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Brush-border microvillous plasma membrane vesicles were prepared from human full-term placental syn-
cytiotrophoblasts and purified 33-fold from the homogenate with reference to a membrane marker enzyme,
alkaline phosphatase (EC 3.1.3.1). Transport of a-(methylamino)isobutyrate by the membrane vesicles was
stimulated in the presence of an Na* gradient from the outside to the inside of the vesicles. The initial rate
of uptake in a 10-s period was enhanced with increasing concentration of Na* in the external medium. The
level of a-(methylamino)isobutyrate transported into the vesicles reached a maximum 1 min after the start of
incubation at 37° C, and then decreased with time due to efflux. Extrapolation to infinite medium osmolarity
showed no uptake, indicating transport of a-(methylamino)isobutyrate into membrane vesicles. The initial
rate of uptake was dependent on temperature and pH: the highest rate occurred at 37° C and the optimal pH
was 8.0. When the a-(methylamino)isobutyrate concentration was varied, the initial rate of uptake dependent
on an Na™ gradient (out > in) obeyed Michaelis-Menten kinetics with K, and V. values of 1.07 mM and
3.23 nmol /10 s per mg of protein, respectively. Cross-inhibition patterns indicated that at least three
Na*-dependent and two Na™*-independent carrier-mediated pathways existed in the human placental brush
border. One Na*-dependent pathway interacted with all substrates tested. Another Na*-dependent route
interacted with L-proline, a-(methylamino)isobutyrate, and L-methionine, while a third pathway was selective
for L-methionine. One Na*-independent pathway was selective for L-cysteine, while the other pathway
interacted with all substrates tested.

Introduction nal circulation across the brush-border membrane
of the syncytiotrophoblast, diffusion through the

The placenta is the primary stte of absorption cytoplasm, and exit into the fetal circulation across
of nutrients required for development of the fetus, the basolateral membrane. The brush-border
involving the uptake of nutrients from the mater- membranes are known to contain specific trans-

port systems. Brush-border membrane vesicles

from human full-term placental syncytiotrophob-
Abbreviations Hepes, 4-(2-hydroxyethyl)-1-piperazineethane lasts have been used to study the transport of
sulfonic acid; BCH, 2-amunonorbornane 2-carboxylic acid amino acids 1ncluding a—aminoisobutync acid [1]’
Correspondence 'Y Kudo, Department of Biochemustry. L-p,rOline [2]f and L-alanine and L'leu‘?me [3], all of
Hiroshima Umversity School of Medicine, 1-2-3 Kasumu, which are stimulated by an Na™ gradient from the
Minami-ku, Hiroshima 734, Japan. outside to the inside of the vesicles. Glucose, on
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the other hand, 1s transported into the membrane
vesicles by facilitated diffusion and 1s not affected
by an Na™* gradient [4]. Although amino acd
transport systems 1n intestinal [5-7] and renal [§]
brush-border membranes have been extensively
studied, very little has been clarified about trans-
port systems in the placental brush-border mem-
brane. Therefore, using brush-border membrane
vesicles prepared and purified from human full-
term placental syncytiotrophoblasts, we 1nvesti-
gated the properties of a-(methylamino)iso-
butyrate transport, and in the present paper we
describe the amino acid transport systems char-
acterized on the basis of a cross-inhibition profile
of several amino acids.

Materials and Methods

Isolation of membrane vesicles Membrane
vesicles were prepared from human full-term
placenta by a modified procedure of the method
of Smith et al. [9], in which all operations were
carried out below 4°C. Placentae were obtained
within 10 mun from vaginal or cesarean section
deliveries at full term, and chilled on 1ce. The fetal
membrane was removed, the placenta was cut into
cotyledons, and the decidual surface was removed.
The tissue was washed three times with 1ce-cold
250 mM sucrose containing 10 mM Tns-Hepes
buffer (pH 7.5) and 0.25 mM CaCl,, cut nto
small pieces, and then suspended in 200 ml of the
same buffer. After stirring for 30 min using a
magnetic stirrer, the suspension was filtered
through a single layer of cotton gauze. The filtrate
was then centrifuged for 10 min at 800 X g to
remove unbroken fragments of the tissue. The
supernatant was collected and then CaCl, was
added at a concentration of 1 mM, followed by
centrifugation for 10 min at 10500 X g. The super-
natant obtained was centrifuged in turn for 40
min at 25000 X g. The pellet thus obtained was
suspended in 3 ml of 5 mM Trnis-Hepes buffer (pH
7.5) containing 0.5 mM EDTA and then homoge-
nized with a 25-gauge needle. The homogenate
was applied to the top of a discontinuous sucrose
gradient which was composed of 5 ml each of
30%., 40%, 50% and 60% (w/v) sucrose solutions
contamning 5 mM Tris-Hepes buffer (pH 7.5), and
then centrifuged for 120 mun at 70000 X g. After

centrifugation, the interface between the 30% and
40% sucrose layers was collected, diluted with 5
mM Tris-Hepes buffer (pH 7.5), and then centri-
fuged for 60 min at 110000 X g. The final pellet
was suspended in 2 mM Tns-Hepes buffer (pH
7.5) containing 300 mM D-mannitol and 0.1 mM
MgSO, to give a final protein concentration of
approx. 4 to 6 mg/ml. This membrane vesicle
preparation showed a degree of alkaline phos-
phatase enrichment 33-times greater than that of
the starting homogenate, while acid phosphatase
showed a one-fifth decrease 1n 1ts specific activity.
The transport activity was observed to be intact
even after the vesicles had been stored for 8 weeks
at —70°C.

Uptake method All assays of transport activity
were carried out at a substrate concentration of 20
pM. In the case of a-(methylamino)isobutyrate
transport, a double-1sotope medium containing a-
[1-'*C](methylamino)isobutyrate (25 pCi/ml) and
L-[*H]glucose (75 pC1/ml) was used for determin-
ing the specific transport of a-(methylamino)iso-
butyrate. Corrections for simple diffusion and
non-specific trapping of substrate were made by
subtracting the amount of r-glucose associated
with each sample. The membrane vesicles (approx.
200 to 300 pg of membrane protein) were
tncubated in medinm containing 300 mM D-man-
nitol, 2 mM Tris-Hepes buffer (pH 7.5), 0.1 mM
MgSO, and labeled substances. Other additions
are described in the figure legends. The uptake of
the substrate was termunated by diluting the sam-
ple with a 40-fold excess of an 1ce-cold buffer
composed of 150 mM NaCl, 50 mM MgCl,. 30
mM D-mannitol and 10 mM Tris-Hepes buffer
(pH 7.5). The diluted sample was immediately
filtered through a Millipore cellulose filter (0.45
pm) and washed with 3 ml of the same ice-cold
buffer Radioactivity retained on the filter was
counted by liqumd scintillation a-(Methylamino)-
1sobutyrate uptake was proportional to membrane
vesicle concentration up to a protein concentra-
tion of 9 mg,/ml.

Potassium-loaded vesicles Membiane vesicles
were preloaded with 100 mM K™ by washing three
times in 100 mM KCl, 0.1 mM MgSO,, 100 mM
mannitol and 2 mM Trns-Hepes (pH 7.5), followed
by preincubation in the same medium for 30 mun
at 25°C.



Treatment with N-ethylmaleinude. An aliquot of
freshly prepared N-ethylmaleimide solution was
added to the membrane suspension to give the
indicated final concentrations of N-ethylmalei-
mude, and the suspension was incubated for 10
min at 25°C. The reaction was terminated by the
addition of ice-cold 5 mM Tris-Hepes (pH 7.5)
containing 10 mM dithiothreitol, and unreacted
N-ethylmaleimude was removed by centrifugation
for 60 min at 110000 X g. The resulting mem-
brane pellet was washed twice with 5 mM Tris-
Hepes (pH 7.5) containing 10 mM dithiothreitol
and the final pellet was suspended in 2 mM Tris-
Hepes (pH 7.5) containing 300 mM D-mannitol
and 0.1 mM MgSO,. In protection experiments,
membrane vesicles were first mixed with 10 mM
a-(methylamino)isobutyrate and 50 mM NaCl be-
fore the addition of N-ethylmaleinude.

Protein estimation. The protein concentration of
the vesicle preparation was determined using the
method of Lowry et al. [10] using bovine serum
albumin as a standard.

Chenucals. All reagents were of the highest
purity commercially available. All the labeled
amino acids were purchased from New England
Nuclear, a-(methylamino)isobutyrate, N-ethyl-
maleimide, and valinomycin were from Sigma
Chemical Co., and 2-aminonorbornane 2-carbox-
ylic acid (BCH) was from Aldrich Chemucal Co.

Results

1. Properties of a-(methylanuno)isobutyrate trans-
port systems

1.1. Time course of Na* gradient-dependent a-
(methylanuno)isobutyrate uptake

The uptake of a-(methylamino)isobutyrate by
the membrane vesicles as a function of incubation
time with varying temperature is shown in Fig. 1.
The presence of an Na*t gradient toward the -
side from the outside of the vesicle stimulated
a-(methylamino)isobutyrate uptake. The uptake
reached a maximum level after 1 min of incuba-
tion at 37°C and then decreased with time to a
steady-state level, a phenomenon known as ‘over-
shoot’, indicating secondary active transport of
a-(methylamino)isobutyrate into membrane ves-
icles. Na*' gradient-independent uptake of a-
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Fig. 1 Time course of a-(methylaminojisobutyrate uptake by
brush-border membrane vesicles of human placenta in the
presence of an Na® gradient (out>1n) Membrane vesicles
were suspended 1n a medium containing 300 mM D-manmnuitol,
01 mM MgSO,, and 2 mM Tns-Hepes (pH 75) a-(Methyl-
aminojisobutyrate (MeAIB) uptake was iitiated by adding 50
pl of the membrane suspension (4-6 mg protein/ml) to 60 ul
of an incubation medium composed of 367 puM a-l-
14 C(methylanmunoysobutyrate, 36 7 pM 1-[*Hjglucose, 50 mM
D-mannitol, 0 1 mM MgSO,, 20 mM Tns-Hepes (pH 7 5) and
220 mM NaCl Both the membrane suspension and the incuba-
tion medium were preincubated independently at the tempera-
ture indicated for 5 mun before muxing, followed by further
incubation at each temperature. 25°C (a), 30°C (O), 37°C
(®). Each point represents the mean+S D for four expen-
ments.

(methylamino)isobutyrate was below 2 pmol/mg
protein at any period, indicating that Na*-inde-
pendent uptake was negligible. The initial rate of
a-(methylamino)isobutyrate uptake was increased
as temperature increased, and the uptake reached
a maximum level earlier at higher temperature,
followed by a decrease with time to the same level.

1.2. Effect of medium osmolarity on o-(methyl-
amino)isobutyrate uptake

The uptake of a-(methylamino)isobutyrate was
inversely proportional to medium osmolarnty, and
no uptake was apparent upon extrapolation to
infinite medium osmolarity (Fig. 2). This indicated
that a-(methylamino)isobutyrate was transported
into a vesicular space, rather than being adsorbed
by the vesicles.
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Fig 2 Effect of medium osmolanty on a-(methylamtnojso-
butyrate uptake a-(Methylaminoysobutyrate (MeAIB) uptake
was measured 10 s after incubation 1n a medium containing 20
uM  a-[1-"*C)(methylaminopsobutyrate, 01 mM MgSO,, 2
mM Tris-Hepes (pH 7 5). and 25 mM NaCl at final concentra-
tions and D-manmtol was added to the medium to give the
indicated osmolarities Each point represents the mean+S D
for four experiments

1.3. Effect of a-(methylamino)isobutyrate con-
centrations on the mtial rate of uptake

The effect of different concentrations of a-
(methylamino)isobutyrate on the imtial rate of
uptake is illustrated in Fig. 3. The uptake rate
showed a saturable hyperbolic curve that obeyed
Michaelis-Menten kinetics. Eadie-Hofstee plots
corresponding to the Na* gradient-dependent up-
take rates showed a straight line (inserted figure).
The calculated values of K, and V,,, for the Na*
gradient-dependent transport of a = (methylami-
nosobutyrate were 1.07 mM and 3.23 nmol /10 s
per mg of protein, respectively.

14 Effect of Na™ concentrations on the rate of
a-(methylammo)isobutyrate uptake

The effect of external Na* concentrations on
the mitial rate of a-(methylamino)isobutyrate up-
take was determined (Fig. 4). Concentrations of
p-manmtol were adjusted so as to maintain
medium iso-osmolarity. Na* in the external
medium stimulated a-(methylamino)isobutyrate
transport in a concentration-dependent manner.
No uptake could be detected in the absence of an
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Fig 3 Effect of a-(methylaminohsobutyrate concentration on
the mitial rate of a-(methylamino)isobutyrate uptake The
uptake over a 10-s pertod was measured 1n medium containing
a-(methylamino)isobutyrate (MeAIB) at the indicated con-
centrations, 50 mM Dp-mannitol, 01 mM MgSO,, 20 mM
Tns-Hepes (pH 7 5) and 120 mM NaCl To obtain the indi-
cated concentrations of the substrate, a-[1-'* C[(methylamino)-
1sobutyrate (100 pC1/ml) was diluted with unlabeled a-(meth-
ylamino)isobutyrate Each point represents the mean+S D for
four experiments
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Fig 4 Effect of NaCl concentration on the mtial rate of
a-(methylamino)isobutyrate uptake The uptake over a 10-s
period was determuned under the same conditions as those
described 1n the legend of Fig. 1, except for changes in final
NaCl concentration (0~100 mM) Osmolanty of the medium
was maintained at a constant level by adjusting the added
concentration of b-mannitol Each point represents the mean
+SD for four experiments MeAIB, a-(methylamino)so-
butyrate



Na™* gradient, indicating that a-(methylamino)iso-
butyrate is co-transported into vesicles with Na™.

1.5. Effect of cations on a-(methylaminojisobutyrate
transport

In order to investigate the effect of cations on
a-(methylamino)isobutyrate transport, the uptake
was determuned in the presence of NaCl, KCI,
LiCl, CsCl, choline chloride or D-mannitol as the
control. The uptake was specifically stimulated by
Na™, and only Li* was able to replace Na™ in
part. K*, Cs* and choline had no stimulatory
effect on the uptake (Fig. 5)

1.6. Effect of anions on a-(methylaminojisobutyrate
transport

The effect of anions on the uptake of a-(meth-
ylamino)isobutyrate was determined (Fig. 6). Both
the initial rate of uptake and the peak value of
overshoot in the presence of permeable SCN™
were greater than those in the presence of C1™ In
contrast, both these values were smaller in the
presence of SO7 . which 1s impermeable. The
effect of anions on Na*-dependent a-(methyl-
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Fig 5 Effect of cations on the time course of a-
(methylaminojisobutyrate uptake The uptake was measured
under the same conditions as those described 1n the legend of
Fig 1, except for replacement of NaCl with an equal con-
centration of either choline chloride, KCl, LiCl, or CsCl NaCl
(®), LiCl (O) The level of uptake 1s represented as the
mean + SD. for four experiments. MeAIB, a-(methyl-
amino)isobutyrate
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Fig 6. Effect of anions on the time course of a-
(methylamino)isobutyrate uptake The uptake was determined
under the same conditions as those described 1n the legend of
Fig. 1, except for replacement of 220 mM NaCl with either 220
mM NaSCN or 110 mM Na,SO, NaCl (@), NaSCN (O),
Na,SO, (a) The level of uptake 1s represented as the mean +
SD for four expeniments. MeAIB, a-(methylamino)so-
butyrate

amino)isobutyrate uptake thus seemed to be re-
lated to differences in the anion diffusion poten-
tial across the membrane, supporting the assump-
tion that an electrochemical potential due to an
Na™ gradient is the direct driving force for active
transport of a-(methylamino)isobutyrate.

1.7. Effect of valinomyain on Na* gradient-depen-
dent uptake of a-(methylanunojisobutyrate

In order to further investigate the effect of an
electrochemical potential across the membrane on
Na*-dependent a-(methylaminoysobutyrate up-
take, K*-preloaded (in > out) membrane vesicles
were used. When valinomycin was added outside
the preloaded vesicles to enhance the electrochem-
ical potential 1n the presence of an Na™ gradient,
the uptake was further enhanced. Valinomycin
had no effect on Na*-dependent a-(methylam-
no)isobutyrate uptake into vesicles which were not
preloaded with K* (data not shown). These find-
ings support the view described above that a-
(methylamino)isobutyrate 1s co-transported with
Na* into the vesicles by an Na™ electrochemucal
gradient.
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18 Effect of pH on the mtal rate of a-(methyi-
anunojisobutyrate uptake

The effect of external pH on the initial rate of
a-(methylamino)isobutyrate uptake was deter-
mined. The optimal pH was 8.0 and an H™ gradi-
ent toward the inside (pH 7.5) from outside (pH
5.5-7.0) the vesicle did not stimulate a-(methyl-
amino)isobutyrate uptake (data not shown).

1 9. Effect of N-ethylmaleimude on Na *-dependent
a-(methylamino)isobutyrate transport

The effect of a sulfhydryl modifying reagent,
N-ethylmaleimide, on the imitial rate of a-(methyl-
aminojisobutyrate transport was determined. N-
Ethylmaleimide inactivated a-(methylamino)iso-
butyrate transport in a concentration-dependent
manner. The half-maximal nhibition was ob-
served at 360 pM N-ethylmaleimide/ mg of pro-
tein and 90% inhibition occurred at 2 mM N-eth-
ylmaletmide / mg of protemn. Preincubation of the
vesicles with 10 mM a-(methylamino)isobutyrate
and 50 mM Na* gave slight but significant protec-
tion agamnst the N-ethylmaleimide mactivation of
transport (data not shown). These results sug-
gested that sulfhydryl groups are essential for the
transport of a-(methylamino)isobutyrate.

2 Analysis of amino acid transport systems
In order to analyze the amino acid transport

system, we selected seven amino acids 1in addition
to a-(methylamino)isobutyrate: the neutral amino

TABLE 1
INITIAL RATES OF AMINO ACID UPTAKE

acids, L-cysteine, L-methionine, L-glycine and L-
leucine; a basic amino acid, L-lysine; an acidic
amino acid, L-glutamic acid; and an imino acid,
L-proline. We first measured the diffusional,
Na*-dependent, and Na*-independent compo-
nents of the initial rate of uptake, and then per-
formed cross-inhibition tests using these amino
acids as both substrates and inhibitors.

2.1. Imual rate of anuno acid uptake

Table I shows the imitial rate of amimno acid
uptake measured under various conditions, as in-
dicated 1n the legend. An Na™ gradient-dependent
uptake of a given amuno acid was expressed by
subtracting the uptake 1n the presence of 120 mM
KCl (Vk,) from that in the presence of 120 mM
NaCl (V,,)- An Na" gradient-independent and
carrier-mediated uptake was expressed by sub-
tracting the diffusional component (V) from the
uptake in the presence of 120 mM KCl. The
diffusional component of a substrate was de-
termined by measuring the influx in the presence
of 50 mM unlabeled substrate. Uptake time was
appropriately short 1n order to measure the 1nitial
rate of uptake of each amino acid.

Under the conditions descnibed, a-(methyl-
amino)isobutyrate was transported only Na™-de-
pendently; when K* was substituted for Na™,
a-(methylamno)isobutyrate uptake was reduced
to the passive diffusion level. This suggested the
absence of any a-(methylamino)isobutyrate trans-
port catalyzed by an Na®-independent carrier.

The uptake levels of eight amino acids were measured Membrane vesicles were suspended i a medium contaimng 300 mM
p-manmtol, 0 1 mM MgSO, and 2 mM Tris-Hepes (pH 7 5) Amuno acid uptake was itrated by adding 50 ul of the membrane
suspension to 60 ul of an incubation medium composed of 36 7 pM labeled substrate. 50 mM D-mannitol, 0 1 mM MgSQO,. 20 mM
Tris-Hepes (pH 75) and 220 mM NaCl (Vinw) or 220 mM KCl (Vk,) The diffusional component (Vp) was determined by
measuring the total influx of labeled substrate in the presence of 50 mM unlabeled substrate Incubation time for uptake
measurements was 10 s Values are mean+ S D for four experiments MeAIB, a-(methylamino)isobutyrate

Initial rates of uptake (pmol /10 s per mg protein)

MeAIB Pro Met Cys Gly Glu Lys Leu
Ving 1299+43 352448 708432 757442 143+16 234422 566+50 647431
Vi, 1.1+03 93+08 390+29 400+30 103+09 120+10 578+54 663+29
Ve 13403 35402 152+11 134418 38402 28406 142409 58+08
Na *-dependent uptake 128.8+41 259+42 318+21 35739 40408 114118 0.0+02 00+01
Na *-independent uptake 00+02 58+18 238427 266413 65+14 92408 43.6+48 605+28




Uptake of L-lysine and L-leucine, on the other
hand, were not accelerated by an inwardly di-
rected Na* gradient. Uptake of L-proline was
largely Na*-dependent (73.6%) with a small Na™-
independent fraction which was greater than a
diffusional component. This suggested the pres-
ence of an Na™-independent carrier mechanism
for L-proline transport 1n addition to the Na*-de-
pendent system. In the case of L-methionine, L-cy-
steine, L-glycine and L-glutamuc acid, Na*-depen-
dent uptake was nearly equal to each respective
Na™*-independent uptake, suggesting the presence
of both Na*-dependent and Na*-independent sys-
tems for these amino acids.

2.2. Compentitive inhibition of anuno acid uptake
Amino acid uptake at 20 pM was measured 1n
the presence of amno acid inhibitor at a con-
centration of 30 mM, in the presence (V,y,,) or
absence (V,,) of Na™. The percentage inhibition
of an Na*-dependent carrier-mediated uptake was
calculated using the relation 100 — 100([ V., —
V.k))/Vinay — Vi) D)- The percentage mhibition of

TABLE 11
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an Na"-independent uptake was calculated using
the relation 100-100([V,x, — Vpl/[Vik) — Vo)
Table Il summarizes the percentage inhibition of
the Na*-dependent and Na*-independent uptake
components of each substrate.

2.2 1. Competitive ihibition of Na *-dependent
ammno acid uptake. L-Methionine completely 1n-
hibited the carner-mediated uptake of all sub-
strates, while L-methionine uptake was inhibited
partially by other amino acids. L-Proline and a-
(methylamino)isobutyrate inhibited L-methionine
uptake by 72.8% and 63.2%, respectively; L-cys-
teme, L-glycine and L-glutamic acd inhibited
within a range of between 29% and 40%. These
results suggested that a fraction of L-methionine
transport mught be mediated by an L-methionine-
specific system which was unable to interact with
the other amino acids tested.

L-Proline and a-(methylamno)isobutyrate pro-
duced complete inhibition of L-cysteine, L-glycine
and L-glutamic acid transport, while L-cysteine,
L-glycine and L-glutamic acid inhibited only a
fraction (39.8%-48.3%) of the Na*-dependent L-

CROSS-INHIBITION OF Na*-DEPENDENT AND Na*-INDEPENDENT AMINO ACID UPTAKE

The uptake over a 10-s period was measured under the same conditions as those described 1n the legend of Table 1. except for the
addition of 30 mM unlabeled amino acid and the osmolanty of the medium was adjusted to a constant value by the addition
p-mannitol Values are mean+ S D. of percentage inhibition calculated using the equation 1n the text for four expennments Uptake
values (pmol/10 s per mg protemn) 1n the absence of inhibitor for Na*-dependent and Na*-independent uptake are. respectively
a-(methylamino)isobutyrate (MeAIB), 123 4 and 0, Pro. 24 2 and 3 8, Met, 301 and 21 4, Cys. 340 and 252, Gly, 36 and 5 1, Glu.

106 and 8 6, Lys, 0 and 40.2; Leu, 0 and 58 2

Substrate  Percentage inhibition, inhibitor
MeAIB Pro Met Cys Gly Glu Lys Leu BCH

A Na*-dependent uptake
MeAIB 1000+03 989406 992400 398+48 483429 435438 48+26 83+11 13+10
Pro 968+12 989+02 100.0+00 482+52 394+36 40.1t+46 50+£38 78+28 28+08
Met 632+21 728+13 1000+0.2 302+20 294+40 40.2+39 43+12 26+10 32+02
Cys 893+14 934409 979406 983402 863+11 965408 82+18 30+£09 48406
Gly 968+02 938+12 896+02 932408 943+08 865409 62104 49406 63+12
Glu 934403 915407 889+13 864+06 914+09 963112 69+08 52+18 29+11

B Na*-independent uptake
Pro 13406 963+06 875+06 975408 899+01 938408 988+07 988+16 988+11
Met 20+11  967+02 997403 889+09 914+08 934+04 983+08 933432 979429
Cys 03+04 234412 268+3.8 98.2+1.1 342438 301+29 198426 279+46 283+69
Gly 31406 89.4+09 981+1.1 914402 935+21 942436 964+13 981+12 973+18
Glu 30£19  934+12 96 4+0.9 954+06 983+13 964+10 945425 932+09 963+20
Lys 06+00 985+18 969+08 890+18 909+34 874+08 989+36 869+11 945+32
Leu 32410 951+11 853+13 1000+02 998409 89.1+07 962401 998+09 916+16




316

proline and a-(methylamino)isobutyrate trans-
port. Therefore, 1t appears that a fraction, roughly
40% -50%, of the L-proline and a-
{methylamino)isobutyrate fluxes may be mediated
by a system which is capable of interacting with
L-methionine, L-cysteine, L-glycine and L-glutamic
acid. The remainder of the L-proline and a-(meth-
ylamino)isobutyrate fluxes are mediated by a sys-
tem which interacts with L-methionine, but not
with L-cysteine, L-glycine and r-glutamic acid.

Transport of L-cystemne, L-glycine and 1-
glutamic acid showed complete mutual inhibition,
suggesting that these substrates possibly share a
common carrier. L-Lysine, L-leucine and BCH,
which were transported only Na™*-independently,
were not effective in inhibiting Na*-dependent
uptake for any of the tested substrates.

222 Compentwe wnhibition of Na " -indepen-
dent anuno acid uptake. As shown in Table II,
Na“-independent uptake of L-cysteine was par-
tially inhibited by any of the inhibitors tested,
except for L-cysteine alone. However, L-cystemne
inhibited the total uptake of any other substrate.
These results suggested that a fraction of L-cys-
teme uptake was mediated by an L-cysteine-
specific Na*-independent system which was not
interacting with any other amino acid tested. The
inhibition of transport of other amino acids was
complete, suggesting the presence of a common
Na*-independent amino acid transport pathway.
a-(Methylamino)isobutyrate, transported only
Na™-dependently. was unable to mhibit the Na*-
independent transport of any ammno acid tested.

Discussion

It 1s important to explore the regulatory mecha-
nisms of nutrient transport across the brush-border
membrane of placental syncytiotrophoblasts, since
they may control fetal development. This paper
describes: first, a modified method for the punfi-
cation of brush-border membrane vesicles from
human full-term placenta; second, the properties
of a-(methylaminoyisobutyrate transport; and
third, the transport pathways for amino acids in
human placental brush-border membrane vesicles.
The membrane vesicles obtained by a modified
method were purified 33-fold with reference to the
activity of a brush-border marker enzyme, which

15 a higher degree of purity than those described
previously [11-13]. Such a pure preparation was
considered suitable for kinetics studies and analy-
sis of the amino acid transport systems since the
nitial rate of uptake was determined correctly.

Chnistensen classified the amino acid transport
systems of a wide variety of nonepithelial cell
types 1nto six fundamental categones A, ASC, L,
y +, B, and glycine transport systems [14]. How-
ever, the amino acid transport systems char-
acterized in the rabbit jejunal [6] and rabbit kid-
ney (8] brush-border membranes appear to be
distinct from the classical Na*-dependent amino
acid transport systems found 1n nonepithehal cells
and 1n the basal lateral plasma membranes of
intestinal epithelial cells [15]. In previous investi-
gations of placental amino acid transport systems
[1,2,16,17], the uptake characteristics of only one
amino acid were studied by inhibition with vari-
ous other amino acids, and the uptake time was
too long to allow determination of the initial rate
of uptake. In the present study, however, we per-
formed transport studies to delineate the amino
acid transport systems in human full-term placen-
tal brush-border membrane vesicles using various
amino acids as both substrates and inhibitors.

In the presence of an Na* gradient (out > 1n),
a-(methylamino)isobutyrate uptake showed a typi-
cal ‘overshoot’ phenomenon after reaching a maxi-
mal uptake level 1 min after the start of incuba-
tion. This ‘overshoot’ of the uptake resulted from
an electrochemical gradient formed by the Na™
gradient, and 1ts subsequent loss with time due to
Na™-substrate co-transport. This finding was sup-
ported by an anion replacement experiment (Fig.
6) and an experiment using K *-preloaded mem-
brane vesicles: when valinomycin was added out-
side the preloaded vesicles to enhance the electro-
chemical potential in the presence of the Na*
gradient, the uptake ‘overshoot’ was further en-
hanced. The mmtial rate of a-(methylaminoso-
butyrate uptake was greatly reduced at lowered
extravesicular pH, which 1s one of the characteris-
tics of the A system. Simular evidence has been
presented for the transport of other amino acids
mnto brush-border membrane vesicles prepared
from placenta [1-3], intestine [5], and kidney [18].

In order to delineate the amino acid transport
system 1n human full-term placental brush-border



membranes, we determined the percentage inhibi-
tion by various amino acids of both Na*-depen-
dent and Na*-independent carried-mediated up-
take (Table II). It was found that there are at least
three Na*-dependent carrier-mediated amino acid
transport pathways.

The observed cross-inhibition of Na*-depen-
dent amino acid uptake suggests that, first, the
ammo acids tested share a common Na*-depen-
dent carrier, since substrate amino acids showed a
significant degree of mutual cross-inhibition. The
Na*-dependent uptake of L-cysteine, L-glycine and
L-glutamic acid was totally supported by this sys-
tem. The partial inhibition (29.4%-48.3%) of a-
(methylamino)isobutyrate, L-proline and L-methi-
onine uptake by L-cysteine, L-glycine and L-
glutamic acid indicates that a fraction of the up-
take of a-(methylamino)isobutyrate, L-proline and
L-methionine is handled by this common amino
acid carrier. This suggests the presence of an
additional Na*-dependent pathway serving L-pro-
line, a-(methylamino)isobutyrate and L-methio-
nine. This Na*-dependent common pathway
probably corresponds to the classical A system,
since a-(methylamino)isobutyrate, a model sub-
strate for the A system, totally inhibited the up-
take mediated by this pathway.

Second, L-proline and a-(methylamino)iso-
butyrate showed total mutual inhibition, and dis-
played the same patterns of inhibition and sensi-
tivity to the amino acids tested. They produced
complete inhibition of L-cystemne, L-glycine and
L-glutamic acid uptake and partial inhibition
(63.2%-72.8%) of L-methionine uptake. In addi-
tion to the partial inhibition by L-cysteine, L-gly-
cine and L-glutamic acid of L-proline and a-
(methylamino)isobutyrate uptake, the uptake was
inhibited totally by L-methionine. These results
suggested that L-proline and a-(methylaminohso-
butyrate fluxes are mediated by two pathways,
one being the common Na*-dependent pathway
described above, and the other being common to
L-methionine.

Third, L-methionine uptake was incompletely
mhibited by all the amino acids tested, and showed
complete inhibition only by itself. This suggested
the presence of an Na'-dependent pathway
specific for L-methionine.

The data in Table I suggest the presence of an
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Na*-independent carrier-mediated amino acid
transport pathway in human placental brush-
border membranes. This is supported by the
cross-inhibition data shown in Table II, which
suggest the existence of two pathways. One system
1s a common Na*-independent amino acid trans-
port pathway, which supports the total transport
of all amino acids tested except for partial trans-
port of L-cysteine. The second system mediates a
major fraction of the L-cysteine influx, which was
not inhibited by any other amino acid tested.
Therefore, 70%-80% of the Na*-independent 1-
cysteine uptake is supported by the second system
and 20%-30% by the common pathway. BCH, a
model substrate that appears to have an affimty
solely for the classical L system [19], showed the
same 1nhibition patterns as the test inhibitors,
except for a-(methylamino)isobutyrate and L-cys-
teine. A similarity between the classical L system
and the common Na-independent system pre-
sented here is shown by the fact that a-(methyl-
amino)isobutyrate showed no mnhibition of either
of the systems. These observations suggest that
this common pathway may correspond to the
classical L system.

Smuth et al. [15] demonstrated the existence of
three transport systems in human full term
placenta by using a competitive inhibition tech-
nique, and these systems correspond to the A,
ASC and L systems. Asai et al. [16} also observed
three amino acid transport systems, A, ASC and
L, in human placental brush-border membranes.
By use of our more purified brush-border mem-
brane vesicles, we concluded that there are at least
three distinct Na*-dependent and two distinct
Na“-independent amino acid transport systems in
human full-term placental brush borders. The
common Na*-dependent pathway first described
may correspond to the classical A system, while
the other two Na*-dependent pathways do not
conform to the classical ASC system, since the
second system 1s sensitive to a-(methylamino)so-
butyrate and the third 1s not sensitive to L-cys-
teine. Stevens et al. [6] reported that rabbit jejunal
brush-border membrane transports amino acids
via at least three Na*-dependent carrier systems:
the NBB system, the PHE system and the IMINO
system. Mircheff et al. [8] also characterized simi-
lar systems in the rabbit renal brush-border mem-
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Fig 7 A schematic representation of the ammno acid transport

pathways in human placental brush-border membrane The

boxes represent transport-catalyzing systems and the arrows

passing through the boxes indicate that transport occurs
MeAIB, a-(methylamimoysobutyrate

brane, with some exceptions. The second and third
systems dependent on Na™ presented 1n this paper
are similar to the IMINO system and the PHE
system, respectively. The IMINO system exclu-
stvely transports L-proline and a-(methylamino)-
1sobutyrate, while the PHE system primanly han-
dles L-phenylalanine and L-methtonine. The com-
mon Na“-dependent pathway in placental brush
border does not correspond to the NBB system.
since the latter system does not interact with
a-(methylamino)isobutyrate.

In the case of Na*-independent systems, one
system 1s stmilar to the classical L system, while
the other 1s sensitive solely to L-cystene. This
L-cysteme-specific Na*-independent system has
not been reported previously in any other cell
types

The amino acid transport pathways observed 1n
human placental brush-border membrane are
schematically 1llustrated in Fig. 7. The 1dentifica-
tion and purification of these carriers, which will

be necessary 1n order to further explore the ammo
acid transport systems present 1n the brush-border
membrane of human placenta, are currently under
way.
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