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Introduction

Cockroaches produce potent allergens that are an im-
portant cause of asthma among patients living in cock-
roach-infected housing. We have cloned and expressed a
series of allergens from German cockroach (Blattella ger-
manica), and report molecular studies of the structures of
Bla g 1 and Bla g 2.

Bla g 1 is a cross-reactive allergen with approximately
70% sequence identity to Per a 1 from Periplaneta ameri-
cana. A novel feature of these allergens is that they com-
prise multiple tandem repeats of approximately 100 ami-
no acid residues and appear to be derived from an approx-
imately 90-kD precursor. Sequence analysis reveals a
number of trypsin cleavage sites and homology to mosqui-
to ANG12 protein, suggesting that the allergen is pro-
duced in the gut and is cleaved into multiple molecular
forms of different molecular weights. These proteins also
show homology to mitochondrial energy transfer proteins
and may have evolved through gene duplication [1]. Bla
g 2 is a major cockroach allergen that shows homology to
aspartic proteinases [2], and it has been expressed at high

levels in Pichia pastoris. Since proteolytic activity has
been suggested to contribute to the induction of IgE
responses, we investigated whether Bla g 2 has functional
enzymatic activity.

Here we report high-level expression of Bla g 1 con-
structs containing 2 or 4 amino acid repeats in Escheri-
chia coli and/or P. pastoris. We investigated the reactivity
of different recombinant (r)Bla g 1, and compared the IgE
antibody binding to natural and rBla g 1. We also
obtained rBla g 2, and compared IgE antibody binding to
natural and recombinant allergen. We assessed the impor-
tance of enzymatic activity for the allergenicity of Bla g 2
by molecular modeling of Bla g 2 and by studying its enzy-
matic activity and examining critical residues in the cata-
lytic site that are responsible for enzymatic activity.

Materials and Methods

Several rBla g 1 constructs containing 2 or 4 repeats were
expressed in E. coli using the pET 22b(+) and the pET 21d(+) vectors
and inserting Bla g 1.01 DNA in the Nco I and Xho I sites. A leader
sequence was expressed using the pET 22b(+) vector. Bla g 1 was also
expressed in P. pastoris. A construct containing 4 repeats was sub-
cloned into the pPICZ·B vector using the restriction sites Pst I and
Not I. The vector, linearized using BstX I, was electroporated into
Pichia. Seven transformants Muts were obtained from the KM17
strain grown on media containing 500 Ìg/ml zeocin, one of which
secreted high levels of rBla g 1 after methanol induction (10–20 mg/
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Fig. 1. Model of the Bla g 2 three-dimensional structure showing the
·-helices (cylinders) and ß-sheets (arrows) of the typical bilobed
aspartic proteinase shape. The two coplanar aspartates in the catalyt-
ic site and the phenylalanine 75 in the ‘flap’ are also shown.

liter). Expressed rBla g 1 was purified by affinity chromatography
over a 10A6 monoclonal antibody column, followed by size exclusion
chromatography using a Superdex column and an FPLC system.
Purified rBla g 1 showed reactivity in a quantitative ELISA that mea-
sures Bla g 1 units [3]. IgE antibody binding to affinity-purified rBla
g 1 was also measured by an ELISA that uses a chimeric mouse/
human antibody to Der p 2 to construct the IgE binding standard
curve [4].

A model of the cockroach allergen Bla g 2 was constructed by the
rule-based comparative modelling approach using the software Mod-
eller, based on the high-resolution crystal structures of the homolo-
gous pepsin and chymosin. Enzymatic activity was measured using
the milk clotting assay described previously [5]. Pepsin and chymo-
sin activity was used as the standard. Serial dilutions of samples
(20 Ìl) were incubated in plate wells with 12% w/v dried milk in
0.2 M sodium acetate, pH 5.4, and 10 mM CaCl2 (80 Ìl) for 1 h at
37°C. Pepstatin and PMSF were used as inhibitors of aspartic and
serine proteinase activities, respectively.

Results

Bla g 1
Several constructs of recombinant Bla g 1.01 contain-

ing 2 or 4 repeats were expressed in E. coli and P. pastoris .
Limited reactivity in ELISA was shown by the constructs
expressed in E. coli, and attempts to refold the insoluble
proteins did not improve their reactivity. The constructs
expressed in Pichia retained the correct folding necessary
for antibody binding. Bla g 1 expressed by P. pastoris was
purified and showed the same activity as natural Bla g 1 in
a monoclonal antibody ELISA assay. A good correlation

was found between the binding of IgE antibodies from
sera of 34 Bla g 1 allergic patients to rBla g 1 expressed in
P. pastoris and IgE binding to the natural allergen (r = 94;
p ! 0.001).

Bla g 2
Bla g 2 was expressed in P. pastoris. A good correlation

was found between the binding of IgE antibodies from
sera of 26 Bla g 2 allergic patients to rBla g 2 expressed in
P. pastoris and IgE binding to the natural allergen (r = 93;
p ! 0.001).

Molecular modeling showed that the overall three-
dimensional structure of Bla g 2 is similar to that of aspar-
tic proteinases (fig. 1). Bla g 2 has an unusually high num-
ber of cysteins (11), compared to the three pairs present in
most aspartic proteinases. Only two of these three pairs
are present in Bla g 2. Comparative analysis suggests that
Bla g 2 has a well-defined binding pocket. However, criti-
cal amino acid substitutions in the catalytic triads (DST
and DTS instead of DTG) and in some residues of the
pocket (e.g. Phe75 instead of Tyr) indicate that Bla g 2 is
inactive. Bla g 2 is related to a group of mammalian preg-
nancy-associated glycoproteins found in cattle and sheep
which also have inactive catalytic triads and are thought
to serve as binding proteins. In keeping with this, Bla g 2
had no activity in the milk clotting assay for aspartic pro-
teinase activity. These results suggest that functional pro-
teinase activity does not account for the allergenic activity
of Bla g 2.

Discussion

In summary, a eukaryotic expression system was used
to express rBla g 1 and rBla g 2 that bind IgE from cock-
roach-allergic patients in the same way as the natural
allergens. These recombinant allergens will be used to
study the diagnosis of cockroach allergy by skin tests in
cockroach-sensitized individuals, and to perform crystal-
lographic studies of the three-dimensional structure of Bla
g 1 and Bla g 2. The results define structurally diverse fea-
tures of cockroach allergens, and indicate that the induc-
tion of IgE responses to Bla g 2 is not determined by enzy-
matic activity and that this allergen may function as a
binding protein.
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