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Abstract.  IgE-mediated allergic reaction to squid is one of the most frequent mol-
luscan shellfish allergies. Previously, we have detected a 36 kDa protein as the 
major allergen of Loligo edulis (white squid) by immunoblotting using sera from 
patients with squid allergy. The aim of this present study was to further identify 
this major allergen using a proteomics approach. The major allergen was identi-
fied by a combination of two-dimensional electrophoresis (2-DE), immunoblot-
ting, mass spectrometry and bioinformatics tools. The 2-DE gel fractionated the 
cooked white squid proteins to more than 50 different protein spots between 10 
to 38 kDa and isoelectric point (pI) from 3.0 to 10.0. A highly reactive protein spot 
of a molecular mass of 36 kDa and pI of 4.55 was observed in all of the patients’ 
serum samples tested. Mass spectrometry analysis led to identification of this al-
lergen as tropomyosin. This finding can contribute to advancement in component-
based diagnosis, management of squid allergic patients, to the development of 
immunotherapy and to the standardization of allergenic test products as tools in 
molecular allergology.

Keywords: Loligo edulis, tropomyosin, allergen, 2-DE, immunoblotting, mass 
spectrometry

INTRODUCTION

Loligo edulis, known as the white 
squid, is classified in the phylum Mollus-
ca, class Cephalopoda, order Teuthida and 

family Loliginidae. White squid are one of 
the popular edible shellfish in Malaysia; 
approximately 69,000 tons are caught 
along the Peninsular Malaysia annually 
(DOF, 2009). However, an IgE-mediated 
allergic reaction to squid is one of the most 
frequent shellfish allergies among local 
patients with allergic rhinitis and asthma 
(Shahnaz et al, 2001). Hypersensitivity 
to squid may induce symptoms of food 
allergy in sensitized individuals such as 
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urticaria, angioedema, asthma, rhinitis, 
gastrointestinal distress and anaphylaxis 
(Sampson, 1993; Miyazawa et al, 1996).

To date, there are only few reports on 
the identification of squid allergens. Mi-
yazawa et al (1996) first reported a 38 kDa 
heat stable protein, designated as TOD 
p 1, as the major allergen of Pacific squid/
Pacific flying squid (Todarodes pacificus) 
and identified it as tropomyosin based 
on nucleotide and amino acid sequence 
comparison. No allergens from white 
squid (Loligo edulis) have yet been fully 
characterized, although tropomyosin has 
been detected and implicated (Leung et al, 
1996; Yadzir et al, 2010). In our previ-
ous study, the major allergens of white 
squid (Loligo edulis) were detected using 
one-dimensional (1-D) immunoblotting 
(Yadzir et al, 2010). However, 1-D immu-
noblotting does not explain sensitization 
to individual allergens because IgE reac-
tive bands may contain more than one 
protein. Further, the technique allows only 
detection and not the identification of IgE 
binding components (Barea et al, 1999). 

Two-dimensional electrophoresis 
(2-DE) is a high resolution separation 
technique  that allows simultaneous 
identification of the several IgE-binding 
components of a source when coupled 
with immunoblotting (Barea et al, 1999). 
The technique has been used previously 
to identify the IgE-binding proteins of 
shrimp (Yu et al, 2003), crab (Abdel 
Rahman et al, 2011) and fish (Misnan 
et al, 2008). In the present study, 2-DE in 
conjunction with immunoblotting was 
employed to elucidate the allergen spec-
tra of white squid (Loligo edulis). Mass 
spectrometry of IgE reactive spots most 
frequently recognized by patients’ sera 
was performed to identify the individual 
allergens responsible for the allergic sen-
sitization.

MATERIALS AND METHODS

Preparation of allergen extracts for pro-
teomic analysis

White squid was obtained from the 
local market. Extracts was prepared by 
washing squid in distilled water, followed 
by homogenization in phosphate buffered 
saline (PBS), pH 7.2 (1:10 weight/volume) 
using a Waring blender. The homogenate 
was boiled for 30 minutes. Protein was 
extracted overnight by means of agitation 
at 4ºC. The homogenate was centrifuged 
at 6,196g for 30 minutes at 4ºC and then 
at 19,277g for 15 minutes at 4ºC. The clear 
supernatant then was filtered using a 
sterile 0.45 µm syringe filter. The lyophi-
lized extracts were stored at -20ºC until 
use. The protein content of the extracts 
was determined using Total Protein Kit 
(Sigma-Aldrich, St Louis, MO).
Serum samples

Stored sera (-20ºC) from patients with 
positive skin prick test (SPT) and immu-
noblotting to white squid were used in 
this study (Yadzir et al, 2010).
Gel electrophoresis 

Protein extract was mixed with a 
rehydration buffer containing 8 M urea, 
50 mM DTT, 4% chaps, 0.2% carrier am-
pholyte pH 3-10, 0.0002% bromophenol 
blue. For the 7 cm immobilized non-linear 
pH 3-10 gradient strip (BioRad, Hercules, 
CA), 50 µg of squid extract was applied 
for rehydration overnight (12-14 hours). 
Isoelectric focusing was performed at 20ºC 
using Protean IEF Cell apparatus (BioRad, 
Hercules, CA) with the following voltage/
time gradient: 100 V for 1 minute, 250 V for 
30 minutes, 4,000 V for 2 hours and 4,000 V 
for 10,000 V-hours (V-hr). Before transfer-
ring the IPG strip onto the second dimen-
sion electrophoresis step, the strip was 
equilibrated sequentially for 10 minutes  
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in a buffer containing 65 mM dithio-
threitol and then 135 mM iodoacetamide 
in 125 mM Tris-HCl, pH 6.8, 6 M urea, 
2% SDS, 30% glycerol and 0.01% bromo-
phenol blue. After equilibration, the strip 
then was placed on 12% polyacrylamide 
separating gel and sealed in place using 
ReadyPrep Overlay Agarose (BioRad, 
Hercules, CA). Proteins were separated 
using Mini Protean 3 apparatus (BioRad, 
Hercules, CA) for 45 minutes or until the 
bromophenol blue dye reached the bot-
tom of the gel. Protein spots profile was 
visualized with Coomassie brilliant blue 
(CBB) R-250 dye.

2 DE immunoblotting

For specific IgE immunodetection, 
proteins on the 2-D gel were electrotrans-
ferred from the gel to a nitrocellulose 
membrane using Mini Transblot System 
(BioRad, Hercules, CA) at 100 V for 70 
minutes. The non-specific sites were 
blocked with 5% non-fat milk in Tris-buff-
ered saline (TBS). Following washing with 
TBS containing 0.05% Tween 20 (TTBS), 
the membrane was incubated with indi-
vidual patient’s serum overnight at 4ºC. 
IgE-binding proteins were detected using 
biotinylated goat antihuman IgE antibody 
(Kirkergaard and Perry Laboratories, 
Gaitherberg, UK) diluted 1:1,000 in TBS 
with 5% non-fat milk, followed by incuba-
tion with streptavidin-conjugated alkaline 
phosphatase (BioRad, Hercules, CA) for  
30 minutes at room temperature. Finally, 
Alkaline Phosphatase Conjugate Substrate 
Kit (BioRad, USA) was used for color 
development. Serum from a non-allergic 
subject was used as negative control.

Identification of the major allergenic spots

The Coomassie-stained protein spots 
corresponding to those recognized by 
the patients’ sera were manually excised 

and destained with 50% (v/v) acetonitrile 
containing 50 mM ammonium bicarbon-
ate. The spots then were dried in 100% 
acetonitrile. These protein spots were 
analyzed using mass spectrometry at 
Adelaide Proteomics Centre and Hanson 
Institute, Australia. In brief, the protein 
spot were subjected to tryptic digestion 
using Mass Prep Robotic Workstation fol-
lowed by reverse-phase LC separation of 
the peptides and analysis by electrospray-
IonTrap mass spectrometry. The resulting 
spectra were matched to protein sequence 
database using the MS/MS search program 
from Matrix Science (Mascot, www.matrix-
science.com) and Vertebrates taxonomy 
using the NCBI database. Search results 
were tabulated and scores assigned allow-
ing identification of proteins in the digests.

RESULTS

2-DE profiles and immunoblots
Coomassie blue staining of the sepa-

rated protein components showed ~50 
distinct spots, with molecular weights of 
10 to 38 kDa and pI ranging from 3.0 to 
10.0 (Fig 1a), whereas immunoblotting 
showed a relatively simple IgE-reactive 
spots. The most reactive spot with a mo-
lecular weight of 36 kDa and a pI of 4.55 
was observed in all of the serum samples 
(Fig 1b). None of the proteins showed 
reactivity with control serum (data not 
shown).  
Mass spectrometry

In the peptide mass fingerprint analy-
sis, the excised protein band showed the 
highest correlation with tropomyosin 
from neon flying squid Ommastrephes 
bartramii (accession no. gi|83715934) 
with peptide sequence coverage of 78%, 
combined ion score (threshold score/cut) 
of 1629/41 and 28 unique peptides.
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DISCUSSION

During the last decade, purified na-
tive or recombinant allergens have shown 
promise as a safe and reliable diagnosis 
and therapy of allergic disorders (AAAAI, 
1997). For this purpose, identification of 
the relevant allergens with appropriate 
techniques is a crucial step (Chardin et 
al, 2002). The introduction of proteomic 
techniques has paved a way to identify 
and characterize the important allergenic 
proteins in complex biological mixtures 
(Peng and Gygi, 2001). In this study, 
we evaluated a proteomic strategy for 
characterizing a 36 kDa allergen of white 
squid (Loligo edulis). Characterizing this 
36 kDa allergen is therefore an important 
step towards understanding, reliable 
diagnosis and safe therapy of squid al-
lergic disorders. Moreover, it has been 
proposed that only a few allergens may 

be sufficient to detect the vast majority of 
allergen-specific sensitizations owing to 
the predominance of some allergens and 
the high degree of allergen cross-reactivity 
(Valenta et al, 1999; Kazemi-Shirazi et al, 
2002). There are even concerns that immu-
notherapy with natural extracts that con-
sist of mixture of allergenic components 
to which the patient is not sensitized may 
in fact induce new sensitization that may 
worsen the symptoms rather than reduc-
ing them (Kazemi-Shirazi et al, 2002).

In a previous study by 1-D immu-
noblotting, a 36 kDa protein fraction was 
IgE reactive to more than 50% of patient’s 
sera in both raw and cooked extracts 
(Yadzir et al, 2010). In this study, we used 
cooked extract only for 2-D immunoblot 
analysis. We did not investigate raw squid 
extract further, as in this country it is often 
eaten cooked. The majority of immune 
responses will be derived to heat treated 

Fig 1–Two dimensional electrophoresis and immunoblot analysis of cooked white squid (Loligo edu-
lis) protein extract. (a) Coomassie blue stained blot. (b) Immunoblot with individual patients’ 
sera. The circle shows the spot analyzed by LC/MS/MS.

(b)(a)
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squid allergens. In addition, in reports on 
squid allergy, patients develop immediate 
hypersensitivity reactions after eating 
squid or inhaling vapors while cooking 
squid (Miyake et al, 1987; Carrillo et al, 
1992; Witteman et al, 1994). The signal 
caused by specific IgE-bound allergens 
might reflect altered epitopes on allergens 
that cause an increase in IgE affinity. It has 
been suggested previously that thermal 
processing may alter epitopes of allergens 
leading to enhanced antibody affinities 
(Jirapongsananuruk et al, 2008; Piboon-
pocanun et al, 2010).

In a recent study, tropomyosin from 
Ommastrephes bartramii was strongly 
matched to this 36 kDa protein as the most 
abundant. Tropomyosin is a 34 to 38 kDa 
protein that is highly water soluble and 
heat stable (Daul et al, 1994). Tropomyosin 
is a highly conserved actin-binding pro-
tein that exists in muscle and non-muscle 
cells of all species of vertebrates and 
invertebrates. Tropomyosin is also a pan-
allergen since a specific IgE cross-reacts 
with a broad range of invertebrates, such 
as crustaceans (shrimp, crab and lobster), 
mollusks (squid, octopus, cuttlefish, mus-
sel, scallop, snail and oyster), arachnids 
(house dust mites) and insects (cock-
roaches and midges) (Shanti et al, 1993; 
Leung et al, 1996; Santos et al, 1999; Reese 
et al, 1999; Chu et al, 2000; Mikita and 
Padlan, 2007). In contrast, tropomyosin of 
vertebrates, including cattle, chicken and 
other animals, appear to be non-allergenic 
(Reese et al, 1999; Mikita and Padlan, 2007). 
Cross-reactivity to tropomyosin has been 
reported between mollusks species (Lopata 
et al, 1997), between mollusks and crusta-
ceans (Daul et al, 1993 Leung et al, 1996; 
Leung and Chu, 1998a; Reese et al, 1999) 
and between mollusks and insects or mites 
(Koshte et al, 1989; Van Ree et al, 1996; Pajno 
et al, 2002; Azofra and Lombardero, 2003).

Analysis of putative allergens with 
proteomic strategies is a promising av-
enue for rapid identification leading to 
insights into possible clinical applications 
for diagnosis and therapy.
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