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Abstract. Whole-body extracts of the feral and peridomestic Asian cockroach (Blattella asahinai) and the
three domestic cockroach species, German (Blattella germanica), American (Periplaneta americana), and Or-
iental (Blatta orientalis), were compared allergenically using an IgE serum pool from 4 German cockroach sen-
sitive individuals. In crossover radioallergosorbent inhibition analysis, the Asian cockroach shared allergenic
activity primarily with the German cockroach polymer and to a lesser extent with either the American or Or-
iental cockroach polymers. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and thin-
layer isoelectric focusing analysis of the extracts showed similar although varying intensities of Coomassie
blue stained banding patterns among five extracts analyzed. Electroblotting analysis with 12.5% SDS-PAGE of
the whole-body German cockroach extract and IgE serum from individuals sensitive to German cockroach re-
vealed eight allergenic components with apparent molecular weights of 92, 80, 67, 48, 36, 27, 25 and 18 kD.
Five components could be identified in the whole-body extract of the Asian cockroach corresponding to ap-
parent molecular weights of 92, 67, 48, 40, and 32 kD. Analysis of individual serum by immunoblot analysis
with each of the cockroach extracts showed considerable heterogenicity in the IgE-binding pattern. Although
the Asian cockroach demonstrated considerable cross-reacting allergenic components to German and rela-
tively fewer cross-reacting allergenic components to either the Oriental or American, it is too early to establish
genus- or species-specific cockroach allergens. It is important to point out that German cockroach sensitive in-
dividuals should be made aware of the potential exposure of Asian cockroach aeroallergens both indoors and
outdoors in areas with high infestations of Asian cockroaches.

Introduction

Although over 4,000 species of cockroaches have
been described worldwide, most are feral and are
rarely encountered by man. Only about 50 species are
pestiferous, and only 8 or 10 substantially affect our
health and welfare [1]. Generally, these species origi-
nated in Africa and Asia and have infested most con-
tinents via commerce routes [2]. Most are peridomes-
tic, such as the American (Periplaneta americana)and
oriental cockroaches (Blatta orientalis). These occur
commonly in households throughout most of the Un-
ited States, but also dwell in sewers and other habitats
adjacent to homes. In contrast, the German cock-
roach, Blattella germanica, is strictly domestic; popu-
lations rarely survive outside of buildings. Today it is
the most common household pest in all 50 states. In

recent years, several studies have documented respira-
tory sensitization to cockroach allergens of these
species [3-9]. A clear demonstration of both an im-
mediate and late-asthmatic reaction has been demon-
strated by bronchoprovocation testing with cock-
roach antigen among patients with extrinsic asthma
[10, 11].

During the early 1980s, a new cockroach species
was introduced inadvertently into Florida [12]. Called
the Asian cockroach (Blattella asahinai), it differs be-
haviorally from other pest species. Asian cockroaches
are feral and peridomestic with populations in lawns
and leaf litter commonly exceeding 100,000 per acre
[13, 14]. Adults are strong fliers and are attracted to
light-colored walls or brightly lit areas at sunset. Con-
sequently, the species readily enters buildings and will
infest homes, warehouses, stores, and restaurants.
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Some involvement with agriculture also has been re-
ported [15]. Since 1986, Asian cockroaches have
spread from three counties in Florida to about 17.
One infestation was confirmed in Michigan, resulting
from passive transport in a recreational vehicle. Thus,
distribution of this species, and problems associated
with it, likely will expand with time.

Asian cockroaches are so closely related morpho-
logically and phyletically to German cockroaches
that hybridization can occur [16, 17]. Consequently,
we elected to study the allergenic cross-reactivity of
the prominent allergens from these species using the
serum of persons hypersensitive to the German cock-
roach allergens. Our aim in the present study was to
determine if allergens present in whole-body extracts
of German, American, and Oriental cockroaches
shared cross-reactive allergens with allergens in
whole-body extracts of the recently identified Asian
cockroach [12].

Materials and Methods

Lyophilized (powdered, defatted) American, German, and Or-
iental cockroaches were supplied by Dome/Hollister-Stier Labo-
ratories (Spokane, Wash., USA). Frozen whole-body Asian and
German (Orlando strain) cockroaches (male and female) were ob-
tained from research colonies maintained at Insects Affecting Man
and Animals Laboratory (USDA-ARS, Gainesville, Fla., USA).
These colonies were fed a diet of Purina Rodent Laboratory Chow.

To prepare extracts from the commercially prepared lyophi-
lized powdered cockroach preparations, phosphate-buffered saline
(PBS) was added (20 ml/g) and extraction performed at 4°C for
48 h with end-over-end tumbling. The extracts were clarified by
centrifugation and the supernatant collected and stored at —20°C
or as a 50% (v/v) glycerinated extract at 10°C. Frozen whole-body
Asian and German cockroaches were separately crushed in a mor-
tar and pestle, defatted for 3 h with petroleum ether in a Soxhlet ex-
tractor, and dried at room temperature. Defatted cockroaches were
weighed and extracted (1:10, w/v) in PBS as described above. Pro-
tein was determined by the BCA procedure (Pierce Chemical Co.,
Rockford, Illinois) using bovine serum albumin as a standard.

Human IgE antibodies: A serum pool containing elevated IgE
to German cockroach allergens was prepared using sera from 4 ur-
ban patients from Chicago who were cockroach sensitive as deter-
mined by clinical history, skin test, and radioallergosorbent testing
(RAST; sera kindly provided by Dr. Bann Kang, University of
Kentucky, Lexington, Ky., USA). None of the patients was receiv-
ing cockroach immunotherapy.

Preparation of Solid-Phase Allergens

Solid-phase allergens were prepared using conventional proce-
dures [18]. The three Dome/Hollister-Stier (D/H-S) cockroach
preparations (American = D/H-S Am, German = D/H-S Ger, and
Oriental = D/H-S Or) were coupled to polyacrylamide beads (Ma-

trex Pel 102; Amicon, Lexington, Mass., USA), and the two extract
preparations from the USDA (Asian and Orlando German) were
coupled to Avicel microcrystalline cellulose (Brinkman Instru-
ments, Des Plaines, Ill., USA). The Orlando German cockroach is
the WHO insecticide-susceptible reference strain. Fifty microliters
of the respective extract (1:10, w/v) was reacted with 500 mg of
support in 0.05 M borate buffer, pH 8.0 (total reaction volume
7.5 ml). Mixtures were tumbled end-over-end overnight at 4°C and
washed with borate buffer until the optical absorbance at 277 was
less than 0.05. Greater than 90% of the material applied was cou-
pled to the respective solid support. Solid-phase supports were di-
luted to 1 mg/ml with RAST diluent and stored at 4°C.

Measurement of Allergenic Activity

The allergenic activity was determined by RAST inhibition as-
says with various solid-phase allergens and a pool of German cock-
roach-reactive sera as described [18]. Briefly, in stage 1, 500 ul of
support, 50 ul of pooled serum, and varying amounts of free al-
lergen (inhibitor) in a total volume of 1.0 mli (sufficient quantity
with RAST diluent) in a 5-ml test tube were mixed with constant
agitation overnight at room temperature. Mixtures were washed
three times with RAST wash the following day and in stage II
100 ul of radiolabeled sheep antihuman IgE (200 ng/ml) and 900 pl
of RAST diluent were mixed as above. The mixtures were washed
three times and counted in a gamma scintillation counter. Assay re-
sults were analyzed by regression analyses (percent inhibition vs.
log dilution inhibitor) using a Hewlett-Packard 9845 B computer
(Hewlett-Packard, Palo Alto, Calif., USA).

Thin-Layer Isoelectric Focusing (TLIEF) and

Blotted Radioisoelectric focusing (BRIEF)

TLIEF was performed using LKB PAG plates (pH 3.5-9.5) and
the LKB Multiphor system (LKB Pharmacia, Piscataway, N.J.,
USA). Replicate samples were applied at the cathode margin and
run at constant current for 45 min at 10°C; wicks containing the ex-
tracts were removed and electrofocusing continued at 900 V for
60 min at 10°C. After electrofocusing, one replicate pattern was re-
moved and stained with Coomassie blue following the LKB stain-
ing procedure. BRIEF was carried out with the remaining un-
stained portion of the gel capillary transfer to a nitrocellulose mem-
brane for 3 h [19]. The remaining active sites on the nitrocellulose
blot were blocked with PBS containing 0.5% Tween 20 for 60 min at
room temperature. The nitrocellulose print was incubated with the
human IgE pools (1:3 v/v RAST diluent) overnight at room tem-
perature, washed three times (30 min each in PBS), and incubated
with 10 ml radiolabeled sheep antihuman IgE (20 ng/ml) overnight
at room temperature. The immunoprint was washed three times as
above and exposed to X-Omat X-ray film with intensifying screens
(Kodak) at —70°C. X-ray film was developed in a Kodak X-
Omatic developer following different storage periods (1-5 days).

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

(SDS-PAGE) Immunoblotting

SDS-PAGE was performed using a 12.5% resolving gel follow-
ing the method of Laemmli [20]. Protein samples were heated at
100°C in the presence of 0.5% SDS and 5% 2-mercaptoethanol for
3 min prior to electrophoresis. Replicate samples were applied in a
3% stacking gel and electrophoresed at 20 mA/gel until the tracking
dye reached the end of the gel. The gel was divided and one portion
stained with Coomassie brillant blue (Bio-Rad Laboratories), or
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Fig. 1. RAST inhibition results using D/H-S Ger cockroach polymer (a), Asian cockroach polymer (b), Orlando German cockroach
polymer (c), D/H-S Am cockroach polymer (d), and D/H-S Or cockroach polymer as solid-phase allergens (e). German cockroach-
reactive human IgE antibody pool and various fluid-phase inhibitors; —— = D/H-S Ger extract; - - ----- = D/H-S Am ex-
tract; ————— - = D/H-8 Or extract; — - - —— = Asian extract; +—— = Orlando German extract. In the absence of inhibitors
this serum pool produced binding of 8.24% (a), 3.95 (b), 3.34 (c), 3.54 (d), and 2.93% (e) of total counts, respectively. Normal serum used as
controls produced binding of 0.07% (a), 0.21 (b), 0.12 (c), 0.16 (d), 0.15 (e) of total counts, respectively.

protein bands were transferred to nitrocellulose membranes [21]. Results

Transfer was effected using the Bio-Rad transblot apparatus at a

constant voltage of 15 V overnight. Following transfer, nitrocellu- RAST Inhibition

lose membranes were washed in PBS containing 0.5% Tween 20 for . .

60 min to block the remaining active sites. Nitrocellulose mem- Cockroach extracts covalently linked to solid sup-

branes were then prepared for immunoprint analysis as outlined ~POTts were used to analyze the cross-reactivity of
for BRIEF analysis. fluid-phase extracts in RAST inhibition experiments
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Fig. 2. a Coomassie blue 8.1
stained TLIEF gel (pH 3.5-9.5). b -
Autoradiography of TLIEF gel
blot using serum from a nonaller- 7.3
gic control (left) and German cock- 6.8
roach-reactive human IgE serum 65

pool (right) and radiolabeled anti-
IgE. Lanes from left to right repres-
ent isoelectric point (pl) markers: 58
lane 1 = D/H-S Ger cockroach ex-
tract; lane 2 = Orlando German

cockroach extract; lane 3 = Asian 5.2
cockroach extract; lane 4 = D/H-S
Am cockroach extract; lane 5 = D/ &5

H-S Or cockroach extract. Approx-
imately 200 pg of each extract was
applied at the application site indi-
cated by the arrow.

3.5

(fig. 1). Each of the extracts was tested for its ability to
inhibit binding of IgE from pooled German cock-
roach sensitive individuals to the solid-phase prepara-
tions. In all of the solid-phase systems tested, the
Orlando German and D/H-S German cockroach
extracts showed extensive cross-reactivity with the
Asian cockroach polymer, all cockroach extracts
showed appreciable inhibition. With either the D/
H-S Am or D/H-S Or cockroach polymers, less than
40% inhibition was shown with the Asian cockroach
extract, even at the highest inhibitor concentration
tested. Only with the D/H-S Am and D/H-S Or cock-
roach polymer system was the rank order at the 50%
inhibition level the same (D/H-S Ger > D/H-S Or >
D/H-S Am > Orlando German > Asian) irrespective
of the slope of the curve. Although the D/H-S Or and
D/H-S Am cockroach extracts failed to inhibit more
than 40% in the D/H-S Ger cockroach polymer sys-
tem, these two extracts showed good inhibitory capa-
bilities in the other solid-phase system. We concluded
that our IgE serum pool used in these assays had an-
tibodies which recognized allergens presented in each
of the polymers, and an appreciable degree of cross-
reactivity was demonstrated.

However, the results suggested that considerable
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heterogeneity exists with respect to epitope density
and expression of these allergens on the solid-phase
systems analyzed.

TLIEF/BRIEF

Analysis of the five extracts by TLIEF showed sim-
ilar staining patterns between pH 3.5 and 7.0 with no
cathodal bands evident (fig.2a). A remarkable sim-
ilarity in the extracts are evident in the pH 3.5-5.5 re-
gion of the gel, with less similar banding patterns evi-
dent in the pH 5.5-7.0 region of the gel. Intense stain-
ing was seen at approximately pH 6.0 for Orlando
German and D/H-S Ger cockroach extracts, whereas
less intense staining was noted at pH 5.8 for the D/
H-S Am cockroach extract and even less intense with
the Asian and D/H-S Or extracts. The complexity of
the staining pattern was also evident in BRIEF analy-
sis (fig. 2b). Prominent radiostaining was seen in the
pH 6.0, 6.2, and 5.4 regions of the autoradiograph for
D/H-S Ger, Orlando German, Asian, and D/H-S
Am extracts.

SDS-PAGE/Immunoblot
Approximately 200 ug of the cockroach extracts was
applied to a 12.5% SDS-PAGE gel. Coomassie blue stain-
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Fig. 3. a Coomassie blue stain of SDS-PAGE (12.5%) gel using
cockroach extract. b Autoradiography of SDS-PAGE gel blot using
German cockroach reactive human IgE serum pool and radiola-
beled anti-IgE. Lanes from left to right: lane 1 = molecular weight
(MW) markers; lane 2 = D/H-S Ger cockroach extract; lane 3 =
Orlando German cockroach extract; lane 4 = Asian cockroach ex-
tract; lane 5 = D/H-S Am cockroach extract; lane 6 = D/H-S Or
cockroach extract. Approximately 200 pg of each extract was ap-
plied.
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Fig. 4. Autoradiography of SDS-PAGE gel blot using German cockroach reactive human IgE from individuals used to prepare the IgE
serum pool and radiolabeled anti-IgE. a Asian cockroach extract blots (350 pg). b D/H-S Ger cockroach extract blots (353 pug). ¢ Orlando
German cockroach extract blots (353 pg). d D/H-S Am cockroach extract blots (382 pg). e D/H-S Or cockroach blots (349 pg). In each
panel, lane 1 = German cockroach reactive human IgE serum pool; lanes 2-5 = German cockroach reactive human IgE from 4 individuals
(patients 1-4) used to prepare the serum pool; lane 6 = control serum from a nonallergic individual. In a direct RAST analysis using a Ger-
man cockroach polymer, each serum bound 4.0, 5.4,9.7, 13.1, 8.5, and 0.2 total counts, respectively. MW = Molecular weight.




Shared Allergenic Activity among Four Species of Cockroaches

159

ing patterns of the gel demonstrated heterogeneity in
both the staining intensity among the extracts and within
each extract (fig.3a). The D/H-S Or cockroach extract
showed the least intense staining, even though 200 pg of
protein equivalent was applied. The Orlando German
and D/H-S Ger cockroach extracts were very similar
with the darkest staining bands having apparent molecu-
lar weights of 43, 48, 67, and 92 kD. Two distinct bands
at approximately 92 kD in the Asian cockroach extract
can be identified in the Orlando German cockroach ex-
tract and as only one band in the same region in the D/
H-S Am cockroach extract. Several bands can be ident-
ified below the 45-kD region in each of the extracts; how-
ever, they are less distinct. The immunochemical charac-
teristics of the crude extracts are shown in the autoradio-
graph from immunoblot analysis using cockroach-reac-
tive human IgE and radiolabeled anti-IgE (fig. 3b). In the
Orlando German and D/H-S Ger cockroach lanes, eight
radiostained bands can be clearly identified with appar-
ent molecular weights of 18, 25, 27, 36, 48, 67, 80, and
92 kD. Four bands at 32, 40, 48, and 67 kD and two addi-
tional bands at approximately 92 kD are prominent in
the Asian cockroach extract. The D/H-S Am cockroach
extract showed bands at 36, 67, and 92 kD, and only the
36-kD band was evident in the D/H-S Or cockroach ex-
tract. In both the Orlando German and Asian cockroach
extracts the 36-kD band is less prominent and show
bands on either side of this major staining band when
compared to the three commercial preparations.

We further analyzed the extent of IgE-binding
components in the various extracts by using the indi-
vidual sera used to prepare our serum pool and a neg-
ative control serum against each of the cockroach ex-
tracts (fig. 4). The heterogeneity of the IgE-binding
patterns demonstrated by individual serum to each
cockroach extract is apparent. Sera 1 and 2 contained
IgE directed to only a few components, and serum
No. 6 (negative control) failed to bind any component
in the extracts tested. Serum No.S5 in the Orlando
German immunoblot strip was also negative, suggest-
ing a technical problem with this immunoblot, be-
cause serum No. 5 reacted extremely well in the re-
maining blots tested. Consistent throughout the indi-
vidual immunoblots is the radiostaining of bands
with apparent molecular weights of 36, 48, 67, and
92 kD. Although all cockroach-reactive sera tested
contained IgE antibodies in the immunoblots, each
sera demonstrated unique binding patterns, showing
the heterogeneity in individual responses to cock-
roach allergens.

Discussion

Using a serum pool from individuals clinically de-
fined as German cockroach sensitive we performed
RAST inhibition, TLIEF/BRIEF, and SDS-PAGE/
immunoblot analysis with crude whole-body extracts
of five cockroach preparations. We were able to
demonstrate cross-reactive allergens by RAST inhibi-
tion among all cockroach species tested. We further
indentified acidic components (pH 4-6) and sepa-
rated up to eight allergens by SDS-PAGE/immuno-
blot analysis with apparent molecular weights of 18,
25, 27, 36, 48, 67, 80, and 92 kD. Although 200-ug
protein equivalents of D/H-S Am and D/H-S Or
whole-body extracts were analyzed by SDS-PAGE/
immunoblot analysis, an insufficient or total lack of
antigens would account for the diminished number of
bands identified by our serum pool. Alternately, the
total protein content could be subject to the limita-
tions applied to allergenic extracts in which complex
mixtures of proteins, carbohydrates, stabilizing
agents, and preservatives may interfere with the de-
tection of their complex mixtures.

The extent of cross-reactivity to American and
German whole-body extracts to whole-body German
cockroach polymers in our studies is in agreement
with the prior studies by Richman et al. [4]. Data ob-
tained by RAST inhibition in their studies indicated
that allergens of German and American cockroach
extract preparations demonstrated little cross-reactiv-
ity. Our cross-inhibition studies demonstrated similar
low levels of cross-reactivity using either D/H-S Am
or D/H-S Or cockroach extracts as inhibitors with D/
H-S Ger cockroach extract solid-phase polymer and a
German cockroach sensitive IgE antibody serum
pool. However, all fluid-phase extracts showed a
good RAST inhibition using the Asian cockroach ex-
tract solid-phase polymer and the IgE serum pool.
Conversely, the Asian extract showed little inhibitory
capacity with either D/H-S Am or D/H-S Or cock-
roach extract solid-phase polymers and IgE serum
pool. Although direct RAST indicated that extracts of
whole bodies, cast skins, and egg cases of the German
cockroach contained the clinically relevant allergens
[4], RAST inhibition studies demonstrated cross-inhi-
bition to American hemolymph by American, Ger-
man, and Brown-banded cockroach whole-body ex-
tracts [22]. Collectively, these results suggest that the
allergen concentration and/or presentation exposed
on the polymers may vary significantly and lead to an
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oversimplification or misinterpretation of the results.
Shared epitopes on allergens may be present among
all cockroach species and could be dependent on dif-
ferences in the respective allergen concentration. A
simple variation in the qualitative/quantitative dis-
play of antigens/allergens on solid-phase polymers,
respectively, or in extracts would account for the re-
duced inhibitory capacity of one extract with respect
to other extracts. Moreover, the heterogeneous IgE
antibody response seen when individual sera are
reacted with the respective extracts and the pooling of
these sera may account for the diverse inhibition
demonstrated in analyses using pooled IgE serum.

Although it has been regarded that the German
cockroach is the most widespread pest and, therefore,
has the highest immunogenic potential, environmen-
tal exposure to any species of cockroach will play an
important role in cockroach sensitivity. Environmen-
tal surveys conducted by Stankus and O’Neil [23] con-
firmed the presence of both American and German
cockroach species in households studied in New Or-
leans. Skin test analysis with American and German
whole-body extracts demonstrated reactivity to Ger-
man whole-body extract alone in only 2 subjects and
reactivity to both in 52 of 100 atopic subjects tested.
Skin prick test, direct RAST, and RAST inhibition
supported their theory on the occurrence of species-
specific and shared interspecies allergens existing in
cockroach extracts. Our data using RAST inhibition
and SDS-PAGE/immunoblot analysis would be in
direct agreement with their hypothesis.

Twarog et al. [8] were able to show concordance of
skin test reactivity to crude American and German
whole-body extracts. They also identified three major
allergens with apparent molecular weights of < 10,
25, and 63-65 kD using sequential purification steps
on Sephadex G-75, DEAE-cellulose, and agarose gel
electrophoresis. However, no concordance was
shown among individuals having positive skin tests
with their purified components, suggesting to them
that sensitization to each was independent and that
their proteins did not merely represent complexes of
smaller subunits. Although we have not isolated simi-
lar components, our gel electrophoresis-immunoblot
analysis suggests that allergenic components with rel-
ative molecular weights of 25 and 67 kD in both Asian
and German whole-body extracts may be similar to
the components described in their studies. Wu and
Lan [24] recently identified nine allergenic compo-
nents of molecular weights ranging from 26 to 120 kD

which bound IgE in electroblotting analysis, two of
which (72 kD and 78 kD) bound 100% of the sera
from atopic patients sensitive to the American cock-
roach. Taken together, although variable molecular
weights have been assigned to allergenic components,
it would appear that major cross-reactive allergens
exist and further suggest that common interspecies
and possibly species-specific allergens may exist.

In summary, RAST inhibition and SDS-PAGE/
immunoblot analysis have revealed common IgE-
binding components in crude whole-body extracts
from at least four cockroach species including B. asa-
hinai, the Asian cockroach. Clearly the introduction
of the Asian cockroach into the environment of Flor-
ida and the extensive cross-reactivity of allergens
shared with the German cockroach will increase the
potential allergen burden to cockroach-sensitive indi-
viduals. It is premature to assess the clinical impor-
tance of this potential based on the present studies;
however, cockroach allergens with apparent molecu-
lar weights of 25, 36, 67, and 92 kD may be consid-
ered as principal cockroach allergens. Further isola-
tion and characterization of genus and species-spe-
cific cockroach allergens are needed to confirm the
molecular identity of these allergens. Studies are in
progress to purify and characterize the major IgE-
binding components of both the Asian and the Ger-
man cockroach.
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