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Abstract. The concentrative transfer of amino acids across the syncytiotrophoblast [31]. The movement of
from maternal to fetal blood is essential to fetal growth cationic amino acids across the microvillous (maternal-
and metabolism. Cationic amino acids are transportediacing) and basal (fetal-facing) plasma membranes is
across the placental microvillous and basal membranesiediated by a group of sodium-independent mechanisms
by multiple pathways which act to mediate maternal/fetal[14, 16, 34—36]. In human placental membranes and re-
transport. To identify the cationic amino acid transport-lated cell culture models, we and others have identified
ers of human placenta, total RNA was harvested fronthe high capacity systemyand the low capacity, high
cultured trophoblast and from the BeWo choriocarcino-affinity systems B* and y'L [17-21]. Functional differ-
ma cell line, b30 clone, and used for reverse transcriptiorences in the processes by which cationic amino acids
(RT) and polymerase chain reaction (PCR). Primersnteract with these two membranes are likely to provide
based on published sequences identified expression dfie basis for vectorial maternal/fetal transport [20]. In
mRNAs for hCATs-1, -2B, and -4. RT-PCR vyielded a particular, the differential interaction of the high capacity
2.1 kb hCAT-1 cDNA which was cloned. hCAT-1 transport mechanisms of these membranes with neutral
cRNA injection intoXenopus laevi®ocytes stimulated amino acids in the presence of sodium may be expected
saturable lysine uptake (K100 pm). In the presence to enhance uptake at the microvillous membrane and
of Na*, uptake was inhibited by leucine, homoserine, andfacilitate transplacental transfer to the fetus [20].
alanine but not by valine and glutamate. These transport In mammalian tissues four cDNAs are known to
characteristics are comparable to those of systérimy code for proteins mediating high capacity cationic amino
placental basal membrane, but differ from those of theacid transport [2, 12, 15, 26, 32]. These have been
same system in microvillous membrane. The identifica-termed CAT-1, CAT-2, CAT-3, and CAT-4. The protein
tion, cloning, and characterization of multiple human products of all four of these cDNAs mediate high capac-
placental cationic amino acid transporters has the poterity cationic amino acid transport. At present the CAT-3
tial to facilitate molecular investigation of transport by sequence is known only in the mouse and rat. The vari-
the maternal- and fetal-facing membranes of placentahbly detailed published characterizations of the CAT
trophoblast and increase understanding of the mechdransporters do not permit direct comparison with the
nism of transplacental amino acid transfer. transport activities of the two placental membranes. In
particular, interaction with neutral amino acids in the
Key words: Fetal nutrition — Lysine uptake — System presence of sodium, an established characteristic of sys-

y* — hCAT-2B — hCAT-4 tem y" [10, 11, 39], has not been investigated in the
expressed cDNAs.
Introduction To elucidate the molecular basis of placental mem-

brane cationic amino acid transport activity we under-
Fetal growth and development depend on the continuougpok to identify, clone and express the hCAT transporter
transfer of amino acids from maternal to fetal blood cDNAs present in two cultured human placental tropho-

blast cell models. We have used both trophoblast di-
[ rectly cultured from human placenta and the b30 BeWo
Correspondence toC.H. Smith choriocarcinoma cell line, which is known to differenti-
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ate in vitro [40] and to transport neutral amino acids in aMurine leukemia virus (MuLV) reverse transcriptase, g1 random

scribes the identification of three hCAT genes in th(:}S(_:jncubated at room temperature for 10 min, and then at 42°C for 20 min.
The mixture was then heated at 99°C for 5 min and cooled on ice for

cell models,. the cloning and expression of hCAT.-l, a_nd5 min to inactivate the transcriptase.
the comparison of its expressed transport activity with

that of isolated placental basal membrane.
PoLYMERASE CHAIN ReAcTION (PCR)

Materials and Methods PCR was performed in the same tubes as RT, in|l0@tal volume.

Final concentrations were 2umMgCl,, 0.2 mv of each dNTP, and 2.5

U/100 I Ampli Tag DNA polymerase in the 50 mKCI and 10 nm
MATERIALS Tris-HCI buffer (pH 8.3). For generation of full-length cDNAs, a PE

9600 thermocycler (Perkin Elmer, Foster City, CA) was programmed
L-[*H]lysine (specific activity 87.4 Ci/mmol) was obtained from NEN- as follows: 95°C for 105 sec (denaturation), 35 cycles at 55°C for 30
DuPont (Boston, MA). Opti-Fluor was from Packard Instruments sec (annealing), 74°C for 2 min 30 sec (extension), 94°C for 30 sec
(Downers Grove, IL). Chemically defined fetal bovine serum (FBS) (hold). Finally the samples were incubated at 72°C for 7 min for the
was obtained from Hyclone Laboratories (Logan, Utah). Essentialfinal extension. An abbreviated two step cycle was used to generate
amino acids were obtained from Hazelton Biologics (Lenexa, KS).shorter (300-600 nt) fragments.
Minimal essential medium, vitamins and D&gells were from Gibco To identify the transporters present, primers were constructed
BRL (Gaithersburg, MD). Gentamicin and nonessential amino acidsbased on published sequences. For hCAT-1 these were forward
were from the Washington University Tissue Culture Support Center.primer: nt 386-403 (CTGGCCTGTGCTATGGCG) and reverse primer:
GeneAmp RNA PCR kit was from Perkin Elmer (Foster City, CA). nt 753-735 (GCCCAGGACCAGGACGTTA) (human lymphocyte
ABI Prism™ Dye Terminator Cycle Sequencing Ready Reaction Kit (H13), [41]). For hCAT-2 these were forward primer: nt 1015-1032
was from Perkin Elmer (Foster City, CA). Collagenase (Type 1) was(TTGCAACAACTGGTGAAG) and reverse primer: nt 1414-1397
obtained from Worthington Biochemical (Freehold, NJ). Other chemi- (TTCAGGTCAAACAGAAAGG) (human hepatoma, HepG2 [12]).
cals were obtained from Sigma (St. Louis, MO) or Aldrich (Milwaukee, This fragment has a uniquganH | site (nt 1257) which is present only

WI). Xenopus laevirogs were purchased froddenopus (Ann Ar- in isoform 2B and not in 2A. For hCAT-4 (human placental library,
bor, MI). All human and animal studies have been approved by the[32]) these were forward primer: nt 1526-1544 (TTGGCGTTATGT-
Washington University School of Medicine Review Boards. TGGCCTC) and reverse primer: nt 1845-1846 (CGCTGGTTCTCCT-

TGCTATG) [32].
A 2.1 kb (full-length) hCAT-1 sequence was generated using
CELL PrREPARATION AND CULTURE forward primer: nt 28-49; (GGCTTGGATTCTGAAACCTTCC) and
reverse primer: nt 2157-2138; (TGCAGTGAGGGTGTGGACGC)
The b30 BeWo clone was derived from the original parent BeWo line [41].
by limiting dilution [40]. Cells were maintained in 25 énflasks and
cultured in MEMB media [22, 25] containing 10% FBS, gentamicin
(0.5 mg/ml) and penicillin (100 units/ml)/streptomycin (1Qg/ml). CLONING AND TRANSFORMATION
Cellular trophoblasts were isolated by trypsin digestion followed
by separation on a Percoll gradient as described previously [22]. Cellghe 2.1 kb cDNA hCAT-1 sequence generated by RT-PCR was gel
were immediately frozen in 10% dimethyl sulfoxide after isolation and purified using low melting point (LMP) agarose (Gibco BRL, Gaithers-
stored in liquid nitrogen for later culture [22]. burg, MD) and a Qiaex Il gel extraction kit (Qiagen, Valencia, CA).
The purified cDNA was then ligated to pGEM-T Easy vector (Promega
Corporation, Madison, WI) in the presence of T4 DNA ligase by over-
IsoLATION OF RNA night incubation at 4°C. A 2ul portion of the ligation mixture was
added to 10Q.l DH5-a cells and incubated for 1 hr on ice. The cells
Total RNA was isolated from cultured BeWo and trophoblast cells with were incubated for 45 sec at 42°C, and immediately cooled on ice for
the RNA STAT-60 kit (Tel-Test “B”, Friendswood, TX). The proce- 2 min. A 400l portion of LB (Luria-Bertani) medium [30] at 37°C
dure uses a single phase solution of phenol and guanidinium thiocyawas added to the cells, which were then incubated at 37°C for 1 hr with
nate [9]. Upon addition of chloroform, the homogenate separates inteshaking at 225 rpm. The cells were plated on two agar plates contain-
two phases. The RNA remains in the aqueous phase while DNA andng X-gal/IPTG and Carbenicillin. The plates were incubated at 37°C
proteins are in the organic phase. The RNA was precipitated by addievernight. Several white colonies were picked for growth overnight in
tion of isopropanol, washed with 70% ice-cold EtOH, and finally re- LB broth containing carbenicillin at 37°C with shaking at 225 rpm.
suspended in diethyl pyrocarbonate (DEPC) treated water [30]. AfterThe plasmid DNA was isolated using the Wizard Plus miniprep DNA
measurement of OD at 260 nm, the RNA was stored at —80°C. Integpurification kit (Promega Corporation, Madison, WI) for alkaline lysis
rity was tested on 1% nondenaturing Seakem LE agarose gel (FM®f the bacteria [30] and the separation of plasmid by resin. The plasmid
Bioproducts, Rockland, ME). DNA was then digested witkcoR | incubating 1 to 2 hr to yield the
two fragments. Appropriate clones were sequenced.

REVERSE TRANSCRIPTION(RT)

IN VITRO TRANSCRIPTION
RT was performed using random hexamers as primers. Final volume
was 20pl with 1 pg of total RNA from either BeWo or trophoblast Plasmid DNA containing 2.1 kb hCAT-1 cDNA was linearized with
cells. The reaction mixture contained Ivnof each deoxynucleoside Sall leaving the hCAT-1 gene under the control of T7 RNA polymer-
triphosphate (dNTP), 1 W/ RNase inhibitor, 5 m MgCl,, 2.5 Ujul ase promotor. The cRNA was synthesized by in-vitro transcription
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using the mMessage-mMachine kit (Ambion, Austin, TX) containing hCAT1 hCAT2B hCAT4
cap analogue (hG(5)ppp(5)G). The reaction mixture containing 2
wl 10x reaction buffer, 1Qul 2x ribonucleotide mixture (15 mATP,
CTP, UTP and 3 m GTP + 12 nm Cap analogue), &l 10x T7 RNA
polymerase enzyme mix, (Lg linearized hCAT-1 cDNA, and RNase

w1 23 a''s 6'mw

free water in 2Qul, was incubated at 37°C for 2 to 3 hr. Ayl portion (bo) (bp)
of RNase free DNase | (2 Wl) was added and incubation continued at 525 __ _525
37°C for 15 min to eliminate residual template DNA. The reaction was 500 B - 45183
stopped by adding 1151 RNase free water + 1l NH,OAc, extracted 300 — —300
once with phenol/CHGland again with CHGl The organic phase

was re-extracted with 50| water. All the aqueous media were com- 200 — —200
bined and the cRNA was precipitated by adding equal volume of iso-

propanol and incubating at —20°C for 30-45 min, followed by cen- 100 — _;go

trifugation. The cRNA pellet was resuspended in RNase-free watel 50 —
and OD,z, was measured.

Fig. 1. Identification of CAT isoforms. RT-PCR was performed with
SEQUENCING BeWo RNA and primers for PCR were chosen from published hCATs-
1, -2B, and -4 sequences (Materials and Methods). The products were
Sequencing of plasmid DNA containing hCAT-1 insert was performed Separated with electrophoresis on 2% agarose gel. Lane 1: 368 bp
by fluorescence based cycle sequencing using ABI Prism Dye TermiNCAT-1 cDNA; Lane 2:Bcl | cut of hCAT-1 cDNA to yield 267 and
nator Cycle Sequencing kit (Perkin Elmer, Foster City, CA). A tube 101 bp fragments; Lane 3: 400 bp hCAT-2B cDNA; LaneB&nH |
containing 8yl terminator ready reaction mix, hCAT-1 plasmid DNA cut of h\CAT-2B cDNA to yield 243 and 157 bp fragments; Lane 5: 340
(400-500 ng), primer (3.2 pmole), and distilled water in a volume of 20 bP hCAT-4 cDNA; Lane 6Nco |l cut of hCAT-4 cDNA 184 and 156
wl, was placed in the PE9600 thermocycler (Perkin Elmer, Foster City,PP fragments. Similar results were obtained using trophoblast RNA.
CA). The thermocycler was programmed as follows: 25 cycles at 96°C
for 10 sec, 50°C for 5 sec, and 60°C for 4 min. The extension product
was first precipitated as suggested in the manual (Protocol 1), with 3
Na-acetate, pH 5.2 and 95% EtOH. The pellet was rinsed with 7004 NETIC AND STATISTICAL ANALYSES
EtOH. After carefully aspirating all the alcohol solution it was dried
under vacuum for half an hour. The samples were analyzed with thélThe Henri-Michaelis-Menten equation describing the relationship of
ABI 373 DNA sequencer (Perkin Elmer, Foster City, CA) in a facility saturable activity to concentration with an added diffusion term was fit
reserved for this purpose. The resultant sequences were analyzed usit@uptake data using the RS/1 program [5] on a VAX computer. Inhi-
the GCG program [13]. bition data were analyzed similarly to determine avislue for com-
petitive inhibition [21]. The program finds the least-squares solution
by the Marquardt-Levenberg method of iteration.
EXPRESSION INXENOPUSOOCYTES

A small piece of ovarian lobe was dissected fr¥emopus laeviander Results

anesthesia [23] and incubated in“Géree medium (92 m NaCl, 1 mm

KCI, 2 mm NaHCO, and 15 nw Hepes/Tris, pH 7.4) containing 2

mg/ml collagenase type 1 for 90 min at room temperature. After re-

moving the oocytes from the medium that contained collagenase theyPENTIFICATION OF THREE HCAT cDNAs IN
were placed in sterile modified Barth's saline (9&MaCl, 1 nv KCl, TROPHOBLAST CELL MODELS

2 mv NaHCQ,, 0.32 nm Ca(NG;),, 0.61 nm CaCl,, 0.8 mv MgSO,

and 15 nv Hepes/Tris, pH 7.4) supplemented with gentamicin (50 . . .
pg/mi) and albumin (5 g/L) and were allowed to recover overnight at Me€ssenger RNAs for three hCAT species were identified

4°C. The following day the oocytes were injected with 46 nl (50-75 in both trophoblast and BeWo cell models by RT-PCR

ng) of hCAT-1 cRNA. Injected oocytes were maintained at 18°C for using primers based on the human sequences of hCAT-1,

the desired number of days in sterile modified Barth’s saline [1, 4, 6]-hCAT-2, and hCAT-4. In each case a product of the
Uptake of fH]lysine into oocytes was measured at room tem- o5 nriate chain length was seen on gel electrophoresis

perature [3, 18]. Seven to 10 oocytes were incubated for 30 min [4, 18 . . . .
24]in the desired medium (92nNaCl or CholineCl, 1 mi KCI, 2 mm after RT-PCR (Fig. 1, lanes 1, 3, and 5). Digestion with

NaHCO, or KHCO,, 0.32 mv Ca(NOy),, 0.61 ma CaCl, 0.80 mu appropriate restriction enzymes vyielded products of the
MgSO,, and 15 nw Hepes/Tris, pH 7.4). Uptake was terminated by €xpected length (lanes 2, 4, and 6). Digestion of hCAT-2
washing the oocytes six times with ice-cold 2&1mphosphate-buffered ~ with BanH | demonstrated the unique restriction site
NaCl (200 nm). Each oocyte was then incubated in 20010% SDS  characteristic of the 2B isoform. These results were ob-
[18, 23] for 30 min with gentle shaking. Opti-Fluor scintillation fluid  {5ined with both trophoblast and BeWo RNA. Using
5 _mI) was added for deFermlnatlon of radloa_cthlty in a liquid scintil- primers based on the rCAT-3 sequences we attempted ta
lation counter (Pharmacia LKB Nuclear, Gaithersburg, MD). Control . . .

(nonstimulated) uptake was determined using either water-injected oldem'fy a cDNA related to CAT-3 in BeWo and tropho-
noninjected oocytes which we and others found to give equivalentdlast cells. No cDNA was present although control rat
values [1, 8]. Stimulated uptake was calculated by subtracting controbrain RNA yielded a product of the expected sidata
from total uptake. not showi.
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1.0— Fig. 3. Lysine uptake inXenopusoocytes injected with placental
hCAT-1 cRNA (70 ng). Oocytes were injected with cloned BeWo
Fig. 2. Reverse transcription (RT)-PCR product representing a full- NCAT-1 (RNA inj), water (SHAM inj), cloned BeWo hCAT-1 (20m)
length human cationic amino acid transporter (hCAT-1) from BeWo ©F notinjected (NON inj). Uptake of S(am L-[*H] lysine was measured
RNA. (A) The major 2.1 kb product (lanes 1 and 2), was subjected todt 22°C for 30 min. Each bar is the mean of IyS|_ne gptake in 9-10
gel purification for cloning. B) Gel electrophoresis of cloned hCAT-1 00cytes. Right-handed bar shows uptake ofi}{lysine in the pres-
after EcoR | digestion. Lanes 1 and 3 show two clones. The bands€Nc€ of 20 mn unlabeled L-lysine. hCAT-1 cRNA injection produced

visualized represent the removed insert cDNA (2.1 kb) and the residua® Mean stimulation of approximately 4.5-fold € 4).
vector DNA (3 kb). Lane 2 shows vector alone without an insert.

CONCENTRATION DEPENDENCE OF KCAT-1 STIMULATED

CLONING AND SEQUENCING OF TROPHOBLAST HCAT-1 L-LYSINE UPTAKE IN XENOPUSOOCYTES

Uptake of L-PH]lysine (1 wm) was inhibited by increas-
ing concentrations of nonradioactive L-lysineXenopus
oocytes. A one system model fitted to concentration de-
pendence data yielded kKandv,, ., values of 98 £ 23um

and 347 + 66 pmol/oocyte/30 min (Fig. 4). These pa-
rameters agree with the Kvalue of 100um previously
reported in undifferentiated BeWo cells for System 1 by

screening and digested wiltdR1 (Fig. B, lanes 1 and our laborator . ; :
. ) y [37]. Attempts to fit the data with a 2-site
3) to confirm the presence of the 2.1 kb insert. ThemOOIeI failed to improve the quality of the fit.

sequences of both trophoblast and BeWo cDNAs (Gen-

Bank #AF078107) were identical to that of the H13 hu-

man lymphocyte hCAT-1 [41]. INHIBITION OF HCAT-1 STIMULATED L-LYSINE UPTAKE
IN XENOPUSOOCYTES

The pair of primers specified in Materials and Methods
yielded a 2.1 kb cDNA product (Fig.4 lanes 1 and 2)
from both trophoblast and BeWo RNA. After gel puri-
fication this cDNA was cloned into the pGEM-T Easy
vector and DH& cells were transformed with plasmid
DNA. Clones were identified by X-gal/IPTG blue/white

STIMULATION OF TRANSPORT BY CLONED PROTEIN o . .
Inhibition by neutral amino acids in the presence of Na

is an established characteristic of systefriryplacental
Purified BeWo mRNA (070 ng in 46 nl) was injected and other membranes [38] but had not been investigated
into Xenopus laevisocytes. Optimal transporter expres- in cloned hCAT transporters. We therefore studied the
sion was obtained wita 3 to 5 dayperiod of incubation effects of various amino acids (2mh on L-lysine (20
after RNA injection and a 30 min incubation for uptake um) uptake in the presence and absence of.Na
measurement. Under these conditions the cloned placetthe absence of Na uptake was not inhibited by L-
tal transporter stimulated L-lysine (50v) uptake five-  leucine, L-homoserine and L-alanine (Figh,Solid bars).
fold (Fig. 3). Addition of 20 nm L-lysine demonstrated In the presence of Nauptake was inhibited completely
complete saturability of the stimulated uptake. Lysineby these three amino acids (FigB5olid bars). L-
transport rates obtained with water-injected oocytes wer&lutamate and L-valine did not inhibit in the presence of
similar to those of uninjected oocytes (Fig. 3). Na". Inhibition of uptake by the cloned transporter was
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Fig. 4. Concentration dependence of cloned BeWo hCAT-1 uptake ingy
Xenopusocytes Xenopusocytes were injected with mMRNATO0 ng) e

and the concentration dependence qin L-[3H] lysine uptake was
measured in medium containing NaCl. Each point is the mean of
hCAT-1 cRNA stimulated lysine uptake in 7 to 10 oocytes (Uptake in
noninjected oocytes has been subtracted). A model with one saturable
component was fit with K = 98 + 23 um and V., = 347 *+ 66
pmol/oocyte/30 min. Data are meansseof 4 experiments.

comparable to that in basal membrane previously re- 1
ported by our laboratory (stippled bars) [19]. cTL LEU HSER  ALA VAL GLU
N Be_cause Ieu_cm_e is known to interact with high af- AMINO ACID

finity with the cationic transport systen?band y'L, we
investigated the concentration dependence of its inhibiFig. 5. (A andB) Inhibition of lysine uptake irKenopusocytes stimu-
tion of lysine uptake by the expressed hCAT-1 trans-lated by hCAT-1 cRNA compared with that of human placental basal
porter. At both 20um and 1um lysine, relatively high membrane (BM) both in th_e absence (Fig\) &nd presence (FigB
concentrations of leucine were required for 50% inhibi-©" Na"- Oocyte uptake (solid bars) was measured with.20L-{*H]

. . lysine at 22°C for 30 min in hCAT-1 cRNA injected and control oo-
tion (K; values apparently 115 an@13um) (Fig. 6 and ¢ 1oc The figure shows inhibition of hCAT-1 cRNA stimulated, sub-
data not shown).

strate inhibitable uptake. Each bar is the mean of lysine uptake in 7 to
10 oocytes. Data are meansse of 4 (Fig. 5A) and of 3 to 8 experi-
ments (Fig. B). CTL = uptake in the absence of inhibitors (CTL
uptake = 58 + 12 pmol/oocyte/30 min). BM data (stippled bars) is
taken from Furesz, Moe and Smith [19].

This paper demonstrates the expression of mRNAs for

three cationic amino acid transporters in human placental
trophoblast and describes the amino acid interaction o€losely resemble those of cationic amino acid uptake by
one of these. The first two cDNAs, hCAT-1 and hCAT- system ¥ in the BeWo cell model and in basal mem-
2B, code for membrane proteins mediating the high cabrane isolated from human placenta [19]. The Value
pacity activity functionally identified as systeni J12].  of the cloned transporters, $84, is essentially the same
The third cDNA, that of hCAT-4 [32], has only recently as that of uptake by placental basal membrane (20))
been identified and the transporter it codes for has noand undifferentiated BeWo cells (98v) [19, 37]. Ad-
been characterized in any detail. We were unable to looklitionally, uptake by both the basal membrane [19] and
effectively for the potential presence of a CAT-3 cDNA the expressed cloned transporter are strongly inhibited by
since the human sequence is not available. The preseneeutral amino acids in the presence of sodium. These
of multiple CAT transporters gives the trophoblast theproperties strongly suggest that the cloned transporter is
potential to vary interaction with substrates and inhibi-a mediator of uptake in the placenta and cultured tropho-
tors in different cellular locations. blast cells and is likely to be present in the basal mem-
The characteristics of uptake mediated by the clonedbrane.
hCAT-1 transporter expressedXenopus laevisocytes The known properties of the cloned transporter ex-

Discussion
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50 study any interaction of leucine with syster [20, 21,
29]. Ongoing investigations are increasingly demon-
strating molecular heterogeneity of both systeta [27,
33] as well as system™y[12, 15, 26, 32]. To our knowl-
edge the present investigation is the first or one of the
first to describe inhibition of the activity of an expressed
CAT cDNA by sodium and neutral amino acids. The K
values observed with the expressed transporter are some
- - what lower than those of system yn microvillous mem-
LOG LEUCINE (M) brane [20] or the erythrocyte [10, 29], but are greater
than those of system*l. Clearly more study will be
Fig. 6. Qoncentration dependence of inhibiFion by L-leucine of necessary to understand the role of the individual CAT
L-[*Hllysine (20p.m) uptake in the presence of Nim Xenopusocytes  yansnarters in the interaction of systefnag it occurs in

stimulated by hCAT-1 cRNA. The Kvalue used in fit was from Fig. the intact placental membranes with leucine and other
4. Each point is the mean of hCAT-1 cRNA stimulated lysine uptake in p

7 to 10 oocytes (uptake in noninjected oocytes has been subtracted). ﬂeUtral amino acids.

RNA STIMULATED UPTAKE
(pmol / oocyte / 30 min.)

model with one saturable component was fit with & 115 + 18um The expression of multiple CAT genes in human
and V., = 199 + 7 pnol/oocyte/30 min. Data are meansst of 4  placental trophoblast suggests a potential mechanism for
experiments. some of the differences in high capacity cationic amino

acid uptake by the microvillous and basal membranes.

Although similarities between the substrate affinities of
pressed in oocytes differ in important respects from thosgome expressed transporters are apparent [12], detailec
of system yL. System yL is a high affinity transporter knowledge of characteristics such as interaction with
(K 17 pm and 44pm in placental microvillous mem-  neuytral amino acids has not been reported. We have pre-
brane and erythrocytes), whereas thg ¢f the cloned  viously shown inhibition of system*yuptake by neutral
transporter is 10Quv [16, 20]. In the same two mem- amino acids in the presence of sodium to be much stron-
branes, system'y. is inhibited in the presence of sodium ger in basal than in microvillous membrane [19, 20].
by leucine at low micromolar concentrations; 0 pM  Alanine, phenylalanine and leucine [7, 28] inhibit basal
in placental microvillous membrane and g in eryth- ~ membrane uptake [19-21] and CAT-1 uptake. Other
rocytes) [16, 20, 21]. Inhibition of the cloned hCAT-1 |ong chain neutral amino acids such as serine and threo-
transporter in the presence of Neequires substantially nine are likely to interact similarly. The concentrations
higher concentrations of leucine (K115 and 313wm at  [7, 28] of these amino acids in maternal and fetal blood
20 and 1pm lysine). The molecular characteristics of and within the placenta or its syncytiotrophoblast are
the two systems also differ. Systerilyhas been re-  extremely difficult to determine accurately. The avail-
ported to be related to a heterodimer of the 4F2hc antigeaple imprecise estimates do not permit detailed consid-
protein and a recently cloned “hLAT” cDNA [27, 33]. eration ofcis andtrans interactions of individual amino
Coexpression of these two cDNAs in oocytes produces @cids [7, 28]. The data do indicate that the combined
transporter which interacts sensitively with leucine. Sys-concentrations of the above amino acids will be inhibi-
tem y" activity is produced by expression of a single tory in utero. Strong inhibition of hCAT-1 in the basal
cDNA [12] with a sequence substantially different than membrane would favor lysine uptake at the microvillous
that of hLAT (nucleotide sequence similarity 35%).  membrane and facilitate its transfer from maternal to

In considering the interactions of system5 gnd  fetal circulation. Additional characterization of the

y*L with substrates and inhibitors it is important to take hCAT isoforms expressed in trophoblast should help elu-
into account the cell membranes used, the potential pregidate the relationship of their properties to lysine and
ence of both systems in the same membrane and thgginine uptake by its maternal- and fetal-facing plasma
influence of the conditions used on the system responmembranes and maternal/fetal transport of cationic
sible for the observed activity [15, 29]. Some investiga-amino acids.
tions using intact membranes indicate that substantial
inhibition of system ¥y requires millimolar concentra-
tions of neutral amino acids in the presence of sodiunwe thank Drs. Mike Mueckler and Lawrence Salkoff, Ms. Carol
[10, 11, 29]. Various observations in intact membranesMakepeace and Mr. Aguan Wei for helping us to learn oocyte tech-
have used substrate concentrations in the mi||imo|a|niques and Drs. Arr_\old Strauss end Pe;er Rotyvein and Mr. Harold _Sims
range. Under these conditions, systeﬁl will be satu- and Ms. Beverly Gibson for their help in cloning. We also appreciate

d d inhibiti ill likel fl h . f the help of Michael Zahner, Wiliam Thom and Dr. Ellen Heath-
rated and inhibition will likely reflect the properties o Monnig with various aspects of this study. We thank Ms. Barbara

system )7_[20’ 21, 29, 39]. Other investigations have Hartman for her help in preparing the manuscript. This work was
used leucine and sodium to inhibit systefb.yand study  supported by a grant from the National Institute of Child Health and
system Y, a procedure which makes it impossible to Human Development, HD-07562.
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