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Taurinc, a sulfated ~-amino acid, is conditionally cssentiai during development. A maternal supply of taurine is necessary fi~r 
normal fet'd growth and neurolog~c development, suggesting the importance of efficient placental transfer. Uptake by the 
brush-bordcl membrane (BBM) in several other tissues has been shown to be via a selective Na '-dependent carrier mechanism 
which also has a s,~ecific anion requirement. Using BBM vesicles purified front the human placenta, we bavc confi:~r~ed the 
presence of Na '-dependent, carrier-medmtcd taurine transp~wt with an apparem K,, of 4.1111-I-I}.22 # M  and a V,,,,,., t~f 
1 !.72-t).36 pmol mg i protein 211 s i. Ani~m dependence was examined under voltage-clamped conditions, in order to minimize 
the contribulion of membrane ~ tcn t ia l  o transport. Uptake was significantly reduced when anions :',uch as thiocy~mate. 
gluconate, or nitrate were substituted fi~r C I .  in addilion, a CI -gradient alone (tinder Na'-equilibratcd condilions) could 
energize upiuii tnmsporl as evidenced by accelerated uptake 13.13 + 11.8 pmol mg ~ protein 211 s ~) and an m'clshoot comnarcJ 
to Na ' ,  C I  equilibrated conditions 11t.611 + 11.116 pmoi mg i protein 211 s i). A CI -gradient (Na'-equiiibrated) also stimulated 
uptake of [~H]taurinc ag~:inst its concentration gradient. Analysis of uptake in the presence of varying concentrations of external 
CI suggested that I CI ion is involved in N a ' / t a u r i n e  cotransport. We conclude that Na °-dependent laurine uptake in the 
placental BBM has a selective anion requirement fin optimum transport. Thi,~ princess is clcclrogcnic and irvolves a 
stoichiomet~ of 2: I : I ftq* Na ' /C I  / taur inc  symport. 

!ntroducti0~- 

Taurine, 2-aminoethane sulfim|c acid. is a sulfur- 
containing #-amino acid and the relatively inert end- 
prt~uct of methionine and cysteine metabolism. Re- 
cent interest has ft~cu,~ed e~,;: the role of taurine as a 
conditionally essential amiao acid in the developing 
fetus and newborn. Taurine "tccumulates rapidly during 
gestation, particularly in the fetal b~'ain and liver, and 
these relatively high levels arc maintained in the imme- 
diate pnstnatal period [i-4]. Many developing animals, 
including man, h~we a limited capacity for endogenous 
biosynihesis of taurlne due ia~:,:ely to decreased act!,,ity 
of the rate-limiting enzyme cystt:ine sulfinic acid decar- 
bexylasc [4.5]. These observations would imply an im- 
portant role for placental transfe~ of taurine duri,ag" 
gestation, 
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Transport of taurine across other epithelial mem- 
branes has been well characterized and involves a 
relatively high-affinity, Na+-dependent, carrier-media- 
ted process which is specific for #-amino acids [6-10]. 
in addition, a chloride requirement for taurine uptake 
has also been demonstrated ill several tissues, includ- 
ing liver [6], brain [8], kidney [11,12] and in Ehrlich 
ascites tumor cells [7]. Two recent studies, using highly 
purified membrane ~esicles, have established the pres- 
ence of a high affinity, Na+-coupled /~-carricr system 
in the brush-border membrane o[ the human placenta 
[13,14]. The initial study t:0y Miyamoto et al. [13], sug- 
gested that taurine transport was also coupled to CI-. 
Karl ,n~ Vi~her [14] fu~i~cl ~ examined the CI- depcr~- 
dency of the transport process controlling for changes 
in membrane potential. Under these ,~onditions, they 
were unable to demonstrate any specific CI--gradient 
stimulation, therefore concluding that the Ci- effect 
described by Miyamoto et al  was due 19 nonspecffic 
changes in the membrane potential during transport 
and not to a direct effect of the anion itself. Our study 
substantiates the specific C!- dependence of taurine 



transport in human placental brush-border membrane 
vesicles a~d further examines the: CI- stoichiometry of 
Na +/taurine symport. 

Materials and Methods 

Material~ 
[3H]Taurine 117-30 Ci/mmol) was obtained from 

Amersham (Arlington Heights, IL). N-2-Hydro×yethyl- 
piperazine-N'-2-ethanesulfonic acid (Hopes), phenyi- 
methylsulfonyl fluoride (PMSF) and bovine serum al- 
bumin were purchased from Sigma (St. Louis, MO). 
All other chemicals from commercial sources were of 
reagent grade or the highest grade available. 

Preparation of membrane rcsicles. Microvillus mem- 
brane vcsic!es were prepared by a modified magnesium 
precipitation method [15], Full-term placentas from 
normal vaginal deliveries were obtained within l h of 
delivery and placed on ice. All subsequent steps of 
fractionation were carried out at 4°C. Alter blood 
vessels and supporting stroma were excised, tile re- 
maining tissue (approx. 150 g) was washed three times 
with, and suspended in, 251} ml of Buffer A (300 mM 
manni,tol, 0.1 mM PMSF, i0 mM Hepes-Tris, pH 7.4). 

~ This crude homogenate was stirred for 30 min and 
then filtered through 4 layers of gauze. The filtrate was 
centrifuged at 9150 × g for 20 rain and tke supernatant 
then centrifuged at I00000 x g for 30 rain. The pellet 
from this centrifugafion was resuspendcd itl 30 m! of 
Buffer A with MgCI 2 added to a final concentration of 
10 raM. The suspension was stirred for 10 min, cen- 
trifuged at 9150 x g for 21) min and the resulting super- 
natant centrifuged at 100000×g for 31) rain. This 
pellet was resuspended in Buffer A and again cen- 
trifuged at 100000 x g for 30 rain. This step was re- 
peated three times and the final pellet was resus- 
pended in the desired transport- or suspension buffer. 
Membrane vesicles were maintained on ice at 4°C and 
all experiments were performed within 48 h of prepa- 
ration. 

Transport studies. Uptake of ['~H]taurine was mea- 
sured using a Millipore filtration technique previously 
described [16]. 20 ttl aliquots of membrane vesicles 
(69-129 tzg of protein) in suspension solution were 
equilibrated in a water bath at 25°C for 2 rain. Uptake 
was initiated by the addition of 8(1 #! of incubation 
solution containing [-~H]taurine. Conditions for 
p~'e[oading vesicles and specific constituents of suspen- 
sion and incubation buffers are outlined in the legends. 
All suspension, pre-incubation and i~cubation solu- 
tions had a pH of 7.4 and were adjusted to the same 
osmolarity with mannitol. Uptake was halted by the 
adUition of 3.0 ml of ice-cold stop solution to the 
sample, which was then filtered through a 0.45 #m 
Millipore filter (HAWP, Millipore, Bedford, MA)and 
washed with additional stop solution. All stop solutions 

75 

were adjusted to the same pH ana osmolaritv as the 
final reaction buffer. All uptakes were corr~:cted for a 
blank obtained by adding stop solution to the mem- 
brane aliquot before addition of the isotope. The filter 
was rendered transparent with Optifluor LSC cocktail 
(Packard Instrument, Downers Grove, IL) and counted 
in a Pharmacia LKB scintillatien counter. 

In experiments in which the membrane potential 
o 

was clamped, uptake was measured in the presence of 
511 mM K + gluconate (or KCi) and valinomycin (5 
/,tg/mg protein) inside and outside of the vesicles. 
Vesicles were preloaded by suspending in 30-40 ml of 
the pre-incubation buffer, collected by centrifugation 
at 100000 ×g  for 3(1 min and then resuspended in a 
::mall volume of the pre-incubati~3n solution. Vesicles 
were then allowed to equilibrate further for 2 h at 
room temperature. 

Data points represent a minimum of three uptake 
determinations from at least three different membrane 
preparatio~Is unless otherwise indicated. 

Enzyme analysis and protein determination. Activity 
of the microviilus membrane marker enzyme alkaline 
phosphatase was measured according to the method of 
Pekarthy etal.  [17].,, Na +/K + adenosine triphosphatase 
(Na+/K+-ATPase)! activity was determined using the 
method described lt~y Scharschmidt [18] and NADPH- 
cytochrome-c redu?tase by the technique described by 
Sottacasa et al. [19]. Protein concentration was deter- 
mined according to Lowry et al. [20], using bovine 
serum albumin as :the standard. 

Data analysis. Kinetic constants were derived using 
a weighted least-squares fit of individual data points to 
a rectangular hyperbola with the aid of a computer 
[21]. Differences of uptake rates of [~H]taurine were 
compared using Studcnrs t-test [22] and significance 
defined at the 1'<0.95 level. Data are expressed as 
means + standard error of the mean (S.E.). When not 
slaown in the figures, standard error bars are contained 
within the symbol. 

Results 

The purity of the microvillus preparation was veri- 
fied by enzyme marker analysis. There was a 28-fold 
enrichment over homogenate in the brush-border en- 
zyme alkaline ptiosphalase (Tab!~, I). In contrast, the 
prepara:,ion was ~1ot enriched in the bas:)latera~ marker 
N a + / K + - A T P a s e  or the micro,,,omal enzyme 
NADPH-cytochrome c-reductase. 

The presence of a Na+-coupled transport system in 
the membrane preparation was confirmed by measur- 
ing the lime-dependent uptake of [3H]taurine in the 
presence and absence of an inwardly direcled Na ' -  
gradient and by kinetic analysis. Imposition of all in.. 
wardly directed 100 mM Na+-gradicnt resu'.tcd in stim- 
ulation ( f  taurine uptake compared to uptake in the 
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TABLE ! 

Marker en.3'me ac~il'itit's of  phwema( homogo;ate and micnn'illus 
membrane pr,,paration 

Enzyme tlomogenatc Membrane Enrichment 
(Gild) 

Alkaline phosphatase 
(#molmin -~ mg -z) 0.375,+0.1H5 10 725 + (1.(}92 28.6 

Na +/K +-ATPase 
(p, mol min ~ mg t) 0.2(H +0.1}19 0.1112+_(1,tX16 0.(16 

b .ADPH-cy tochrome-c  
reducta.~ 
tnil,tll rain i m g  i) 44.1 +_2.9 19.4 +_ !.2 0.44 

presence of  a K+-gradient w!th a transient 20-f i } ld 
accumula t ion  o f  substrate abov,.: the e q u i l i b r i u m  value 
( 'overshoot ' )  (Fig. !). Na+-dependen t  uptake,  de f ined  
as uptake in the pr, esence o f  a Na~-g rad ien t  minus  
uptake in the p='csence o f  a K* -g rad i cn t ,  was l i n e a r  
from (I to 30 s (r = 0.99), therefore, initial velocities 
were determined at 21) s. 

The efk',ct of membrane potential on taurine trans- 
port was examined by preloading the vesicles with K ÷ 
glueonate in the presence of the K + ionophore valino- 
mycin and then measuring uptake of [3H]taurine with 
an inwardly directed 100 ml~ Na*-gradient. in the 
presence of an outwardly directed K'-gradient,  valino- 
mycin accelerates the efflux of K. ' ,  inducing a transiem 
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Fig. 2. Effect of membrane potential on the uptake of ['~lt]taurin¢, 
Membrane vesicles were su,~pended and pre-incuha;.ed h~i 2 ,'.l at 
rt,~m temperature in 350 mM mannitol, 10 mM tiepcs-Tris (pit 7.4) 
(o) or 50 mM K' gluc~nate. 250 mM mannitol, II1 mM Hepes-Tris 
(ptt 7.4) (e and 1:3) with valinomycin in ethanol added 1o a final 
concentration of 5 ~u,g/mg protein. 211-#1 aliquots of membrane 
vesicles were then incubated at 250( ̀ for the time intervals indicated 
with 8tl p.i of incubation solution with a fired extcavesicular concen- 
tration ~in I(X) p.li of ! p,M [~liJtauri=~e, I(10 mlW,1 NaCI, 10 mM 
Hepes-Tris (pl l  7.41 and 10 mM K '  glaconate, 130 mM mannitol 
(e), 50 mM K '  gluconate, 50 mM mannitol (ElK or 151) mM 
mannitol (c~). Uptakes represent the means + S.E. of triplicate deter- 

minations from three separate membrane preparations. 
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Fig, !, T imed uptake o f  [~ l | ] taur in¢  hy placenta brush-I'~wder mere- 
brant: vesicles, Membrane vesicles (2~) #1) in a suspension buffer of 
300 mM mannitol, il| mM Hepes:Yris (pH 7.4) were iacubated 
at ~'~°C for the time intervals indic;~ted with 80 p.I of incubation 
buffer with a final extravesicular co=~centration (in liE) #1) of 100 
mM NaCI (e) or 100 m~,'~ KCI (o~, 100 mM mannitol, l0 mM 
Hepes-Tris (pH 7.4) and ! /tM [~lt]tauriae. Uptakes represent ~he 
means _+ S.E, of triplicate determinations from three separate mem- 

brane preparations. 

negative intravcsicular potential. These data are com. 
pared with upiakc measured under "voltage-clamped' 
conditions in which intra- and extravesicular concen- 
trations of K + with valinomycin were equal and with 
control uptakes measured in the presence of valino- 
mycin but without K + in the buffer solutions. As 
shown in Fig, 2, a negative intravesicular potcntia~ 
significantly enhanced the initial rate and peak uptake 
of taurine compared with !_,ptake under control condi- 
tions. In addition, claml~ing the membrane potential at 
zero resolted in a significant decrease in the initial 
velocity of taurine uptake, as compared to control 
values. These data suggest that transport is sensitive to 
the electrical potential across the membrane. 

The kinetics of Na +-dependent taurine uptake were 
performed by measuring iniiial uptake velocity (20 s) 
over a range of concentr~tio~ls from 0,5 to 100.0 ~M. 
For these studies, the poteritiai across the membrane 
was clamped at zero to minimize the effect of trans- 
membrane potential on carrier-mediated uptake. Na +- 
dependent ta,Jrine transport was sa!urab!e (Fig. 3) and 
a single carrier system was described (inset, Fig. 3) with 
a calculated apparent K m of 4.00-i-0.22 /zM and a 
l/re,,, of ! 1.72 + 0.36 pmol rag- i protein 20 s-  l. 
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Fig. 3. Kinetics of Na)-dcp~.ndent taurine uptake by phlcental 
I~rush-border membrane vesicles. Membrane vesicle,~ were sus- 
pended alRI pre-incubated at r(mm temperature for 2 h in 251)mM 
mannitol, 51) mM KCI, I ~; mM llepes-Tris (p l i  7.4) and valinomycin 
(5 ~g/nlg protein). 2()-p,I aliqgols of membrane ~esicles were then 
incubated at 25°C for 211 s (initial velocity) wilh 80 p,I of incubation 
buffer will) a final extravesict:lar concentration (in 11}0/zl) of 50 mM 
KCI, 51) mM mannitol, 10 mM ltcpe,:-Tris (pH 7.4) and either I()0 
mM NaCI or an additional !110 mM KCI and concentrations of 
taurine ranging from 0.5 to i111) /.tM with [31t]taurine its a tracer. 
Na +-dependent ;uptake was defined as uptake in the presence of a 
Na+-gnldient minus u.ntakc in the presence of a K*-gradient. 
Weighted least-squales fit of individual data points to a rectangular 
hyperbola was perG)rmed with the aid of a computer. The Eadie- 
Hofstee transform;~tion of the data is shown in the inset. Data points 
represent the means ± S.E. of multiple determinations ;.~t each con- 

centration from several membrane preparation:;. 

The  ion requiremew,~ of  the car r ie r  sys tem .~.ere 
then  examined  in more  detail ,  in a g r e e m e n t  with previ- 

ous  studies,  the t r anspor t  process  had an absolute  

l e q u i r e m e n t  for Na  +, with subst i tut ion of  o t h e r  cat ions 

( l i thium, ci~oline, K +) resul t ing in minimal  up t ake  un- 
..,]er voitage-ch~mped cnndi t ions  (Table  !I~. T h e  Na +- 

~radient ,  not just Na  + pe r  se, was requir t :d  to energ ize  
uphill  t r anspor t  of  t aur ine ,  since no overshoot  could be 

d e m o n s t r a t e d  u n d e r  NaCl -equ i l ib ra ted  condi t ions ,  al- 
though  up take  was significantly e n h a n c e d  over  that  

ob t a ined  in the absence  of  Na  ~ (Fig. 4). 
In addi t ion t ( : )Na +, there  was also a specific anion 

r e q u i r e m e n t  for o p t i m u m  t ranspor t  funct ion.  Wi th  the 

except ion  of  B r - ,  subs t i tu t ion  of  C l -  with o t h e r  anions  
resu l ted  in substant ia l ly  dec reased  up t ake  and  loss of  

the  overshoot  (Table  I l l ) .  U p t a k e  in the  p re sence  of  
B r -  was  qualitatively" similar,  but  the re  was  still a 

s tat is t ical l)  significant dec rease  in up t ake  velocit ies,  as 

c o m p a r e d  to those in the  p resence  of  a C l - - g r a d i e n t .  
This  s t imulat ion was  not  specifically d ic ta ted  by anion 

permeabi l i ty  or  e lectr ical  effects  since the  m e m b r a n e  
poten t ia l  was again  c l a m p e d  for these  exper iments .  
] e c a u s e  these  resul ts  con t rad ic ted  those  previously 

r e p o r t e d  by Karl  and  F isher  [14], we r e p e a t e d  these  
expe r imen t s  usm~ K S C N  r a t h e r  than  K + g lucona te  to 

TABLE I! 

Efh.ct of  catum suhstitutum on the uptake o]'l¢ttltaurine (I # M) 

Membrane vesich:s were suspended and pre-incubaled at room tem- 
perature for 2 h in a buffer of 51) mM K ) gluc,.)nate. 250 :uM 
mannil(,!. 10 mM Ilepes-'rris (pit 7.4) and valinomycin (5 /zg/mg 
protein). 21)-#1 aliquols were then incubated at 25°C for the desig- 
nated time intervals in 80 /!.! of incubation buffer with a final 
exlravesicular concentralion (in 100/zl) of 101) mM C I ,  100 mM of 
the cation indicated, 51) mM K ~ gluconate, !11 mM ltepes-Tris (pit 
7.4) and I #M 131t]laurine. Data represent the means~:S.E, of 
triplicate delernlimitions from two sepantte membnme preparations. 

Cation Uptake (pmoi mg i protein) 

21) s 15 rain 31)~t min 

NaCI 6.57_+_(I.14 95.1)0_+4.50 13.90±0.44 
KCI 0.14 ± 0.04 " 2.82.~ 0.14 9.21 t (1.45 
Li('l 0.22 + 0.03 " 2.1g ±0.07 t) %):t 0.3() 
('hol]nc chloride (i.I I _+ ().02 " i.,% ~: 0.18 8.35 _+ILl? 

;' P < 0.i)l)l compared Io Na('l. 
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Fig. 4. Effect of Na* and C I  on timed uptake of [~Hjlauri,", ' 
Membrane vesicles were suspended in b,~ffer:~ containing 50 mM K' 
~luc~,aat~;. l u m ttepes-Tris (pit 7.4), valinomycin (.~ /zg/mg proteii:) 
and the following: (I), 250 mM mannitol; (2), 100 mM Na ~ glu- 
conate, 50 mM mannitol; (3), 100 mM choline chloride~ 50 mM 
mannitol and (4), l(10 mM NaCI, 50 mM mannitol. %,alinomycin ~,as 
added (5 #g/mg protein) and the membranes were pre-incubated at 
room temperature for 2 h. 2()-/zl-aliqu,)t,, ol membrane wele then 
incubated at 25°C for the time intervals indicated in 80 /zl of 
incubation solutions containing 50 mM K + gluconate, i0 mM 
Hepes-Tris (pH 7.4) and the following: (A), 125 mM NaCI (suspen- 
sion i); ([]), 100 mM NaCI, 25 mM choline chloride (suspension 2); 
(m), i00 mM NaCI, 25 mM Na ~ gluconate (suspension 3); (<)). 10l) 
mM NaCI, 50 mM mannitot (suspension 4) and (e), 125 t.M choline 
chloride (suspension I) with 1.25/~M ['~H]taurine :~dded (fin~,l con- 
centration 1 ~M), The final co,centration of Na + and/or CI (in 
100 #!) was lq0 mM. Data points represent the means±S.E, of 
triplicate determihatiu,s from two separate membrane preparations 
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TABLE !!I 

Effect of anion substitution on the uptake of/'~H]taurine ( i /~  M) 

Membrane vesicles were pre-incubated and uptake was measured as 
in Table Ii. Incubation buffer (80 ,u.I) was added with a final 
¢xtravesicular concentration (in I(X) #11 of 100 mM Na +, 100 mM of 
the anion indicated, 50 mM K" gluconate, !0 mM Hepes-Tris (pH 
7.4) and I g,M ['~H]taurine. Data represent the means +_ S.E. of 
triplicate determinations from two separate membrane preparations. 

Anion Uptake (pmol mg- ~ protein) 

20 s 15 rain 3(X) min 

NaCI 6.57~0.14 (,~5..',~) ± ~.50 13.9(~± 0.44 
NaBr 4.67±0.31" 77.31 ± 6.Ill 13.99±0.40 
NaSCN 2,24 ± 0,33'" 1923 ± 1,47 12.84 ~ 0.24 
NaNO~ 0,65 ±(I.14" 14.70±0,19 16,45 ±(I.51 
~)dium cyclam;m: 0.24 ± 0.1)2 " 4,76 ± ll,4(~ 11.51 ± 0.84 
Sodium gluconat~ l),30 ~ (I,~O" 2.2~ ± (l.22 ~.Sll ±11.13 

" P < l),lgll compared to NaCI. 

clamp the membrane potenzi:d~ pre-incubating the 
vesicles at 37°C for 30 rain and measuring uptake in 
the presence of ,= 50 mM rather than 100 mM ion 
gradient as described in their study. Uptake rates were 
Iowe: ~ using this experimental design, however, a signif- 
icant difference in uptake in the presence of a NaCI 
gradient, as compared to a NaSCN gradient, was again 
demonstrated (Table IV). 

Uptake was then measured under Cl--equilibrated 
anti O--gradient conditions, in the presence and ab- 
sence of Na with the rr~embrane potential clamped. 
As shown in Fig. 4, uphill transport of tz~urine could be 

TABL'2 IV 

('(mq~m.~on o]" the ¢ffi'ct.~ o[ a ( "1 rs. a S('N .qradicnt on uptake oJ" 
I'~liitaurin¢ t I p MI in the pr(,.wm'e ,m l  ah.wm'e o[ Na " 

Membrane vesicles were ~us~ndcd in buffer containing 511 mM 
KSCN, 200 mM manni~:,~.L !11 mM HepL's-Tr~s (pl l  7,4) and valino- 
myah~ (5 ~tg,'mg protein~ and pre-incuha~,:d at 37°C t'or 30 rain. 
31-pl aliquots of vesicles were then incubated at 25°C li)r 2 min in 
incubation mlution (80 ~,11 with a final concentration (in 100 ,el) of 
50 mM KSCN + ,~1! mM NaCI, 50 mM KSCN + 50 mM NaSCN~ ¢;0 
mM KSCN, or 50 mM KCI and 10 mM Hepes-Tris (pH 7.41 with the 
osmolarity adjusted Io 310 mOsm with mannitol. Na *-dependent 
uptake was obtained by subtracting the mean t)f uptake in the 
absence of Na* from individual uptakes in the presence of Na ÷ and 
the con'esponding anion. Data represent the means±S.E, of 15 
determinations from five different membrane preparations for up- 
take in the presence of Na '  and 12 determinations trom four 
• ~parate prepara;ions for uptake in the absence of N a ' .  

Ions (50 mM ) Total 
inside/out.side 

Uptake(pmolmg ~ Na'.dependent 
protein 2 rain e) 

KSCN/NaCI + KSCN 2.17±0.12 !.47±0.12 " 
KSCN/NaSCN + KSCN i. 15 ± o.~5 .o.57 _+ 0.05" 
KSCN/KSCN 0.s8 :~ 0.03 
KSCN/KC'. 0.70__+ 0.03 

= P < 0.001. 
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Fig. 5. The effect of a CI -gradient on the uptake of ['~lt]taurine. 
Membrane ,,'e~i¢l~:; were suspended and pre-incubated at room tem- 
per~mwe fi~r 2 h in suspen'~i0fi sohttions containing I p M l'~li]taurine, 
II) mM Ilepes-Tris (pll  7.4). valinomycin (5 #g / r ag  protein) and the 
following: (I), IIX) mM Nil '  gluconalc, 50 mM K'  gluconale: (2), 
lllll mM NaCI, 5(1 mM K'  gluconate or (3), 151) mM K '  gluconate. 
20-pl aliquots of membrane were then incubatud at 25°C t't~r the time 
intervals indicated in 8(I pl  of incubation buffers ~;;.h a final cxtrav. 
esiculv.r concentration (in 10() pl)  of I uM ['~llitaurine 50 mM K'  
gluconate, 10 mM ltepes-Tris (pl l  7.4) and either IIH) mM NaCI 
(suspenskm I (1:3) or suspension 2 (o))  or 100 mM choline chloride 
(suspension 3 (o)). Uptakes represent the means_+,~].E. :,f triplicate 

determinations from three separate membrane oreparai[ons. 

demonstrated in the presence of ei~hcr a Na +-gradient 
(under CI--equilibrated conditions) or a CI--gradient 
(under Na+-equilibrated conditions), indicating cou- 
p,ing of taurinc transport witi~ both Na*- and Cl--in- 
fluxes. Uptake in the absence of Na +, even with a 
C!--gradient, was again negligible. 

To further substantiate this direo effect of the CI-- 
gradient on the transport process, uptake of[ 3 H]taurine 
(1 /,tM) was measured in vesicles prcloaded with 
I'1 - 
t" H]l;aurine'(l p,M) under Ci--gradient and CI--equi- 
librated conditions. The membrane potential was 
clamped and the vesicles were Na+-equilibrated (Fig. 
5). In the presence of an inwardly directed Ci--gradi- 
ent, ['~H]taurine accumulated against its concentration 
gradient, while uptake under CI--equilibratcd condi- 
tions (or under Cl--gradient condition:; in the absence 
cf Na +) was not enhanced beyond baseline conditions 
(measured at time 0). 

Previous studies, ill both placenta [14] and other 
epithelial tissues [7,1 I], have demonslrated a ,  approxi- 
mate 2: I Na + :taurine stoichiometry for brush-herder 
membrane transport. Because our data suggest a stim 
ulatow role for O - a s  well, we examined the stoi. 
chiometry of the interaction of CI- with the 
Na + :taurine co-transportero In voltage-cLamped vesi- 
cles, initial rates of taurine uptake (1 #M) were mea- 
sured at varying concentrations of external CI- with a 
constant extravesicular concentration of Na + (250 raM) 
and the results are shown in Fig. 6. Data points con- 
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Fig. 6° The effcc! of varying coneenlralions of  external CI Oll the 
uptake of ['aH]taurine. Membrane vesicles were suspended and pre- 
inctihaled at room lemperalure in a solution cumainmg 625 mM 
m;mnitoi, 51) mM K '  gluconale, 10 mM Hepes-'rris (pH '7.4) and 
vahnomycin (5 p,g/m,g, protein). ,.,,-,.": ''~ -..'mq"m':-, . . . . . . . . . .  n* nmmbrane were 
then incubated al 25°C for 20 s ( ini t ia l  velocity) in 80 #1 of buffet 
containing 51) mM K + gluconate, 10 mM Hepes-Tris (pH 7.4), l/zM 
[-~H]taurine (final concentration) and varying concentrations of N~ + 
gluconate and NaCi to give a final concentration of ,50  mM Na '  
and from 0 to 2.';0 mM CI- (in 100 ~1). Uptakes represent the 
means + S.E. of multiple determinations from several separate mem- 
brane ptcpi:rations. Hill plot analysis of the data points is shown in 

the inset. 

form to a rectangular hyperbola and the line derived by 
Hill plot analysis of the d~,~ta (shown in the inset) was 
defined by the equation y = 1.09x - 1.99. The slope of 
the line (1.(}9) indicates an approximate CI- / taur ine 
stoichiometry of l" 1. 

D'-:;Cussion 

Taurine appears to be essential for normal fetal 
growth and development [1-4,23,24]. The capacity for 
endogenous taurine biosynthesis in the fetus is limited, 
therefore, the placental transfer of this amino acid 
should play an important role in maintaining fetal 
taurine homeostasis. Taurine is the most abundant free 
amino acid in '~he human placenta with a concentration 
of approx. 3.5 # m o l / g  wet weight or 10.43 #mol /ml .  
This represents a significant concentration gradient 
when compared to taurine levels in maternal (0.060 
t~mol/ml) ;rod fetal (0.135 ~mol,/ml) plasma [25], sug- 
gesting active mediation of transport across placental 
membrane dor~mins. 

Transport of taurin :, across the apical membrane in 
several tissues and cell lines has been well described 
[.6-14] and involves a relalively high-affinity, Na+-cou - 
pied, carrier-mediated process specific for /3-amino 
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acids. Cl--dependence of this B-carrier has also been 
suggested in several of t;,,~se studies and is particularly 
well-defined in the renal brush-border membrane 
[! 1,12,26]. Recently, two studies have described a simi- 
lar high-affinity, Na+-dependent, fl-amino acid trans- 
port system in the human placenta using purified 
brush-border membrane vesicles [13,14]. Miyamoto et 
al. [13] suggested that taurine transport was also cou- 
pled to an inwardly directed C!--gradient. This Ci--de- 
pendence was inferred from enhanced initial rates of 
uptake in the presence of an inwardly directed Cl-  
grp, dient compared to uptake either under Ci--equi- 
librated conditions or in the absence of CI- (inwardly 
directed NaF-gradient). In the study by Karl and Fisher 
[14], the affinity of the carrier, derived from kinetic 
analysis in membrane vc;icles (apparent Kn, 6.2 ± 0.7 
IzM), was similar to that reported by Miya~aoto (6.5 ± 
0.4/z M), as were the dependence on Na + and selective 
inhibition by other/ /-am!no acids. In addition, a stoi- 
chiomet~ of 2: 1 was &fined for Na +/taurine cotrans- 
port. However, when t~ansport experiments were per- 
formed with the membrane potential clamped at zero, 
no sumu~at.,o, of up t~kc~ hy a CI--t, radient, either in 
the presenc~ or absence of Na ÷, could be demon- 
strated. From these dala, the authors concluded that 
CI- was not actively involved in transport, but served 
only a pas,~ive role dictated by anion permeability and 
membrane potential. 

Our study again supports the presence of a specific 
transport system for taurine in the placental brush- 
border membrane and the kinetic parameters defined 
by our data (apparem K m 4.00 5:0.22/zM, V,,,,~ 11.72 
5:0.35 pmol mg-~ protein 20 s -~) are comparable to 
thost, published by Karl and Fisker (Km 6 5 ± 0.4 IzM, 
Vm,,~ 24.5 :t: 0.0 pmol rag-~ protein 30 s-~). Taurine 
uptake was dependent on Na + with substitution of 
other cations, such...o"o oh,~;,,,~............, ~¢ + .,,,,t I ,~, res,,Iting in 
minimal transport. 

In contrast to Karl  and Fisher's study, we have 
demonstrated that a C!-gradient  can also stimulate 
transport of taurine across the placental brush-border 
membrane and that the concentration gradient, not 
just the presence of Ci-  alone, is required for this 
stimulation. However, even an inwardly directed CI- 
gradient could not energize uptake in the absence of 
Na +, suggesting a functional interaction among Na ÷, 
CI- and substrate at the carrier site and subsequent 
co-transport of all three across the membrane. These 
effects ~ouid not be attributed to changes in membrane 
potential, since the voltage across the membrane was 
clamped at zero in these experiments. Wheo other 
anions were substituted for CI-, again under clamped 
conditions, uphill transport could b'e demonstrateo, 
although to a lesser degree, for bromide but not for 
thiocyanate, gluconate, cyclamate or nitrate. Analysis 
of taurine uptake in the presence of varying concentra- 
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tions of external CI- (and a fixed concentration of 
Na +) suggested a stoichiometric interaction of 1 : 1 for 
Ci- / taurine transport. Since ~a~cine exists as a zwitte- 
rion at physiologic pH, a stoichiometry of 2 :1 :1  for 
Na +/Cl- / taur ine symport would be in agreement with 
the electrogenic nature of ::he transport process. 

These results differ from those reported by Karl and 
Fisher who did not demonstrate any specific Cl- effect 
when a zero membrane potential was imposed. This 
may be related to several factors. Uptake rates are 
significantly lower when the membrane potential is 
clamped. In addition, experimental conditions, such as 
pro-incubation at 37°C and measuring ua,~ke in the 
presence o | a  50 mM rather than a 100 mM gradient, 
may further lower these rates. Under thes ,c conditions, 
small but significant diffcr,:nces in uptake may be more 
difficull to deraonsiizi',e. Although the enzyme marker 
profile of our memb~:ane vesicles is similar to that 
reported by Karl anti Fisher, there ;%ppears to he 
significantly less basoi~teral membrane contamination 
in our preparation as  reflected by the l~ck of enrich- 
ment in Na+/K+-ATPase compared to an approx. 
3.8-fold enrichment in theirs. This suggested enhanced 
purity of our preparation may be sufficient to allow 
demonstration of taese significant differences in trans- 
port, even when uptake rates are decreased by imposed 
experimental conditions. 

In summary, a high-affinity, electrogenic, Na+-de- 
pendent transport system for taurine is present in the 
t~rush-border membrane of the human placenta. Our 
data also support a selective :~.:,ion requirement of this 
Na ÷/taurine symport with maximal uptake in tile pros- 
once of external CI-. Kinetic analysis of the activation 
of taurin~: uptake by CI .... is consistent with a transport 
sttJk:hiometry of 2:1:1  (Na ' /Ci - / t aur ine) .  These 
functional properties arc similar to those described for 
taurine transport in the apical membrane of other 
epithelial tissues and suggest structt, ral similarities in 
these transport proteins. 
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