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Abstract We have produced and characterized six murine mo- 
noclonal antibodies to human apolipoprotein A-I named A-1-9, 
A-1-12, A-1-15, A-1-16, A-1-19, and A-1-57. All monoclonal anti- 
bodies were specific for apolipoprotein A-I and bound between 
55% and 100% of '251-labeled high density lipoproteins (HDL) 
in a fluid phase radioimmunoassay. All antibodies possessed a 
higher affinity to apoA-I in HDL than to free, delipidated apoA- 
I. Two of them, particularly A-1-12 and A-1-15, which were di- 
rected to the same or very close epitopes on the molecule, 
recognized very poorly the delipidated protein. Binding of 
apoA-I to phospholipid restored the immunoreactivity of the 
monoclonal antibodies to the protein suggesting that lipids play 
an important role in determining the immunochemical structure 
of apoA-I. Using CNBr fragments and synthetic peptides, the 
epitopes for the antibodies were mapped as follows: A-1-19, 
CNBr fragment 1; A-1-12 and 15, CNBr fragment 2; A-1-9 and 
A-1-16, CNBr fragment 3; A-1-57, CNBr fragment 4. Antibody 
A-1-57 failed to recognized a mutant form of apoA-I, A-IM,,~,,~ 
(Arg,,,+Cys) by immunoblotting and by competitive radioim- 
munoassay demonstrating that substitution of a single amino 
acid in human apoA-I may cause the loss of an antigenic deter- 
minant. -Marcovina, s., s. Fantappie, A. Zoppo, G. Fran- 
ceschini, and A. L. Catapano. Immunochemical characteri- 
zation of six monoclonal antibodies to human apolipoprotein A- 
I: epitope mapping and expression. J. Lipid Res. 1990. 31: 375- 
384. 
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Human plasma high density lipoprotein (HDL) con- 
tains approximately 45% protein and 55% lipid by 
weight (1); cholesteryl esters and phospholipid are major 
lipid constituents. 

Apolipoprotein A-I and apolipoprotein A-I1 (apo) ac- 
count for approximately 60% and 30%, respectively, of 
the HDL protein mass (2, 3). Human apoA-I is 
synthesized mainly by the liver and small intestine (4) as 
preproapoA-I; it undergoes co-translational cleavage to 
proapoA-I, and is eventually converted to mature apoA-I 

(243 amino acids) in plasma (5, 6). This apolipoprotein is 
a cofactor of the enzyme 1ecithin:cholesterol acyltransfer- 
ase (7). ApoA-I is also the ligand responsible for the bind- 
ing of the HDL to a putative receptor present on the 
plasma membrane of peripheral cells (8). The immuno- 
chemical properties of apoA-I have been the object of 
several investigations. Monoclonal antibodies have been 
used to study the expression of antigenic sites and the im- 
munological heterogeneity of apoA-I in HDL (9-11). In 
this study we report on the isolation and characterization 
of six monoclonal antibodies to apolipoprotein A-I, their 
application in mapping distinct epitopes of the mature 
apolipoprotein, and the study of their reaction with 
apoA-IMilano, a mutant form of apolipoprotein A-I (12). 

MATERIALS AND METHODS 

Isolation of lipoproteins and apolipoproteins 

Human plasma lipoproteins were isolated from plasma 
obtained from fasting (14 h) normal subjects by sequential 
ultracentrifugation in a 50.2 Ti  rotor (Beckman, Palo Al- 
to, CA) as described by Havel, Eder, and Bragdon (13) at 
the following densities: very low density lipoprotein 
(VLDL) 1.006 g/ml; low density lipoprotein (LDL) be- 
tween densities 1.019 to 1.063 g/ml, and high density lipo- 
proteins 2 and 3 (HDL2, HDL3) between densities 1.063 
to 1.125 g/ml and 1.125 to 1.210 g/ml, respectively. Lipo- 

Abbreviations: apo, apolipoprotein; HDL, high density lipoprotein; 
VLDL, very low density lipoprotein; egg PC, egg phosphatidylcholine; 
RIA, radioimmunoassay. 
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proteins were extensively dialyzed at 4°C against phos- 
phate-buffer saline (PBS), pH 7.4, containing 0.01% 
EDTA, sterilized through a 0.45-pm filter, stored at 4”C, 
and used within 2 weeks from isolation. HDL from an 
apolipoprotein A - I M ~ ~ ~ ~ ~  heterozygote subject (V. D. in 
the kindred) (12) were isolated as described above and 
stored at - 20°C for 2 months before use. Apolipoprotein 
A-I was isolated from HDL3 by column chromatography 
over a Sephadex G-200 column (2.5 x 130 cm) in a buf- 
fer containing 8 M urea and 0.1 M Tris-HC1 (pH 7.4). 
The peak containing apoA-I was collected and further 
purified by a second passage on the column. ApoA-I1 was 
isolated using a similar procedure followed by an ion-ex- 
change chromatography step on the DE52 column. 
ApoA-I and apoA-I1 purity was determined by SDS gel 
electrophoresis; a single band was detected by loading 20 
pg of purified protein. Apolipoproteins C-I1 and C-I11 
were purified by preparative isoelectric focusing (14). The 
purity of the fractions was assessed by analytical isoelec- 
tric focusing as described (15). ApoC-I1 showed only a 
slight contamination with apoC-I11 (less than 4% as de- 
termined by densitometric scanning of the gels); apoC-I11 
showed a single band (12 pg load). APO-A-IM~~~~,,  was iso- 
lated by affinity chromatography on thiopropyl-Sepha- 
rose. The purity of the preparation was greater than 85%. 

Apolipoprotein A-I-egg phosphatidylcholine 
complexes 

Egg PC-cholesterol-apoA-I complexes were prepared 
as described (16). Egg PC and cholesterol, dissolved in 
chloroform-methanol 2:1, in a molar ratio 1OO:Z were ad- 
ded to a glass tube and dried on the wall of the tube under 
a stream of NZ. ApoA-I, (1 M:lOO M of egg PC) on 0.15 
M NaCl, 2 mM EDTA, pH 7.4, was added and the mix- 
ture was vortexed for 30 sec. Sodium cholate was then 
added under continuous stirring to a final concentration 
of 4% (w/v). Complexes were separated from the deter- 
gent by column chromatography. Chemical analysis 
showed that the chemical composition of the vesicles was 
as expected. Complexes with apoA-IMilano were prepared 
by using the same procedure and were similar in size and 
composition to those prepared with apoA-I. 

Production of monoclonal antibodies 
Male Balb/c mice were immunized with purified apoA- 

I by receiving intraperitoneal injections of 100 pg of apoA- 
I in Freund’s complete adjuvant (Behringwerke AG, 
Marburg, F.R.G.). 

The same dose was repeated 2 weeks later in Freund’s 
incomplete adjuvant. The mouse with the highest specific 
antibody titre, as determined by enzyme-linked immuno- 
assay, was boosted with intravenous injections of 50 pg of 

apoA-I, without any adjuvant, for 3 consecutive days be- 
fore the fusion. Splenocytes from the immunized mouse 
were fused with mouse hybridoma cell line SPZ/O-Ag14. 
As cell proliferation approached confluency, supernatants 
were screened for the presence of specific antibodies by an 
enzyme-linked immunoassay as previously described (17); 
the wells of the microtitre plates were coated overnight at 
4OC with 100 p1 of 0.05 M carbonate buffer, pH 9.6, con- 
taining 300 ng of purified apoA-I or 500 ng of HDL. The 
cells from the most positive wells were cloned by limiting 
dilutions in 96-well microculture plates, yielding 26 clones 
that were recloned twice. Six stable clones showing the 
highest antibody titre to both purified apoA-I and apoA-I 
in HDL were selected to be characterized after being fur- 
ther subcloned three times. The immunoglobulin class 
and subclass were determined by enzyme immunoassay 
(Mouse Hybridoma Sub-Iso Typing Kit, Calbiochem- 
Behring, La Jolla, CA). To obtain a large amount of 
antibodies, the hybridoma cells were injected into the per- 
itoneal cavity of “pristane-primed” Balb/c mice. The asci- 
tic fluids were collected 7-14 days later and centrifuged. 
The monoclonal antibodies were purified from ascitic 
fluids by adsorption to Protein A-Sepharose (Affi-Gel Pro- 
tein A, Bio-Rad, Richmond, CA) and stored at - 80°C 
in aliquots of a 1 mg/ml solution. 

Iodination of lipoproteins, apolipoproteins, and 
monoclonal antibodies 

HDLz and HDL3 subfractions were labeled with lZ5I 
using the procedure described by Bilheimer, Eisenberg, 
and Levy (18). Free lZ5I was removed by gel filtration on 
a Sephadex PD25 column followed by extensive dialysis at 
4 O C  against PBS containing 0.01% Na E M A .  

The lZ5I precipitable with 10 % trichloroacetic acid 
( E A )  was always greater than 98%. The lipid-associated 
radioactivity ranged from 3 to 8% of EA-precipitable 
radioactivity; the specific activity was 300-400 cpm/ng of 
protein. ApoA-I was labeled with the Iodogen procedure 
(19) to a specific activity of 400-500 cpm/ng. EA-preci-  
pitable radioactivity was always greater than 98%. Both 
labeled HDL and apoA-I were stored at 4OC under sterile 
conditions, and used within a week. Monoclonal antibod- 
ies were labeled with lZ5I with the Iodogen procedure to 
a specific activity of 2,000-3,000 cpm/ng (19). Free iodine 
was removed as described for lipoproteins. Trichloroacetic 
acid-precipitable radioactivity was always more than 
98%. 

Direct binding assay of lz5I-1abeled HDL to monoclonal 
antibodies and Scatchard plot analysis 

Fluid phase radioimmunoassay was performed in du- 
plicate as previously reported (20, 21). Briefly, 100 pl of se- 
rial dilution of monoclonal antibodies was incubated with 
100 p1 of lZ5I-labeled HDL (30,000 cpm, containing about 
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80 ng of protein). After overnight incubation at 4OC, 100 
pl of rabbit anti-mouse IgG was added (diluted to give a 
slight antibody excess), and the tubes were incubated for 
3 h at room temperature. At the end of the incubation, 
100 pl of Standardized Pansorbin Cells (Calbio- 
chem-Behring), was added and incubated for 30 min. 
Alternatively, a one-step procedure was used in which the 
rabbit anti-mouse IgG (diluted 1:50) was preincubated for 
24 h at 4OC with Pansorbin cells (1 ml of cell suspension 
per 10 ml of diluted antibody) prior the use in the RIA 
assay. Rabbit anti-mouse IgG/Pansorbin cells (100 pl) 
were added to the tubes and incubated for 6 h at room 
temperature. The assay tubes were then washed with 2 ml 
of cold assay buffer and centrifuged (2000 g, 30 min). 
Supernatants were removed and the radioactivity of the 
pellet was determined in a gamma counter (Behring 
Gamma Counter 1612). Maximum precipitable radioac- 
tivity was determined by replacing the rabbit anti-mouse 
IgG with trichloroacetic acid (220 g/l). The minimum pre- 
cipitable activity or nonspecific binding was determined by 
replacing the specific monoclonal antibodies with super- 
natant fluid from an irrelevant hybridoma. For calcula- 
tions, the percent of total lZ5I-labeled HDL bound was 
expressed by Bo/T, where Bo is the total lZ5I-labeled HDL 
bound to antibodies, minus nonspecific binding, and T 
was the maximum XA-precipitable radioactivity. A 
similar technique was used for determining the affinity 
constants of monoclonal antibodies by Scatchard plot 
analysis (22). Bound HDL was determined by incubating 
increasing doses of competing antigen (HDL or purified 
apoA-I) in the presence of lz51-labeled HDL. Each mono- 
clonal antibody was used at the dilution required for ap- 
proximately 50% maximum binding. For determination 
of the affinity constants, the molar concentration of the 
competing antigen was calculated from the molecular 
weight of apoA-I (28,000 g/mol). 

Competitive antibody binding assay 

Solid phase radioimmunoassay was performed in dupli- 
cate as follow. HDL were diluted in coating buffer con- 
taining 0.015 M Na2C0,, 0.35 M NaHCO,, 0.01% NaN3 
(pH 9.5), to a final concentration of 4 pglml. Aliquots (100 
111) were distributed in 75 x 11 mm tubes (Maxisorp, A/S 
Nunc, Denmark) and left to incubate overnight at 4OC to 
allow the binding of HDL to the tubes. The tubes were 
then emptied, washed three times with saline, and incu- 
bated with 300 pl of 10% bovine serum albumin in assay 
buffer to saturate nonspecific binding sites. After 1 h in- 
cubation at room temperature, the tubes were washed as 
above. Serial two-fold dilutions of monoclonal antibodies 
were prepared in assay buffer and 100-111 aliquots were 
transferred into the tubes and incubated for 3 h at room 
temperature, emptied, and washed as above. Aliquots of 

100 pl of '251-labeled monoclonal antibody were then 
added to each tube. After 3 h incubation at room temper- 
ature, the tubes were washed three times and then 
counted in a gamma counter. The results were expressed 
as B/Bo x 100, where B is the counts per minute (cpm) 
bound, minus nonspecific binding, and Bo is the cpm 
bound in the absence of competing antibody minus non- 
specific binding. 

Gel electrophoresis and immunoblotting 

SDS gel electrophoresis was performed in a 10% poly- 
acrylamide gel according to Weber and Osborne (23) us- 
ing a Bio-Rad minicell (Bio-Rad, Richmond, CA). 
Isolated lipoproteins were delipidated by the method of 
Scanu and Edelstein (24) and solubilized in buffer con- 
taining 2 '% sodium dodecyl sulfate, 1% P-mercaptoetha- 
no1 (w/v). After fractionation by SDS-PAGE, the 
apolipoproteins were electrophoretically transferred to 
nitrocellulose as described by Towbin, Staehelin, and 
Gordon (25). The nitrocellulose paper was then cut into 
strips and each strip was placed into a 500-fold dilution 
of each monoclonal antibody in PBS containing 0.5% 
BSA and incubated for 1 h. After washing with PBS con- 
taining 0.5% BSA, the strips were incubated for 1 h in a 
1000-fold dilution of goat anti-mouse IgG conjugated 
with peroxidase (Bio-Rad) and washed extensively. The 
antibody binding was localized by staining the strips with 
peroxidase or, alternatively, by using lz5I-1abeled protein 
A. Protein A, labeled with Iodogen to a specific activity 
of 4000-5000 cpm/ng, was incubated (2-3 x lo5 cpm) 
with the nitrocellulose strips in PBS containing 1% BSA 
for 2 h. The strips were washed, dried, and processed for 
autoradiography using an intensifier screen. For bidimen- 
sional gel electrophoresis, apolipoproteins were first fo- 
cused on a 6% acrylamide gel (0.2 x 6 cm) containing 
2% ampholines (pH 4 to 6). When focusing was com- 
pleted, the gel was removed and processed for the second 
dimension on a 10% polyacrylamide gel containing 1% 
SDS (26). Electrophoresis transfer and immunological de- 
tection were performed as described above. 

Synthetic fragments of apoA-I 

Synthetic fragments of apolipoprotein A-I were kindly 
provided by Dr. J. T. Sparrow (Houston, TX). Fragments 
spanning regions 87-124, 142-182, and 224-243 were used. 
Peptides were synthesized using protected amino acids as 
previously described, based upon the published sequence 
of apoA-I (4). Peptides were homogeneous by analytical 
isoelectric focusing (15) and gave the expected amino acid 
analysis. 

Dot-blot assay 

The interaction between monoclonal antibodies and 
the apoA-I synthetic peptides was studied by spotting in- 
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creasing aliquots (from 0.05 to 5 pg) of peptide protein 
onto nitrocellulose and processing as described above for 
the immunoblotting. 

CNBr fragments of apolipoprotein A-I 

Purified apoA-I was cleaved with CNBr at a molar ratio 
protein:CNBr, 1:500 in PBS at room temperature in a 
sealed vial for 24 h. The excess reagent was removed by 
overnight dialysis at 4OC against water using a membrane 
with a cut-off of 3,500 daltons. The peptides were then 
lyophilized and stored in sealed vials at - 2OoC until use. 
CNBr fragments were separated by a bidimensional gel 
electrophoresis system essentially as described above with 
the only difference that the first dimension was in 8 M 
urea-acrylamide gel and the SDS-acrylamide gel in the 
second dimension contained 12 % polyacrylamide (27). 
Blotting and immunological detection were as described 
above. The CNBr fragments were identified according to 
their molecular weight and electrophoretic mobility. 

Interaction of monoclonal antibodies with 
apolipoprotein A-Ihlilano 

The interaction of monoclonal antibodies with apoA- 
Ihlilano was studied by immunoblotting as described 
above with the difference that the isoform separation was 
performed by isoelectric focusing (pH range 4-6) after 
dissociation of apolipoprotein complexes with 2 % &mer- 
captoethanol. In a second set of experiments, apoA- 
Ihlilano was reconstituted to form vesicles and the 
interaction with monoclonal antibodies was studied by 
fluid phase radioimmunoassay. 

RESULTS 

Specificity of monoclonal antibodies 

From the fusion between the cell line SP2/O-Ag14 and 
the splenocytes of a Balb/c mouse immunized with human 
apoA-I, six mouse hybridomas that secreted antibodies 
specific for human plasma apoA-I were selected to be 
characterized. The details of the six monoclonal antibod- 
ies used in this study are shown in Table 1.  After SDS 
electrophoresis of the plasma apolipoproteins, all mono- 
clonal antibodies recognized a single band of mol wt 
28,000. The same protein was identified by a polyclonal 
anti-human apoA-I raised in rabbit against purified 
apoA-I. Bidimensional gel electrophoresis also showed 
that these antibodies recognized all isoforms of apoA-I in- 
cluding proapoA-I (data not shown). Altogether these 
data suggest monospecificity of the antibodies without any 
stringent specificity for apoA-I isoforms. Studies with pur- 
ified apoA-11, C-11, and C-I11 in an RIA assay showed no 
competition of these apolipoproteins with apoA-I for all 
the six monoclonal antibodies (data not shown). 

TABLE 1 .  Monoclonal antibodies to human apolipoprotein A-I 

Immunizing 
Antigen 

ApoA-I 
ApoA-I 
ApoA-I 
ApoA-I 
ApoA-I 
ApoA-I 

Hybridoma Monoclonal 
Antibody Antibody 

9-B2-D2 A-1-9 

15-C4-H1 A-1-15 

19-D4-B6 A-1-19 

12-C4-B1 A-1-12 

16-C6-C4 A-1-16 

57-Hl-H9 A-1-57 

Antibody K. 
Chain Type lo9 I/mol 

IgG1 k 1 . 3  
IgC2a k 1.9 
IgC2a k 2.0 

IgGl  k 2.1 

0.3 IgCl k 
IgCLb k 1.5 

Immunoprecipitation of lZ5I-labeled HDL 
Preliminary experiments conducted on the immuno- 

precipitation of lZ5I-labeled HDL in liquid phase RIA 
showed that the binding of the six monoclonal antibodies 
was 55% for the clone A-1-16 and about 90% for all the 
other clones. To verify whether these data reflected the 
true availability of the epitopes on HDL surface, or 
whether the HDL binding could be improved by op- 
timization of the assay conditions, we used rabbit anti- 
mouse IgG preincubated with Pansorbin cells instead of 
using the two-step procedure. This approach did not 
modify the maximal binding of monoclonal antibodies 
A-1-16 and A-1-9 which remained 55 and 90%, respective- 
ly. Monoclonal antibodies A-1-12, A-1-15, and A-1-57, 
however, precipitated all of the 1251-labeled HDL, while 
the binding of clone A-1-19 increased from 88 to 96% of 
the total HDL (Fig. 1). The data reported are the mean 
of seven different experiments; furthermore, the results 
were independent of the amount of antigen added in the 
range from 40 to 100 ng of Iz5I-labeled HDL. By using the 
same assay we investigated the binding of monoclonal an- 
tibodies to '251-labeled apoA-I. The binding of monoclo- 
nal antibodies A-1-16 and A-1-57 was only slightly 
decreased, that of antibodies A-1-9 and A-1-19 was de- 
creased about 15 %, while monoclonal antibodies A-1-12 
and A-1-15 bound less than 25% of the total '251-labeled 
apoA-I (data not shown). 

Displacement curves of '251-labeled HDL 

To measure the antibody affinities for apolipoprotein 
A-I in HDL and soluble apoA-I, a fluid phase radioimmu- 
noassay was performed in which the ability of HDL and 
purified apoA-I to compete for binding of 1251-labeled 
HDL was analyzed (Fig. 2). Full displacement of '251-la- 
beled HDL by HDL was obtained with each monoclonal 
antibody except A-1-16. The affinity constants, calculated 
by Scatchard plot analysis are reported in Table 1. 

All monoclonal antibodies showed a lower affinity to 
free apoA-I than to apoA-I in HDL (Fig. 2). Monoclonal 
antibodies A-1-12 and A-1-15, particularly, seem to be di- 
rected to epitope(s) very sensitive to the changes that 
apoA-I undergoes in the lipid-free form. To further inves- 
tigate the role of lipids in maintaining the antigenic struc- 

378 Journal of Lipid Research Volume 31, 1990 

 by guest, on June 18, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


0 
2 

ii 
Sl 

Fig. 1. Immunoprecipitation of 'z31-labeled 
HDL by monoclonal antibodies. The percentage 
of trichloroacetic acid-precipitable radioactivity 
bound by each antibody is shown as a function 
of antibody dilution. The data reported are the 
mean of seven dfirent experiments. The results 
were independent of the amount of antigen added 
in the range from 40 to 100 ng of i251-hbeled 
HDL. 

ture of apoA-I, the ability of apoA-I vesicles to compete 
for binding of '251-labeled HDL was analyzed in a fluid 
phase radioimmunoassay. We compared the displacement 
curves obtained by monoclonal antibodies A-1-12 and A-I- 
15, which showed almost no displacement with purified 
apoA-I, to that of monoclonal antibody A-1-57, which is 
the antibody that more effectively recognizes purified 
apoA-I. As shown in Fig. 3, the displacement curves indi- 
cate that the binding of purified apoA-I to lipids restores 
the interaction of monoclonal antibodies to the protein, 
and the binding affinity, as judged by the slopes of the 
displacement curves, is almost the same for HDL and 
apoA-I vesicles, thus suggesting that reversible conforma- 
tional changes occurred in purified apoA-I. 

ANTlaODV DILUTION x 1000 

Epitope mapping 

To further characterize our monoclonal antibodies we 
attempted epitope mapping on apolipoprotein A-I. First, 
we studied by immunoblotting the interaction of the anti- 
bodies with apoA-I CNBr fragments. The results (Fig. 4) 
are consistent with A-1-19 recognizing an epitope in 
CNBr fragment 1, A-1-15 and A-1-12 an epitope in CNBr 
2, A-1-16 and A-1-9 an epitope in CNBr fragment 3, and 
A-1-57 an epitope in CNBr fragment 4. To further verify 
these assignments we used synthetic peptides reproducing 
amino acid sequences 87-124, 142-182, and 224-243 of 
mature human apoA-I. In a dot-blot analysis, A-1-19, A-I- 
16, and A-1-9 failed to recognized any synthetic peptide; 

Fig. 2. Displacement curie of "'I-labeled HDL by 
HDL (A) and purified a*-I (e). Bound HDL was 
determined by incubating 100 pI of *251-labeled HDL (80 
ng of protein) with 100 pl of competing antigen (HDL 
or a+-I) ranging f" 10 to 1280 ng, and 100 pl of mo- 
nodonal antibody at the dilution required for about 50% 
maximum binding. For determination of affinity con- 
stants by Scatchard plot analysis, the molar concentra- 
tion of the competing antigen was calculated from the 
molecular weight of apoA-I (28,000 g/mol). 
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Fig. 3. Displacement curves of  '251-labeled HDL by HDL (e), purified  a@-I (A), and a@-I-egg-PC-vesicles (w). 
A@-I vesicles were prepalwl as described under Methods. 

A-1-15 and A-1-12 recognized peptide 87-124; and A-1-57 lipoproteins. We studied, therefore, the  interaction of our 
recognized peptide 142-182 (data  not shown). By combin- antibodies with apOA-IMilano, a mutant protein  that  car- 
ing these data with the antibodies' specificity for CNBr ries a  Cys  instead of an Arg  at  amino acid position 173. 
fragments, a map of the  epitopes was constructed (Fig. 5) .  APoA-IM~~~,,,,, in  the  reduced  form,  presents with a typi- 
An alternative way to  map epitopes for antibodies is to cal pattern  in isoelectric focusing characterized by the 
take advantage of naturally  occurring  mutations of apo- presence of more negatively charged isoforms. Fig. 6 

POLYCLONAL 

1 2 3  2 3 4  
1 2  

1 4 

- 3  4 

" 

A-1-9 

2 3 4  

3 4  

COOMASSIE 

1 2 3  2 3 4  
1 2  

- - 3 4  - 
I-* a - c c 4  

A -1-12 
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A-1-15 

1 2 3, - 2 3 4  
1 2  rr). 

A-1-16 

2 3 4  

3 4  

A-1-19 

1 2 3  

12- 
1 *  

A-1-57 

4 

Fig. 4. Interaction of monoclonal antibodies with CNBr frag- 
ments of apoA-I. Purified apoA-I was cleaved with CNBr  and 
the fragments were separated as described under Methods. The 
bound  antibody w a s  detected with 12SI-labeled Protein A. 
Numbers identify CNBr fragments: 1 = A-I (1- 86);  1-2 = A-I 
(1-112);  1-2-3 = A-I (147);  2-3-4 A-I (87-  243); 3-4 = A-I 
(113-243);  4 = A-I (148-243). 
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Fig. 5. Linear  map  of the epitopes for six monoclonal antibodies to human a@-[. The epitope localization is indicated 
hy the matched boxes. 

shows the  interaction of monoclonal  antibodies A-1-15 and 
A-1-57 with apoA-I from a  normal subject and from a he- 
terozygote carrier of  apOA-IMilano after  immunoblotting. 
Antibody A-1-15 recognized apoA-I and  the typical iso- 
forms of apOA-IMilano, while antibody A-1-57 failed to de- 
tect the  a pattern of  apOA-IMilanor only recognizing  the 
normal apoA-I isoforms. As tested by a fluid phase  radio- 
immunoassay, apOA-IMilano reconstituted  into vesicles 

A I  -15 AI -57 

failed to  compete for the binding of monoclonal  antibody 
A-1-57 to '251-labeled HDL (Fig. 7). Same displacement 
curves between apOA-IMilano and HDL were obtained 
with the  other monoclonal  antibodies (data not shown). 
This finding  indicates  that  substitution of a single amino 
acid at position 173 completely  abolishes  the  expression of 
the  epitope  for  antibody A-1-57, further  confirming the 
mapping of the  epitope  for  this  antibody  in  this region. 

X 

c 

0 60- 
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Fig. 6. Interaction of monoclonal antibody A-1-15 and A-1-57 with  a@-I 
and a@-I,,, afier isoelectric focusing as determined by immunohlotting. 
HDL fmm a contml and fmm  a  hetemzygote carrier of apA-I,,, ?re 1 I I I I I i I  

isolated, delipidated, and a@-I was separated as described under Methods. 10 40 160 640 
Antibody A-1-15  recognizes a @ - I  and a@-IM(;k, as shown by the typical 
pattern of  isoelectric  focusing  that  is  shifted  towards more acidic  forms  in competitor mgl 
a@-I,,,, carrier.  Antibody A-1-57  fails to detect the typical A&%- pat- 
tern and this  reactivity is consistent  with the mo\gnition of only the normal Fig. 7. Displacement curves of 1*51-labeled HDL by HDL (0). apoA- 
A-I  isoforms.  I-egg.-PC-vesicles (.), and a@-I,,-egg-PC-vesides (*). 
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RECIPROCAL OF FIRST ANTIBODY DILUTION 

Fig. 8. Competition of monoclonal antibodies performed sequentially by a solid phase radioimmunoassay The mono- 
clonal antibodies were radioiodinated and the capacity of increasing amounts of one unlabeled antibody to interfere with 
the binding of a limited amount of a second 1251-labeled antibody was assessed. The initial dilution of the unlabeled anti- 
bodies was 1:lOOO. Monoclonal antibody A-1-9, A ;  A-1-12, A; A-1-15, 0; A-1-16, 0; A-1-19, 0; A-1-57, .. The radio- 
iodinated second antibody used in each experiment is marked at the bottom. 

Competition experiments 

Because the epitopes for monoclonal antibodies A-1-12 
and A-1-15 and those for A-1-16 and A-1-9 were located re- 
spectively in regions 87-112 and 124-142 of the apoA-I se- 
quence, we wished to study whether they did or did not 
recognize the same epitope. To this end we performed a 
solid phase radioimmunoassay. Each monoclonal anti- 
body was labeled with 1251 and the ability of increasing 
amounts of one unlabeled antibody to interfere with the 
binding of a limited amount of a second radioiodinated 
antibody was assessed. As shown in Fig. 8, each of the un- 
labeled antibodies was able to specifically block its Iz5I-la- 
beled homologue, indicating the specificity of the binding. 
Monoclonal antibodies A-1-12 and A-1-15 appeared to 
sterically hinder the binding of one another, showing the 
same concentration-dependent inhibition that was ob- 
tained by the respective homologue and indicating that 
they are directed to the same or spatially very close epi- 
topes on apoA-I. Antibodies A-1-9 and A-1-16 showed a 
peculiar behavior. Antibody A-1-16 did not compete at all 
with ‘251-labeled antibody A-1-9 for HDL, while antibody 
A-1-9 partially inhibited the binding of ‘251-labeled A-I- 
16. However, the competition was not fully effective since 
a plateau was reached at 30% inhibition. No competition 
by other antibodies was detected with antibodies A-1-19 
and A-1-57. 

DISCUSSION 

Two of the monoclonal antibodies used in this study 
have been used previously in a radial immunodiffusion 
assay (28). Here we report their detailed characterization 
and the mapping of epitopes on the apoA-I molecule. 
Each of the six reported monoclonal antibodies was mo- 
nospecific for apoA-I. Furthermore, no preferential bind- 
ing of the antibodies to apoA-I isoforms isolated by 
isoelectric focusing or bidimensional gel electrophoresis 
was detected; this is consistent with an evenly distributed 
epitope expression among isoforms, including proapoA-I. 
Similar data were previously reported by different authors 
(9-11). All our antibodies, except A-1-16, recognized the 
vast majority of Iz5I-labeled HDL in a fluid phase RIA, 
thus suggesting little heterogeneity of epitope expression 
on HDL for these antibodies. These data are not in agree- 
ment with those of Curtiss and Edgington (9) who sug- 
gested the existence of a high degree of heterogeneity for 
the epitopes recognized of apoA-I by several monoclonal 
antibodies. A possible explanation for their finding could 
be the use of an “aged” antigen for immunization and for 
the screening procedure (29). From our data, however, we 
cannot exclude that heterogeneity of the expression of 
apoA-I epitopes exists. Furthermore, antibody A-1-16 
recognized only 55% of 1251-labeled HDL. Additional ex- 
periments are required to elucidate the heterogeneity of 
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epitope expression detected with this antibody which, in 
solid phase radioimmunoassay or in enzyme immunoas- 
say, binds apoA-I or HDL to the same extent as the other 
monoclonal antibodies. A difference in the affinity cons- 
tant (monoclonal antibody A-1-16 has a K,  = 3 x lo8 
Vmol, while that of the other antibodies is in the range of 
lo9) does not provide a satisfactory explanation. 

The properties of the monoclonal antibodies were fur- 
ther investigated by competitive RIA with HDL, purified 
apoA-I and apoA-I-egg-PC vesicles. The different reactiv- 
ity of monoclonal antibodies to apoA-I in the purified, lip- 
id-free form as compared to apoA-I in HDL or reconsti- 
tuted into phospholipid particles suggests that the epi- 
topes for all the monoclonal antibodies are partially inac- 
cessible or totally unavailable in the lipid-free form of the 
apoA-I molecule. Chemical modifications that can occur 
during purification steps as well as self-association of 
apoA-I might have contributed to this finding. However, 
association of apoA-I with phospholipids fully restores 
epitope expression, suggesting that lipids play an impor- 
tant role in determining the expression of epitopes for 
apoA-I. However, the monoclonal antibodies showed 
nearly the same immunoreactivity to isolated HDL and 
purified apoA-I in solid phase assays. We speculate that 
binding of apoA-I to plastic wells mimics the binding of 
apoA-I to lipids, at least with respect to the expression of 
the epitopes for our antibodies. A very similar finding was 
reported by Silberman et al. (30) for monoclonal antibody 
M30. Recently, Curtiss and Smith (31) described two 
antibodies, AI-16 and AI-18 that, like ours, reacted poorly 
with purified apoA-I but effectively recognized A-I in 
HDL. 

Our finding that the epitopes for A-1-57 and A-1-19 are 
slightly affected by the delipidation of apoA-I, while those 
of A-1-12 and A-1-15 are almost completely lost, is consis- 
tent with the hypothesis that some areas of apoA-I under- 
go conformational arrangements upon lipid binding while 
some other areas undergo little change. Alternatively, the 
epitopes for A-1-57 and A-1-19 are determined by a linear 
sequence, while those of the other antibodies involve 
amino acids that are relatively distant in the unfolded 
protein and become close upon protein folding. 

To further characterize our monoclonal antibodies, we 
mapped their epitopes on apoA-I. Several authors re- 
ported monoclonal antibodies against the NH2 terminal 
or the middle portion of apoA-I (10, 11, 32). Antibody A-I- 
57 is directed to CNBr fragment 4. Only one other mono- 
clonal antibody to this portion of apoA-I has been 
reported (11). The epitope of antibody 57 was further nar- 
rowed down to the 148-182 amino acid sequence, and the 
finding that the antibody does not recognize the 
apoA-IMilano indicates that the area around Arg,,, may 
be involved. We do not know, however, whether this ami- 
no acid is part of the epitope since the Arg,73+Cys substi- 
tution perturbs the alpha helix structure in this region of 

apoA-IMilano (12), thus also affecting conformation of dis- 
tant areas. Ehnholm et al. (11) reported analogous results 
with an antibody which failed to recognize an apoA-I mu- 
tant form that bears a Gly,36+Lys substitution. Antibod- 
ies 15 and 12 recognized the same CNBr fragment 
(87- 112) and the competition data suggest that these anti- 
bodies interact with the same epitope. This conclusion is 
further stressed by the fact that the antibodies have the 
same chain type, affinity constant, and immunochemical 
behavior. Antibodies A-1-16 and A-1-9 both recognize 
CNBr fragment 3. However, as determined by competi- 
tion assay, they bind to distinct, but spatially related, epi- 
topes. Antibody A-1-19 reacts with CNBr fragment 1. 
Several monoclonal antibodies to apoA-I have been re- 
ported that recognize this region, which apparently seems 
to be one of the most immunogenic in mice (10, 11, 32). 

In summary, we have reported the characterization of 
six monoclonal antibodies specific for apoA-I that are di- 
rected to five different epitopes on the ap&-I molecule. 
One of them, monoclonal antibody A-1-57, failed to re- 
cognize a genetic variant of ap&-I, ap&-I~;lmo, show- 
ing that a single amino acid substitution may cause the 
loss of the antigenic determinant. All antibodies, except 
one, recognize apoA-I in HDL better than in purified 
apoA-I and may prove useful in the definition of function- 
ally relevant areas of intact apd- I .  All monoclonal anti- 
bodies, except A-1-16, bound from 90 to 100% of 
lZ5I-labeled HDL, thus indicating that despite the hetero- 
geneity of apoA-I-containing lipoproteins, several regions 
of apoA-I are uniformly expressed. This finding is impor- 
tant for the development of accurate immunochemical 
methods for determining apoA-I in human plasma. 
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