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Abstract

Commercial cockroach extracts for diagnosis and therapy show batch-to-batch variation. This study aimed to standardize Periplaneta amer-
icana extract based on major IgE binding components using hypersensitive patients’ sera. Extracts were prepared in phosphate buffered saline
(PBS) or NH4HCOgs;, from freeze-dried or 37 °C dried material and compared with commercial extracts by immunobiochemical methods. Cock-
roach positive patients’ sera were collected after intradermal tests and specific IgE enzyme linked immunosorbent assay (ELISA). Allergenic
proteins were identified by western-blotting and potency of extracts determined by ELISA-inhibition. Adult P. americana extract from freeze
dried source material in PBS (PA extract) resolved into 45 protein bands and showed 22 IgE binding components with pooled patients’ sera. It
required 9—12 ng self-proteins for 50% ELISA-inhibition. Individual patients’ sera identified 23, 28, 35, 38, 40, 49, 72, 78 and 97 kDa as major
IgE binding components in PA extract. Nymph extract exhibited similar potency and protein profile to PA extract with 72 and 78 kDa proteins
present in high intensities. Commercial extracts exhibited only 6—11 IgE reactive bands compared to PA extract and required 40 folds or more
protein for 50% ELISA-inhibition. PA extract from freeze-dried source material seems a potent allergen preparation with 9-major IgE binding
components. It can be referred to upgrade the quality of commercial extracts exhibiting low potencies due to poor quality source material,
inadequate extraction procedures and improper storage.
© 2006 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.
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1. Introduction have established a causal relationship between cockroach

allergy and asthma [2] and cockroach sensitivity in low socio-

Insects play an important role in the aetiology of allergic
bronchial asthma. Infestation of homes, places of work and ac-
cumulation of their allergens in house dust account for wide-
spread allergy to insects. Unlike other insects, cockroaches
provoke clinical reactions as contactant, injectant, ingestant
and inhalant allergens [1]. Cockroach infested dwellings are
contaminated by their feces, vomitus and debris. Studies
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economic group [3]. Association of cockroaches with asthma
has been reported from Taiwan, Japan, Thailand, Singapore,
India, Korea, Costa Rica, Puerto Rico, South Africa, Europe,
Brazil and Poland [4—6]. Recent epidemiological studies
show an increase in prevalence of asthma world over [7]. Stud-
ies in India also recorded significant increase in prevalence of
asthma (8—11%) than reported earlier <1% [8,9].

Previously proteins of 12—45kDa and 72—90 kDa were
detected as important allergens from Periplaneta americana
[10—13]. Further, three major allergens viz. Per a 1, Per a 3
and Per a 7 have been cloned, expressed and purified
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[13—15]. But whole body cockroach and other insect extracts
are still used in diagnosis and therapy of allergy. P. americana
(American cockroach) is most common in Indian household as
high temperature and humidity favor the proliferation of cock-
roach populations [4]. Sensitization to cockroach allergens in
India has been shown earlier by skin tests and radio allergo-
sorbent test (RAST) [16,17].

It is recommended to standardize allergen extracts for diag-
nosis and therapy on the basis of major allergen content
[18,19]. Considering the possibility of differences in sensitiza-
tion pattern among countries and or individuals, the present
study was aimed to identify the major IgE binding components
of P. americana by immunoblot using hypersensitive patients’
sera from this subcontinent. The source material and extrac-
tion of cockroach antigens were standardized to obtain an op-
timum allergen extract. Biopotency of nymph and adult stage
extracts was evaluated with commercial cockroach extracts by
immunobiochemical methods. In addition, Per a 1 was demon-
strated in the PA extract (adult P. americana extract from
freeze dried source material in PBS) using antibodies raised
in mice against this major allergen.

2. Material and methods
2.1. Preparation of cockroach extract

Mixed culture of male and female cockroaches were freeze-
dried or dried at 37 °C, ground to a fine powder and defatted
with diethyl ether at 4 °C. The antigens were extracted from
cockroach powder 1:50/(w/v) in 0.1 M phosphate buffered sa-
line (PBS), pH 7.2 or 125 mM NH4HCOj; buffer, pH 8.0 con-
taining 5SmM EDTA and 1 mM phenyl methyl sulfonyl
fluoride (PMSF), by continuous stirring for 8 h at 4 °C. The
supernatant collected after centrifugation at 13,000 rpm for
1h at 4°C was dialyzed against distilled water. The adult
and nymph cockroach extracts were prepared separately using
the same procedure. Also P. americana allergen extracts were
procured from 3 different manufacturers licensed to market al-
lergen extracts in India. All the extracts were lyophilized,
stored at —20 °C and their protein concentration determined
by modified Lowry’s method [20].

2.2. Patient selection and collection of sera

One hundred forty consecutive cases referred to the Out Pa-
tient Department, V.P. Chest Institute, Delhi for allergy
diagnosis were included in the present study during Jan—
June 2004. The diagnosis of asthma was ascertained as per
guidelines of the American thoracic society [21] and cases
having any two of the symptoms such as sneezing, rhinorrhea,
nasal blockage, post nasal drip, etc. for the last two years were
diagnosed as rhinitis [22].

Intradermal (ID) tests were carried out with a battery of
allergen extracts according to the history (exposure) of the
patients. About 0.02 ml of each extract including P. americana
(i.e. PA extract and one of the commercial extract) was
injected into the forearm of the patient raising a bleb of

2—3 mm. The reactions were graded after 20 min on the basis
of wheal size of positive control i.e. histamine diphosphate
(100 pg/ml) [23]. Blood was collected from patients showing
marked positive skin reactions (wheal size equal to positive
control and or more), sera separated and stored at —70 °C.
Informed consent of each patient was obtained for skin tests
and blood collection. Normal human serum (NHS) was col-
lected from 10 volunteers with negative skin reactivity to
cockroach and other allergens.

2.3. SDS-PAGE analysis

P. americana extracts were subjected to SDS-PAGE on
10% resolving gel as described before [12]. One hundred mi-
crogram of each extract was loaded in separate wells, electro-
phoresed at 120 V and the gel stained with Coomassie brilliant
blue.

2.4. Immunoblotting

SDS-PAGE separated proteins were electrophoretically
transferred onto nitrocellulose membrane in Tris-glycine
buffer containing methanol and probed with patients’ sera
(pooled/individual) as described before [24]. The membrane
was cut into strips after blotting, blocked with 3% defatted
milk and incubated overnight with 1:10 v/v diluted cockroach
hypersensitive patients’ sera at 4 °C. The strips were then
probed with 1:1000 v/v diluted anti-human-IgE peroxidase
(Sigma) for 3 h at 37 °C and IgE reactive bands were visual-
ized with diaminobenzidine and hydrogen peroxide in acetate
buffer. One of the strips was incubated with antibodies (poly-
clonal) against Per a 1 raised in mice (a kind gift from Dr. MD
Chapman’s laboratory) and the reactivity was detected with
anti-mouse-IgG peroxidase. The reaction was stopped by
washing the strips with distilled water.

2.5. Enzyme linked immunosorbent assay (ELISA)

Specific IgE to cockroach allergens were quantitated in
patients’ sera by ELISA as described before [24]. Briefly, mi-
crotiter plate coated with cockroach protein (1 pg/100 ul per
well) in carbonate buffer, pH 9.6 was blocked with 3% defat-
ted milk and incubated with patients’ sera (1:10 v/v) at 4 °C
overnight. After washing with PBST (PBS containing 0.2%
Tween 20) and PBS, the plate was probed with 1:1000 v/v
diluted anti-human-IgE peroxidase (Sigma). The color devel-
oped with o-phenylene diamine was read at 492 nm in an
ELISA reader.

2.6. ELISA inhibition

Specific IgE inhibition assay was carried out to deter-
mine the potency of extracts. The microtiter plate was
coated with crude cockroach protein (1 pug per well) and
blocked with 3% defatted milk. The plate was incubated
with a pre-incubated mixture of 1:10 v/v diluted cockroach
hypersensitive pooled patients’ sera and graded amounts of
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cockroach extract, i.e. 0.1, 1, 10, 100, 1000 ng, as inhibitor
in a 100 pl volume. The remaining steps were the same as
followed for ELISA.

3. Results
3.1. Total protein content and profile of extracts

Adult cockroach extracts prepared with freeze dried source
material in PBS (PA extract) and NH4HCO; yielded 150 mg
and 100 mg protein/gram of cockroach powder, respectively.
Whereas the PBS extract prepared with adult cockroaches
dried at 37 °C yielded 75 mg protein/gram of cockroach pow-
der. The protein content of the commercial extracts was highly
variable, ranging from 60 to 96 mg protein/gram of cockroach
powder. The nymph extract prepared with freeze dried source
material in PBS yielded 200 mg protein/gram of nymph cock-
roach powder.

The PA and NH4HCO; extracts of freeze dried adult
cockroaches resolved into approximately 45 and 34 protein
bands (MWs 10 to >97 kDa), respectively on SDS-PAGE
(Fig. 1A). But the PBS extract of adult cockroaches dried
at 37°C separated into 25 slightly diffused bands with
many high molecular weight bands missing (Fig. 1B, lane
2). SDS-PAGE profile of nymph extract prepared with freeze
dried source material in PBS was similar to the PA extract
(45 bands) with the exception of 72 and 78 kDa protein
bands present in higher intensity in the nymph extract
(Fig. 1B, lane 3). Probably, these proteins are over expressed
in nymph stage of cockroach. The number (11—27) and
intensity of protein bands were highly variable among the
commercial cockroach extracts from different manufacturers
(Fig. 5A).
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3.2. Biopotency of extracts

Biopotency of the cockroach extracts was assessed by spe-
cific IgE ELISA inhibition. The PA and nymph extracts
required 9—12 ng and 8.5 ng of self protein to achieve 50% in-
hibition of specific IgE binding in ELISA (Fig. 2). Whereas
the PBS extract with source material dried at 37 °C and the
commercial extracts required 400 ng and 450 to >1000 ng
of self protein for 50% inhibition (Fig. 2).

The PA extract was better in terms of protein content,
protein profile and allergenic potency compared to extracts
prepared in NHHCO; or with source material dried at
37 °C or the commercial extracts (Table 1). Also, the nymph
and adult extract (i.e. PA extract) were similar in terms of pro-
tein profile and biological potency (Table 1). Hence, the PA
extract was selected for skin testing and used as standard ex-
tract for further immunobiochemical experiments.

3.3. Skin reactivity and specific IgE to P. americana

Of the 140 cases tested, 42 belonged to bronchial asthma,
41 to allergic rhinitis and 57 to asthma with associated rhinitis.
The PA extract and the representative commercial extract
showed marked positive skin reactions in 74 (74/140 i.e.
52.8%) and 20 (20/140 i.e. 14.3%) patients, respectively.
The comparison of the results with PA extract showed signif-
icant differences (p < 0.01). The patients also elicited positive
skin reactivity to some insect allergens (Housefly-60.7%;
Moth-53.5%; Mosquito-52.1% and Rice-weevil 40%) fol-
lowed by a few pollens (Gynandropsis gynandra-26.2%; Pen-
nisetum typhoides-24.3%; Artemisia scoparia-24.3% and
Imperata cylindrica-23.3%) and fungal extracts (Phoma
hybernica-20.4% and Fusarium solani-17.5%).
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29k D g m——

20KDa |
L =

Fig. 1. SDS-PAGE (10%) profile of the whole body extracts of P. americana. CBB (Coomassie brilliant blue) was used for staining. (A) Lane 1- Molecular weight
marker, Lane 2- Adult extract prepared in 0.1M phosphate buffered saline (PBS) with freeze-dried source material (PA extract) and Lane 3- Adult extract prepared
in 125 mM ammonium bicarbonate buffer with freeze-dried source material. (B) Lane 1- Molecular weight marker, Lane 2- Adult extract prepared in PBS with
source material dried at 37 °C and Lane 3- Nymph extract prepared in PBS with freeze-dried source material.
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Fig. 2. ELISA inhibition: ELISA inhibition of three batches of PA extract (PA
extract 1, PA extract 2, PA extract 3) wherein 1 pg/well of PA extract 1 was
coated in microtiter plate and incubated with a mixture of cockroach hypersen-
sitive pooled patients’ sera (1:10 v/v dilution) and 0.1, 1, 10, 100 & 1000 ng of
PA extract 1, PA extract 2 and PA extract 3 taken separately as inhibitors;
ELISA inhibition of nymph extract prepared in PBS with freeze dried source
material (nymph extract); ELISA inhibition of adult extract prepared in PBS
with source material dried at 37 °C (37 °C extract) and ELISA inhibition of
3 commercial extracts (CE 1, CE2, CE3).

Specific IgE to P. americana in sera (n = 70) of cockroach
positive patients ranged from ODs 0.190 to 1.24. Twenty sera
samples (ODs 0.398—1.24) with OD’s >5 times of negative
control (OD 0.075) were taken for immunoblotting. Specific
IgE values with nymph extract in these 20 cockroach hyper-
sensitive patients’ sera (0.D’s. 0.375—1.29) were similar to
that of the PA extract (Fig. 3).

3.4. Allergenic proteins of P. americana

Immunoblot analysis of the PA extract with pooled pa-
tients’ sera showed 22 IgE reactive proteins (Fig. 4A). Normal
human sera used as a negative control did not show IgE reac-
tivity. Immunoblots with individual patients’ sera (n = 20)
demonstrated diversity in the IgE binding patterns (Fig. 4B).
Proteins of 38, 40, 72, 78 and 97 kDa reacted to 100%; 23,
35 and 49 kDa to 95% and 28 kDa to 80% of the cockroach
positive patients’ sera, and therefore, designated as the major
IgE binding components. The other protein components such
as 26, 22, 90, 83, 45 and 54 kDa reacted with 70%, 65%,

Table 1
Comparison of different P. americana extracts

65%, 60%, 55% and 40% of patients’ sera; the 31, 44, 51
and 115 kDa proteins reacted with 25% and the 60, 66 and
135 kDa reacted with 10%, 15% and 5% of the patients’ sam-
ples, respectively. The Per a 1 antibodies bound to 26 and
40 kDa allergenic proteins in the PA extract on immunoblot-
ting (data not shown).

The adult cockroach extract prepared in NH;HCO3 demon-
strated 15 IgE binding bands on probing with pooled patients’
sera (Table 1). The PBS extract with source material dried at
37 °C revealed 12 slightly diffused IgE binding bands with
pooled patients’ sera (Table 1). The IgE binding patterns and
intensity of IgE reactive bands varied (6 to 11 allergenic
bands) among commercial extracts (Fig. 5B) demonstrating
substantial difference with the PA extract. Nymph extract
demonstrated 22 IgE reactive bands, similar to the adult ex-
tract (PA extract) with pooled patients’ sera. However, 72
and 78 kDa bands in the nymph extract showed a higher inten-
sity of IgE binding (Fig. 4A).

4. Discussion

Cockroach extracts used currently for diagnosis of allergy
are standardized using w/v basis and skin tests on patients,
which do not measure the true quality of extract in terms of
individual allergen content and allergenic potency. Commer-
cial extracts for diagnosis and therapy are highly variable in
potency and presence of major allergenic components. These
discrepancies affect both outcome of diagnostic testing and
the administration of allergen immunotherapy [25]. The pres-
ent study was undertaken to obtain a consistent allergen prep-
aration of P. americana from indigenous source material
representing both major and minor allergens.

Prevalence of positive skin reactivity to cockroach allergens
has been reported from USA (17% to 41%), Taiwan (55%), Bra-
7il (55%) and Poland (24.3%) [5,6,10]. In present study, marked
positive skin reactivity to P. americana was observed in 53%
cases comparable to the reports from Taiwan and Brazil. But,
previous reports from India show cockroach sensitization in
the range of 8—26% by skin tests [16,17]. High incidence of
skin reactivity in the present study may be due to the use of po-
tent cockroach allergen extract. Variation in skin reactivity may
occur due to variable allergen content of the extracts used for

Allergen extract Protein content SDS-PAGE IgE Allergenic potency
(mg/gm of bands reactive (ng protein for
cockroach powder) bands 50% inhibition)

NH4HCO; (freeze-dried, adult) 100 34 15 —

PBS (PA extract) 150 45 22 9—12

PBS (freeze-dried, nymph) 200 45 22 8.5

PBS (dried at 37 °C, adult) 75 25 12 400

Commercial extract 1 90 22 9 750

Commercial extract 2 96 27 11 450

Commercial extract 3 50 11 6 >1000
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Fig. 3. Specific IgE values estimated by ELISA with adult (PA extract) and
nymph stage cockroach extract using hypersensitive patients’ sera. Absorbance
was read at 492 nm; Control — normal human sera.

testing, increase in sensitivity, change in life style of people with
greater exposure to indoor allergens, etc.

Earlier studies showed 28 protein bands on SDS-PAGE
[10] and 29—50 antigen-precipitin bands in P. americana
by crossed immunoelectrophoresis. Patterson and Slater
[26] demonstrated that commercial cockroach extracts are
highly variable in protein content, number of protein bands
and potency. This discrepancy may be attributed to differ-
ences in source material processing, extraction buffer used,
storage conditions, etc. In India, no cockroach reference
extract is available. The PA extract (used as a standard in
the present study) demonstrated significantly higher protein
content, number of protein bands (45), allergenic bands
(22) and potency as compared to the commercial extracts
(Table 1).

In previous studies P. americana allergens were identified
by analyzing fractionated extracts [10,27,28]. Wu et al. [13]
detected five proteins of 28, 32, 45, 72 and 78 kDa as major

A 1
97 kDa

66 kDa ==

43kDa |

29 kDa

20 kDa
14 kDa

allergens with a prevalence of >80%. In present study, 9
major IgE binding components of 23, 28, 35, 38, 40, 49,
72, 78 and 97 kDa were recognized by immunoblotting
with individual patients’ sera. The 72 and 78 kDa proteins
showed homology to arylphorin (Per a 3) an insect storage
protein [29]. While 38 kDa major allergenic protein reacting
with 100% of our patients correlates with Per a 7 [15]. Pro-
teins of 26, 31, 45, 51 kDa identified here can be designated
as Per a 1, which shows variations in molecular weights
[14]. Thus, PA extract contains allergens as identified in
previous studies and also establishes the importance of
few more allergenic components (23, 35, 40, 49 and
97 kDa). The disparity in IgE reactivity of present extract
and the extracts used in previous investigations may be
due to variability of allergenic components among extracts
and also the serum sources [12]. Both the nymph and adult
stages of P. americana abundant in the Indian household
demonstrated similar protein profile and IgE binding and
hence, either can be used for allergy diagnosis by skin test-
ing and RAST/ELISA.

Recently few major allergens from P. americana and
Blatella germanica were characterized as insect storage pro-
tein [29], tropomyosin [15], aspartic protease [30] and glu-
tathione-S-transferase [31]. Such immunodominant allergens
are being explored for diagnosis and therapy of cockroach
allergy [32]. In conclusion the present study demonstrates
an increase in cockroach sensitization in atopic subjects. Im-
munoblotting identified 9 major allergens in adult cockroach
extract (PA extract) comparable to nymph stage extract. P.
americana allergen preparation (PA extract) developed
here can be taken as in house reference standard for com-
paring future batches of extract relevant to management of
allergy.

2 C1C2

Fig. 4. (A) Immunoblot profiles of P. americana extracts with pooled patients’ sera. Lane 1- Nymph extract prepared in PBS with freeze-dried source material,
Lane 2- PA extract, Lanes C1 and C2- Nymph and PA extract probed with normal human sera respectively. (B) Immunoblots of PA extract with individual (n = 20)
hypersensitive patients’ sera (Lanes 1—20) shows IgE reactivity to cockroach allergens and Lane 21 probed with normal human sera.
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Fig. 5. (A) SDS-PAGE (10%) profile of commercial extracts of P. americana. Lane 1- Molecular weight marker, Lane 2- Commercial extract 1, Lane 3- Com-
mercial extract 2 and Lane 4- Commercial extract 3. (B) Immunoblot profiles of commercial extracts of P. americana with pooled patients’ sera. Lane 1- Com-
mercial extract 1, Lane 2- Commercial extract 2, Lane 3- Commercial extract 3, Lanes C1, C2 and C3- Commercial extract 1, Commercial extract 2 and

Commercial extract 3 probed with normal human sera respectively.

Acknowledgements

This work was supported by Council of Scientific and In-
dustrial Research, New Delhi.

Authors thank Mr. Dinesh Garg from V.P. Chest Institute,
Delhi for help in intradermal testing and blood collections.

References

[1] Bernton HS, Brown H. Insect allergy: the allergenic potentials of the
cockroach. South Med J 1969 Oct;62(10):1207—10.

[2] Kang B, Vellody D, Homburger H, Yunginger JW. Cockroach cause of
allergic asthma. Its specificity and immunologic profile. J Allergy Clin
Immunol 1979 Feb;63(2):80—6.

[3] Mendoza J, Snyder RD. Cockroach sensitivity in children with bronchial
asthma. Ann Allergy 1970 Apr;28(4):159—63.

[4] Arruda LK, Vailes LD, Ferriani VP, Santos AB, Pomes A, Chapman MD.
Cockroach allergens and asthma. J Allergy Clin Immunol 2001
Mar;107(3):419—28.

[5] Santos AB, Chapman MD, Aalberse RC, Vailes LD, Ferriani VP,
Oliver C, et al. Cockroach allergens and asthma in Brazil: identification
of tropomyosin as a major allergen with potential cross-reactivity with
mite and shrimp allergens. J Allergy Clin Immunol 1999 Aug;104(2 Pt
1):329-37.

[6] Stelmach I, Jerzynska J, Stelmach W, Majak P, Chew G, Gorski P, et al.
Cockroach allergy and exposure to cockroach allergen in Polish children
with asthma. Allergy 2002 Aug;57(8):701—5.

[7] Harwanegg C, Hiller R. Protein microarrays in diagnosing IgE-mediated
diseases: spotting allergy at the molecular level. Expert Rev Mol Diagn
2004 Jul;4(4):539—48.

[8] Gaur SN, Sanjay R, Ashish R. Prevalence of bronchial asthma and aller-
gic rhinitis among school children in Delhi. Intern Med J Thai
2004;20:8—13.

[9] Chhabra SK, Gupta CK, Chhabra P, Rajpal S. Prevalence of bronchial
asthma in school children in Delhi. Int Med J Thailand 2004;20:8—13.

[10] Wu CH, Lan JL. Cockroach hypersensitivity: isolation and partial char-
acterization of major allergens. J Allergy Clin Immunol 1988 Nov;82
(5 Pt 1):727-35.

[11] Stankus RP, Horner WE, Lehrer SB. Identification and characterization
of important cockroach allergens. J Allergy Clin Immunol 1990
Nov;86(5):781—7.

[12] Kang BC, Wilson M, Price KH, Kambara T. Cockroach-allergen study:
allergen patterns of three common cockroach species probed by allergic

sera collected in two cities. J Allergy Clin Immunol 1991 Jun;87(6):
1073—80.

[13] Wu CH, Hsieh MJ, Huang JH, Luo SF. Identification of low molecular
weight allergens of American cockroach and production of monoclonal
antibodies. Ann Allergy Asthma Immunol 1996 Feb;76(2):195—203.

[14] Melen E, Pomes A, Vailes LD, Arruda LK, Chapman MD. Molecular
cloning of Per a 1 and definition of the cross-reactive Group 1 cockroach
allergens. J Allergy Clin Immunol 1999 May;103(5 Pt 1):859—64.

[15] Asturias JA, Gomez-Bayon N, Arilla MC, Martinez A, Palacios R,
Sanchez-Gascon F, et al. Molecular characterization of American cock-
roach tropomyosin (Periplaneta americana allergen 7), a cross-reactive
allergen. J Immunol 1999 Apr 1;162(7):4342—8.

[16] Shivpuri DN, Shali PL, Agarwal MK, Parkash D, Bhatnager PL. Insect
allergy in India. Ann Allergy 1971 Nov;29(11):588—97.

[17] Chaudhry S, Jhamb S, Chauhan UP, Gaur SN, Agarwal HC,
Agarwal MK. Shared and specific allergenic and antigenic components
in the two sexes of American cockroach—Periplaneta americana. Clin
Exp Allergy 1990 Jan;20(1):59—65.

[18] Smith DL, Baldwin LD, Amend MJ, Kordash TR. Biologic potency and
immunoblotting studies of extracts of three cockroach species. Ann Al-
lergy Asthma Immunol 1995 Oct;75(4):317—23.

[19] Turkeltaub PC, Rastogi SC, Baer H, Anderson MC, Norman PS. A stan-
dardized quantitative skin-test assay of allergen potency and stability:
studies on the allergen dose-response curve and effect of wheal, ery-
thema, and patient selection on assay results. J Allergy Clin Immunol
1982 Nov;70(5):343—52.

[20] Singh BP, Sridhara S, Arora N, Gangal SV. Evaluation of protein assay
methods for pollen and fungal spore extracts. Biochem Int 1992
Jul;27(3):477—84.

[21] Lung function testing: selection of reference values and interpretative
strategies. American Thoracic Society. Am Rev Respir Dis 1991
Nov;144(5):1202—18.

[22] Adamopoulos G, Manolopoulos L, Giotakis I. A comparison of the effi-
cacy and patient acceptability of budesonide and beclomethasone dipro-
pionate aqueous nasal sprays in patients with perennial rhinitis. Clin
Otolaryngol Allied Sci 1995 Aug;20(4):340—4.

[23] Aggarwal S, Chhabra SK, Saxena RK, Agarwal MK. Heterogeneity of
immune responses to various Aspergillus species in patients with allergic
respiratory diseases. Indian J Chest Dis Allied Sci 2000 Oct;42(4):249—58.

[24] Gupta R, Singh BP, Sridhara S, Gaur SN, Chaudhary VK, Arora N. Al-
lergens of Curvularia lunata during cultivation in different media. J Al-
lergy Clin Immunol 1999 Oct;104(4 Pt 1):857—62.

[25] Weber RW. Allergen immunotherapy and standardization and stability
of allergen extracts. J Allergy Clin Immunol 1989 Dec;84(6 Pt 2):
1093—6.

applications, Biologicals (2006), doi:10.1016/j.biologicals.2006.07.004

Please cite this article in press as: V. Thangam Sudha et al., Biopotency and identification of allergenic proteins in Periplaneta americana extract for clinical




V. T. Sudha et al. | Biologicals xx (2006) 1—7 7

[26] Patterson ML, Slater JE. Characterization and comparison of commer-
cially available German and American cockroach allergen extracts.
Clin Exp Allergy 2002 May;32(5):721—7.

[27] Twarog FJ, Picone FJ, Strunk RS, So J, Colten HR. Immediate hypersen-
sitivity to cockroach. Isolation and purification of the major antigens. J
Allergy Clin Immunol 1977 Feb;59(2):154—60.

[28] Schou C, Lind P, Fernandez-Caldas E, Lockey RF, Lowenstein H.
Identification and purification of an important cross-reactive allergen
from American (Periplaneta americana) and German (Blattella germanica)
cockroach. J Allergy Clin Immunol 1990 Dec;86(6 Pt 1):935—46.

[29] Wu CH, Lee MF, Liao SC, Luo SE. Sequencing analysis of cDNA
clones encoding the American cockroach Cr-PI allergens. Homology

[30]

[31]

[32]

with insect hemolymph proteins. J Biol Chem 1996 Jul 26;271(30):
17937—43.

Arruda LK, Vailes LD, Mann BJ, Shannon J, Fox JW, Vedvick TS, et al.
Molecular cloning of a major cockroach (Blattella germanica) allergen,
Bla g 2. Sequence homology to the aspartic proteases. J Biol Chem
1995 Aug 18;270(33):19563—8.

Arruda LK, Vailes LD, Platts-Mills TA, Hayden ML, Chapman MD.
Induction of IgE antibody responses by glutathione S-transferase from
the German cockroach (Blattella germanica). J Biol Chem 1997 Aug
15;272(33):20907—12.

Arruda LK. Cockroach allergens. Curr Allergy Asthma Rep 2005 Sep;
5(5):411—6.

Please cite this article in press as: V. Thangam Sudha et al., Biopotency and identification of allergenic proteins in Periplaneta americana extract for clinical

applications, Biologicals (2006), doi:10.1016/j.biologicals.2006.07.004




	Biopotency and identification of allergenic proteins in Periplaneta americana extract for clinical applications
	Introduction
	Material and methods
	Preparation of cockroach extract
	Patient selection and collection of sera
	SDS-PAGE analysis
	Immunoblotting
	Enzyme linked immunosorbent assay (ELISA)
	ELISA inhibition

	Results
	Total protein content and profile of extracts
	Biopotency of extracts
	Skin reactivity and specific IgE to P. americana
	Allergenic proteins of P. americana

	Discussion
	Acknowledgements
	References


