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Mediating Trophoblast Uptake of Methylaminoisobutyric Acid

and Glutamine by Absence of Extra- or Intracellular Glutamine

Boonrit Thongsong*

Abstract

Glutamine is known to modulate the uptake activity of nutrient transporters in mammalian cells. The aim of
the study was to elucidate the influence of absence of extra- or intracellular glutamine on the uptake activity of the
amino acid transport system A in placental BeWo cells. Extracellular glutamine was absent by culturing the cells in
regular medium without glutamine. Intracellular glutamine was depleted by culturing the cells in regular medium
without glutamine and by treating the cells for 16 hours with methionine sulfoximine (MSX), an inhibitor of
glutamine synthetase. When BeWo cells were treated with glutamine-free culture medium for 1-30 hours, the uptakes
of MeAIB and glutamine were higher than those with regular medium added glutamine. In addition, when these cells
were treated with the absence of extracellular glutamine with or without 2 mM MSX, the uptake of not only
methylaminoisobutyric acid (MeAIB) but also glutamine was measured in the presence of increasing concentrations
(0-10 mM) of glutamine and of MeAIB, respectively. The data show that the uptake of MeAIB was inhibited by MSX
treatment and the entry of MeAIB into the cells was effectively blocked by glutamine. In contrast, the uptake of
glutamine was not affected by MSX treatment and that entry of glutamine into the cells was not affected by MeAIB.
The reason why glutamine uptake in the placental cells was not affected by MSX treatment is there are some other
amino acid transport systems for entry of glutamine instead of system A. The elucidated role of such regulation of
glutamine should aid the rational utility of this amino acid in acting nutrient.
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(Ganapathy et al., 2003) is regulated by many
effectors. This amino acid transport system is one of
the transporters that mediates glutamine entry into

Introduction

The most abundant amino acid in
bloodstream is glutamine. It is an important molecule
for physiologic requirements such as a protein
synthesis and a variety of additional biological
function. Furthermore, some pathological conditions
such as septic shock were found in glutamine
starvation (Karinch et al, 2001). Intracellular
concentration of glutamine is very high when it plays
a central role as a ready source of nitrogen, carbon,
and energy in various metabolic processes such as to
influence the cellular levels of glutathione (GSH)
(Oehler and Roth. 2003). Changes in GSH status of the
cells and the resultant redox state of the cell might
affect amino acid transport system A activity. The
system A using methylaminoisobutyric acid (MeAIB)
transcellular function which accepts glutamine and
other short-chain neutral amino acids as substrates

normal placental syncytiotrophoblast at the brush
border membrane (Novak and Beveridge, 1997).
Accumulating evidence has shown that glutamine is a
key acting nutrient. In fetal-placental nutrient
exchange, glutamine supports tissue homeostasis by
participating in intercellular substrate cycles. Since the
fetus needs a large amount of glutamine from the
early period of gestation, systemic glutamine
deficiency can lead to neonatal multiple organ failure
(Neu. 2001). Additionally, glutamine appears essential
for a viability and growth of cultured cells.
Mammalian cells take up glutamine from extracellular
medium by several active and passive amino acid
transports (Ganapathy et al., 2003). In fact, removing
extracellular glutamine will not affect the endogenous
synthesis of glutamine because intracellular
glutamine is also synthesized by the amidation of
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glutamate. This ATP-dependent reaction is catalyzed
by glutamine synthetase, an enzyme inhibitable by
the glutamine analog methionine sulfoximine (MSX).
Thongsong (2012P) demonstrated that treatment with
2 mM MSX had no effect on system A activity when
trophoblast cells were treated in the presence of
glutamine. However, when cultured in the absence of
glutamine, treatment with MSX reduced system A
activity. The effect of MSX on inhibition of system A
activity was increased as the concentration of MSX
increased.

It is well established that glutamine is the
preferred substrate for mammalian cells, including
placental cells. Thus, it is important for the normal
growth and maturation of placenta. Serving as a
barrier between the mother and the fetus, placental
cells mediate the uptake into and release of amino
acids from the cells by a variety of amino acid
transporters for fetal growth and development
(Ganapathy et al., 2003). These transporters are, thus,
vital for the homeostasis of amino acids in cells and
some of these are capable of transporting glutamine.
A few studies had investigated the effects of extra-
and intratrophoblast glutamine on regulation of
system A activity. The aim of the present study was to
elucidate the influence of extracellular glutamine
absence or/and intracellular glutamine depletion on
the uptake activity of the amino acid transport system
A in BeWo cells, a human placental choriocarcinoma
cell line as a model for trophoblast. A number of
amino acid transport systems had been reported in
the brush border membrane of these cells, of which
system A, namely ATA1 and ATA2, are of special
importance (Jones et al., 2002). Birth weight of baby
under some conditions had been shown to correlate
with system A transport activity in the placental
brush border membrane (Glazier et al., 1997;
Harrington et al., 1999). Furthermore, the inhibition of
system A activity in the trophoblasts by interleukin -
1beta may be subjected to alterations under various
physiological and pathological conditions (Thongsong
et al.,, 2005). Therefore, information on the elucidate
effects and role of such regulation of glutamine
should aid the rational utility of this amino acid in
acting nutrient and may be responsible for
understanding of placental-fetal growth and
development.

Materials and Methods

Cell culture and reagents: The BeWo choriocarcinoma
cell line, cell culture media, fetal bovine serum,
unlabeled and radiolabeled amino acids of [“4Cla-
(methylamino)  isobutyric acid (MeAIB) (55
mCi/mmol) and L-[3H] glutamine (45 Ci/ mmol) were
provided by Professor Dr. Vadivel Ganapathy and
Professor Dr. Puttur D Prasad.

Cell culture and treatment: BeWo cells were cultured
in 12-well culture plates for uptake assays in
DMEM/F-12 (50:50) medium containing 2.5 mM
glutamine and supplemented with 10% fetal bovine
serum, 100 U/ml penicillin and 100 pg/ml
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streptomycin. The culture conditions and the rationale
of intracellular glutamine depletion for the study
were as previously described (Thongsong, 2012a).
Confluent cultures were treated in a glutamine-free
culture medium with and without MSX for 16 hours.
In brief, these culture conditions lead to the absence of
extracellular glutamine and the depletion of
intracellular glutamine because of the lack of
glutamine in the medium and also because of the
inhibition of endogenous synthesis of glutamine by
MSX. Subsequently, the cells were used for the MeAIB
and glutamine uptake measurements.

MeAIB and glutamine uptake measurements: Uptake
measurements were carried out at 370C. The medium
was aspirated and the cell monolayer was washed
once with the uptake buffer. Uptake was then
initiated by the addition of 500 pl of uptake buffer
containing 0.5 pCi of radiolabeled MeAIB or
glutamine. For time course of [14C] a-MeAIB uptake
in BeWo cells, the activity of system A was then
measured using MeAIB (4 pM) as the substrate. In one
set of experiments, the uptake of 5 UM MeAIB was
measured after the absence and presence of
extracellular glutamine for 1 to 30 hours as well as in
the presence of increasing concentrations (0-10 mM)
of glutamine. Another set of experiment, the uptake of
5 pM glutamine was measured after the absence and
presence of extracellular glutamine for 1 to 30 hours
as well as in the presence of increasing concentrations
(0-10 mM) of MeAIB. The incubation was continued
for a desired length of time, following which the
uptake was terminated by aspirating the uptake
medium. After the termination of the uptake, the cells
were washed two times with 1.5 ml of ice-cold uptake
buffer. The cells were then solubilized with 0.5 ml of
1% SDS/0.2 N NaOH and transferred to scintillation
vials for the determination of the radioactivity
associated with the cells. The composition of the
uptake buffer was 25 mM Hepes/Tris (pH 7.5), 140
mM NaCl, 54 mM KCl, 1.8 mM CaCl,, 0.8 mM
MgSOy4, and 5 mM glucose.

Statistical analyses: Experiments were made in
triplicate and each experiment was repeated three
times. The results were given as means+SEM.

Results
Initial time course of ['*C] a-MeAIB transport

The study was started by initial time course
of MeAIB uptake. It showed that the uptake was
linear up to 40 minutes as shown in Fig 1. Therefore,
all subsequent measurements were done within this
linear phase of uptake. Thus, these experiments were
done with 10 and 20 minutes incubations.
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Figure 1 Initial time course of [¥C] a-MeAIB transport in
BeWo cells was measured at 37°C in the presence of
Na*. The concentration of [“C] a-MeAIB was 10 uM
(0.25 pCi/assay). This study shows that the uptake
of MeAIB was linear up to 40 minutes.

Time course effect of extracellular glutamine absence
on the uptake activity of the amino acid transport
system A in BeWo cells

The studies investigated time course effect of
extracellular glutamine absence on the uptake activity
of MeAIB and glutamine in BeWo cells. These cells
were treated in glutamine-free culture medium or in
regular medium with glutamine for increasing time
during 1-30 hours. The uptake of 5 uM MeAIB and
glutamine was measured in the culture medium
condition. Surprisingly, the data show that the uptake
of MeAIB was significantly higher in treated cells
without extracellular glutamine than in those with
extracellular glutamine throughout 30 hours (Fig 2).
This phenomenon consisted of increasing uptake of
glutamine in treated cells with glutamine-free culture
medium when compared to those with regular
medium added glutamine throughout 30 hours as
shown in Fig 3.

Influence of extracellular glutamine absence or
intracellular glutamine depletion on the uptake
activity of the amino acid transport system A in
BeWo cells

The studies investigated the effect of
extracellular glutamine absence or intracellular
glutamine depletion on the uptake of glutamine and
MeAIB by system A transporters in BeWo cells.
Confluent cells were treated in the absence of
extracellular glutamine with or without MSX for 16
hours. In one set of experiments, uptake of 5 uM
MeAIB was measured in the presence of increasing
concentrations of glutamine. The data show that the
uptake of MeAIB was inhibited by MSX treatment
and the entry of MeAIB into the cells was effectively
blocked by glutamine as the concentration of
glutamine increased (Fig 4).

In the second set of experiments, uptake of 5
uM glutamine was measured in the presence of
increasing concentrations of MeAIB. In contrast to the
uptake of MeAlIB, the data show that the uptake of
glutamine was not affected by MSX treatment and
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Figure 2 Time course effect of extracellular glutamine
absence on MeAIB uptake in BeWo cells. The uptake
activity was measured at 37°C in the presence of Na*.
BeWo cells were treated in a glutamine-free culture
medium (filled bars) or in regular medium with
glutamine (open bars). The uptake of MeAIB was
measured after the absence and presence of
extracellular glutamine for 1 to 30 hours.

=16007
g
@ S 12007
= & 800
[O) f=2]
£ i
= 400
£
o
o
1 8 16 20 24 30
Time (hour)

Figure 3 Time course effect of extracellular glutamine
absence on glutamine uptake in BeWo cells. The
uptake activity was measured at 37°C in the presence
of Na*. BeWo cells were treated in a glutamine-free
culture medium (filled bars) or in regular medium
with glutamine (open bars). The uptake of glutamine
was measured after the absence and presence of
extracellular glutamine for 1 to 30 hours.
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Figure 4 Role of amino acid transport system A in the
cellular uptake of MeAIB. BeWo cells were treated in
the absence of extracellular glutamine with (filled
bars) or without (open bars) MSX (2 mM) for 16
hours. The uptake of 5 pM MeAIB was measured in
the presence of increasing concentrations (0-10 mM)
of glutamine.

that entry of glutamine into the cells was not affected
by MeAIB (Fig 5). Surprisingly, the uptake of
glutamine is slightly higher in MSX-treated cells
compared to the glutamine uptake in non-MSX-
treated cells.
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Figure 5 Role of amino acid transport system A in the
cellular uptake of glutamine. BeWo cells were
treated in the absence of extracellular glutamine with
(filled bars) or without (open bars) MSX (2 mM) for
16 hours. The uptake of 5 pM glutamine was
measured in the presence of increasing
concentrations (0-10 mM) of MeAIB.

Discussion

As for in wvitro model for studying
trophoblast transcellular transport, BeWo cell line was
well recognized in one out of two trophoblast cell
lines that had been shown to form confluent
monolayer and successfully utilized to investigate the
asymmetric transcellular transport of multiple
nutrients and compounds (Bode et al, 2006).
Furthermore, this cell line had been shown to be a
valid model for studying the transplacental transport
of nanoparticles (Cartwright et al, 2012).
Transplacental amino acid transport is vital for the
development, growth and function of not only the
placenta but fetus as well. This study described the
influence of extracellular glutamine absence and/or
intracellular glutamine depletion on the uptake
activity of amino acid transport system A in placental
BeWo cells. It had been reported that system A played
a key role in glutamine transport from maternal side
into placental cells (Novak and Beveridge, 1997).
There are two routes to supply glutamine to fetus;
uptake from maternal circulation and production in
the placenta (Neu, 2001). Thus, extracellular and
intracellular glutamine status in these cells might
modulate the system A activity. In the consistent
study of Thongsong (2012b), removal of extracellular
glutamine without affecting the endogenous synthesis
of glutamine stimulated the activity of system A. But,
removal of extracellular glutamine and simultaneous
inhibition of endogenous synthesis of glutamine
decreased the activity of system A. Subsequently,
kinetic studies defining the kinetic parameters of the
system A activity suggested that treatment with MSX
most likely resulted in a decrease in the surface
density of functional system A proteins in the plasma
membrane of the «cells. Under condition of
extracellular glutamine absence and simultaneous
inhibition of endogenous synthesis of glutamine, the
uptake of glutamate, alanine, glycine, taurine and
carnitine was reduced to a varied extent while the
uptake of serine, threonine and histidine was not
influenced. Thus, intracellular glutamine was
obligatory for maintenance of optimal activity of
amino acid uptake in the placental cells (Thongsong,
2012a).
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Preliminary evidence suggests that placental
functions of specific transport proteins are influenced
by extracellular concentrations of nutrients. Dall’ Asta
et al. (1990) reported that system A could mediate
glutamine uptake, but its contribution became
appreciable only after prolonged periods of amino
acid starvation. Interestingly, the uptake activity of
MeAIB and glutamine as substrate of system A
transporter was higher in treated cells without
extracellular glutamine than in those with
extracellular glutamine throughout 30 hours (Fig 2 &
3). Thus, as long as extracellular glutamine was
absent, increases in MeAIB and glutamine uptake
were adaptive regulation or adaptive increase might
be considered an attempt to recover or sufficiently
supply cells after induced by without extracellular
glutamine. These data show that placental cells
adapted in vitro to glutamine availability and resulted
in increasing activity of system A in treated cells
without extracellular glutamine. To explain the
increasing system A activity, Jone et al. (2006)
demonstrated that the amount of MeAIB transferred
through the paracellular routes was lower than 10%
total. Therefore, response to restricted amino acid
availability was due to changes in specific transport
mechanism rather than a generalized change in the
physical properties of the cell layer. Additionally, it
was intriguing that, in spite of the activity of system A
being down regulated in MSX-treated cells, the
uptake of glutamine was higher in MSX-treated cells
than in absence of MSX and glutamine. The data
obtained not only confirm the results from my
previous report (Thongsong, 20122) that the uptake of
glutamine was higher in MSX-treated cells, but also
show in this study that the glutamine uptake into
BeWo cells was not affected by the presence of
extracellular MeAIB (Fig 5). In contrast, the uptake of
MeAIB was decreased by MSX treatment and the
entry of MeAIB into the cells was effectively blocked
by glutamine (Fig 4). Only very little glutamine in the
extracellular medium was needed to block the
influence of MSX on system A activity. The
concentration of glutamine that caused 50% blockade
of the MSX-induced system A inhibition was 49+6
uM. (Thongsong, 2012b). Thus, though substrate of
system A was MeAIB and glutamine, Other amino
acid transport systems could uptake the observed
entry of glutamine into the BeWo cells. The activity of
these non-system A transporters mediating the uptake
of glutamine was stimulated in cells treated with MSX
and, therefore, glutamine uptake was higher in MSX
treated cells. The effect of glutamine depletion on
amino acid transport was not limited to specific
amino acid. Thus, extracellular and intracellular
glutamine appeared to have a differential effect on the
regulation of some amino acid activities (Thongsong,
20123). An adequate and sustained elevation of tissue
glutamine level was essential for correcting glutamine
deficiency and overcoming the threshold for eliciting
benefits of exogenous glutamine (Xue et al., 2011).

It is possible to conclude from these studies
and the previous reports that amino acid transport
system A accepted MeAIB as well as glutamine as
substrates. The extracellular glutamine limitation
mediated in the response to activity of system A and
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showed placental cells in vitro to glutamine
availability by adaptive increased activity of system
A. Furthermore, amino acid transport systems other
than system A were primarily responsible for the
observed entry of glutamine into the BeWo cells. This
is the reason why glutamine uptake was not affected
by MSX treatment. These studies now provide the
means to further delineating its elucidated effect and
role of such regulation on extra- or/and intracellular
glutamine that should aid the rational utility of this
amino acid in acting nutrient.
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