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Abstract—Forty scra from French petienis allergic 1o Cupressus sempervirens pollen were tested for
crossereactivities ageinst Cry / 1, Cry J 11 (major allergens of Cryptomeria japonica pollen) and other
pollen allesgens from botanically related plants, Seventy-thres per cent of the sera reacted with cither
Cry j 1 or Cry j 11, or with bath of them. These IgE cross-reactions were blocked cfloctively by mAb
046 (antl-Cry j T) or N26, T27 (anti-Cry J IT), and weakly by mAbs 052, 027 und 026 (anli-Cry /
). Furthermore, the Igl antibodics in two sers, #40 and # 11, bound W peptide fractions obtained
from enzyme-digested Crp j I, and mAb 027 could el:o bind to the froctions, Analyses of the
smino acid scquences of the peptides revealed that tenctive peptides contained “NGNAT.
PQLTENAGVLTCSLSKR" sequence and the third residue NY was glycosylated, however, when
the N? was not glycosylated, the IgE antibodies did not react, but mAb 027 could. The glycoaylation
of the N? might be required for TgE-binding to the peptides, Sugar component on the N? residue
was found to be D4mel galactoss, 1.3mol mannoss, 0.8mol fucoee and 2.0mol N-acetyl-
glucomamine. Crosserenctivities againgt other pollen altergens from botznically related plants were
found in most of the sera, However, many of these reactivitics were detected by sandwich ELISA
but oot by an ELISA using allergen-coated plates, indicating that it is important to sclect an
appropriate ELISA procedure in order to detect an allergen or an IgE antibody to an allergen.

!

INTRODUCTION

Cross-reactivity between the pollen of Taxodiaceae end
Cupresancese families has been shown by Panzani er al,
(1986} in a study of the French and Japanese patients
allergic to Cupressus sempervirens (Common cypress)
and Cryptomeria japonica (Japanese cedar, Sugi) pollen
respectively. C. japonica is located only in Japan and
C. sempervirens is distributed in Franee, Italy and Israzl
(Panzani e/ al., 1991), and both pollens independently
caused the incrensing seasonal allergic disease in respect-
ive countries, Thus analysis of the cross-reactivity be-
tween the two pollen allergens is of great interest for
understanding immunological mechanisms of these aller-
gic responses in human.

Cry j I, s major allergen of C. juponica pollen was first
isolated and characterized by Yasueda e al. (1983) as
Sugi Basic Protein (SBP), Taniai er al. (1988) and
Sakaguchi er al, (1990) found in their SBP preparations
an allergen different from Cry f I in molecular weight, in
antigenicity and in N-terminal amino acid sequence, The
new allergen was named Cry j [I, In SDS-PAGE
analysis, Cry j I showed multiband of 45-50 kDa, and
Cry j I a single band of 37 kDa, However primary
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gtructures of these allergens have not been available yet.
Recently we obtained mAbs specific for Cry j T and
Cry j 1L, and the primary structures of B cell epitopes on
Cry j T were analyzed. We reported that four mAb-
binding sitcs on the allergens were related to binding
sites for serum IgE from patients allergic to C, japonica
pollen, two of the four cpitopes seemed to be confor-
mational and the remaining two were of sequential
structure (Kawashima er al,, 1992a, b). In this study,
using the sera from French putients allergic to
C. sempervirens pollen, many of which showed a posilive
reaction againgt Cry f T andfor Cry j IT, we tried Lo know
whether or not the epitopes [lor these cross-reactive
human IgE Abs were related to the binding sites for the
mAbs.

[gE-binding sites on pollen allergens are generally
reported 1o be conformational (Duffort et al,, 1991; Polo
et al., 1991), and the importance of carbohydrate maiety
for IgE-binding has been pointed out by Sward-Nordmo
el al, (1988), Polo et al. (1991), Nilsen and Paulsen (1986)
and Duffort er al. (1991). Here we show that IgE
antibodies in two of the sera bound to a glycosylated,
but not to unglycosylated, peptide of 22 residues derived
from enzyme-digested Cry j I, and the Csterminal half
region of the peptide was identical with the sequence of
a peptide reactive to mAl 027, :



144

MATEHIALS AND METHODS
Allergens

Cry f 1 and Cry j Il were prepared as described before
(Taniai ef al., 1988; Saknguchi er al., 1990), Falsc cypress
pollen extract was a kind gift from Dr Sakaguchi (The
Institute of Public Health, Tokyo). Japanese cedar pol-
len was obtained from Akita Pref., Jopan. Dry pollens
of Mountain ¢edar, Red cedar, Bald cypress, Incense
cedar, Montercy cypress and Arizona cypress were purs
chased from Inlermational Biologicals, Ine,, U.S.A. The
pollen extracts were prepurcd us deseribed before (Tania
et al., 1988).

Antibodles

Monoclonal antibodies specific for Cry j I or Cry f I
were obtained and characterized as deseribed before
(Kawashima e al,, 1992a). Rabbit polyelopal antibodies
containing ant-Cry J I and anti«Cry J 1T (named antis
SBP) was obtained in our laboratory (Taniguchi ef of.,
1989) and an IpG (raction of the anbserum was prepared
using Protein A Sepharose 4B (Pharmagia),

Human sera

scrum samples were obtained from 40 French individ-
uals whose allergy o Cupressus sempervireny pollen had
been diagnosed on the basis of case history, results of
skin test und RAST. The patients were considered as
never having been exposed to Cryplomeria faponica
pollen (Panzani et al., 1986). These scra were lyophilized
and kept at 4°C until use, Sera from Japanese patients
sensitive to . japonica pollen were used as controls,

ELISA for igE-binding to pollen allergens

Twa methods were used. One is a sandwich method in
which an allergen extract is captured by SEP-specific

M. TanIAT € al.

rabbit 1gG previously coated on microplates after which
serum samples were added o the wells, The other
method is to coat an allergen extract directly 1o micro-
plates followed by addition of serum samples. Serum
samples were used in 1:3 dilution, Biotin-labeled goaut
anti-human ¢ chain (Kirkegnard & Perry Laboratones
Inc., U.S.A.) was used to detect the bound IgE-allergen
complex. Reactions were visualized by HRPO-labeled
avidin (Zymed, U.S.A.) and substrate,

Peptide fractions obtained from enzyme-digested Cry j 1

Cry ] 1 was digested with V8 protease (from Sraphylo -
coccus, Sigma), pepsin (from porcine stomach mucosa,
Sigmu) or lysylendopeptidase (from Acromobactor,
Scikagaku kougyou, Japan) according to the procedures
shown in Fig, 1, and peptide fractions were prepircd by
reversed-phase HPLC as described before (Kawashima
et al., 1992b), Test for binding of sera and mAbs with
the peptide fractions was performed after covalently
fixing peptides to microplates as described before
(Kawashima er af,, 1992b), Determination of amino
acid sequences was performed using a 473A Protein
Sequencer (Applied Biosystems, U.S.A.) The existence
of any sugar component in a peptide was determined
according to Takemoto et al. (1985).

RESULTS

Cross-reactivities against Cry j f or Cry j Il of the sera
from French patients sensitized with Cupressus semper-
virens pollen

Thirty-sight of the 40 French petients sensitized with
C. sempervirens pollen reucted positively to C. semper-
virens pollen extract in skin test (data not shown). In
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An epitope on Cry j [ for cross-resclive human IgE

Table 1. Rcactivilies of scrum IgE from French patients
sensitized with Cupressis sempervirens pollen ugainst Cry J ]

pnd Crp f 1T
Mumber of cascs

Reactivity to Allergen-coated Sundwich
CryJl Cry Tl plates EL1SA ELISA
+ 1 10 13

-+ - 17 19

- + 1 a

- - 12 8

Fifty microliters of 2 wg/ml Cry j L ot Cry f 11 were couled on
Bé-well microploten. After hlocking with 1% BSA, 50 ul of
1;3 diluted sorum were added to the wells (gllergen-cobtzd
plates BLISAY. Cry j 1 or Cry j 11 were added to the
microplute wells previously coated with 5 ugfinl rabbit 1gG
fraction containing both anti-Cry # 1 and antirCry § 11,
followed by addition of a diluted serum sample (Snndwich
ELISA), Afer overnight incubation at 4°C, binding of the
human IgHE was detected by biotin-labeled anti-human
epeilon ghain, HRPO-labeled avidin und substrate.

ELISA using allergen-couted plutey, 28 of the 40 sera
(73%) reacied walh allergens of C. japenica. Ten sery
showed positive reactions against both Cry j I and
Cry jII, 17 sera were positive to Cry j T but negative to
Cry j T, and one serum was positive only to Cryj [L The
remaining 12 sera were negative to both Cry j I and
Cry j II (Table ). The binding of these [gE aatibodies
with the solid-phase Cry j I was completely inhibited by
Cry j I solution (data not shown). In analysis with a
sandwich ELISA, similar results were obtained although
the sensitivity was slightly increased, 80% of the sera
showed positive reaction to the one or two allergens

(Table 1).
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Fig, 2. Percentage binding of scrum IgE to Cry 1 and Cry |
1 in the presence of mAbs specific for Cry f 1 or Cry g L Fifty
microliters of 2ug/ml Cry f 1 or Cry f 1 were couted on
microplate wells. Alter blecking with 1% BSA, 40ul of
45 pg'ml mAbe or PBS were ndded to the wells, After incu-
bation at 37°C tor 2 b, 10 pl of cach serum were ndded to the
wells withaut remaving (ke mAbs or PBS. Afler ovornight
incubation at 4°C, binding of human 1gE 1a the nntigens was
detected by biotin-labeled anti-human e chain, HRPO-libeled
avidin and substrate. A closcd circle ropresents per cent
binding of IgE in ¢ach French individual, and an open triangls
represenis that in cach Japanese individual,
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Blocking of the IgE-binding to Cry j I or Cry j il by the
mAbs specific to Cry j Tor Cry J II

[n a previous paper (Kawashima et af, 1992), we
reported that at least four antibody-binding sites were
present on Cry j [ molecules. In order to determine
whether or not thesc binding sites were related to the
anes thot cross-reacted with the IgE, four anti-Cry f [
mAbs, 046, 052, 026 and 027, showing an epitope
specificity different from cach other, and anti-Cry j (I
mAbs N26 and T27 were sclected, The inhibitary effect
of these mAbs on binding between Lhe cross-reactive IgE
antibodies and Cry f [ or Cry j 1T was tested in 20 sera
positive to Cry J [ and in cight sera pesitve (o Cry j 11,
Figure 2 shows the results, In the presence of mAb 046,
the percentage of binding of serum TgE among the 20
French patients ranged from 100% lo 3%. Ten of the 20
sera showed 50% inhibition or more, whereas, in the
presence of mAbs 052, 026 or 027, the inhibition of
serum TgE-binding to Cry j [ in the 20 French patients
wis less than S0%. This indicates that mAb 046 was
the moat effective of the four anti-Cry / [ mAbs in
blocking the binding of the cross-reactive 1gE to Cry §
I. Serum IgE-hinding to Cry J 1T was considerably
inhibited by both mAb N26 and T27. As expecled,
inhibition of serum TgE-binding in Japanese patients
by these mAbs was slightly higher than that n
French patients. The results suggest that the epitopes
recognized by these mAbs are closely related to the
cross-renctive determinants for 1gE antibodies between
the pollen fram Cryptameria juponica and Cupressus
Jempervirens.

Dewection of the IgE-rcactive fragments of enzyme-
digested Cry j 1

Sern #40 and #11 showing a strong IgE-binding
activity to Cry j I were tested in order to see whether or
not the IgE could bind to the fragments obtained from
enzyme-digested Cry j 1. Since mAb 046, the most
effective mAb flor the blocking of IgE-binding, was
found to be incapable of binding to the enzyme-cleaved
Cry j T (Kawashima er al., 1992), a greater part of the
[gE in the sera cross-reactive to Cry j [ is considered to
be afso incapable of hinding to the digested Cry j L
However, os Fig. 3 shows, fraction nos 31 und 32 (VE-31,
V&-32} from V8 protease-digested Cry j T bound to the
IgE in #40, and also in # 1} (data not shown), although
the binding strength was markedly reduced, Fractions
27, 31, 32 and 38 bound well to mAb 027, Determination
of the amino acid seguences of these four fractions
revealed that the sequences of (he three fractions 31, 32
and 38 were identical to cach other us seen in Table 2.
However, the third residue of fractions 31 and 32 could
not be identified, whereas that of fraction 38 was [dents
ified as N, suggesting that the third residuc Asn (N%)s of
fractions 31 and 32 might be glycosylated but not that
of fraction 38, Furthermore, the sequence “N"AGVL-
TCSLSK?"" was previously reported to be the sequence
reactive to mAb 027 (Kawashima et af., 1992b). The
amino acid sequence of fraction 27 was not determined.
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Fig. 3. Peptide map of the V& protease-digested Cry f [ and
the binding profiles of #40 IgE and mAb 027 against the
fractions. V8 protease-digested Cry f I was fractionated by
teversed-phase HPLC using RP C18 column (A). Each fraction
wag m?almtly fixed on the microplate wells previously trented
with Bis{sulfosuccinimidyl)suberate. After blocking with 1%
BSA, scrum #40 or mAb 027 was reacted with the fixed
_fm-.?tiﬁm. Binding of human IgE was detected by biotinylated
anti-human ¢ chain, HRPO-labeled avidin and substrate.
Blnding of mAb was detected by HRPO-labeled anti-mouse Ig
and substrate. C means positive control, native Cry J I
(2 pg/ml, 50 p1),

M., Taniar et af.

Similar experiments were performed using pepsin- or
lysylendopeptidase-digested Cry /I, Results are summar-
ized in Table 2. mAb 027 reacted to both P+3% and P-45
{fractions from pepsin-digested Cry j [ containing the
sequence mentioned above), while 1gE in serum #40
reacted only to P-39, which is probably glycosylated at
the N°, and not to the unglycosylated P45 [raction.
Among the fractions from lysylendopeptidase-digested
Cry j 1 (Fig. 4), no fractions could bind to IgE in serum
#d0 and #11, whereas mAb 027 bound to fractions
L-9 and L-26, of which amino acid sequences were
found to be identical with “N"AGVLTCSLSK"
(Table 2). Fractions L-7 and L-11 did not bind to IgE
of #40, #11 nor to mAb 027, However, the fractions
L.7 and L-|1 were found to sharc the sequence
N'GNATPQLTK"™ with the V-31, -32, -38, P-39 and
P-45, wherens both -7 and L-11 lack the sequence
MNUYAGVLTCSLSK™, In addition, L-7 is prabably glyco-
sylated at the N?, while L-11 is not, The fact that the IgE
in serum #40 and #11 failed to bind to the fractions
L+7, L-9 and L-~11 indicates that neither the sugar chain
along, nor the peptide L-7 alone (even if the N* is
glycosylated), nor the N"AGVLTCSLSK sequence
alone is sufficient for [gE-binding. These results suggest
that IgE in sera #40 and #I1 reacts with a confor-
mational epitope formed by the glycosylated peptide
NGNATPQLTKNAGVLTCSLSKR, alternatively, the
IgE might recognize the C-lerminal half region of the
peptide, N'' ~ K, as mAb 027 does, and the glycosyl-
ation of the N* located in the N-terminal half region of
the peptide. might play an important role for the human
IgE-binding to the peptide.

Determination of sugar component on the N' of the
peptide V3.31

In order to confirm the presence of sugar on the N? of
V8-31 peptide, & sugar composition analysis was per-
formed. The peptide VB-31 was found to contain 0.4 mal

Table 2. Binding profiles of enzymescleaved Cryj 1 fragments aguinst human serum IgE (#40, #1 1) and mAb
027, and amino acld sequences of the fragments

Binding 1o Amino acid sequence”
Fmgm:nui #40 i1 027 1 5 10 15 20
v8-31 + o+ 4 NG'ATPQUTENAGVYLTC“S7....
V832 + o+ 4 NG'ATPQLTKNAGVLTC:<SLY._.
VB-38 - e NGNATPQLTKNAGVLTC "SLSKER
P-39 + + NVENG*ATPQLTKNAGVLY. .. ..
P-45 - + NVENGNATPQLTENAGYLTC SLSKR
L-7 - = - EAPNVENG'ATPQLTK
L1 - - - EAPNVENGNATPQLTK
L-9 - - % NAGVLTC*SLSK
L-26 - - % NAGYL?.....

“The primary structure of the parent protein, Cry J I has not been available yct? 1th:rr.fnru, wo don't know
where these peptides are located in the amino acid sequence of the protein. So the first amino ocid of VE-3]

pephide was ussigned tentatively as 1,
"No residues were identified,
“Tdentified ne S-pyridylethyl cysteine.
“Not determined.
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Fig. 4. Peptide map of lysylendopeptidase-digested Cry j 1.

of galactose, 1.3 mol of mannase, .8 mol of fucose and
2.0 mol of N-acetylglucosaming as sugar components.
The result indicates that the peptide V8-31 has an
N-linked sugar chain on the N? residue.

Cross-reactivities of the yerum IgE avainst pollen aller-
genrs from botanically related plants

Pollen extracts from botanically related plants, shown
in Table 3, were examined for binding to IgE antibodies
in gera from threc Japanese patients (Nos 1-3, sensitive
to C. japonica) and four French patients (nos 4-7,
sensitive to C, sempervirens) by the two ELISA methods
deseribed in the Materials and Methods. In the cases af
False ¢ypress, Bald cypress, Incense cedar and Monterey
cypress, many sera tested showed positive reactions
when the pollen antigens were presented by anti-SBP
antibodics previously coaled on the plates, whereas they
showed little or no positive reactions with the same
antigens when the antigens were directly coated on the
plates (Fig. 5). These results suggest that some of
the common antigenic determinants on these pollen
allergens might be changed conformationally by an
interaction with plastic plates.

DISCUSSION

Cross-reactions between Cupressus sempervirens and
Crypromeria japonica pollen allergens have been studied
by Panzani er al. {1986) by skin test and RAST in French
patients and in Japanese patients. In this study, we
analyzed the cross-reactive determinants on Cry j [ or
Cry j I using sera from French patients sensitized with
Cupressus  semipertirens and monoclonal antibodies
specific to Cry fT or Cry j 11 We previously reported that
at least four antibedy binding siteg are present on Cry j |

molecules and one or more sites on Cry j 11 molecules
by these mAbs (Kawashima er al., 19924). In order to
know whether these antibody-binding sites are related to
those responsible for the IgE cross-reaction between
C. sempervirens and C. japonica pollen allergens, the
mAbs were examined for blocking activities against
serum Igl fram Fronch paticnts cross-reactive to Cry J 1
or Cry f IL. mAbs 046 (anti-Cry j I) and N26, T27
(anti-Cry j 1) were found to inhibit effectively the
hinding of IgE antibodies to Cry j T and Cry j TI
respectively, These results are consistent with those
reported previously by Kawashima er al. (1992a) using
sera from Japanese patients. The epitopes recognized by
these ImAbs are considered to be the most important
sites on C, Japonica pollen for specific or cross-reactive
allergic responses. Using specific mAbs, Mao ef al.
(1992) showed that both human IgE antibodies and
mAb can be directed against identical or closely related
epitopes on an allergen Der [ L

It is of great interest to know the primary structures
of those epitopes in order to understand the mechanisms
of human sensitization to the allergens, with a view to
the development of immunotherapy against the disease.
However, the epitope recognized by mAb 046 could not
be determined by peptides obtained from enzyme-
digested Cry j 1, because the digested Cry j [ completely
lost the binding activity to the mAb, which iz considered
as recognizing a conformational epitope on Cry j I
(Kawashima et al., 1992b). The cross-reactive IgE antis
bodies blocked by mAb 046 are considered to bind to
that conformational epitope. In order o know the
structure of the conformational epitope, strateges differ-
ent from those applied in this study are required, such
as the use of recombinant peptides expressed from
fragments of cDNA encoding Cry j 1, as shown in the

Table 3. Plants used in this study (botanically rclated to Cupressus semmpervirens)

Family Genus Species English name

Tuxodinceac Cryptomeria faponica Jupanese cedar (Sugi)
Taxodium distichum Bold cypress

Cupressacens Chamaecyparis obtusa Flage cypress (Hinoki)
Cupressus arizonica Arizonn cyprasa
CMPH.!M MaCrecarsa Monterey cypress
Juniperus virginfana Bed cedur
Junlperys sahinoides Mountain cedar
Libacedurus decurrens Incense cedar
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Fig. 5. Binding profiles of human eross-reactive [gE antibedics sgnrinst pollen extrocts from

Taxodiaceae and Cupressaceae plants, Fifty microliters of 10 ug/ml of each pollen extract were

coated on microplates or eaptured by rabbit anti-SBP 3G previously coated on micropluses. Then

50 g1 of human serum diluted in 1:3 or 1: 5 wore reacted with the sntigens. Binding of 13E antibodics

waus detected hy biotin-labeled anti-human ¢ chain, HRPO.labeled avidin and substrate, Numbars

1-3 sera were from Japanese patients sensitive ta €. japonica and Nos 4-7 were (rom French patients
allergic to C. sempervirens.

analysis on mite allergen Der p 1 by Greene ef al. (1991,
1992), or the use of peplides obtained by the limited
proteslysis of an mAb-bound protein antigen (Jemmer-
san et al., 1986; Sheshberadaran et 4/, 1988), or the use
of an approach described by Burnens er al. (1987),
However, we found that IgE antibodies in some sera
from French patients (#40 and #11) could bind to
peptide fractions cbtained from digested Cry J 1.
although binding strength to the peptide was markedly
reduced. The mAb 027 also well reacted with those
peptide fractions, The amino acid sequences of the
reactive fractions were found to contain the sequence
"NGNATPQLTKNAGVLTCSLSKR", and the N! is
glycosylated, However, when the N? of the sequence is
not glyeosylated, the IgE could not react with the
peptide, whereas mAb 027 could (Table 2), The re-
duction of strength of IgE-binding to the peptide frac-
tions suggests that some conformational structure might
be involved in the cHective binding between the IgE and
the native glycoprotein. However, here we show that
some IgE antibodies bound to u glycosylated peptide,
indicating the importance of carbohydrute moiety of the

peptide for TgE binding. Whether the sugar moiety is
dirgetly invelved in the epitope for the TZE is not known.
Pole et @l (1991) showed that the binding sites for
human 1gE on Par j I do not contain carbohydrates
although these seemed to be important for the confor.
mation of the glycoprotein and influenced the affinity of
[gE antibody binding. When recombinant peptides of an
allergen are used for cpitope analysis of the allergen, we
think that a possible rale of the glycosylation of the
peptides for IgE-binding should be considered.

[gE antibadies from French patients were tested for
cross-reactivities against pollen extracts from Taxo-
diacene and Cupressaceae families other than C, semper-
virens pollen, Many sera showed cross-reactions against
one or more of the pollen extracts tested. However, in
some polien extracts, such as False cypress, Bald cypress,
Incense cedar and Monterey cypress, IgE crosg-reactions
in many sera were observed only when (he sgndwich
ELISA wus used. The possible mechonism of the dis-
crepant results between the two methods, sandwich and
allergen-coated plates ELISA, may be as follows: some
of the common antigenic determinants on these pallen
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allergens might be changed conformationally by inters
action with plastic as reported previously (Al Moudallal
et al., 1984; Friguet et al., 1984; Norvick ef al.. 1982:
Oslon and Klapper, 1986; Spangler, 1991), which results
in non-reactivity of antibodies specific for only the native
antigen. Or IgE antibodies induced by a pollen allergen
might differ in affinity and in fine specificity from pollen
to pollen, These observations show that the salection of
an appropriate ELISA method is important for the
detection and characterization of allergens and IgE
antibodies,

Finally, the question as to whether the structure of the
glycosylated peptide mentioned in thig study is contained
in the allergic sites of pollen allergens showing cross-
reaction with Crp j 1 is of great interest for the under-
standing of the mechanisms of human scnsitization
to those pollens as well as for devising therapeutic
strategies,
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