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-Identification of Major Allergens from the House Dust
Mites, Dermatophagoides Farinae and Dermatophagoides
Pteronyssinus, by Electroblotting

Chein-Soo Hong', Mi Kyung Lee', and Sang Hwan Ok’

The allergens were separated from the extracts of house dust mites by SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and identified by autoradiography. Over 30 protein bands of the whole body extract of
Dermatophagoides farinae were apparent on 10-20% gradient SDS-PAGE, and 13 bands with MW between
93KD and 12KD bound with specific IgE antibodies in patients’ sera sensitive to house dust mites. The major
allergenic component of the whole body extract .of D. farinae was the protein of MW 14-15KD, which was de-
tected in 95.7% of 47 patients’ sera sensitive to house dust mites. The extract of Dermatophagoides
pteronyssinus supplied by Bencard Company, England was thought to contain feces enriched material as noted
in a few broad protein bands on SDS-PAGE. Seven allergenic components were shown by autoradiography. The
protein band of MW 14-15KD was one of the most frequently revealed allergens on autoradiography, which has
appeared in 32.5% of 40 patients’ sera sensitive to house dust mites. The electrobotting technique used in the
present study was fast, convenient and highly useful for both the identification of allergen components and the
'screening of specific IgE antibody. The individual variations of IgE immune responses to the allergenic com-
ponents of the two house dust mites were discussed.
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House dust mites, especially Dermatophagoides
farinae and Dermatophagoides pteronyssinus, have
been shown to be the most important allergens in
hypersensitivity to house dust by Voorhost et al.
(1964). Since then, a lot of research on clinical,
epidemiologic, taxonomic, biologic and immu-
nologic aspects of house dust mites has been done
in many countries (Maunsell et al. 1968; Spieksma
1970; Miyamoto et al. 1970; Murray and Zuk 1979;
Vervioet et al. 1982; Platts-Mills et al. 1987).

House dust mites, Dermatophagoides species,
have been found in house dust in this country since
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1977 (Cho and Houh 1987). Two species of
Dermatophagoides inhabit house dust. together but
D. farinae is more prevalent. House dust mites are
the most prevalent aeroallergens reactive in Korean
respiratory allergic patients(Kang 1973; Whang et al.
1974; Yoon et al. 1989).

Most patients are reactive to both kinds of house
dust mites, but D, farinae causes somewhat strong-
er and more prevalent skin reactions than D.
pteronyssinus does(Yoon et al. 1989).

In the house dust mites about 30-50 antigens and
20-30 allergens were noted by CRIEST and immu-
noblot method (Le Mao et al. 1983; Arlian et al.
1987; Baldo et al. 1989). Among allergenic com-
ponents of house dust mits extracts, IgE binding
components varied with atopic individuals (Krilis et
al. 1984; Baldo et al. 1989).

Therefore, we attempted to study the important
allergenic components of house dust mites in the
patients allergic to house dust mites ih this country.
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MATERIALS AND METHODS

Serum specimens

Sera were obtained from respiratory allergy pa-
tients who showed strong skin reactivity to the
allergens of house dust mites and class 4 of the
radioallergosorbent test (RAST) to both house dust
mites, and who visited the Department of Internal
Medicine in Severance Hospital of Yonsei Uni-
versity College of Medicine. The sera were stored
at -20°C until used. None of the patients were re-
ceiving allergen immunotherapy. Control sera were
obtained from  patients who showed negative
response to 50 inhalant allergens on the skin prick
test.

Extracts of house dust mites

Dermatophagoides farinae was purely cultured in
media mixed with mouse foods and dried yeast in
our laboratory. The bodies of D. farinae were har-
vested by sieving. The clean mite bodies were col-
lected on defatting with ethylether overnight at 4°C
and dried.

Some of the dried raw materials of D. farinae and
D. pteronyssinus were supplied from Bencard Com-
pany, England. They were fine granule-like sub-
stances with rare mite bodies and seemed to con-
tain a lot of mite feces. The Bencard materials were
also defatted with ethylether before extraction. The
extraction methods were modified as described by
Nakada et al. (1985). One gram of the source mate-
rials was extracted and stirred continuously with
100 ml of phosphate buffered saline(PBS) for 48
hours at 4°C.

Then the extract was centrifuged at 10,0008 for
one hour at 4°C and the supernatant was dialyzed
in distilled water for 48 hours. The contents were
lyophilized and stored in a refrigerator until used.

Sodium dodecyl sulphate (SDS)-polyacrylamide gel
electrophoresis ‘

This was carried out in 16 ¢cm long 10-20% gradi-
ent acrylamide vertical slab gels using the discontin-
uous buffered system of Laemmli (1970). Mite ex-
tracts (50 mg/ml, 1.0 mi), dissolved in sample buffer
without mercaptoethanol [500 | of 1M Tris(pH 6.
8), 1,600 ul of 50% glycerol, 640 1l of 25% SDS,
40 ul of bromophenol blue (100 mg/ml) and 820
ul of distilled water ] and boiled for 90 seconds in
boiling water bath, were laid over the stacking gel
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of 4% SDS-polyacrylamide gel. The stacking gel
had a single slot at one end which was used for
molecular weight markers. Electrophoresis was car-
ried out at 30mA of constant current and stopped
when the marker dye reached the bottom of the
gel. After electrophoresis, a strip including the mo-
lecular weight marker was cut from the gel, stained
with Coomassie brilliant blue R-250 (CBB; Bio-Rad
Laboratories) and destained with destaining solution
(600 ml of distilled water, 300 ml of methanol and
100 ml of glacial acetic acid).

Electrophoretic transfor of protein on
nitrocellulose membrane

The protein bands of - SDS-polyacrylamide gel
after electrophoresis were transferred to nitrocellu-
lose membrane (0.45 u pore TM-NC4 Roll, Hoeffer
Scientific Instruments, San Francisco) using a modi-
fied method of Towbin et al. (1979) as described by
Sutton et al. (1982). .

Transfer was done at room temperature with a
constant voltage of 50V for 16 hours using a trans-
fer electrophoresis unit with power lid (Hoeffer Sci-
entific Instruments, San Francisco). The transfer
buffer was 6.25 mM Tris-1.4% glycine in 20%
methanol. After transfer, a strip of nitrocellulose
was cut and stained with CBB. The membrane was
washed for one hour in 10% methanol in PBS with
rocking to remove the SDS, followed by a 15 min-
ute wash in PBS and then rocking for two hours in
0.1% Tween 20 in PBS(TPBS) to block unbound
membrane sites (Bateiger et al. 1982). The nitrocel-
lulose membrane was dried in the cold air and
stored in this condition.

Probing the nitrocellulose membranes with
patients’ sera

The procedures were modified as previously de-
scribed (Ford and Baldo 1987; Park et al. 1989).
Membranes were cut into 5 mm wide strips, num-
bered with a ballpoint pen, and placed inj flat plastic
boxes. The membrane strips which transferred the
proteins of the extracts of D. farinae(Yonsei materi-
al) were incubated with 47 patients’ sera diluted as
1 to 4 with 10% new born calf serum for 18 hours
at room temperature. And the membrane strips
which bound the transferred proteins of the extract
of D. pteronyssinus (Bencard material) were incu-
bated with 40 sera samples and two negative con-
trol sera diluted as 1 to 4 with 10% newborn calf
serum for 18 hours at room temperature.

Twenty-two sera were tested with two kinds of
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membrane strips, one with D. farinae allergen and
the other with D. pteronyssinus. Ten sera were in-
cubated with two strips with D. farinae allergens,
for evaluation of the effects of different incubation
time on autoradiography.

The membrane strips treated with sera were
washed with TPBS and incubated with anti-IgE
RAST tracer (300,000 cpm per strip, Phadebas,
Sweden) for 18 hours at room temperature. Then
the strips were washed with TPBS and dried in
room air.

Autoradiography

The membrane strips treated through all steps were
exposed to X-ray film (Fuji Company, Japan) in X-
Omatic cassette at (-70°C) for 7 days. Ten strips
treated with 10 different sera were .exposed in a
different cassette for 7 and 14 days simultaneously.
The films were developed and the bands were ex-
amined carefully by the naked eye.

RESULTS

SDS-PAGE of the extracts of house dust mites

Fig. 1 shows the protein bands of SDS-PAGE of
house dust mite extracts. The extract of whole bod-
ies of D. farinae (Yonsei materials) shows numerous

protein bands (over 30) (Fig. 1. lane B). Protein

bands of D. farinae corresponding to the MW of
45KD or below were not very well separated on
SDS-PAGE. The extract of D. farinae {Bencard ma-
terial, Lane C) shows about 15 protein bands having
MW of 29 KD or above with three diffuse wide
bands below that. The extract of D. pteronyssinus
(Bencard material, Lane D) shows a few bands
having MW of 45KD or above and 4 wide bands
below 45KD.

IgE-binding components of D. farinae extract by
autoradiography

Fig. 2 shows IgE-binding components of D.
farinae extract from Yonsei material by autoradiog-
raphy. Fig. 3 is a schematic drawing chart of IgE-
binding bands of D. farinae (Yonsei) extract with 47
sera sensitive to house dusts mites. According to
the density of autoradiography film, three different
bands were drawn. The broad lines are the protein
bands showing the strongest densities on autoradi-
ography by the naked eye. On the autoradiography
of D. farinae extract (Yonsei) -SDS-PAGE, there
were 13 protein bands between 93KD and 12KD
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Fig. 1. The pattern of SDS-polyacrylamide gel electropho-
resis using 10 to 20% gradient gel of the extracts
of D. farinae (Yonsei Material, Lane B), D. farinae
(Bencard Material, Lane C), D. pteronyssinus

(Bencard Material, Land D) and the marker pro-
teins (Lane A).

which bound to IgE of patients’ sera. There were
no protein bands on autoradiography of the nitro-
cellulose strips which were reacted with three con-
trol sera, The protein band No. 12 (MW 14-15KD)
was the most frequent IgE-binding band. Band No.
12 bound IgE in 95.7% of patients, No. 1(MW 92-
93KD) in 40.4%, No. 3(MW 69-70KD) in 36.2%
and No. 9(MW 23-24KD)} in 27.7% in order(Table
1). Band No. 12 showed the strongest signal in den-
sity for most sera except for two sera which were
unbound to it. Band No. 9 (MW 23-24KD) demon-
strated a moderately strong signal in density in the
IgE-binding of 6 out of 13 sera. Band No. 13 (MW
12-13KD) showed IgE binding activitg in one case
{2.1%). Serum of case No 5 noted IgE binding in
three protein bands with MW 44KD or above with-
out any binding activity with band No. 12. One out
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Fig. 2. Identification of the allergenic components of D
farinae  bound with patients’ sera (a-g) by
autoradiography.

of 47 sera tested had no IgE-binding activity with
protein bands of D. farinae extracts. Eleven sera out
of 47 (23.4%) showed one band signal correspond-
ing to the protein band No. 12 (MW 14-15KD) on
autoradiography, indicative of their IgE-binding
activity. The serum of case No. 6 was strongly reac-
tive to D. farinae extracts and showed 8 protein
bands on autoradiography including 4 bands with
moderate to strong density. Most sera showed one
to 5 protein bands on autoradiography (Table 2,
Fig. 3).

IgE-binding components of D. pteronyssinus extract
by autoradiography

Fig. 4. shows IgE-binding protein components of
D. pteronyssinus extract from Bencard material.
Seven protein bands bound with IgE in patients’
sera. A band of MW 14-15KD was shown in 13
sera out of 40(32.5%) on autoradiography and it
was the most prevaient one (Table 1). Seventeen
sera out of 40(42.5%) did not show any IgE-binding
activity on autoradiography. Sixteen(40%) sera
showed one band bound with their IgE, which was
a band of MW 14-15KD(Table 1 & 2). Each of the
bands of MW 28-29KD and MW 23-24KD was
shown in 9 sera(22.5%). One serum demonstrated
4 bands bound with its IgE. Two control sera
showed no visible bands on autoradiography.

Comparison of IgE-bound components between D.
farinae and D. pteronyssinus to the same sera

Twenty-two sera were incubated with the nitro-
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Fig. 3. A schematic chart drawn with the results of autoradiography of the nitrocellulose strips with the allergenic
components of D. farinae treated with 47 patients’ sera.
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Fig. 4. Identification of the allergenic components of D.
pteronyssinus bound with patients’” sera (a-f) by
autoradiography

Table 1. Allergenic component of the extracts of D.
farinae and D. pteronyssinus bound with pa-
tients’ IgE by immunoblot

No. of sera reacted (%)

Protein band (Molecular

cellulose strips bound with D. farinae allergens
(Yonsei material) and D. pteronyssinus allergens
(Bencard material) simultaneously. The quite differ-
ent patterns of SDS-PAGE of the two house dust
mites extracts (Fig. 1) made it difficult to interpret
the results of autoradiographies performed with the
same sera. Two protein bands (MW 28-29KD and
MW 23-24KD) were demonstrated in a similar per-
centage of sera on autoradiography of both house
dust mites. Nine sera out of 22 showed one or two
bands in the extracts of both or either house dust
mites bound with their 1gE. Out of nine sera which
had reacted with a protein band of MW 28-29KD,
one seum showed equal positive reaction to both
house dust mites and eight sera showed different
patterns of autoradiography. Out of nine sera which
had been reactive with the band of MW 23-24KD,
ond serum showed equal positive reaction to both
house dust mites and eight sera showed different
patterns of autoradiography(Table 3). According to
the combinational analysis of reactive protein bands
in two allergenic components of two house dust-
mites, ten different patterns were noted(Fig. 5). It
seems that IgE responses to these two antigenic
components of two house dust-mites are variable in
each patient.

The effect of exposure duration of autoradiography

Each of ten sera was incubated with two D.
farinae transferred nitrocellulose membrane strips.

One part of the strips was exposed to X-ray film
for 7 days and the other for 14 days. In general the
bands of 14 days exposure resulted in stronger

Table 2. Number of allergenic components of D.
farinae and D. pteronyssinus bound with pa-

No. weight) D farinae D. pteronyssinus tients’ sera on autoradiography
(n=47) (n=40) Number of No. of sera (%)
1 (92-93KD) 19 (40.4) 1(2.5) Allergenic com-
2 (78-80KD) 3( 6.4) 0 ponents Bound D. farinae (%) D. pteronyssinus (%)
3 (69-70KD) 17 (36.2) 0
4 (5455KD) 5 (10.6) 0 : y ((2?]4)) " E:g'g;
5 (44-45KD) 11 (23.4) 0 2 8(17.0) 3 7:5)
6 (37-38KD) 6 (12.8) 1(2.5) 3 9 (19:1) 3(7.5)
7 (31-32KD) 5(10.6) 2(5.0 4 5 (10.6) 14 2'5)
8 (28-29KD) 9 (19.1) 9 (22.5) 5 9 (19.1) 0 ’
9 (23-24KD) 13 (27.7) 9 (22.5) 6 2( 4'3) 0
10 (20-21KD) 8 (17.0) 0 7 1 2:1) 0
11 (16-17KD) 2(4.3) 0 8 1(2.) 0
12 (14-15KD) 45 (95.7) 13 (32.5)
13 (12-13KD) 1(2.1) 0 Total 47 {100.0) 40 (100.0)
28 Volume 32
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Table 3. Comparison of IgE-binding patterns to two allergenic components of D. farinae and D. pteronyssinus extracts

in 22 sera
Allergenic Equal pattern Non-equal pattern
Component Dfa+* D fa - D fa + D fa - Total

(Mw) = D pt + D pt - D pt - D pt +

28-29 KD 1 13 2 6 22

23-24 KD 1 13 3 5 22

Total 2 26 5 11 44
*D fa: D. farinae, D pt : D. pteronyssinus
* MW : Molecular weight
Dfa Dpt Dfa Dpt Dfa Dpt Dfa Dpt

28-29KD
23-24KD

28-29KD

23-24KD o Fig. 5. The variety of IgE binding patterns of 22
sera to the two allergenic components
(28-29KD and 23-24KD) of D. farinae (D.
fa) and D. pteronyssinus (D. pt) by
immunoblot.

28-29KD
23-24KD

28-29KD
23-24KD

N L Ry =

Fig. 6. The effect of exposure duration for auto-

gl radiograp-hy. One part of the strips (a-j)
was incubated for 7 days and the other

101 (a’~j’) for 14 days.

1 1-|
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densities than those of 7 days exposure. In three of
10 sera new bands appeared after 14 days expo-
sure. One band was newly developed in one seram
(i & i’) and two bands in two sera (g & g/, h & h') in
the 14 days of exposure (Fig. 6).

DISCUSSION

In 1967, Wide et al. developed a method to de-
termine allergen specific IgE from patients’ sera. For
this crude or semipurified method, allergens have
to be bound with beads, or activated paper disc or
polystyrene tube, or nitrocellulose paper as a solid
phase. For the determination of allergenic com-
ponents from crude antigens, several techniques for
separation of antigens have been developed.
Crossed radioimmunoelectrophoresis (CRIE) show-
ed extraordinary resolving powers in the analysis of
allergenic components from crude antigens.

Krilis et al. (1984) showed 51 antigenic arcs on
CIE of D. pteronyssinus and 11 allergenic arcs on
CRIE. According to the criteria for major allergens
defined by Lowenstein (1978) as “antigens that bind
IgE from at least 50% of the sera of patients tested
and demonstrated strong binding to at least 50% of
these”, they defined two allergens as major
allergens. Alian et al. (1987) showed 35 antigens of
D. farinae bodies, 33 antigens of D. pteronyssinus
bodies and 20 antigens of D. farinae feces on CIE.
And they showed 14 allergens in D. farinae bodies,

5 allergens in D. pteronyssinus bodies and 7.

allergens in D. farinae feces on CRIE. In spite of
these results CIE and CRIE have some critical disad-
vantages, such as good antiserum for each allergen,
failure to detect allergens that are not precipitated
by the antiserum and the problem of copre-
cipitation with precipitates situated beneath the
specific IgE-binding precipitates(Krilis et al. 1984).

For allergen identification, another simpler meth-
od, the electrophoretic transfer or “western blotting
technique”, was introduced and applied {Towbin et
al. 1979; Burnette 1981; Baldo 1982; Sutton et al.
1982).

Because of its sensitivity, resolving power, ease of
use, high capacity and need for the employment of
small quantities of extract, protein blotting is the
method used frequently for identifying IgE-binding
components in complex alfergen extracts. With this
system several allergen extracts, such as D.
pteronyssinus (Sufton et al. 1982; Baldo 1982;
Tovey and Baldo 1987; Tang et al. 1988; Baldo et
al. 1989), Cynodon dactylon (Ford and Baldo 1986)
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and Artemisia princeps (Park et al. 1989), have
been studied for their IgE binding components.

According to the definitive study of the complete
spectrum and rank order of allergens from D.
pteronyssinus (Baldo et al. 1989), 32 fractions in the
MW range of 6-140KD of the transferred proteins
bound IgE antibodies in the sera from 96 patients
allergic to house dust mites. The number of IgE-
binding components in their study was greater than
the number detected in any previous study of D.
pteronyssinus (Lind and Lowenstein 1983; Le Mao
et al. 1983; Krilis et al. 1984; Tovey and Baldo
1987). They proposed that these results might be
explained by a much larger number of sera studies
and recognition of the effects of reduction and
blocking on IgE binding the process of identifying
allergens by protein blotting.

The important components .on the autoradio-
graphs were bands with MW 95KD, 56KD, 54KD,
32KD, 30KD (Der p Ill), 26KD. 25KD (Der p 1),
16KD (Der p II) and 15KD. Der p II exhibited the
highest frequency of binding (88%) in 96 subjects.
Der pl and Der p Il have been identified in 43%
and 68%, respectively. Five out of 96 sera showed
monospecific recognition of Der pll.

In the study of IgE antibodies with specific
radiolabelled allergen, Der f MW 24KD), Der f 1!
(15KD) and Der f 111(29KD) were identified in 78%,
94% and 16%, respectively, of 51 sera from mite-
allergic patients (Heymann et al. 1989).

The relative clinical importance of the mite
allergens has not yet been fully established. Group |
and group li allergens have been studied and the
study on group lll allergens is ongoing (Platts-Mills
and Chapman 1987; Heymann et al. 1989; Baldo et
al. 1989).

Group | allergen (Der p |, Der f ) is a major pro-
tein component of extracts of fecal enriched culture
material. The MW of Der p | has been variably re-
ported as ranging from 24 to 30KD, and recently
the isolation of a cDNA clone coding for Der p |
has led to a derived MW of 25,371 for this allergen
(Chua et al. 1988). Group Il allergen (Der p I, Der f
i) is the allergenic component of house dust mite
body extract and has a MW close to 15KD on SDS-
PAGE under nonreducing conditions.

in this study, the full spectrum of D. farinae ex-
tracts (whole body) on SDS-PAGE under nonreduc-
ing conditions was not excellent in sepatation of
protein bands . However, all important allergenic
components were there in position. On protein
blotting there were 13 bands between 93KD and
12KD bound with patients’ IgE. Tovey and Baldo
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(1987) described the five most commonly and
strongly bound components (MW 95, 53, 32 to 28,
25 and 15KD) of the body extract of D. ptero-
nyssinus. Our result showed important components
of 92-93KD(40.4%), 69-70KD(36.2%), 44-45KD
(23.4%), 23-24KD (27.7%) and 14-1 5KD(95.7%) in
the body extract of D. farinae when evaluated in 47
patients sensitive to house dust mites. The compo-
nent at MW 14-15KD, which was suggestive as Der
f 11, bound IgE in 95.7% of 47 patients. Der f |, a
MW 23-24KD component, bound in 27.7% and
Der f Ill (28-29KD) bound in 19.1%. Therefore, the
major allergenic component of D. farinae body ex-
tract is the component of MW 14-15KD, which is
suggested as Der f 11, in Korean allergic patients.

In Fig. 1, the pattern of SDS-PAGE of the extracts
from Bencard materials of D. pteronyssinus and D.
farinae was very similar to the pattern of feces en-
riched mite culture extracts, which was demonstrat-
ed by Tovey and Baldo(1987). On protein blotting,
D. pteronyssinus extract showed 6 components
bound to patients’ IgE. The components of MW 14-
15KD, 23-24KD and 28-29KD bound to IgE in 32.5
%, 22.5% and 22.5%, respectively, of 40 patients
who responded strongly to house dust mites (RAST
class 4 to both house dust mites).

Though it is difficult to directly compare our
results to other reports, the binding % with group 1
allergen of D. farinae was very low in our data but
the binding % with group Iil allergen of D. farinae
(28-29KD) was similar to Heymann's result

{Heymann et al. 1989). On protein blotting using .

the extract enriched with group 1 allergen of D.
pteronyssinus, their results of binding % for the
components of MW 28-29KD and 23-24KD were
similar to our results of D. farinae components.

The different results of our data should be evalu-
ated further according to several aspects, such as
racial difference in immune response to house dust
mites, house dust mites fauna in the house dusts
and technical points.

Seven day exposure is enough for evaluation of
most allergenic components by autoradiography.
For the complete search of allergenic components,
longer exposure may be needed. The comparison
of IgE antibody responses to two or more allergenic
components of the two house dust  mites
simultaneously may be a useful tool to evaluate in-
dividual or familial immune ‘responses.

REFERENCES
Arlian LG, Bernstein IL, Geis DP, Vyszenski-Moher DL,

Number 1

Gallagher JS, Martin B: Investigations of culture me-
dium-free house dust mites. Ill. Antigens and
allergens of body and fecal extract of Derma-
tophagoides farinae. ] Allergy Clin Immunol 79: 457-
466, 1987

Arlian LG, Bernstein IL, Vyszenski-Moher DL, Gallagher
JS: Investigations of culture medium-free house dust
mites. IV. Cross antigenicity and allergenicity be-
tween the house dust mites, Dermatophagoides
farinae and D. pteronyssinus. J Allergy Clin Immunol
79: 467-476, 1987

Baldo BA, Ford SA, Tovey ER: Toward a definition of the
‘complete’ spectrum and rank order of importance
of the allergens from the house dust mite;
Dermatophagoides pteronyssinus. Advances in the
Biosci 74: 13-31, 1989

Batteiger B, Newhall W], Jones RB: The use of Tween
20 as a blocking agent in the immunological detec-
tion of proteins transferred to_nitrocellulose mem-
branes. / Immunol Methods 55: 297-307, 1982

Burnette WN: “Western blotting”: electrophoretic trans-
fer of proteins from sodium dodecyl sulfatepoly-
acrylamide gels to unmodified nitrocellulose and ra-
diographic detection with antibody and radioio-
dinated protein A. Anal Biochem 112: 195, 1981

Cho BK, Houh W: The mite fauna of Korean house dust
(1). The Kor ] Dermatol 15: 133-137, 1987

Chua KY, Stewart GA, Thomas WR, Simpson R],
Dilworth RJ, Plozza JM, Turner KJ: Sequence analysis
of cDNA coding for a major house dust mite
allergen Der p |. Homology with cysteine proteases.
J Exp Med 167: 175-182, 1988

Ford SA, Baldo BA: A re-examination of ryegrass (Lolium
perenne) pollen allergens. Int Archs Allergy appl
Immun 81: 193, 1986 _

Ford SA, Baldo BA: Identification of Bermuda grass
(Cynodon dactylon)-pollen allergens by electroblot-
ting. / Allergy Clin Immunol 79: 711-720, 1987

Ford SA, Baldo BA, Geraci D, Bass D: Identification of
Parietaria judaica pollen allergen. Int Archs Allergy
appl Immun 79: 120, 1986

Ford SA, Tovey ER, Baldo BA: Identification of orchard
grass (Dactylus glomerata) pollen allergens following
electrophoretic transfer to nitrocellulose. Int Archs
Allergy appl Immun 78: 15-21, 1985

Heymann PW, Chapman MD, Aalberse RC, Fox jW
Platts-Mills TAE: Antigenic and structural analysis of
group Il allergens (Der f Il and Der p Il) from house
dust mites (Dermatophagoides spp). / Allergy Clin
Immunol 83: 1055-1067, 1989

Kang S-Y: Studies on the offending allergen of allergic
respiratory diseases in Korea. Kor |/ Intern Med 16:
373-378, 1973

_ Krilis S, Baldo BA, Basten A: Antigens and allergens from

the common house dust mite Dermatophagoides
pteronyssinus. Part |1, Identification of the major igE-

K]



Chein-Soo Hong et al.

binding antigens by crossed radioimmunoelectro-
phoresis. J Allergy Clin Immunol 74: 142-146, 1984

Laemmli UK: Cleavage of structural proteins during as-
sembly of the head of the bacteriophage T4, Nature
227: 680-685, 1970

Le Mao }, Dandeu JP, Rabillon J, Lux M, Pavid B: Com-
parison of antigenic and allergenic composition of
two partially purified extracts from Dermatopha-
goides farinae and Dermatophagoides pteronyssinus
mite cultures. ] Allergy Clin Immunol 71: 588-596,
1983 '

Lind P and Léwenstein H: Identification of allergens in
Dermatophagoides pteronyssinus mite body extract
by crossed radioimmunoelectrophoresis with two
different pools. Scand } Immunol 17: 263, 1983

Lowenstein H: Quantitative immunoelectrophoretic me-
thods as a tool for the analysis and isolation of
allergens. Prog Allergy 25: 1, 1978

Maunsell K, Wraith DG, Cunniton AM: Mites and
house-dust allergy in bronchial asthma. Lancet 1:
1267-1270, 1967

Miyamoto T, Oshima S, Domae A, Takahashi K, 1zeki M,
Tanaka T, Ishizaki T: Allergenic potency of different
house dusts in relation to contained. mites. Ann
Allergy 28: 405-412, 1970

Murray AB, Zuk P: The seasonal variation in a popula-
tion of house dust mites in a North American City. /
Allergy Clin Immunol 64: 266-269, 1979

Nakada S, Ito K, Urata C, Sakamoto Y, Hasegawa M,
Nakagawa T, Miyamoto T: Allergenicity of house-
dust mite (Dermatophagoides farinae) antigen treat-
ed with glutaraldehyde. Ann Allergy 54: 437-441,
1985

Park HS, Hong C-S, Choi HJ, Hahm KS: Identification
and partial purification of pollen allergens from
Artemisia princeps. Yonsei Med ] 30: 346-354, 1989

Platts-Mills TAE, Chapman MD: Dust mites; immunolo-
gy, allergic disease, and environmental control. /
Allergy Clin Immunol 80: 755-775, 1987

Platts-Mills TAE, Hayden ML, Chapman MD, Wilkins SR:

Seasonal variation in dust mite and grass pollen
allergens in dust from houses of patients with
asthma. J Allergy Clin Immunol 79: 781-791, 1987

Spieksma FTM: Biological aspect of the house dust mite
(Dermatophagoides farinae) in relation to house dust
atopy. Clin Exp Immunol 70: 61-70, 1970

Sutton R, Wrigley CW, Baldo BA: Detection of IgE and
1gG-binding proteins after electrophoretic transfer
from polyacrylamide gel. / Immunol Methods 52:
183-194, 1982

Tang RB, Tsai L-C, Hung M-W, Hwang B, Wu K-G: De-
tection of house dust mite allergens and immunoblot
analysis in asthmatic children. | Asthma 25: 83-88,
1988

Tovey ER, Baldo BA: Comparison by electroblotting of
IgE-binding components in extracts of house dust
mite bodies and spent mite culture. / Allergy Clin
Immunol 79: 93-102, 1987

Towbin H, Staehelin T, Gordon }: Electrophoretic trans-
fer of proteins from polyacrylamide gels to nitrocel-
lulose sheet; procedure and some applications. Proc
Nat! Acad Sci USA 76: 4350-4354, 1979

Vervioet D, Penaud A, Razzouk H, Senft M, Arnaud A,
Boutin C, Charpin J: Altitute and house dust mites. /
Allergy Clin Immunol 69: 290-296, 1982

Voorhost R, Spieksma-Boezeman MJE, Spieksma FTM: Is
a mite (Dermatophagoides sp) the producer of the
house dust allergen. Allergy u. Asthma 10 : 329-334,
1964

Whang YN, Huh KB, Lee SY: Clinical observation and
skin test for bronchial asthma. Kor J Intern Med 17:
426-437, 1974

Wide L, Bennich H, Johansson SGO: Diagnosis of allergy
by an in-vitro test for allergen antibodies. Lancet 2:
1105-1107, 1967

Yoon YW, Lee MK, Park HS, Park SS, Hong C-S: The
skin test reactivity and the level of the total IgE in
the allergic patients. / Kor Society Allergology 9: 385-
398, 1989

32

Volume 32



