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Background: We identijied three epitopes on Cyn d I by using four anti-Cyn d I monoclonal 
antibodies (MoAbs). 
Methods: In a cross-inhibition binding assay, the binding of MoAbs l-61 and IO-7 to Cyn d I 
was completely blocked by each other but not by MoAbs 4-37 and 11-7; the binding of MoAb 
4-37 and MoAb II-7 to Cyn d I was inhibited by themselves but not by other MoAbs. The 
epitope recognized by MoAbs I-61 and IO-7 is designated as El, and those recognized by 
MoAbs 4-37 and 11-7 are designated as E2 and E3, respectively. 
Results: In a radioallergosorbent inhibition assay, we found that MoAbs I-61 and 4-37 (I :50 
diluted) can inhibit the binding of human Immunoglobulin Es to Cyn d I by more than 30%, 
whereas MoAb 11-7 was less eSJicient (reduced by only 6%). These results suggest that both El 
and E2 are major allergenic epitopes but that E3 is only a minor one. Further characterization 
of El and E2 reveals that they are labile in alkaline but resistant to acid and sodium periodate 
treatments. Moreover, El is heat-labile, but quanidine- and urea-sensitive, whereas E2 is not. 
Both El and E2 lost their antigenicity after reduction and alkylation. 
Conclusions: Results of the present study provide important information on the physicochemical 
properties of major allergenic epitopes on Cyn d I, which may be useful for future development 
of therapeutic peptides for patients allergic to Bermuda grass pollen. (J ALLERGY CLIN IMMUNOL 
1993;91:1035-41.) 
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Bermuda grass Cynodon dactylon pollen (BGP) is 
an important allergen, and Cyn d I is the major al- 
lergenic component of BGP,le5 and has been shown to 
have different isomeric forms with molecular weights 
that range from 29 to 35 kd. 

To identify and characterize the allergens of BGP, 
we have generated a panel of 16 monoclonal anti- 
bodies (MoAbs) and have classified them according 
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a modified RAST disclosed that this antigen has the 
strongest IgE binding capacity and the highest IgE 
binding frequency (91%) among the eight antigens 
that were tested. These four MoAbs are designated as 
anti-Cyn d I MoAbs. 

It is common knowledge that the use of pure al- 
lergen for hyposensitization can avoid collateral im- 
mune response to other irrelevant components. Ac- 
cordingly, clinical allergists have noticed that the use 
of specific major allergenic epitope for immunother- 
apy could efficiently prevent further development of 
allergy.6 Therefore epitope analysis has not only ac- 
ademic but also clinical significance. 

In this study we report the use of anti-Cyn d 1 
MoAbs to identify and characterize their associated 
epitopes. In addition to grouping them and determin- 
ing whether they are major allergic epitopes, we have 
characterized some of their physicochemical proper- 
ties. This study increases our understanding of Cyn d 
I epitopes and provides important information on the 
development and future application of therapeutic pep- 
tides for BGP-allergic patients. 

MATERIALS AND METHODS 
Anti-Cyn d I MoAbs 

Four anti-Cyn d I MoAbs (MoAbs 4-37, 11-7, 10-7, and 
l-61), were obtained as previously described.’ Briefly, hy- 
bridomas were generated by fusion of NS- 1 myeloma cells 
with splenic cells of BALB/c mice that were immunized 
with BGP crude extracts. Sixteen MoAbs secreted by dif- 
ferent hybridomas were grouped according to the antigens 
they recognized. With the use of a radioimtnunoprecipitation 
assay, the molecular weights and isoelectric points of the 
antigen molecules were illustrated on two-dimensional gels.’ 
In addition, the allergenicity of these antigen molecules was 
studied with a modified RAST. All four MoAbs were found 
to react with the 35 kd major allergen of BGP. 

After cloning and subcloning, the hybridomas were in- 
jected into BALB/c mice, and ascites were collected. 
MoAbs were purified with a protein-A column. After di- 
alysis, the protein content of MoAbs was determined by the 
Lowry method.6 Purified MoAbs were lyophilized and 
stored at 1 mg/tube until analysis. 

Cyndl 

The major allergen of BGP was purified with a MoAb 
affinity column (manuscript submitted) with a previously 
described method.’ Briefly, MoAb 4-37 was coupled to 
CNBr-activated Sepharose 4B beads (Pharmacia, Uppsala, 
Sweden) at a concentration of 4 mg/ml according to the 
manufacturer’s instruction and packed into an affinity col- 
umn. The BGP extracts were loaded onto the MoAb 4-37 
immunosorbent column at a flow rate of 5 ml / hr. Unbound 
antigens were washed off with phosphate buffered saline 
(PBS), and the column was then eluted with 0.1 mol/L 
citric acid (pH 3). The pH of the eluents was adjusted to 
7.0 with 1 mol/L Tris buffer and dialyzed against distilled 

water. The protein contents were determined by the 
Lowry method.* After purification, Cyn d I showed 
a single 34 kd band or two bands with molecu- 
lar weights of 32 kd and 29 kd on sodium dodecylsulfate 
polyacrylamide gel electrophoresis (SDS-PAGE). Sequenc- 
ing of Cyn d I from polyvinylidene difluoride membrane 
was performed according to the method of Chang et a1.9 
The N terminal sequence of Cyn d I is Ala-Met-Gly-Asp- 
Lys-Pro-Gly-Pro-X-Ile-Thr-Ala-Thr/Lys-Tyr-Gly-Asp- 
Lys-Trp-Leu-Asp-Ala-Lys-Ala-Thr-Phe-Tyr-Gly-Asp- 
Asp-X (x for uncertain) (manuscript submitted). 

lodination 

Purified MoAbs were iodinated by the chloramine-T 
method as described previously. lo 

Inhibition of binding RIA 

Epitopes recognized by the MoAbs were grouped by an 
inhibition of binding radioimmunoassay (RIA) ” Briefly, 
Cyn d I was coated onto wells of polyvinyl plates at a 
concentration of 100 rig/well. The unsaturated sites were 
blocked with PBS that contained 0.3% bovine serum al- 
bumin (PBS-BSA). Different dilutions of anti-Cyn d I 
MoAbs (lo-fold serial dilution, diluted from 1 mg of purified 
MoAbs) were then added to the wells. MoAb 9- 13, which 
reacts with a minor allergen of BGP,’ was used as MoAb 
control, and PBS-BSA was used as negative control. After 
1 hour of incubation, unbound MoAbs were washed off 
with PBS. Iodine-125-labeled anti-Cyn d I MoAbs 
(1 x lo5 cpm/ well) were added and reacted for 1 hour at 
room temperature. After thorough washing with PBS-BSA, 
the radioactivity in each well was determined by a gamma 
counter (LKB , 127 1 RIAgamma, Turku, Finland). The per- 
centage of inhibition of binding was calculated as the counts 
per minute of control minus counts per minute of test over 
the counts per minute of control. 

RAST inhibition 

To analyze whether the epitopes recognized by MoAbs 
could be recognized by human IgEs, a RAST inhibition test 
was performed.’ Briefly, different dilutions of MoAbs were 
added to Cyn d I-coated wells. PBS-BSA was used as back- 
ground control, and a nonspecific MoAb (MoAb 9-13) was 
used as MoAb control. After reaction at 37” C for 1 hour, 
unbound MoAbs were washed off with PBS, and sera of 
BGP-allergic patients (1: 5 diluted) were added and incu- 
bated for another hour at room temperature. Iodinated anti- 
human IgE MoAb E17-58” was added to the treated wells 
at a concentration of 5 X 104 cpm/well. After incubation 
at room temperature for 1 hour, wells were washed thor- 
oughly with PBS-BSA, and radioactivity was detected with 
a gamma counter. Percentage of RAST inhibition was cal- 
culated as the counts per minute of control minus counts 
per minute of test over the counts per minute of control. 

Thermal treatment 
The effect of heating on the antigenicity of El and E2 

was determined by a competitive RIA. BGP extracts (mil- 
ligrams per milliliter) were incubated at 22” C (control), 
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Dilutions of MoAbs 

FIG. 1. inhibition of binding of 1251-iabeled MoAb to Cyn d I by unlabeled MoAbs (0, 10-7; n , 4- 
37; V, 11-7; o, 1-61). MoAb 9-13 was used as control (A). Data are averages of triplicates from 
a representative experiment with standard deviation less than 5%. 

37” C, 56” C, 70” C, or 100” C for 5 minutes to 2 hours, 
and PBS was used as control. The treated BGP extracts 
were then mixed with anti-Cyn d I MoAbs (1: 1, voUvo1) 
and loaded onto plates coated with Cyn d I (100 ng/ well). 
After incubation at 37” C for 1 hour, the bound MoAbs 
were detected with ‘*9-labeled goat anti-mouse immuno- 
globulin (5 X lo4 cpm/well). The wells were then washed 
thoroughly with PBS-BSA. The radioactivity in each well 
was determined with a gamma counter. Percentage of in- 
hibition of binding was calculated as the counts per minute 
of control minus counts per minute of test over the counts 
per minute of control. 

Periodate oxidation 
To determine whether carbohydrate moiety was present 

on the epitopes, the modified method of Woodward et al.‘* 
was used. BGP extracts were coated onto wells of polyvinyl 
plates, then rinsed with 50 mmol/L sodium acetate buffer 
(pH 4.5), and then exposed to varying concentrations of 
sodium periodate (0 to 0.1 mmol/L) in 50 mmol/L sodium 
acetate buffer for 1 hour at room temperature in the dark. 
At the end of incubation, the wells were washed with sodium 
acetate buffer and incubated with 1% (wt/vol) glycine at 
room temperature for another hour. After washing in PBS- 
BSA, MoAbs were added and incubated for 1 hour. MoAb 
9-13, which reacts with an epitope sensitive to the treatment 
of sodium periodate,” was used as the positive control. The 

bound MoAbs were detected as described above, and the 
percentage of binding was calculated as the counts per min- 
ute of test over the counts per minute of control. 

Effects of pH and other chemical treatments 
The effect of pH on the epitope stability was assessed 

by treating the BGP extracts with 20 mmol/L HCI (pH 2.0) 
or 20 mmol/L NaOH (pH 12.0) at room temperature for 2 
hours.” After neutralization and dialysis against PBS, the 
samples were used for the competitive RIA. MoAbs were 
mixed with these treated BGP extracts (1: 1, vol/ vol) or 
PBS (control). Aliquots (50 ~1) of the mixtures were added 
to Cyn d I coated wells (250 rig/well) and incubated at 
37” C for 1 hour. After washing, the MoAbs bound to the 
solid-phase Cyn d I were detected as described above, and 
the percentage of inhibition of binding was calculated as 
the counts per minute of control minus counts per minute 
of test over the counts per minute of control. 

To determine the effect of conformational changes on 
antigenicity of El and E2, 250 pg BGP extracts were in- 
cubated in either 6 mol/L guanidine-HCl or 6 mol/L urea 
in 0.25 mol/L Tris-HCI/ 1 mmollL ethylenediaminetetra- 
acetic acid buffer, pH 8.5, for 4 hours. They were then 
dialyzed overnight against PBS and used for competition 
assay as described above. For reduction and alkylation, 250 
pg of BGP extracts was incubated in 6 mol/L guanidine- 
HCl, 0.25 mol/L Tris-HCl/ 1 mmol/L EDTA/O.S% 2-mer- 
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FIG. 2. Inhibition of IgE binding to Cyn d I by MoAbs. Cyn 
d I was coated onto 98-wells plates at a concentration of 
100 rig/well. Different dilutions of MoAbs (1 :50 and 
1 :500) were used as blocking antibodies to inhibit the 
binding of IgEs from BGP-allergic patients to Cyn d I. Data 
are means of triplicates from a representative experiment. 

captoethanol, pH 8.5, for 2 hours in the dark and sparged 
intermittently with nitrogen. Reduced cystine residues were 
pyridyl ethylated by reacting with 4-vinyl puridine (final 
concentration, 4%) for 2 hours. 

lmmunoblotting 
Immunoblotting was performed as previously described. I0 

Cyn d I was dissolved in Laemmli sample buffer and heated 
at 100” C for 2 to 30 minutes. The samples were separated 
on an 11% SDS-PAGE. Proteins were electrophoretically 
transferred to a nitrocellulose membrane (Millipore Corp., 
Bedford, Mass.) and treated with 3% (wt/vol) gelatin. 
Membrane strips were then reacted with MoAbs 4-31 and 
1-61 at room temperature for 1 hour. After washing with 
Tris buffer (1 mol/L, pH 7.2), strips were incubated with 
peroxidase-labeled goat anti-mouse IgG (1 / 1500 dilution, 
Bio-Rad Laboratories, Chemical Div., Richmond, Calif.) 
for 1 hour. The blots were then thoroughly washed, and 
bound peroxidase was detected by addition of a freshly 
prepared solution of 0.05% (wt/vol) 4-chloro-1-naphthol 
(Bio-Rad Laboratories) and 0.015% H,O, in Tris buffer. 
Finally, blots were washed in distilled water and air dried. 

RESULTS 
Epitope specificity 

Fig. 1 shows the results of the inhibition-binding 
RIA. MoAb 10-7 inhibited the binding of itself to Cyn 
d I in a dose-dependent manner. In addition, the bind- 
ing of MoAb 10-7 to Cyn d I was inhibited by MoAb 
1-61 to a similar degree but not by MoAb 4-37 or 
MoAb 11-7. No significant inhibition was observed 
for the control MoAb 9-13 (Fig. I, A). Similarly, the 
binding of MoAb 1-61 to Cyn d I was inhibited by 
MoAb I-61 and MoAb 10-7 in a dose-dependent 
manner but not by MoAb 4-37 and MoAb 11-7 (Fig. 

I, B). These results indicate that MoAb 10-7 and 
MoAb I-61 recognize the same (or a very similar) 
epitope. This epitope is designated as El. 

In Fig. 1, C and D, binding of MoAb 4-37 and 
MoAb II-7 to Cyn d I was inhibited by themselves 
but not by other MoAbs. It suggests that the epitopes 
recognized by MoAb 4-37 and MoAb 1 l-7 are distinct 
and different from El. They are designated as E2 and 
E3, respectively. 

IgE binding capacity 
Fig. 2 shows the results of inhibition of Cyn d I 

RAST by MoAbs. Sera of eight BGP-allergic patients 
were pooled for the RAST. The control MoAb 9-13 
did not inhibit the binding of IgE to Cyn d I. Con- 
versely, MoAb l-61 inhibited 40.2% of the binding 
of human IgEs at a dilution of 1: 50 and was capable 
of causing a 13.1% inhibition of IgE binding at a 
dilution of 1:500. Similar results were found with 
MoAb 4-37; a 33.4% and 16.9% inhibitions of IgE 
binding were noticed at dilutions of 1: 50 and 1: 500, 
respectively. This suggests that El and E2 are both 
recognized by human IgEs. In contrast, MoAb 11-7 
inhibited only 6.2% of binding of human IgEs to Cyn 
d I at a dilution of 1: 50, and no inhibition of IgE 
binding was observed at a dilution of 1:500. In a 
separate experiment, when a mixture of MoAbs 4-37, 
l-61, and 1 l-7 (diluted 1: 50) was used for inhibition 
of IgE binding to Cyn d I, an inhibition ratio of 59.8% 
was observed. 

Because only El and E2 are dominant epitopes, E3 
is excluded from the rest of the study. 

Thermal stability 
Table I shows the results of a competitive RIA. 

After heating at 56” C for 1 hour, El, which was 
recognized by MoAb l-6 1, lost its competitive ability; 
the inhibition of binding capacity decreased from 
40.8% to 5.4%. On the other hand, the antigenicity 
of E2 remained intact under the same conditions, but 
the inhibition ratio decreased from 37.1% to 2.4% 
after treatment at 70” C for 1 hour. 

In an immunoblotting analysis the antigenicity of 
E2 remained after boiling for 30 minutes (Fig. 3). 

Periodate oxidation 
Table II shows the effect of periodate oxidation on 

epitope recognition by different MoAbs. MoAb 9-13 
was used as the positive control. As shown, treatment 
of BGP extracts with sodium periodate (0.1 mmol/L) 
significantly interfered with the antigenicity of the 
epitope recognized by MoAb 9-13; the binding ratio 
decreased from 97.8% to 10.6%. In contrast, the bind- 
ing of MoAb 1-61 and MoAb 1 l-7 to their antigenic 
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I 2 3 
FIG. 3. The effect of thermal denaturation on the antigenicity of E2, also studied by an immunoblot 
assay. A, An 11% SDS-PAGE was performed to illustrate Cyn d I (2 pgilane), which had been 
dissolved in Laemmli sample buffer and boiled for 2, 10, and 30 minutes, respectively. B, The 
gel containing Cyn d I of A was transferred onto a slice of nitrocellulose membrane and reacted 
with MoAb 4-37 followed by enzyme labeled goat anti-mouse IgG and its substrate, respectively. 

determinants was unaffected, and the binding ratios 
were 90.6% and 93.8%, respectively. This indicates 
that the antigenicity of El and E2 is resistant to sodium 
periodate treatment. 

Effects of pH and other chemical treatments 

In Table III the control (BGP treated with PBS) was 
capable of a 34.0% binding inhibition by MoAb 1-6 1 
to El on Cyn d I. The percentage of inhibition of 
binding for E2 was also 34.0%. After treatment of 
BGP with HCl (pH 2), the competitive ability of the 
antigen components for both El and E2 was unaf- 
fected (31.0% and 38.0%). Nevertheless, the com- 
petitive capacity of El decreased to 7.6% and that of 
E2 to 2.6% after treatment with NaOH (pH 12). 

Different effects on the antigenicity of El and E2 
were observed after treatments with guanidine and 
urea. The antigenicity of El was significantly dimin- 
ished; the guanidine treatment decreased the compet- 
itive ability of El from 34.0% to 3.2%, whereas urea 
treatment reduced it to 6.2%. In contrast, the same 
treatments had no effect on the antigenicity of E2; the 
inhibition of binding ratios was 32.0% for guanidine 
treatment and 25.5% for urea treatment. 

Reduction and alkylation of BGP extracts com- 
pletely destroyed the antigenicity of El and E2, and 
their competitive abilities decreased to - 7.1% and 
- 3.7%, respectively. 

TABLE I. The effect of thermal denaturation 
on the antigenicity of El and E2 studied by 
a competitive RIA 

Percent inhibition of binding 

Treatment MoAb 1-61 MoAb 4-37 

37” C, 1 hr 
56” C, 1 hr 

70” C, 1 hr 
100” C, 5 min 

40.8 : 2.9 37.1 + 0.5 
5.4 2 2.5 32.2 2 0.9 
5.9 t 4.1 2.4 c 0.9 
2.6 k 3.7 0.5 2 1.4 

BGP extracts (1 mg/ml) were treated at different temperatures and 
mixed with Anti-cyn d I MoAbs (1: 1). Aliquots of 50 ~1 of the 
mixtures were then added onto Cyn d I coated wells (200 
ngiwell) and incubated at 37” C for 1 hour. MoAbs bound to 
the solid phase Cyn d I were then detected with ‘251-labeled goat- 
anti-mouse-lg. 

DISCUSSION 

Previously, we have demonstrated that our anti-Cyn 
d I MoAbs do not cross-react with four other grass 
pollens (canary, cane, annual blue, and corn).’ This 
indicates that El, E2, and E3 are present only on Cyn 
d I but not on other group I allergens. The specificity 
has been confirmed by recent data that all of these 
anti-Cyn d I MoAbs do not cross-react with 10 other 
grass pollens, including ryegrass pollen and Kentucky 
blue grass pollen (manuscript submitted). 
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TABLE II. The effect of periodate oxidation TABLE III. Effects of chemical treatments on 
on the antigenicity of El and E2 studied the antigenicity of El and E2 studied by 
by RIA competitive RIA 

Percentage of binding of MoAbs to BGP 
COnmtratiOn extracts treated with sodium periodate 

of sodium 
periodate MoAb MoAb MoAb 
(mmol/LI 9-13 1-61 4-37 

Percent inhibition of binding 

Treatment of 
competitors 

MoAB 1-61 to MoAb 4-37 to 
El E2 

PBS 34.0 f 2.6 34.0 2 3.2 
Change in pH 

PH 2 31.0 + 1.5 38.0 2 2.0 
pH 12 7.6 k 0.9 2.6 & 1.2 

Conformational change 
Guanidine (6 mol/ L) 3.2 k 1.7 32.0 t- 1.2 
Urea (6 mol/L) 6.2 k 2.1 25.5 2 1.7 

Reduction and alkylation 
2-mercaptoethanol , -7.1 2 3.5 -3.7 +- 1.9 

guanidine and 
4-vinyl pyridine 

0.001 97.8 t 7.1 105.4 -+ 5.1 119.2 f 13.3 
0.01 77.0 ? 3.7 112.4 + 7.7 111.7 f 0.5 
0.1 10.6 + 2.4 90.6 ? 14.0 93.8 k 13.4 

The binding of different MoAbs to BGP extracts that had been 
treated with different concentrations of sodium periodate was 
detected by an RIA with ‘9-labeled goat-anti-mouse IgG 
(5 X lO’cpm/well). 

Matthiesen et al.’ also generated four MoAbs 
against Cyn d I, but they are all cross-reactive with 
other grass pollens. Our anti-Cyn d I MoAbs were 
obtained by immunizing BALB/c mice with BGP 
crude extracts and antigenic components they recog- 
nized had been characterized by immunoblotting, ra- 
dioimmunoprecipitation, and modified RAST. Con- 
versely, Matthiesen et al.’ purified Cyn d I by con- 
canavalin A chromatography and ion-exchange 
chromatography and used the material directly for 
BALB / c immunization of mice and generation of anti- 
Cyn d I MoAbs , The preparation of MoAbs and purity 
of Cyn d I may lead to the difference observed between 
the anti-Cyn d I MoAbs obtained by us and those by 
Matthiesen et a1.5 

In addition to mapping these three Cyn d I-specific 
epitopes (Fig. l), we show that these three epitopes 
are all human IgE binding epitopes (Fig. 2). With the 
use of MoAbs in combination with inhibition of 
human IgE binding assay, epitopes on major aller- 
gens of many pollens such as Amb a I, Amb a III, 
Lo1 p I, Lo1 p IV, Dac g I, and Poa p I have been 
mapped. 14-19 The major allergen of ragweed pollen, 
Amb a I, was found to consist of a few distinct epi- 
top- 3 ‘4 and an MoAb inhibited more than 40% of the 
binding of IgEs to Amb a I. On the other hand, a lot 
of nonoverlapping epitopes (at least five) were found 
on Lo1 p I, so that a 10% of inhibition of IgE binding 
was considered to be a significant result.” The finding 
that about 30% of RAST inhibition was observed 
when MoAbs 4-37 and l-6 1 were added (1: 50) and 
only 6% of IgE binding was inhibited by MoAb 1 l- 
7 (1:50) (Fig. 2) strongly suggests that El and E2, 
but not E3, are the major allergenic epitopes of Cyn 
d I. The finding that El and E2 are present only on 
Cyn d I but not on other grass pollens correlates well 
with the observation by Schmacher et al.” that sera 

BGP extracts that had been treated in different ways were mixed 
with anti-Cyn d 1 MoAbs (1: 1). Aliquots of 50 )~l of the mixtures 
were then added onto Cyn d I coated wells (200 ngiwell) and 
incubated at 37” C for 1 hour. MoAbs bound to solid-phase Cyn 
d I were then detected with ‘2SI-laheled goat-anti-mouse-Ig. 

of BGP-allergic subjects are minimally absorbed by 
other grass pollens. 

Major allergenic epitopes, El and E2, have differ- 
ent physicochemical properties (Tables I to III). The 
resistance of El and E2 to sodium periodate treatment 
(Table II) suggests that the carbohydrate vicinal hy- 
droxyl group is not an integral part of their antigenic 
determinant. I2 

Changes in three-dimensional configuration in- 
duced by denaturation or chemical modification of a 
protein may result in the complete loss of antigenicity 
of conformational epitopes. During characterization 
of epitopes on Amb a I, it was found that any mod- 
ification would destroy its allergenicity, and MoAbs 
raised against denatured Amb a I did not bind the 
native form of this allergen. ” It thus appears that most 
of the epitopes on Amb a I are conformational rather 
than sequential. The conformational stability of epi- 
topes on Der p I and Der p II had been studied by 
Lombardero et al. ,13 and epitopes were distinguished 
on the basis of their susceptibility to physicochemical 
denaturation. The methods of Lombardero et al. l3 
were applied to the present study (Table III). The 
finding that antigenicity of El and E2 is resistant to 
the acidic treatment is reasonable because our Cyn d 
I, which was purified with affinity chromatography by 
citric acid (pH 3), can still react with the MoAbs. The 
observation that these epitopes are sensitive to alkaline 
treatment suggests that irreversible denaturation or 
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modification took place. This may be caused by de- 
struction of amino acid side chain(s), such as 
deamidation2’ or rearrangement of hydrogen bonds 
during alkaline treatment and subsequent neutraliza- 
tion, which folds the protein into a conformation that 
differs from the native state. Moreover, treatments 
with guanidine and urea had different effects on the 
antigenicity of El and E2 (Table III). The results 
correlate with our immunoblotting data, which dem- 
onstrate that the antigenicity of E2 remained un- 
changed after isoelectric focusing and SDS-PAGE 
(manuscript submitted), whereas that of El was di- 
minished after similar treatment (unpublished results). 
In addition, El is heat-labile (Table I), whereas E2 is 
heat-stable (Fig. 3). The reason that E2 lost its an- 
tigenicity after incubation at 70” C for 1 hour is un- 
known (Table I). It may relate to the masking of E2 
after heat-induced conformational changes. The dif- 
ferent susceptibility of El and E2 to various physical 
and chemical denaturations clearly suggests that El 
is highly conformation-dependent and that E2 is 
not. 

A reduced competitive ability of E2 after reduction 
and alkylation of Cyn d I (Table III) may imply that 
E2 is not strictly sequential. However, possibilities 
such as the presence of cystine as part of a sequential 
epitope or the change that results in the internalization 
of sequential sites after reduction still exist.” 

To ensure that E2 is a sequential epitope, studies 
are now in progress to investigate B cell epitopes on 
Cyn d I at the molecular level in order to determine 
whether a synthetic peptide that represents the se- 
quence of E2 can inhibit the binding of human IgEs 
to Cyn d I. 

In conclusion, we have identified and characterized 
three Cyn d I specific allergenic epitopes with the use 
of a panel of specific MoAbs. Among them, El and 
E2 are major ones. El is highly conformation-depen- 
dent, and E2 appears to be rather sequential. This 
information may be useful for the development of 
therapeutic peptides for the treatment of BGP-allergic 
patients. 
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