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Abstract. Silkworm pupae are widely consumed in Asian 
countries and allergic reactions following consumption have 
been described. However, false‑positive responses in skin 
prick allergy tests or non‑specific immunoglobulin E (IgE) 
responses to total extract of silkworm pupa make diagnosis 
difficult. Although improved allergy diagnosis is required, 
molecular characterization of silkworm allergens has not been 
performed to date, except for Bomb m 1, an arginine kinase. 
This study aimed to evaluate the allergenicity of tropomyosin, 
a well‑established invertebrate pan‑allergen, from silkworm 
pupa. The silkworm tropomyosin gene was cloned by reverse 
transcription and polymerase chain reaction, and the protein 
was overexpressed in Escherichia coli and purified by affinity 
chromatography using Nickel‑resin. IgE reactivity of the 
recombinant protein was examined by ELISA and competi-
tive inhibition analyses. Silkworm pupa tropomyosin shared 
73.5‑92.3% amino acid sequence identity with previously iden-
tified allergenic tropomyosins. Sera from eight of 15 patients 
with silkworm allergy (53.3%) exhibited binding of IgE to the 
recombinant protein. However, recombinant protein was able 
to inhibit less than 10% of IgE reactivity to silkworm pupa 
extract. Of the eight sera tested, six that specifically reacted 
with silkworm tropomyosin also demonstrated IgE reactivity 
to shrimp and crab. In the present study, specific IgE to silk-
worm tropomyosin was detected in patients with silkworm 
allergy, suggesting that it may be useful in diagnosis of allergy 
to silkworm pupa.

Introduction

Traditional use of insects as food is widespread in tropical 
and subtropical countries because it provides nutritional and 

economic benefits in rural communities (1). Certain insects, 
including silkworms, have also been used as therapeutics in 
Korean traditional medicine (2). Because of its high nutritional 
value, the silkworm has also been considered as a potential 
solution to the exhaustion of food sources  (3). Silkworm 
pupa (SWP) is a traditional food that is commonly consumed 
following boiling with soybean sauce. In China, oil‑fried, 
water‑boiled or ground pupa is often consumed. It has been 
reported that >1,000 patients per year suffer anaphylactic 
reactions following consumption of SWP in China  (4). A 
foreign tourist was reported to enter anaphylactic shock after 
consuming SWP (4). However, a high prevalence of skin test 
reactivity (9.4%) to total extract of SWP among patients with 
allergies unrelated to SWP was reported, suggesting that 
non‑specific or clinically irrelevant immunoglobulin (Ig) 
E binding is a substantial problem in the diagnosis of SWP 
allergy (5).

A retrospective analysis of serum IgE to silkworm moth and 
9 common inhalant allergens among patients with respiratory 
allergy in Guangzhou, China, demonstrated a positive correla-
tion between allergies to silkworm moths and to cockroaches 
or house dust mites. Cross‑allergenicity between moth and 
midge was also described in Japanese asthmatic patients (6). 
Baldo and Panzani (7) described IgE‑binding components of 
~37 kDa, potentially tropomyosin, from various arthropods, 
including house fly, blowfly, common clothes moth, warehouse 
moth, Bogong moth, grain borer, locust, silverfish, cockroach, 
carpet beetle and house dust mite (7). However, the IgE reac-
tivity of silkworm tropomyosin has not been investigated.

It is well established that the pan‑allergen tropomyosin, 
especially from invertebrates including shellfish and mollusks, 
is an important cause of food allergy (8). Tropomyosin from 
dust mites, cockroaches, and helminthes elicits allergic symp-
toms and it is conceivable that tropomyosin is important in 
SWP allergy, especially considering its heat stable nature. 
In the present study, recombinant SWP tropomyosin was 
produced and its IgE reactivity was evaluated for diagnosis of 
SWP allergy.

Materials and methods

SWP protein extract preparation. A frozen SWP was provided 
by Anysilk Co., Ltd. (Cheongju, Korea). Following pulveriza-
tion in liquid nitrogen, the pupa was defatted with five volumes 
of a 1:1 mixture of ethyl ether and ethyl acetate. Proteins 
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were extracted with phosphate‑buffered saline (PBS; pH 7.4) 
containing 6 mM 2‑mercaptoethanol, protease inhibitor cock-
tail set III (1:1,000; Calbiochem; Merck KGaA, Darmstadt, 
Germany), and 1  mg/ml 1‑phenyl‑3‑(2‑thiazyl)‑2‑thiourea 
(Sigma‑Aldrich; Merck KGaA) at 4˚C. The supernatant was 
collected after centrifugation at 10,000 x g for 30 min at 4˚C, 
filtered through a syringe (0.22  µm; Merck KGaA), and stored 
at ‑70˚C until use. The protein concentration was determined 
by Bradford assay (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA).

Subjects and serum samples. Serum samples were obtained 
from 15 patients (age range, 17‑43 years; mean, 34) who visited 
the Allergy‑Asthma Center at Severance Hospital (Seoul, 
Korea) between 2014 and 2015. The patients were diagnosed 
with SWP allergy based on the temporal relationship between 
SWP intake and onset of cutaneous allergic symptoms and a 
positive skin prick test to total extract of SWP (Table I). These 
symptoms included urticaria and anaphylaxis, and occurred 
within 30 min following intake. ImmunoCAP (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) assay was performed for 
common allergens, including shrimp (f24) and crab (f23), in 
order to estimate potential cross‑reactivity. ImmunoCAP was 
not performed for SWP because it is not commercially avail-
able. Serum samples from 9 individuals (age range, 3‑47 years; 
mean, 21) who were not allergic to SWP and exhibited no posi-
tive reaction to the allergen by skin prick test and ImmunoCAP 
were also included (healthy controls). The present study was 
approved by the relevant institutional review board at the 
Yonsei University College of Medicine (4‑2013‑0397).

Multiple sequence alignment of silkworm tropomyosin 
with allergenic species. Analysis of silkworm tropomyosin 
was performed using the Basic Local Alignment Search 
Tool (BLAST) software from the National Center for 
Biotechnology Information (NCBI; Bethesda, MD, USA) (9). 
A homology search in GenBank was performed using the 
NCBI BlastX program. Sequence alignment with the retrieved 
allergen sequences was performed using the CLUSTAL X 
software (10).

Production of recombinant tropomyosin. Total RNA was 
prepared from frozen pupae, which were provided by 
Anysilk Co., Ltd., with TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). First strand cDNA was synthesized 
from 5 µg of total RNA using AMV reverse transcriptase 
(Promega Corporation, Madison, WI, USA). The reaction 
mixture contained 0.5 µM oligo‑dT (T18) primer (Promega 
Corporation), 1.9 U of RNase inhibitor (RNasin®; Promega 
Corporation), 1x reaction buffer (Promega Corporation), 
0.5 mM dNTPs (Promega Corporation), 4 mM sodium pyro-
phosphate (Sigma‑Aldrich; Merck KGaA) and 5 U of reverse 
transcriptase, reverse transcription was performed at 42˚C 
for 1 h. Polymerase chain reaction (RT‑PCR) was performed 
using oligonucleotide primers designed based on the tropo-
myosin GenBank sequence (accession no. NM_001110312), as 
follows: Forward, 5'‑ATG​GAC​GCG​ATC​AAG​AAG​AA‑3'; and 
reverse, 5'‑TTA​TTC​CTT​GAG​GAT​GAG​CT‑3'. After 5 min of 
initial denaturation at 95˚C, 35 cycles of PCR reaction (5 sec at 
94˚C, 5 sec at 50˚C and 10 sec at 72˚C) were performed with 

HiPi Super DNA polymerase (HiPi Super 5x PCR Master Mix; 
ELPIS‑Biotech,  Inc., Daejeon, Korea). The PCR‑amplified 
DNA fragment, without purification, was directly ligated into 
pEXP‑5NT/TOPO vector (Invitrogen). Following transforma-
tion of Escherichia  coli BL21 (DE3), transformants were 
cultured at 37˚C in 1 L of Luria Bertani broth and expression 
of recombinant protein was induced by the addition of 0.8 mM 
isopropyl‑1‑thio‑β‑D‑galactopyranoside when absorbance at 
600 nm was 0.5. The culture was harvested 4 h after induction. 
The cellular pellets were resuspended in buffer (10 mM imid-
azole, 300 mM NaCl, 50 mM NaH2PO4, pH 8.0), and lysed by 
sonication. The lysates were centrifuged at 10,000 x g at 4˚C 
for 30 min, and the recombinant protein was purified from the 
supernatant (soluble fraction) using nickel‑nitrilotriacetic acid 
agarose (Qiagen GmbH, Hilden, Germany) and analyzed by 
10% SDS‑PAGE under reducing conditions. Protein concen-
tration was determined by Bradford assay.

IgE reactivity of recombinant tropomyosin. IgE reactivity of the 
recombinant protein was examined by ELISA. A microplate was 
coated with recombinant protein (2 µg/ml) overnight in 0.05 M 
sodium bicarbonate buffer (pH 9.6). Following blocking with 3% 
skim milk in PBS containing 0.05% Tween‑20 (PBST) overnight 
at 4˚C, serum samples (diluted 1:4) were added and the plate 
was incubated for 1 h at room temperature. IgE antibodies were 
detected by incubation with biotinylated goat anti‑human IgE 
(1:1,000; cat. no. BA 3040; Vector Laboratories, Inc., Burlingame, 
CA, USA) for 1 h, followed by incubation with streptavidin‑perox-
idase conjugate (1:1,000; Sigma‑Aldrich; Merck KGaA) for 
30 min. The plate was washed at least three times with PBST 
between incubation steps. Color development was initiated 
by addition of the substrate 3,3'5,5'‑tetramethyl‑benzidine 
(Kirkegaard & Perry Laboratories,  Inc., Gaithersburg, MD, 
USA). Absorbance at 450 nm was measured following addition 
of 0.5 M H2SO4 to stop the reaction. The mean absorbance plus 2 
standard deviations of the sera from healthy controls was used as 
a cutoff value for significance.

For ELISA inhibition, microtiter plates were coated with 
SWP total extract (10 µg/ml) and incubated at 4˚C overnight. 
Following blocking with 3% skim milk in PBST overnight 
at 4˚C, the wells were incubated for 1 h at room temperature 
with patient serum (1:4 dilution, pooled from two patients who 
showed a positive IgE reaction to the recombinant protein), 
which had been preincubated for 2 h at room temperature and 
overnight at 4˚C with solutions containing various concentra-
tions of the extract or recombinant proteins. Subsequently, IgE 
antibodies were detected as described above. The recombi-
nant 27‑kDa hemolymph glycoprotein, a silkworm allergen, 
was used as an inhibitor for positive control. Production of 
recombinant 27‑kDa glycoprotein was previously described 
elsewhere (11).

For inhibition of immunoblotting, 10 µg of the extract was 
run on a 12% SDS‑PAGE gel under reducing conditions. The 
separated proteins were transferred onto polyvinylidene diflu-
oride (PVDF) membrane (0.45 µm; Merck KGaA). Following 
blocking with 3% skim milk in PBST, the membrane was cut 
into 4‑mm wide strips and incubated overnight with serum 
sample (1:4 dilution, pooled from two patients who exhibited a 
positive reaction to recombinant protein), which had been prein-
cubated for 2 h at room temperature and overnight at 4˚C with 
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solutions containing 20 µg recombinant protein. Bound IgE 
antibodies were detected by incubation with alkaline phospha-
tase‑conjugated goat anti‑human IgE (1:1,000; cat. no. A3525; 
Sigma‑Aldrich; Merck KGaA) for 1 h at room temperature. 
Color development was initiated by addition of nitro blue tetra-
zolium (NBT) and 5‑bromo‑4‑chloro‑3‑indolyl‑phosphate 
(BCIP; Promega Corporation).

Western blot analysis. In order to confirm the presence of 
tropomyosin in the extract, western blot analysis was performed 
using the monoclonal antibody, 2G32, raised against German 
cockroach tropomyosin, Bla g 7 (12). Monoclonal antibody 
2G32 has also been demonstrated to recognize tropomyosin 
from house dust mite and dusky brown cockroach (13). SWP 
extract (10  µg) was separated on 12% SDS‑PAGE under 
reducing conditions and Proteins were transferred onto a 
PVDF membrane. Following blocking overnight with 3% 
skim milk in PBST at 4˚C, the membrane was incubated for 
1 h with hybridoma culture supernatant (undiluted, collected 
after 2‑3 days of culture). The blots were then incubated with 
goat anti‑mouse IgG conjugated with alkaline phosphatase 
(1:1,000; cat. no. A1293; Sigma‑Aldrich; Merck KGaA) for 1 h 
at room temperature and developed in a substrate solution of 
NBT/BCIP.

Statistical analysis. GraphPad Prism 5 (GraphPad Software, Inc., 
La Jolla, CA, USA) was used for evaluating the statistical 
parameters. Difference in IgE levels between healthy control and 
allergic subjects was analyzed with unpaired t‑test. The correla-
tion between IgE to the allergens was evaluated by calculating 
the Spearman rank correlation coefficient (ρ).

Results

Homology to allergenic tropomyosins. An alignment analysis 
was performed on the amino acid sequence of SWP tropo-
myosin. SWP tropomyosin exhibited up to 92.3% sequence 
identity to Chi k 10, a chironomid tropomyosin, followed by 
90.1% to Per a 7 and 89.4% to Bla g 7, two cockroach tropo-
myosins (Fig. 1). SWP tropomyosin also shared 78.5‑81.0% 
identity with mite tropomyosins (Der p 10, Der f 10, Tyr p 10, 
and Lep d 10) and 73.5% identity with shrimp (Pen a 1) and 
crab (Hom a 1) tropomyosins.

Expression and IgE reactivity of recombinant SWP 
tropomyosin. The open reading frame of native SWP tropo-
myosin encodes a 285‑amino acid protein with a calculated 
molecular mass of 32.8 kDa and an isoelectric point of 4.5. 
The coding sequence of SWP tropomyosin was cloned by 

Table I. Clinical features of enrolled silkworm allergy patients.

		  SPT wheal to		  ImmunoCAP	 SPT positive allergens
Age	 Gender	 silkworm pupa (cm)	 Symptoms	 (kUA/l)	  (degree of skin test response)

39	 F	 ND	 Anaphylaxis	 f23 (1.28), f24 (1.48)	 ND
35	 F	 3.5	 Urticaria	 f23 (0.68), f24 (0.78)	 ND
36	 F	 ND	 Urticaria	 f23 (0.06), f24 (0.04)	 ND
37	 F	 4.5	 Urticaria	 f23 (6.55), f24 (6.84)	 f4 (2+)
40	 M	 ND	 Urticaria	 f23 (0.00), f24 (0.05)	 ND
25	 M	 ND	 Urticaria	 f23 (0.02), f24 (0.05)	 ND
43	 M	 ND	 Anaphylaxis	 f23 (11.0), f24 (8.41)	 ND
28	 F	 8.5	 Urticaria	 f23 (3.18), f24 (3.64), 	 Silkworm pupa (3+), 
				    f4 (0.02)	 f23 (1+), f24 (1+)
27	 F	 4	 Urticaria	 d2 (1.35), i6 (0.64), 	 d1 (2+), i206 (2+), 
				    f23 (0.87), f24 (1.11)	 silkworm pupa (1+)
39	 M	 5.5	 Urticaria	 f23 (3.27), f24 (3.27)	 Silkworm pupa (‑)
18	 M	 8.5	 Urticaria	 f23 (11.3), f24 (10.8)	 Silkworm pupa (3+), f290 
					     (2+), saury (2+), f206 (1+)
30	 M	 2.5	 Anaphylaxis	 f23 (14.2), f24, (11.6), c1 	 Silkworm pupa (1+)
				    (0.15), c5 (0.35), c7 (0.28)	
26	 M	 ND	 Urticaria	 d2 (6.34), i6 (3.37), f23	 d1 (3+), d2 (3+), i206 (2+)
				    (5.51), f24 (5.46)
43	 F	 ND	 Urticaria	 f23 (0.07), f24 (0.12)	 ND
17	 M	 2	 Urticaria	 d2 (23.0), f23 (8.59), 	 f24 (2.5), silkworm pupa (1+)
				    f24 (8.97)

Patients with positive reaction to the recombinant silkworm tropomyosin are indicated in bold. Degree of skin test response was obtained by 
comparing the wheal size to histamine control. Each patient was tested for IgE against suspected allergens, which differed between patients. 
SPT, skin prick test; F, female; M, male; ND, not determined; f23, crab; f24, shrimp; f4, wheat; d2, Dermatophagoides farinae; i6, German 
cockroach; i206, American cockroach; d1, Dermatophagoides pteronyssinus; f290, oyster; f206, mackerel; c1, Penicilloyl G; c5, Ampicilloyl; 
c7, Cefaclor.
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RT‑PCR using specific primers and expressed in E. coli. The 
resulting purified recombinant tropomyosin migrated as an 
~38 kDa protein on SDS‑PAGE, even though the molecular 
mass of recombinant tropomyosin containing the N‑terminus 

22 amino acid poly‑histidine tag (MSG​SHH​HHH​HGS​SGE​
NLY​FQS​L) was calculated at 35.3 kDa (Fig. 2A). The yield 
of the purified recombinant tropomyosin was 6.618 mg/l of 
bacteria culture. The frequency of IgE binding to recombinant 

Figure 1. Amino acid sequence alignment of silkworm tropomyosin with other allergenic tropomyosins. The percentage of sequence identity is 
presented in square brackets. Bomb m TM, Bombyx mori accession no. NM_001110312; Chi k 10, Chironomus kiiensis accession no. O96764; Per 
a 7, Periplaneta americana accession no. AF106961; Bla g 7, Blattella germanica accession no. Q9NG56; Der f 10, Dermatophagoides farinae 
accession no. D17682; Der p 10, Dermatophagoides pteronyssinus accession no. AF016278; Tyr p 10, Tyrophagus putrescenatiae accession 
no. AY623832; Lep d 10, Lepidoglyphus destructor accession no. AJ250096; Pen a 1, Farfantepenaseus aztecus accession no. DQ151457; 
Hom a 1, Homarus americanus accession no. AAC48288; *, identical; :, highly conserved; ., less conserved.

Figure 2. Production of recombinant silkworm tropomyosin and IgE reactivity. (A) Recombinant protein (10 µg) was separated in a 12% 
polyacrylamide gel containing sodium dodecyl sulfate under reducing conditions and stained with Coomassie Blue. (B) IgE binding of 
recombinant tropomyosin was tested against sera from patient subjects who were non‑allergic (healthy controls) and allergic to silkworm 
using ELISA; results were expressed as absorbance at 450 nm. Dotted line indicates the cutoff value for significance, which was determined 
at mean IgE activity in healthy controls plus 2x standard variation. IgE, immunoglobulin E.
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silkworm tropomyosin was 53.3% (eight of 15 samples), as 
examined by ELISA of sera from patients with SWP allergy 
compared with healthy controls (Fig. 2B).

Inhibition of specific IgE binding to total extract. Specific IgE 
inhibition analysis against total extract of SWP was performed 
using pooled sera from two patients who exhibited the stron-
gest IgE reactivity to the recombinant SWP tropomyosin. 
Total extract of SWP inhibited up to 90.2% of IgE reactivity 
to total extract of SWP, whereas the recombinant tropomyosin 
exhibited a maximum 9.7% inhibition (Fig. 3A). Recombinant 
27‑kDa hemolymph glycoprotein inhibited IgE reactivity to 
the extract by up to 11.7%. Inhibition immunoblotting was also 
performed. However, no specific inhibition of response to the 
silkworm extract by the recombinant tropomyosin and 27 kDa 
glycoprotein was observed (Fig. 3B).

Identification of tropomyosin in the SWP extract. Western blot-
ting was performed to identify tropomyosin in the total SWP 
extract (Fig. 3), since IgE reactivity to total SWP extract was 
not inhibited by recombinant tropomyosin. Native silkworm 
tropomyosin, at ~36 kDa, was strongly recognized by a mono-
clonal antibody raised against recombinant German cockroach 
tropomyosin, indicating that the minimum inhibition of IgE 
reactivity by recombinant tropomyosin was not due to a low 
concentration of native tropomyosin in the extract (Fig. 4).

Correlation of IgE reactivity to silkworm and shrimp/crab 
tropomyosins. Since shellfish tropomyosins account for >80% 
of IgE reactivity to shellfish in patients, IgE reactivity to 
shellfish (shrimp and crab) was measured by ImmunoCAP 
in order to examine its possible cross‑reactivity with SWP 
(Table I). Of the 15 sera tested from patients with silkworm 
allergy, 11 exhibited IgE reactivity to both shrimp and crab 
(ImmunoCAP>0.35 kUA/l; Table  I). Sensitization to SWP 
tropomyosin and shrimp or crab extracts did not exhibit a 
correlation [ρ=‑0.066 (shrimp, P=0.815) and ‑0.125 (crab, 
P=0.658], whereas specific IgE reactivity to shrimp and crab 
were strongly correlated (ρ=0.987, P=1.304e‑011). However, 

six of eight sera that exhibited positive reactivity to SWP 
tropomyosin also displayed positive IgE reactivity to shrimp 
and crab, implying potential cross‑reactivity between SWP 
tropomyosin and shellfish (shrimp/crab) tropomyosin (Table I).

Discussion

IgE reactivity of recombinant silkworm tropomyosin. Epidemics 
of food allergy reflect the regional culture, including eating 
habits. For example, buckwheat, chestnut, chickpea, bird's nest 
and royal jelly are frequent causes of food allergy in Asian 
populations (14). In particular, parvalbumin and tropomyosin 
proteins are known to be responsible for fish and shellfish 

Figure 3. ELISA and immunoblotting inhibition analyses of recombinant proteins. Experiments were performed in duplicate. (A) For 
inhibition ELISA, IgE binding to silkworm extract was inhibited with 0‑10 µg/ml silkworm extract, recombinant 27 kDa glycoprotein, or 
recombinant tropomyosin. (B) Silkworm extracts were separated on 12% SDS‑PAGE and IgE‑reactive components were probed with patient 
sera. IgE, immunoglobulin E; M, molecular mass standards; O, no inhibition; G, inhibited by recombinant 27 kDa glycoprotein; T, inhibited 
by recombinant tropomyosin.

Figure 4. Identification of tropomyosin in the silkworm pupa extract. 
Silkworm pupa total extract (10  µg) (A)  was analyzed by 12% 
SDS‑PAGE and stained with Coomassie Blue, and (B) tropomyosin 
was detected by western blotting using the monoclonal antibody 
2G32 raised against recombinant German cockroach tropomyosin.
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allergies (15). SWP is an important cause of food allergy in East 
Asia. In Korea, SWP is commonly consumed after boiling with 
soybean sauce. Silkworm belongs to the phylum Arthropoda, 
similar to crustaceans, and the well‑established, heat‑stable, 
allergenic nature of tropomyosin in crustaceans was the 
motivation behind investigating silkworm tropomyosin in the 
present study. The current study demonstrated that silkworm 
tropomyosin shared 73.5 to 92.3% sequence identity with other 
allergenic tropomyosins, implying possible cross‑reactivity. 
Additionally, recombinant SWP tropomyosin was recognized 
by serum IgE from 53.3% of the patients tested with SWP 
allergy. However, the IgE titer to tropomyosin was not high and 
its inhibition of IgE reactivity to the total extract of SWP was 
minimal. Minimum inhibition of IgE reactivity by recombinant 
tropomyosin may reflect its low IgE reactivity, as an abundant 
amount of native tropomyosin was detected in the total SWP 
extract by western blotting. Non‑specific binding or the pres-
ence of clinically irrelevant specific IgE binding are common 
problems in the diagnosis of SWP allergy (5,16‑18), as inhibi-
tion of the total extract may not reflect clinical significance. 
In fact, a high prevalence of IgE reaction to SWP is detected 
in Koreans without clinical symptoms. Therefore, there is an 
urgent need for component‑resolved diagnosis of SWP allergy 
based on molecular studies.

Potential cross‑reactivity with shellfish tropomyosins. The IgE 
reactivity to shellfish tropomyosin (shrimp and crab), which is 
known to be responsible for most cases of shellfish allergy, 
was measured in sera from patients with silkworm allergy by 
ImmunoCAP, (Table I). Of the 15 sera tested, 11 exhibited 
IgE reactivity to shrimp and crab (>0.35 kUA/l), suggesting 
possible cross‑reactivity between SWP and shellfish tropo-
myosins. However, none of the patients enrolled were allergic 
to shrimp and crab. The small amount of tropomyosin in the 
SWP extract may in part explain the low allergenicity of SWP 
tropomyosin. For example, cross‑reactivity between house dust 
mite and storage mite tropomyosins (Der f 10 and Tyr p 10) is 
limited because of its low concentration (19). However, chiron-
omid tropomyosin, Chi k 10, has been demonstrated to be a 
major allergen, implying a high concentration of tropomyosin 
in dried dead debris (20). In a recent study, tropomyosin was 
demonstrated to have a minor role in cross‑reactivity among 
edible insects  (21). However, low degree of IgE reactivity 
may explain a minor role of tropomyosin in the case of SWP, 
because it was strongly recognized by monoclonal antibody in 
the extract used in the current study.

Arginine kinase (Bomb m 1) was identified as a 
major allergen from SWP  (22). However, this result was 
not reproduced in the present study. IgE reactivity to a 
27 kDa‑hemolymph glycoprotein and high molecular weight 
proteins have been demonstrated to be increased following 
heat treatment (11). Recently, proteins homologous to para-
myosin and chitinase have been identified to be allergenic 
by proteomic analysis  (23). In addition, six IgE reactive 
components [vitellogenin, chitinase, 30 K protein homologous 
to microvitellogenin (Bom m 9), triosephosphate isomerase, 
heat shock protein, and chymotrypsin inhibitor] from SWP 
were demonstrated to be recognized by sera from asthma 
subjects (24). However, IgE reactivity of the purified proteins 
has not been examined in detail. Therefore, more investigations 

are needed to characterize allergens and develop improved 
diagnostics for SWP allergy.

In conclusion, recombinant SWP tropomyosin, sharing 
strong homology with other allergenic tropomyosins, was 
produced and demonstrated to exhibit an IgE binding 
frequency of 53.3% among patients with SWP allergy. 
Tropomyosin may contribute significantly to SWP allergy and 
its importance should not be underestimated because of poten-
tial strong cross‑reactivity. Large‑scale investigations of SWP 
tropomyosin and its potential allergenic cross‑reactivity will 
be required in the future for further characterization in order 
to develop more efficient diagnostic tests for SWP allergy.
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