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Abstract

Using 23 monoclonal antibodies raised against Sugi basic protein (SBP. major
allergen of Japanese cedar pollen). composed of Cryj Fand Cry j I1, analyses of
B-cell-tropic epitopes of Cryvj I were performed. The following results were ob-
taincd. (1) As far as the mAbs were used. no major cross-reactive determinants
were detected between Cnvj T and Oyvj I molecules. (2) 21 of the 23 mAbs were
specific for Cryj 1, and the anti-Cryj I mAbs were classificd into four groups by
their finc specificitics, suggesting that Cry j I bears at least four antigenic deter-
minant regions. (3) Crvj I molecules were found to tuke a monomeric form in
<olution and to display no repeating antigenic epitopes on their surfaces. (4)
Some of the determinants seemed to be located in the interior of a Civj I mole-
cule, and when the Ag is coated on a plastic plate. the determinants become ex-
posed on its surface. (5) Binding of human IgE antibodies to Cry j Tand Cry j 11
was blocked by some of the obtained mAbs, suggesting that these epitopes rec-
ognized by the mAbs might have an important role in human allergic response
against the cedar polien.

tscosecensenssscrnese

skin test and the radioallergosorbent test. According to
the WHO nomenclature, SBP was designated Cnvj [ in

Sugi basic protein (SBP) was first identified and puri-
fied by Yasueda et al. {1] as a major allergen of Japanese
cedar (Cnptomeria japonica) pollen in 1983 [1]. They
showed that SBP could be separated into four subfractions
on the bases of molecular weight and isoelectric point, all
of which displayed the same antigenicity and allergenicity
to each other by immunodiffusion, and by intradermal

1988 [2}. Taniai et al. [3] reported that SBP was found to be
composed of multibands of 45- to 530-kD proteins and a
single band of a 38-kD protcin on SDS-PAGE analysis.
After further purification of SBP by a HPLC Mono S col-
umn, they isolated 5 subfractions from the 45- to 50-kD
proteins, all of which were found to be identical with each
other in N-terminal amino acid sequence of 20 residues.
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Sakaguchi et al. [4] found that the 37-kD protein has an N-
terminal amino acid sequence of 10 residues different
from those of the 45- to 50-kD proteins. and that IgE anti-
bodies in serums from a small part of the patients with ce-
dar pollen allergy react only to the 37-kD protein, but not
to the 45- to 50-kD protein, and vice versa. Then, they
named the 37-kD protein "Cryj IT, a second allergen of Ja-
pancse cedar pollen. To date, however, no specific mAbs
for Cry j I and Cry j II have been reported, and little in-
formation has been available for the antigenic or aller-
genic structures of the allergen. Analyses on the epitopes
recognized by mAbs will provide useful and important in-
formation for understanding the mechanisms of immune
responses against the allergens and for making strategics
to control the immune responscs [5-15]. In this study, we
obtained 23 mAbs, 21 of which are specific for Cnyj I and
the remaining 2 for Crvj 1. Using these mAbs, analyses of
B-cell-tropic epitopes of Crvj I were performed. Details
are presented and discussed.

Materials and Methods

Antigens. SBP was prepared from Japanese cedar pollen accord-
ing to Yasucda et al. [1] with slight modification in that sodium bicar-
bonate. instead of ammonium bicarbonate, was used for extraction of
the antigens [3]. Onvj I and Crvj Il were purified trom SBP according
to Sakaguchi et al. [4] by HPLC on Mono S column (Pharmacia Fine
Chemicals. Sweden). SBP was immobilized onto CNBr-activated Se-
pharose {Pharmacia) and used for purification of mAbs.

~Antibodies. Monoctonat antibodies were obtained from hybrid-
oma cell lines established by a cell fusion technique using SP240
mousc mycloma cells and spleen cells from BALB © mice immunized
intraperitoncally 3 times with 1 ug SBP adsorbed on 4 myg alum. The
mAbs were purificd from the ascitic fluid produced in BALB ¢ mice
using the Affigel protein A Bio Rad or the immobilized SBP. Isotypes
of the mAbs were determined using a kit (MONOAB-ID. Zymed,
USA). The purificd mAbs were coupled to ONBr-activated Sepha-
rose. Pooled serums from mice immunized with SBP were used as
polyclonal anti-SBP antibodics.

Biotinvlation of mABs. Biotin-amidocaproate N-succinimide ester
(Sigma. USAYywas coupled to mAbs according to Guesdon et al. [16].

Llisa. Binding of these mAbs to the solid-phase Ag were exam-
ined by the following procedures. (1) Microtiter plates were coated
with 30wl ot SBP (Sug ml). Cnj 1 (2ugmb)yor Crvj 1 (2 g ml) by in-
cubation at 37 °C for I h. followed by hlocking with 19¢ BSA in PBS. 30
wl of culture supernatants of the hybridoma cells. purified mAbs (1-3
ug ml) or biotinviated mAbs (1 ug'mt) were added to the wells. The
reactions were visualized with horseradish peroxidase (HRPO)-la-
beled anti-mouse g (Dakopatts. Denmark) or HRPO-labeled avidin
(Zymed) and substrate. (2) To assess the epitope specificities of the
mAbs. two methods were used. one is a double-binding assay in which
the ability of cach biotin-labeled mAb was tested for binding to the
Crvj 1 presented by the mAbs (5 ug/ml, 50 ul) coating solid phase. The
other method is a cross-inhibition test based on the ability of the

Table 1. Monoclonal antibodics raised against SBP

Specificity  mAbs.n Isotype Hybridoma clones

Cnjl 21 [oGl k (17) 0260027, 029, 052, 053, 028,
. 060, 065, 007, 013, (6. 070,

) 017. 016, 019, 073, 035

1eG2a k (2) 034,057
feM k (2) 004, 024

Crjll 2 IeGl & (1) N2
feGaw (1) 127

Crj I+l 0

Culture supernatant of cach hybridoma cell line was added to
the wells previously coated with SBP (5 ug/ml). Cnj I (2 ugml) or
Cryv j 11 (2 ug/ml). Bindings of the mAbs were detected with HRPO-
lubeled anti-mouse g and substrate. Isotype of each mAb was de-
termined by the MONO-ID.

mAbs to inhibit the binding of coexisting biotin-labeled mAbs to the
solid-phase Cnvj [

Gel Filtration Analysis. 30 uwl of a mAb (1 mg'ml) were mixed with
S0 ul of Crvj (1 mg'ml) or 50 ul of PBS. After incubation at room
temperature for Lh 30 ulof another mAb (I mg'ml) or PBSwere add-
ed to the mixture. After a further I-hour incubation. the resultant
mixture was subjected to analysis on HPLC using a TSK-Gel G300
SW column (Tohso, Japan) cquilibrated with 0.3 M NaCl in 10 mM
phosphute buffer. pH 7.2

Blocking of Human IgE Antibody-Binding by mAbs. The ability of
the m.Abs to block the binding of human anti-Crv j For -Crvy [ gk
antibodics was determined by Elisa using the antigen-coated micro-
plate. 20wl of 10-100 ug'ml mAb or PBS was added to the Ag-coated
wells and incubated at 37°C for 1 h to saturate the antigenic determi-
nants. Thon, SO ul of appropriately dituted human serum (1:2-4) was
added to the wells. Atfter overnight incubation at 4 °C, binding of hu-
mun IeE antibodies to the coated antigen was detected with HRPO-
Jabeled goat anti-humun e-chain Ab (Cuppel. USA) and substrate.

Results

Antigen Specificities of the mAbs Raised against SBP

In total, 23 mAbs were obtained. 21 of the 23 mAbs
were specific for Crvj [ and the remaining 2 were for Cnvy
11. No mAbs rcactive to both Cnvj 1 and Crv j I were ob-
tained so far, suggesting that Onvj [ and Cry j {1 share no
major cross-reactive determinants (table 1). The isotype of
cach mAD is shown in table 1.
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Table 2. Classification of anti-Cry j I mAbs by the binding assay of biotin-labeled mAbs to the Crv j I presented by coated mAbs

Biotin- Binding against Cry j I presented by solid-phase mAbs Control
labeled 046 013 065 060 052 029 053 026 004 027 solid phase
mAbs Crnjl
046* - ~ +++ +++ +++ +++ +++ - - - +++
013 - - ++ ++ ++ ++ +++ - - - ++
065 +++ +++ - - - - - - -~ - +++
060 +++ +++ - - -~ - - - - - +++
052 ++ ++ - - - - - - - - +++
029 +++ ++ - - - - - - - - +++
053 +++ +++ - - - - - - - - +++
026 - - - - - - - - - - +

004 - - - - - - - - - - +

027 - - - - - - - - - - ++
poly ++ ++ L4+ +++ +++ +++ +++ - - - +++
a-mlg # # # # # # 4 +++ ++ +++ #

50 pl of purified mAbs, 5 ng'ml, were coated on microplates. then 50 ul of 5 ug'ml Cry j I were added to the wells. After a 1-hour in-
cubation at 37°C and washing. biotinylated mAbs (2 ug/ml) were added to the wells. As a control for the antibody activity of cach biotin-
labeled mAb, the biotin-labeled mAbs were reacted with solid-phase Cry j 1. Results are presented by absorbance at 492nm. ++4+ = > 1: ++

= (.5-1.0; + = 0.1-0.5; - = <0.1: # = not done.

Epitope Specificities of Anti-Cry j 1 mAbs

The epitope specificity of each mAb was analyzed by
the ability of each biotinylated mAb to bind to the Crvj [
presented by the solid-phase mAbs. As shown in table 2.
the results allowed the grouping of these mAbs into three
familics differing in their fine specificities: group 1. 046
and 013; group 2, 0065, 060, 052, 029 and 053, and group 3.
026,004 and 027. Group 1 mAbs and group 2 mAbs showed
the reciprocal results as follows; biotinylated mAb in one
group could bind to the Crv j T presented by the other
group mAbs, but not to that presented by the mAbs within
the same group. The results suggest that epitopes for
group 1 mAbs are different from those for group 2 mAbs.
Biotin-labeled group 3 mAbs gave no positive reactions
against Cry j I presented by other mAbs, even by poly-
clonal Ab, and solid-phase-coating group 3 mAbs could
not present the antigen to other mAbs. However. it is con-
firmed that biotin-labeled group 3 mAbs could bind to the
solid-phase-coated Crv j 1. and that group 3 mAbs were
really coated on the plate (table 2, the last column and the
last line). The epitopes for group 3 mAbs arc considered
to be located at the inner space of the molecule, and they
would be exposed as cryptoantigens to its surface when
conformationally changed. The epitope specificity of each
group 3 mAb could not be defined in this experiment. All
of these findings suggest that Cry j I molecules take a

monomeric form in water solution. and they have no re-
peating expression of the determinants on their surface.

The grouping of the mAbs mentioned above was vali-
dated by the cross-inhibition test. In this method. if two or
more mAbs could inhibit each other in a reciprocal fash-
ion, they are considered to be members of the same group,
morcover. a mAb in one group would not compete with
other group mAb to bind to the solid-phase antigen. Table
3 shows the results. The mAbs within groups 1 or within
group 2 inhibited each other in a reciprocal fashion (sur-
rounded with thick lines). However. group | mAbs com-
peted with biotin-labeled group 2 mAbs except 053 to bind
to the solid-phase Cnv j I (surrounded with thin lines),
whereas group 2 mAbs did not inhibit binding of biotin-
labeled group 1 mAbs. This onc-way inhibition will be fur-
ther studied in the next experiment. The epitope for 053
which is considered to be a member of group 2 was shown
to be closely related. but not identical with those for other
mAbs in group 2. The group 3 mAbs defined by the above
double-binding assav could be further divided mnto two
groups by the cross-inhibition test (group 3: 026 and 004:
group 4: 027) because the mAb 027 shows no inhibiting
ability for other mAbs except itsclf. The inhibition pattern
of mAbs within group 3 shows that the epitopes for the two
mAbs are closely related, but not identical with cach
other.
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Table 3. The inhibition of biotin-labeied mAb binding to solid-phase Crv j { with coexisting unlabeled mAb

o
Unlabeled Biotin-labeled mAb

mAb 046 013 165 060 052 029 053 026 004 027
(16 P +t+ +++ 4+ +++ +++ - - - -
013 +++ 4+ +++ o+ 4+ 44 - - - -
065 + t PR +4+ 44 - + - -
60 + - 4+ 4+ 4+ +44+ +++ - -
052 - - +++ +4+ 4+ 4 ++ - - -
029 - - 4+ 4+ +++ +++ + - - -
053 - - 4+ +4++ +++ 44 4+ - + -
026 - - + + - - - T+ T+ -
004 - - + + - + - + +++ -
027 - - - - - - - - - T+

50 ul of 2 pe/ml Cry j I were coated on microplates. Biotin-labeled mAbs (2 pg/ml) were reacted to the solid-phase antigen in the pres-
ence or absence of liquid-phase unlabeled mAbs (10, 30 and 100 pg/ml). +++ = Morc than 50% inhibition of the binding of biotin-labeled
mAb; ++ = 30499 + = 15-29%; t = 6-14%; — = <3% inhibition.

Table 4. Retention time of the peaks
cluted from a G3000 SW column and per-

centage of the peak s area

Samples

Retention time

Experiment 1
Cnyjl

029

046

052

0294+Cnvj 1
0464+Crvjl
029+ Crv j 14046
0294+ Cnv j 14052
046 +Crv j 14029

Experiment 2
Cnjl

026
0264+Cnj I

Cryjl
(27
027+Cnj 1

14.121 (96.8)

12311 (7.5)
14.121 (63.9)

15.265 (83.7)
15.318 (98.2)

15.335 (38.5)

15.365 (26.0)

17.801 (91.9)
17.385 (99.2)
17.465 (97.9)

17.455 (40.2)

17.068 (99.5)
17.078 (36.4)

17.801 (90.1)
17815 (41.2)

21.511 (43.1)

21.635 (5.8)

21,511 (43.1)
21.578 (18.3)
21.048 (41.0)

21.071 (19.8)

22.568 (48.9)

22.681 (5.6)

22,568 (48.9)
22,638 (21.8)
21.868 (50.0)

21.895 (24.7)

Percentages are given in parentheses.
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Fig. 1. Elution profiles of complexes consisting of Cnvj Land mAbs
in gel filtration analyses. S0l of a purificd mAb (1 mg ml) was mixed
with 30 ul of Crv j 1 (3 maml) or PBS. After a [-hour incubation at
room temperature. another mAb or PBS wus added to the mixture
with further incubation for 1 h. The resultant mixture was subjected
to HPLC gel filtration on a TSK G3000 SW column.

Analvses on the Binding of the mAbs 1o Liquid-Phase

Cry by HPLC Gel Filtration

Since the one-wayv inhibitions were observed between
biotin-labeled group 2 mAbs and unlabeled group I mAbs
in the cross-inhibition test. HPLC gel filtration analyses
were performed to determine whether group I mAb 046
and group 2 mAbs 029 and 052 are capable of cobinding to
Cry j I'to form the complex Ab-Ag-Ab in the liquid phase.
Table 4 summarizes the retention time and percent area of

el e

T 1
20.00 25.00

026 + Cryj!

\ \
e o \‘ NP

T hl
10.00 15.00 20.00 25.00

Fig. 2. Elution profiles from = HPLC G3000 SW column of mAb
026.Cnvj Tand of the mixture of Cvjfand 026,30 wlof Cnvj (I myg
mly and 50 ul of mAb 026 (1 mg ml) were mixed together. After al-
hour incubation at room temperature. the minture was subjected to
HPLC gel filtration using a G3000 SW column.

cach peak obtained in the series of gel filtration tests. Fig-
ure Ta shows the elution profiles from a G3000 SW column
of Crvj 1. mADb 046 (group 1) and of the complexes formed
by 046 + Crvjlor 046 4+ Crvj [ 4+ 029 (group 2). The reten-
tion time of the mixture composed of 029 + Crvj I + 046
was clearly reduced compared with those of 046 + Cvj 2
and of 046 or Cryj 1. On the other hand, as shown in figurc
Ib, the retention time of the mixture 029 + Cnvj I + 052
(group 2) was the same as that of 029 + Cnyj 1. and the ¢lu-
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tion profile of the mixture is composed of the pattern of
the Ag-Ab complex plus the mAb alone. The results in-
dicate that group 1 mAb and group 2 mAb could bind
simultaneously to Cryj I in the liquid phasc to form an Ab-
Ag-Ab complexlarger than the complex of group 1 mAb +
CryjTorgroup2mAb + Cryjl Similar results were ob-
tained in the case of 013 (group 1) + Cryj I + 029 (data not
shown). It becomes clear that on the surface of liquid-
phase Cry j I, the binding sites for group 2 mAbs are lo-
cated apart from those for group I mAbs, and amAb in the
group 1 does not compete with a group 2 mAb to get each
epitope in the liquid phase.

Figure 2 shows that the group 3 mAb 026 and Cry;j I do
not form any complex when mixed together in the liquid
phase, as indicated by the fact that the clution profile and
the retention time of the mixture consist of three peaks
corresponding to that of the mAb alone and those of the
Ag alone. Similar results were obtained in the case of 027
(elution profiles are not shown). In groups 3 and 4, the
mAbs were confirmed to be incapable of binding to Cry j 1
in the liquid phasc.

Blocking of the Binding of Human IgE Aniibody to

Cry j 1 and Cry j 11 by the Mouse mAbs

It is very important to determine whether the epitopes
recognized by the mouse mAbs are related to the aller-
genic determinants for human allergic reactions. Human
serums from cedar pollen allergic individuals were added
to the solid-phase Crv j I or Crvj I6'in the presence or ab-
sence of 10100 pg/mi of the representative mouse mABs
from the four groups. As shown in table 5. the most effec-
tive mAb on the blocking of human IgE binding to Cryj 1'is
the mAb 046 (group 1). which inhibits the IgE antibody
binding of almost all cases, and the degree of the inhibi-
tion was 40-80¢¢. In the cases of the mAbs 052 (group 2),

26 (group 3) and 027 (group 4). inhibition exceeding 50%%

could not be observed. However, human IgE binding to
Crv j 1 could be well inhibited by anti-Cnj /T mAbs N26 or
T27 (27-78%, table 6). Since human IgE antibodics
against Crv j I or Crv j 11 might be polyclonal, inhibition
more than 40 could be considered to be significant. The
cpitopes recognized by the group 1 mAbs and those for
N26 and 127 might be important determinants on Cry j /
and Crv j 11, respectively, for allergic responses in human
beings.

Table 5. Inhibition of human IgE Abs from binding to Crvj I/ by
mouse anti-Cry j I mAbs

Human Binding to Percent inhibition by anti-Cry j [

serum ?‘f“.'?hase mAb (46 mAb 052 mAb 026 mAb 027
7 (group 1) (group 2) (group 3) (group 4)

HLL 52132 587 328 3.6 0.6

No. 120 901432 295 245 26,0 2.2

MK, 201425 743 1.8 86 5.5

Y.M. 1239+£36 565 16.6 16.4 14.6

AN, LIT0 456 3ls 386 289

KK 126£28 809 80 274 220

Y.Y.  35tld 700 23] 240 23.0

No. 199 298 68.2 £20 s 249

No. 432 238 62.0 0 123 16.5

Means 599+15.1 2072132 258+103 27.1£9.7

30 ut of 100 ug'ml mADbs were reacted to the solid-phase Cnyj 1.
After a I-hour incubation at 37°C. 30 wl of human scrums (1:2-4 di-
luted) from patients with cedar pollinosis were added to the wells.
After overnight incubation at 4°C, the bindings of human IgE anti-
bodies to the solid-phase antigens were detected with anti-human
¢ chain.

Table 6. Inhibition of human IgE Abs from binding to Crv j [ by
mousc anti-Cnv J 11 mAbs

Human Binding to Percent inhibition by
serum solid-phase anti-Crnv j 11
Gy i mAb N26 mAb T27
H.1 2708 27.0 274
Y.Y. 2856 RIR! ) 37.6
Y.M. 35510 48.9 511
M.K. 1531 %3 6.1 S6.K8
AN 164 45.2 428
K.K. 10442 RIPN 44
No. 432 144 sS4 17.3
No. 430 109+0 78.0 67.0
Mcuns 30.3+19.2 493+ 146

20 ul of 100 ng ml mAbs were reacted 1o the solid-phase Cnej /1
After a 1-hour incubation at 37°C, 30yt of human serums (1: 2~ di-
luted) from paticnts with cedar pollinosis were added to the wells,
After overnight incubation at 4<C. the bindings of human lgk anti-
bodies to the solid-phase antigens were detected with anti-human
¢ chain.
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Fig. 3. Pcreent binding of the mAbs to solid-phase Cry j I in the
presence of liquid-phase Cryj 1. 50 ul of 2 ug/ml mAbs were reacted
with solid-phase Cryj I in the presence or absence of various concen-
trations of liquid-phase Cryj I.

Discussion

Distribution and characteristics of B-cell-tropic epi-
topes on Cry j I molccules were analyzed using mAbs ob-
taincd in our Jaboratorics. In this study, no mAbs reactive
to both Cry j I and Cry j Il were found so far, suggesting
that Cryj I and Cryj Il share no major cross-reactive deter-
minants. The result is consistent with the observation in
the human IgE Elisa inhibition test reported by Sakaguchi
et al. [4]. However. since we could have only two mAbs
specific for Cryj 11, the possibility remains that a total of 23
mADs is insufficient for the detection of such determi-
nants.

IgE antibodies from almost all patients with the cedar
pollinosis have been reported to react with both Cryj 1 and
Cryj 11, while serums from a minor group of patients were
found to be reactive only to Cry j 1 or Cry j 11 [4]. The N-
terminal sequence of the 10 residues of Cryj IT hasbeen re-
ported to be different from thatof Cryj I, s0 Cryj I and Cry
J II are considered to be different from each other. Since
the complete primary structure of SBP has not been avail-
able yet, we could not define whether Cryj /1 is an artificial

breakdown product of Cryj I during the purification pro-
cedures.

Our anti-Cry j I mAbs tested could be classified into
four groups by their fine specificities. Group 1 mAbs. 046
and 013, were confirmed by HPLC gel filtration to be capa-
ble of cobinding to liquid-phase Cry j I with group 2 mAb
029 (fig. 1a). In the double-binding assay, it is also indi-
cated that epitopes for group 1 mAbs are different from
those for group 2 mAbs. However, in the cross-inhibition
assay, where the Agis coated on a plate, group I mAbs, 46
and 013, did inhibit group 2 mAbs from binding to the
solid-phase Ag, whereas group 2 mAbs did not inhibit
binding of group 1 mAbs. This one-way inhibition might be
explained as follows: the epitopes for groups 1 and 2 mAbs
are different from cach other, and they are located suffi-
ciently apart from cach other so that the two group mAbs
do not compete in binding to the Ag in the liquid phase, in
contrast, some conformational changes would occur in the
Ag molecule to make the two cpitopes get so closcly that
the two mADbs interact to each other in binding to the anti-
gen coated on the solid phase. In addition. since group 1
mAbs 046 and 013 were shown to have a higher affinity
than group 2 mAb 052 and (029 (as suggested by fig. 3), the
one-way inhibition would be easily induced. Conforma-
tional changes in antigen molecules induced by the inter-
action between the antigen and plastic plate have been re-
ported in several papers. Many of the changes are re-
ported as changes in antigenicity, for example. Fricguet ct
al. [17] reported that mAbs directed to an epitope on the
B--subunit of Escherichia coli trvptophan synthetase bind
slowly to the native Ag solution, while the mAbs react
quite rapidly to the antigen absorbed on a microplate. and
the authors mentioned that the protein might undergo
some denaturation when it was adsorbed on a microplate.
The epitopes for our group 3 and 4 mAbs belong to such a
category. Conversely, several mAbs had been reported
which could bind to a corresponding antigen in solution,
but not to the Ag adsorbed on a plate: some mAbs to rag-
weed AgE [8]. tobacco mosaic virus protein {19], the fa-
subunit of E. coli tryptophan synthetase [17] and interfe-
ron a [20]. Such cases. however, have not been found in
our mAbs. because our mAbs were sclected by using solid-
phasc antigens.

The mAb 046 could block the binding, at the degree of
40-80%, to Cnyj I of human IgE antibodies in serums from
patients with cedar pollinosis. Some degree of blocking of
human IgE antibody binding by other mAbs was obscrved
in some scrums, but not in all. The binding to Cry j Il was
blocked by mAbs N26 and T27. Since human IgE antibod-
ies against Cryj I or Cryj Il are polyclonally produced, over
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40% inhibition by a mAb may suggest that the epitope
seen by the mAD is the main and important target of the
IgE antibodies to the allergens. At present. since we have
tittle information on the epitopes corresponding to the hu-
man blocking antibodies. the determination of the epi-

topes for these mADbs will give much benefits for under-

standing the mechanisms for immune responses to the al-
lergens and for making strategies to control the responses
as reported by other investigators [7-13, 15, 20]. Results
obtained in the analysis of the structures of these epitopes
will be presented in the following paper.
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