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Na*-dependent AIB transport by neuroblastoma cells
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Na’-dependent amino isobutyric acid transport by two neuroblastoma cell lines with and without amplification of the oncogene N-miye is studied.
Surprisingly, the contribution of systern A is greater in the celt line showing ne We-rnye amplification. Preliminary dala support a role for essential
tyrosine and cysteine residues in the active center of the carriers, mainly in system A.
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I. INTRODUCTION

Cells need io continuously exchange matter, energy,
and information to maintain the characteristic negen-
tropy of life [1]. The flow of amino acids through the
plasma membrane of eukaryotic cells is driven mainly
by carrier proteins. The incorporation of amino acids
against a concentration gradient is usually coupled 1o
a favourable Na* gradient, which acts as the driving
force {23, The two Na -dependent amino acid transport
systems first described and, indeed, the most conspicu-
ous ones in very different types of eukaryotic cells are
the so-called systems A and ASC [3,4]. The expression
of system A is usually repressed in normal cells, but it
is highly enhanced in neoplastic or proliferant cells [5].

In tne present report, Wa®-dependent ransport of
amino acids by neuroblastoma cells is studied by using
the analog amino isobutyric acid (AIB). The actual con-
iribution of both systems A and ASC has been investi-
gated In TWO neuropiasioma &l Nines wirn diitereny ex-
pression levels of the N-wzpe oncogene,

2. MATERIALS AND METHQDS

2.1, Materials

Culture dishes were from Falcon (Oxnard, CA, USA). Twelve-well
tissue-culture cluster dishes were from Costar (Cambridge, MA.,
USA). RIPMLAGAY coedium. Telal calf senum. and_antibioties were
from Gibeo (Eggenstein, Germany). 2-Amino[l-'"*Clisobutyric acid
(1.85 GHRg/mmol) was from Amersham (Brannschwreia, Geumany).
Ecolume liquid seintillation counting solution was supplied by ICN
(Meckenheim, Germany). All other reagents were from Sigma (Dei-
senhofen, Germany).

2.2, Neuroblastoma cell lines

Two well-established cell lines were used: SH-EP (a homogeneous
SK-N-SH-derived subline), and IMR-32, which carry |, and 25 copies
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of Nemyc oncogene, respectively. Cell culture conditions have been
described elsewhere [6).

2.3, Transport in culture cells

The cells used for transport experiments were seeded into tweive-
well cluster dishes and they were used when confluent. The buffered
medium used in the Lransport was 137 mM NaC), 5.4 mM K(l, 1.8
mM CaCl,, 1.2 mM MgS0,, 10 mM HEPES adjusted 1o pH 7.4 with
Tris. Cells wete washed in this medium and transpart was initiated by
adding | mi oF the above madhmn comtaining 0.1 mh AFB (with 8.2
#Ci/ml of the labelled amino acid) at room temperature (20°C)., The
USHAkE WS Ceratsisaced 9y remaving clie (rdaspacd aredinn wud wasl-
ing with 3 x | ml aliquots of ice-cold 137 mM NacCl, 10 mM Tris-
HEPES, pH 7.4, Plates were drained and 0.3 ml 0.5% Triton X-100
added, cells were then removed with a cell scraper and resuspended
in this medium, 250-ul samples were dissolved in 5 ml scintillation
solution for counling and protein was determined using the method
ol Bradlord [7). Na*-independent uptake was performed using 137
mM choling calaride instead of WaCl in. the trgnspart medivm,

fn the experiments designed to idenuty essential groups, cells were
preincubited for 1 h in the presence of 0.17 mM 7-chloro-4-ni-
trobenzo-2-0xa-1,3-diazole (NBD-Cl), for 15 min in the presence of
0.5 mM gura-chlorobenzenesullonate (PCMBS), or for 2 min in the
oramard o 30 oM phanyiahosal,

3. RESULTS AND DISCUSSION

3.1 ALR snompone v e meavablevomar col! Jiner
Pioneer work by Christensen led years ago to the
proposition that abnormally strong amino acid accu-
mutation is characieristic of neoplasia BL This in-
creasea’ accumulition cowld’ oe aciheved elitier By 1i-
creased affinities and capacities of the transport sys-
tems, and/or by enhanced expression of system A, usu-
ally repressed in normal non-proliferant cells [5].
INeuroblastoma cell lines carrying different numbers
of copy for the N-myc¢ oncogene have been established.
The N-myc oncogene is frequently amplified in ad-
vanced stages, but not in initial stages of human neuro-
blastoma [9], and N-myc amplification (with corre-
spondingly enhanced N-myc expression) correlates with
clinical outcome [10]. This fact makes neuroblastoma
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Fig. 1. Time course ol’ AlB uptake by SH-EP cells, Transport experi-

ments were carried out in NaCl buffer without (@) and with 5 mM

threonine added (a), as well as in choline chloride buffer {(0), as

described in section 2. Total Na*-dependent AIB transport is alse
depicled (). Representative results are shown.

a5 optimal mode! system for the study of changes i
amino acid uptake related to cell proliferation.

We examined plasma membrane transport of the non
metabolizable amino acid AIB in two established
human neuroblastoma cell lines, which differ in their
degree of N-myc amplification and consequent N-niyc
expression: SH-EP harbors one, and IMR-32 vwenty-
five copies of N-myc. Figs. 1 and 2 show the time course
of AIB transport into SH-EP and IMR-32 cells, respec-
tively. It is noteworthy that both Na'-dependent and
Nz ndependent 1D Tanspois weit WNTIRARY N
IMR-32 cells. These experimenial resudis 1 wel) with
the expected behaviour of cells during neoplastic trans-
farmation, in accordance with the statements in the fiest
paragrapfi of tfiis sectioil.

Table [

InmBilory eiféct ol same amifio acids on R4 *adpenatm A B uptare

by SH-EP cells

Amino acid (5 mM) AlB uptake (%)

None 100 £ 1
Glutamine 20+ 5
Leucine 81 £ 14
Lysine 80« 5
Phenylalanine 80 £ 10
Threonine 77 =17
Methyl-AlB 2+ 5

Assays were carried out as described in section 2. Figures are means
4 $.D. for three different determinations.
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Fig. 2. Time course of AIB uptake by IMR-32 celis. Transport exper-
iments were carried out in Nacl buffer (@), as well as in choline
chloride buffer (0), as described in seclion 2. Total Na'-dependent
AlB transport is also depicted (a). Represenlative results are shown,

Since Na*-dependent AIB transport by both neuro-
blastama cell lines was linear with time at least for the
first 5 minutes (see Figs. 1 and 2), the rest of the exper-
imental work was carried out at this fixed time.

To examine the relative contribution of systems A
and ASC to the total Na*-dependent AIB transport by
neuroblastoma cells, we used methyl-AIB, a specific
inhibitor for system A [L1], 2nd threonine, which be-
haves as a specific inhibitor for system ASC in some cell
types [12]. Tables 1 and 11 show surprising and unex-
pected results, The effect of methyl-AIB shows that sys-
e A accounied fot almost N% of total Na'-depend-
ent AIB iranspost in SH-EP cells (Table 1) however, in
IMR-32 cells, system A accounted for less than 50% of
total Na“-dependent AIB transport (Table II). Thus,
JUr (ESTIS oW thae, comirary o what could be e
pected, the contribution of system A to transport is
greater in SH-EP cells, corresponding to the initial

Table 1

Effzcts of methyl-AIB and threonine on Na“-dependent transporl of
AlIB by IMR-32 cells

Amino acid (5 mM) AIB uptake (%)

None 1005
Methyl-AlB 53+ 6
Threonine 30x1
Methyl-AIR + threcnine 0

Assays were carried out as described in section 2. Figures are means
+ §.D. for three different determinations.
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SlEger &F DOWIGEIRSIoNR. WG Xind of gene reguiaiion
has been described for system ASC and, therefore, the
actual causes of this unexpected behaviour should be
investigated. On the other hand, threonine behaved as
a specific inhibitor for system ASC in SH-EP cells but
not in IMR-32 cells, in which threonine not only inhib-
iteed yransport oy svsiem AN Dl Hso parbaly ipnip-
ited rmapnt Oy sy A (Tadi 343,

3.2, Further preliminary characterization of total Na*-
dependeni AIB transport by SH-EP cells

Table I shows the amino acid specificity of Na*-de-
peraras AL wansport Oy SIHER wib. As wnprvrd, e
areatest inhibition was produced by glutamine, a weli-
characterized substrate for Na-dependent transport
systems. The slight inhibitions by leucine and phenyi-
alanine were also expected, since both amino acids are
mainly transported via system L [5]. It is noteworthy
that there was a slight but significant inhibition by the
cationic amino acid lysine.

In order to detect specific amino acid residues in the
ACHR WHRID o1 Wit PIowitn, SUMG Spruific Tvom-
pounds are avaNaoe. T or nsiance, Ine presence of gs-
sential sulfhydryl groups can be detected by using
PCMBS [13], essential arginine residues can be detected
with phenylglyoxal [14], and essential tyrosine residues
cmr o Jeriad witlr WBEAT I1FH We swddad & ave
these three inhibitors in a series of preliminary experi-
ments. The pretreatment with phenviglyoxal seemed to
permeabilize SH-EP cells, as shown by high increases in
recovery of radicactivity in (TaRspOrt aasays carred out
without exogenously added sodium ions (results not
shown). NBD-CI seemed to be toxic for SH-EP cells,
since pretreatment with NBD-CI produced a 36% de-
crease in final total protein; normalization of data with
TESTRARA (O PIVRTA LOTWRTH RAWRS O mhdiaw o giewei
SETANTHTY 0 WBOL Vs Fa s CUTHPHIYS 10 S9d-
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saree AT reswies wov stiowin). Firaily, & siior-ten pre-
treatment with PCMBS seemed to be inocuous to SH-
EP cells and did not alter the levels of Na*-independent
AIB transport, but it inhibited transport by system A
(82% inhibition} and, to a lesser extent, transport by
system ASC (65% inhibition).

dedmendadgrmaese: dA L G TUPRIE A0 ARREGS-H U T e
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