Clinical and Experimental Allergy, 1989, Volume 19, pages 411-417

Occupational allergy in an entomological research centre.
II. Identification of IgE-binding proteins from
developmental stages of the blowfly Lucilia cuprina

and other species of adult flies
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Summary

Sera from 30 workers in an entomological research institute and from five Sydney
asthmatics, all with serum IgE antibodies to sheep blowfly (Lucilia cuprina) antigens,
were studied with the aim of identifying individual IgE-binding proteins in extracts of
L. cuprina adult flies, larvae and eggs, and in extracts of related species of flies from the
order Diptera. Using protein blotting, 21, 18 and nine different IgE-binding components
were identified in extracts of L. cuprina adult flies, larvae and eggs, respectively. A
component(s) of MW 67 kD found in all three developmental stages, showed the highest
frequency of IgE-binding; reacting, for example, with 70% of the sera tested with the
adult fly extract. Some components were detected in only one of the three developmental
stages. Investigations of possible allergenic cross-reactivity between L. cuprina and
extracts from six other related species of flies revealed IgE-binding bands in each of the
extracts as well as in an extract of Agrotis infusa, a cutworm not belonging to the order
Diptera. One strongly reacting component of MW 20 kD was detected in extracts of five
different fly species as well as in the A4. infusa extract. The results suggested that allergenic
cross-reactivity between some fly species exists, and may extend to taxonomically
unrelated insect species.
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revised 4 January 1989; accepted 11 January 1989.

Introduction

Inhalant allergies induced by flies of the order Diptera
have been reported in workers following occupational
exposure to insects. Allergic respiratory symptoms oc-
curred in a scientific worker engaged in the rearing of the
common house fly Musca domestica [1], in laboratory
workers exposed to the fruit fly Drosophila melanogaster
[2], and in individuals involved in the aerial dissemination
of the sterilized screw-worm fly Cochliomyia hominivorax
[3]. Following reports of adverse respiratory, skin and eye
reactions in workers rearing the blowfly Lucilia cuprina in
an entomological research laboratory, and demonstra-
tion of an IgE-mediated allergic reaction to L. cuprina
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antigens [4,5], we set out to identify the IgE-reactive fly
antigens in sera from the allergic workers. Using protein
blotting methods, human IgE-binding components in
L. cuprina eggs, larvae and adult flies, and in some related
species of flies, were investigated.

Materials and methods
Insects

Sheep blowfly (L. cuprina) adults, larvae and eggs were
obtained from the CSIRO Division of Entomology,
Canberra; Eastern golden-haired blowfly (Calliphora
stygia (Fabricius)) and lesser brown blowfly (Calliphora
augur (Fabricius)), were caught by traps in the field and
supplied by GW Crompton and Dr WG Vogt; hairy
maggot blowfly (Chrysomya rufifacies (Macquart)),
reared in the laboratory and supplied by S Runko and Dr
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WG Vogt; Queensland fruit fly (Dacus tryoni (Froggatt)),
taken from a laboratory culture and supplied by Dr PH
Smith; the bloodworm (Chironomus duplex Walker),
supplied by Dr J Martin, Department of Genetics,
University of Melbourne; bogong moth or common
cutworm (Agrotis infusa (Boisduval)), harvested at a
resting site in the mountains and supplied by Dr ES
Nielsen; and bush fly (Musca vetustissima Walker), was
supplied by J. Walker.

Preparation of insect extracts, radio-allergosorbent test
and total IgE estimation

The procedures used have been described previously [4].
Total IgE levels in sera were determined using the
QuantiClone IgE test (Kallestad, Austin, U.S.A.).

Sera

Sera from subjects employed in the entomological
research institute that showed a positive radio-allergo-
sorbent test (RAST) reaction to at least one of the extracts
prepared from L. cuprina eggs, larvae or adult flies were
selected for use in electroblotting studies designed to
identify IgE-binding components from the fly. Thirty
different sera were selected for this purpose. Sera from
five Sydney adult asthmatics (serum numbers, 659, 660,
674, 681 and 684) with no occupational, or other known
abnormal exposure to blowflies, but with positive serum
RAST reactions to L. cuprina egg, larval or adult fly
extracts, were obtained while the patients were attending
the chest clinic at the Prince of Wales Hospital, Randwick,
NSW. Cord sera were obtained from The Department of
Obstetrics, Royal North Shore Hospital (RNSH), St
Leonards, NSW. Sera from 28 subjects diagnosed on the
basis of case history and skin-prick tests as allergic to
pollens, foods, fungi or drugs (or in some cases to
combinations of these), but not allergic to insects, were
obtained from the Allergy Clinic, RNSH. All of these
control sera, used in electroblotting studies with insect
extracts, showed RAST uptakes of 2+ to 4+ on the
Pharmacia classification scale. ‘Normal’ serum samples
from non-allergic, healthy adults were obtained from
10 members of the hospital staff.

Gel electrophoresis

Sodium dodecylsulphate (SDS) polyacrylamide gel elec-
trophoresis (PAGE) was carried out as previously
described [6,7] using 9-27% gradient acrylamide gels.
High and low MW markers (Bio-Rad, Richmond, U.S.A.
or Pharmacia, Uppsala, Sweden) were included in each
electrophoretic separation. Except for the MW markers,
protein extracts were not treated with mercaptoethanol
prior to electrophoresis.

Molecular weight (kD)

a b c

Fig. 1. Protein-stained separation patterns obtained following
SDS-PAGE of blowfly (L. cuprina) extracts prepared from:
a, adult flies; b, larvae and c, eggs. Adult and egg extracts
(150 pl, 20 mg/ml), and larval extract (150 ul, 10 mg/ml) were
separated over a gel width of 2-5 cm.

Electrophoretic transfer of proteins to nitrocellulose

This was as previously described [6,7], except for the time
allowed for transfer which was extended to 120 min.

Probing of nitrocellulose membrane strips and
autoradiography

Nitrocellulose (NC) strips (5 mm in width) obtained after
SDS-PAGE were incubated with sera (diluted 1 in 8
with 0:1% Tween-20/0-1% sodium azide in phosphate-
buffered saline (PBS)), and then with ['**IJanti-human-
IgE (50000 c.p.m./strips) overnight. After extensive
washing (30 min) with 0-05% Tween-20 in PBS, the NC
strips were air-dried at room temperature and loaded into
a Kodak X-Omatic cassette (KP68375, Rochester,
U.S.A.) together with photographic film (Fuju Rx-safety,
Fuji Photo Film Co. Ltd, Tokyo, Japan). The cassette was
then stored at — 70°C for 24-72 hr. Foetal cord serum and
sera from non-allergic individuals were used as controls.

Protein staining

Polyacrylamide gels were stained with Coomassie bril-
liant blue G250 (CBB; Sigma Chemical Co., St Louis,
U.S.A.) using the enhancing method described by Neu-
hoff and Stamm [8]. NC transfers were stained with amido
black.

Results
Analysis of L. cuprina antigens and allergens

Polyacrylamide gel electrophoresis followed by CBB
staining of separated proteins identified multiple compo-
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Fig. 2. Identification by autoradiography of IgE-binding components transferred to nitrocellulose following SDS-PAGE of blowfly
(L. cuprina) (a) adult fly, (b) larvae and (c) egg extracts. Strips were incubated with the following sera from subjects: (a) a, 028; b, 041;
c, 045; d, 066; e, 075; f, 086; g, 090; h, 093; 1, 131; j, 141; k, 160; 1, 226; m, cord serum. (b) a, 028; b, 045; ¢, 066; d, 086; e, 090; f, 118;
g, 127; h, 131;1, 133;j, 137; k, 157; 1, 160; m, 169; n, 193; o, 196; p, 212; q, 226; r, 660; s, 674; t, 684; u, cord serum. (c) a, 041; b, 066;
¢, 075; d, 076; e, 090; [, 093; g, 226; h, cord serum. Prior to transfer, adult (10 mg in 400 ul), larval (5 mg in 400 ul) and egg (15 mg in
400 ul) extracts were electrophoretically separated over a gel width of 11 cm.

nents in extracts of L. cuprina adult flies, larvae and eggs
(Fig. 1).

Using the 30 sera from the sensitized subjects working
in the entomology institute, and the 5 sera from Sydney
asthmatics, all of whom had serum IgE antibodies to
blowfly antigens, a total of 27 bands in the electrophoreti-
cally separated fly, larval and egg extracts were found to
bind IgE. Twenty-one different bands were detected in the
fly extract, 18 in the larval extract and 9 in the egg extract.
In general, reactions were easily detected as clear bands
on the autoradiographs. Figure 2 shows the bands that
reacted when NC transfers of the L. cuprina extracts were
probed with subjects’ sera followed by ['*IJanti-human
IgE. The examples of serum reaction patterns have been
selected to show the full range of the IgE-reactive bands
detected in this study. Table 1 summarizes the number
and MW of the components detected in the fly, larval and
egg extracts, and Fig. 3 shows the incidence of IgE-
binding to each band by the 35 sera studied. Although a
common numbering system has been used in Table 1 and
Fig. 3, to avoid unnecessarily complicating the data, it
should be emphasized that the identity of individual
proteins in adult, larvae and eggs cannot be assumed
simply on the basis of similar MWs. Component number

21 of the adult fly extract (67 kD) was the most reactive
band on NC transfers (Fig. 2) and was found to bind to
70% of the sera examined (Table 1; Fig. 3c). Other
components showing a fairly high frequency of reaction
with IgE antibodies in the patients’ sera were components
10 (33 kD, 40%), 8 and 13 (28 kD; 40 kD, 23%,
respectively), and 23 and 27 (75 kD; 94 KD, 17%) (Fig. 2).
With L. cuprina larval extracts, 18 of the 27 bands
detected in the adult fly extracts bound IgE, and again the
components with MWs of 67, 40, 33 and 28 kD showed
a high frequency of reactions with the patients’ sera
(Table 1; Fig. 3b). However, some clear differences were
observed, for example, some patients’ sera reacted with
larval extract components of MW 60 and 10 kD, in
contrast to results with the adult extract where no binding
was observed with bands of these MWs. Another major
difference was the binding of adult components of MWs
75, 80 and 85 kD (Table 1; Fig. 3¢). A small number of
patients’ sera reacted with a component in one extract but
not in another—e.g. bands with MWs 8, 16, 30, 38, 55, 58
kD and so on (Table 1; Fig. 3b, c).

Reactions of the separated egg components with
patients’ sera were few, and only nine of the components
that corresponded to the adult and larval extracts bound
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Fig. 3. Frequency h_lst.ograms.of allergic 0 0
subjects’ sera containing specific IgE
antibodies to each of the L. cuprina 0
(a) egg, (b) larvae and (c) adult MW (kD) 8 1012 14 16 18 25 28 30 33 35 38 40 43 48 50 55 58 60 65 67 70 75 80 85 9494

allergenic components separated by
SDS-PAGE.

Allergen fraction
number

human IgE antibodies (Fig. 2). As with the larval extract,
where a high incidence of reactivity was seen, but in
contrast to the adult extract, the 60 kD component was
the most reactive in the egg extract. Components 21
(67 kD), 3(12kD), 7 (25 kD) and 8 (28 kD) were the next
most reactive components present (Table 1; Fig. 3a).

Investigation of possible allergenic cross-reactivity between
the blowfly L. cuprina and other species of flies

The species studied for cross-reactivity, together with
their common names, are listed in Table 2. All were
members of the Diptera family except the bogong moth
(A. infusa).

Protein staining of SDS-PAGE patterns of extracts
from the seven species are shown in Fig. 4. Extracts from
each of the species were separated into at least 40
electrophoretically distinct bands distributed throughout
the MW range of approximately 5-8 to 100 kD. Marked
similarities were observed between the C. stygia and C.
augur patterns (Fig. 4a, b) while the M. vetustissima
protein band pattern resembled the pattern obtained with

12 3 4 5678 9 101 1213 141516 I7T 1819 20212223 242526 27

Table 2. Insect species examined for allergenic cross-reactivity
with Lucilia cuprina

Genus and species Common name

Calliphora stygia (Fabricius) Eastern golden-haired blowfly

Calliphora augur (Fabricius) Lesser brown blowfly

Chrysomya rufifacies (Macquart)Hairy maggot blowfly

Musca vetustissima Walker Bush fly

Dacus tryoni (Froggatt) Queensland fruit fly

Chironomus duplex Walker*

Agrotis infusa (Boisduval)t Bogong moth;
common cutworm

* A bloodworm; no common name.

T Unlike all other species in this study, not a member of the
order Diptera.



416 B. A. Baldo et al.

Molecular weight (kD)

Fig. 4. Protein-stained separation patterns obtained following
SDS-PAGE of extracts (20 mg/ml) prepared from: a, Eastern
golden-haired blowfly (C. stygia) (50 ul); b, lesser brown blowfly
(C. augur) (50 ul); c, bush fly (M. vetustissima) (10 ul); d, hairy
maggot blowfly (C. rufifacies) (25 pl); e, Bogong moth (4.
infusa) (25 ul); £, Queensland fruit fly (D. tryoni) (25 ul); g, C.
duplex (50 ul); and h, sheep blowfly adult (L. cuprina) (50 pl). All
extracts were added to an 8 mm slot for separation.

C. duplex (Fig. 4c, g). Heavy protein staining of some
electrophoretically separated bands clearly distinguished
the C. rufifacies and A. infusa extracts from extracts of the
other five species (Fig. 4d, ¢).

When probed with six sera from L. cuprina-allergic
subjects, distinct IgE-binding bands were located in each

Molecular weight (kD)
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of the seven extracts (Fig. 5). The most striking feature of
these results was the sharp, heavily stained band of
approximate MW 20 kD in the C. stygia, C. augur,

. M. vetustissima, C. rufifacies, A. infusa, and D. tryoni

extracts. Using only six allergic sera, C. stygia was shown
to contain at least eight, C. augur at least seven, M.
vetustissima at least nine, C. rufifacies at least 11, D. tryoni
at least 10 and C. duplex at least 15 allergens (Fig. 5).

Probing of insect protein blots with control sera from non-
allergic and allergic subjects

As well as human cord serum, which was used as an IgE-
‘free’ control serum to probe blots of L. cuprina adult,
larval and egg extracts (Fig. 2(a) m, (b) u and (c) h), and
the various fly extracts (Fig. 5(a) g, (b) g, (c) g.(d) g, (e) g.
(f) gand (g) g), sera from ‘normal’ non-allergic adults and
from subjects allergic to sources other than insects, were
also examined for reactivity with the blotted insect
proteins. No specific IgE antibody binding to the insect
proteins was observed with any of the control sera.

Discussion

From the RAST and protein blotting results set out here,
and from results outlined elsewhere [4,5; Kaufman et al.,
in preparation], it can be concluded that sensitization and
subsequent allergic reactions can occur to all three
developmental stages of the blowfly L. cuprina. Some IgE-
binding L. cuprina components in the adult, larval and
egg extracts were found to have the same, or similar,

abcdefg
(e) () (a)

abecdefg

Fig. 5. Identification by autoradiography of IgE-binding components transferred to nitrocellulose following SDS-PAGE of extracts
(20 mg/ml) of (a) Eastern golden-haired blowfly (C. stygia) (700 ul), (b) lesser brown blowfly (C. augur) (560 ul), (c) bush fly
(M. vetustissima) (140 ul), (d) hairy maggot blowfly (C. rufifacies) (140 ul), (e) Bogong moth (A. infusa) (280 ul), (f) Queensland fruit
fly (D. tryoni) (420 pl), and (g) C. duplex (700 pl). Strips were incubated with the following sera: a, 131; b, 090; ¢, 066; d, 193; e, 160;
f, 093; and g, cord serum. Each extract was separated over a gel width of 11 em.
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MWs but the relationship between bands of the same
MW in extracts from the three developmental stages is
not yet clear. Although it is likely that, in some cases at
least, these are the same proteins, direct experimental
evidence will be needed to establish this one way or the
other, and it must be remembered that the common
numbering system used in Table 1 and Fig. 3 does not
imply identity of proteins of similar MWs.

Subjects’ serum IgE antibody responses were generally
heterogeneous both in terms of the allergens recognized
within any one extract (adult, larval or egg) and between
extracts. Subjects with the highest RAST uptakes gener-
ally reacted to multiple bands on the transfers while low
RAST uptakes were often associated with only a small
number of bands.

Some of the sera studied apppeared to contain IgE
antibodies that cross-reacted with antigens in extracts
from other species of flies. The IgE antibodies that reacted
with the various fly extracts may have been formed purely
as a response of the allergic subjects to L. cuprina. If this is
s0, the observed reactions with other fly species may be
true cross-reactions with antigenically similar com-
ponents present in the species. An alternative explanation
is that the subjects may have become sensitized sepa-
rately, and reacted to L. cuprina and at least some, and
perhaps all, of the other six fly species examined here. The
former of these two explanations seems more likely.

Clear reactions observed after probing the separated
proteins from the bogong moth A. infusa, a species not
belonging to the order Diptera and unrelated to the flies
studied here, suggested that at least some IgE antibodies
may cross-react widely with antigens from taxonomically
unrelated insect species. Wide-ranging cross-reactivity of
this type has been observed in studies of insect allergies [9]
and has been reported briefly by others [10]. ‘Pan allergy’
to insects [9] may occur in many subjects who have been
sensitized to one insect species. The lack of species
specificity shown by IgE antibodies in the sera of patients
allergic to insects has important implications for our
understanding of underlying mechanisms and for the
specific diagnosis of insect hypersensitivities.

For both academic and practical purposes it would be
of interest to purify and characterize at least one of the
important L. cuprina allergens, for example, the com-
ponent of MW 67 kD. Comparison of the properties of a
major insect inhalant allergen with major allergens from
pollens, mites, etc. would be of great interest. In addition,
the allergen would be valuable as a skin test and RAST
diagnostic agent for detecting allergic sensitivity to
blowflies. As with allergy to L. cuprina, more information
is needed on related species of flies, both at the clinical and
laboratory levels. Evidence is accumulating that insects
may be an important source of allergens which provoke

allergic reactions domestically, as well as in the work
place [11]. If that is so, our demonstration of the allergenic
potential of fly proteins may be relevant to the study and
understanding of inhalant allergy and asthma in the
general population.
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