieved wÍth the use of sodium ion-containing

and sodium ion-free uptake media. The former \,ras pr:epared as

previously described. The sodíum ion*free medium lùas prepared by

isoosmotic substítution of NaCl and Na2HP04 in the Dulbecco's

phosphate-buffered saline with choline chloride and K2llPOq, respectively

(82). Chofine has been termed the "non-penetrating cation" since its

uptake in aníma1 cells is reduced in ihe absence of sodium íon (91).

Consequently, choline cannot replace sodium ions ín the generation of

a gradient whích may energize amino acid uptake (1). Prior to uptake,

al-l mor-rolayers were adapted for l0 minul-es Ín 2"0 ml of either Dulbecco?s

phosphate-buffered saline or sodium ion-free medium. Uptake was

initiated as described previously. The amino acids \ùere present at

a concentration of 0.1 mM with a fínal specifíc activíty of 5 uCi/umole.

Tþo determínations rvere made for each time and each condítion.
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Estimation of kinei:ic parameters of amino acid uptake

The initÍal rate of uptake was estimated from the one minule

uptake of various amino acids at concentratíons ranging from .01 mM

to 0.5 mM. Initial rates \4rere exaÍnined in an atiempt to reduce the

contribution to the net uptake by exodus processes (1,92). The final

specific activity of the amino acjds in the uptake medíum r¡as I UCí/

pmole. The relationship between the ¡ate of uptake and amino acíd

concerrtratÍon was expressed in a double reciprocal plot. Km and Vmax

values were estimated from the double reciProcal plots (SZ¡.

bY various

amino acids

Competition between varíous amino acíds for uptake was studíed by

inhibition experiments. The initial rates of L-proline, L-alanine and

L-leucine uptake were examined in the presence of non-radiolabelled

amino acids at hígh concentrations (8,22). The tlest amino acids \.'rere

present in the uptake medium at a corlcentration of 0.1 mM with a 5 VCil

UnìoIe final specific activity. The medium also contained various

ínhibj-tor amino acr'-ds at a concentration of 5 mM (22) . No compensation

for the osmotic pressure of added amino acids \,,ras made. According to

Christensen (1), compensation is required only r¿hen the concentration

of the added amino acid exceeds l0 mM.
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The effects of concanavalin A on the ínítial rates of L-Proline, L-

alanine and L-leucine uPtake

The concanavalin A used in these experiments was prepared in

Dulbecco's phosphate-briffered saline, pH 7.4. ConcenLrations of 50'

250, and 500 Ug/mI \rere prepared (56,57). Cells were preincubated

as descríbed previously, washed twice r¿ith 2.0 ml of Dulbeccols

phosphate-buff ered sâ1ine, then 0.5 mI of concanavalin A solution \^ras

added to each p1ate. The plates LTere incubated for 15 minutes at

34oc. The concanavalin A solution \ras then rapidly removed by

aspÍration and the monolayers were vrashed trtice \,JÍth 2.0 ml of

Dulbeccots phosphate-buff,ered saline to remove the traces of concanavalin

A. An additional 15 minute incubatíon with 0.5 m1 of Dulbeccors

phosphate-buffered saline followed the incubation LriLh concanavalin

A (56). This \ùas removed by aspiration and the uptake of either L-

proline, L-alanine or L-leucine was initiated. Amino acids were

present in the uptake meclium at a coDcentlation of 0.1-r¡M and at a

fínal specific activity of 5 UCi/1rmole. The uptake medium also

contained 0.I% (w/v) glucose. Accordíng to Inbar et aL. (57), the

pl:esence of glucose, at this concenLration, does not j-nterf ere r¿ith

the effects of concanavalin A on amj-no acid uptake. Uptake rvas allorued

to proceed for one minute in order to study the effects of the lectin

on the initial rate of amino acid entry. Control trials \ùere performed

by substituting the concanavalin A incubation with a 15 minute

incubation in Dulbeccots phcsphate-bufíered salÍne. All results are

expressed as the mean of duplicate determinations.
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t^li14 tvp" t"d C'.-7 gtot

The growth curves at 34oC of the wild-type and CR-7 cells r{7ere

found to be símílar (Fig. 3). No lag phase \,ras apparent for the wíld-

type while a lag of. 48 hours r.uas requíred before exponential growth of

Rthe C"-7 monolayers was initiated. The exponential phase of the wíld-

type monolayers continued for L44 hours and reached a sl-ationary phase

which was equivalent to 3 x 106 cells per pl-ate. The exponential
D

phase of the C"-7 line continued beyond 192 hours and reached the

stationary phase aL 2.5 x 106 cel1s per plate. The doubling time for

the wíld-type cells ulas estimated from the cul:ve to be 24 hours.
D

The C"-7 population doubled every 27 hours. According to Oxender

et aL. (22), amino acÍd uptake can be compared between t\^/o cell línes

r,rhen the cell lines display similar rates of growth.

Protein relationship ro cell number

Standardizatíon of uptake by cellular protein requires prí,or

demonstration of a linear relationship between protein and cell number

(55,56). The relationship betr^reen protein and cel1 number for both

the wild-type and CR-7 cel1s gro\,rn in 35 mm tissue culture plates

is described in Fig. 4. Both cell lines exhibited a linear relation-

ship over the range of cel1 numbers used in the experíments. The wild-

type cells displayed a linear relationship over the range of cell



Figure 3, Growth curves for the urild-type and CR-7 Chinese hamster

ovary cells gro\,rrÌ in 35 mm tissue culture plates at 34oC. The wild-

type ce1ls (O) were seeded at a density of 4 x 104 cells per plate;

the CR-7 cells (A) were seeded at a density of 2 x 10a cells per

plate. All cel1s were seeded in 2.0 ml of aMEM containing I0"/.

(v/v) fetal calf serum and maintained at 34oC in a 5% CO2 atmosphere,

Each point represents the mean of two plates.
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Figure 4. Proteín relationship ro cell number. Itlíld-type (e)
D

and c"-7 (A) cefl numbers per 35 mm plate were determined every

24 hours. Protein \,ras estimated from two plates gro-u7n in parallel.

ProLein was obtained by solubirizing the cells for two hours in

0.2 N NaOH at room temperature. Protein r^/as assayed by the Bradford

method (83). Each point represents the mean of two protein

estirnations and two cell number determinatíons.
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numbers tested, while the plot for the CR-7 ce1ls levelleð, off at

approximately 1.6 x 106 cells per p1ate. At the higher ce11 numbers,

the CR-7 cells had more protein than the wild-type cells at

corresponding cell numbers. Uptake experiments \.fere performed wíth

mo¡olayers that corresponded to the linear porti ons of the curves in

terms of ce11 numbers per p1ate. Furf:her, attempts to compensate

for the greater protein content of the CR-7 cells were made by

selecting monolayers of wíld-type and CR-7 that exhibited simifar

protein estimations.

The method of obtaining the proteín samples used ín these experi-

ments \,r'as compared to a more conventjonal method in which the cells

are removed from the plates r¿ith trypsin (Fig. 5). The method which

involved solubilizing the cells with 0'2 N NaOH proved to be as

effective as trypsinization in both the wild-type and CR-7 ce11s.

Mícroscopic examination following 2 hours of solubílization in 0.2 N

NaOH revealed that both the witd-type and. the CR-7 cells \./ere effectively

removed from the plates by thís method.

Estimation of cell viabí1ity

Trypan blue exclusion tests of both the wild-type and CR-7

cell viability r¡ere made over 2 hours of incubatíon in Dulbecco I s

phosphate-buffered saline. Both cell lines remained viable over the

entire experimental period. Follorving 120 minutes of incubation the

rvild-type and CR-7 cells rvere 90 and. 927" viable, respectively. Mícro-

scopíc inspection of the CR-7 cell s aL L20 minutes revealed that the



Figure 5. A comparison of tvr'o methods for obtaining protein

samples. One nethod involved the two hour solubll-ízatíon of the

cel1s with 1.0 ml of 0.2 N NaOH ar r:oom remperarure (O). The

other method involved trypsinization of the cel1s wíth 1.0 ml

trypsin, centrifugation of the trypsinízed cells at 1000 x g for

45 seconds and resuspension of the pellet in 1.0 ml of 0.2 N NaoH

(A). Protein rùas assayed by rhe Bradford merhod (83). Each

poínt represents the mean of two trials. cells \.Jere gro\un Ín 35 mm

plates ín 2.0 ml of üMEM conraining l0Z (v/v) fetal calf serum

at 34oc ín a 5% co2 atmosphere. Protein samples were obtained every

24 hours.

Figure 5a. Wild-type cefls.

Figure 5b. CR-7 cells.
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cells vrere beginning to "round up". Cel1 numbers, which were recorded

over the incubation period, did not decrease. This indicates that
R

both the wíld-type and the C -7 cells remained anchored to the plates.

Times of uptake incubation in Dulbecco's phosphate-buffered saline

never exceeded 120 minutes. The monolayers used in the uptake

experiments were viable by extrapolatíon.

Examination of the ethanol-solubl-e and insoluble fractÍons for

distribution of labe1

Examination of the ethanol-solub1e and ínso1ub1e fractions for

clistribution of radíol.abel revealed that the majority of the label rvas

recovered in the ethanol-soluble fraction (table III). This was

observed at both I and 40 minutes of incubation and in both the wild-
D

type and the C"-7 cells. The ethanol-solubIe and insoluble fractions

represent uptake and incorporation of amino acÍds into macromolecules

(81,85,89). Results indicated that over time, incorporatíon increased

f or all of the amino acids except the two amino acid analogues. I,Jild-

type cell incorporation at one mínute amounted to less tlnan 6% of the

total activity. Distribution in the CR-7 cell ethanol-insoluble fraction

r¡as less t]han 4% of the total for all amino acids tested. The results

suggest that over the experimental per:iod, the natural amino acids

remaj-ned largely non-metabolized. Incorporation into macromolecules,

following one minute of incubation, comprised only about 5% of the

total. These results are in agleement with previous reports (22rBL).

The apparent incorporation of the amino acid analogues, ct-aminoisobutyríc
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acici and o,-methylaminoisobutyric acid, is unexplainable. These two

analogues are non-meLaboLízable whích makes them excellent substrates

in the study of uptake (1). The present incorporation t"y t.pt.""rrt

background though corrections for background r¿ere made. The dpm

associaied with the ethanol-solubfe fractions also serve to illustrate

typical dpm values obtained ín most uptake experiments.

Iiry_q-g_qlÊes of amino ?çid uptake

The time courses of uptake of the various natural amino acíds

and the tr,¡o amino acÍd analogues were s1-udi-ed in both the wÍld-type

and CR-7 cell lines (Figs . 6- 9). Simílar results for the wild-type and

CR-7 cefls \dere observed for most of the amÍno acids tested. In both

cell lines, L-prolÍne was taken up slowly, but steadily, over the

first five ninutes of incubation. A slight shoulder in the curve after

this time indicated that the uptake processes rvere slowed. No steady-

state levels lrere reached even after 40 mínutes of incubation. The

highest levels of L-proline attaíned, over the experímental period, were

approximately 26 and 19 nmoles per mg protein for the wild-type and

RC"-7 cell s, r:espectively (Fig. 6a) .

The wítd-iype and CR-7 cells, both exhibited rapid ínitj-al entry

of L-alanine (FÍg. 6b). Steadl'-state levels were reached between l0

and 20 minutes of incubation. The levels reached were high in

comparison rvith the other amino acids The wíld-t)æe reached levels

of about 30 nmoles per mg protein,

of about 34 r-rnloles per mg protein

This is the onl1' example in rvhich

rvhÍle slíghtly higher levels

were attained in the variant.

the steady-state 1eve1s re

CR-7 cells ar:e higher than in the wiÌd-type cells.



Figure 6a. Time course of L-proline uptake in wild-type and cR-7

monol-ayers at 34oc. The uptake medium contained 0.1 mM L-prolíne

at a final specific actívity of 5 ucÍ/umole ín Dulbecco's phosphate-

buffered saline with 0.12 (w/v) glucose. Uptake \^/as measured in

35 mm plates and estimated from the ethanol-soluble fractions.

Each point represents the mean of four trials. The mean ce1l density

of the wild-type populatio" (e) was 1.6 x 106 cerls per plare and

the mean protein content r¿as 0.12 mg. The mean cell density of the

C"-7 population ([) was 9.4 x lO5 celfs per plate and the mean

protein coÌltent r¡as 0.18 mg.

Figure 6b. Time course of L-alaníne uptake in rvírd-type and cR-7

monolayers at 34oC. The uptake medium contained 0.1 mM L-alaníne at

a final specific activity of 5 uci/pmole in Dulbecco's phosphate-

buffered saline with 0. rZ (w/v) glucose. uprake tu.âs neâsured in 35

mm plates and estímated flom the ethanol-soluble fractíons. Each

point represents the mean of four trials. The mean cell density of

the wild-type population (Q) was L.7 x 106 cells per prare and rhe

mean protein content rnas 0.15 mg. The mean cel-l density of the cR-7

population (A) was 9.0 x 105 cells per plate and the mean protein

content was 0.17 mg.
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Figure 7a. Tíme course of L-threonine uptake in r.rild-type and cR-7

monolavers at 34oc. The uptake medium contained 0.1 mM L-threonine

at a final specific activÍty of 5 uci/umole in Dulbecco's phosphate-

buf f ered sa1íne r"'ith 0.L% (w/v) glucose. uptake was performed in

35 mm plates and estimated from the ethanol-soluble fractions. Each

point represents the mean of 4 t-o 6 trials. The mean cell density

of the wild-type populatio" (O) was 1.6 x 106 cells per plare and

the mean protein content was 0.12 mg. Tbe mean cell densíty of the
D

C^-7 population (A) ras t.0 x 106 cells per plate and rhe mean

proteín content was 0.lB mg.

Figure 7b. Time cou¡se of L-leucine uptake in wíld-type and CR-7

monolayers at 34oc. The uptake medium contained 0.1 mM L-leucine

at a final specific activity of 5 uCi/umole in Dulbecco's phosphate-

buffered saline with 0.1% (w/v) glucose. uptake was performed in

35 mm Plates and estimated from the ethanol-soluble fractions. Each

point represents the mcan of four trials. The mean ce1l density of

the r¿ifd-type popuration (Q) was L.7 x 106 cells per pl-are and rhe

mean protein content rùas 0.19 mg. The mean cell density of th" cR-7

population (A) was 1.1 x 106 cells per plate and the mean protein

content was 0.19 mg.
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Figure Ba. Tíme course of L-jsoleucí-ne uptake in wild-type and CR-7

monolayers at 34oC. The uptake medium contained 0.1 nM L-ísoleuc¡'-ne

at a final specific activity of 5 UCi/Umole in Dulbecco's phosphate-

buffered saline wíth 0.12 (w/v) glucose. Uptake was performed in

35 mm plates and estimated from the ethanol-soluble fractions. Each

point represents the mean of four tríals. The mean cell clensity of

the r¡ild-type populatíon (Q) was L.7 x 106 cells per plate and the

mean protein content \,ras 0.14 mg. The mean ce11 densiry of the
Þ

C^-7 populatíon (A) ras 9.2 x 105 cells per plate and the mean protein

content was 0.18 mg.

Figure 8b. Tíme course of L-phenylalanine uptake in wild-type and

D
CK-7 monolayers at 34oC. The uptake meciium contained 0.1 mM L-

phenylalanine at a final specific activíty of 5 VCí/¡rmole in Dulbecco's

phosphate buf f ered sal.ine \-'ith 0.12 (ru/v) glucose. Uptake \,ras per-

formed in 35 mm plates and esti¡¡ated from the ethanol-soluble

fractions. Ea.ch point represents the mean of four trials. The mean

cell density of ihe rvild-type popufation (Q) was 1.8 x 106 cells

per plate and the mean protein content tras 0,16 mg. The mean cell.

density of the CR-7 populatíon (A) rvas 9.7 x 105 cells per plare

and the mean protein conlent rüas 0.20 mg.
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FÍgure 9a. Time course of o,-amínoisobutyric acid uptake in wild-
D^

type and CK-7 monola¡zers at 34oC. The uptake medíum contained 0.f

mM o.-aminoisobutyr:ic acid al a final specific actívity of 5 pci/

pmole in Dulbeccors phosphate-buffered salÍne r+ith 0.1% (w/v)

glucose. Uptake was performed Ín 35 mm plates and esti¡nated from

the ethanol-solub1e fractions. Each point represents the mean of

four tríals. The mean cell <iensity of the wild-type population (O)

was 1.4 x 106 cells per plate and the mean protein content was 0.12

mg. The mean cell densÍty of the CR-7 population (A) was 8.0 x

105 cells per plate and lhe mean protein content t¡as 0.19 mg.

Figure 9b. Time course of o-methylaminoisobutyric acid uptake in
p

r,riId-type and CK-7 monolayers at 34oC. The uptake medíum contained

0.1 nrM o,-methylaminoísobutyrÍc acid at a final specific aciivíty of

5 UCi/umole in Dulbeccots phosphate-buffered saline with 0.lZ (w/v)

glucose. Uptake \ras measured in 35 mm pl,ates and estimated from the

ethanol-soluble fractions" Each point represents the mean of 2 xo 4

trials. The mean cell densíty of the wild-t,vpe population (Q) was

1.5 x 106 cells per plate and the meari protein content was 0.14 mg.

The mean cell density of the CR-7 poÞulation (A) was 1.0 x 106 ce1ls

per plate and the mean proteín content r'ras 0.18 mg.
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The uptake profiles of L-threonine were símílar to those of L-

alanine (Fig. 7a).. Hígh steady-state 1evels of accumulation rvere

obtained following rapíd initial entry. Slight differences \,rere

observed between the wíld-type and CR-7 cell línes. The steady-state

in ihe wild-type population began aL 20 mÍnutes of incubation. The

steady-state in the CR-7 line commenced after l0 minutes. Levels

reached in lhe CR-7 cells \,rere lower wÍth values of about 36 nmoles

per mg protein as compared to 50 nmoles per lrg protein in the wild-

type ce1ls. The wild-type cel1s steady-state 1evels of L-threonine

were the highest of all the amino acids tested for the two cell lj-nes.

The amino acíds L-IeucÍne, L-isoleucine, and L-phenylal.anine

displayed similar time courses of uptake (Figs 7b,8", and Bb). Al1

three of these amino acids, in both the wild-type and CR-7 cells \,Jere

taken up quickly to 1ow steady-state levels between 5 and l0 minutes

of incubation. the CR-7 cel1s accumulated lower amounts than the wíId-

type cells. The levels of L-leucíne, L-isoleucine, and L-phenyla.l-anine

attained in both cell lines \,/ere the lowest recorded of the amino

acids studied. Levels of L-isoleucine, for example, were only about

14 and l0 nmoles per iTrg protein in the wild-type and CR-7 lines

r espectively.

The tíme course profiles of the two amino acid analogues

ísobutyric acid and q,-methylamínoisobutyric acid were similar

profile of L-proline (Figs 9a and 9b). Uptake was ínitially

steady over the first 10 minutes of incubation. No definite

state rvas achieved though uptake slorved after 10 minutes. CR

, u-amino-

to the

slow, but

steady-

-7 appeared
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to accì-rmulate less of these analogues over tíme than ihe wild-type.
D

A comparison between the wíld-type and C"-7 cells initial rates

of amíno acid uptake indícated that fei^r dÍfferences existed (fa¡te fV).

The possible exceptÍons may be the initj-al rates of entry of L-

threonine and o,-methylaminoisobutyríc acid. Both amino acids were

taken up in C"-7 cells at slightly lower rates than in the wÍld-type

cells. This may partially account for the lower 1evels reached in the
D

C"-7 cells as coapared to the wild-iype cells though the rate of

uptake is only one factor r+hích contributes to the steady-state (f).

C1early, from these results, the steady-state level attained cannoi

alrvays be predicted from the inítial rate of entry.

Three natural amíno acids were selected for further study on the

basís of the results of the time course exper,Í-ments. These amino acíds

rvere L-proline, L-alanine and L-1eucine. The amino acid analogue,

o,-methylaminoisobutyric acid was also studied in an attempt to

investigate its simil-arity to L-proline. This analogue is usr-rally

consídered to be the characteristic substrate of system A (1,4).

Sodium Íon-sensiiivity of amino acid uptake

The dependency of amino acÍd uptake in the r^¡ild-type and CR-7 cells

on the presence of sodium ions r,;as studied ¡n'ith the use of Na*-contain-
J

ing and Na'-free uptake media. All of the test amino acids dísplayed

+Na'-sensitivity though to different degrees (Figs. 10-13). L-proline

and c-methylaminoisobutyric acíd uptake demonstrated the most stríking

Na*-sensitivity rvith almost complete loss of uptake ín Na*-free medium.
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TABLE IV

Comparison of amíno acid uptake in the wíld-type and CR-7 ceff lines i

)Inataa.L rate-
Amíno acid

wí1d-type
(A)

CR_7
(B) BIA

L-pro1íne
L-alanine
L-threoníne

L-leucine
L-íso 1eu cine

L-phenylalanine

s-aminoisobutyric acid

cr-me thylamino isobutyr íc acid

2.L

11 .0

15 .0

8.1

7.8

b"J

2.0

1.8

0.1

1.3

1.3

L. /-

1.0

1.0
ñ)
0.5

,1

11 .0

72.0
o1

6.9

5.5

1.8

1.5

0.2

1.3

0.7

L.4

0.5

0.2

0.3

0.2

1.0

1.0

0 .80

1.0

0. 88

0 .87

0 .90

0 .83

+

t
t
t
t
+

t
+

t
t
t

t
I
1

t

lVrlr,,"" estímated from
2nmoles amíno acid per

Figures 6-9.
mg protein per min.



Figure 10. The effect of sodíum ion on L-proline uptake in wild-type
Þ

and cK-7 monolayers at 34oc. uprake of 0.1 mM L-prolÍne at a final

specific activity of 5 vcílpmole was performed in 35 mm plates with

either sodium ion-containing (O) or sodium ion-free (@) Du]_becco's

phosphate-buffered. saline with O.12 (w/v) glucose. The Na*-containing

medium contained 137 mM Nacl and B mM Na2Hpo4. The Na*-free med.ium

\ras prepared by isoosmotic substitutíon of Nacl and Na2Hpo4 with

choline chloride and K2HPO4, respectively. Uptake v¡as estimated from

the ethanol-so1uble fractions. Each point represents the mean of tr¿o

determinations. The mean cell densíty of the wíld-type population (a)

was 1.6 x 106 cells per plate and the mean protein content \,ras

0.14 mg. The mean celI density of rhe cR-7 pop.,larion (b) was 7.0 x

105 ce1ls per plate and the mean protein content \,,as 0.11 rng.
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Figure ll. The effect of sodÍum ion on o,-methylaininoisobutyric acid

uptake ín wild-type and CR-7 ronolayers aL 34oC. Uptake of 0.1 mM

a-metlrylaminoisobutyric acid at a final specific activity of 5 ucí/

pmole was performed in 35 mm plates r.¡ith eilher sodium ion-containing

(O) or sodium ion-free (@) Dulbecco's phosphate-buffered saline

with 0.lz (w/v) glucose. The Na*-containing medium contained 137 mM

NaCl and B nr}{ Na2HPO4. The Na*-f ree medium was prepared by isoosmoï-ic

substitutíon of Nacl and Na2HPo4 with chorine chloride and K2Hpo4,

respectívely. Uptake was estimated from the ethanol-soluble fractions.

Each point rePresents the mean of two determinations. The mean cell

densÍty of the wild-t1pe population (a) rvas 1.6 x 106 celrs per plate

and the mean protein content \ras 0.11 nig protein. The mean cefl

density of the CR-7 popr.llarion (b) was 8.5 x 105 cells per plare

and the meari protein content was 0.10 mg.
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Figure 12. The effect of sodium ion on L-alanine uptake in wild-
D

type and c"-7 monorayers at 34oc. uptake of 0.1 mM L-alanine at a

final specific activity of 5 pci/pmo1e was performed in 35 mm plates

r¡ith either sodium ion-containing (O) or sodium ion-free (@)

Dulbecco ' s phospha re-buf f ered saf ine \^/ith 0. lz (w/v) glucose.

The Na*-containing medium contained 137 mM Nacl and g mM Na2Hpoa.

The Na*-free medium was prepared by isoosinotic substitutíon of NaCl

and Na2HPO4 with choline chloride and K2Hpo4, respectively. uptake

was estímated from the ethanol-soluble fractions. Each point represents

the mean of two determinations. The mean celr cìensity of the r+ild-

type populatj-on (a) was 1.6 x 106 cells per plare and. the mean protein

content was 0.12 mg. The mean cefl density of the cR-7 pop,rlatÍon (b)

was 9.3 x 105 cells per plate and the mean proî-ein content was 0.09 mg.



Ë @
)

4Ð o &
- & @ Ë 3n &
ì o E Ë G
} o o. 3

40 30 ao

5r
o

T
irn

e 
(m

in
.)

5¡
t

T
im

e 
{ 

nm
im

. 
}

LJ
r þ



Fígure 13. The effecr of sodium ion on L-leucine upiake in wíld-
D

type and CK-7 monoJ-ayers at 34oC. Uptake of 0.1 mM L-leucÍne at a

final specifíc activity of 5 uCi/pmoles was performed ín 35 mm

plates with eíther sodium íon-containing (O) or sodium ion-free

(@) Dulbecco's phosphate-buffered saline with 0.1% (w/v) gl-ucose.

The Na*-containing medium contained 137 nM NaCl and B mM Na2HPOq.

The Na*-free medium \ras prepared by isoosmotic substitution of NaCl

and Na2HP04 wíth choline chloríde and K2HP04, respectively. Uptake

¡¡as estimated f¡om the ethanol-soluble fractions. Each point represents

the mean of two deteririinations. The mean cel1 density of the wíld-

type population (a) r¡as 1.4 x 106 cells per plate and the mean

proiein content was 0.ll mg. The mean cell densíty of th. CR-7

population (b) was 9.4 x 105 cells per plate and the mean protein

content was 0.11 mg.
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f

Na -insensitive uptake of L-proline comprised only about 2% and

57" of. the total uptake in r^rild-type and CR-7 cells, respectively

(Figs. l-Oa and 10b). Na*-Ír,sensitive uptake of the analogue was

neglígib1e in both cell lines (fígs. l1a and 11b). The total uptake

of a-methy1aminoisobutyric acíd was ín general l-ower ín the varíant

as compared to lhe wild-type line. The uptake of L-alanine ín both

the wild-iype and CR-7 lírl.s appeared to be less dependent on the

presence of sodium ions (Figs . LZa and 12b) . At least L5"/" and 23%

of the total uptake of thís amino acid in the r¡íId-type and CR-7

cells, respectively, \¡/as contributed by N"+-ind"pendent agencies.

The uptake of L-leucine was the least dependent on the presence of

sodium íons (Figs. 13a and 13b) . Uptake in Na*-free medium r:eached

502 of the uptake levels attained ín Na*-contaírring medium in wild-

type ce1ls. ffre CR-7 cells displayed even less Na*-sensitivity with
-L

607" of the total uptake contributed by Na'-independent routes. The

results obtained for CR-7 cells in both the presence and absence of

the cation are correspondingly lower than for the r¿ild-type.

Estimaii.on of the kinetic parameters of amj,no acíd uptake

The estimated Ç and V*¿¡ values for the uptake of L-proline,

c,-methylamínoísobutyric acid, L-alanine, and L-leuclne, in both the

R-wild-type and C-'-7 cells, are indicated in Table V. These values were

obtained from the double reciprocal plots of velocity as a function of

anino acid coircentration (Figs. L4-L7). The wild-type and CR-7 cells

exhibit similar kinelic parameters for the uptake of L-proline,
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TABLE V

Kinetic parêmeters for amino acíd uptake

ceIl lines.

in the v¡íld-type and CR-7

Amino acíd cR-7
Km V*"*

L-proline

c,-methylaminoisobutyri c acid

L-alanine

L-leucine

0 .46

0. 11

0"13

0. 09

17 .0

)^

3s .0

16.0

0. 61 20.0

0. 10 2.9

0.14 29.0

0"0s 9.9

lEstimated Ç, and Vr"* values v/ere determined
and are expressed in mí1limo1ar concentrations
acid per mg protein per minute, respectíve1y.
activity rvas 1 pCí/pmole.

from Figures 14 to 17
and nanomoles amino
Fínal specifíc



Figure 14. Double-reciprocal plot of L-proline uptake in ruild-type
D

and cK-7 monolayers at 34oc. The uptake medium contained L-proline

al various concentralions and at a final specific activity of I ucí/

pmole in Dulbeccors phosphate-buffered saline with 0.12 (w/v) glucose.

Uptake ruas performed in 35 mm plates for 1.0 minute and was estimated

from the ethanol-soluble fractions. Each point represents the mean

of two determinations. The mean cell densíty of the wild-type

populatío" (O) was 1.4 x 106 cells per plate and the mean protein

content was 0.15 mg. The mean cel1 density of the cR-7 popt,lation

(A) was 7.0 x 105 ce1ls per plate and the mean proteÍn conLent \ùas

0. I0 mg.
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Fígure 15. Double-reciprocal plot of o.-methylaminoisobutyríc acid

ín wild-type and CR-7 ronolayers at 34oC. The uptake medium

contained o-meth1'laminoisobutyric acid uptake at varlous conceni-rations

and at a final specifÍc activity of J-pCi/¡u¡ol-e in Dulbeccors phosphate-

buffered saline \rith 0.12 (w/v) glucose, uptake was performed in

35 mm plates for 1.0 ninute and was estimated from the ei-hanol-

soluble fractions. Each point represents the mean of two determinatj-ons.

The mean cell density of the wild-type population (Q) was 1.8 x 106

cells per plate and the mean protein content \.ras 0.18 mg. The mean

cell density of the CR-7 popularion (A) was l.l x 105 cells per

plate and the mean protein content \,ras 0.16 mg.
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Figure 16 . Dcubl e--r eciprocal ploc of L-alanj ne up ¡ake j.n i,ríJ-d-type

and CR-7 inonolaye::s at 340C. The uptake ne<ìi'rim contained L-al,.inÍne

ai var:ioiÌs conceili.l.ations ar-icl at a fÍnal specífjc activj-ty of L VCil

pnol.e in Dulbeccor s phosl,haie-buf f ered saline u¡ith 0. iz (w/v)

glucose. uptake was perfolmed in 35 inm piat-es for 1.0 minute and

was estimaied Írcm the ethanof-sofuble fraciÍons " Each poi_nt

l:epresents tfre mean r¡f trço determinaiions. The ¡-nean cei_J. dc:nsity

of the roíJ,d-t1'pe population (O) was L.7 x 106 cell-s per pl,ate and the

rnean protein cont-ent was 0"J6 mg. The mean cell density of r-he cR-7

popu-1-atio" (Ä) r,;as 7.2 x f05 cells per plate and the lì.ran proteín

content was 0. 18 mg.
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Figure 17. Double reciprocal plot of L-leucine uptake ín wíld-type
D

and CÁ-7 monolayers at 34oC. The upiake medium contained

L-leucine at various concentrations and at a final specific activity

^. tof I uci/¡ino1e in Dulbeccors phosphate-buffered salíne r"¡ith 0.lz

(w/v) grucose. uptake was performed in 35 mm plates for f.0 r¡inute

andr'¡as estinated from the ethanol-solub1e fractions. Each poínt

represents the mean of tr¡o determinatíons. The mean cell density

of the rail-d-type population (O) was 7.2 x 106 cells per plare and

the mean protein content r¿as 0.10 mg. The mean cell density of the
R

C^-7 populatÍon (A) *r" 7.0 x 105 cells per plate and the mean

protein content was 0.14 mg.
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ü-methylaminoisobutyríc acÍd, and L-a1anine. The K* and Vrn¿* values

of L-leucine entry are lower in the CR-7 cells than in the wild-type

ceIIs. The variant appears to have a Ç which is half of the r,'ild-

iype value. The Vmax is sjmílarly r:educed in the CR-7 line.

InhibÍtion of L-¿_roline L-alaníne and L-leuqile_fÈCke_þ¡ various

amino acids

Inhíb i t ion

characteríze the

cR-7 cell lines.

studies r¿ere conducted in an attempt to further

amino acid uptake systems in both the wild-type and

The test amíno acids used were L-proline, L-alanine,

and L-leucine. Several amino acids were tested for their ability

to compete with these radiolabelfed amino acids for uptake. i\ljld-
D

type and C"-7 cells exhibited no major dífferences (fa¡le Vl). All

of the inhíbitor amino acíds r¡ere observed to compete with the test

amino acíds for uptake, but the degree of inhibition varied with the

test amino acid. The inhibítion of L-proline uptake in boi-h the r^rild-
Rtlrpe and C^--7 ]ines \,ras the greatest with the short, linear amino

acids such as L-alanine and L-serine. The one exception was with L-

threonine, which díd not greatly inhibit the uptake of L-proline.

GlycÍne, which is the simplest in structure, \^7as not as effective an

inhibitor as the larger, linear amino acids. The amino acid analogue,

a-methylaminoisobutyric acid, was also a strong inhibitor of L-proline

uptake. The bulkier amino acíds, r^rhich have either branched or

ringed side groups, díd not apprecíably inhibit the uptake of L-proline.

This group included L-leucine through to L-tryptophan. Similar results
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\rere observed for the inhibition of L-alanine uptake. The linear amino

acíds \^lere more effective inhibítors in comparíson to the bulkíer

amino acíds. Unlike L-proline uptake, L-alanine uptake was inhibited

by L-threonine. Conversely, L-proline which effecLively inhibited

its or,'n uptake, LTas not similarly effectíve in competing with L-alanine

for uptake. Further, o-methylamínoisobutyric acíd was less efiective

as an inhibitor of L-alanine uptake than of L-proline uptake. A

sÍgnificant degree of inhÍbition was observed in the presence of L-

leucine in both the wíld-type and. CR-7 cefl lines. This inhibition

\,/as not as pronounced in the CR-7 cells. The remaini-ng amino acíds

with branched or ringed síde groups, including L-isoleucine through to

L-tryptophan, did not inhibit L-alanine uptake to the same extent

as did L-leucine. The CR-7 cel1s exhibited less competition for uptake

by these amino acíds than did the wild-Lype cells. L-phenylalanine, for

example, inhibited the uptake of L-alanine in the wíld-Lype by 342

while in the CR-7 linu an inhi.bitÍon of 8% was observed. The uptake

of L-leucine in both the wild-type and CR-7 cell lines \^ras greatly

inhibíted by all of the bulkier amino acíds. Inhibition by the linear

amino acids \,ras not as pronounced. L-threoníne, which inhibited L-

alanine uptake, \ras also an effective competítor of L-leucine uptake

in both cell l-ínes. L-alanine and L-serine both significantly

inhibited L-leucine uptake. The analogue, a-methylaminoisobutyric

acid, had a neglígib1e effect. L-methíonine, as observed for the

prevíous test amino acids, was also an effective inhibitor of L-l-eucine

uptake.
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The effects of concanavalin A on the initíal rates of L-proline,

L-alanine, and L-leuc'ine uptake

Concanavalin A at three concentrations \^ias tested for íts effects

on the uptake of L-proJ-ine, L-alanine, and L-leucine in wild-type
R

and C"-7 cefls (Table VII). At all concentratíons tested, no effec1-s

were observed on the initial retes of uptake of either L-proJ-ine, L-

afanine, or L-leucine in the CR-7 cells. Conversely, in the r¿ild-

type, inhibitÍon of the initial rate of L*alanine and L-leucine uptake

r¡as observed. The initíal rates of L-alanine and L-leucine uptake

gradually decreased as the concenl-ratíon of concanavalin A increased

from 50 to 500 Ug/mI. Maximum inhibition rvas about 30% of the control

for the ÍniLial rates of uptake of both L-alanine and L-leucine. This

was observed at a concanavalin A concentratíon of 500 Ug/ml. L-proline

uptake in the wild-type line ruas essentially unaffected by concanavalin

A. Ar 500 ug/ml, a slighr inhibirion of rhe inirial rare of uptake

r¿as observed, but this was not as pronounced as the inhibitions of the

other test amino acids. The CR-7 tin. exhibited no inhibítÍons of

initial rates in the presence of the lectin.
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The effects of

L-alanine, and

ar 34ocl.

TAB],E VII

concanavalin A on the ínitial

L-leucine uptake in wild-type

rates of L-prolíne,
.^R_and u -/ rnonoj ayers

Concanavalin A

concentralion
(ue/mr)

L-proline L-alanine L-1eucÍne

Initial % of.
raLe2 control

Inirial z of
raLe2 control

Initial % of
rate2 control

I^li1d-type 3

0 (Control)
50

250
500

cR-74

0 (Control)
50

250
s00

otr

2.4
2.6
2-2

0.1
0.2
0.2
0.1

r00
96

104
8B

100
106
106
106

L2.0 !
11.0 t
9.6 !
8.3 t

9.6
a)
9.2
B.B

t
t
+

0.5 r00
1.3 92
I.2 BO

0.9 69

0.7 100
0.8 96
1.0 96
0.8 92

8.4 t 0.1 100
7.8 t 1.0 93
6"6 ! 0.2 79
6.0 r 1.1 7r

r.6 ! 0.2
L.7 t 0.3
1.7 t 0.1
1.7 t 0.1

0.4 100
o.2 99
0.4 104
0 "1 101

t
+

t

t
t
t
t

1.5
7 .4
?Q

7.6

lcorr.trru.ralin A was prepared in DPBS. Cells were incubated with the
Con A for 15 minutes followed by a 15 minute incubatj.on with DPBS only.
The amino acÍds \,rere present in the uptake medíum at 0.1 mM at a f inal
specific activiLy of 5 pCi/prno1e.
2l.titi"1 rate was estimated. from one minute of uptake and is expressed
as nmoles per mg protein per mínute. Each value represents the mean
of two determÍnations. Atl values \,/ere corrected for non-specific
binding as estimated from 0 minutes of uptake at OoC. The control
values were obtained from two 15 minute incubatíons with DPBS only.
3Witd-type averaged at 1.4 x 106 cells per plate and 0.12 mg protein.
4CR-7 averaged at 1.1 x 106 cells per plate and 0.18 mg protein.
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DISCUSSION

The uptake of neutral amino acíds in many animal cel1s occurs

by three distinct systems i¡hich have been designated A, ASC and L (f'4).

These three systems can be distinguished on the basis of a number of

criteria including amino acÍd preferences and sensitivity to sodii-¡n

ion (Table I) (4). Oxender and Christensen first descríbed the A and

L systems from resu1ts of tíme course and inhibitíon studies (B). The

comparison of the tíme courses of a number of amíno acíds revealed tr¿o

categories of uptake. An amino acíd, suchas o-aminoisobutyric acid'

\,Jas taken up slowly to hígh steady-state levels. Amino acids, such

as leucine and valine, reached low steady-state levels, but initial

rates of entry were high (B). Similar patterns of uptake were observed

ín the wild-type and CR-7 Chínese hamster ovary cells (FÍgs. 6-9) . An

additíonal category, in which amino acids were rapidly taken up to

high steady-state levels, was also observed. Thís category included

the amino acids L-alanine and L-threonine. In both the wild-type
D

and C"-7 cel1s, these two amíno acids were taken up rapidly over the

first 10 minutes of íncubation and attained high steady-states

betr.ueen 10 and 20 minutes (Fígs. 6b and 7a) . Edmondson et aL. (41) have

also reported the rapid accumulation of L-alaníne in freshly ísolated

rat hepatocytes, with steady-state leve1s observed in 15 minutes of

incubation, Similar findings were also reported for Balb/3T3 cells (22)

The uptakes of L-pro1Íne, o-aminoisobutyric acid, and o-methylamino-
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isobutyrÍc acid in the r.ríld-type and CR-7 cells are símilar to those

previously reported (38, 4L, 55, 56). Uptake of these three amíno

acÍds ín the wild-type and CR-7 cells was slor.r and faírfy línear

over time and no steady-state \,ras obrtious by 40 m:'-nutes of incubation

(Figs . 6a, 9a, and 9b). The leve1s attained by 40 mínutes of

incubatíon suggested that a very high steady-state would eventually

be reached. Steady-state 1eve1s of c,-aminoisobutyric acid were also

not observed in either baby hamster kitlney cells (56) or Chinese

hamster ovary cells (55) for over 60 mínutes of incubatíon. Ecimondson

et aL. (41) have reported that cr-aminoisobut.yríc acíd uptake in

hepatocytes finally aitained steady-state levels, comparable to those

of L-alanine, in 90 minutes of incubation. The uptake profiles of

L-leucine, L-isoleucine, and L-phenylalanine in bolh the wild-type
D

and C"-7 cells agree with the profiles described in Ehrlich ascites

tumor cells (Figs. 7b, 8a and 8b) (8). Uptake of these amj-no acíds

r¡as fairly rapid inítially, but only 1ow 1evels of accumulation

were observed. The steady-states commenced between 5 and 10 minutes

of uptake. BaLb/ 3T3 cells simitarly accumulated L-leucine and

L-phenylalanine, but the steady-state 1eve1s reached appeared to be

much lower than those observed in the wild-type and CR-7 cells used

in this study. Further, steady-state levels were reached Ín two

mínutes (22, 51, 52). The Balb/3T3 monolayers were less rhan 507"

confluent in comparison to both the wild-type and CR-7 cells r.rhich

Lrere near confluent. System L uptake appears to be stimulated as cells

approach confluence (51). According to Gazzola et aL. (38), the
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uptake of system L reactive amino acids, such as L-1eucine, increases

as ce11s approach confluence due Lo íncreased incracellular concen-

traiions of amino acids. The trans-stimulatíon of L-leucine and L-

phenylalanine was also dc:scribed in Balb/3T3 cel-ls to be the result of

íncreased levels of endogenous L-system amíno acids (51) . A simílar

phenomenon may be i.n operation Ín the iuild-type and CR-7 cell lÍnes

though attempts were made to deplete the ce]ls of intracellular amino

acids príor io amino a.cíd uptake. Conceivably, higher levels of L-

leucine, L-isoleucíne, and L-phenylalanine may be a characteristic

of the wild-type and CR-7 cells, and may be subject to other, as yet

unidentified, conLrol me-chanisms.

The time courses of amino acÍd uptake in the wíld-type and CR-7

ce1ls revealed three patterns of uptake. Amino acids, such as L-alanine

or L-threonine, rapÍdly entered the cells and reached high steady-

state levels. Conversely, amino acíds like L-leucine, L-isoleucine,

and L-phenylalaníne, reached only 1ow level-s of steady-state, regard-

less of ihe high initíal rates of entry. Finally, amino acids such

as L-proline, o-aminoisobutyric acid, and ol-methylaminoisobutyric acid,

were slow1y accumulated to high levels which díd not plateau in 40

minutes of incubatíon. Clearly, the steady-state level attained can

not always be predicted by the initial rate of uptake. The steady-state

relíes on the net operatíon of a number of factors including both

uptake and exodus (1,4), Àmino acids which demonstrate only low

steady-states while their inítiaI rates of upiake are high are probably

more strongly involved in exodus than the amino acids of the other two

categories (1,8). These results suggest the exístence of t\,Jo systems
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(and possibly a third) for neutral amino acici uptake in the wíld-type

and CR-7 cells.

The differences obserr¡ed between the amino acÍd uptake profiles

of wild-type and CR-7 cells are slight in comparjson to those reporled

for transformed cells and their corresponding normal cell lines (55,56).

The wild-type and CR-7 profj-les are comparable up to the steady-states,

after rvhích lower levels \tere consistently observed in the variant

(Figs. 6-9). The only exception v¡as observed with L-alanine uptake,

r¡hích displayed slightly higher sustained 1evels in the CR-7 (Fig. 6b) .

The inítíal ¡ates of uptake (Table IV) \rere simí1ar in the ruild-type and

CR-7 lir',"s indicating that few differences in actual uptake of rhese

amino acÍds exists. L-threonine and o.-methylaminoísobutyric acÍd

may be taken up by the CR-7 cells at slightly lower ínitj.al rates but

the differences observed are not as great as those observed between

transformed and non-Lransformed cel-ls (55r56). Polyoma vírus-transformed

baby hamster kidney cells consistently displayed a 2.5- to 3.5-fo1d

higher uptake of both e-aminoisobutyric acid and cycloleucine at all

times, including initial uptake, in comparison to the rLon-transformed

cells (56). The cìifferences reported between the vrild-type and CR-7

ce1ls are not as dramatic and are only obvious during steady-state

accurnulation. The lower steadlz-s¡ates attaíned by the CR-7 ce1ls may

reflect increased rates of exodus of these amino acids or an altered

response to endogenous amíno acids. Conceivably, the depletion of endo-

genous amino acids may not be as compleLe in the rvild-type as in the

CR-7 poplrlation. Alternatívely, sínce steady-state levels varied

from experiment to experiment wíth the same amino acid, difíerences
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between the v¡i1d-type and CR-7 lir,"s may merely reflect experimental

varíation. This is difficult to justÍfy ín vierv of the observation

trrat 7 of the B amino acids tested revealed lower levels ín the variant

as compared to the r'¡ild-type Population.

The Na*-sensitivity of amino acíd uptake has been studied extensively

in a number of cell lines (1,4,19-22). This Property has often

been,,used to differentiate the A and ASC systems from the L-system'

The latter is relatívely Nu*-irrr.rrsitive in comparison to both systeins

A and ASC, which dÍsplay marked Na+-d.p.r,dency (Table I) (4).

EnergÍzation of the A and ASC systems may be parily achí-eved by a

coupling to the sodir¡n ion-flux dor^m its concentration gradient.

Consequently, in the absence of Na+, the gradient is dissolved and

the uptake of A and ASC reactive amino acids is reduceð (23-27). The

J

Na'-sensitivity of L-proline, o-methylaminoisobutyric acid, L-alanine,

and L-leucine uptake has been described ín the wild-type "r,d th" CR-7

cells (Fígs. 10-f3). All of the amino acids displayed Na*- sensitivity,

but to different degrees. Both L-proline and o-methylamínoisobutyric

acid uptake displayed the most strikÍ-ng dependence on sodium ion with

almost complete loss of uptake in the absence of sodiun (figs. l0 and 11).

The uptake of L-alanine was also gre.atly dependent on sodium ion, but

to a lesser extent (Fíg. L2) . At least L57" and 232 of the total

uptake of this amino acid in the wild-type and CR-7 cells, resPectívely,

rdas contributed by Na+-independent agencies. Similar findings have

recently been described in Chinese hamster ovary cells grown on glass

coverslips (93). The uptake of L-leucine was the least Na*-sensitive
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i¿ith Balb/3T3 cells described the uptake of L-leucíne as Na*-

insensitíve (22) " The present study revealed that in both the wild-

.^R_type and C"-7 populations, a signifjcant portion of the total uptake

\,Jas contributed by Na+-sensitive agencÍes. The recent report wíth

cultured hlnnan f ibroblasts supports this data (38). At least 257" of

L-leucíne uptake in the fibroblasts \¿as attributed to Na+-sensii:ive

routes. The Na*-sensitivity of L-leucine uptake in tl-re wild-type

and CR-7 cells ís more proÐourlced, with an estímated 507. and 407"

of the total contríbuted by Na*-serrsítíve routes, respectí,vely (Fig.

13). The reasons for Lhe enhanced Na*-sensitivity are unknown, but

may be related to the hígher steady-state levels of L-leucine aitained

in these cel1s in comparison to other cell 1ines. Regar:d1ess,

neutral amino acid uptake, in both the wild-type and CR-7 cell lines

proceeds by at least t\,ro systems which can be discriminated on the

basis of Na*-sensitivity. At least one of these systems is Na*-

insensítive and largely responsible for the uptake of L-leucine. Thís

system may be símilar to system L described in Ehrlich ascítes tiÐor

cel1s (8). No major differences, ín relation to sodium ion-sensitivity,

were observed betr^reen the wild-type and CR-7 ce1ls (Figs. 10-f 3) .

Estimations of the kinetic parameters of amino acíd uptake from

double-reciprocal plots have been useful in comparing uptake in trans-

formed and non-transforrned cells (55,56). fsselbacher (56) has

indicated that uptake is not likely to conform to classic Michaelis-

Menton kinetics. Consequently, trvo cell lines should not be
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compared so1ely on the basís of kinetic parameters. The kinetic

parameters of L-prolíne, cr,-methylamínoisobutyric, L-a1anine, and L-

leucine uptake in the wild-type and CR-7 lines were estimated from

their respective double-reciprocal plots (Tab1e V, figs. L4-L7).

The Ç estinates \,rere similar to those previously reported for L-

alanine and L-leucine uptake in Chinese hamster ovary cells (22). The

latter report also described a biphasíc double-recíprocal plot for

L-leucine uptake. This \,/as not observed in the current study for

either the wild-type or the varíant populatíons. Possibly, the

concentration range used \ùas too narro\,r to detect this phenomenon.

Similarly, Ehrlich ascites lumor cel-ls did not display a biphasic

double-reciprocal plot for L-1eucíne uptake (8). The wild-type and

CR-7 cells exhibíted similar kÍnetic parameters with the exception of

the L-leucine uptake parameters (Table V). The Kr and Vrn"* values for

L-leucine uptake in the CR-7 1í.r" \^rere considerably lower than the

wild-t¡'pe values. Considerable variation ín the kinetic analysis of

L-leucine entry into Chinese hamster ovary cells has been reported

(22,5L). A sirnilar variatíon may be reflected in the K* and Vrr*

differences observed between the rvild-type and CR-7 cel1s in this

study. Differences reported between transformed and normal ce11 1ínes

are much greater than those observed between the wild-type and CR-7

cells (55,56). The Vr"* values for both cx-aminoisobutyric acid and

cycloleucine uptake in SV40-transformed Balb/3T3 cells \ùere estímated to

be 3-fol-d higher than the values in the corresponding normal cells

(56). Further, no changes ín Ç were reported. The dífferences ob-

served between the wild-type and CR-7 cel-1 línes for L-leucine uptake
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\rere probably the result of experímental variatíon. Alternatively,
Raller.ations in the C"-7 membrane structure may indirectly affect L-

leucine uplake in a general and non-specific manner.

Inhibition studies have been Índispensible in the dÍffereniiation

of the A, ASC and L systems. The systems exhibit characteristic amino

acid preferences r¿hich may be described by inhibition experíments

designed to study the competÍtion betiveen various amjno acids for

uptake (1r4). The existence of the A and L systems \^ras f irst descríbed

in Ehrlich ascites tumor cells partly from the results of inhibítion

studies (Fig. 2) (8). Generally, the A system displays reactivity with

the amino acids which have ej-ther short, linear, or polar side groups.

The L-system prefers the bulkier amino acids r¡hich have either branched

or ringed side groups. The ASC system is similar to the A s.vstem in

amino acid preference, but it is intolerant of N-methylated amino acj-ds

The amino acíd analogue, cr-methylaminoisobutyric acíd, is consequently

a characteristic substrate of system A (1,4,6,L3,20,36). Simílar

divisions of amino acid preference urere observed in both Lhe wild-type

and CR-7 cel1 lines (Table VI). The upLake of radiolabelled L-

proline and L-alanine was generally inhíbited by the amino acids which

have short, Iinear or polar side chains, such as L-serine. The bulkier

amino acíds such as L-isoleucine and L-iryptophan had mínimal effect.

The converse \,ùas observed wíth L-leucine. These results suggest the

existence of at least t\ùo systems, as previously reported, whích

display different amino acid preferences. One of these systems may be

símilar to system L, ivhÍch ís largely responsíble for the uptake of
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amino acids, such as L-leucine (4). Closer examination of the results

revealed that t\,/o distinct- systems v/ere responsible for the uptake

of amino acids with short, linear or polar side groups (Table VI). The

uptake of L-prolíne r¿as greaLly ír-rhibíted by ci-methylaininoísobutyric

acid. The uptake of L-al,anine and L-1eucine, conversely, \,/as not

greatly inhÍbjted by this analogue (Table VI). As prevÍously mentioned,

N-methylated amíno acíds are not tolerated by system ASC. This allows

cr-methylaminoisobutyric acíd to be used as a characteristic substrate

of system A (4). The ability of this analogue to greatly inhibit

L-proline, but not L-alanine, uptake suggests that two different

systems are in operation. These may be anal-ogous to the A and

ASC systems, respectívely. Further, L-pr:oline has been descrÍbed as

a model substrate of system A in cultured human fibrobl,asts (38).

According to Christensen (6), the imino acíd structure of proline is

analogoì.rs to the N-methyl group of o,-methylarninoisobutyric acjd.

Consequently, only limited uptake of L.-proline by system ASC will occìjr.

This amino acid, in both the wild-type and the CR-7 lines, did not

greatly compete with L-alanine for uptake (Tab1e VI). The systern whjch

was responsible for the majority of L-alanine uptake is similar to system

ASC. This ís further supported by the results of inhibitíon by L-

threonine. This amino acid, which has been described as a preferred

substrate of system ASC (4), was largely Íncapable of inhibitíng L-

proline uptake. Conversely, the inhibitÍon of L-alanine uptake in

the presence of L-threonine, rvas marked. L-threonine was also a potent

inhibitor of L-leucine uptake in both the wild-type and CR-7 cell lines
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(Table VI). L-threonine v/as not an efiective inhibitor of L-leucíne

uptake in either Ehrlich ascites tumor cel1s (B) or Balb/3T3 cells (22).

A number of other anomalies concerning the inhibition of L-leucine

uptake was also observed in thÍs study. The amino acids, L-a1-anine

and L-seríne, which do not inhibit L-leucine uptake in Balb/3T3 cells

(22), significantly competed wÍth L-leucine uptake in both the vri1d-type

-^R_and C"-7. Since these are all substrates of the system ruhích interacts

wíth L-alanine, a significant portion of L-leucine uptake may also be

mediated by this system. Further, L-leucine was capable of competing

with L-alanine lor uptake (Tab1e VI), Results, previously discussed,

i-ndícated that 502 arrd 407" of the total leucine uptake in wild-type
Þ-L

and C^-7 ce11s, respectively, \ras contributed by Na'-sensítíve agencies

(Fig, 13). Since L-alanine uptake was highly Nt+-r".,sitive (Fig- 12),

the Na*-sensitive component of L-leucine uptake lras possibly mediated

by the system responsÍble for alanine uptake. The uptake of L-prolíne

r¡as also Na*-sensitive (Fig. l0), but in the present study, the system

responsible for L-proline uptake probably did not coniríbute to L-

leucine uptake, as the analogue, o-aminoisobutyric acid, did not

inhibit L-leucine uptake (Table VI). Further, L-proline exhibited less

inhíbition of L-leucine uptake than did L-alanine, The sígnifícance

of the enhanced Na*-sensítive uptake of L-leucine by this system is

unknown. GazzoLa et a.L. (38) have also reported a sígnificant

contribution by Na*-sensítive agencies to the toLal uptake of L-leucine

in fibroblasts. Contrary to the results of thís study, the uptake of

L-leucine r¡as inhibited by a-methylaminoisobutyric acid (:a¡,
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Three separate systems appeared to function in the uptake of

¡eutral amino acíds in the wild-type and CR-7 cell línes. The system

¡rhich was largely responsible for L-proline uplake differed from that

,¿hjch mediated L-alanine uptake. In aclciition to havíng af f inity for

both L-alanine and L-serine, the former system demonstrated high

affinÍty for the a:nino acid analogue' a-methylaminoisobutyric acid.

lrurther, this system did not appr:eciably interact r¿Íth L-threonine or

any of the bulkier amino acids l,rÍth branched or ringed sicie groups

(Table VI). Based on 1-he extreme Na*-sensítivity of both L-proline and

tr-methylaminoísobutyríc acid uptake (Figs. 10,11), thís system is

probably also dependent on the sodium ion. These characieristics

have also been associated with system A (1,4,6,13,20,36). Consequently,

the system responsíb1e for most L-proline uptake ín both the vzi,ld-type

and CR-7 cell lines, may be analogous to system A. The system which

\cas studied with L-alanine \tas also highly reactive with L-serine and

L-threonine, but did not tolerate c-methylamínoísobutyric acid. This

system demonstrated only 1ow affinity for all of the bulkier amíno

acids but L-leucine. The uptake of L-leucíne may be partly medíated

by this route. Based on the Na*-sensjrivity of L-alaníne uptake (Fíg.

l12), the system which is responsible for L-alanine uptake may also be

Na*-sensitive. This system may be similar to the ASC s1,5¡s¡ (1,4). A

Na*-irrserrsÍtíve system rvhich mediated a consíderable portion of L-

leucine uptake (Fig. 13) may also be reactive rvith other structirrally

s 1milar amino acíds, such as isoler.rcine and phenylalanine. This system

Ínay be similar to system L. As supported by prevíous studies (8,22r38),
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inhibition of L-proline, L-alanine, and L-leucine uptake was achÍeved

to a certain extent by all of the inhÍbitor amíno acids (Table VI).

The three systems are all likely Lo have an affínity, íf only a

1imÍted af f inity, f or all of the neutral amino acids. Meihíonine, rn'hích

appeared to greatly inhÍbit the uptakes of all of the test amino acÍds,

may display structural features which are recognízed by all three

systems (8).

No major differences beiween the ruÍld-type and the CR-7 ce1l lines

r¡ere dísclosed by the inhibition studies (Table VI). The inhibÍtion of

L-alanine uptake by the bulkier amino acjds \nas generally less in the

variant than in the wild-type cel1s. This may indicate that these

amino acids may not utilize the system, whjch was responsíble for

the uptake of alanine, to the saûìe extent in the variant as ín the

parental cells. Generally, similar patterns of ínhibítion were

observed \{ith the CR-7 ce1ls as compared to the i¿ild-type cells.

Differences beti¡een the wild-type and CR-7 uptakes of neutral amino

acids were observed following íncubation with concanavalin A (Table

VII). Concanavalin A is a lectin whích can be used as a membrane

probe to study membrane structur:al dÍfferences between cel1 lines (58).

The lectin has been used to st.udy the membrane changes rvhich accompany

transformation, relative to amíno acid uptake (56,57). The uptake of

L-alanÍne and L-leucine was significantly reduced ín the wild-type

cells following incubation with concanavalín A. Maxímum inhibition

was about 307" and r¡as observed at the highest concenlration of lectin

tested (500 pg/mf). Conversely, no effect on neutral amino acid
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D
uptake in the C"-7 cells was observed follor+ing treatment ruith the

lectin. Further, L-proline uptake díd no.t decrease in the wÍ-1d-type

ce11s (Tab1e VII). This indicates that the effects of concanavalin A

may irrvolve specif ic amino aci.d uptake systems. Possibly, only the

system whích is shared by L-alaníne and L-leucine is affected. SV40-

transformed hamster cells behaved similarly to the wild-type Chir-iese

hamster ovary cells of this study (57). The uptake of several amÍno

acids was inhÍbited, in the transformed cells, following treatment i¿ith

concanavalin A. The normal cell line was not afíected (57). Another

study, wíth polyoma virus-transformed and non*trânsformed baby hamster

kidney ce1ls, revealed that neutral amino acid upiake in both cell

línes was reduced following treatment with concanavalin A. The

transforrned cell líne exhibited a more pronounced inhibition tt¡an

the normal cetl line (56). The differenlial effects of concânavalin A

on amino acid uptake in transformed and non-trânsforrned cel1s may be

sÍmí1ar to the effects observed with the wild-t1,pe and CR-7 cells. The

different responses to the lectin, detected by differences in neutral

amino acid uptake, suggest that the wíId-type and CR-7 cells have

nembrane structural differences which may be related to amino acid

uptake. Inbar et aL. (57) have suggested that the amino acid

transport sites of the transformed ce11 membrane may have been re-

located to positíons closer to the concanavalin A binding sítes.

Consequentll', steric hinderance of amino acid uptake may occur follor.ríng

binding of concanavalin A. A sjmilar explanation may suffice to explain

the differer-rtial effects of the lectin on the rvild-type and CR-7
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cell uptake of neutral amino acids. Conceivably, amino acíd uptake

sites in the CR-7 cells may have been relocated to Positions away

from concanavalin A binding sites. The bindÍng of the lectin to the

CR-7 ce11 surface i¿ou1d consequently not interfere with neutral amino

acid uptake. Alternatively, l-he differential- effects of concanavalin A

on the r,rild-type and CR-7 cell amino acid uptake may be related to the

different abiliries of these cell lines to bind concanavalín A (Table

II). The SV40-transformed and non-transformed hamster cells were

estimated to bind similar numbers of concanvalin A mol.ecules (57).

Conversely, the CR-7 cells used in this study rùere reported to bind

from 2.5- to 3-fo1d less lectin than the wild-type (lZ¡. Consequently,

a higher concentration of concanavalin A may be required to elj,cit

an effect on the upLake of amino acíds by lhe CR-7 cells. The highest

concentration used ín this study (500 ug/ml) has previously been shown

to be sufficient to agglutinate only 502 of the CR-7 cells. In

comparison, all of the r¡ild-type cells are agglutinated at this

concentration (71). The ciistrÍbution of concanavalin A on the wild-
R

type and C"-7 cell surfaces may also be important, particularly in terms

of the possíble sieric hinderance of amino acid uptake. The CR-7 cell

line has a reduced concanavatin A Ieceptor mobilÍty. Consequentlyr caP

for-mation is prevented ín this cell líne (76). Cap formation in the

wild-type may be all that is required to cause the steric interference

of neutral amíno acid uptake. The inability of concanavalin A to

inhibit L-proline uptake in the wild-type (Table VII) suggests that the

effects of this lectin on amino acid uptake may be medíated by more
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specific membrane interactions. Regardless, the position of the

neutral amíno acid uptake sites, relative to concanavalin A binding

sites, may be an important feature in the resistance of the cells to

the cytotoxic effects of concanavalín A (57). The possíbiliLy rhat

concanavalin A may exert íts effects on amíno acid uptake as a

secondary consequence of some other interaction can not be excl-uded

from the results of this study.

CONCLUS ION

The wild-type and CR-7 Chinese hamster ovary cell 1ínes contain

at least three separate systems r¡hich operale in the uptake of rreutral

amino acÍds. The systems expressed several characterístÍcs in common

wíth the A, ASC, and L systems whích have been previously descríbed in

a variety of cell lines (L,4,6,73,2O,36). Few major dífferences

between the v¡ítd-cype and CR-7 cells were observed in relation to the

characteristics of the uptake systems.

Concanavalin A was observed to have a differential effect on the

neutral amino acíd uptake in the wild-type and CR-7 cefl lines (Table

VII). This effect may be relaLed to a similar phenomenon ¡,¡hich itas

observed in transformed and non-transformed cell línes (56,57). The

insensitivitv of the CR-7 cell líne to the cytotoxic effects of

concanavalin A may be related, at least in part, to the failure of

the lectj-n to influerìce neutral amíno acid uptake in the CR-7 cells.
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