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Introduction

Abstract

The 4 anti-Cry j I mAbs showing an epitope specificity different from cach
other. (46, 029, 026 and 027, were selected to analvze the structure of the anti-
genic determinant for cach mAb on a Cry j I molecule. Immunoreactive frag-
ments in cnzyme-cleaved Cry j I were detected by means of the adsorption on
the mAb column and of the binding to the mAbs on Elisa. The mAbD 026 was
found to be reactive to the fragments containing a Cry'j I N-terminal region ob-
tained by V8 protease or pepsin digestion. but not to those by lysylendopepti-
dase digestion. The mAb 027 was found to be capable of binding to the frag-
ments containing a lincar structure of Asn-Ala-Gly-Val-Leu-Thr-Cys-Ser-Leu-
Ser-Lys. which were generated by V8 protease. lysylendopeptidase or pepsin
digestion. Furthermore. the synthetic peptide Asn-Ala-Gly-Val-Leu-Thr-Cys-
Ser-Leu-Ser-Lys-Arg could bind to 027, but not to 026, and could inhibit the
binding of 027 to Cnvj I or to its immunoreactive fragments. No fragments ca-
pable of reacting to the mAbs 046 and 029 could be found in this study. suggest-
ing that 046 and 029 recognize a conformationally constituted epitope of Crvj 1
molecule which is destroyed by enzymatic cleavage. The epitope recognized by
the mAbs 027 or 026 was found to be located in conformationally hidden parts
of the molecule which was exposed to react to the mAbs only after the physico-
chemical or enzymatic treatment.

Sevescessecessseveans

analysis of these epitopes would be very important for un-
derstanding the mechanisms of the allergic discase and

In the preceding paper [1], we stated that the anti-Cryj 1
mAbs obtained in our laboratory could be classified into
four groups by the epitope specificity and that some of
these mAbs recognize the epitopes identical with or simi-
lar to those for the human IgE antibodies from Japanese
cedar pollen allergic individuals. Therefore, the structural

IeL antibody responses. Mapping of allergenic epitopes
on some allergens by using mAbs has been well done as re-
ported on grass pollen allergens [2-7]. house dust mite al-
lergens [8-14]. cod fish allergen M [15] and some inscct al-
lergens 16, 17]. Recently, the complete primary structures
of a white-face hornet venom allergen [17], a house dust
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mite allergen Der p 7 [18,19]and of the IgE-binding protein
from Kentucky blucgrass pollen [20] were determined.
However, in a few cases. the information on the structures
of the epitopes on these allergens is available [5, 15,16, 20],
put not in Japanese cedar pollen allergens.

In this study, we found that onc of the epitopeson Cry j
[ is contained in the peptide Asn-Ala-Gly-Val-Leu-Thr-
Cys-Ser-Leu-Ser-Lys, and another one is located in the en-
zyme-cleaved fragments containing a Cry j I N-terminal re-
gion. Details are presented and discussed.

Materials and Methods

Antigens and Antibodies
The same Cryj I and anti-Crvj I monoclonal antibodies were used
as those in the preceding study (1],

Trearment of Cry j D with Guanidine

A constant dose of Cnvj I was mixed with various concentration of
HCl guanidine (adjusted pH at 7.5). so that the final concentration of
Crvj I became 2 pg ml and these concentrations of guanidine were 4
and 1 M, and 250, 60 and 13 m\,. respectively. The mixtures were in-
cubated at room temperature for | b, then 50 pl of cach mixture were
coated on the wells of microplates.

Enzvmatic Cleavage of Crv ) 1

Pepsin Digestion. One milliliter of 1.67 mg/ml Crvj [ in HO. 185 ul
of 0.1 N HCL 480 ul of H-O and 3.2 ul of I mg mi pepsin (from porcine
stomach mucosa. Sigma. USA) were mixed together. The mixture
was incubated ut room temperature for 20'h. To stop the enzyvmatic
reaction. 1 drop of pyridine was added to the mixture.

1’8 Protease Digestion. One millititer of LS mg'ml Cryj Iin H-O was
incubated in boiling water for 3 min. after cooling. followed by addi-
tion of T ml of (1.2 A ammonium acetate in 10 mM EDTA. pH 5.0, and
30 gl of I mg ml V8 protese (from Staphvlococcus, Sigma). The mix-
ture was incubated at 37 °C for 48 h. During the incubation. the sume
amount of the enzyme wis added twice to the mixture at intervals of
S—18 h. To stop the reaction of the enzyme. the mixture was incubated
in boiling water for 10 min.

Lvsvlendopeptidase Digestion. 1.5 mg-of Cry j I'in 1 ml of 0.01 M
phosphate buffter in 0.3 M NaClwas mixed with 1 mbof 0.2 M Tris-HCI
huffer. pH 83, then the misture was incubated in boiling water for
Smin. After cooling. 13wl of T mgml vsvlendopeptidase (from

Achromobactor. Seikagaku Kougyou. Japan) were added to the mix-

ture. The reaction was carried out for 15 hat 37°C. then stopped by
incubation in hoiling water for 10 min,

Reversed-Pivase FIPLC Anaiosis of Enzvme-Cleaved Cry j 1

RO-800 ug of enzyme-clewved Cnvj I were loaded to an RP3IS col-
umn (Bio-Rad. USA) equilibrated with 017 rrifluoroucetic acid and
cluted with a lincar gradicot of (3077 acetonitrile in 0.1% trifluoro-
acctic acid. Peptide maps were obtained by monitoring the absor-
bance of the cluate at 214 nm. and the cluted peptide fractions were
manually collected for amino acid sequencing or Elisa. For Elisa. the
solvent of cach fraction was evaporated by centrifugation at 30°C.
then the dried fragment was dissolved with H-O.

Guanidine
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Fig. 1. Effect of guanidine-treatment of Cry j 1 on the binding of
the anti-Cry j I mAbs. Crv j [ treated with various concentrations of
guanidine was coated on microplates. A constant dose of mAbs (3 ug
ml) was added to the wells. Reactions were detected with HRPO-
labeled anti-mouse immunoglobulin and substrate.

Elisa for the Detection of mAb Binding to Peptides

96 wells of microplates (Covalink. Nunc) were treated with 100 ul
of 0.1 mg/ml Bis(sulfosuccinimidyhsuberate (BS3. Pierce. USA) at
37°C for 2 h. then a peptide or a fraction of enzyme-cleaved Crvj /
was coated on the plates. Elisa was performed in the usual proce-
dures as described in the preceding paper [11.

Determination of the Amino Acid Sequence

Analyses of the amino acid sequence of the peptide was per-
formed by automated degradation with un Applicd Biosystem 4702
sequencer (Applicd Biosystems, USA). The amino acid composition
of the peptide was analyzed by System 6300 {Beckman, USA).

Pepride Synthesis

Peptides were synthesized by an Excell Peptide Synthesizer (Mil-
ligen Biorescarch. Millipore. USA) using F moc-protected amino
acids and I moc reactor column resin. The synthesized poptideswere
cleaved from resin according to the manual of the synthesizer, puri-
ficd by reversed-phase HPLC using a C18 column and analyzed the
amino acid composition.
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o-- - -0 Lysylendopeptidase-cleaved Cryj i, 15 ug/ml

Fig. 2. Binding profiles of the mAbs against native or enzyme-cleaved Crvj 1. Native or enzyme-cleaved Cnj T was
coated on microplates at the concentrations indicated. Serial 4-fold dilutions of the mAbs (10 ug mby were added o the
wells, The reactions were visualized by HRPO-labeled anti-mouse immunoglobulin and substrate.

Results denatured or enzyvme-digested Cryj I Figure 1 shows the
percent binding of cach mAb to the Crv j [ treated with

Binding Abilities of Anti-Cry j 1 mAbs against various concentration of HCJ guanidine. The binding of

Native, Denatured and Enzyme-Digested Cry j 1 the treated Crvj I to the mAbs 046, 029 and 065 decreased |

Six mAbs. 046 (group 1), 029 and 065 (group 2). 026 and  as the concentration of guanidine increased, whercas the
004 (group 3) and 027 (group 4) were selected and tested  treatment of Crvj I with guanidine exerted little influence
in Elisa for the binding activities against native, guanidine-  on the binding to the mAbs 026. 004 and 027, and to poly-
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clonal antibodies. Figure 2 displays the binding profiles of
these mADbs to the native and enzyme-digested Crvj 1. The
mADbs 046 (group 1), 029 and 052 (group 2) did not give any
positive reactions against the digested antigen. On the
other hand, 026 and 027 (groups 3 and 4) as well as poly-
clonal antibodies clearly could bind to the digéstcd anti-
gen, although the strength of the binding was decreased to
some extent, as shown in figure 2. Further, pepsin-cleaved
Cryj I could inhibit the mAbs (026 and 027, but not 046, 029
and 052 from the binding to solid-phase Cry j I {data not
shown). The results suggest that mAbs 046, 029. and (052
recognize some conformational surface structures of Cry j

I molecules which are destroyed by chemical denaturation

or enzymatic cleavage, whereas 027, 026 or 004 recognize
an epitope stable for the treatments.

Detection of Enzyme-Cleaved Cry | 1 Fragments

Responsible for the Binding of Cry jIto

Anti-Cry j LimAbs

The enzyme-cleaved fragments were examined by two
methods for their immunoreactivitics. One is based on the
adsorption of the enzyme-cleaved Crv j I onto the mAb
column [Ikegami et al, in preparation]. and the other is
based on Elisa detecting the binding of mAbs to the pep-
tides covalently coupled to microplate wells.

V8-protease-cleaved Cry j T (80 ug) was loaded to the
mAb 026 column (500 ul gel). After I h of incubation at
room temperature, 1 ml of PBS was added to the column.
The passed-through fraction was collected and subjected
to reversed-phase HPLC analysis to obtain a peptide map.
A control map was prepared under the same condition us-
ing an irrelevant mAb column (117, anti-DNP mouse
mAb). Comparing the two maps to each other (fig. 34, b),
two peaks, V46 and V55, were found to disappear in the
map of the 026 column passed-through fraction (fig. 3b).
V31, V37 and V42 were found to be missed in the map of
the 027 column passed-through fraction (fig. 3¢). The re-
sults suggest that the fragments V46 and V55 contain the
hinding cpitope for 026, and V31 V37 and V42 that for
027.

To confirm further the specific binding of these frag-
ments to the mAbs, cach fraction of V8-protease-cleaved
Crvj I obtained by reversed-phase HPLC was subjected to
Flisa as described in Materials and Mcthods. Figure 4
shows the binding profiles of the two mAbs against the
fractionated V8-protease-cleaved Cnvj 1. mAb 026 reacted
to fraction V46 and V35, and mAb 027 showed the peaks
of the reaction to fractions V31, V37 and V42. The results
are consistent with those obtained in the experiments
mentioned above.

V42 V46
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Fig. 3. Detection of mAb 026- or mAb 027-reactive fragments of
V8-protease-cleaved Cn j I by adsorption on the mAb column. Pep-
tide fragments of V8-proteasc-cleaved Cry j I were mapped out after
passing through a control mAb column (@), mAb (026 column (b) or
mAb (027 column (¢). Comparing the two maps of b and ¢ with the
control map, V46 and V35 are missed inb, and V31, V37and V42ine.

Pepsin-cleaved Cryj [ was fractionated, and cach frac-
tion was tested by Elisa for the reactivitics to mAbs 026
nad 027. mAb 026 was found to rcact with fractions P55
and P39, and mAb 027 could react to P20, P29, P39 and P45
(fig. 3). In the experiment using lysylendopeptidase-
cleaved Crvj 1. fractions L15 and L29 reacted to mAb 027,
while no fractions could rcact to mAb 026 (ddta not
shown).

Consistent with the results mentioned in figure 2, no
fragments were found to react to group 1 mAb 046 and
group 2 mAbs 029 and 032 by the two methods mentioned
above (data not shown).
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Fig. 4. Binding profiles of mAbs 026

. . 0.4
and 027 against fractionated V8-protease-

cleaved Cryj 1. Each fraction of V8-protease-
cleaved Cry j 1 obtained by reversed-phase
HPLC was covalently coated on microplates.
Binding of the mAbs 026 and 027 to the
coated Ag was cxamined by Elisa.
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Amino Acid Sequences of the Innmunoreactive Peptides

Generated by Enzymatic Digestion

Table 1 shows the amino acid scquences of peptides in
the immunoreactive fragments. The fragments P39, P45,
V42, 115 and L29. reactive to the mAb (027, were found to
contain the common amino acid scquence HAsn-Ala-Gly-
Val-Leu-Thr-Cys-Ser-Leu-Ser-"*Lys, although in P39 the
amino acids after "Leu could not be read in this experi-
ment. One of the differences between P39 and P45 is that
P39 might have sugar at the position of *Asn, while P45
doces not. The results suggest that the epitope recognized
by the mAb 027 is located in this common peptide. The
amino acid sequences of the peptides in 026-reactive frac-
tions, P55, V46 and V55, were found to begin with Asp-
Asn-Pro-Ile-Ser-...., which is consistent with the N-termi-
nal amino acid sequence of Cry j I. The epitope for the

hl,m,llllhmmllllﬂl!ﬂl il
1 10 20 30

40

LTI
50 60

Fraction, No.

mAb 026 is located in a fragment containing the Cnyvj [/
N-terminal region produced by pepsin or V8 protease di-
gestion. but not in any fragment by lysylendopeptidase di-
gestion.

Binding Activities of mAbs 027 and 026 against

the Svathetic Peptide

The peptide Asn-Ala-Gly-Val-Leu-Thr-Cys-Ser-Leu-
Ser-Lys-Arg. named C1027-1, was synthesized and tested
for the binding to mAbs 026 and 027. The results obtained
by Elisa are shown in figure 6. The C1027-1 could bind to
the mAb 027, but not to mAb 026 (fig. 6a). Morcover. it
could inhibit 027 from binding to Cryj I and to its immuno-
reactive fragments (fig. 6b), indicating that this peptide
contains an epitope for mAb 027,
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Fig. 5. The chromatogram of reversed-
phase HPLC of pepsin-cleaved Cnvj 7 (a) and
the binding profiles of mAbs 026 (b) and 027
(¢) to the fructions, Pepsin-cleaved Crv j 1
was fractionated by reversed-phase HPLC.
Each fraction was examined by Elisa for the
binding ability against mAbs 026 and 027.
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Table 1. Amino acid sequences of the immunoreactive fragments of enzyme-cleaved Crvj I

Fragments reactive to the m4hb 027

1 5 10 15 16

25

P39 Asn-Val-Glu-Asn-Gly-? -Ala-Thr-Pro-Gln-Leu-Thr-Lys-Asn-Ala-Gly-Val-Leu-? -, ...,

P45 Asn-Val~G1u-Asn-Gly—Asn-Ala-Thr-Pro-GIn~Leu~Thr-Lys-Asn-AIa-GIy-Val-lx:u-’l'hr-Cvs-Scr-Lcu~Scr-Lys~Arg
V42 Asn»Gly-Asn-Ala-Thr»Pro~Gln-Lcu~Thr-I4ys‘Asn—AIa~Gly-Valecu-Thr-Cys»Sc r-Leu-Ser-Lys

Lis Asn-Ala-Gly-Val-Leu-Thr-Cys-Ser-Leu-Ser-Lys
29

Asn-Ala-Gly-Val-Leu-. ... .. ..

Fragments reactive to the mAb 026

1 5 10 15 16 20 25

P39 Asp-Asn-Pro-lle-Asp-Ser-Cys-Trp-A rg-GIy-Asp«Scr-Asn-Trp—AIa—GIn-Asn-Arg-Mct»Lys—Lcu~Aln-Asp-Lys—AIa-Val-GIy- ......
V55 Asp-Asn-Pro-lle-Asp-Ser-.. . ... ..
Vi6 Asp-Asn-Pro-Tle-Asp-Ser-. .. ... ..

P45 means fraction No. 45 of pepsin-cieaved Cry j 1,V and L mean V8-protease- and lysylendopeptidase-cleaved Cny j 1, respectively.

Solid-phase antigen: Solid-phase antigen:
Cl027-1 Pepsin-cleaved Cry |
1.54 7
.
E 1.0 b
o mAb 027 mAb 027
<
=
3
S [
e}
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mADb 026
! mAb 026
a j l T T T T T T L T TTTTTYTTTTTTTY T Ty
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1004
In the presence of
80 [[]Pss
[ ] co274 '
= 607 lrrelevant synthetic ,
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£
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Fig. 6. Specific binding activity of a syn-
thetic peptide. C1027-1, against mAb (27,
and its inhibitory ability for the binding of b ol
the mAb 027 to Cny j I and to the imimuno-
reactive fragments.
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Discussion

The structural characterization of an allergenic epitope
is not always straightforwardly clarified, because the al-
Jergens are usually purified in very small amounts, and the
epitopes responsible for allergic reactions are easily de-
stroved by chemical or physical denaturation [S. 14]. This is
true in the case of Cryj [ We tried to analyze the four anti-
cenic determinants showing a specificity against our mAbs
Eiift'crcnt from cach other {1]. However, the conformation-
ally dependent epitopes, in our case those for group 1 and
group 2 mAbs, disappeared by the treatment with guani-
dine or enzymes, thus they require strategies different
from those applied in this study, for instance. limited pro-
teolysis of mAb-bound protein antigen [21-23] or epitope
mapping using the mAbs raised against denatured antigen
[5].

The epitope for group 4 mAb 027 was determined to be
located in the peptide of ten residues, Asn-Ala-Gly-Val-
Leu-Thr-Cys-Ser-Leu-Ser-Lys, which was considered to
be different from any other known peptides. However, the
complete primary structure of Cry j I has not been avail-
able yet, and we could not know where this peptide is lo-
cated in the polvpeptide chain of the Cry j I molecule. The
antigenic determinant for mAb 026 was found to be in the
fragments containing 27-amino acid residues of the Cnyj 1
N terminus, whereas, because of the limited amounts of
the allergen. we have not been able to define the precise
binding site to mAb 026. In these experiments, the reac-
tivity of a mAb with more than two fragments in an en-
zvme-digested product, so far tested, indicates that the en-
zvmatic digestion was incomplete. and the resultant prod-
ucts are heterogencous. Furthermore. reactivity of a mAb
to fractions before and behind the peak fractions indicates
that the peptides were not separated completely under the
condition of this chromatography. Since no fragments
could react to both of the 026 and 027 mAbs, and also no
fragments could react to 046, 029 and 032, the possibility
for the contamination of the reactive fragments with undi-
gested Crvy T eould be excluded. Atany rate. the two mAbs
026 and 027 could be considered to recognize sequential
amino acid residues in some parts of the Gy j I polypep-
tide chain. However, the binding strength of the mAbs to
the fragments were reduced in some extent, as shown in
figure 2. suggesting that some kind of force induced by the
conformation of a Cry j I molecule enhances the binding
ability of the mAbs 027 and 026. The two determinants to
mAbs 026 and 027 have been reported in the preceding
study [1} to be located in the inner space of Cry j I mole-
cules as enyptoantigens, then the liquid-phase Cry j I could

not bind to the immobilized mAbs 026 or 027, and these
determinants were exposed on the surface when the anti-
gen was coated on a plate. The present study revealed that
these two determinants are also exposed by the enzymatic
cleavage to bind to the corresponding mAb column.

Since the epitopes for the mAbs in the remaining group
1 and group 2 were found to be destroyed by the enzymatic
cleavage, structural analysis on these epitopes could not
be conducted yet in this study. However, as mentioned in
the preceding paper [1], these group mAbs, especially 046,
could block effectively the human IgE antibody binding to
Cryj I. Therefore, the epitopes for these mAbs are consid-
ered to have an important role in IgE antibody production
and IgE-mediated allergic reactions in humans. To under-
stand the mechanisms of the IgE responses and to make a
strategy for the therapy of the pollinosis, we continue to
analyze the structures of these epitopes.
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