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Summary

Total RNA was extracted from the whole body of American cockroach {Periplaneta
americana) using chaotropic salt guanidine isothiocyanate in the presence of 2-
mercaptoethanol (2-ME). Polyadenylated mRNA was isolated by oligothymidylic acid-
cellulose chromatography and mRNA was translated using a rabbit reticulocyte lysate
system. The translation, as judged by the incorporation of-^^S-tnethionine, was obtained
with poly(A)"*' RNA, where an approximately 9-5-fold increase in label incorporation
over control was achieved. Analysis of translation products by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) in combination with auto-
radiography showed that many proteins with apparent molecular weights ranging from
12 to 200 kD were synthesized, and no labelled proteins were found with negative RNA
control and poly(A)~ RNA. Immunoprecipitation studies performed using polyclonal
and monoclonal antibodies revealed that synthesized proteins of MW 90, 78, 72, 49, 45,
and 26 kD corresponded with previously identified principal and major allergens of
American cockroach from our laboratory. In addition, the allergenicity of the
translation mixtures was also confirmed by fluoroallergosorbent test (FAST) inhibition
studies with IgE antibodies of human reaginic serum pool.
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German {Blattella germanica) cockroaches as determined
** "*̂  ***" by immunoblotting and enzyme immunoassay.

Cockroaches are recognized as one of the major causes of Recently, the impact of the technology of recombinant
perennial rhinitis and asthma, and high incidences of DNA on immunochemical structure and properties of
cockroach hypersensitivity in atopic and asthmatic popu- allergen is best illustrated by the fact that several allergens
lations have been reported [1-10]. Several studies have have been cloned and sequenced [19]. The availability of
been devoted to the isolation and characterization of major allergens of American cockroach synthesized in
allergens, and American cockroach allergens with mol- Escherichia coli may allow approaches to the analysis of
ecular weights (MW) ranging from 6 to 120 kD have the physicochemical structure of these allergens comple-
previously been identified by crossed radioimmunoelec- mentary to those afforded by the traditional methods of
trophoresis, immunoblot analysis and radioallergosor- protein biochemistry. The present study describes the
bent test inhibition [11-17]. In our previous studies, the isolation and purification of biologically active mRNA
partially purified Cr-Pl fraction, containing two promi- from the whole body of American cockroach and the
nent proteins of 78 and 72 kD that bound 100% of the analysis of the products of in vitro translation as a
atopic sera tested, have been identified as the major preliminary phase of a cDNA-based approach to the
allergens of American cockroach [11], and monoclonal molecular cloning of these allergens,
antibodies (MoAbs) against these two allergens have been
generated [18]. No MoAbs reacted with any components Materials and methods
of crude extracts of Oriental (Blatta orientalis) and
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American cockroach was ground in liquid nitrogen, then
immediately suspended in guanidine isothiocytmate (50
niM Tris-HCI, pH 7-5; 4 0 M guanidine isothiocyanate and
25 mM EDTA):2-ME (23:2) solution (GuSCN/ME) and
homogenized. Debris was removed by centrifugation
(7000 jf), ethanol was added, and the suspension was
centrifuged at 16000 j? for } min at 4 C. Supernatant was
precipitated with l-O M acetic acid:ethanol (I :30) solu-
lion. chilled and centrifuged at 7000 A' for 10 min at 4°C.
The RNA pellet was resuspended in the ice-cold GuSCN/
ME solution and dissolved by homogenization, then
centrifuged and precipitated again with ethanol. Guani-
dine hydrochloride (6 0 M guanidine HCl, pH 7 5; 25 mM
EDTA):2-ME (1250:1) solution (GuHCl/ME) was
added to the RNA pellet and dissolved by trituration with
a sterile pipette. RNA was then precipitated with \0 M
acetic acid;ethanol (1:10) solution thrice. The precipi-
tated RNA was dissolved in binding buffer (10 mM Tris-
HCI, pH 7 5; 1 mM EDTA, 0 3 M NaCl, 0 1 % SDS) and
fractionated by oligothymidylic acid-cellulose chromato-
graph (GIBCO/BRL, Gaithersburg, MD, USA). Ab-
sorbance of RNA preparation was determined at
260 nm, and yield was calculated assuming A| cm/0-1 % at
260nm = 25[20].

In vitro translation

Cockroach mRNA was translated in vitro using a rabbit
reticulocyte lysate system (Amersham International,
Amersham, U.K.) according to the method recom-
mended by the manufacturer. Briefly, the reaction mix-
ture containing 35 ^1 of lysate, 1-0 ng of mRNA, 2-0 M
potassium acetate solution, 1-0 mM amino acid mixtures
without methionine and 25 fiCi of '^S-methionine in a
total volume of 50 /il was allowed to react at 30 C and
stopped after 60 min incubation. Aliquots were applied to
GE/C filters (Whatman, Maidstone, U.K.) and incubated
on ice for 15 min in 5% trichloroacetic acid (TCA)
containing 1 mg/ml methionine, and then boiled in this
solution for 15 min. The filters were washed and the
precipitated radioactivity was counted by Packard
2200CA TRI-CARB liquid scintillation analyser (Pack-
ard, Downers Grove, IL, U.S.A.). The translated pro-
ducts from four different experiments were pooled and
stored at — 70C.

Preparation of Cr-Pl and production of antibodies

Crude American cockroach extract (CRa-A) was
obtained by extracting the whole body of insects with
CoCa's solution, and Cr-P! was prepared from the crude
extract by Sephadex G-i50 SF (Pharmacia, Piscataway,
NJ, U.S.A.) gel filtration [I I]. Polyclonal anti-Cr-Pl was

raised by repeated intradermal injection of rabbits with
200 400 /ig of Cr-PI, and A-2 and E-4 MoAbs were
generated from fusion experiments between spleen cells of
BALB/c mice immunized with Cr-PI and murine plasma-
cytoma NS-1 cells [18].

Immunoprecipitation (IP) of labelled cockroach proteins

-^-''S-methionine-labelled cockroach proteins were precipi-
tated using anti-Cr-PI antibodies and protein A-sephar-
ose suspension [21]. SDS was added to 20 /i! of the
translation mixture to yield a final concentration of 4%
and heated at 100 C for 4 min. Eour volumes of dilution
buffer (60 mM Tris-HCI, pH 7-4; 190 mM NaCl, 6 mM
EDTA, 1-25% Triton X-100 and 10 units/ml Trasylol)
and one volume of distilled water were then added to the
mixture. After addition of either 4 /il of sodium sulfate
purified [11] polyclonal anti-Cr-Pl antibody (4-0 mg/mi),
2 fi\ of Protein A-agarose affinity purified MoAb A-2
(2 mg/ml) and 2 ft] of MoAb E-4 (2 mg/ml) [18], or pre-
immunized rabbit sera (5 mg/ml), the mixture was
incubated at 4'C for 2 hr with gentle mixing, then at 20 C
for 15 min with constant shaking. The mixture was then
added with 50 /il of well-swollen 3-0% protein A-
sepharose in NET buffer (150 mM NaCl, 5 mM EDTA,
50 mM Tris-HCI, pH 7-4) and incubated at 20"C for 45
min with constant shaking. Immune complexes were
centrifuged at 3000 g, then washed twice with 100 /il of
NET and suspended in sample buffer for SDS-PAGE
analysis.

SDS-PAGE and autoradiography

SDS-PAGE was performed in a 12% gel in conjunction
with 4% stacking gel according to the method of Laemmli
[22] as described [11]. Protein samples were denatured by
heating at 100 C for 3 min in sample buffer (0-06 M Tris-
HCI, pH 6-8, 2% SDS, 5% 2-ME and 0-002'^, bromo-
phenol blue). Electrophoresis was carried out in a vertical
slab gel apparatus (Bio-Rad, Richmond, CA, U.S.A.) at
80 V for 2 hr and then at 150 V for 4-5 hr. After
electrophoresis, gel v/as stained with Coomassie blue
R250, and dried gel was loaded for autoradiography at
- 70X for 7 days.

FA ST and FAST inhibition

Cockroach IgE FAST (3M Diagnostic System Inc., Santa
Clara, CA, U.S.A.) was performed according to the
manufacturer's instruction. Cockroach-IgE antibody of
atopic subjects was determined [10], and four sera with
high levels of specific-IgE antibody were pooled in equal
volumes. As for the FAST inhibition, 30 /il of patients'
sera mixture and 30 /il each of inhibitor or translation
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Table I. TnmsUuion of cockroach and TMV RNA in a rabbit
rcticulocyte system

RNA
Incorporation of
•"S-methionine*

TMV mRNA control
Cockroacii poiy(A) +
Cockroach poiy{A)~
None added

62i767 (59326-64513)
51045 (49125-53218)

7325 (6912-7543)
5364 (5123-5520)

*The values represent the mean of four experiments of the
TCA-precipitated counts/min obtained with 1 /ig of poIy{A)'̂
and 5 /ig of poiy( A)" eoekroach RNA after 60 min incubation,
and the range of counts/minute is indicated in parentheses.

mixtures were allowed to react with coated Cr-Pl allergen
overnight at 4 C . After incubation and washing, alkaline
phosphatase labelled monoclonal anti-human IgE con-
jugate was added and incubated at room temperature for
2 hr. Excess enzyme-labelled anti-lgE was washed away
and fiuoresence substrate (4-methyIumbellifetryI phos-
phate in 2-amino-2-methyl propanol buffer, pH 9-5) was
then added into the well and incubated at room tempera-
ture for 40 min. After incubation, fluorescence signal
units (FSU) were determined by a 3M Diagnostic System
fluorometer. Inhibition was expressed as: [1—(b —c)/
(a -c ) ]x 100, where a, FSU in the absence of inhibitor, b,
FSU in the presence of inhibitor and c, FSU in the
absence of a reaginic serum.

Results

Biologically active mRNA was isolated from the whole
body of American cockroach as described under Methods
and translated in vitro using a rabbit reticulocyte lysate
system. Ten grams of cockroach yielded an average of
656 /tg of total RNA, and the final yield was approxi-
mately 10-2 /ig of mRNA. The efficiency of translation
from cockroach poly(A)"'" RNA was determined by the
incorporation of-^^S-methionine (Table 1). In four experi-
ments, an approximately 8- to 11-fold (average of 9-5-
fold) increase in label incorporation over control was
achieved with poly(A)+ RNA, whereas only a 1-36-fold
increase in incorporation was obtained with poly(A)~
RNA as shown in Table I.

The MWs of the translated cockroach proteins ana-
lysed by SDS-PAGE in combination with autoradio-
graphy were compared with control translated products
as demonstrated in Fig. 1. Many cockroach proteins,
ranging from 12 to 200 kD, were synthesized (Fig. l,lane
d), and only a faint and indistinct radiostaining band was

MW(KO)

94-

67-

43-

30-

20-1-

144-

Fig. 1. Autoradiography of SDS-PAGE analysis of in vilro
translated proteins, (a) TMV mRNA control (0-2 /il). (b)
Negative RNA control (5 fi\). (c) Cockroach poIy(A)- RNA
(5/i[). (d) Cockroach poly(A)'^ RNA (5 fil). (e) Rabbit poly-
clonai anti-Cr-Pi IP mixtures (20 /zi). (f) MoAbs anti-Cr-PI IP
mixtures (20 /il). (g) Pre-immunized rabbit sera IP mixtures
(20/il). The apparent MWs (KD) of the protein markers are
indicated on the left hand side of the autoradiograph.

100-

20 -

1/27 I/I1/9 1/3

Dilution of inhibitor

Fig. 2. Analysis of the inhibitory activity of CRa-A, Cr-Pl and
the translation mixtures by FAST with human reaginic serum
pooi. V, CRa-A (200 /(g/mi of protein), A, Cr-Pl (20 /ig/ml of
protein). O, Cockroach poly(A)+ RNA. x . Cockroach
poly(A) RNA. *. TMV mRNA control. • , Negative mRNA
control.
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observed with negative RNA control and cockroach
poly(A)' RNA (Fig. 1, lanes b and c). Cockroach
poly(A)+ RNA Iranslalcd proteins were imnuinoprccipi-
tated cither with anti-Cr-Pl rabbit polyclonal antibodies
or murine MoAbs and analysed further by SDS-PAGE.
Analysis of polyclonal rabbit antibodies IP mixture
demonstrated that nine proteins with apparent MWs of
78, 72, 65, 62, 60, 49, 42, 40, and 38 kD were prominent,
and five components with MWs of 90, 45, 42, 34 and
26 kD were barely visible (Fig. 1, lane e). The majority of
those immunoprecipitated proteins had MW in the range
of 38 to 78 kD. SDS-PAGE analysis of MoAbs precipi-
tated products revealed a prominent radiostaining band
at a MW of 78 kD, and six other proteins with apparent
MWsof90,72, 65, 45, 26and 15 kD were visible (Fig. 1,
lane f). No labelled protein band was observed in normal
rabbit serum IP mixture of poIy(A)'^ RNA (Fig. I,
lane g).

The allergenicity of labelled proteins was assessed
further by FAST inhibition using an appropriate atopic
sera containing high levels of specific anti-cockroach IgE
antibodies and compared with CRa-A and Cr-Pl. Serial
dilutions of inhibitors were assayed for their ability to
inhibit the binding of IgE to Cr-PI, and results are shown
in Fig. 2. The inhibition value obtained with highest
concentration of CRa-A, Cr-PI and poly(A)"*' RNA
translation mixture was 96%, 92% and 38%, respectively;
and no inhibition were observed from translation mix-
tures of negative RNA control, TMV mRNA and
cockroach poly(A)" RNA.

Discussion

Recently, some allergens have been obtained by recombi-
nant DNA technology. The cDNA copies of the genes
from major allergens of the house dust mites, the venom
of the white-face hornet, the white birch, the short
ragweed, the giant ragweed, the cocksfoot grass, the
Kentucky blue grass, the rye grass pollens, the domestic
cat and Candida albicans have been cloned [19]. The use of
recombinant DNA techniques for the study of allergeni-
city of proteins is a viable, and in many ways a preferred,
alternative to the traditional procedures of both protein
purification, digestion and analysis of peptides for both
allergenicity and amino acid sequence. The unlimited
amounts of well-defined recombinant allergens can be
produced in vitro that will improve the accuracy and
reliability of m vitro/in vivo diagnostic tests. In addition,
manipulating of allergen cDNA clones may provide
information on size, structure, and allergenicity of aller-
gens. Furthermore, epitopes of allergen-specific T- and
B-cell clones can be identified, and the structurally
modified allergens can be used to develop new forms of

immunotherapy. The purpose of this study is to isolate
the biologically active mRNA from American cockroach
and to analyse the in vitro translated products as a
preliminary phase of a cDNA-based cloning strategy.

From many attempts with different methods [23-26],
RNA was successfully extracted from the whole body of
American cockroach using high concentrations of choro-
pic salt guanidine isothiocyanate in the presence of 2-ME
(Table 1). Polyadenylated mRNA was isolated by oli-
gothymidilic acid-cellulose chromatography and trans-
lated in an in vitro system. Products of translation were
analysed to determine whether the synthesized ^^S-meth-
ionine-Iabelled proteins were cockroach specific. In our
previous study, nine components of MWs of 120, 110, 90,
78, 72, 49, 45, 29 and 26 kD which were able to bind
specific human IgE as determined by immunoblot analy-
sis have been identified as major or principal allergens of
American cockroach [11]. In this study, combination of
polyclonal and monoclonal antibodies IP mixtures
revealed that at least 14proteins with apparent MW from
15 to 90 kD were synthesized (Fig. 1, lanes e and f).
Among those 14 proteins, six with MWs of 90, 78, 72, 49,
45 and 26 kD corresponded with previously identified
allergens. Thus, the poly(A)+ RNA isolated from the
whole body of American cockroach contained mRNA
specific for proteins correlating to Cr-Pl as determined by
SDS-PAGE analysis. More importantly, allergenicity of
synthesized proteins was defined by FAST inhibition
studies with IgE antibodies of human reagenic serum pool
(Fig. 2). The inhibition of 38% was obtained with the
highest concentration of poly(A)+ RNA translation
mixture, and required approximately 0028 /ig of this
protein as determined from Cr-Pl inhibition curve by
extrapolation. Concentration of 6-0 /ig and 0-6 /ig was
required to obtained 96% and 92% inhibition with
CRa-A and Cr-Pl, respectively.

In conclusion, results obtained in these studies indi-
cated that it is possible to isolate biologically active
mRNA from the whole body of American cockroach.
Thus, the presence of mRNA coding for Cr-Pl is encour-
aging and raised the possibility of introducing cockroach
cDNA genes in Escherichia coli. Cloning of cDN A coding
for principal and major allergens of American cockroach,
and analysis/characterization of Cr-Pl- and/or specific
IgE-positive clones are currently in progress in our
laboratory.
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