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Identification of a German Cockroach-specific Allergen by
Human IgE and Rabbit IgGt

R.M. Helm, E.O. Bandele, M.C. Swanson, A.R. Campbell, S.R. Wynn
Departments of Immunology and Pediatrics, Allergic Diseases Research Laboratory, Mayo Medical School, and
Mayo Clinic and Foundation, Rochester, Minn., USA

Abstract. To further study the immunology of insect hypersensitivity, we identified and partially character-
ized the principal allergens in whole body German cockroach (WBGCR) (Blattella gennanica) and compared
this extract to whole body antigens prepared from other insects. WBGCR extract was fractionated over a cali-
brated Sephadex G-200 column; peak allergenic activity was contained in fraction 3 (GCR3), containing com-
ponents with apparent molecular weights ranging from 12,500 to 75,000 daltons. The antigenicity, aller-
genicity, and specificity of GCR3 components were tested by using rabbit antisera raised to GCR3 or true
armyworm (Pseudaletia unipuncta). Radioimmunoassay, cross-inhibition and immunoblot studies revealed,
particularly in the IgE system, that GCR3 contained an allergen with a pI of ó.7 and MW of36,000 daltons that
was unique to WBGCR extracts and not present in other insect species, including true armyworm, caddis fly,
lakefly, yellow jacket, or honeybee. This GCR3 component may represent a specific marker for the diagnosis
ofcockroach hypersensitivity in an insect-sensitive population ofindividuals.

Int Arch Allergy Appl Immunol 1988;87:230-238

Introduction

Cockroach hypersensitivity has recently become of
increasing importance in allergic diseasds, especially
asthma t1-51. Almost half  of economical ly disadvan-
taged patients in large urban areas of the United
States give positive skin tests and bronchial provoca-
tion tests to cockroach extract f3, 6, 7]. One report
indicated that cockroach hypersensitivity was even
more prevalent than ragweed hypersensitivity t8l.
Cockroaches, dead and/ or alive, may infest houses
for long periods, depending in part on the geographic
area and on the hygienic status of the house. Richman
et al.  [1] found that most of the al lergenic activi ty of
the German cockroach was extractable from whole
body and cast skins.

Using sera from cockroach-sensitive humans and
hyperimmune sera from rabbits immunized with an
al lergenic fract ion of German cockroach (GCR3),
Blattella germanica (order: Dictyoptera), we have at-

I  Supported in part by the Mayo Foundation by USpHS contract
Al-72621 and grant Al-21255.

tempted to identify and characterize the principal
cockroach allergens and antigens. We further studied
whether cockroach al lergens and antigens were pres-
ent in extracts of other insect orders. The German
cockroach was specifically chosen for the study be-
cause i t  is one of the most widespread, not only in the
United States, but in the world, and i t  is also highly
resistant to several insecticides [9, l0].  I ts immuno-
genic potential is greater than that of American or
Oriental cockroach, as well  [  ,  l0].

Materials and Methods

Insect Extracts
Frozen cockroaches were supplied by Holl ister-Stier Laborator-

ies (Spokane, Wash.). Whole insects were snap frozen in l iquid ni-
trogen, lyophilized, defatted for 4 h with ether in a Soxhlet extrac-
tor, and dried at room temperature. Defatted cockroaches were
weighed,  crushed in  a  mor tar  and pest le ,  and ext racted ( l :10,  w:v)
in 200 mMammonium bicarbonate. The whole body German cock-
roach{WBGCR) extract was clari f ied by centr i fugation and dia-
lyzed against 50 mM ammonium bicarbonate using nominal
3,500 MW cutoff casing (Spectrum Medical Indtrstr ies, Inc., Los
Angeles, Calif.). The dialyzed extract was again clarified by centri-
fugation and divided into two al iquots. To one was added an equal
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volume of glycerine, while the other was lyophil ized. The extracts
were then stored at -20"C.

An extract of true armyworm (TAW), Pseudaletia unipuncta
(Haworth) (order: Lepidoptera), was prepared in a similar way, us-
ing insects kindly provided by Dr. Wil l iam Showers (Research En-
tomologist,  Agricultural Research Services, Ankeny, Iowa). 'Lake-
f l ies'  (LF) (mayfl ies; order: Ephemeroptera) were col lected local ly
during a mid-summer swarm and an extract prepared from whole
insects in a similar fashion to that for WBGCR. Powdered whole
body caddis f ly (CF) (order: Trichoptera), yel low jacket (YJ) and
honeybee (HB) (order: Hymenoptera) were purchased from Holl is-
ter-Stier Laboratories and extracted in 200 mM ammonium bicar-
bonate in  the fo l lowing w:v  ra t ios :  HB ( l  :20) ,  YJ ( l  :  l0 ) ,  CF( l  :  l0 ) .

Fractionation of Cockroach Extract
Gel f i l t rat ion was performed at 4"C on a cal ibrated 2.5 x 100 cm

Sephadex C-200 column equil ibrated and eluted with 200 mM am-
monium bicarbonate at l5 mllh. Eight separate appl icat ions
(5-10 mg each) of lyophil ized WBCCR extract were fract ionated
on the column. Five-mil l i l i ter al iquots were monitored for spectro-
photometric absorbance at 280 nm and pooled into four separate
fract ions based on elut ion profì les. The protein concentrat ion of
each pooled cockroach fract ion was determined by the method of
Lowry et al.  I  I ] .

Rabbit Antibodies
Six rabbits each were immunized intradermally with 25 ug/kg

of either German cockroach fract ion 3 (GCR3), the cockroach frac-
t ion with the highest al lergen activi ty, or with crude TAW, with
booster inject ions at 4. 6 and l0 weeks. Antigens were administered
in complete Freund's adjuvant for the f irst inject ion, then incom-
plete Freund's adjuvant subsequently. The sera were harvested at
the l2 th  week.

IgG antibodies to GCR3 and TAW were isolated at pH 7.8 by
precipitat ion in 35% saturated ammonium sulfate. The precipitated
immunoglobul ins  were taken up to  the i r  or ig ina l  vo lume in  phos-
phate-buffered sal ine (PBS) (pH 7.4), dialyzed against addit ional
PBS, and clari f ied by centr i fugation.

Human IgE Antibodies
A human serum pool containing elevated specif ic tgE for cock-

roach was prepared using sera from l2 urban patients who were
coackroach-sensit ive, as determined by both radioal lergosorbent
test (RAST) assay and skin test ing (sera kindly supplied by Dr.
Bann Kang, University of Kentucky, Lexington, Ky.).  A simliar
pool was made with sera from 2 individuals having summer and
fal l  rhinit is who were screened by RAST for elevated IgE to TAW
and who had no history of known cockroach exposure. One of
these patients experienced rhinit is on exposure to seasonal swarms
of chironomids near Lake Winnebago, Wisc.

Preparation of Solid- Phase Allergens
Solid-phase al lergens were prepared by adsorbing WBGCR,

GCR3,  or  TAW ext racts  (0 .1  ml )  to  Immulon-2 microt i ter  s t r ips
(Dynatech Laboratories, Inc., Alexandria, Va.). By checkerboard
ti trat ion, optimal al lergen adsorption was determined to be 2.6 pg
of protein in 100 m M carbonate buffer, pH 9.2. The plates were in-
cubated overnight at room temperature and washed th.ree t imes
with RAST buffer (200 mM phosphate buffer, l% Tween 20, p.H
7.4\ .

0 't00 200 300 400 500
Cumula t ive  vo tume,  mt

Fig. l .  Gel f i l t rat ion of WBGCR extract on a cal ibrated Sepha-
dex G-200 column. Shaded bars represent the percent counts bound
in direct RAST assay using each pooled fract ion (fract ions l-4) as a
sol id-phase and pooled sera from cockroach-sensit ive persons.
Serum from a nonsensit ive control individual produced RAST
binding oî <0.20h with each fract ion. The vert ical arrows indicate
elut ion volumes of protein markers of varying molecular weights,
including from left  to r ight, blue dextran (MW 2,000,000), ferr i t in
(MW 460,000), catalase (MW 235,000), bovine serum albumin
(BSA) (MW 66,000) ,  and cytochrome C (MW 12,400) .

M easurement of Allergenic Activity
Al lergenic activi ty was measured by RAST inhibit ion assays in

which various quanti t ies of cockroach (WBGCR, GCR3) or TAW
extracts were incubated in al lergen-coated plates along with either
human IgE antibody pool (undi luted) or rabbit IgG antibody pre-
paration ( l :100). The plates were incubated overnight in a humid
chamber, washed thrice with RAST buffer, then incubated with
20 ng of  e i ther r rs l -ant ihuman IgE or r rs l -pro te in  A.  The p la tes were
further incubated at room temperature overnight, washed as be-
fore, and counted in a gamma scint i l lat ion counter. Assay results
were analyzed by regression analysis (percent inhibit ion vs. log in-
hibitor protein added) using a Hewlett-Packard 98458 computer
(Hewlett-Packard Co., Palo Alto, Cali f .) .

Affinity Ch romat ogr aph y
To render the rabbit IgG anti-GCR3 specifìc for cockroach an-

tigens, it was further purified by affinity chromatography. A mix-
ture of 1.0 ml each of whole body insect extracts including TAW,
CF,  two separate  preparat ions o f  LF ( l :10,  w:v)  and HB ( l :20,

w:v) in 200 mM ammonium bicarbonate (total volume, 5.0 ml) was
reacted with 5.0 ml CNBr-activated Sepharose 48, which was then
washed exhaustively with 200 mM ammonium bicarbonate to re-
move unbound antigens. The rabbit IgG anti-GCR3 antiserum was
sequential ly absorbed with three fresh al iquots of whole body in-
sect-Sepharose, and the absorbed IgG antiserum in turn was cou-
pled to activated Sepharòse 48 (30 mgIgG/5 packed gel).  WBGCR
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Fig.2. RAST inhibit ion results using: (A) WBGCR; (B) GCR3,
and (C) TAW as the sol id-phase al lergens, cockroach-sensit ive hu-
man IgE serum pool and various f luid-phase inhibitors: O :

GCR3I A : WBGCR; t :  TAW. In the absence of inhibitors, this
serum pool produced binding of 15.3% (A), 13.8% (B), and 3.9%
(C) total counts, respectively. A normal serum used as control pro-
duced binding of 0.40% (A),0.240/o (B), and 0.22%o (C) total counts,
respectively.

extract (10 mg) was then applied to the latter column and al lowed
to incubate overnight. After the column was washed exhaustively
with 200 mM NH.HCOT (pH 7.4), aff ini ty chromatography puri-
f ied GCR3 antigens (ACP-3) were eluted from the column with gly-
cine-HCl buffer (pH 2.8), col lected into tubes containing an equal
volume of 200 m M N H*HCO3 (pH 7 .4), and concentrated by pres-
sure f i l t rat ion through an Amicon YM l0 membrane.

SDS-P/ GE,/ lmmunoblotting
SDS-PAGE was carried out in l3 cm long 12.50/o acrylamide

gels using the discontinuous buffer system of Laemmli tl2l. Repli-
cate insect extracts, treated with mercaptoethanol, were applied in
the stacking gel and electrophoresis was carried out at 20 mA until
the tracking dye reached the end of the gel. After electrophoresis,
gels were either stained with Coomassie brilliant blue (BioRad Lab-
oratories) or protein bands were transferred to nitrocellulose [13].
Transfer was effected in a water-cooled (lOt) BioRad TRANS-
blot apparatus at a constant voltage of 30 V for l8 h. After transfer,
nitrocellulose membranes were washed in PBS for 30 min, followed
by a 30 min wash in PBS containing I % BSA to block unbound
membrane sites. Sera were di luted l :4 (human) or I  :  100 (rabbit) in
l0 mM.Tris-HCl/0.1% Tween 20; individual nitrocel lulose blotted
membranes were incubated overnight on a shaker at room tem-
perature with the human IgE antibody pool or rabbit antisera.
Serum was then removed and each membrane was washed thrice
with l0- to 15-ml al iquots of l0 mM Tris-HCl/0.1% Tween 20.
Membranes incubated with rabbit sera were incubated with
rrsl-protein A (20 nglml) in f-rnal volume of l0 ml for 16 h on a

shaker at room temperature. Membranes incubated with human

sera were incubated similarly with r25l-antihuman lgE (20 ng/
ml). Autoradiographs were prepared by incubating washed
membranes with X-ray f i lm (Kodak X-Omat) and exposing in a
cassette equiped with a DuPont Cronex intensifying screen for 6 h
at -70'C.

Thin-Layer Isoelectrofocusing (f LI EF)
TLIEF (LKB-PAG plate, pH 3.5-10) was performed using the

LKB Mult iphor system. Samples of WBGCR, GCR2, GCR3, and
ACP-3 extracts were applied at the cathode margin and run under
constant current for 45 min at l0'C; wicks containing the al lergen
were then removed and electrofocusing was continued at 900 V for
60 min. After electrofocusing, the gel was removed and stained by
the si lver nitrate method (BioRad).

Results

Fr actíon ation of C o ckr o ach A n t ig e ns
The Sephadex G-200 chromatogram is shown in

figure 1. Although two major 280-nm absorbance
peaks were observed, the fractions with the highest
specific allergenic activity (measured by direct RAST)
were those with apparent MW between 12,500 and
75,000 daltons, elut ing between the two major absor-
bance peaks. These allergen-rich fractions were
pooled and designated GCR3.

R,4ST Inhibition
To assess whether the same or similar al lergens

wereiresent in WBGCR, GCR3 and TAW exctract
preparations, RAST inhibit ion experiments were per-
formed using WBGCR, GCR3 and TAW as sol id-
phase allergens and pooled IgE from cockroach-sen-
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sit ive patients (f ig.2). Each of the extracts was tested
for i ts abi l i ty to inhibit  binding of IgE to each sup-
port.  Using either the WBGCR (fìg.2A) or GCR3
(f ig.28) as sol id supports and the cockroach-reactive
human IgE serum pool and the three f luid-phase
inhibitors, extracts of WBGCR and the GCR3 prep-
aration showed RAST inhibitory activi tyo whereas no
RAST inhibitory activi ty was seen with TAW extract.
However, when TAW was used as the sol id phase
(f ig.2C) with cockroach-reactive human IgE serum
pool and f luid-phase inhibitors, TAW and WBGCR
extracts showed RAST inhibitory activity, whereas no
RAST inhibitory activity was seen with GCR3 pre-
paration. Although the IgE serum pool from German
cockroach-sensit ive patients had antibodies which re-
cognized both TAW and WBGCR, no RAST inhibi-
tory activi ty was seen with GCR3. These f indings col-
lect ively suggested that the GCR3 preparation con-
tained allergens that may be specific for cockroach,
but that there also appeared to be al lergens shared be-
tween WBGCR and TAW.

To further address this question, we repeated the
same experiments using the IgE serum pool from 2 in-
dividuals with summer and fal l  rhinit is, high RAST
binding to TAW, and no known history of cockroach
exposure (f ig.3). Both WBGCR and TAW extracts
showed good RAST inhibitory activi ty, whereas
l imited al lergenic reacrivi ty (< 40Vo inhibit ion) was
seen with GCR3 for both solid-phase reagents, fur-
ther suggesting that al lergens present in GCR3 may
be specific to allergens present in cockroach and not
in TAW extracts and that these donors had small
amounts of antibody to these common al lergen(s).
With either WBGCR or GCR3 as sol id-phase sup-
ports rabbit anti-GCR3 serum and f luid-phase in-
hibitors only TAW failed to cross-react in RAST
inhibit ion experiments (data not shown). Thus, both
human IgE from individuals sensit ive to cockroach
and rabbit IgG antiserum to GCR3 appeared to rec-
ognize unique antigens in cockroach extract that did
not cross-react with TAW antigens. However, rabbits
immunized with crude TAW antigens produced anti-
body against high molecular weight components also
contained in GCR3 and to a greater degree in whole
body cockroach.

SDS-P/ GE/Immunoblot
Between 20- and 600-pg amounts of various insect

extracts or fract ions thereof were applied to a 12.5%
SDS-PAGE gel (f ig. a). Although considerable dif fer-

i . 0  1 .3  1 .5  18  2 .0  23  25  2 .8  3 .0  3 .3  35  3 .8  4 .0
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F ig .  3 .  RAST inh ib i t i on  resu l t s  us ing :  (A )  WBCCR and  (B )

TAW as  the  so l i d -phase  a l l e rgens ,  and  TAW-sens i t i ve  human IgE

serum poo l  and  va r ious  f l u id -phase  inh ib i to rs :  O  :  GCR3:  A  :

WBGCR;  I  :  TAW.  In  the  absence  o f  i nh ib i to rs ,  t h i s  se rum poo l

produced binding of  4.90h (A).  and 3.9 ' r t  (B) tota l  radioact ive

coun ts ,  respec t i ve l y .  Norma l  se rum used  as  con t ro l  p roduced  b ind -

ing of  0.24(th (A),  and 0.26"/o (B) tota l  counts,  respect ively.

ences in the intensity of Coomassie blue staining pro-
teins were demonstrated, mult iple stained bands were
demonstrated with extracts of TAW. WBGCR and
GCR2; fewer bands were noted with GCR3, GCR4,
YJ and HB extracts. The LF and CF extracts showed
staining material only at low MW (12,400 daltons).
GCR3 showed a predominant band at approximately
36,000 daltons with fainter bands at approximately
55,000, 25,000 and 15,000 daltons. The ACP-3 prepar-
at ion isolated from WBGCR extract showed a Coo-
massie-stained pattern similar to that of GCR3, sug-
gesting that either: (a) cross-reacting antibodies were
sti l l  present in the absorbed rabbit IgG anti-GcR3
antiserum used for affinity purification, or (b) that the
washing was incomplete before elut ion of ACP-3 (re-
sul ts  not  shown).

The autoradiograph from immunoblot analysis
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Fig. 4. Coomassie blue stain of SDS-PAGE (Laemmli) gel of
German cockroach and various insect extracts. MW : Molecular
weight markers; TAW (203 pg); GCR2 (480 pg), GCR3 (252 p,g),
GCR4 (38a pg) : Sephadex G-200 pooled fractions of German
cockroach; WBGCR : whole body. German cockroach (a00 pg);
CF : caddis f ly ( 192 pg); y.I  :  yel low jacket (2721tg); HB : honey-
bee (562 pg); and LF : lake ny Q21tg).

using cockroach-reactive human IgE pool and radio-
labeled anti- IgE (fìg.5A) demonstrated two dist inct
radiostained bands in WBGCR extract correspond-
ing to MW of 36,000 and 55,000 daltons; similar radio-
stained bands were identified in GCR3. Many radio-
stained bands were demonstrated in GCR2 and none
in GCR4. The presence of radiostained bands in
GCR2 corresponding with bands in GCR3, TAW,
HB, and LF extracts indicated that IgE from German
cockroach-sensitive patients may recognize proteins
in these other insects.

The autoradiograph of immunoblots prepared us-
ing TAW-reactive human IgE (fig.5B) showed several
radiostained bands in the GCR2 fraction. However,
no radiostained bands appeared in GCR3 and very
faint bands were seen in the WBGCR extract. Dense
radiostaining was identified in the CF and LF ex-
tracts. Thus, these TAW-sensitive individuals appear
to have IgE that recognizes proteins in various insect
extracts including GCR2 but not in GCR3 or GCR4.

Immunoblot autoradiography using rabbit anti-
GCR3 IgG and radiolabeled protein A showed a faint
band in GCR3 at approximately 36,000 daltons corre-
sponding to a similar band in WBGCR extract; how-
ever, there was radiostaining in the 55,000-dalton re-
gion of GCR2, TAW, WBGCR, YJ, CF, and HB ex-

'rt-!..i!,q' lî .,;',J

Fig.5. Autoradiograph of SDS-PAGE/immunoblot of German
cockroach, Sephadex G-200 cockroach fract ions and other whole
insect extracts using: (A) cockroach-sensit ive human IgE antibody
pool and radiolabeled anti- lgE, and (B) TAW-sensit ive human IgE
antibody pool and radiolabeled anti- lgE. Abbreviat ions as in f ig-
ure 4.

tracts (fig.6..4.). As in figure 5A with human IgE anti-
bodies, multiple radiostained antigens appeared in
various insect extracts capable of binding to rabbit
anti-GcR3 IgG. The binding in the 55,00O-dalton re-
gion in these other extracts was somewhat surprising;
however, it was apparent that GCR3 contained a
Coomassie-stained protein in this 55,000-dalton re-
gion that appeared to be highly immunogenic and
demonstrated significant radiostaining with proteins
in other insect extracts.

In the autoradiograph pattern using rabbit IgG to
TAW (fig. 68), the prominence of the 55,000-dalton
component was evident in TAW, GCR2, GCR3,
WBGCR' CF, YJ, and HB. The lack of a discrete
band "at 36,000 daltons in GCR3 supported our sug-
gestion that the 36,000-dalton component was spe-
cif ic for WBGCR while the 55,O00-dalton component
appeared to be common in several insect extracts.
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Fig. 6. Autoradiograph of SDS-PAGE/immunoblot of German
cockroach, Sephadex G-200 cockroach fract ions, and other whole
insect extracts using: (A) rabbit IgG to GCR3 and radiolabeled pro-
tein A, and (B) rabbit IgG to TAW and radiolabeled protein A. Ab-
breviat ions as in f ìgure 4.

TLI EF
Several si lver-stained bands with pls from 7.0 to

3.5 were present in WBGCR, GCR2 and GCR3
(fig.7). Although there were several bands in GCR3, a
band at approximately pl 6.7 predominates. When
WBGCR was passed over an affinity column of rab-
bit  anti-GCR3 IgG and the acid eluate (ACP-3) ana-
lyzed by TLIEF, a band was demonstrated at the
same relative pI (6.7) suggesting this antigen can be
purified from WBGCR by affinity chromatography.

Discussion

Patients with inhalant insect al lergy appear to pro-
duce IgE to several individual insect al lergens. Be-

9.60

' j
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6.s0

6.00
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Fig. 7. A si lver stain (BioRad) of thin layer isoelectr ic focusing
gel (pH 1.5-10, LKB Produkter) of cockroach extracts. Lanes from
left to r ight: BioRad pl markers; ACP-3; GCR3, GCR2; WBGCR.
Fifty microl i ters of each preparation were added irrespective of
protein concentrat ion. Application site is indicated by the arrow.

cause an individual may be exposed to a large number
of dif ferent insects in dwell ings, schools, workplaces,
or outdoors, it is difficult to determine whether a pa-
t ient has mult iple sensit ivi t ies because of mult iple in-
sect exposures or because of widespread insect cross-
reactivity.

Several studies have been used to document IgE-
mediated sensitization to cockroach-derived materi-
als. In a study of 35 patients in the Boston aÍea, there
was concordance of skin test reactivity to commercial
extracts of either German or American cockroach [2].
In another study, cockroach-specif ic IgE was mea-
sured in the sera of 13 cockroach-sensit ive patients,
and it was suggested that the cockroach cross-reactiv-
ity may have been due to exposure to multiple species
and that most of the allergenic activity of the German
cockroach could be extracted from whole bodies and
cast skins [] .  Other studies have documented the high
prevalence of cutaneous reactivity to cockroach al-
lergens among urban patients with asthma and the
presence of both immediate- and dual-phase bron-
choconstr ict ive responses in patients with extr insic
asthma following bronchial challenge with cockroach
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allergens 13, 4,81. Recently, a cl inical and immuno-
logic study on cockroach-laboratory workers demon-
strated that American cockroach hemolymph pos-
sessed a broad range of cross-reactivity not only with
American cockroach fecal antigens but with a whole
range of whole body allergens from different cock-
roach species, as well as with a beetle larval antigen

[1a]. These data supported the fìndings of Baur et al.

[ 5], who suggested that increases in asthmatic disease
reported in the Sudan and other areas were predomi-
nantly caused by sensitization to hemoglobin mole-
cules of chironomids. Although chironomid hemo-
globins showed a high degree of polymorphism, pri-
mary structures were identified as soluble compo-
nents of body fluids either in forms of monomers
(MW approximately 16,000) or homodimers (MW
approximately 3 2,000).

Few studies have attempted to isolate and purify
the major antigens/allergens involved in immediate
hypersensitivity to insect-derived materials. Twarog
et al. [2] identified three antigens in German and Am-
erican cockroach extracts localizing them by sequen-
tial purification on Sephadex G-75, diethylamino-
ethyl (DEAE) cellulose and agarose gel electrophore-
sis. CRI (MW 65,000) and CRII (MW 25,000) were
the two major fractions eliciting skin test reactions in
700/o of cockroach-sensitive subjects. Chang et al. [16]
reported similar allergenic fractions by Sephadex
G-7 5 filtration; however, in the analysis of their CrPI
(equivalent to CRI of Twarog), they found at least
three subfractions of with MW of 378,000, 440,000
and 651,000 by polyacrylamide gel electrophoresis.

The similarities between allergens identified in var-
ious insect-derived materials studied suggested that
common properties may have contributed to their al-
lergenicity. To further elucidate the immunologic pro-
file of cockroach-derived allergens, we combined the
high resolving power of electrophoresis in polyacryl-
amide gels with the sensitivity of immunoblot analy-
sis to determine the immunologic reactivity of various
insect extracts using sera from cockroach-sensitive
individuals. We first identified a fraction isolated
from Sephadex G-200 (GCR3, apparent MW
12,500-7 5,000 daltons) which contained the major al-
lergenic activity as measured by direct RAST using
pooled sera from cockroach-sensitive individuals.
Although this heterogeneous range of MW proteins
contained the equivalent of both CRI and CRII of
Twarog et al. [2l,wefurther analyzedthe specificity ofl
this fraction by determining the immunologic reactiv-

ity of GCR3 to extracts from different orders of in-
sects utilizing RAST inhibition, SDS-PAGE/immu-
noblot and TLIEF analysis. Interestingly, several
radiostained bands in SDS-PAGE/immunoblot anal-
ysis using either human IgE reactive to WBGCR or
TAW suggested that cross-reacting allergens may be
present in a variety of insect extracts. In RAST inhibi-
t ion experiments and SDS-PAGE/immunoblot anal-
ysis, GCR3 partially purified from WBGCR extracts
demonstrated specificity for WBGCR when com-
pared to extracts of insects from several other orders.
Moreover, in our preliminary affinity chromatogra-
phy purifìcation scheme we were able to identify, by
TLIEF, a component (pI 6.7) that can be isolated
from WBGCR extracts. At present, it is not clear from
these data whether sensitization to unique or common
insect allergens exists in species, genera, and order be-
cause of the limited number of insects and patients
sera analyzed.

Although WBGCR significantly inhibited the

TAW RAST (fig. 2C), the inhibitory activity is be-
lieved to reside in common components shared by
whole body insect extracts. We failed to demonstrate
signif icant inhibit ion with GCR3 in either WBGCR
or TAW solid-phase polymers using human IgE-reac-
tive to TAW whereas both TAW and WBGCR
showed comparable inhibitory activity. This suggests
that whole body insect extracts of TAW and GCR
share common allergenic components and that GCR3
may contain a GCR allergen not present in TAW ex-
tracts.

Alternatively, a variation in the qualitative,/
quantitative display of antigens/allergens on the .
solid-phase discs of the WBGCR and TAW, respec-
tively, would account for the reduced inhibitory ca-
pacity of one extract with respect to the other extract.
For example, i f  the WBGCR sol id phase had a greater
number and/ or a more complex array of antigens/ al-
lergens bound relative to the shared TAW solid-phase
bound antigens,/allergens then the WBGCR extract
would inhibit well in the TAW RAST, but the TAW
extract would not inhibit  wel l  in the WBGCR RAST.
Our SDS-PAGE/Western blots demonstrated that
with either human IgE or rabbit IgG, considerable
high molecular weight radiolabel led components are
shared among various insect extracts; however, our
partially purified GCR3 cornponent at 36,000 daltons
appeared to be CR specific. However, by utilizing a
more refined affinity chromatographic scheme to pu-
rify the GCR3 component, the identification and
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characterization of the major al lergen in WBGCR ex-
rracts wil l  contr ibute signif icantly to the correlat ion
between history and the various immunologic tests
used to determine immediate hypersensit ivi ty to
WBGCR.

Furthermore, a detai led immunologic characteri-
zation of various other insect allergens utilizing simi-
lar puri f icat ion schemes may reveal homologous
structural sites (e.g. hemoglobin) essential for trigger-
ing the al lergic response.

Our studies focused on the characterization of
WBGCR and the part ial ly puri f ied GCR3 fract ion as
allergens which cross-react with other insect extracts.
Subjects chosen for our IgE serum pool were ori-
ginally defined by skin test reactivity and RAST to a
commercial WBGCR. We opted to further charcterize
the al lergens in GCR3 because i t  had the highesf al-
lergen activity per unit protein absorbed to microtiter
wells. By SDS-PAGE,/Western blot analysis'  we
clearly demonstrated that GCR2 had very similar
components to those found in GCR3; however, there
was some degree of separation which al lowed us to
use the various fractions for further study by RAST
inhibit ion and SDS-PAGE,/Western blot.  In separate
studies we have documented the variabi l i ty of indi-
vidual sera to WBGCR extracts by SDS-PAGE/
Western blot analysis (data not shown); however, for
our purposes in this study we were primari ly inter-
ested in the cross-reactivity of cockroach-sensitive pa-
t ients'  sera with various other insect extracts. Thus, we
assembled a serum pool containing a maximal array
of IgE antibody responses to cockroach extracts and
so as not to identi fy minor al lergen(s) that evoke IgE
antibody responses in a minority of CR-sensit ive per-
sons. Because our patient cockroach IgE, pool was
col lected from the Chicago-based area we were un-
able to skin test these patients with the various cock-
roach fract ions. Furthermore, we presently have only
a part ial ly puri f , ied component that cross-reacts with
TAW allergens and would not be cl inical ly signif icant
as a 'major '  al lergen for purposes of epidemiologic
studies, diagnostic test ing, and immunotherapy.
Since our f indings strongly suggest the presence of a
'major '  cockroach al lergen within GCR3, we bel ieve
it essential to further purify this allergen before at-
tempting cl inical tr ials to determine that this al lergen
represents a species-specif i  c and/ or shared interspe-
cies al lergen preparation among insect-sensit ive indi-
v idua ls .

An interesting concept to consider is the manifesta-

t ion of insect sensit ivi ty fol lowing outdoor or indoor
exposures [7-19]. Insect sensit izat ion fol lowing out-
door exposure might be attr ibuted to be a common
cross-reacting insect antigen 'mosaic' .  I t  is conceiv-
able that these common insect antigens may contr i-
bute to the aeroallergenic burden in geographic re-
gions highly infested with insects. This concept may
well  explain the cross-reactivi ty shown by many in-
sects [20]. On the other hand, with indoor insect expo-
sure or exposure to heavy local ized (regional) single
insect species outdoors, the individual is more l ikely
to be sensit ized to specif ic al lergenic components un-
ique to the infest ing insect.

Although we have identi f ied extensive cross-reac-
t ivi ty to insect al lergens using IgE from cl inical ly sen-
sit ive individuals, we have also demonstrated an al-
lergen with a pl of 6.7 and a MW of 36,000 daltons
that can be isolated from WBGCR. It  must be kept in
mind that GCR3 is only part ial ly puri f ied and con-
tains minor components of WBGCR that cross-react
with TAW allergens (see SDS-PAGE,/immunoblot
results). The cl inical relevance of sensit izat ion to this
al lergen vis a vis cross-reacting cockroach al lergens is
at present unknown. This al lergen may or may not
play a central role in cockroach-related symptoms,
but regardless, it would seem useful as a specific
marker for cockroach sensit ivi ty.
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