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ABSTRACT. The peptides that were produced by the
treatment of the purified group 1 antigen of Dermatopha-
goides pteronyssinus with cyanogen bromide, lysylendopep-
tidase, Staphylococcus aureus V8 protease, or N-tosyl-L-
phenylalanylchforomethyl ketone-treated trypsin were ex-
amined for their binding with IgG and IgE from children
with bronchial asthma by immunoblotting analysis. Both
IgG and 1gE bound to the peptides from the amino terminus
to the 76th residue and the carboxyl terminal side from
the 13th or 15th residue; on the other hand, both Ig failed
to bind to the carboxyl terminal side from the 39th, 56th,
or 77th residue. The data demonstrated that peptides lack-
ing resid 1to 15 p d the ability to bind Ig,
whereas those lacking residues 1 to 39 had lost it. The
present study indicates that the amino terminal half of the
group 11 antigen of Dermatophagoides pteronyssinus is
more important for the binding of IgG and IgE than the
carboxyl terminal half and suggests that the residues 15 to
39 may be directly related to the binding of both IgG and
IgE. (Pediatr Res 33: 209-213, 1993)

Abbreviations

Der p 1 (or 11), the group I (or 1) antigen of Dermatopha-
goides pteronyssinus

Der £ (or 11), the group I (or II) antigen of Dermatopha-
goides farinae

TPCK, N-tosyl-L.-phenylalanylchloromethyl ketone

PVDF, polyvinylidine difluoride

CNBr, cyanogen bromide

V8 protease, Staphylococcus aureus V8 protease

The allergens from Dermatophagoides pteronyssinus and Der-
matophugoides farinae have been shown to be important factors
in the development of bronchial asthma and ailergic rhinitis.
Group I and group 1T antigens with apparent molecular masses
of 24 kD. (Der p 1 and Der (1) and 15 kD (Der p 11 and Der |
11), respectively. have been purified (1, 2). Most mite-allergic
patients have measurable amounts of IgE antibodies to these
allergens (3).

The ¢DNA clone encoding Der p 11 has been isolated by IgE
plaque RIA (4). The deduced amino acid sequences revealed that
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it consisted of 129 amino acid residues containing six cysteine
residues. IgE from 90% of mite-allergic patients reacted with Der
p 11 (5-8). Recent studies from this (9) and other laboratories
(10. 1 1) have also revealed that IgG from patients with bronchial
asthma strongly recognized Der p 11 and Der /11, We measured
the antibodics of IgG subclasses to the purified Der p 11(9). The
levels of antibodies to total IgG and in all IgG subclasses in
asthmatic patients were higher than those of nonatopic healthy
individuals.

Epitope mapping of Der p 11 for IgE binding has recently been
studied using peptides expressed from Der p I cDNA constructs
(12) or synthetic peptides (13). However, there have been no
reports of epitope analysis of Der p 11 using the native protein.
The antibody binding capacity is extremely resistant to denatur-
ing conditions such as heat treatment or low and high pH. In
the present study. we digested the purified Der p Il with cyanogen
bromide and proteases and examined both IgG and IgE binding
to the peptides obtained.

MATERIALS AND METHODS

Sera. Sera from 10 children with bronchial asthma (aged 1-
15 y old) who had never received immunotherapy were collected
and pooled for the immunoblotting analysis of the mite antigen.
All of these patients exhibited positive resuits to IgE radioaller-
gosorbent tests (score >3+) (Pharmacia LKB Biotechnology.
Uppsala. Sweden). The severity of the condition of these patients
was mild to moderate. Most patients were medicated with theo-
phyllin, disodium cromglycate, and g-inhalator.

Purification of Der p I1. D. pteronyssinus was cultivated by
the method of Miyamoto ef al. (15). After cultivation. culture
media and mite bodies were collected by repipetting flotation on
saturated NaCl solution as described by Sasa ef af (16). Collected
mite bodies were then homogenized with a Polytron homoge-
nizer. and the homogenate was centrifuged at 100 000 X g for
20 min. The supernatant obtained. i.e., crude mite extract, was
then dialyzed against 10 mM Tris buffer (pH 7.4) for 2 d. The
crude mite extract was applied to a Sephadex G 75 column and
eluted with 10 mM Tris buffer (pH 7.4). Each fraction was then
analyzed by SDS-PAGE by the method of Laemmli (17). The
fractions containing proteins with an apparent molecular mass
of 15 kD were collected and applied to a reverse-phase HPLC
using a Cg column (Cosmosil, Nakarai Industrial Co. Ltd., To-
kvo. Japan) equilibrated with 0.1% (vol/vol) trifluoroacetic acid.
Bound materials were eluted with a linear gradient of 20 to 80%
(vol/vol) acetonitrile in 0.1% trifluoroacetic acid at a flow rate
of 0.5 mL/min and were analyzed by SDS-PAGE. The fractions
containing the 15-kD protein were collected. The amino terminal
amino acid sequencing of the purified 15-kD protein was carried
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out with an amino acid sequencer (470A: Applied Biosystems.
Inc., Foster City, CA) and on-line 120A HPLC. The sequence of
the |5-kD protein purified in the present study corresponded 1o
that obtained from cDNA of Der p I recently reported by Chua
et al (4).

Chemical and enzymatic cleavage of Der p /1. Cleavage of Der
p 1l at methionyl residues by CNBr was performed according to
the method of Milfer and Lunde (18). The purified Der p H (100
#g) was dissolved in 70% formic acid to give a 1% (wt/vol)
protein solution. CNBr was added at a 100-fold molar excess of
methionine residues of Der p 11. The reaction mixture was kept
in the dark and incubated at room temperature for 24 h, The
mixture was then diluted with distilled water 1o about Y
strength, tyophilized. and stored at —80°C before use.

The protein was reduced and S-pyridylethylated by the method
of Hermodson ¢ al. (19). Briefly, Der p 11 (100 pg) was dissolved
in 200 uL of 0.13 M Tris buffer (pH 7.6) containing 6 M
guanidine and 1 mM EDTA. DTT was added at 20-fold molar
excess of cysteine residues of the Der p 1l molecule and incubated
at 37°C for 2 h. 4-Vinylpyridine was then added at 2-fold molar
excess of DTT and incubated at room temperature for 2 h. The
mixture was finally applied to reverse-phase HPLC to isolate the
S-pyridylethylated protein.

Der p 1l was digested with lysylendopeptidase (EC 3.4.21.50.
Achromobacterlitics, Wako Pure Chemical Industries. Ltd.
Osaka. Japan). The protein was incubated at 37°C overnight with
/so molar enzyme in 10 mM Tris buffer (pH 7.4).

The S-pyridylethytated Der p 1 was digested with V8 protease
(EC 3.4.21.19) or TPCK-treated trypsin (EC 3.4.21.4). The re-
duced and S-pyridylethylated protein was incubated at 37°C
overnight with ‘s molar V8 protease (Wako) in 50 mM
NH,HCO: (pH 7.8) or with Vs weight of TPCK-treated trypsin
(Sigma Chemical Co.. St. Louis, MOy} in 10 mM Tris buffer (pH
7.4).

Sequence analvsis of peptides derived from Der p Il The
peptides obtained by the treatments of Der p 1T with CNBr,
lysylendopeptidase, V8 protease, and TPCK-treated trypsin were
clectrophoresed on a 15% polyacrylamide gel. The peptides were
then clectrically transferred to a Millipore PVDF membrane in
10 mM CAPS buffer (3-[cyclohexylamino]- I-propanesulfonic
acid. pH 11.0) containing 10% methanol. The PVDF membrane
was rinsed with deionized water for 5 min and stained with
Ponseau-S (Sigma). The peptide stained on the PVDF membrane
was cut and applied to the amino acid sequencer described above
(20, 21).

Immunoblotting analvsis. Der p 11 treated with CNBr or pro-
teases was subjected to SDS-PAGE and electrotransferred to a
nitrocellulose sheet by the method of Towbin er /. (22). The
nitrocellulose sheet was incubated with 5% (wi/vol) skim milk
containing 0.2% (vol/vol) Triton X-100 in 10 mM PBS. pH 7.4
(buffer A). at room temperature for 30 min to block nonspecific
binding. The sheet was then incubated with the pooled sera (1:50
dilution) from patients with bronchial asthma in buffer A at 4°C
overnight and washed with 0.2% (wt/vol) Triton X-100 in PBS
for 60 min with three changes. Next. the sheet was incubated
with horseradish peroxidase-conjugated goat anti-human IgG
(Tago Inc.. Burlingame, CA) or horseradish peroxidase-conju-
gated anti-human IgE (Tago Inc.) at 37°C for 90 min. After
washing with 0.2% (vol/vol) Triton X-100 in PBS. the sheet was
substrated with diaminobenzidine tetrachloride (Katayama
Chemical Co. Ltd.. Tokyo, Japan).

RESULTS

Der p 11 was digested with lysylendopeptidase and analyzed by
SDS-PAGE. The enzyme treatment produced two major pep-
tides (Fig. 111). Lys-1 and Lys-2. with apparent molecular masses
of 6.5 kD and 4 kD, respectively, both of whose amino terminal
sequence began at the 56th residue (Ala™) of the Der p 1. Because
of the enzyme specificity and the molecular size on the electro-
phoretic gel, it is likely that the peptide Lvs-1 is the carboxyl

A. Silver staining B. Immunoblotting
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Fig. 1. Immunoblotting anaivsis of Der p 1 peptides obtained by the
treatment with lysylendopeptidase for 1gG and IgE binding. Der p 11 (7
wg) was treated with lysylendopeptidase and was electrophoresed on
12.5% polyacrylamide gel in the presence of 8 M urea (26), and the
proteins were stained with silver (panel A). The proteins were also
transferred (o u nitrocetlulose sheet and immunostained with pooled sera
from bronchal asthma for 1G (panci B, a) and IgE binding (pancl B.
h). St molecular weight standard: fane 1. control Der p U fane 20 Der p
H treated with Iysylendopeptidasc.
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Fig. 2. Immunoblotting analvsis of Der , 1l peptides obtained by
treatment with CNBr for IgG and Igk binding. Der p 11 (5 ug) was treated
with CNBr and was electrophoresed on 15% polyacrylamide gel. trans-
ferred 1o a nitrocellulose sheet. and stained with amidoblack (pancl )
or immunostained with pooled sera from bronchial asth ma for IgG
(panel B) and IgE binding (panel €. St. molecular weight standard: lane
1. control Der pflziane 2. Der p I treated with CNBr.,

terminal half of the protein from the S6th residuc. The same
amount of peptides was analyzed by immunoblotting with the
pooled patient sera (Fig. 18). IgG and IgE from patient’s scra
clearly recognized control Der p 11, whereas they bound to neither
Lys-1 nor Lys-2. When skin tests were performed on 10 patients
with bronchial asthma using Lys-1 and Lys-2 isolated by HPLC,
these peptides induced positive skin reaction in none of the
patients examined. These results indicate that the binding site or
sites for 1gG; and IgE do not appear 1o exist in the carboxyl
terminal half of Der p 1.

Next. Der p 1 was digested with CNBr and analyzed by
immunoblotting. CNBr treatment produced three major peptides
(Fig. 24. a, b, and ¢), and 1gG and IgE-binding to these peptides
was performed. Both IgG and IgE bound exclusively to the
peptide a, which extended from the amino terminus to the 76th
residue (Met™), although the binding of Ig to this peptide was
weak in comparison to the binding to undigested Der p .
However. Ig(i and IgF failed to bind 1o the peptides b (heginning

at Lys"") and c (beginning at Pro®®). The data indicate that both
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The effects of reduction and/or S-pyridylethylation of Der p 11
on IgG and IgE binding were examined. Der p 11 was electropho-
resed under nonreducing or reducing condition or after S-pyri-
dylethylation. Nonreduced and reduced proteins showed the
same intensity on both the IgG and the IgE bindings. S-pyridyl-
ethylated protein also showed positive staining with lg.‘thgugh
its binding was weak (data not shown). These results indicate
that reduction of disulfide bonds in the Der p 1 molecule does
not affect the binding of IgG and IgE. but that the forma.tmr} of
S-pyridylethylated cysteine reduced the IgG and IgE binding.
However. these data also suggest that S-pyridylethylated protein
may be used for further analysis of enzyme-treated protein,
because the native form of Der p 1L is resistant to lhp attack of
trypsin and V8 protease, but S-pyridylethylated proteins become
susceptible to these proteases. )

Next. S-pyridylethylated Der p 11 was digested with V8 protease
and the peptides were analyzed by immunoblott}ng. Bqllrn 1gG
and IgE bound to the major peptide produced (Fig. 3. 18-1)in
addition to the undigested protein. V&1 was 1denuﬁe‘d as the
carboxyl terminal region from the 13th residue flle"). V8-2.
which was from the 39th residue (Ala™), exhibited necgative
staining with 1gG and IgE. These data suggest that the l}th‘ to
the 39th residues may be responsible for binding 1gG and 1gE.

Treatment of S-pyridvlethvlated protein with TPCK-treated
trypsin produced the peptide Tr-1, which was the carboxyl ter-
minal side from the [5th residue (Lys'®). Immunoblotting analy-
sis revealed that both IgG and IgE bound to Tr-1 (Fig. 4).
indicating that the binding site for 1gG and IgE exists in the
carboxyl terminal region from the 15th residuce. The result cor-
rcsponas to that obtained from the treatment of Der p Il with
V§ protease.

DISCUSSION

In the present study. immunoblotting gnalysis ‘was used to
study the binding of IgG and IgE from children with bronchial
asthma to the peptides that were produced by the treatments of
native Der p 11 with CNBr and proteases. Schematic ﬁgu_res. of
Der p 11 peptides and summary of the 1gG and »lgE binding
studies are shown in Figure 5. Ig bound to the peptide from_lhe
amino terminus to the 76th residue and to the carboxyl terminal
side from the 13th or the 15th residue. However. 1gG and IgE
failed to bind to the carboxyl terminal side from the 39th, Sthh.
or 77th residue. The present study indicates that th_c amino
terminal half of Der p 1l is more important for the binding of
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Fig. 3. Immunoblotting analysis of Der p 11 peptides obtained by
treatment with Siaphylococeus aureus V8 protease for 1gG and 1gE
binding. Der p H (5 pg) was treated with VR protease and was electro-
phoresed on 15% polyacrylamide gel. transferred to a nitrocellulose sheet.
and stained with amidoblack (panc/ A) or immunostained with pooled
sera from bronchial asthma for IgG (panel B) and IgE binding (panel C).
St molecular wetght standard: /lane 1. control Der p 1L lane 2, Der p 11
treated with V8 protease.

Fig. 4. Immunoblotting analysis of Der p I peptides pbtgined by the
treatment with TPCK-treated trypsin for 1gG and IgE binding. Der p 11
(5 ug) was treated with TPCK-treated trypsin and was electrophoresed
on 15% polyacrylamide gel. transferred to a nitrocellulose sheet. and
stained with amidoblack (panel A) or immunostained with pooled sera
from bronchial asthma for IgG (panel B) and 1gE binding (panel ). S1.
molecular weight standard: fune 1. control Der p H: lune 2, Der p 11
treated with TPCK-treated trypsin.

1gG and IgE than the carboxyl terminal half and suggests l!mt
the 15th to 39th residues may be directly related to the binding
Of\l’s-c have determined the amino terminal sequences of the
peptides obtained and deduced the residues that make them up
using the specificities of CNBr and proteases a‘n(_l.molccular
masses on electrophoretic gel. Thus. there is a possibility thal‘ the
peptide lost its ability to bind with Ig due to the cleavage of the
carboxy! terminus with the enzymes. In lhe. present su_xdy. it was
clearly demonstrated that the peptide lacking the residues | to
1S (Tyr-1) could bind with lg. whereas 1h_evone lacking the
residues | to 39 (V8-2) showed no such activity. Wc have not
determined whether human lgG and IgE lbynd dlr;clly to the
peptide comprising residues 15 to 39, but it is stmhle to con-
clude that these residues are required for the binding of IgG and
or p 11
Igl?):: ?(lllhas been shown to be heat stable and resistant to
treatments at pH 2.0 or pH 12.0 and to denaturation with 6 M
guanidine in terms of binding by murine MAb and human IgE
to this protein (14). However, after reducuoq and alkylauon:
antibody binding was reduced (14). Our result 1romv the study of
binding by human IgG and IgE to reduced_ and S-pyridylethylated
Der p 11 corresponds to their result. Nau\:e l)(f/' p 11 1s protease
resistant, but we found that reduced and S-pyridylethylated Der
p 11 became susceptible to the aitack of_ proteases vsuc'h as V&
protease and trypsin. although the modified protein itself de-
creased binding by IgG and IgE. The only protease that was able
to digest the native Der p 1l among various enzymes we ha_ve
tested was lysylendopeptidase. Isolated peptides digested with
lysylendopeptidase failed to induce positive skin reaction in
patients with bronchial asthma: this result is consistent with that
obtained by immunoblotting analysis w.n.h human IgE. WhAcn
reductive rﬁeth_vlaled Der p 11 with sodium cyanobqrohydnde
and formaldehyde (23) was analyzed by ELISA. IgG and IgE
binding was decreased by 40 to 50% (data not shown), suggesting
that lysine residues may be involved in the binding of Ig to Der
! léhua et al. (12) studied IgE binding with pcplidcs.expresnsed
from Der p 11 cDNA constructed by dot-blot analysis. Fusion
proteins comprising residues 1 to 69, 69 to 129, and 42 to 117
had weak binding activity with IgE in only 26% of allergic sera.
suggesting that the antigenic determinants of Der I II are highly
conformational and restricted. The epitope for IgE was depend-
ent upon the complete molecule of Der p 1L Van't Hof ¢ »al
(13) also examined the epitope mapping of Der p 1l using
synthetic peptides. The peptides were coupled to CNBr-activated
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Fig. 5. Schematic figures of Der p 11 peptides and summary of the [gG and IgE binding studies. Peptides were obtained from the treatments of

Der p 11 with lysylendopeptidase (Lys-/

and -2), CNBr (CNBr-a, -h, and -¢), S. aureus V8 protease (V'8-1 and -2) and TPCK-treated trypsin ( 77)-1)

as described under Materials and Methods and Results. The amino acid residues are based on the amino terminal sequences, the specificities of

CNBr and proteases, and molecular masses on electrophoretic gel.

Sepharose 4B and used as solid-phase antigens to the binding
with human IgE. Although 90% of the sera from mite-allergic
patients reacted with Der p I, only 60% of the sera tested in
their study bound to Sepharose-coupled peptides 65 1o 78. We
studied the epitope mapping of Der p 1l with IgE, using the
purified Der p 1. Our results suggest that residues 15 to 39 may
be important; this is different from the result obtained by Van't
Hof ¢t al. (13). This discrepancy may be due to the differences
of antigens and assays used: we used native protein and immu-
noblotting assay. IgE binding to residues 65 to 78 was low in
their study; only very few patients had appreciable amounts of
IgE-anti-mite directed against peptides 65 to 78.

Tsai et al. (24) reported that the titer of mite-specific IgGs in
the asthmatics, which was determined by ELISA using crude
mite extract, was 2.23 times higher than that in the control
group. Chapman and Platts-Mills (25) also measured antibodies
to partially purified mite antigens containing Der p 1 and II. 1gG
antibody to the mite antigens was detected in sera from 94% of
mite-allergic patients and from 30% of nonallergic controls. In
our recent study (9), the levels of antibodies of total 1gG and of
all 1gG subclasses to the purified Der p 1l in patients with
bronchial asthma, who had never received immunotherapy, were
higher than those of nonatopic healthy individuals. The levels of
Der p l-specific 1gG, and IgG, in asthmatic patients were 1.97
and 2.20 times higher. respectively, than those in the control
group. Because the epitope mapping for 1gG antibody to Der p
1 has not been well documented, we examined the IgG binding
site on the Der p 11 molecule as well as IgE. The present results
indicate that there have been no differences between IgG and
IgE binding to the peptides obtained by the treatments of Der p
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