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The apical and basal plasma membranes of the human placental 
syneytiotrophoblast contain different erythrocyte membrane protein isoforms. 

Evidence for placental forms of band 3 a~d speclrin * 
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Using immunochemlcal techniques, we identified forms ef  erythrocyte membrane proteins in apical and 
basal plasnla membranes of human p i a ~ n ~ l  ~'6plmMast. A wheat germ agglutinin-hlnding inti~lsic pretein 

pcesent in the mierovillom (maternal [acing) but not the basal (fetal facing) membrane of the 
syncyliotrophot~ast epithelium, Conversely, erythrocyle-related proteins of the basal membrane inelmled two 
intrinsic membcane pmCt4m, a 95000 Mr band 3 iseIorm and a form of SlX~ctrin. These four l~roleins were 
all absent from the microv~$0us me.mbrmle. The basal membrane spectrin isoform was also present in basal 
membcane skeletons, A 70eO0 M r polypeptidie which reacted with aalibodies to band 3 was present in both 
m|erovillous and basal l~qtsma membranes. Therefore, cerlain isoforms af  red cell membrane pro4eins are 
polarized between the two sut4'aces of  the hummv placental syncytiotrophoblast. We pt'o|mse that the 
loealizallon of speetrin to the basal membrane is related to the less bundled organization of microfilamenls 
at this membrane compared with that of the microvillous membrane. The band 3 isoforms are candidates fo¢ 
participation in maternofetal anion transport. 

" This investigation was completed in collaboration with Dr, 
Martin Mordson shortly before his recent death. 

Abbreviations: DMMA, dimttbyl maleic anhydride; ConA. 
concan~valin A; WGA, wheat germ asgluti~in; SDS, sodium 
tlodecyl sulfate; PBS, IS0 mM NaCI. l0 nlM sodium phos- 
phate (pH 7.4); ME, microvilIcos membra.ne e~y~htocyt~re- 
]atcd protein; BE, b~a] membrane erythrocyte-reiated prote~n. 

Correspondence (prr~nt addrc-~): O.A. Vanderpuye, Center 
for Reproduction, and Transplantation Immunology, Method- 
ist Hospital, Wile Hall, Room 116, 18th and Capital, |ndianap- 
oils, IN 46202, U.S.A. 

Introduction 

The human placental syncytiotrophoblast is a 
polarized epithelium located between maternal and 
fetal circulations. Consequently this cd] layer plays 
the major role in materuofelal physiolo$ical inter- 
actions. The polarized structure of  the syn- 
cytiotrophob[ast is in many respects similar 1o 
that of  other epithelial such as those of the in- 
testine and kidney. Thus  the syncytiotrophoblast 
is a unique model for the study of human epi- 
thelial cell structure and function. Many syncytia[ 
functions are mediated through one or the other 
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of its two plasma membranes; an apical microvib 
Ious membrane that contacts maternal blood and 
a basal membrane that faces the fetal circulation 
[1]. It is therefore important to elucidate the com- 
position of these two membranes to further our 
understanding of syncytial and indeed of epi- 
thdial e¢ll structure and function. 

The microvillous membrane is known to possess 
distinctive metabolite transport systems [2], recep- 
tor proteins [4,5] and structural proteli~s (Refs. 
6-8, see Ref. 5 for review). In contrast, the basal 
membrane is less well charaetemed but is known 
to contain a glucose transporter [3] and transferrin 
receptor similar to those of the microvilious mem- 
brane [9,10], and a hormone sensitive adenyl 
cyclase [13]. 

Although certain common and distinctive pro- 
reins of the microvlllous and basal membrane 
have also been investigated [12], knowledge of 
differences and similarities in the protein com- 
positions of these two important membranes is 
~t_,_'H !_i_m~i~ed. On the basis of previous observations 
that antibodies raised to inicrovillons membrane 
cross-react with human ery~hrocytes (Booth, A.G. 
and Vanderpuye, O.A, unpubfished observations, 
and Ref. 11) we have used antibodies to human 
erythrocyte membrane in immunochemical inves- 
tigation of the two syncytial membranes. We re- 
port that the apical and basal plasma membranes 
of the syncytiotrophoblast contain diffeTent 
erythrocyte-related membrane proteins and dis- 
cuss this finding in relation to the structural and 
functional differences between the two mem- 
branes. 

Methods and Materials 

Sources of proteins and antibodies 
Haman erythrocyte spectrin was from C-,dbio- 

chem-Behdng Corp, La Jolla, CA, U.S.A. Anti- 
bodies to band 3, were those previously described 
[24]. in brief, intact fresh red cells were digested 
with pronase to yield the 60000 M r transmem- 
brane fragment of band 3. Membranes were pre- 
pared [15], st,-ipped of extrinsic proteins using 0.1 
M NaOH extraction, washed and the proteins 
resolved on SDS gels. The region containing the 
60000 M, band 3 fragment was excised and used 
for immunization. The band 3 region of a nitrocel- 

lutose blot was cut out and used to affinity purify 
anti-band 3. Rabbit antibodies to human erythro- 
cyte spectrin were obtained from Miles Scicmifie 
(Naperville, IL, U,S.A.). Production of rabbit an- 
tibodies to human glycophorins was by a method 
similar to that used for prqaaring anti-band 3. 
Briefly, crude glyoaphorlns were prepared by the 
method of  Hamagachi and Clove [47[ and resolved 
by SDS gel dectrophoresis [19]. A strip of gel was 
cut out and stained according to Zaeharius et el. 
[48]. The band containing the $1ycophorins A, C 
and (B)~ was cut out, washed, homogenized with 
50 mM Tris-HCi (pH 7.g) and Complete Freands 
adjuvant and injected into a rabbit. 

Rabbit antibodies to human albumin, placental 
extract and erythroeyte membrane were obtained 
from Dako Corporation, Santa Barbara, CA, 
U.S.A. Agarose and reagents and apparatus for 
immunoblotting and immunoetectrophoresis were 
from Bio-Rad, Rictmtoad, CA, U.S.A. Other anti- 
bodies and all other re.agents were obtained from 
Sigma Chemical Co., St. Louis, MO, U.S.A. 

Membrane preparation and fractionation 
Syncytiotrophoblast basal and microvilious 

plasma membranes and erythrocyte membranes 
(red cell ghosts) were prepared as previously de- 
scribed [13-15]. In later preparations, a cocktail of 
pretense inkibitors was included (1 mM phenyl- 
methylsulfonyl fluoride, 1 mM benzamidine, 10 
pM leupeptin, 1 mM aprDtinin, 10 ~M chymosta- 
tin, 10 t~M pepstatin). Membrane-associated CytO- 
skeleton were prepared as described previously 
[7,8]. Extrinsic proteins were extracted with 
DMMA [61. 

Immunachemical and analytical techniques 
Immanoblotting was carried out as described 

[24 l. Membrane proteins were solubillzed for im- 
munoe, leclrophoresis by the addition of  Triton 
X-100 to 2~g (v/v)  to membranes (2-5 mg/ml  of 
prote~n) followed by ¢¢ntrifugation at 30000 × g 
for 15 min and retention of the supernatant. 
Crossed immunoelectrophoresis and tandem 
crossed immanoelectrophoresis were performed as 
in Ref. 16. Fused line immanoclectrophoresis and 
crossed line immunocloctrophoresis and staining 
of gels for acetyteholinesterase followed previously 
described procedures {17,1g,22]. Polyacrylamide 
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gel electrophorcsis in the presence of SDS was 
performed by the method of Laemmli [19]. Protein 
and acetylcholinesterase were measured speczro- 
photometrically [20,21]. 

Inununoprecipitation of membrane vesicles 
using rabbit antibodies of various specificities was 
as follows: antibodies to human erythrocyte mem- 
brane, albumin or  placental extract (0-100 #1) 
were added to membranes (50 Fg of protein) in a 
total volume of 1 ml of PBS. Incubations with 
antibodies to erythroc-yte membrane or albumin 
contained human albumin (1 rag). After incuba- 
tion for 18 h at 4 ° C  the membranes were sedi- 
mented by centrifugation (40000 × g, 15 rain) and 
washed three times with PBS. Goat antibodies m 
rabbit IgG (50 ~1 of 48.5 m g / m i )  were added to 
the resuspended pellets which were then incubated 
for 18 h at 4 ° C. At  this stage visible precipitation 
oc.¢ur~ed in some incubations. The suspensions 
were then centrifuged (3000 × 8, 5 rain) and the 
supernatants and resuspended pellets assayed for 
alkaline phosphatase activity [29]. Incubations with 
antibodies to albumin and placental extract served 
as negative and positive controls respectively. 

Results 

Identification of erythrocyte-related proteins in mi- 
crovillous and basal membranes 

in  the microvillous membrane,  two major anti- 
gens A and ME~ and two minor antigens were 
recos~ized by antibodies to erythrocyte membrane 
(Fi& IA) is crossed immunoelectrophoresis. Anti* 
gen A was identified as serum albumin by irn- 
munoelectrophoresis using specific antibodies 
(data not  shown). Basal membrane proteins recog- 
nized by antibodies to erythrocyte membrane in- 
cluded A (albumin) and three antigens designated 
BE~, BE 2 and BE3 (arrows, Fig. 1B) width were 
distinct from the microvillous antigen ME 1 in 
mobility and appearance. Crossed immunoe- 
]ectrophoresis of erythrocyte membrane proteins 
consistently yielded three major immunoprecipi- 
tares and occasionally others less intensely stained 
(arrows, Fig. 1C). Albumin was only barely detec- 
table in the erythrocyte membrane preparation 
using ant ibodies to a lbumin in immunoe-  
lectrophoresis. 

A anti E 
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Fig 1. Crossed im~unoelectrophore.~s of microviltous (MVM) 
(IA), baud (BPM) (IB) and e~throcyl¢ (E) OC) membrane 
proteins af,~tnsl a~dbodies to er~'thlx3Cyl¢ membran¢ (a~ti E), 
Triton X-100 .~oltthiliu~d proteins [K, rn 50 ~8 of sy~cytJ.il 
membrane proteins or 7 tt$ of erylhrocyl= mcrnbrarte proleia 
were applied |o the sample wells. Electrophoresh in the tint 
dimension wa_,t at 5 V/cm for 2 h (anode on sigh*) and at 1 
V/cm for 18 h m the second dimension (anode at top). The 
second dimension 8el ¢ontait~d 5 t t ] /cm 2 ot ant;Ix<lies to 
¢ojthrocyle membrane in these and subeequent experiments 

unless otherwise stated. 



280 

F.~rythrocyte contamination is not the source of the 
syncytial erylhrocyte protein analogs 

The specific activities of  aeetylcholinesterase a 
known erythroeyle intrinsic membrane protein 
[22], were 1.0 p m o l / m i n  per mg  in erythrocyte 
membrane,  0.042 p m o l / m i n  per rng in basal 
membrane and 4 n m o l / m i n  per mg in microvil- 
lous membrane. Thus in the ease of the microvil- 
ions membrane acetylcholinesterase activity was 
clearly ne#igibl¢ (250-fold less) compared with 
the erythroeyte membrane. In addition, c a ' ~  
immunoelectrophoresis gels of the proteins of  the 
three membranes using antibodies to er'ythrocyte 
membrane were stained for acetylebolinesterase 
activity. Basal and mierovfllous membrane protein 
loadings were 14-fold higher than those of  
erythrocyt¢ to achieve siufilar immunoptecipitate 
sizes for basal and et'ythrocyte proteins. A slngle 
immunopreeipitate was stained in gels of erythro- 
eyte membrane proteins but none were stained in 
gels of mierov'tllous or basal membrane proteins 
(data not shown), However, the other trophoblast 
analogs were clearly observed. This result stt 8- 
nested that the trophobla~t analogs did not arise 
from erythroeyte commi na t i on .  

Mierovilli were immunopreclpitated with t'abbJt 
antibodies to the following antigens: erythroeyte 
membrane,  albnmin and placental extract. The 
mierovillous membrane marker alkaline phos- 
pbatase 129,30] was measured in supematants  and 
pellets. (Fig. 2). Rabbit antibodies to etythroeyte 
membrane and placental extract but  not  anti-al- 
bumin efficiently mediated the precipitation of 
microvillous membrane vesicles with high ef- 
ficiency. These results i n d i c a t e d  that an erythro- 
cyte rqembrane antigen was truly present on mi- 
crovillous membrane. 

Microviltou, and basal membranes contain different 
erythrocyte membrane protein analogs 

Since the preceding immunoelectrophoresis gels 
sng[,ested that the two Sytlcytial membranes con- 
tained differem erythroeyte membrane proteins, 
the two membranes were compared by tandem 
crossed immunoelectrophoresis [16] using antibod- 
ies to erythrocyte membrane (Fig. 4). Because the 
two membrane preparations were known to con- 
taia serum proteins [12], anti-human serttra was 
included in an intermediate gel to precipitate those 
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Fig 2, lmmun0precipilafion of microvillous membrane vesicles 
by antibodies to erythrooyte membrane, placental extract, or 
al'0umin. Membranes  were incubated for 18 h a t  4 o C  with 

0-100 ~,] or antibody soludon in a total vOlan~ of l ml of 
PBS. This included 1 m S of albumin in the ¢*~e of in¢ubations 
wlb% ,~i-c~throcyt= mcmbm.ne and nail-albumin. Ve$iele~t 
were washed thl~ee tim~, with PBS and incubated for 18 h at 
# ° C .-,ith 50 pl of goat. antibodies to rabbit IgG. Vcsi¢l~ that 
had bound antibody and aggregated were ~edimented at 300) 
..~ g, 5 rain, Alkaline phosphata~e activities were measured in 
s~pifnatan~ and r e s~nded  pellet*. Incubations wife: filled 
circ le~, .a~ti-erythrocyte membrane;  fdled, squa re ,  anti~placen- 

ta ]  eYtraet; open circle~, a n t i - a l b u m i n .  

proteins (arrowheads, Figs. 4A-4C).  Thus,  the 
major syncytlal erythroeyte protein analogs were 
not serum protons.  The mierovittous-erythroeyte 

• .  : . . :  i,.: ~:i. :i: ̧ : ; "  i ̧ , 

Fi$. 3. Fused line immunoelectrophorefis of basnl (BPM). 
erythroeyle (E) and mi~ovillous (MVM) m©mbre.nc protein*. 
Eleetrophoresis waS into agmose containing antibodies to 
erythr0eyte membrane (3 j*l/¢mz). BPM (300 ,ag protein), 
MVM (2'i0 ~g protein) and E (30 P8 protein) in 300 #i of 
molt~4 , ~ r o 6 e  weXe used to  rortrt trogghs. Anode  is e,t top ,  
a x ~ s  indicate microvi/Zous membrane-erythrocyte antigens 
and arrowheads indicate basal membrane erythrocyte antigens. 
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antigen ~mmunoprcopitate (MEt)  did not  fuse 
with any of  the basal-erythrocy-te antigen im- 
munoprecipitates (BEt, BE~ or BE~) (arrow, Fig. 
4A). This result indicated that ME,  was indeed a 
distinct protein prc~;ent in microvillous hut not  
basal membrane. Likewise, the basal membrane 
anfigcas ~E~, BE z and ~E a were absent from 
microvillous membrane. 

Properties of microvillous erythrocyle-related proZeitt 
MEt 

To investigate the nature of the a s s ~ a t i o n  of  
the microvillous-erythrocyte antigen (ME])  with 
the lipid bilayer, microviHous membranes were 
treated with D M M A  to obtain extrinsic and in- 
trinsic membrane protein fractions [26,27]. The 
extrinsic protein [faction contained albumin 
(arrowheads, Fig. 5A) but ME: was present ell- 
tirely in the intrinsic protein fraction (arrow, Fi 8. 
5A). Crossed hydrophobi¢ interaction in-u-nunoe- 
lectrophoresis [28] also showed that ME t was an 
amphlphilJc protein (data not  shown). After  neu- 
r a m ~ d a s e  digestion, (2.45 U / 5  mg membrane 
protein per ml as previously described [12]), the 
ME 1 precipitate was absent and a new cathodi- 
tally migrating amige~ appeared in its place 
(arrowhead, Fig. 5B). This reversal of  electro* 
phoretic migration suggested that ME~ was a 
heavily sialylated protein, the polypeptide chain of  
which carried a net positive charge. 

The glyc,3protci~, ~a~r~. of ME, ,.v~ ~_~dition- 
ally demonstrated by crossed lectin affinity im- 
munoclcctrophoresis [17]. In the presence of  
WOA-asarose, the ME] inununoprecipitate was 
absenL indicating that the antigen had bound to  

mti HS 

Fig, 4, ~A) Tandem ,~ossed t~mnocl~o~OfCSiS of bxgfl: 
(BPM) and n~o~illcms (MVM). Membrane proteus 
e|eclmphoresed ;.~ot~ an intermediate gel containing ant/- 
b~di~ :o ~ , ~  ~efum (anti HS, 2 ~l/¢r~} and ~hen in~ 
a $ a ~  containing an|Lbodi~ to erythrocy~ mcmbr~. Arrow 
indlcales ~a~l~on of non*klenfity. BE,-BE~ are basal antlgms.! 
and ME t is ~, ndcrovillous anfi~n. (B and C) Crc_~.d im- 
muu~le~tropborc~s of mi~rovi]Ious (C) and Io~al mcmbrmu~ 
proteins (B) was pc~fc~n~ th.roush antibodics 1o human ~ 
and into antibodies to erythr0cyte membrane proteins 
(arrowheads, ~-t3tm proteins). The mictovil]o~ antigen M~. 1 
ar~ ~e basal anti~e-os I3E;. I~I~= aad I~E~ ate n~t ~erttm 

protelas. 
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Ftg. 5. (A) Crossed immunoeleetrophoresis of microvillous extrinsic prolein~ (E.,t) released by DkIMA and intrinsic proteins (1). 
DMDILA residue, against antibodle~ lo erythrocyte membrane. An-owheads~ exlrlnsic proteins; arrows, intrinsic protein. (B) Crossed 
imnaunoeleelmp~mresis of miorm,'illo~ membrane proteins ttealed with n,_-.uraminidas¢ (N) or unespomd lo enzyme ( q  a$alnst 
antibodies t~ eaT.:'thrOcyle membrane. Arrow, ME t in contro|; arrowhead, ME I after zaeuramirtidase teeatmeat. (C and D) Crossed 
anmanoedeetreFltores/s of mierovillo~ membrane proteins against antibodies to ecythrocyte membrane with (C} or without (D) an 

inlermedia~c g¢! ~=l~inieg WOA-agarOse (WGA) (0- t50/J l  pa~ked gel /ml agaros¢). 

the matrix (compare Figs. 5C and 5D). The micro- 
villous-e'rythroeyte antigen ME 1 was therefore 
identified as an intrinsic, WGA-binding sialogly- 
eoprotein. 

Properties o] basal-erythrocyte relaeed antigens, B Ej, 
BE: a~rd BE~ 

The membrane association and glyeosylation of 
Ihe basal ery/hroeyte related antigens were also 
;.nvestigated by the methods outlined above. 

Crossed immunoeiectrophoresis of DMMA- 
produced fractions demonstrated albumin and an- 
tigen BE 3 in the extrinsio protein fraction (arrows, 
Fig. 6A) and BE 1 and BE: solely in the intrir~sic 
protein fraction (arrowheads, FiB. 6A). Crossed 
hydrophobie interaction iw,munoelectrophoresis 
also revealed that BEt, BE2 and BEa bound to 
phenyI-Sepharose (data not shown) and were 
amphiphilic membrane proteins. 

Antigens BE t and BE e were strikingly affected 
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Fig. 6. (A) Crossed immun~eleetxopho~sb of bassal membrane extrinsic protdns (E) and intrinsic protcim (i) fracd0ns agai~I 
antibodi~ 1o ¢¢ythro¢3~l¢ memb;ane. Arrow indicates ~-~hh.ic proteins; arrowheads, intrinsic proteins. (B) Crossed immunoe. 
le~trophtmutis of basal mcnnbrane proteins Ireated with n4~uraminidase (g) or ,mexposed to the enzyme (C) using anti-ezythzocyle 
membrane. Arrowheads, antigcos affected by ncul,~minidas¢; arrows, antigens unaff~d by neuraminidase. (C) Crossed immunoe- 
lectrophoresis of basal membrane proU~ns thro,.tgh an intermediate gel containing C~nA-ag,~r~Lse (3~, ~.l packed gel containing 0.79 

mg ConA/ml agaro~J and into a gel containing ant.ibodi~ to erythtocyte membrane, 

by neuramim'dase; the sizes of their immunopre~ 
cipitates were much diminished and the mobility 
of  one decreaseA (arrowheads, Fig. 6B). In con- 
trash albumin and BE3 were unaffected (arrows, 
Fig. 6B). In the presence of ConA-agarose, the 
BE 1 and BE 2 immunoprecipimtes were di- 
minished willie those of BE~ and albumin were 
unaffected (compare Fi$s. 6C and 7C). These re- 
suits, taken together, demonstrated that antigens 
BE1 and BE 2 were glycosylated intrinsic mem- 
brane proteins and that BE 3 was an extrinsic 
protein. 

"Syncytiotrophoblasl basal plasma membrane ¢on- 
tai~s a spectrin-isoform 

Basal and erythrocy~ merabrane proteins were 
subjected to tandem crossed immunoclectrophore- 
sis against antibodies to erythrccyte membrane 
(Fig. 7B) and compared with a control gel in 
which only erytb.roCyte membrane proteins were 
analysed (Fig. 7A). Whiist fusion occurred be- 
tween the three basal antigens and those of red 
r~lls, there was a 'spur '  at the junction of the basal 
antigen BE~ with erythroeyte antigen 3 (spectrin) 
(arrowhead, Fig. 7B). This spur suggested that the 
two proteins were antigenically related but not 
identical. 

In addition, basal membrane proteins and spec- 
trin were subjected to crossed line /mmunoe- 
lectrophoresis (as in RcL 17), After electrophotesis 
through a zone of spectrin. BE3 was absent whilst 
antigens BE t and BE 2 were unaffected (Fig. 7D) 
further demonstrating antigenic relatedness be- 
tween BE 3 and spectrin. Fused line immunoe- 
lectrophore~is of basal membrane cytoskeletons, 
red cell membrane cytoskeletons and spcctrin also 
showed that a spectrin-re[atcd protein was present 
in basal membrane but not in microvifious mem- 
brane (results not shown). On immunoblots rod 
cell membrane spectrin subunits of M r 240000 
and 220000 were reeoBnized by an~-spe~U'in (Fig. 
8A, lane 1). In the basal plasma membrane sam- 
ple, a polypeptide of M, 240000 was recognized 
by antibodies to specttin (Fig. 8A, lane 2). Be- 
cause of the weaker recognition of fl-spectrin by 
this antibody it was not possible to detect a 
trophoblast equivalent with this antibody. Micro- 
villous membrane did not contain proteins similar 
to subunits of spe~ria (Fig. 8A, lane 3), In ad- 
dition, polypeptidcs of M r 240000 and 220000 
were efficiently precipitated in apparently 
equimolar amounts from either erythrocyte or 
basal membrane but not from microvillous mem- 
brane protein solutionL Finally- antibodies raised 
to basal membrane [12] reacted on immunohlcts 



284 

A 
. ,;.:~-\i:(!i 

. ~-~.,..~,.,. ~ • ....2..~ 

( . .0  -';~ . - .  - .  

• . . .  . - 

e 

_ . _. , . . . .  ., . . . . - -  . . . .  - ~. 

f A  at , \  

r 

d 
e p .  ) , . , .  ) 

[ 

: [ 
" .  . r 

Fig. 7. (A) Crossed immunoel~trophorasis  of erythrocyte membrane prot=ins (E) into antibodies to erSqhxogyt¢ membrane as a 
COntrol. (B) Tandem cfossecl immunoeie~rophoee~s of basal (BPM) and e f y t h r o ~ t e  membrane  proteins. The  arrow indicates sites of 
fusion or hasal and e r y ' ~ o c y t e  amlgens imrannoprc¢ipitatcs, The arrow-head indicates a reaction of p a r t i £  iChmtity between ba~al 
antigen BE~ and e t y ~ ' o c y l ¢  speetc/n. (C) Crossed immonoeloclrophoresis of basal membrane  (BPM)  proteins against  a n t i b o d i ~  to 
eryh'-aocy~¢ ra¢mhran¢ as a control for Fig. 7D. (D) Cro.c.~ed line immunoel~ctrophoresis of basal m©mhran¢ proteins (40/Lg) through 

a trough eonmlning purifi¢~l erythrocym spcctrin (S) (3 ag/rnl agatosc) and into antibodies to e rytht0cyte membrane. 

with the a-subunit  of purified spectrin (results not  
shown), eonsidercd together, these results indi- 
e.ate..d that (1) a spectrin analog was present in the 
basal but  not  tee mlcrovi]lous membrane of the 
syncydotrophoblast :..:d (2) suggested this basal 
membrane spec.tPM was distinct from erythrocyte 
spectrin. 

Band 3 analogs in ~yncytiolrophoblast plasma 
membranes 

Immunoblot t ing wilh affinity purified anlibnd- 
ies to band 3 revealed band 3 and previously 
described catabolic fragracnts of M r 60000; 40 000 
and 20000-30000 [24] in a blot of r-~ cell mem-  
brane proteins (Fig. gB, lane 1). A polypcptide of 
Mr 950G0 w ~  c ~ g n i z e d  b~, anii-baad 3 in basal 
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Fig. 8. (A) Immmmblotdng of mlemvillous (MVM). basal (I~PM:* and red bl~3d cdl (E) m~mbran~ proteins using antihodi~ to 
huron4", erythrocyto s i ~ t ~ ,  id©nti¢~] ~ltomlts of membrane proteins were subjected to eleclzophoretie transfer to aierocelhlos¢ and 
retorted with anti-spectrin followed h~" U~l.prolein A. (B) Immunobloning or miefovillous~ basal and ted blood ¢¢LI membranes Wilh 
antibodies to human red blo~l c¢ll hand 3. Protein bands labele.cl 6OK, 40K and 2OK are metabolic rra~mea~ of fed ¢.¢11 membrane 
band 3. (C) |mmanoblolling ot mierovillous, basal and ted blood cell nmrnhrancs with anfhodies Io human red blond cad 

glycophorlns A, B and C. Qlycophorln A dim0% (Az), 81yc.aphorln A monorP.cr (A), gl~cophofin B {B) glyc.ophorin C (C). 

(Fig. 8B lane 2) bu t  not  microvillous membrane  
proteins (Fig. 8B, ]an© 3). Both microviJlous and 
basal  membranes  contained a polypeptide of  M~ 
700(]0 ez'oss-rc..actlve with anti-band 3. Thus,  one 
analog of  band  3 was restricted to the basal mem- 
brane  but  another  form of lower Mr, perhaps a 
fragment,  was present  in both microvillous and 
basal membranes.  The latter species w ~  clearly 
different in mobility than any species from red cell 
membrane  and conv~rsdy the characteristic cata- 
bolic fragments of erythrocyte band 3 were never 
detected in basal or  mlcrovillous membranes.  

Reactivity of antibodies to glycophorins with sya- 
cytiotvophoblast pl~ma membranes 

Antibodies to glycophotins (A, B and C) were 
tested on  blots of ptot~in.~ of sy.qeytiotrophoblast 

and erytbxocyte membranes  (Fig. 8C) A protein 
intermediate in M r between glycophorin A d i m ~  
and monomer  was presen,, in ~ !  thre¢ membranes.  
Mierovillous membr~xJe clearly lacked proteins 
corresponding to glycophorins A, B. C. In the case 
of  basal membranes,  interpretation was more 
complicated. An immunoreaetive doublet migrated 
at the position of glycophorin A monomer  and 
could correspond to either analogs of glycophorin 
and C u,onomcrs  or  glycophorin A mo n o mer  and 
B dimer. Since basal  membrane  lacks bands  corre- 
~pondii~g to glycophorin A and C homodimers  
a,~d hetez'odit~¢cs it is difficult to identify the 
crossreactiv¢ proteins with specific glycophorins. 
The basal membrane  pattern is very distinct f rom 
that of m-ythroq;te membrane  and this sugge.gts 
that  possible low level contaminat ion by the latter 
coa~.~bazeg only very little to tiffs profile. 
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Disettssion 

This study demonstrate6 that the apical and 
basal plasma membranes of the human placental 
syncytiotrophoblast contain different erythtocyte 
protein analogs. Although in the case of Bpm a 
tow level of ea'ythrocyte contamination Seems pos- 
sible, substantial evidence indicates that the occur° 
re,tee of these anaIogs is not due to ¢rythrooyte 
membrane oonmmination: (a) acetyleholinesterase 
activities and major glycophorins are low or ab- 
sent in syncytial membranes, (b) antibodies to 
erythrocym membrane precipitate mierovitlous 
membrane vesicles, (c) syncydal membranes con- 
rain only a limited subset of red call membrane 
protein analogs with qualitative difference~ in 
spectrin, band 3 and other proteins from those of 
the red cell membrane. Our results tberefo;¢ con- 
firm and extend the finding by Johnson ct ~1. [11] 
that three monoclonal antibodies raised against 
microvillous membrane cross-react with non- 
serum, non-blood group erythrocyte antigens. 

Two considerations are of particular interest: 
(1) the distribution of  the red cell protein analogs 
between the two plasma membranes of  the syn. 
cytiotrophoblast, and (2} the possible functions e l  
these promins in the syncytiotrophoblast. 

The identification of a basal plasma membrane 
form of sp¢ctrin extends our previous observation 
of high Mr proteins (>  200000) in basal but not 
microvillous membranes. In various cell types, 
filamentous actin crosslinking, intermediate fila- 
ment binding and membrane association proper- 
ties have been described for non-erythroid spec- 
trins [31 33,35-38]. 

Thus, in the syncydotrophoblast, the distribu- 
tion of ~¢ctr in  may be related to the differing 
arrangements of actin or other cytosk¢lctat fila- 
ments at the two cell surfaces of this epithelium. 
At the apical membrane, mierofilaments are 
cross-linked into relatively prominent bundles 
within microvilli oriented perpendicularly to the 
apical surface. In contrast, basal membrane-asso- 
ciated microfilaments are less conspicuously bun. 
died and run paraUe] to the membrane [34~. Such 
differences must involve the effe.0ts of different 
a~in-bindlng proteins. The spectrin isoform at the 
basal membrane could thus be fnnetionally in- 
volved in the distinctive orgaafization of acdn ilia- 

ments of that membrane. Interestingly, an analo- 
gous localization of spe£trin seems to occur in 
intestinal and renal epithelial cells. In these ceils 
types, spectrin is deficient or absent from micro- 
villi and more abundant in the terminal web and 
basolate,ai membranes [43,44,40]. 

Two band 3-related polypeptides can be de- 
te~ted and these differ in their oceurtence in the 
two syneytio~rophoblast plasma membranes. One 
isoform of band 3 of M e 95 000 is r~tr icted to 
basal membrane. In contrast, another isoform of 
M, 70000 was present in both membranes. The 
70000 M r polypeptide could be eAther a proteo- 
lyric fragmerat or, alternatively, re~resgnt one of 
two trophoblast forms of baird 3, We feel that the 
95 000 M r protein is not ¢rythroeyte band 3 be- 
cause its catabolic fragments were never seen in 
basal membranes. By analogy with red cell band 
3, the syncytial 70000 M, protein may represem a 
membrane integrated polypeptide that lacks the 
glycosylated COOH terminal 25 (DO M r domain. 
Other workers report protei.qs cross-reactive with 
antibodies to band 3 which include species of  M r 
60000 [41]; 120000 [40] and 68000 [45]. The re- 
cent report of  the cloning of  a human non- 
erythroid band 3 gene and reports of DIDS.in.  
hib;.table ~:don transport in ~ number of cells [42], 
suggest that band 3 analogs may be of consider- 
able physiological significance. Consistent with our 
findings are recent reports of DIDS-inhibitable 
anion exchange mechanisms in human placental 
microvill0us membrane vesicles [39]. 

The glycosylated intrinsic membrane proteins 
BE 1 and BEz appear to be unique to the basal 
membrane and therefore may not correspond to 
band 3 isoforms. The basal membrane protein 
comlgratlng with glycophorin A probably repre- 
sents one of  these proteins. Conversely, the 
WGA-binding intrinsic protein ME~ is restricted 
to the microvillot, q membrane and also remains to 
be identified with a known red cell membrane 
protein. These proteins are likely to mediate func- 
tions that are restricted to an individual plasma 
membrane. For example, placental and erythro- 
cyte membranes Imve been reported to contain an 
immunologiealiy similar relate receptor that is a 
glyeosylated intrinsic protein [46], which could 
c,~.'-~spond to MEp In conclusion, we propose 
that the distribution of erythrocyt¢ membrane 
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protein analogs in the syncytiotrophobtast reflects 
the overlap and polarization of spedfic functions 
at the synojtiotrophoblast c.ll surfaces as well as 
the d i f fedn~ orsaniza t ion  of  the apical and bahai 
p la sma  membrane~,  
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