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lntroduction

The knowledge of sequential B cell epitopes on allergens
is important not only for basic research but also for the de-
velopment of therapeutic agents. Type I hypersensitivity
aries from degranulation of mast cells triggered by cross-
linking ofhigh-affinity IgE receptors through the binding of
a multivalent allergen to its IgE antibodies. Thus, monova-
lent synthetic peptides incapable of cross-linking IgE mole-
cules seem to be ideal agents for immunotherapy. Recently,
Ball et al. [1] isolated an immunodominant IgE epitope ex-

pressed from the cDNA library of Phl p I Ul. This recombi-
nant epitope bound specifically to IgE antibodies from pa-
tients allergic to grass pollens without inducing histamine
release by basophiles. This successfully demonstrated the
potential usage of specific haptens in immunotherapy.

There are a number of approaches to study B cell epi-
topes. Besides analyzing the antigenicity of randomly ex-
pressed allergen fragments in recombinant DNA libraries

l2], B cell epitopes can also be predicted using computer
programs [3] or determined by analyzing overlapping syn-
thetic peptides identical to the allergen [a]. In addition, anti-
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Abstract
Background: Cyn d l, the group I allergen of Bermuda grass pollen, had been
purified and charactenzed. Methods: A sequential B cell epitope on Cyn d I was
studied with monoclonal antibodies (MoAbs). Cyn d I was cleaved by Achromo-
bacter protease I into fragments, and the resulting peptides were fractionated on
reversed-phase columns before being reacted with anti-Cyn d I MoAbs in a ra-
dioimmunoassay. A Cyn d I fragment recognrzed by its MoAb was selected for
Edman degradation. A synthetic peptide was constructed according to the deter-
mined sequence. Results: The epitope on Cyn d I recognized by MoAb l8-53
was found to be conformation independent, since its activity was not changed
after sodium periodate, guanidine or urea treatment. The enzyme-cleaved frag-
ment containing this epitope was determined to be DVDI(PPFDGMTACGNE-
PIF which corresponds to the N-terminal 46-64 residues of Cyn d l. The pres-
ence of this sequence in the epitope recognizedby MoAb 18-53 was demon-
strated by enzyme immunoassay and further confirmed by inhibition of binding
enzyme immunoassay with synthetic peptides. Some cross-reactivity with the
N-terminal45-63 residues of Lol p I was also found. Conclusions: The primary
structure of a sequential epitope on Cyn d I was determined, and its activity was
confirmed with peptides synthesized according to the determined sequence.
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genic determinants can also be studied using a gene-target-
ed phage display random epitope library [5].

Cyn d l, the 32- to 34 kD allergenic component of Ber_
muda grass (Cynodon dactylon) pollen (BGp), has been pu-
rified and characterized [6-ll]. In the present study, a se-
quential B cell epitope on Cyn d I was studied using a
monoclonal antibody (MoAb) cocktail in combination with
Cyn d I peptides generated by protease cleavage. The cock-
tail was made of two anti-Cyn d I MoAbs,4-37 and lg-53.
MoAb 4-37 was previously generated [8, l2], and MoAb
l8-53 was newly generated. The present study disclosed
MoAb 18-53 to be against a nonconformational epitope,
and reported the characterization of this epitope. The pres-
ence of this sequential epitope on Cyn d I fragment was
confirmed using a synthetic peptide, and this described
some possible first steps to attain the hapten-based immu-
notherapies.

Materials and Methods

Anti-Cyn d I MoAbs
Four MoAbs were used in the present study. Among these four

MoAbs, three (MoAbs4-37,10-7 and 18-53) are against Cyn d l, and
another MoAb 9-13 is against a cross-reactive epitope on a minor al-
lergen of BGP. The generation and charactenzation of MoAbs 4-3J
l0-7, and 9-13 had been previously reported [12], and the newly ob-
tained MoAb 18-53 was also generated using the same hybridoma
technique. The MoAbs4-37 and lG-7 are against different epitopes on
cyn d l; MoAb 4-37 recognizes a nonconformational epitope where-
as MoAb 10'.-7 reacts with a conformational epitope [g]. MoAb 9-13 is
against a carbohydrate-cross-reactive epitope on the 6g-, 4g-, 3g_kD
minor allergenic components of BGp [13]. The isotypes of MoAbs
9-13,4-37,10-Z and 18-53 are all lgGlk.

Cynd I
The 32- to 34-kD major allergen of BGp was purified with MoAb

4-37 immunosorbent affinity column as previously described [7].
Briefly, MoAb 4-37 was coupled to cNBr-activated Sepharose 48
beads at a concentration of 4 mg/ml as suggested by the manufacturer
(Pharmacia, uppsala, Sweden). This was then used to pack an affinity
column and the BGP extract was loaded onto this column at a flow rate
of 5 ml/h. The column was washed with phosphate-buffered saline
(PBS, l50mM sodium phosphate, pH 7.4, l50mM NaCl) and the
bound antigen was eluted off the column with citric acid (0.1 M,pH3).
After dialysis against distilled water, the eluent was lyophilized and
was ready for further study.

Sodium Periodate Treatment
This was performed as previously described by woodward et al.

[a]. Briefly, the 96-well vinyl assay plates (costar, cambridge,
Mass., usA) were coated with BGp (50 !tglml,50 pl/well) in carbon-
ate buffer (50mM, pH 9.6) overnight at 4"c, and free sites were
blocked by l%bovine serum albumin (BSA) at37"c for 30 min. After
coating, the plates were rinsed with sodium acetate buffer (50 mM, pH
4-5), and exposed to varying concentrations of sodium periodate (0-
I mM in sodium acetate buffer for I h at room temperature in the dark.

At the end of the incubation, the wells were washed with sodium ace-
tate buffer and incubated with l% glycine at room temperature for an-
other hour, and followed by washing with pBS containing 0.5% BSA.
The wells were then subjected to a radioimmunoassay (RIA) as previ-
ously described 12]. MoAbs were added to wells and incubated for
t h. MoAb 9-13 was used as the positive control. Iodine-r25-labeled
goat anti-mouse Ig (Kirkegaard and Perry Laboratories, Gaithersburg,
Md., usA) was then added at a concentration of I x 105 count per min-
ute (cpm) per well, and reacted for I h at room temperature. This was
followed by thorough washing with pBS-BSA. Radioactivity in the
wells was determined with a gamma counter (LKB, l27l RIA gaÍuna,
Turku, Finland). The percentage of binding was expressed as the cpm
oftest over the cpm ofnon-treated control.

Acid and Alkaline Treatments
This was performed as previously described [s]. cyn d I was treat-

ed with 20 mM HCI (pH 2.0) or 20 mMNaOH (pH 12.0) atroom tem-
perature for 2 h. After neutralization and dialysis against pBS, the
treated samples were used for a competitive RIA. Supernatant of the
hybridoma was mixed with the treated Cyn d I (l:1, vol/vol) or pBS
(control). Aliquots (50 pl) of the mixture were added onto cyn d I
coated wells (250 nglwell) and incubated at 37"c for l h. After wash-
ing, the bound MoAb was detected with iodine-r25-labeled goat anti-
mouse Ig. The percentage of inhibition was calculated as the cpm of
control minus cpm of test over the cpm of control.

D enaturation Treatments
The effect of conformational changes on epitopes of cyn d l was

detected as previously described [8]. Aliquots of 250 pg of Cyn d I
were incubated with either 6 M guanidine-HCl or 6 M urea in 0.25 M
Tiis-HCl/l mM ethylenediaminetetraacetic acid (EDTA) buffer (pH
8.5) for 4 h. It was then dialyzed overnight against pBS and used for a
competitive RIA. For reduction and alkylation, 2501t"gof cyn d I was
incubated with 6 M guanidine-HCl in 0.25 M Tris-HCl containing
I mMEDTA,0.5oA 2-mercaptoethanol (pH 8.5) for 2hin the dark and
sparged intermittently with nitrogen. Reduced cystine residues were
pyridyl ethylated by reacting with 4-vinyl puridine (final concentra-
tion 4o/o) for 2 h.

Enzymatic Dtgestion
Cyn d I (l mg/ml) was digested with endopeptidase Achromobac-

ter protease I (Lys-C) (Wako, Osaka, Japan) at 3j"C for lg h, in
l00mM of (NHa)2CO:, pH 9.5, with anenzyme-to-substrate ratio of
l:100 as described by Lin et al. [15]. The resulting peptides were sep-
arated with high-performance liquid chromatography (HPLC ).

HPLC Fractionation of Cyn d I Digests
HPLC analysis was performed on an ABI model l40B solvent de-

livery system (Applied Biosystems Inc., Foster City, Calif., USA)
equipped with a model 1000s diode array detector as previousry de-
scribed [7]. Solvent A was 0.08% (vol/vol) trifluoroacetic acid in wa-
ter and solvent B was 80o% acetonitrile in water containing 0.05% tri-
fluoroacetic acid. Lys-c-digested cyn d I (100 pg) was loaded onto an
Aquapore (Pierce, Rockford, Ill., USA) C3 reversed-phase column
(0.46 cm i.d.x22.0 cm) that was equilibrated with l5% buffer B. Elu-
tion was carried out at a flow rate of 0.6 ml/min. A linear gradient of
0.5%o per minute of buffer B was started 5 min after sample injection.
The elution profile was monitored at 220 nm. Fractions were collected
according to uv absorption and lyophilized. Samples used in RIA
were resuspended in PBS before coating onto wells of RIA plates.
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Fragments obtained from the C3 reversed-phase column were fur-
ther separated on a Vydac C1s reversed-phase column (HP Analytical,
Hesparia, Calif., USA) (0.21 cm i.d. x 25.0 cm). The lyophilized sam-
ples were dissolved in solvent A, and loaded onto the C13 column that
was equilibrated with 207o solvent B. A linear gradient of 0.25o/o per
minute of solvent B was started 5 min after sample injection.

Amino Acid Sequence Determination
The HPLC fractionated fragments that have demonstrated the

binding capacity of MoAbs 4-37 and 18-53 were subjected to Edman
degradation on an Applied Biosystems Model 470A protein-peptide
gas-phase sequencer equipped with an on-line phenylthiohydantoin-
amino acidanalyzer (ABI model 120 A, Applied Biosystems, Inc.) as
previously described [7].

Synthetic Peptides
Peptides were synthesized by Bio Synthesis Laboratories (Levis-

ville, Tex., USA). Peptide TAMGDKPGPCITAIYGDKWLD20 corre-
sponds to the N-terminal l-20 amino acid residues of Cyn d I [7], and
peptide 45DVDKAPFNGMTGCGNTPIFó3 corresponds to the N-ter-
minal 4543 residues of Lol p 1 [6].

ETA
The synthetic peptides were coated onto the wells of the EIA plates

at a concentration of 200 ng/well. MoAbs were added and incubated at
37'C for I h. After washing, the peroxidase-conjugated goat anti-
mouse IgG (Bio-Rad Laboratories, Hercules, Calif., USA) was added
to the wells and incubated at 37"C for I h. The bound antibody was
then detected with the substra te 2,2' -azino-di-3 -ethylbenzthiazol ine-6-
sulfonic acid. Absorbance at 405 nm was detected on a Titertek Mul-
tiskan instrument (Flow Laboratories, Mclean, Và., USA). In the
binding inhibition assay, aliquots of MoAb 18-53 (62.5nglml) were
mixed (l:l) with different concentrations (0.01-100 pglml) of compet-
itors (*'DVDKPPFDGMTACGNEPIFó4, Cyn d l, and rAMGoKpGp-

CITAIYGDKWLD2O) or with PBS (control). The mixrures were in-
cubated at4oC ovemight, and aliquots of 50 pl were added to the Cyn-
d-l-coated plates (100 ng/well) to perforrn an EIA. The percentage of
inhibition was calculated as the difference in optical density (OD) be-
tween control and competitor over the OD of control.

Results

Whether the epitope recognizedby MoAb l8-53 is sen-
sitive to sodium periodate treatment was evaluated with a
RIA (table 1). MoAb 9-13, that has been shown to be reac-
tive against a carbohydrate epitope of some minor allergens
of BGP [2], was used as a positive control; hence BGP was
used in the RIA instead of Cyn d l. As shown, sodium peri-
odate treatment diminished the reaction between MoAb
9-13 and BGP in a dose-dependent manner. However, this
treatment did not affect the reaction between MoAb 18-53
ANd BGP.

Table 2 shows the effect of various chemical treatments
on the antigenicity of the epitope recognized by MoAb l8-
53. MoAb 4-37, that has been identified as reactive against a
nonconformational epitope [8], was used as a control. In a

Table î. The effect ofperiodate oxidation on the antigenicity ofthe
epitope on BGP recognized by MoAb 18-53

Concentration of sodium
periodate, mmol/l

Binding of MoAbs to BGP extracts, oó

MoAb 9-13 MoAb 18-53

I
0 . 1
0 .01

9.7+0.8 93.0+9.3
10.6+2.4 98.8+6.1
77.0+3.7 100.7+4.1

Data are the mean + SD of triplicates from a RIA.

Table2. Effects of chemical treatments on the antigenicity of the
epitope on Cyn d I recognizedby MoAb 18-53

Tieatment Inhibition ofbinding to Cyn d l,
%

MoAb 4-37 MoAb l8-53

PBS
Change in pH

pH2
pH 12

Conformational change
Guanidine (6 mol/l)
Urea (6 mol/l)

Reduction and alkylation
2-Mercaptoethanol, guanidine
and 4-vinyl pyridine

44.0+3.5 68.6+5.3

48.0+2.8  76 .0+6.1
4.4+2.9 63.9+8.0

43.1+3.2 56.2+3.3
45.5+5.7 66.9+4.6

-t2.4+3.1 -9.7+0.2

Data are the mean + SD of triplicates from a competitive RIA.

competitive inhibition assay, the control Cyn d I (treated
with PBS) inhibited the binding of MoAb 18-53 to Cyn d I
by 68.6%. Acid, alkaline, guanidine and urea treatments
have similar effects on the competitive ability of the epitope
recognized by MoAb 18-53. Inhibition ratios of 76.0,63.9,
56.2 and 66.9yo, respectively, were obtained for these treat-
ments. However, the epitope lost its antigenicity when
Cyn d I was reduced and alkylated. The competitive ability
significantly decreased to -9.7%. The control MoAb 4-37
has reactions similar to all the chemical treatments except
that its competitive ability was totally lost after treatment
with alkaline: the inhibition ratio reduced from 44.0 to
4.4%.

The Lys-C digests of Cyn d I were not subjected to re-
duction and alkylation to avoid interfering with the antigen-
icity of the epitope. A C, reversed-phase column was used
to isolate the peptide fragments, and a total of l6 fractions
were collected (fig. l). These fragments were then screened
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Fig.1. HPLC profile of the Lys-c-digested cyn d l separated on a
cs reversed-phase column (c* x 4.6 mm). The fractionations were
eluted with solvents A and B as described in Methods. A total of 16
fractions were collected at different percentages of solvent B: 1g.4,
19.1, lg.g, 22.0, 24.9, 25.9, 26.9, 27.4, 29.7, 29.4, 30.6, 31.5, 32.0. 34.4.
35.4 and36.7.

with a mixture of MoAb s 4-37 and 18-53 in a RIA. Fraction
9 that eluted off the column with28.7o% solvent B, showed a
positive RIA result.

Fraction 9 was further fractionated on a Crs column, and
three subfractions (C8-9-1, C8-9-2 and C8-9-3) were ob-
tained (fig.2). Table 3 lists the properties ofthese three sub-
fractions. The amino acid sequence ofthese three fragments
was determined to be DVIPANW DVDKPPFDGMTA/
GNEPIF, and NYE/IAAX respectively. We could not pick
up any meaningful signal for the l3th residue of C8-9-2 and
the fourth residue of c8-9-3 during sequence analysis. The
results suggest a cysteine residue or a glycosylation site
might occur at these positions. A RIA showed that among
these three subfractions, C8-9-2 was the one that most
strongly reacted with the anti-cyn d I MoAbs; the binding
of the MoAb cocktail to c8-9-2 was 313 cpffi, whereas that

20 30
îme (min)

Fig. 2. HPLC profile ofthe C8-9 fraction rechromatographed on a
c1s reversed-phase column. The fractionations were eluted with a sra-
dient of solvents A and B as described in Methods.

to the C8-9-1 and C8-9-3 were 120 and 92 cpm. The RIA
between the MoAb cocktail and the positive (Cyn d l) and
negative (BSA) controls were 1,035 cpm and 108 cpm, re-
spectively.

Synthetic peptides were constructed according to the
amino acid sequences of these three fractions. cysteine was
used on the l3th residue of c8-9-2 and the 4th residue of
C8-9-3. Since these three peptides correspond to fragments
starti ng from the N-term inal 22 6th, 4 6th, and 97 th re sidues
of Cyndl [ll], they were marked as 22uDVIpANWr,t,
OóDVDKPPFDGMTACGNEPIF64, 

and 9'NYECIAAYIO4,

respectively. Peptide'AMGDKPGPCITAIYGDKWLD20,
that represents the first 20 N-terminal amino acids of
Cyn d I was used as a nonspecific control. Additional con-
trols included the positive control cyn d I and the negative
control BSA. These peptides were applied to an EIA to react
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Table 3. Analysis of the ninth fraction of Lys-C digested Cyn d I
fragments

RIA with
MoAb cocktails
cpm

Amino acid sequence

c8-9-l
c8-9-2
c8-9-3

t20
3 1 3
92

DVIPANW
DVDKPPFDGMTA/GNEPIF
NYE/IAAY

Phenylthiohydantoin-amino acids were not detected in these cy-
cles during Edman degradation.

Table 4. Analysis of the interaction between synthetic peptides
and anti-Cyn d I MoAbs by an EIA

Antigens EIA with MoAbs

18-53 4-37 l0-7

^ 6 0
aS

€ 5 0
E
5 + o

Peptides
,AMGDKPGPCITATYGDKWLD2O 

0.245

zzopylp4yysz:z í.i:f
+0.024

O6DVDKPPFDGMTACGNEPIF'4 
1,283

eTNyECrA4yroa íif,u'
+0.014

Positíve control
Cynd  I

Negatíve control
BSA

0.0 '1 0.1 1 10
Inhibitor (UO/mt1

Fig.3. Inhibition ofbinding of MoAb t8-53 to Cyn d I bypeptide
4óDVDKPPFDGMTACGNEPIF64. Binding of MoAb lg-53 to the
solid phase cyn d 1 was inhibited by different concentrations of com-
petitors (O: Cyn d l; O: 4UDVDKPPFDGMTACGNEpIFS; 

A -
' AMGDKPGPCITIITYGDKWLD 20 

). Data are averages of triplicates.
The SDs are less than 10%.

with MoAbs 18-53 and dp-37. Another anti-Cyn d I MoAb
l0-7, that has been identified to be against conformational
epitope t8] was used as a negative control. As shown
in table 4, MoAb 18-53 reacted with peptide 46DVDKP-

PFDGMTACGNEPIF64 bur not with the other three pep-
tides. The reaction befween peptide 46DVDKPPFDGMTA-

CGNEPIFg and MoAb 18-53 was specific because it did
not react with MoAbs 4-37 and lG-7.

In addition, an inhibitive EIA (fig. 3) showed that the
binding between MoAb 18-53 and Cyn d I was blocked
dose-dependently by the peptide 46DVDKPPFDGMTAC-

GNEPIF6a, and Cyn d I (positive control), but not by the
peptide' AMGDKPGPCITATYGDKWLD 20 (negative con-
trol).

We further tested the cross-reactivity of MoAb 18-53
against Lol p l, the group I allergen of rye grass pollen. A
peptide with the sequence DVDKAPFNGMTGCGNTPIF
was synthesized according to the cDNA information of Lol
p I [6], and an EIA was performed (table 5). peptide
4óDVDKPPFDGMTACGNEPIFóa was used as the positive
control, and peptide I AMGDKPGPCITA IYGDKWLD 20 as

1.084
+0.103

0.205
+0.012

0.262 0.2s3
+0.015 +0.005
0.239 0.23r
+0.013 +0.017
0.223 0.241
+0.016 +0.029
0.258 0.228
+0.027 +0.012

1. t37  l .  I  19
+0.058 +0.066

0.237 0.213
+0.014 +0.015

Data are the absorbance at oD 405 nm (mean + SD of triplicates).

Table 5. Analysis of the cross-reactivity between MoAb lg-53
and Lol p I specific peptide by an EIA

Peptides EIA with MoAbs

I 8-53 4*37

Lol p I peptide
4sDVDKAPFNGMTGCGNTPIFó3 

0.358+0.027
Positive control
OóDVDKPPFDGMTACGNEPIFó4 

0.582+0.048
Negative control
,AMGDKPGPCITATYGDKwLD2O 

O. I8I +O.O I I

0.253+0.026

0.242+0.0t0

0.185+0.023

Data are the absorbance at oD 405 nm (mean + SD oftriplicates).
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the negative control. As shown, MoAb 18-53 reacted with
the Lol-p-l specific peptide 45DVDKAPFNGMTGCGNT-

PIFó3 (OD: 0.358). However, the reaction between the
MoAb and the Lol p I specific peptide was weaker (61.5%)
than that between MoAb 18-53 and the Cyn d I specific
peptide 4UDVDKPPFDGMTACGNEPIF64 (OD: 0.592).

Discussion

It is well known that most epitopes on antigen molecules
are conformation dependent. Sequential epitopes deter-
mined by the linear amino acid sequence are less common
but can be easily reconstructed by peptide synthesis. The
complete sequence of Cyn d I was unclear when we started
the present study, but it has recently been elucidated [11].

First, the nonconformational nature of the epitopes rec-
ognized by our anti-Cyn d I MoAb 18-53 was clarified by
biochemical studies (tables 1,2). Mild periodate oxidation
at acidic pH can cleave carbon bonds between vicinal hy-
droxyl groups ofthe carbohydrate moieties of glycoproteins
without altering the structure of the polypeptide chain [14].
The finding that sodium periodate treatment did not affect
the reaction between MoAb 18-53 and its antigen (table l)
suggests that carbohydrates are not involved in the antigen-
icity of this determinant; the epitope recognizedby MoAb
18-53 appeared to be protein in nature. The findings that
treatments of Cyn d 1 with acid, guanidine and urea hardly
had any effect on the competitive ability of the elicited epi-
tope (table 2) strongly suggest that this antigenic determi-
nant was conformation independent; changes in the three-
dimensional configuration of a protein by denaturants will
result in loss of antigenicity of conformational epitopes
[7]. This is further supported by our observation that
MoAb 18-53 was capable of recognizing its antigen in im-
munoblots of sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and two-dimensional gels (data not shown).
In addition, the fact that the antigenicity of the epitope rec-
ognized by MoAb 4-37 was lost after treatment of alkaline
whereas that of MoAb 18-53 was not clearly indicates that
the epitopes recognizedby these two MoAbs are different.

Alkylation of a protein usually occurs in reducing the
sample in the presence of strong denaturants. Elimination of
disulfide bonds upon reduction in the presence of dena-
turants would facilitate protein unfolding, which conse-
quently leads to loss of antigenicity of conformational epi-
topes [7]. Similar to the epitope recognized by MoAb
4-37, the antigenicity of the epitope recognized by MoAb
18-53 was also sensitive to reduction and alkylation. The
result might give an impression that these two epitopes are

conformation dependent. However, when a cysteine was
used for the unidentified signal on residue l3 of C8 -9-2,the
peptide 4UDVDKPPFDGMTACGNEPIFó* was capable of
reacting with MoAb 18-53 (table 4). This demonstrates that
the peptide contains the primary structure of the epitope
recognized by MoAb 18-53, and this was funher confirmed
by a competitive inhibition assay (fig. 3). It is highly pos-
sible that cysteine is part of the sequential epitope since ad-
dition of bulky alkylating on sulfhydryl groups of cysteine
residue(s) might affect the antigenicity of a sequential epi-
tope which contains cysteine.

Besides fraction 9, fractions l1 and 12 also showed a
weakly positive RIA with the MoAb cocktails. Edman deg-
radation analysis detected multiple signals starting with
DVDKPPF among fractions 11 and 12 (data not shown).
These two fractions had been further separated into another
seven and five small subfractions, respectively. However,
due to the limited amount of samples obtained, they were
excluded from the present study.

The phenomenon that three (q 1l and 12) out of 16 frac-
tions obtained contained peptides starting with DVDKPPF
may relate to the fact that Cyn d I was digested without re-
duction and alkylation. It suggests that this sequence is ex-
posed on the surface of the Cyn d l, easily accessible to pro-
tease and antibody recognition. The antigen probably has a
rather compact structure. Digestion with protease in the pre-
sent condition results in partially digested peptides with
varying lenght and hydrophobicity which can be separated
on a reversed-phase column.

Using V8 protease, lysylendopeptidase and pepsin to di-
gest the Cryj l, its immunoreactive fragments had also been
detected with MoAbs [18]. In addition, other reagents such
as cynogen bromide and 2-nitro-5-thiocyanobenzoic acid
had also been applied for the studies of B cell epitopes with
the use of polyclonal antibodies [9, 20]. Peptide chains are
cleaved by cyanogen bromide at the methionine, and
cleaved by 2-nitro-5-thiocyanobenzoic acid at the cysteine.
In the amino acid composition of Cyn d l, there are 3-
5 methionine residues, T cysteine residues, and 24-3llysine
residues 16,71. Since Lys-C digestion would result in small
peptides whose amino acid sequence would be easier to
analyze, the other enzymes were not used in the present
study. However, the epitope recognizedby MoAb 4-37 was
not able to be identified. It is highly possible that lysine re-
sidue(s) is in its amino acids sequence.

Peptide 4UDVDKpPFDGMTACGNEPIFtu has 79%
identity with the N-terminal amino acid residues 45-63 of
Lol p l, the group I allergen of Lolium perenne [16]. Cyn d I
and Lol p I shares high amino acid sequence homology.
However, previously we were not able to find cross-reac-
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tivity befween these two allergens since all 4 anti-Cyn d I
MoAbs we had were specific for Cyn d I without cross-re-
action to Lol p I [7]. In the present study, the finding that
MoAb 18-53 cross-reacted weakly with the Lol-p-l-specif-
ic peptide 45DVDKAPFNGMTGCGNTPIF63 (table 5) sug-
gests that the sequential epitope on Cyn d I identified in the
present study with the newly obtained MoAb does share
cross-reactivity with an epitope on Lol p l. This agrees with
the report of Matthiesen and Lowenstein that some anti-
Cyn d I MoAbs cross-reacted with Lol p I [6].

The IgE-binding capacity of peptide 46DVDKPPFDGM

TACGNEPIF64 had been tested with pooled sera derived
from patients allergic to BGP. However, no positive result
was obtained (data not shown). This correlates with the
finding of Smith et al. Il]. Recently, they found that only
the recombinant Cyn d 1 expressed in the yeast Pichia pas-
toris, but not that expressed in Escherichia coli was recog-
nized by IgE from sera of patients allergic to BGP. It sug-

gested that in Cyn d l, posttranslational modifications (e.g.
glycosylation), which occur in eukaryotic cells are neces-
sary for the production of biologically active form of
Cyn d l. This gives a reasonable explanation to why peptide
46DVDKPPFDGMTACGNEPIF6a has no IgE binding ca-
pacity in humans.

Using MoAb, the present study determined the amino
acid sequence of a sequential epitope on Cyn d 1, and con-
firmed its activity with a synthetic peptide. This offers some
information for further immunotherapy studies. Since a
mouse B cell epitope is present in the defined peptide, this
peptide can be used as hapten in animal models to examine
the potential of hapten-based immunotherapy.
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