
Identification and characterization of 
important cockroach allergens 
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Allergens extracted from American and German cockroach species have been identified as 
significant sensitizing agents in the induction/exacerbation of asthma. In the present study, 
gel-filtration fractions of saline extracts of American cockroach (Periplaneta americana) whole 
bodies (AWBE fraction 2) and German cockroach (Blattella germanica) whole bodies (GWBE 
fraction 2) were used to identify and characterize important cockroach allergens by 
immunoprinting. In addition, allergens from AWBE and GWBE fractions 2 were additionally 
fractionated by chromatofocusing on polybuffer exchanger. Immunoprinting studies demonstrated 
several important acidic allergens in cockroach whole body extracts. All but one allergen had 
an acid isoelectric point (pH 2.80 to 5.20). Two allergens, one that focused at pH 3.50 and 
another allergen (or group of isoallergens) that focused between pH 4.15 to 4.55 were reactive 
with most sera obtained from cockroach-sensitive subjects. Chromatofocusing and subsequent 
skin test and RAST studies of AWBE and GWBE confirmed the presence of significant cockroach 
allergens with isoelectric points within the zone of pH 3.75 to 4.50. RAST-inhibition studies 
demonstrated the similarity of  these allergens between AWBE and GWBE. Collectively, these 
observations identify the presence of several acidic cockroach allergens presumably shared 
between AWBE and GWBE. (J ALLERGY CLIN IMMUNOL 1990;86:781-6.) 

Both the American and German cockroaches are 
present throughout most of the United States and have 
been demonstrated to be allergenic. 1-~ Previous studies 
have supported the clinical importance of cockroach 
allergens in the development of "inner city," allergic 
respiratory disease?, 2, 5 Cockroach has even been 
demonstrated to sensitize laboratory workers. 6 Most 
studies demonstrate a high prevalence of skin reactiv- 
ity to cockroach allergens in atopic populations with 
asthma. 7 Although major allergens have recently been 
identified in American cockroach with sodium do- 
decyl sulfate-polyacrylamide gel electrophoresis and 
blotting techniques, 8 these allergens are incompletely 
characterized. Data are also incomplete regarding al- 
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Abbreviations used 
AWBE: 
GWBE: 

kd: 
IEF: 
SPT: 
PBS: 

American cockroach whole body extract 
German cockroach whole body extract 
Kilodalton 
Isoelectric focusing 
Skin prick test 
Phosphate-buffered saline 

lergens of other species and the distribution of com- 
mon allergens among species. 9 Therefore, cockroach 
allergens warrant additional study. 

Earlier studies in our laboratory identified the pres- 
ence of significant allergens in AWBE and GWBE 
that eluted from Sephadex G-75 in a molecular weight 
range of 12,500 to 75,000 daltons. ~o This cockroach- 
allergen fraction is referred to as "fraction 2." The 
present studies were undertaken to further characterize 
fraction 2 from AWBE and GWBE by the methods of 
chromatofocusing and IEF, followed by immunoprint- 
ing. Additionally, chromatofocusing fractions were 
used for immediate SPT, direct RAST, and RAST- 
inhibition studies to analyze the occurrence of shared 
allergens between American and German cockroach 
species. 
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FIG. 1. tEF analysis of AWBE (A) and GWBE (G) fractions 
2; 200 I~g (30 i~1) of protein of AWBE and GWBE were 
electrophoresed in 5% polyacrylamide gels with an am- 
pholyte range of pH 4.0 to 6.5. The gels were stained with 
Coomassie brill iant blue dye; (M), pH markers. 

MATERIAL AND METHODS 
Cockroach whole body extracts and 
preparation of fraction 2 

American cockroach (Periplaneta americana) and Ger- 
man cockroach (Blattella germanica) whole bodies were 
obtained from the Carolina Biological Supply Co., Bur- 
lington, N.C., and were of both sexes. Crude whole body 
extracts were prepared by freezing live roaches and weigh- 
ing and suspending the whole bodies in physiologic saline 
(pH 7.4), followed by homogenization in a Waring (Waring 
Products Div., Dynamics Corp. of America, New Harftord, 
Conn.) blender for 5 minutes at room temperature (five 1- 
minute pulses). The mixture was stirred overnight at 4 ~ C 
and was then centrifuged at 18,000 g for 30 minutes at 4 ~ 
C. Supernatants were concentrated by Amicon ultrafiltration 
(YM2, Amicon Corp., Danvers, Mass.) (molecular weight 
cutoff, 1000 daltons) and filtered through a 0.45 p,m Mil- 
lipore filter (MiIlipore Corp., Bedford, Mass.). Glycerol 
was added in equal volumes with saline to allergen prepa- 
rations for use in skin testing. Extracts were stored at 4 ~ C. 
For allergen-fractionation studies, whole body extracts were 
applied to a Sephadex G-75 column. Fraction 2, the column 
eluate included in the column to the cytochrome c marker, 

contained significant cockroach allergenic activity by RAST 
inhibition and was saved for additional study. 

IEF and immunoprinting of AWBE and 
GWBE fractions 2 

Polyacrylamide gel plates (5%) were obtained from Phar- 
macia LKB (Ampholine PAG plate, Pharmacia Fine Chem- 
icals, Piscataway, N.J.) with an ampholyte range of pH 4.0 
to 6.5 for IEF and immunoprinting. Allergen samples were 
dialyzed into 1% glycine solution for IEF. The amount of 
sample added to the gel varied between 30 to 40 ixl and 
contained 180 to 240 Ixg of protein. Power settings and total 
focusing time were according to manufacturer's recom- 
mendations. Gels were fixed for 1 hour in a trichloroacetic 
acid and sulfosalicylic acid solution, stained with 0.1% 
Coomassie brilliant blue R-250, and destained with an eth- 
anol/acetic acid solution. For immunoprinting studies, ac- 
tivated nitrocellulose was prepared by placing 10 by 13.2 
cm sheets (membranes) of nitrocellulose (0.2 p.m pore size, 
Hoefer Scientific Instruments, San Francisco, Calif.) in a 
solution of 5% cyanogen bromide adjusted to a pH of 10 
to 10.5 with 1 mol /L of NaOH and maintained at this pH 
for 20 to 30 minutes at room temperature. The activation 
was stopped by transferring membranes to cold (4 ~ C) 0.005 
mol/L of NaHCO3. Activated membranes were air-dried 
and stored at 4 ~ C. Isoelectric focused samples were blotted 
onto activated membranes by passive transfer. Unreacted 
sites on the membranes were quenched in buffer (0.4% 
Tween 20 and 1% bovine serum albumin in 0.04 mol/L of 
phosphate buffer, pH 7.5) for 1 hour at room temperature. 
Membranes were then laid on a glass plate and cut into 0.5 
cm strips with a sharp scalpel. Strips were incubated over- 
night at room temperature with the subjects' sera diluted 
1 : 3 with PBS-Tween 20 buffer. The next day the strips were 
washed with PBS-Tween 20 buffer, and 50,000 cpm of 12sI- 
labeled antihuman IgE (Kallestad Laboratories, Austin, 
Texas) was added to each strip. After overnight incubation 
at room temperature, the strips of nitrocellulose were 
washed with PBS-Tween 20 and air-dried. Strips were 
placed in an x-ray cassette with intensifying screens and 
exposed for 72 hours. 

RAST/RAST inhibition 

Direct RAST was performed in duplicate with the use of 
antigen-coated paper disk for the detection of circulating 
IgE antibodies specific for cockroach allergens.1~ For eval- 
uation of results, a RAST percent binding was obtained by 
dividing the mean counts per minute of test disks by total 
counts per minute of 125I-labeled anti-IgE added. For RAST 
inhibition, inhibitor was incubated with pooled sera (10 
subjects) in the presence of allergen-coated disks overnight 
on a rotator at room termperature. Disks were washed, and 
radiolabeled anti-IgE was added, followed by an overnight 
incubation. Disks were washed free of unbound label, and 
the level of remaining activity (percent bound) was deter- 
mined in a gamma counter. Results are expressed as the 
percent inhibition of the RAST reaction by the test solution, 
relative to the RAST reaction inhibited with PBS. 
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FIG. 2. Immunoprinting studies of AWBE and GWBE. Sera from nine subjects with skin test and 
RAST reactivity to AWBE and GWBE were individually printed against AWBE (left side of each 
paired pattern) and GWBE (right side of each paired pattern). RAST percent binding with AWBE 
and GWBE fractions 2, respectively, is illustrated above each immunoprint. Approximately 200 
~g of protein from AWBE and GWBE was first focused on 5% polyacrylamide gels with an 
ampholyte range of pH 4.0 to 6.5 and then transferred to activated nitrocellulose. The migration 
of pH markers is illustrated on the left side of the figure. 

Chromatofocusing 

AWBE and GWBE fractions 2 were chromatofocused on 
polybuffer exchanger (PBE-94, Pharmacia Fine Chemicals) 
through a 0.9 cm by 30 cm colunm with gel volume of 10 
ml. Elution was at a rate of 50 cc/hr beginning with a 
histidine HC1 buffer, pH 6.0, and followed with polybuffer 
(PBE-74) dilated 1 : 8 with distilled water. The total volume 
of the gradient was 240 cc. Twenty-five to fifty milligrams 
of protein was applied to each column, and 2 ml fractions 
were collected. Absorption of protein was read at 280 nm. 
For purposes of skin testing, fractions of AWBE and GWBE 
eluted from the columns were precipitated with saturated 
ammonium sulfate and then dialyzed against physiologic 
saline (pH 7.4). 

RESULTS 
IEF and immunoprinting of AWBE and 
GWBE fractions 2 

Preliminary studies with a wide range pH gel 
(pH, 3.5 to 9.5) demonstrated that protein bands in 
AWBE and GWBE fractions 2 only focused below pH 
6.5. Therefore, in subsequent IEF and immunoprint- 
ing studies, a gel with pH range 4.0 to 6.5 was used. 
The IEF profile of  AWBE and GWBE fractions 2 is 
illustrated in Fig. 1. There was a marked similarity 
in the protein band patterns of  both cockroach species. 
Most proteins in AWBE and GWBE fractions 2 fo- 
cused below pH 5.2. 

The immunoprinting analysis is depicted in Fig. 2 
of  sera obtained from nine subjects with immediate 
SPT and serum RAST reactivity to AWBE fraction 2 
and GWBE fraction 2. Both AWBE and GWBE frac- 
tions 2 were individually printed against each subject's 
serum, and direct RAST percent binding of  each se- 
rum is depicted in the figure above each nitrocellulose 
strip. Multiple allergens were detected by immuno- 
printing in both AWBE and GWBE fractions 2. Al- 
though individual sera varied in their patterns of  reac- 
tivity with AWBE and GWBE fractions 2, there were 
no electrophoretically unique allergens apparent in ei- 
ther AWBE or GWBE fractions 2. One allergen (or 
group of  isoallergens) that focused in the zone between 
pH 4.15 to 4.55 was reactive with sera from all nine 
subjects. Similarly, one allergen that focused at pH 
3.50 was also reactive with sera from all nine subjects. 

Chromatofocusing and RAST studies of 
AWBE and GWBE fractions 2 

The column elution profile of  AWBE fraction 2, 
chromatofocused on polybuffer exchanger, is illus- 
trated in Fig. 3. Proteins were first eluted with a con- 
tinuous pH gradient between 6.0 to 3.75, after which 
a second gradient between pH 3.75 to 3.0 was applied 
to the column. Eluted samples were pooled into four 
separate fractions (A, B, C, and D) according to pH 
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FIG. 3. Chromatofocusing profile of AWBE fraction 2. Fifty milligrams of AWBE fraction 2 was 
applied to polybuffer exchanger, and protein was eluted with a continuous pH gradient beginning 
with pH 6.0, histidine HCI buffer. Two milliliter fractions were collected, and UV absorption of 
protein was read at 280 nm. A second gradient from pH 3.75 to 3.0 was applied beginning with 
tube 71. Eluted protein was pooled into four separate fractions (A, B, C, and D) with the pH 
range of each fraction defined in the upperpart of the figure. 

TABLE I. RAST percent binding of chromatofocusing column-fractionated AWBE 

RAST % binding 

Chromatofocusing fraction of AWBE 2 

A B C1" D 
Subject AWBE 2* (pH 6.0-5.85) (pH 5.85-4.5) (pH 4.5-3.75) (pH 3.75-3.0) 

J . L .  23 2 4 27 2 
F . B .  11 2 3 l l  2 
V .K.  20 1 17 18 4 
J . J .  9 2 2 24 1 
G, G, 15 2 12 15 3 
D .V.  9 2 4 10 2 
C . F .  6 1 3 21 2 
S . S .  9 1 2 6 1 
J . R .  30 2 4 48 25 
W . T .  51 2 43 47 41 
J . G .  10 2 3 18 5 
S . H .  16 2 2 15 3 
S , M .  7 2 3 5 2 
M. Sm. 15 2 2 12 2 
M. SI. 16 2 3 22 5 

ANP:~ 1 2 2 2 2 

*Fraction 2 of AWBE prepared by column chromatography on Sephadex G-75. 
tAll patients demonstrated skin test reactivity to AWBE 2, C. 
:~Atopic, cockroach skin test negative pooled sera. 
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TABLE II. RAST precent b inding of 
co lumn- f rac t ionated GWBE 

GWBE 2, Ct 
Subject GWBE 2* (pH 4.5-3.75) 

J.L. 37 57 
F.B. 6 11 
V.K. 30 35 
J.J. 5 12 
G.G. 4 2 
D.V. 9 11 
C.F. 4 4 
S.S. 17 29 
J.R. 17 16 
W.T. 49 52 

ANP$ 1 1 

*Fractionated by Sephadex G-75. 
tFractionated by Sephadex G-75 and chromatofocusiag. 
:~Atopic, cockroach skin test-negative pooled sera. 

and were then coupled to paper disks for use in the 
RAST. The direct RAST reactivity of each of the four 
pooled column fractions that reacted with sera from 
15 cockroach-sensitive subjects is summarized in 
Table I. Chromatofocused column fraction C, which 
eluted between pH 3.75 to 4.5, was reactive by RAST 
and SPT with all 15 subjects. Several sera, however, 
also reacted with allergen(s) in fractions B and D. The 
IEF pattern of AWBE, fraction 2, C, is depicted in 
Fig. 4. 

GWBE fraction 2 (obtained by Sephadex chroma- 
tography) was additionally fractionated by chroma- 
tofocusing. The results of direct RAST reactivity for 
GWBE fraction 2, C (the fraction that was subse- 
quently eluted from polybuffer exchanger in the pH 
zone 3.75 to 4.5) is presented in Table II. As with 
AWBE, all sera that were reactive by RAST with 
GWBE fraction 2 also demonstrated significant RAST 
reactivity with GWBE fraction 2, C. 

RAST-inhibit ion studies wi th  
chromatofocusing-column fractions 

The results of inhibition of AWBE fraction 2 RAST 
are summarized in Table III. AWBE fractions 2 and 
2, C were the only American cockroach fractions that 
produced significant RAST inhibition. Similarly, 
GWBE fraction 2, C produced significant inhibition 
of the AWBE fraction 2 RAST. 

DISCUSSION 

This study was undertaken to identify and charac- 
terize important cockroach allergens by the methods 

M 
Fr 2C 

FIG. 4. IEF pattern of AWBE fraction 2, C (A 2, C). Ap- 
proximately 50 I~g of AWBE fraction 2, C was electropho- 
resed in 5% polyacrylamide gel with an ampholyte range 
of pH 4.0 to 6.5; (114), pH markers. 

of IEF, immunoprinting, RAST, RAST inhibition, and 
chromatofocusing. These procedures have proved use- 
ful in characterization of other clinically important 
aeroallergens. Accordingly, the analysis of cockroach 
AWBE and GWBE demonstrated strong similarities 
among allergens defined by immunoprinting and al- 
lergens isolated by chromatofocusing. Clearly, most 
cockroach allergens are acidic proteins with isoelectric 
points between pH 2.8 and 5.2. Two allergens, one 
that focused at pH 3.5 and the second allergen between 
pH 4.15 and 4.55, appear to be highly reactive aller- 
gens, as defined by immunoprinfing studies. This sec- 
ond allergen may represent a group of isoallergens 
because at least two bands were consistently identi- 
fied. Although the panel of nine sera used in this study 
was relatively small, immunoprinting analysis indi- 
cated that all sera reacted with both allergens. It re- 
mains to be determined whether these two allergens 
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TABLE III. RAST  inhibi t ion of A W B E  
fraction 2 disks with chromato-  
focus ing -co lumn fract ions 

Inhibitor (pg) % Inhibitor 

AWBE 
Fraction 2 

0.1 9 
1.0 25 

10.0 58 
100.0 80 

Fraction 2, A 
0.1 6 
1.0 6 

10.0 5 
100.0 9 

Fraction 2, B 
0.1 6 
1.0 5 

10.0 5 
100.0 10 

Fraction 2, C 
0.1 5 
1.0 10 

10.0 45 
100.0 55 

Fraction 2, D 
0.1 4 
1.0 5 

10.0 7 
100.0 7 

GWBE 
Fraction 2, C 

0.1 5 
1.0 7 

10.0 32 
100.0 54 

are the 72 and 78 kd major allergens identified by 
sodium dodecyl sulfate-polyacrylamide gel electro- 
phoresis and blotting. 8 

Previous studies identified most cockroach allergens 
within the molecular weight range of 12.5 to 75 kd. s 
This fraction is referred to as "fraction 2." The use 
of fraction 2 for chromatofocusing studies of AWBE 
and GWBE confirmed the presence of significant 
cockroach allergens that eluted from the polybuffer 
exchanger in the pH zone of 3.75 to 4.5. Direct RAST 
analyses of fractions 2, C from AWBE and GWBE 
demonstrated enhanced activity as compared to frac- 
tion 2. All sera reactive with fraction 2 from AWBE 
or GWBE were also reactive with fraction 2, C from 
AWBE and GWBE, respectively. RAST-inhibition 
studies confirmed the allergenic similarity between 
AWBE fraction 2, C and GWBE fraction 2, C. 

Collectively, the above findings suggest close sim- 
ilarities among cockroach allergens in AWBE and 
GWBE. This finding agrees with earlier studies with 
SPTs and direct RAST analysis that demonstrated that 
>95% of cockroach-sensitive subjects were reactive 
to both AWBE and GWBE.10 Indeed, in the present 
study, neither AWBE nor GWBE had electrophoret- 
ically unique allergens. However, individual subject's 
sera did not always produce identical immunoprinting 
patterns when sera were reacted with AWBE and 
GWBE. This result could be due to some allergenic 
differences between AWBE and GWBE or may reflect 
a quantitative difference in individual allergen content 
within a defined amount (e.g., dry weight) of AWBE 
or GWBE. 

The acid nature of most cockroach whole body al- 
lergens may have important clinical considerations 
from the standpoint of allergen exposure. Assuredly, 
intact cockroach whole body parts are not readily ac- 
cessible to the human lower respiratory tract. How- 
ever, earlier studies have suggested the importance of 
cockroach feces as a source of clinically relevant al- 
lergens.l' The ability of these allergens to resist the 
acid environment of the gastrointestinal tract, together 
with their presumed desiccation in common household 
dust, would represent important characteristics that 
aid in host sensitization. Additional studies in our 
laboratory have confirmed the role of cockroach feces 
as an important source of clinically relevant aller- 
gens. Iz-I4 These studies suggest that fecal allergens 
have similar physicochemical properties to those of 
cockroach whole body allergens and that fecal aller- 
gens reflect a restricted "acid extract" of whole body 
proteins. 

In summary, this study has identified and charac- 
terized important cockroach allergens in AWBE and 
GWBE. These allergens appear to be similar by phys- 
icochemical and immunochemical analysis, and fur- 
thermore do not appear to be unique to either Amer- 
ican or German cockroaches. At least two acid cock- 
roach allergens are reactive with sera from most 
cockroach-sensitive subjects, and these may be major 
cockroach allergens. 

We thank Jyothi Kailas for her expert technical assis- 
tance. 
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Effects of HI-antihistamine drug regimen on 
histamine release by nonlesionai skin mast 
cells of patients with chronic urticaria 

Chantal Brunet, BSc, Pierre-Michel Bddard, MD, and Jacques Hdbert, MD 
Ste-Foy, Quebec, Canada 

Profiles of compound 48~80-induced histamine release (HR ) from mast cells of uninvolved skin 
from patients with chronic urticaria (CU) and from a normal control (NC) group were 
compared, and the effects of anti-H1 medications were assessed versus placebo. Then, patients 
with CU (15) and NC subjects (10) were randomly assigned to take either hydroxyzine (100 
mg/day), terfenadine (120 mg/day), or placebo for 28 days. The effects of  such treatment on 
the clinical response and on the profile of  compound 48~80-induced HR during a 4-hour period 
were analyzed. Treatment with hydroxyzine in patients with CU improved the clinical symptoms 
and modified the profile of  HR; more histamine was recovered at 1 hour (p < 0.05) and 2 hours 
(p < 0.05), as compared with baseline. Terfenadine and placebo had no effect on the clinical 
response or on the profiles of HR. In the NC group, the amounts of histamine recovered at 1 
hour after challenge with compound 48/80 were lower than amounts of the pretherapy values 
(p < 0.01). It could be concluded that (1) the profile of HR in patients with CU is reproducible 
during a period of 28 days, (2) only hydroxyzine modifies both the clinical response and the  
profile of HR, and (3) anti-Ht compounds decrease the HR in the NC group. (J ALLERGY CLIN 
IMMUNOL 1990;86:787-93.) 
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His tamine  is re leased by skin mast  cel ls  on im- 

munolog ic  and non immuno log ic  stimuli.  A large body 

of  ev idence  support ing its role  in the pathophysiol-  

ogy o f  idiopathic C U  has been  demonst ra ted ."5  In- 

deed,  c l inical  manifes ta t ions  o f  C U  are comparab le  

to manifes ta t ions  produced  by intradermal  inject ion 

o f  h is tamine ,  and both are suppressed by a n t i , H :  

ant ihis tamine drugs.  Fur thermore ,  the amounts  of  his- 

tamine found in lesional  skin or  in skin bl is ter  fluids 

are more  elevated in patients wi th  act ive  C U  than in 

787 


