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Synthetic Peptides, Histocompatibility Antigens

Antibodies against HLA Class II alpha chains were prepared by using as immunogens synthetic
peptides selected from the HLA-DQ1 alpha chains sequence.

Antibodies raised against peptide E2, a 15-residue fragment of the polymorphic first domain,
reacted preferentially with cells with the DQ1 phenotype; however, despite the low sequence
homology of this fragment with corresponding segments in DOw2 and DQw3 alpha chains, a
partial crossreactivity with cells not expressing the DQw 1 specificity was detected. Antibodies to
peptide H, selected from the monomorphic frame, might be specific for DQ alloantigens, and

presumably do not react with DR antigens.

The two peptides, in addition, bind anti-Class II antibodies from the serum of a rabbit
immunized with human cells, and appear to represent immunogenic linear determinants in the

native glycoprotein molecule.

Introduction

Over the last four years, research laboratories and
private institutions have produced a relevant number
of monoclonal antibodies against Class II histocom-
patibility antigens, which are membrane protein di-
mers made of two non-covalently associated chains,
alpha and beta.

The large majority of these antibodies are reactive
only with the beta chain, or with the off dimer [1];
this has led to the conclusion that the complex, in its
native state, is folded with the beta chain on the
outside, while the immunogenic epitopes of the
alpha chain are normally concealed by the three
dimensional folding of the protein molecule, and
therefore less accessible [2]. The relative paucity of
anti-o MoAbs can be also explained by the fact that,
in most protocols, hybridoma supernatants are
screened by indirect binding assays with intact cells
as targets. There are however several indications that
the majority of anti-o MoAbs does not bind to living
cells [3, 4]. Anti-a MoAbs might therefore be missed
in conventional screening assays. Only by using
sophisticated miniaturized Western Blot screening

Abbreviations: MoAb, monoclonal antibody; KLH, Key-
hole Limpet hemocyanin; PBS, phosphate-buffered saline;
ELISA, enzyme linked immuno sorbant assay.

Reprint requests to Dr. Alberto Chersi, Laboratory of
Biochemistry, Regina Elena Institute for Cancer Research,
Viale Regina Elena 291, 00161 Rome, Italy.

Verlag der Zeitschrift fiir Naturforschung, D-7400 Tiibingen
0341-0382/89/0900—0813 $ 01.30/0

protocols, a panel of anti-a antibodies has been final-
ly prepared and characterized [2].

As an alternative approach for preparing specific
reagents for the alpha chain, one might attempt to
raise an immune response against synthetic frag-
ments selected from the glycoprotein primary struc-
ture: over the last five years it has been widely dem-
onstrated that a peptide from almost any region of a
protein may elicit antibodies capable of recognizing
the entire protein, if originally located on the surface
of that protein, and that this property is not depend-
ent on the immunogenicity of the fragment in the
complex antigen [5]. This approach might therefore
provide an additional set of anti-alpha antibodies to
employ for the study of relationships between struc-
ture and function of the alpha chain.

Following the same approach used for HLA-class
I beta chains [6, 7], we synthesized five peptides
corresponding to known amino acid sequences of
DQ1 alpha chain glycoproteins, and tested which of
the resulting antipeptide antibody would be reactive
with intact cells expressing Class II histocompatibili-
ty antigens. In addition, we immunized a rabbit with
intact cells, and attempted the isolation of anti-Class
II antibodies by the use of immunoadsorbents pre-
pared from Sepharose and three of the five synthetic
fragments.

This investigation moreover might provide the lo-
cation of buried and exposed regions of the native
protein, and define which of the surface stretches
contains an immunogenic determinant.
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Methods
Peptides

The five peptides were selected from the primary
sequence of DQ1 alpha chain (Table I), as reported
from the literature [8]. Fragments E1 (54—61), E2
(47—-61), M (85—93) and N (77—84) were synthe-
sized manually, peptide H (132—144) by aid of a
Dupont-Vega Coupler, Model 1000. Peptides E1
and E2 represent polymorphic regions, and are over-
lapping for the C-terminal eight residues. Peptides
M, N and H were selected from monomorphic amino
acid stretches. An additional peptide (Q: DQ1 beta
chain, 82—93), known to correspond to an exposed
immunogenic region of DQ glycoproteins (Chersi
et al. in preparation), was also used as a control in
binding assays.

Antibodies

5 Rabbits were immunized with KLH-peptide
complexes using the same procedures reported in
previous investigations [7]. A sixth rabbit (566) was
injected with whole M 14 (HLA-DR4, w6; DQw1,
w3) cells with the same schedule previously de-
scribed for Namalwa cells [6].
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Specific antipeptide antibodies were obtained
from the sera of all rabbits by chromatography of the
IgGs, precipitated by ammonium sulfate at 33% sat-
uration, on 0.8 X4 cm columns packed with affinity
adsorbents prepared by linking Sepharose-AH to the
synthetic fragments by aid of glutaraldehyde [6].
Antibodies were eluted by 0.2 m glycine-HCI buffer.
pH 2.6, dialyzed against PBS, and stored at —20 °C
until used.

Binding test

The binding of the antibodies to the antigens was
routinely assayed with an ELISA. Wells of microtiter
plates were coated with 1 ug of synthetic peptide, or
2% 10* cells, and dried carefully at 30 °C. Immune
sera were diluted 1:100 or 1:500, antibodies to
10 pg/ml, and used in the amount of 50 ul. The anti-
gen-antibody complex was then reacted with goat
antirabbit-horseradish peroxidase Ig (GAR-HRP).

o-Phenylendiamine was used as the substrate. The
reaction was stopped after 10 min, by addition of
25 ul of 4 N sulforic acid, then the plates were read at
492 nm in a Titertek Multiskan.
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Fig. 1. Binding of antipeptide sera to the inciting fragments (left), and of affinity-purified antipeptide antibodies to ALL1,
M 14, and U937 cells (right), as evaluated by ELISA. Immune sera were diluted 1:500, antibodies to 10 pug/ml, and usedin
the amount of 50 ul. Rabbit preimmune serum, or preimmune IgG, were used as negative controls (dotted lines). The
assay was performed in duplicates. 1: anti-E 1; 2: anti-E2; 3: anti-H; 4: anti-M; 5: anti-N. Controls with preimmune serum

or IgG are indicated with dotted lines.
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The phenotypes of the cells routinely used as anti-
gens, as defined by RIA assay [9], were the fol-
lowing:

M14: HLA-DR4, w6; DOQw1, w3;
U937: HLA-DR3.3; DOw2, w2;
Namalwa: HLA-DR2.,4; DQwl1, w3.

ALL 1 cells, that do not express Class II antigens,
were occasionally tested as negative controls.

An additional set of cells expressing different Class
IT specificites was employed in a single experiment.
The phenotype of these lines is reported under
Fig. 3.

Immunoprecipitation

Immune sera and affinity-purified antibodies were
also tested in immunoprecipitation of highly
purified, iodine-labeled Class II glycoproteins, using
rabbit preimmune serum or IgG as negative controls.
The sera were used in the amount of 1.25 ul, with
five serial dilutions, antibodies were adjusted to
100 ug/ml and used in the amount of 5 ul, with three
serial dilutions.

Results

After four immunizations with KLH-peptide com-
plexes, the five rabbit antisera were tested with an
ELISA against the five inciting fragments. All sera
but anti-M were able to react with the immunogen
(Fig. 1): in addition, anti-E1 and anti-E2 partly
crossreacted, as predictable from the fact that frag-
ments E 1 and E2 share a complete sequence homol-
ogy between positions 54 and 61 (data not shown).

Serum anti-M was not processed further. The IgGs
of the other four immune sera were then loaded onto
columns packed with Sepharose-peptide affinity ad-
sorbents. The recovery of antibodies eluted with
0.2 M Gly-HCI buffer, pH 2.6 was in the range
0.25—1.7 mg/5 ml serum.

The four affinity-purified antibodies, adjusted to
the same protein concentration, were then tested
with an ELISA on ALL1, U937 and M 14 cells: rab-
bit preimmune IgG, at the same dilution, was used as
negative control. Results are reported in Fig. 1.
None of the antibodies bound ALL1 cells, that do
not express Class II antigens; anti-E2 and anti-H
reacted however with U937 and/or M 14 cells, sug-
gesting therefore that peptides E2 and H might have
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corresponded to surface segments in the intact alpha-
beta dimer. However, no conclusions could be drawn
about the real immunogenicity of the two fragments
in the native glycoproteins.

In order to answer the point, a rabbit (566) was
immunized with intact M 14 cells (HLA-DR4, wb6;
DQw1, w3). After six injections, the anti-class II
activity of the immune serum was first assessed by
testing its binding to highly purified. iodine-labeled
class IT molecules (data not shown), then with an
ELISA, at 1:100 dilution, on fragments E2, H, and
N, as well as on peptide Q, which corresponds to an
exposed immunogenic epitope in HLA-DQ (Chersi
et al., in preparation), as well as in DR glycoproteins
[10]. The antiserum apparently did not react with any
peptide: this result was interpreted as due to the ex-
tremely low concentration of antibodies directed to
sequential determinants, that might have prevented
their direct quantitation by the immunoenzymatic
method.

IgG aliquots of serum 566 were therefore
chromatographed onto Seph-E2, Seph-H. Seph-M
and Seph-Q in PBS, and, as a negative control, also
onto Seph-N. Gly-HCI buffer, pH 2.6, eluted from
all columns adsorbed proteins (range: 0.01 mg, from
Seph-N; 0.12 mg from Seph-Q). The eluted samples,
adjusted to the same protein concentration
(0.010 mg/ml) were then tested in ELISA on the
panel of cells, using preimmune serum IgG as nega-
tive control.

The binding data, summarized in Fig. 2, indicate
that samples 566-E2, 566-H and 566-Q exhibited re-
markable affinity for cells. Sample 566-N and 566-M,
on the contrary, were devoid of antibody activity,
since their binding to cells was low and comparable
to that of preimmune rabbit IgG. 566-H bound also
U937 cells that do not express the DQ1 phenotype.

The specificities of antibodies 566-E2 and 566-H
were further defined by testing in ELISA their bind-
ing to a panel of lymphoblastoid cells with known
phenotype. The results, as shown in Fig. 3, suggest
that antibody 566-E2 reacts preferentially with cell
lines expressing to DQ 1 phenotype, and is apparent-
ly more specific, although less reactive, than anti-
body 566-Q used as positive control, which appears
to crossreact extensively also with cells with DQ2
and DQ3 specificity. 566-H reacted with all cell
lines.

Finally, in the immunoprecipitation of highly
purified, iodine-labeled class II proteins extracted
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Fig. 2. Binding of antibodies 566-E2 and 566-H. isolated from the serum of rabbit 566 immunized with M 14 cells, on
Namalwa, M 14 and U937 cells, as evaluated in ELISA. Rabbit preimmune IgG, and sample 566-N, were used as negative
controls, antibody 566-Q as positive control. Binding of antipeptide antibodies (AP) anti-E2 and anti-H to the same
antigens is reported for comparison. N: Namalwa: M: M14; U: U937 cells. All conditions as in Fig. 1.
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Fig. 3. Specificity of antibodies 566-E2 (1), 566-H (2). and 566-Q (4) for cells expressing different phenotypes. as
evaluated by ELISA. Rabbit IgG (3) and sample 566-N (5) were used as negative controls. The specificities of the cell lines
used as antigens, as defined by RIA typing [9]. were the following: BM 14; DR4.4; DQw3, w3; WT46: DR6.6: DOw 1.
w1; MDV: DR6.6; DOw1,wl; D147: DR1,7; DQw1, w2; WT49: DR3.3;: DQw2, w2; BR1: DR5.5; DQw3, w3. Cells
expressing the DQ 1 phenotype are indicated in the figure by an asterisk. All conditions as in Fig. 1.
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from DR2,2; DQ1,1 cells, antibody 566-E 2 and 566-
H bound 4.1 and 3.3% of the total radioactivity, con-
trol antibody 566-Q, 6.6%, while 566-N and preim-
mune rabbit IgG, 0.36 and 0.25%, respectively. The
binding of iodine-labeled glycoproteins by antipep-
tide antibodies anti-E2, anti-H, and anti-N was re-
markably lower, i.e. 3.1, 2.4, and 0.29%, respec-
tively.

Discussion

The usefulness of an antipeptide antibody may be
dependent on its ability to react with the complex
antigen, and to recognize selectively specific amino
acid sequences. Of the five peptides tested as source
of antibodies, one (peptide M: DQ1 alpha chain,
85—93) was unable to elicit an immune response.
This result might be ascribed to the limited size of the
fragment used for immunization (9 residues), but
seems to be counterdicted by the finding that peptide
N, of approximately the same size, was the most ef-
fective in producing antipeptide antibodies. The lack
of immune response to the peptide might then reflect
a close similarity in sequence between the immuno-
gen, and one protein of the rabbit used for immuni-
zation.

Two of the four antipeptide antibodies, anti-E2
and anti-H, reacted with cells expressing Class 11
antigens, thus providing an indication of the surface
location of the two fragments in the native glycopro-

Table I. Partial amino acid sequence of alpha chain of
HLA-DQ1 histocompatibility antigens (pos. 43—148) and
location of peptides selected for synthesis. For peptides
selected, corresponding amino acid sequences of DQ2,
DQ3 and/or DR are reported for comparison.

43
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teins. Moreover, since antibody to fragment E1
(54—61) was unable to recognize the complex anti-
gens, only the first 7—8 amino acid residues of pep-
tide E2 might be exposed in the native o,  dimer.
The two amino acid stretches 47—61 and 132—144, in
addition, appeared to bind subsets of anti-Class II
antibodies, as confirmed by the activities of samples
566-E2 and 566-H isolated from the serum of rabbit
566 injected with M 14 cells. The titer of these anti-
bodies was presumably low in the complex mixture
of Ig produced against the antigenic determinants of
the cell membrane, thus they were not detectable by
immunoenzymatic methods. However, even peptide
Q, which corresponds to a strong antigenic site in
several Class II beta chains ([10]; Chersi et al., in
preparation), was not recognized in ELISA by anti-
M 14 antibodies.

The affinities of 566-E2 and 566-H for cells were
remarkably higher than those of the corresponding
antipeptide antibodies: this might be explained by
the fact that, while the formers are directed against
the precise conformation that the peptide assumes in
the native antigen, antipeptide antibodies can be
thought of as a mixture of molecules to the different
conformations that the peptide adoptes in solution,
with some percentages reactive with the conforma-
tions shared by the folded protein [11]; thus, they
may poorly bind the fragment in the intact molecule.

As far as the specificities of the two sets of anti-
bodies is concerned, a reasonable assumption sup-
ported by the binding data on the panel of cells ex-
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pressing different DQ and DR specificites, is that
antibodies to E2 appear to be partially specific for
DQ1 alpha chains, while antibodies to H bind all DQ
but presumably not DR alpha chains.

The binding of both anti-E2 and both anti-H to
highly purified, iodine-labeled Class II glycoproteins
extracted from cells was relatively low. This might be
explained by the fact that DQ molecules, on the cell
membrane, are much less represented that DR
molecules: apparently, the antibodies were specific
enough to bind preferentially, or exclusively, to DQ
alpha chains. Sequence homology between positions
47 and 61 of DR and DQ1 alpha chains is 46%, and
53% between positions 132 and 144 (Table I); this
low sequence homology between DQ and DR glyco-
proteins in the stretches considered might result in a
low affinity of the two antibodies for DR alpha
chains, and explain the low binding to iodine-labeled
Class II glycoproteins.

Finally, it should be mentioned that all anti-alpha
chain monoclonal antibodies recently described by
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Cohen [2] were all directed against framework deter-
minants, and did not show allotype restriction. Since
DR molecules are much more represented on the cell
membrane, than other Class II glycoproteins, it is
likely that most antibodies to DQ alpha chains, in-
cluding those directed to fragments H and E2, were
missed in the screening assay.

The present investigation suggests that the new
technology based on synthetic peptides might not
only allow the mapping of surface regions of HLA-
Class II alpha chains, but also produce a panel of
anti-alpha chain reagents comparable to that avail-
able from hybridoma techniques.

Acknowledgements

This investigation was partly supported by the As-
sociazione Italiana per la Ricerca sul Cancro. The
authors thank Dr. Roberto Tosi for performing the
immunoprecipitation assays, and Mr. Dall’Oco for
the illustrations.

lemi, and E. Muratti, Scand. J. Immunol. 26, 723
(1987).

[7] A. Chersi, M. C. Morganti, F. Chillemi, R. A. Hough-
ten, and C. Cenciarelli, Clin. Exp. Immunol. 73, 76
(1988).

[8] C. Auffray, J. W. Lillie, D. Arnot, D. Grossberger,
D. Kappes, and J. L. Strominger, Nature 308, 327
(1984).

[9] R. Tosi, N. Tanigaki, D. Centis, P. L. Rossi, G. Al-
fano, G. B. Ferrara, and D. Pressman, Transplanta-
tion 29, 302 (1982).

[10] R. G. Ulrich, H. Atassi, P. Lutz, P. Cresswell, and M.
Z. Atassi, Eur. J. Immunol. 17, 497 (1987).

[11] H. L. Niman, R. A. Houghten, L. E. Walker, R. A.
Reisfeld, J. M. Hogle, and R. A. Lerner, Proc. Natl.
Acad. Sci. U.S.A. 80, 4949 (1983).



