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Abstract. The adipocyte plasma membrane is composed of specific intrinsic, integral, 
and extrinsic proteins. The study of adipocyte development, morphology, and metabo- 
lism has been limited by a lack of characterization of these proteins. It seems likely that 
the adipocyte plasma membrane possesses adipocyte-specific proteins which may be 
linked to the unique identity of adipose tissues. To study the composition of the adipocyte 
plasma membrane, we produced a panel of monoclonal antibodies to purified adipocyte 
plasma membranes. Nineteen anti-adipocyte hybridoma cell lines were identified using 
fluorescent enzyme-linked immunosorbent assay, immunoblotting, and indirect immu- 
nofluorescence. A monoclonal antibody (designated LA-1) with reactivity toward a 
porcine adipocyte plasma membrane component was used for further adipocyte char- 
acterization. LA-1 reacted with a species-specific 64-kDa protein expressed in adipocyte 
plasma membranes but not in hepatocyte, erythrocyte, skeletal muscle, heart, spleen, 
kidney, stomach, small intestine, or large intestine plasma membranes. The LA-1 
antibody provides a specific probe for this adipocyte surface protein marker. 
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pecific compositional differences in cellular 
plasma membranes which may confer cellular S identity remain poorly understood. Biochemical 

and physiologic studies of adipose tissue and, in partic- 
ular, adipocyte biology have been restricted by a lack 
of reproducible reagents which can differentiate adipo- 
cytes from other cell types. The specific triacylglycerol- 
storing function of adipose tissue indicates a unique 
structure and physiology among the cellular compo- 
nents of adipose tissue. It seems likely that the unique 
physiologic functions of adipose tissue are reflected in 
the enzyme and receptor composition of the cell plasma 
membranes. Sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) of adipocyte plasma 
membranes isolated from different sources has resolved 
at least 5-23 glycoprotein and glycolipid components 
which range in molecular mass from 14 to 178 kDa ( 1 - 
6). 

Immunologic reagents have been used to study 
some antigenic components present in adipocyte 
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plasma membranes. Polyclonal sera have been prepared 
against adipocytes from rats (7-9), cattle (lo), and sheep 
( 1  1). Following adsorption with cells isolated from non- 
adipose tissue, the resulting sera reacted specifically 
with adipocyte plasma membranes (7- 12). Although 
these polyclonal sera have been used to identify certain 
adipocyte-specific proteins, they have certain limita- 
tions (i.e., differing isotypes, affinities and specificities, 
variability among sera collected at different times, etc.). 
Thus, the preparation of monoclonal antibodies with 
specific reactivity to adipocyte-specific proteins is a 
logical step in developing defined biologic reagents for 
the study of adipocyte structure, metabolism, and de- 
velopment. 

This report describes the production and initial 
characterization of a monoclonal antibody which reacts 
with an adipocyte plasma membrane component of 
swine. Cross-reactivity of the antibody toward nonadi- 
pocyte-derived plasma membrane proteins is described. 
The antibody has proven useful for screening other cell 
types for the presence of this specific protein in fluores- 
cent enzyme-linked immunosorbent assay, immuno- 
blotting procedures, and immunofluorescence assay. 

Materials and Methods 
Plasma Membrane Fraction. Adipocytes were iso- 

lated by collagenase digestion according to the methods 
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of Rodbell ( 1  3). Erythrocyte cell ghosts and liver ho- 
mogenates were prepared according to the methods of 
Lodish and Braell ( 14) and Hertzberg (1 5) ,  respectively. 
Kidney, spleen, large intestine, small intestine, stom- 
ach, skeletal muscle, and heart homogenates were pre- 
pared according to the method of Lo et al. ( 16). Plasma 
membrane-enriched fractions were prepared using a 
self-forming Percoll gradient as described by Belsham 
et al. (5). Protein content was measured according to 
the method of Bradford (17) using bovine serum albu- 
min as a standard. Plasma membrane proteins were 
stored in sterile phosphate buffered-saline (PBS). 

Production of Mouse Monoclonal Antibodies. 
Six-week-old BALB/c mice were injected intrapento- 
neally with 100 pg (200 pllmouse) of porcine dorsal 
subcutaneous adipocyte plasma membrane ( APM) pro- 
teins emulsified in Freund’s incomplete adjuvant 
(Sigma Chemical Co., St. Louis, MO). A second 200 
pl/mouse i.p. injection (20 pg of APM protein in 
Freund’s incomplete adjuvant) was given on Day 14. 
On Day 28 blood samples were taken from each mouse, 
serum collected, and anti-APM antibody production 
was confirmed by fluorescent enzyme-linked immu- 
nosorbent assay (F-ELISA) methods (see below). A final 
booster injection (250 pl/mouse) of 5 pg of APM pro- 
tein in sterile PBS was administered on Day 42 by i.p. 
injection. On Day 45, each mouse was sacrificed and 
the spleen removed using sterile techniques. Spleno- 
cytes from the hyperimmunized mice were chemically 
fused with Sp 2/0-AG 14 myeloma cells using a poly- 
ethylene glycol solution: 40% polyethylene glycol 1450 
(Eastman Kodak Co., Rochester, NY), 10% polyethyl- 
ene glycol 4000 (J. T. Baker Inc., Phillipsburg, NJ), 
10% dimethyl sulfoxide (Sigma Chemical Co.), and 
40% Dulbecco’s modified Eagle’s medium (Sigma 
Chemical Co.), pH 7.2 (1 8, 19). After the fusion pro- 
cedure, the cells were resuspended in hypoxanthine- 
aminopterin-thymidine (HAT) medium (20) and plated 
into 96-well culture plates for selection of hybridomas. 
The cells were maintained in HAT until macroscopic 
colonies were observed and the myeloma controls were 
dead. HAT medium was then replaced with hypoxan- 
thine-thymidine medium, and finally by Dulbecco’s 
modified Eagle’s medium- 10% fetal bovine serum (Hy- 
clone Laboratories, Inc., Logan, UT). When medium 
in individual culture wells became acidic (yellow), those 
wells were tested for anti-APM antibody production by 
F-ELISA. Wells containing hybridomas which showed 
a positive response in F-ELISA were minicloned and 
expanded according to the limiting dilution method. 
Subsequently, wells which contained single hybridoma 
colonies were subcloned a second time. 

F-ELISA. An F-ELISA method was developed to 
detect the presence of anti-APM antibodies in culture 
fluid and to test cross-reactivity of the antibodies. The 
APM fraction was diluted in PBS to a protein concen- 

tration of 2.5 pg/ml, and 50 pl/well of this preparation 
was adsorbed onto the well surfaces of black 96-well 
Microfluor plates (Dynatech Laboratories, Inc., Alex- 
andria, VA) by overnight incubation at 4°C. Plates were 
then emptied and the wells “blocked” by the addition 
of 5% nonfat dry milk in PBS (350 pl/well) and incu- 
bated at 37°C for 30 min to prevent nonspecific protein 
binding. After the blocking step wells were washed once 
with PBS-Tween (PBS containing 0.05% Tween 20; 
Sigma Chemical Co.) with a 12-channel Mini-Fastwash 
manifold (3M Diagnostics, Mountain View, CA), and 
50 pl of hybridoma culture fluid or mouse antiserum 
were added to appropriate wells. Plates were incubated 
at 37°C for 30 min and the wells were washed four 
times with PBS-Tween. Each well then received 50 pl 
of a 1/750 dilution of alkaline phosphatase-labeled goat 
anti-mouse IgG (whole molecule; Sigma Chemical Co.) 
followed by incubation at 37°C for 30 min. The plates 
were washed four times with PBS-Tween and 50 1.11 
well of substrate solution added. Substrate solution 
consisting of 4-methylumbelliferyl phosphate, prepared 
at a concentration of 25.6 pg/ml in diethanolamine 
buffer (10% diethanolamine, 0.5 mM MgC12, pH 9.8), 
was added to each well and the plate was incubated at 
37°C for 30 min. Fluorescence that developed was 
determined automatically in a 96-well fluorometer fit- 
ted with 365-nm excitation and 450-nm emission filters 
(3M Diagnostics). 

For the cross-reactivity studies, the APM-coating 
proteins were replaced by either hepatocyte, erythro- 
cyte, skeletal muscle, heart, spleen, kidney, stomach, 
small intestine, or large intestine plasma membranes. 
For controls, the hybridoma culture fluid was replaced 
by either normal mouse antiserum (for analysis of 
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Figure 1. F-ELISA data comparing the relative cross-reactivities of 
LA-1 to the plasma membranes of 10 physiologically distinct tissue 
types (adipocyte, heart, skeletal muscle, stomach, small intestine, 
large intestine, spleen, kidney, liver, and erythrocyte). The relative 
cross-reactivities are shown as percentage of control (background) 
values. The control level of fluorescence is represented as 100%. 
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Figure 2. Coomassie Blue R-250 stained SDS-PAGE of subcuta- 
neous adipocyte, hepatocyte, erythrocyte, skeletal muscle, heart, 
spleen, kidney, stomach, small intestine, and large intestine plasma 
membranes (1 2.5 pgllane) run on a 4% stacking, 12% separating gel 
at 200 V, 4OC for 45 min. 
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Figure 3. Western blot of subcutaneous adipocyte, hepatocyte, 
erythrocyte, skeletal muscle, heart, spleen, kidney, stomach, small 
intestine, and large intestine plasma membranes immunoblotted with 
LA-1. Protein concentrations of 12.5 pg/lane were loaded onto a 12% 
SDS-PAGE gel, separated, and transferred to nitrocellulose. 

immune sera), fresh culture medium, or PBS (for the 
analysis of hybridoma supernatants). 

lmrnunohistochemistry. Isolated adipocytes were 
examined by an indirect immunofluorescence tech- 
nique with antiadipocyte hybridoma supernatant. Sub- 
cutaneous adipocytes were isolated as described and 
incubated with a 1/50 dilution of the hybridoma culture 
fluid in PBS for 30 min at 37°C and washed three times 
with copious volumes of 37°C PBS. The adipocytes 
were then incubated with a 1 / 100 dilution of fluorescein 
isothiocyanate-conjugated goat anti-mouse antibody 
(Sigma Chemical Co.) in the dark for 30 min at 37°C. 
Specimens were observed using a Zeiss epifluorescence 

Figure 4. Western blot of subcutaneous APM proteins isolated from 
chicken, sheep, rat, and pig. Protein concentrations of 5 pgllane were 
loaded onto a 12% SDS-PAGE gel, separated, transferred to nitro- 
cellulose. and immunoblotted with LA-1. 

Figure 5. Indirect immunofluorescence of isolated subcutaneous 
adipocytes by LA-1 showing a uniform staining pattern consistent 
with an even distribution of the antigen. The results indicate that the 
protein is exposed to the extracellular environment (original magnifi- 
cation x200). 

microscope fitted with a 35-mm camera. Controls con- 
sisted of supernatants from F-ELISA-negative hybrid- 
omas and PBS. 

Immunoblotting. The APM fraction, prepared in 
PBS, was mixed with an equal volume sample buffer 
which contained 2% SDS, 10% glycerol, 62.5 mMTris- 
HCl buffer (pH 6.8), 5% 2-p mercaptoethanol, and 
0.002% (w/v) bromophenol blue (Sigma Chemical Co.) 
and subjected to electrophoresis (12.5 yg of protein/ 
lane) through a 12% polyacrylamide slab gel according 
to the Laemmli method (21) using a Mini-Protean I1 
apparatus (Bio-Rad Laboratories, Richmond, CA). Pro- 
tein bands were electrophoretically transferred onto a 
nitrocellulose sheet ( 0.45-ym pore size; Sigma Chemi- 
cal Co.) using a Genie Blotter (Idea Scientific Inc., 
Corvallis, OR) according to the method of Towbin et 
al. (22) as modified by the manufacturer. Blotting was 
performed for 45 min. Tissue-specific cross-reactivity 
studies compared porcine hepatocyte, erythrocyte, skel- 
etal muscle, heart, spleen, kidney, stomach, small in- 
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testine, and large intestine plasma membranes. Inter- 
species cross-reactivity studies compared chicken (ab- 
dominal), sheep (sternal), rat (inguinal), and porcine 
(backfat) APM. Samples were prepared as described 
above. 

Nitrocellulose filters were “blocked” with 5 % non- 
fat dry milk (NFDM) in PBS for I hr at 37°C using 
continuous shaking (all subsequent incubations were at 
37°C with continuous shaking). Blocked filters were 
incubated with a 1/100 dilution of hybridoma supena- 
tant in 0.1 % NFDM (in PBS) for 30 min and washed 
three times, 5 min/wash, with 0.1% NFDM in PBS. 
Filters were then incubated for 30 min with a 1/750 
dilution of alkaline phosphatase-labeled goat anti- 
mouse IgG (Sigma Chemical Co.) followed by 3- to 5- 
min washes in PBS (no NFDM). The filters were ex- 
posed to the Vectastain ABC alkaline phosphatase sub- 
strate buffer (two drops each of reagents I ,  2, and 3 
into 10 ml of 100 mM Tris-HC1 pH 9.5; Vector Labo- 
ratories, Inc., Burlingame, CA) until color formation 
was detected (approximately 5-10 min). The reaction 
was stopped by rinsing the filters with copious volumes 
of distilled, deionized water. In some experiments, pres- 
tained molecular weight standards (Sigma Chemical 
Co.), concomitantly electrophoresed and transferred, 
were used as references. Corresponding gels were also 
stained with 0.1% Coomassie Blue R-250 in fixative 
(40% methanol, 10% acetic acid) and destained with 
40% methanol/lO% acetic acid to remove background 
staining. 

Subisotype Determination of the Monoclonal An- 
tibodies. Subisotyping of the monoclonal antibodies 
was performed using an ELISA kit (Miles Laboratories, 
Elkhart, IN). The manufacturer’s instructions were fol- 
lowed except that the fluorescence substrate was substi- 
tuted in the final step of the assay. The subisotypes 
were tested for reaction to antisera specific for IgG1, 
IgG2, IgG2a, IgG2b, IgG3, IgM, and IgA. 

Results 
Nineteen hybridoma culture supernatants were 

identified which contained anti-APM monoclonal an- 
tibodies. Each of the 19 colonies was expanded and 
subsequently stored frozen in liquid nitrogen. Cross- 
reactivity studies using F-ELISA detected differences 
between the assayed tissue types suggesting the presence 
of antigenically unique, adipocyte-specific cell surface 
proteins (Fig. 1). A monoclonal antibody line, desig- 
nated LA- 1, was identified which distinguished adipo- 
cytes from the various tissue types assayed (Figs. 2 and 
3) on the basis of the presence or absence of a particular 
protein. Subisotyping sera indicated that LA- 1 was of 
the IgM isotype. 

Subcutaneous backfat (original antigen source) ex- 
pressed the antigenic protein recognized by LA- 1. The 
nine physiologically distinct tissue types tested did not 

express the protein (Fig. 3), even when all sources were 
adjusted to equivalent, or doubled, protein concentra- 
tions. LA-1 recognized the APM protein only from 
porcine and not rat, sheep, or chicken sources (Fig. 4). 
Control sera did not react with this protein. 

The antigen identified by LA-1 has an apparent 
molecular mass of 64,000 daltons (64 kDa), as deter- 
mined by comparison to SDS-PAGE molecular weight 
protein markers (Fig. 3). Comparisons of protein pro- 
files in Coomassie Blue-stained SDS-PAGE gels (Fig. 
2) indicated numerous differences in plasma membrane 
protein composition among various porcine tissues. 

LA-1 also bound intact, isolated adipocytes as 
shown by immunofluorescence (Fig. 5). Both isotype- 
matched and fluorescein isothiocyanate-conjugated 
goat anti-mouse antibody, singly or combined, failed to 
stain any adipocytes (data not shown). The observed 
fluorescence was uniform over the surface of the cells. 
LA- 1 also reacted with adipocyte cell ghosts and plasma 
membrane fragments as judged by immunofluores- 
cence. 

Discussion 
In this work, we sought to develop a specific and 

reproducible biologic reagent that would enable us to 
identify unique adipocyte plasma membrane proteins. 
To accomplish this, we produced monoclonal antibod- 
ies against purified adipocyte plasma membranes. One 
particular hybridoma was selected (designated LA- 1) 
and partially characterized. The LA- 1 antibody was 
shown to be of the IgM isotype and was produced in 
relatively high quantities by this hybridoma. 

To screen for the presence of a unique protein in 
the adipocyte plasma membrane, we developed an F- 
ELISA method. The F-ELISA data (Fig. 1) indicated 
that this protein was expressed by adipocytes but not 
by the nine other physiologically distinct tissue types. 
Immunoblots of these tissue proteins probed by LA- 1 
(Fig. 3) confirmed these predictions. The antigen iden- 
tified by LA-1 has a molecular mass of approximately 
64 kDa under reducing conditions, as determined by 
SDS-PAGE and immunoblot analysis (Figs. 2 and 3). 
Only mature adipocytes expressed the protein identified 
by LA- 1. Adipocytes from dorsal and ventral subcuta- 
neous as well as perirenal depots contained the 64-kDa 
protein when immunoblotted with LA-1 (data not 
shown). Coomassie Blue-stained SDS-PAGE gels (Fig. 
2) emphasized the disparity in plasma membrane com- 
position between the various tissue types. 

Intact, isolated adipocytes were also readily labeled 
by LA- I as indicated by indirect immunofluorescence 
(Fig. 5). Uniform staining of intact adipocytes along 
with the intensity and size of the recognized bands in 
the immunoblots suggests a relative abundance of this 
unique protein in the adipocyte. Presence of the antigen 
in both intact adipocytes and plasma membranes sug- 
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gests that the protein is either extrinsic or integral. 
Neither presence of the protein in the intracellular pool 
nor its physiologic function has yet been determined, 
but both will be subjects of future studies. 

Species-specific polypeptides on the adipocyte 
plasma membrane have been demonstrated by poly- 
clonal antibodies (6, 9, 10). These species-specific an- 
tigens had molecular masses of 124 kDa, 92 kDa, and 
59 kDa for the rat, 87 kDa for cattle, and 56 kDa, 47 
kDa, and 37 kDa for the chicken. None of the antigens 
was cross-immunoprecipitated by nonhomologous an- 
tibodies. LA- 1 also shows apparent species specificity 
due to its lack of cross-reactivity with adipocyte plasma 
membranes isolated from rat, sheep, and chicken (Fig. 
4). The monospecificity and reproducibility of LA- 1 
should prove useful for more detailed analyses of adi- 
pose tissue development and physiology. 

The cross-reactivity assessments of LA- I to other 
tissue types were chosen to be representative of the 
cellular diversity present in the body. The indications 
are that LA-1 recognizes a protein whose expression 
may be restricted to adipogenic cell types. Molecular 
characterization of this protein should provide further 
information as to the basis for the cell-type restriction 
of this protein. 

We have produced a monoclonal antibody that 
identifies a protein unique to the porcine adipocyte 
plasma membrane. Monoclonal antibodies such as LA- 
1 provide defined and reproducible reagents for the 
study of cellular composition and the physiologic roles 
that these particular proteins have in the identity of 
their respective cell types. The protein recognized as 
unique to adipocytes by LA-I must be studied further 
to assess its possible role as a targeting protein (receptor) 
or its functional role as a tissue specific transmembrane 
carrier. 
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