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Antiserum raised to purified 62-kDa human placental
transcobalamin II receptor (TC II-R) has been used to
study its synthesis and membrane expression. The anti-
serum immunoprecipitated a 45-kDa protein from the
cell-free translation using human kidney mRNA and rec-
ognized a single 124-kDa band on immunoblotting of
placental and other human tissue membranes, and
quantitation of the blots revealed high levels of TC I1-R
expression in the human kidney followed by placenta,
intestine, and liver. Triton X-100 extraction of placental
membranes resulted in the complete (100%) solubiliza-
tion of the receptor, and immunoblotting of the Triton
X-100-soluble fraction revealed a single band of 62 kDa.
Lipid extraction of placental membranes with a mixture
of chloroform:methanol (2:1) followed by immunoblot-
ting revealed a single band of molecular mass 62 kDa.
The molecular mass of the pure Triton X-IOO-bound re-
ceptor increased on SDS-polyacrylamide gel electro-
phoresis from 62 to 124 kDa upon its insertion in Iipo-
somes prepared using egg phosphatidylcholine and
cholesterol. Chemical cross-linking of native membrane-
or lipid vesicle-bound TC II-R or detergent-soluble ex-
tracts of the membrane with 125I_TC II-cobalamin re-
vealed that both the 124- and 62-kDa forms of the recep-
tor were active in ligand binding. Based on these results
we suggest that TC I1-R is synthesized as a single polypep-
tide of 45 kDa, and following its maturation (involving
N- and O-glycosylation) the 62-kDa mature receptor is
expressed in plasma membranes as a noncovalent dimer
of 124 kDa. The dimerization of TC I1-R in the plasma
membranes is due to its interactions with annular lipids.

The cellular delivery of cobalamin (Cbl 1
: vitamin B12) is me-

diated by transcobalamin II (TC II), a 45 kDa non-glycoprotein
plasma transporter of Cbl (1). Cobalamin complexed to TC II is
endocytosed by a specific plasma membrane receptor (TC 1I-R)
(2). The high affinity saturable binding ofTC II·Cbl complex to
plasma membranes ofliver (3), kidney (4,5), and placenta (6,7)
has been demonstrated, suggesting that the TC II-R is ex-
pressed in many tissues. A highly pure TC II-R from human
placenta has been obtained and reported to be a 50-55-kDa
glycoprotein containing about 33% carbohydrate (8) based on
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sucrose density centrifugation and amino sugar analysis. There
are reports (9-11) based on animal studies that kidney avidly
takes up more TC II·Cbl than other tissues, including liver.
These studies have suggested the possibility that the renal
uptake of Cbl bound to TC II occurs either directly from the
circulation or indirectly via passage through liver and thus
may be the most important organ to take up Cbl bound to TC II.
lt has been suggested that the kidney in many species acts as
the storage organ ofCbl (5,12). Cobalamin stored in the kidney
is thought to be delivered back into the circulation in times
oftissue need and excreted in urine once the renal threshold of
storage is reached (13, 14). The bi-directional movement ofCbl
in the kidney is thought to be mediated by TC II and in support
of this hypothesis are our recent findings demonstrating the
secretion of TC II in both apical and basolateral directions in
renal epithelial cells (15). Despite the importance ofTC II-R in
maintaining Cbl flux across plasma membranes by mediating
the uptake and tissue exchange of Cbl, the details of its syn-
thesis and membrane expression TC II-R in human is not
known. The current work was undertaken to address these
issues.

The results of the current study show that human TC II-R is
synthesized as a single polypeptide of molecular mass 45 kDa,
glycosylated to contain both N- and O-linked sugars and the
resulting mature receptor of molecular mass 62 kDa is ex-
pressed in the plasma membranes as a functional noncovalent
dimer. Furthermore our results also show that the dimeriza-
tion ofTC II-R is due to its interactions in the membrane with
annular lipids.

MATERIALS AND METHODS

Human placenta was obtained from unidentified donors who had
normal vaginal delivery at the Doyne Hospital, Milwaukee, WI. The
placenta was washed with normal saline, cut into small pieces, and
stored at -70°C until use. Pieces ofhuman liver, kidney, and intestine
were obtained from the autopsy specimens ofunidentified patients. The
tissue pieces were stored at -70°C until use. For the preparation of
total RNA and mRNA, a surgical piece of human kidney frozen at
-70°C was obtained as a gift from the Nephrology Unit of Froedtert
Memorial Lutheran Hospital, Milwaukee, WI. The following reagents
and chemicals were purchased commercially as indicated: [57Co]cyano-

cobalamin (specific activity, 15 /-tCii/-tg) and carrier free Na125I (Amer-
sham Corp.); rabbit serum (Life Technologies, Inc.); Trans35S-label

(>1000 Cilmmol, containing 70% methionine, 15%cysteine, 7% methi-
onine sulfone, 3% cysteic acid, and the rest other sulfur compounds)
(Duf'ont NEN); protein A, lactoperoxidase, neuraminidase from Clos-
tridium perifringens, and cholesterol (Sigma); endo-,B-N-acetylglu-
cosaminidase H from Streptomyces plicatus, peptide:N-glycosidasefrom
Flavobacterium meningosepticum, and O-glycosidase from Diplococcus
pneumoniae (Boehringer Mannheim); disuccinimidyl suberate and io-
dogen (Pierce); and egg phosphatidylcholine (Avanti Polar Lipids). Pure
human TC II was a gift from the late Dr. Charles A. Hall (Nutrition
Assessment Laboratories, VA Hospital, Albany, NY). Antiserum to rat
renal intrinsic factor receptor (16) and human TC II (17) was prepared
as described earlier.

Purification of Placental TC II-R-TC II-R was purified essentially
as described by Seligman and Allen (8)with the followingmodifications.
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FIG. 1. SDS- PAGE of purified human p lacental transcobal-
amin II receptor . Purified rece ptor (5 J.!g) was subjected to SOS-PAGE
(7.5%) and visua lized with si lver nitrate stain.

RESULTS ANO DISCUSSION

Synthesis and Membrane Expression of TC II-R -In order to
study the synthesis and membran e expression of TC Il -R, an -
tiserum was raised to human placental TC Il-R purified essen-
tially according to Seligman and Allen (8). Th e purified recep-
tor demonstra ted a single major band of 62 kDa and a minor
band of 124 kDa on nonreducing SDS-PAGE (Fig. 1) and the
eluate of both of these bands were act ive in ligand, TC
Il ·[5 7Co]Cbl binding (da ta not shown). Th e size of th e major
pure TC Il- R noted is about 10 kDa higher than the va lue of 50
kDa (8) or 58 kDa (25) reported by ea rlier studies, an d th is

Cross-link ing of Native Membrane and Liposomal Bound TC II -R-
Placental membran es (25-30 J.!g of protein), Tri ton X-100 extract (25 J.!g
of protein ), liposomal bound TC II-R 00 J.!g of protein ), and pure TC II-R
(2 J.!g) were incubat ed in a volume of750 J.!l with 12"I_TC II·Cbl (5 ng of
protein and 240,000 dpm ) containing 0.1 mn HEP ES buffer, pH 8.0, 0.1
mxr Na CI in the presence and absence cold TC II· Cbl (500 ng) for 2 h a t
25 °C. The sa mples were the n incubated with 4 mxr disuccinimidyl
subera te for 30 min at 25 °C. The cross -linking react ion was stopped by
the addition of glycine (0.1 m xi). Th e reaction tubes containing the
placental membran es, and the liposomes were cent rifuged and the
pellet fraction was washed with th e incubati on bu ffer. The sa mp les
were then ana lyzed on nonreducing SOS-PAGE (5%). Th e ba nds were
visua lized aft er autoradiography.

Other Methods-Total memb ranes from the ind icated tissues were
prepared by cent rifugi ng a 10% (w/v) homogenate pre pa red in 10 mM
Tri s-H Cl buffer, pH 7.5, conta ining NaC I (140 m st), PMSF (0. 1 mxr ) at
100,000 x g for 1 h. The resulting pellet was collected and res us pended
in th e same buffer, homogeni zed, and used for immun oblott ing studies .
Preparation of placental ER memb ran es were obta ined as follows. A
10% homogenate was prepar ed in 10 mxt potassium phosph ate buffer,
pH 6.8, containing 0.25 ~ I sucrose and 5 mMEOTA in Potter-Elvehjem
homogen izer . Th e homogenat e was seq uent ia lly cent ri fuged at 666 x g ,
10,000 X g , and 27,000 x g for 20 min. The supernata nt obta ined
following th e 27,000 x g spin was cent rifuged for 2 h at 100,000 x g,
and th e pellet obtain ed was tak en to represent the ER fraction. Protein
concentration was determined usin g the Bradford assay wit h bovin e
se ru m albumin as the sta ndard (23). TC II-R assays were performed
usin g partially pu rified TC II from fresh ly dra wn ra bbit blood. Th e
rabbit se ru m was subjecte d to partial purification according to Lind e-
man s et al. (5). The preparation of TC IH57ColCbl complex for rece ptor
assays was according to Gottlieb et al. (24). Immunoprecipita tion of th e
lab eled ligand with TC II antiserum confirmed that a ll the lab eled Cbl
was bound to TC II. TC II-R activity was det er min ed using the pure
receptor or Triton X-100 ext rac ts from tissu e homogenates essentially
according to Seligm an and Allen (8). Immunoblocking of the bind ing of
TC II .["7ColCbl to TC II-R was carried out by preincuba tin g the pure TC
II-R (0.5 J.!g) with antiserum 0 - 20 J.!l) at 22 °C for 30 min, followed by
the addition of th e ligand (1.5 pmol) and an additiona l incubati on for 60
min at 22 °C. The bound and the free ligand were se para ted on OEAE-
Sephadex columns as described previously (8).
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Hum an placen ta was cut into sma ll pieces a nd homogeni zed in a
Wari ng blend er at top speed in 50 m xi ace ta te buffer , pH 5.5, conta in ing
140 mxt Nacl and 5 rnxt EOTA. Th e homogenate was incuba te d for 1 h
at 22 °C with stirring an d centrifuge d at 25,000 x g for 30 min . Th e
total placental membran e was resu spend ed and homogeni zed in th e
same buffer , incuba ted, and cent ri fuged as before. Det ergent ext ra ct ion,
ammonium sulfa te precipi tation of th e solubilized fraction, and th e
affinity chroma tography of TC II-R were carried out exa ctly according
to Seligman and Allen (8).

Preparation of TC II ·R An tiserum-TC II-R (12 ug/lan e) was sub-
jecte d to SOS-PAGE (5%) under non re ducing conditions . The protein
ba nd corres ponding to 62 kOa was cut out from four to five lanes and
was homogen ized in 1 ml of 10 mxt Tris-HCl buffer , pH 7.5, cont aining
140 rnxt NaCl, 0.1 mxi PMSF. Th e gel slurry was mixed with 1 ml of
complete Freund's adjuvent. Three ml of such a mixture corresp onding
to approx ima te ly 30 J.!g of TC II-R was subcuta neo us ly inject ed into
mul ti ple sites on the back of New Zeland White ra bbits . The rabb it was
boosted wit h 15 J.!g of TC II-R mixed in incomplete Freund's adjuve nt
after 10 days, and 5-10 ml of blood was drawn every week following the
booster dose.

lmmunoblotting of Membrane- and Lip id Vesicle·bound TC II -R-
Total mem branes (5- 50 J.!g of protein ) prepa red from the human tissu es
and egg PC/cholester ol ves icles contai ning TC II-R 0 0 J.!g) wer e sub-
jected to SOS-PAGE (7.5%) under nonredu cing conditions according to
Laemmli (18). Th e proteins se parate d were tran sferred to nitrocellu lose
membra nes and probed wit h diluted 0 :1000) antiserum to TC II-R and
125I-protein A according to Burnette (9). Th e transfer time varied from
45 to 90 min depending on th e physica l na ture of th e TC II-R. Us ua lly
the monomer form of the receptor was tran sferred within 45 min and
the dirner in 90 min . Th e blots wer e visua lized following autora diogra-
phy. Pr e-ab sorbed antise rum was obta ined by incubating 100 J.!l of
undiluted ant ise ru m with 5 mg of human kidney membran es (90 pmol
of TC II ·Cbl binding ability) for 6 h at 22 °C. Th e mixture was centri-
fuged for 15 min a t 17,000 x g. The supernata nt (350 J.! l) was collecte d,
diluted , and used for immunoblott ing. The ab sorption of TC II-R anti-
body to the ren a l membran es was confir med by th e abse nce of inhib iti on
of TC II . [57ColCbl binding to TC II-R even whe n 200 J.! l of absorbed
ant iserum was used in th e binding assay. In some experime nts irnmu-
noblott ing was carrie d out usin g Triton X-100 (1%) solubilized super-
na ta nt fraction 0 0 J.!g of protein ) or th e insolubl e pellet fraction (75-300
J.!g of protein ) from placenta l membran es. Total membran es (5 mg of
protein ) in 10 mxtTri s-H Cl buffer, pH 7.5, conta ining 140 mMNaCI and
0.1 mxt PMSF wer e treat ed with Triton X-100 for 12 h a t 5 °C and
centrifuge d for 30 min at 25,000 x g . The supern atant was carefu lly
removed, and th e pellet fraction was sus pended and homogeni zed in
sa me buffer an d mad e up to the sa me volume as th e supernatant . In
addit ion the placental membran es 00-15 mg of protein ) that wer e
subjec te d to lipid extract ion usin g a 2:1 mixture of chloroform and
meth an ol were a lso used for immune blot tin g. After care ful removal of
th e organic phase, th e protein felt was sus pended and homogeni zed in
5 ml of Tri a-buffer ed sa line and used 0 0 J.!g of protein ) for immune-
blotting studies.

Preparation of Egg PC I Cholesterol Liposomes- The liposomes were
prepar ed essent ia lly according to Low and Zilver smit (20). Briefly, egg
PC and cholesterol (mola r ratio 1:0.25) were dri ed under a stream of
nit roge n. The dri ed lipid s were rehydrat ed with 1 ml of 10 mxt Tri s-HCl,
pH 7.4, conta ining NaCI 0 40 rnxi), cholate (40 mxt), PMSF (0.1 mxr), TC
Il-R 05 J.!g), sonicate d, and dialyzed for 48 h with excha nge of 2 liter s
every 12 h of Tris-HCl buffer , pH 7.4, conta ining 140 mxt NaCI and 0.1
rnxt PMSF. After dia lysis, th e lipid vesicle bound TC Il -R was collect ed
by cent rifuga tion a t 100,000 x g for 2 h. The pellet was resusp en ded in
the dialysis buffer and was used for SOS-PAGE.

Cell-free Translation and Immunoprecipitation. of TC II-R- Total
RNA from human kidn ey was isolate d by th e guanidine thiocyanate
method of Chomczyns ki and Sacchi (21). PclytA)" RNA was isolated
usin g th e PolyATr act® mRNA isolation sys te m (Prornega), and 2 J.!g
was used for tran slati on in ret iculocyt e lysa te sys tem as descr ibed
before (22). The Triton X-100 extract of th e 35S-labeled product was
immunoprecipita te d with TC Il-R vsp ecific antise rum (2 J.!I). In some
experi me nts, th e lab eled ext ra ct was preincubated wit h TC Il -R (2 J.!g)
for 30 min pri or to the addition of TC !l-R antise rum.

Iodination ofHuman TC II- Hu man TC II (5 ug, 40 kOa as assessed
by SOS -PAGE) was iodin at ed with 0.5 mCi of Na l25I and IOOO-GEN,
as recomm end ed by th e manufacturer. Th e iodin ated TC II was sepa -
rated on a Seph ad ex column in 10 m ~1 Tri s-HCl buffer, pH 7.5, cont ain-
ing 140 mxr NaCI and 1 mg/ml bovine serum albumin. The recovery was
est ima te d to be about 80%, which gave a specific act ivity of approxi-
ma te ly 75- 80 J.!CilJ.!g.
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FIG. 2. Cell -free tr a nsla t io n a n d immunopr ecipitation of TC
II-R. Hu man mRNA from kidney was tran slated in the retic ulocyte
translation system, and the transla ted proteins were ext rac ted wit h
Triton X-I00 and immunopreci pita te d in the presence tlane 2) and
ab sence (l a ne 3) of excess cold endoge nous TC I1-R. Oth er det ail s of
translation. extraction, and immunoprec ipita tion a re provided un der
"Mate rials an d Methods."

difference could be due to the differences in the methods em-
ployed to det ermine the size of th e receptor . Antiseru m pr e-
pared for the 62-kDa TC II-R immunoprecipitated a major
protein ban d of 45 kDa from the detergent ext ract of th e tran s-
lated produc t obtained using in vitro t ransla tion of human
kidney mRNA in the retic ulocyte lysa te trans la tion system
(Fig. 2, lane 3). Confir mation that th e immuno precipitated
45-kDa pr oduct as TC II-R was obtaine d whe n competit ion
with excess cold TC II-R (lane 2 ) did not reveal the 45-kD a
product . However , a 30-kDa band was immonuprecipitate d
even in the presence of cold TC II -R. Th e origin of this band is
not kn own , but it may represen t an imrnu nocross -reactive pro-
tei n, unrelated to TC II-R. Th e origi n of two or three bands
around 30 kDa and lower see n in lane 3 is not kn own but the
bands of molecular mass < 30 kDa may represen t pr oteolytic
fragments of TC II-R as these band s also disappeared during
immunopr ecipi tat ion oflabeled pr oduct wit h cold TC II -R. It is
interesting to note the prim ary trans lation in a cell free sys te m
of TC II-R and its ligand TC II (26) is around 45 kDa . Thi s
result confirms the ea rlier observation (8) based on quantita-
t ive amino acid comparison that TC II -R and TC II have a
similar polypeptide length. To the best of our knowl edge TC
II-R and TC II may represe nt a unique receptor-ligand system
in which both molecules have similar sized polypeptides. Th e
difference of 17 kDa in the molecular mass of th e mature (62
kDa) (Fig. 1) and the TC II-R obtained by cell-free tran slation
(45 kDa ) (Fig. 2) is du e to the addit ion of both N- and O-lin ked
oligosaccharides following its synthesis and maturation. Based
on the mobility shi fts of the pure TC II-R by peptideN-glyco-
sidase F and by sia lidase and O-glycan ase the tot al carbohy-
drate on TC II-R was est imate d to account for about 17 kDa or
27.5% of its tota l molecu lar mass of 62 kDa (data not shown).
Earlier studies based on the amino sugar and gas chromatog-
raphy analysis of purifi ed TC II-R (8) or on N- and O-glycosi-
dase digestion of placen tal detergen t ext ract cross-linked to
125I_TC II (25) have reported total carbohydrate of TC II-R to be
33 and 29%, respect ively.

Confirmation that the antise ru m raised in rabbits to the
62-kDa band is indeed specific for TC II-R was obtained when
incubation of the receptor with graded amou nts of an ti serum
was able to inhibit the bindi ng of TC II ·[57Co[Cbl to the pure
receptor (Fig. 3). About 100% inhibition was observed (Fig. 3)
with 20 ILl of undiluted antise ru m. Using the sa me volume,
antiseru m to the ligand , human TC II , or rat intrins ic factor-
coba lam in receptor did not demonstrate any inhibition . Th ese
resu lt s show that TC II-R antibody, like the antibody rai sed
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FIG. 3. Immunoblocking of the binding of TC II . [5 1 Co lCb l to
purified TC II-R. Pure TC I1-R (0.5 1J.g) was preincubated with the
indi cat ed amounts of antise ru m to human TC I1-R (e ), TC II (. ), and
ra t intri nsic factor-Cbl receptor (0) for 1 h at 22 °C. TC IH5 1 CoICbl (1.5
prnol) was then added and assayed for ligand bindin g. Th e act ivity is
expressed as the percentage of TC I1-R activity in a sa mple incu bated
without serum.
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FIG. 4. Western blotting of human placental membranes. Pla-
cental me mbranes (10 1J.g of pro tein ) were incubat ed wit h (l anes 2 and
4) and without (l a lles 1 and 3) 2-merc aptoet hanol (2.5%) for 1 h at 22 °C
and th en subjecte d to SDS-PAGE (7.5%). Th e separa te d proteins were
tran sferred to nylon membran e and probed with unabsorbed (l a nes 1
and 2) or absorbed (l a ll es 3 and 4) anti -serum. Th e dilu ted antiserum
was ab sorbed with total human kidn ey membran es.

agains t in trinsic factor-cobalamin receptor (27), is a blocking
antibody and is specific for TC II-R. In addition, lack of inhibi-
tion by antiserum to th e ligand, TC II , and intrinsic factor
receptor further suggest that TC II -R antiseru m is specific.

In ord er to further test the specificity of the ant ise rum,
immunoblotting studies were carried out with human placen tal
membranes (Fig. 4). Although a single band was reveal ed in
these membran es, surpris ing ly the molecul ar mass of this band
was 124 kDa under nonreducing (Fig. 4, lane 1) an d 144 kDa
(Fig. 4, lan e 2 ) under reducing condi tions, respectively, and not
62 kDa. Th e specificity of this reacti on was confirmed when the
diluted antise rum treated with human kidney membran es (see
later ) fail ed to recognize the same ba nds (lanes 3 and 4). Th ese
results suggested that the ant iser um to TC II-R is specific for
TC II-R and th a t the receptor exists possibly as a noncovalent
dim er in the placental membran es. In additio n, the apparent
increase in molecular mass of mem bran e bound mature TC
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FIG. 5. Immunoblotting of human ti ssue total membranes. To-
tal membranes prepared from the indicated tissues were obtained by
centrifuging a 10%homogenate (prepared in 10 mxr Tris-HCl buffer, pH
7.4, conta ining 140 m ~1 NaCIand 0.1 mst PMSF) at 100,000 x g for 1 h.
Indicated amounts of membrane protein were subjected to SOS-PAGE
(7.5%), and the separated proteins were tra nsferred to a nylon mem-
brane (transfer time 90 min), probed with TC II-R antiserum and
'251_protein A, and subjected to autoradiography.

Il-R by 20 kDa up on reduct ion suggested th a t the receptor does
not contain disu lfide-linked polypeptid es bu t contains intramo-
lecular disu lfide bonds which upon reduction may alter the
compactness of the mem br ane receptor thus alteri ng it' s mo-
bility. Similarly the appa re nt molecular mass of th e pu re TC
Il-R increased from 62 to 72 kDa up on reduct ive alkyla tion
(data not shown ). Th is result is consistent wit h the idea that
pure TC Il -R does not contain disulfide linked subunits and
that the intramolecula r disulfide bonds of the rece ptor rem ain
intact during it's trans port to and following inser tion in the
plasma membran e. Simil ar observations of decreased mobili ty
on SDS-PAGE followin g reduction of the cation-ind ependen t
man nose 6-ph osphate receptor (28), and othe r proteins (29)
have been noted and has been attributed to the pr esence of
intramolecula r disulfide bond clusters.

Since the immunoblotting of placental membranes revealed
a single band of 124 kDa , it is lik ely that TC Il -R exists as a
homod imer in these membran es. In addit ion, the dimeri za tion

of TC Il-R appears to be noncovalent and is a property of th e
membran e bound rece ptor. In order to verify whether the TC
Il -R exists as a homodimer in other tissue membranes and to
eva luate the re lative dist ri bu t ion of TC II-R in other human
tissue membran es, immunoblotting studies using total mem-
bran es from human placenta, intestine, kidney, and liver (Fig.
5) were carried out. A single band of 124 kDa was reveal ed in
all the t iss ue membran es. Although th e immune cross-reactive
band was easily visib le using 10 /ig of membran e protein from
placenta , in testine, an d kidn ey, 50 /ig of liver membrane pro-
tein was nee ded to visualize the band. Quantitation of th ese
bands reveal ed that the relative distribution of TC Il- R was
highest in the kidn ey 0 00%) followed by placenta (28%), intes-
tine 08%), and liver (2%). Alth ough on a pr otein basis, TC Il -R
levels in th e liver were lower rela tive to kidn ey or placen ta or
intestine, significant amounts of TC Il -R will a lso be expressed
in th e liver, considering its larger mass. Th e high levels of TC
Il-R in th ese human ti ssu es is cons iste nt with th e flux of Cbl
bound to TC Il that cross pla sm a memb ranes of th ese t iss ues in
ord er to maintain the special fun ctions or characteristics of
th ese organ s such as Cbl storage (liver), plasma Cbl up tak e,
storage, and eit her excretion or tissue exchange (kidney), ma-
te rnal-feta l t rans fer (placenta), an d rapid proliferat ion and
differen ti a tion of absor pt ive enterocytes (intest ine).

Memb rane Interactions and Dimer Formation of TC II-R-
Th e expression ofa single species ofTC Il -R of molecular mass
124 kDa in the t iss ue membra nes suggested th a t during its
purifica tion in volving initial ext raction with Triton X-lOO, the
dim er is conve rted to a monomer or alternatively th e mono-
meric form of the receptor is free in t he membran es and is
extracted by the detergent Triton X-lOO, whereas the dim eric
form bound tightly to cytos ke letal elements is not. In order to
test this hypoth esis immunoblot ting analysis was carried out
using the native placen ta l membranes or the Triton X-lOO-
solubilized supernatant an d the Tri ton X-IOO-inso luble pellet
(Fig. 6) prepared from th e nat ive mem bran es. The l 24-kDa
dimer was presen t in the native membran es and could be
detect ed following th e tran sfer of the separa ted proteins for 90
min (Fig. 6A, lane 1) but not for 45 min (Fig. 6B, lane 1). Th e
62-kDa monomeric form on th e oth er hand could be det ected in
the Triton X-IOO-solub le fraction following a tran sfer time of 45
min (Fig. 6B, lane 8) but not 90 min (Fig. GA, lane 2). Th e
62-kDa monomer (Fig. 6B, lanes 10, 11, and 12 ) or th e l 24-kDa
dimer forms (Fig. GA, lanes 4-6) of TC Il-R could not be de-
tected in th e Triton X-IOO-insoluble pellet usin g 75 (lanes 4 an d
10), 150 (lanes 5 and 11), and 300 (lanes 6 and 12 ) /ig of protein,
whereas th e dim eric form or the monomeric form s in the nat ive
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FIG. 6. Immunoblotting of placen ta l
membranes treated with Trito n X·lOO
or chloroform:methanol mixture. Pla-
cental membrane protein (10 ug , lan es 1
and 7), Triton X-IOO-soluble fraction (10
Ilg of protein, lan es 2 and 8), Triton
X-IOO-insoluble pellet fraction (protein:
75, 150, and 300 ug, respectively, in lanes
4 and 10, 5 and 11, and 6 and 12) and
chloroform:methanol delipidated mem-
branes (10 Ilg of protein, lan es 3 and 9)
were subjected SDS-PAGE (7.5%). The
separated proteins were blotted to nitro-
cellulose membranes for 90 (A) or 45 (B )
min and probed with TC II-R antiserum
and 1251-protein A. Other details of mem-
brane treatment are provided under
"Materials and Methods."
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membranes or Triton X-100-soluble fract ion could be detected
with as lit tle as 10 Jig of protein or less. Th is result sugges te d
that the dim eric form of the recep tor is the only form of the
receptor present in the membranes and that solubiliza t ion and
the ensuing delipida t ion migh t be resp onsible for the total
conversion of the dime r to the monomer . In orde r to test this
possibility the membranes were deli pidated wit h a chl oroform:
methanol mixture. Th e mem brane fraction thus delipidated
demonstrated the presen ce of the 62-kD a monomer (Fig. 6B,
lan e 9 ) but not the 124-kD a dimer (Fig. 6A, lane 3 ). Further-
more metabolic labeling studies usin g human colon adenoca r-
cino ma (Caco-Z) cells, known to express TC II_R2 with [:lHJmyr-
istate or [:lHJpa lmitate or [:lHl meva nalactone did not reveal
any ty pe of co- or post-translati onal modifications involving
cova lent fatty acid acylat ion or isopren ylation ofTC II-R (data
not shown ). Th ese observat ions indicated that the dimer iza tion
of the TC II-R pr obabl y occurs followin g it s membrane as sem-
bly and is du e to st rong lip id protein interactions invo lving the
hyd roph obic TC II-R and annular membrane lipids. Further-
more these obse rvations a lso indicated the absenc e of any role
of cytoske letal protein s or of coval ently bound lipids in eithe r
the anchori ng ofTC II-R to the membrane or in the conv ersion

2 S. Bose and B. Seet ha ram, unpubli shed observations.

B

A kDa 2 3

kDa 2 .. - - 124

200- 116-

93 -

116- - 124
93 - 66-

66 -
- 62

46- 43-

30-

FIG. 7. SDS ·PAGE a n d immunoblot analysi s of purified TC n-n
associa ted with egg P C a n d ch olesterol vesicles. Egg PC/choles·
terol Iiposornes (mola r ra tio 1:0.25) were prepar ed by th e cholate dia l-
ysis meth od. During dialysis, TC II-R 00 J.Lg ) was also present. After
dialysis the rece pto r-lipid fra ction was centri fuge d for 2 h a t 100,000 x
g. The lip id pellet was recons ti tute d in Tri s-buffered sa line and sub-
jected for SDS·PAGE and eithe r sta ined for protein with silver nitrat e
(A ) or used for immunoblotting (B ). A : lan e 1, pure rece ptor (5 J.Lg ) a nd
lane 2, liposomal bound TC II-R (3 J.Lg ). B , total me mbra ne protein from
human kidney (5 J.Lg ), human placenta (10 J.Lg) and liposomal bound TC
II-R (5 J.Lg ) wer e used for SDS-PAGE and immunoblotting .

of the monomer to the dim er form of TC II-R.
Direct evidence of lipid involvem ent in th e dim erization of

TC II -R was obtained wh en the receptor was inserted in lipid
vesicles. The receptor associated with the lipid ves icles re-
veal ed on SDS-PAGE a high er molecular mass of around 124
kD a , twic e the size of the Tri ton X·lOO micellar bound receptor
(Fig. 7A ). Upon immunoblot tin g, TC II-R associated with the
lipid vesi cles (Fig. 7B, lane 3) had a molecul ar ma ss of 124 kDa,
simila r to TC II-R pr esen t in the na ti ve ren al (lane I) and
placental (lane 2 ) membranes. Th ese results have confirme d
the observation that deli pidation and relipidation resul t in the
formation of monomer or dirn er, resp ectively, and th at the
dimerization ofTC II-R in native membranes is du e to associ-
ation with plasma membrane lipids . The TC II-R expressed in
the pla sma membranes of several rat ti ssu es and in cultured
cell s is al so a dimer with a molecu lar mass of 124 kDa , sug-
gesting that dimer izat ion of TC II -R occurs in all the tissue/
cellular plasm a membran es of other species ."

The functional significance of expression of the dim eric form
ofTC II-R in plasma membranes is not known. Cro ss-linking of
125I_TC II . Cbl (Fig. 8) to the native membrane (Fig. M, lan e 1)

or it s detergent extract (F ig. M , lane 4 ) or lipid vesicl e-bound
TC II-R (Fig. 8B, lan e 5) or the pure TC II-R (Fig. 8B, lane 8 )
show that both the dimeric and mon omeri c form of the receptor
a re functional in ligand binding. Th e specificity of ligand bind -
ing is borne out by the observation tha t pri or incub at ion with
100-fold molar excess of cold TC II ·Cbl abolishe d the binding of
125I_TC II -cu to TC II-R fra ctions (lanes 2, 3, 6, an d 7). Based
on the size of the cross-linked produ cts, the membran e-bound
dimer binds 2 mol of the ligand, and it is thus possibl e that the
express ion of the dimeric form of TC II-R ma y help in facili ta t-
in g rapid clearance of circula tory TC II ·Cbl known to occur in
vivo (30) .

Earlier studies have shown th a t TC II-R is a very hydropho-
bic protein capable of binding 1.25 times it s own weight of
Triton X-lOO (8). Our studies sugges t further that the dirn er -
ization is the result of st rong lipid-protein interaction within
the lipi d microenvironment of the plasma membrane. It is
in terest ing to note that the molecular mass of TC II-R from
placen tal microsomes is 62 kDa (da ta not shown). This obser-
vation suggests that the recep tor is eithe r a monomer in the
ER, or the in teraction between the two monomers in the ER
mem brane is not of sufficient st rengt h that it can be dissociated
by t reatment with SDS. If the receptor is indeed a true mono-
me r in the ER membrane, the ensuing folding alterations that
occur during the processing (following it s exit from ER ) might
expose the hydrophobic surfaces of the receptor to favor a much
st ronger monomer-monomer in te raction in the plasm a mem-
brane. On the other hand, the qualitative and quantitative
differenc es in the lipids of the ER and plasm a membrane may

FIG. 8. Cross-linking of membrane -
bou n d and m emb r ane free TC n.n, A ,
placenta l memb ra nes (lanes 1 an d 2) or
Triton X-IOO extract (lanes 3 and 4) were
cross-lin ked with ' 25r_TC II in the absence
(lanes 1 a nd 4) and presence (lan es 2 and
3) of 100-fold molar excess of TC II ·Cbl. B,
TC II-R boun d to egg PC-cholesterol lipo-
somes (lanes 5 and 6) or pure TC II-R
(lanes 7 and 8 ) was cross -linked with
125r·TC II ·Cbl in the abse nce (lanes 5 and
8 ) and presen ce (lan es 6 and 7) of 100-fold
molar excess of TC II ·Cbl. Th e cross -
link ed products were analyzed of SDS -
PAGE (5%) and visu ali zed by autoradio g-
raphy. Othe r det ail s a re provided under
"Materia ls and Methods."
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also be responsible for the presence of monomer or dimer in
these membranes, respectively. Further studies are needed to
elucidate the structural elements of TC II-R important in the
formation of noncovalent dimers in native plasma membranes
and the specific lipids that help mediate this event.

In conclusion, the current study has examined some of the
molecular properties of TC II-R and its expression in human
tissue membranes. These studies have provided insights into
the role of membrane lipids in the formation of noncovalent
homodimers of TC II-R in human tissue plasma membranes.
With the availability of nanomole amounts of the receptor and
mono-specific antiserum, further studies on its structure and
regulation of expression are now possible.
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