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Sulfate transport in isolated placental brusli-border membrane vesicles has properties consistent with an anion exchange 
process. To ascertain the relevance of this finding to sulfate accumulation by the fetus and placenta be clco,  we 
examined sulfate transport in haman placental tissue slices, comparing sulfate uptake with that of a non-metabolizable 
amino acid marker, a-amlnnisobutyrate (AIB). In contrast to AIB, which was actively concentrated from physlulogical 
media, sulfate uptake by the placenta slice was concentrative only in the absence of sodium and at low pH. Uptake of 
sulfate reached a steady state after 60 rain. It was blocked by DIDS (d,4'-dlisothiocyanostilbane-2,2"-disulfonate), a 

i specific inhibitor of anion transport, but not by ouab~in. We found no evidence for Na+-depemlent uptake of sulfate in 
incubated placental tistme. It seems unlikely that Na+-dependent sulfate transport by the placenta can he responsible for 
net sulfate accumulation by the human f©nm. 

Introduction 

The placenta is a specialized organ whose principal 
function is to provide an adequate environment for the 
embryo and fetus during intrauterine growth and devel- 
opment. Placental tissues separate maternal and fetal 
circulations, facilitating the transfer of nutrients from 
mother to fetus [L2]. Inorganic sulfate is one such 
nutrient that is utilized by a variety of biosynthetic 
reactions essential for fetal growth and development 
[3-5]. In clinical studies of sulfate metabolism of preg- 
nant women and their infants at delivery, we previously 
found evidence for a small concentrative gradient across 
the placenta [6]. However, subsequent experiments with 
human placental brush-border membrane vesicles 
(BBMV) revealed a transmembrane transport system 
with properties more indicative of anion exchange [2,7]. 
As yet, sulfate transport has not been examined in 
isolated intact placental tissue. We therefore examined 
sulfate uptake by human placental slices using a- 

aminoisobntyrate (AIB), a non-metabolizable amino 
acid, a marker solute whose Na%dependent uptake by 
placenta is well characterized [8-141 . 

Corr~pondence: D,E,C, Cole, Rill. 415. [WK Childrens Hospital, 
5850 University Ave., Halifax, NS, Canada, B3J 3G9. 

Methods 

Placental  slice preparation 
Intact human placentas from uncomplicated term 

pregnancies were obtained from the Grace Maternity 
Hospital (Halifax. NS, Canada) shortly after delivery 
and brought to the laboratory on ice. Tissue slices 
averaging 1 mm thickness were then cut from the mater- 
nal surface using a Stadie-Riggs Microtome (Thomas 
Scientific, Swedesboro, N J) according to the method of 
Smith and co-workers [8-10]. Slices were placed on ice, 
cut into squares w.-,ighing 10-50 rag, and placed in 
incubation medium within 45 min of placental delivery. 

Chemicals  
Reagent-grade chemicals and distilled, deionized 

water (dH20, > 10 megohm/cm resistance) were used 
for all experiments. Carrier-free Na23SSO4 ( >  10 
mCi/mmol),  c~-anfino[methyl-3H]isobutyric acid (3H- 
AI8, 10 mCi/mmol) and 3H-polyethylene glycol QH- 
PEG, 4000 M r, 0.7 mCi/g)  were obtained from Dupont 
(NEN Canada), Montreal, pQ. Minimal e~sential 
medium (MEM; Cat No. 320-1090) from Gibco Co. 
(Toronto, ON) contained 0.80 mM sulfate as MgSO4. 
7H20. Tissue solubilizer (BTS-450) and liquid scintilla- 
tion cocktail (MP) were from Beckman Scientific 
(Fullerton CAl. Non-specific arylsulfatase enzyme (from 
Helix  p o m m a t i a ) .  Tris and Pipes buffers, 7-hydroxy- 
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coumarin, ouabain, SITS (4-isothiocyano-4'-acetami- 
dostilbene-2.2'-disalfonate) and DIDS (4,4"-diisothio- 
cyanostilbene-2,2"-disulfonate) were all obtained from 
Sigma Chemicals, St. Louis, MO. 

Uptake experiments 
Tissue slices were incubated as previously described 

[151, modified according to Smith et al. [8-10]. Three 
incubation media were used: (i) MEM; (it) a balanced 
salt medium (BSM), consisting of NaCI (116 mM), KCI 
(5.4 mM), CaCI 2 (1.8 mM), NaHCO  3 (26.2 raM), 
NaH2PO 4 (1 mM), MgC12 (0.8 raM); and (iii) a buffered 
sucrose medium, consisting of sucrose (280 mM) and 
Tris-Pipes buffer (pH 6.5; 10 mM). When bicarbonate- 
based MEM was used, slices were incubated in a 
Dubnoff shaker bath at 60 cycles per min thermostated 
to 37°C,  under a 95% 02 /5% CO2 atmosphere; other- 
wise 100'~ 02 was used. Substitutions and other ad- 
ditions for specific experiments are indicated in the text. 

Experiments to measure distribution and net uptake 
of solute were performed as previously described [15] 
with minor modifications, as follows: At the end of 
incubation, tissue slices were weighed and placed in 7 
ml vials for liquid scintillation counting, then digested 
with 0.5 ml of BTS-450 tissue sohibilizer overnight at 
50°C.  The digested tissue was susp~i2ded in 5 mi of 
scintillation cocktail containing 7 m l / l  glacial acetic 
acid and counted using automated quench correction. 

In keeping with previous studies [15], water spaces 
were estimated for each new experiment. For this pur- 
pose, some of the tissue slices were weighed using a 
Cahn electrobalance (Vantron Instruments, Paramount,  
CA) before and after drying overnight at 110°C.  The 
difference was taken to be the total tissue water (TTW). 
The extracellular water (ECW) compartment was de- 
termined using labelled 4000 M r poly(ethylene glycol) 
(PEG) [16] and intraeellular water (ICW) volume calcu- 
lated by difference. 

Isotopic distribution ratios (CI/Co-~ dpm per ml 
I C W / d p m  per ml medium) for the two solutes, sulfate 
and AIB, and saturation kinetics were exan!ined as 
described previously [15]. 

Sulfoesterification experiments 
The possible contribution of sulfoesterifieation to 

sulfate uptake was assayed using 7-hydroxycoumarln as 
substrate in a method modified from Chen et al. [17]. 
Slices totalling 500 mg wet weight were incubated in 30 
ml of sucrose medium containing 0.5 mM Na2SO4 for 
15 min at 37" C, then transferred to medium containing 
100 # M 7-hydrexycoumarin and incubated for a further 
60 rain. Slices were then blotted, weighed and homoge- 
nized with a Elvehejm pestle in 3 ml of homogenate. 
Unreacted 7-hydroxyeoumarin in the incubation mix- 
tare wa.~ extracted by mixing 1 volume of the homo- 
genate with an equal volume of 1.57o (v/v)  isoamy[ 

TABLE I 
Water spaces for human placottal slices hi different media 

Slices were incuhaled in the media for 60 rain with ~H-PEG (final 
activity-3.1O 6 dpm/ml). The values are means±S.E, in-- 
experiments, each with three replicates) for water spaces expressed as 
a percent of the total wet weight. 

Medium TI'XN (%) ECW (%) ICW (%) 

MEM(n=3) 82.2-L1.6 3s.a -k 3.3 46.8 ± t.3 
BSM In=S) 83.3"t"1.5 30.2 +2.t 52.7=[:2.1 
Sucrose ( n = 1 O) 78.74- 1.4 38.6 4- 1.3 402) .[. 2.4 

a lcohol /diethyl  ether. A 0.2 ml aliquot of the aqueous 
phase containing the hydroxycoumarin sulfocster 
formed during the incubation was then hydrolyzed with 
0.2 ml arylsulfatase enzyme in 0.6 ml citrate buffer (pH 
4.8; 250 raM) at 37°C.  for 16 h in a Dubnoff  shaking 
water bath. The reaction was terminated by addition of 
0.125 ml 15% TCA and the non-polar products were 
extracted with 2 ml CHCI 3. After thorough rmxir, g, a l 
ml aliquot of the CHC13 phase was removed and added 
to 1.5 ml of I M NaCI in 0.01 M NaOH.  The amount  of 
7-hydroxycoumarin released by arylsulfatase action on 
the synthesized coumarin 7-sulfate was determined 
spectrofluorometrically using excitation and emission 
wavelengths of 368 nm and 456 nm, respectively. 

Statistical 
Uptakes are expressed means 4-_ S.E. with 3 replicates 

at each point, unless otherwise stated. Differences be. 
tween means were tested by the Student's t-test. 

Results 

Water spaces and distribution of label in placental slices 
Total tissue water (TTW) was a relatively constant 

fraction of slice wet weight but  distribution between 
intra- and extracellular spaces was dependent on com- 
position of the medium (Table 1), as noted by others 
[18]. The time required for the PEG marker to reach 
steady state was less than 60 rain in all three media 
(data not  shown); therefore, water spaces for other 
media were measured at 60 rain in all subsequent ex- 
periments. 

Time-dependence of sulfate uptake 
The time courses for uptake of AIB and sulfate in 

three different media are shown in Fig. 1. The con. 
centrative uptake of AIB was much less in minimal 
essential medium (MEM) than in the balanced salt 
medium, presumably because of competition for Na  ÷- 
dependent transport by other MEM constituents, par- 
ticularly the neutral amino acids. Therefore, balanced 
salt medium was used in subsequent experiments, In 
contrast to AIB, uptake of sulfate was not concentrative 
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Fig. 1. Uptake of 0.1 mM AIR (2H-Am: 2. lfP dpm/ml/(left) and 
0.l :'aM SO 4 (3~SOa: 2" l0 ~ dpm/ml) (rightl in balanced salt medium 
(BSM. IlL minimal essential medium (MEM. × I and sucrose medium 
(o). Data points and bars r ep r e~ t  m~ns  ± S.E. for th r~  s l i~ .  "l'h¢ 

interrupted line indicates the equilibrium rude (C)/'(~, ) of unity. 

in  N a + - b a s e d  m e d i u m  b u t  increased  w i t h  t ime  in  the  
sucrose  m e d i u m ,  ach iev ing  a 3-fold  c o n c e n t r a t i o n  gradi -  
en t  by  30 ra in ,  b u t  the re  was n o  increase af ter  60  rain.  
Th i s  m e d i u m - d e p e n d e n t  up t ake  effect  was  reproduc ib le  
for  all p repa ra t ions ,  b u t  a t  60 ra in  the  m a g n i t u d e  of  the  
g rad ien t  for  A I B  in  the  physiological  salt  m e d i u m  a n d  
sulfa te  in  t he  sucrose  m e d i u m  was  var iable ,  d e p e n d i n g  
o n  the  p lacen ta l  p r e p a r a t i o n  (Tab le  I t ) .  

Absence of detectable sulfoesterification 
W e  were  u n a b l e  to  detect  any  sul foes ter  f o r m a t i o n  in  

the  sucrose  m e d i u m  at  60  m i n  (da t a  no t  shown) .  T h e  
sensi t ivi ty of  the  assay was  such  tha t  u t i l iza t ion  of  2% 
o f  the  500 /~M sul fa te  p resen t  in  t he  sucrose  m e d i u m  
d u r i n g  the  or ig ina l  i n c u b a t i o n  wou ld  have  b e e n  readi ly  
de tec tab le  as g rea te r  t h a n  10% es ter i f ica t ion  of  a d d e d  
7 - h y d r o x y c o u m a r i n .  T h u s ,  su l foes ter i f ica t ion  c a n n o t  
a c c o u n t  for  the  concen t ra t ive  up t ake  obse rved  in  the  
sucrose  m e d i u m .  

bthibition by anion-exchange transport inhibitors 
U p t a k e  o f  sulfate  f r o m  sucrose  m e d i u m  was  r educed  

m a r k e d l y  b y  D I D S  (Tab le  I I I ) .  I n  mos t  expe r imen t s ,  we  
observed  s igni f icant  res idual  up t ake ,  b u t  i t  was  neve r  
concen t r a t ive .  R e s i d u a l  ( D I D S - i n s e n s i t i v e )  u p t a k e  
var ied  s igni f icant ly  b e t w e e n  p repa ra t ions .  I n  o n e  

TABLE II 

Upfake of SO, and AIB by human placenta slices 
Slices were incubated for 1 h in BSM or sucrose medium and then 
incubated for l h in the same medium containing either 0.l raM AIB 
(2.106 dpm 3 H-AIB/ml) or 0.1 mM NazSO 4 (2. l06 dpm ~ o 4 / m l ) .  

Solute C,/Co 
BSM sucrose medium 

JH-AIB 3.035:0.60 (n = 4) O.6g ±0.08 (a = 4) 
3SSO4 0.63 :k 0.18 (n = 3) 3,144-0.22 (n e l l )  
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TABLE III 

Inhibition of vu/fate uptake by DIDS 
Slices were incubated for 60 rain in suero~ medium wilh I + DIDSf or 
withoul ( -  DIDS) 0.5 mM inhibitor. Slices were then transre~ed to 
identical fresh medium containing 0 1 mM NazSOa with added label 
(2'10 ~ ~SO4) for 60 mtn and then removed for counling. Residual 
activity is defined as uptake in the presence of DIDS. expressed as a 
percentage of that aithout inhibitor ( D I D S ) .  

Placental Uptake ratio (C,/C,,) 
preparauon - D I D S  +DIDS residual 

activity (%) 

1 549±0.51 0.50±0.08 9±2  * 
2 3,36±0.45 0.05±0.03 t ± l  
] 2.315_0.16 0.18±0.09 8±4 * 
4 1.79+0.10 0.22+0.11 12±6 * 
5 3.65.:0.20 0.35±0.05 lO±l • 

Mean:' 3.32±0.64 0,27 ± 0,08 8±2  • 

Data are means+S E for five experiments. 
* Significantly different (/" < 0.05) from 0. 

p lacen ta l  p r epa ra t i on .  S I T S  was  subs t i tu ted  for  D I D S  
a t  the  same  c o n c e n t r a t i o n  (0.5 raM).  The  degree  of  
i n h i b i t i o n  observed  was  no t  s ignif icant ly  d i f fe ren t  (da ta  
no t  shown) .  I n h i b i t i o n  of  sulfa te  up t ake  by  D I D S  was  
c o n c e n t r a t i o n - d e p e n d e n t  (Fig.  2), w i t h  an  a p p a r c n t  in- 
h ib i t i on  c o n s t a n t  ( K i )  for  D I D S  of  a b o u t  10 - 4  M.  N o  
i n h i b i t i o n  o f  A I B  up t ake  was  observed.  

Concentration dependence of sulfate uptake 
S a t u r a t i o n  analysis  was  conduc t ed  on  the  D I D S - i n -  

h lh i t ab le  c o m p o n e n t  in  the  presence  of  1 m M  i n h i b i t o r  
wi th  sulfa te  c o n c e n t r a t i o n s  in  the  physiological  r a n g e  
(Fig.  3). Sa tu ra t i on  was  n o t  observed  a n d  Eadie-Augus-  
t insson  t r a n s f o r m a t i o n  ( In se t  Fig. 3) d id  no t  ind ica te  a 
s ingle af f in i ty  u p t a k e  m e c h a n i s m .  T h e  variabi l i ty  be-  

i • SO4 

2 O- ,~ o AI8 

C,  Co 

1.0- 

5 

0 0 .  "q~l ! 

0 - 5  - 4  - 3  
LOG I DIDS] ( M ) 

Fig. 2. DIDS iluabaion of uptake. Slice were prelncubalEI for 60 rain 
with DIDS in either BSM (o) or sucrose medium (If. Slices were then 
transferred to idenlical media containing either 3H-AIB or Na 23~SO4, 
respectively (both at O.I mM concentration and 2.10 ~ dpm label/m1 

or medium. 
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Fig. 3. Concentration dcpenden~ of sulfale uplake. Shown are up- 
takes from two diffc~nt experiments (cloud and open circles). Inset: 

Eadie-Angustinsson transformation. 

tween placenta l  p r epa ra t i ons  was sufficient  to  p rec lude  
ca lcula t ion  o f  specific af f in i ty  constant(s)•  

Effects o f  cations ( H  +, ?Ca +, K +) 
In  the  sucrose m e d i u m ,  concen t ra t ive  u p t a k e  of  

sulfate  bu t  no t  A I B  is s t rongly  s t imula t ed  b y  h y d r o g e n  
ion (Fig.  4). Sulfa te  showed  a modes t  d e p e n d e n c e  o n  
the  buf fer  used b u t  the  up t ake  was m o s t  m a r k e d  in  
c i t r a t e -phospha te  buf fe r  a t  p H  4.2. A t  lower  p H  values,  
sulfate  up t ake  decl ined,  bu t  m a r k e d  increases in  ap -  
pa ren t  E C W  vo lumes  sugges ted  t h a t  t issue viabi l i ty  was  
compromis ed  ( d a t a  no t  shown) .  

The  presence  of  chlor ide  salts  in the  sucrose  m e d i u m  
inh ib i t ed  sulfate  up t ake  s ignif icant ly  (Tab le  IV).  A t  
physiological  concen t r a t i ons  o f  K + (5 r e too l / I ) ,  the  
inh ib i to ry  effect was  less t h a n  1070. S imi lar  concen t r a -  
t ions  of  NaC1 well  be low the  physiological  r a n g e  of  

10" ~ Imt S04 . ~ ~ ,  Oo AIB 8" 
6- 

C : C  U 

4- ,, 

~-~-----o~-~..?:.~::~ 
, . ; , ~  ~ , ~ ,  

pH 

Fig. 4. EIfect of pH on SO 4 ( t  O) and AIB (D, o)  uptake in pla~ntal 
slices incubated using I0 mM Tris-Pipes buffer (squares, pH 6.5 to g) 
or citrate-phosphate buffer (~Jreles, pH 4 to 6•5) with Na23~SO4 (0.1 
raM; 2-106 dpm/ml) w~ added to the medium. Isotopic dislribution 
rati~ (Ci/C,,) are plolted against the pH measured in each vial 

before addilion of slices• 

TABLE IV 

Effect of chloe+de salts on .mlfate uptake in sucrose medium 

Slie~ were in~bated in sucro~ medium with NaCI or KCI replacing 
sucrose to maintain isomolarity. Uptake was measured with O.l mM 
Na :SOn containing ~SO 4 (4.10 ~ dpm/ml). The data are expressed as 
means±S.E, for three slices, the uptake ratio (Ci/C,,) with no salt 
added w~  3+03 4- 0.29. 

Final salt Uptakt: of $ of control 
Cone. (mM) NaCI KCI NaCI+ KCI 

2.5 79+ 6 97+3 
5.0 85± 3 90:t:3 76z~5 

l0 49±10 80:1.3 82±6 
20 454- 2 624-2 554-1 
40 424- 3 54±4 

J Added in cquimolar amounts (e.g. 2.5 mM NaCI-2.5 mM KCI for 
final concentration of 5 mM, etc). 

1 2 0 - 1 8 0  m m o l / 1  were  m o r e  inh ib i to ry .  M i x i n g  exper i -  
m e n t s  (Tab le  I V )  d id  no t  ind ica te  synergis t ic  i n h i b i t i o n  
by  cat ion.  T o  e x a m i n e  ch lo r ide  a n i o n  as a n  inh ib i to r ,  
u p t a k e  was c o m p a r e d  in  separa te  e x p e r i m e n t s  ( t i t r a t ed  
to  p H  6.5 w i t h  K O H  or  N a O H )  w i t h  Pipes  a n i o n s  
r ep lac ing  chlor ide•  W i t h  10 m M  K + presen t ,  the  inh ib i -  
t ion  a m o u n t e d  to 35% (Ra t ios  of  4.98 + 1.25 a n d  3.22 4- 
6.41 for  K + - P i p e s  a n d  KCI ,  respectively) ,  wh i l e  for  
Na+-P ipes ,  the  i n h i b i t i o n  was  75% (Rat io~ o f  2.25 4- 0 .20 
a n d  0.56 _+ 0.01, respectively)• 

140" 
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% 80" 
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100" 

% 80" 
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604 ~ + 

t ~  
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Fig. 5, Effect of ouabain and DIDS on SO 4 and AIB uptake in 
bal~zced salt medium (BSM, left) and sucrose medium (righ 0. Sli~s 

were incubated for I h in medium containing edh~ 0.5 mM DIDS or 
0.1 mM ouabain or both. They wore Ihon transferred to idenlical 
medium with added O.1 mM Na2SO 4 (hatched bars; 2"10 ~ dpm/ml)  
or 0.1 mM AIB (sheded bars; 5.106 dpm/nd) (* P<O,OS; 

** P < 0,0l). 



Effect of ouabain 
At 1 mM concentration, ouabain significantly in- 

hibited concentrative uptake of AIB from balanced salt 
medium to 61% of control and inhibited equilibrium 
uptake to the same degree [Fig. 5, lower panel). This 
inhibition was largely independent of DIDS. However. 
ouabain had nt,, inilibitory effect on concentrative up- 
take of sulfate from the sucrose medium or equilibrium 
uptake from the salt medium, and did not affect the 
inhibition of sulfate uptake by DIDS. 

Discussion 

In mammals, inorganic sulfate is non-uniformly dis- 
tributed throughout extra- and intracellular spaces. Ex- 
cess sulfate formed from sulfur amino oxidation is 
excreted in the urine but the extracelhilar pool is main- 
tained by renal reabsorption [3,19]. Net uptake by the 
tubular epithelium depends on Na+-dependent active 
transport in the luminal membrane, with the accu- 
mulated sulfate diffusing passively from the intracellu- 
lar to the peritubular space via an anion-exchange sys- 
tem in the contrahiminal membrane. This system and 
the one found in gut are functionally related to the 
asymmetric localization of transport systems in absorp- 
tive epithelial plasma membranes [20]. 

The placental syncytiotrophoblast also serves as an 
absorptive epithelium, transporting essential nutrients 
from mother to fetus, including sulfate. Animal studies 
suggest that maternal pools supply sulfate for the fetus. 
However, concentrations are about 7% higher in human 
cord blood than in maternal samples [6]. This led us to 
consider that sulfate transport across the placenta might 
be driven by a transport system akin to the Na  ~-depen- 
dent systems in gut and kidney. However, sulfate trans- 
port in properties brush-boL'der membrane vesicle 
(BBMV) preparations isolated from human placenta are 
in keeping with an anion exchange system. These prop- 
erties include: lack of stimulation by sodium, trans- 
stimulation by bicarbonate and other anions, and in- 
hibition by anion-transport inhibitors, such as SITS and 
D I D S  [2,7,23-25]. 

Extrapolation of these findings to the human fetal- 
maternal unit depends on  several assumptions, includ- 
ing negligible metabolic conversion of sulfate in intact 
tissue under physiological conditions and lack of par- 
ticipation by other cell types - notably the cyto- 
trophoblast and trophoblast mesenchyme - m the trans- 
port process. We have used incubated placental slices to 
assess sulfate transport in intact placental tissue. As 
others have reported for both renal and placental slices 
[8-10,15,26], uptake of the non-metabolizable amino 
acid marker, a-aminoisobutyrate (AIB), is concentrative 
and inhibited by ouabain. These results are consistent 
with the presence of a specific Na+-dependent amino 
acid co-transporter in the placental brush-border [12,14] 
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and rule out major contributions by any contaminating 
erythrocytes, which do not concentrate AIB. to the 
observed uptake [271 . 

In placental slices, we find that sulfate uptake is 
concentrative only in non-physiological media, display- 
ing characteristics more consistent with a H ~-depen- 
dent. Na Mndependent transport mechanism, inhibita- 
bie by compounds specific for anion exchange path- 
ways. There is no evidence for sulfoesterification, mak- 
ing metabolic conversion an unlikely mechanism of 
uptake under these conditions. 

In isolated BBMV, sulfate transport occurs by 
anion-exchange at physiologically relevant concentra- 
tions (0.1-0.5 mmol / I  sulfate) [2,7,23 25]. Saturation 
kinetics are compatible with a single tranporter [23], but 
residual uptake has been observed even in the presence 
of excess amounts of anion transport inhibitor [23,25], a 
finding we have also noted in the intact slice. Whether 
this represents an alternative protein-mediated pathway 
of low affinity such as that seen in fibroblasts [28] or a 
passive diffusion component has not been determined. 
Our slice data also indicate that the DIDS-sensitive 
component of uptake is not kinetically homogeneous 
over the physiological range of sulfate concentrations. 
which differs from our observations in renal slices [15]. 
Other investigators have found that the renal con- 
tralumiaal membrane recognizes three different sub- 
strafe specificities for anion transport [20,21]. All three 
systems catalyze sulfate transport to differing degrees 
and all are inhibited to some extent by the distilbene 
sulfonates. Saturation kinetics in other intact-cell pre- 
parations, including fibroblasts, transformed astroglial 
cells and hepatocytes [28-30], indicate similar hetero- 
geneity, compatible with at least two kinetically dis- 
tinguishable transport systems. Our data would extend 
this kinetic heterogeneity to intact placental tissue, a 
conclusion supported by immunochemical evidence for 
different placental isoforms of band 3 anion-transport 
protein at the brush-border and the basaMateral surfaces 
of human placental syncytiotrophoblast [31]. 

Taken in concert with in vitro studies of placental 
BBMV [2,7], our findings in intact placental slices indi- 
cate that concentrative sulfate uptake by the fetus, as it 
occurs in vivo, utilizes mechanisms other than the trans- 
membrane sodium gradient that allows concentrative 
uptake of other nutrients, such as glucose and amino 
acids. 
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