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Abstract

Background: Prawns and shrimp are a frequent cause of seafood allergy mediated by IgE
antibodies. Penaeus monodon and Penaeus latisulcatus, commonly known as black tiger prawn and
king prawn, respectively, are among the most frequently consumed prawns in Malaysia. The aim of
thi s study was to identify the IgE-binding proteins of these 2 prawn species.

Methods: Raw and boiled prawn extracts were prepared and then resolved by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). IgE-immunoblotting was then
performed using sera from patients with positive skin prick tests to the raw prawn extracts.

Results: SDS-PAGE analysis of the raw extracts of both prawn species revealed 23 protein
bands; the boiled extracts yielded fewer protein bands. The bands in the range of 40 to 100 kDa were
sensitive to heat and therefore were not found in the boiled extracts. Immunoblot of raw extracts
of black tiger prawns and king prawns yielded 14 and 11 IgE-binding proteins, respectively, with
molecular weights of between 15 and 200 kDa. Proteins at 36, 42, and 49 kDa were detected as the
major allergens in both species of prawns. A protein of 75 kDa was also identified as a major allergen
in black tiger prawns. Other potential allergens were also observed at various molecular masses.

Conclusion: Proteins of 36, 42, and 49 kDa were identified as the major allergens of both
species of prawns. The 36 and 42 kDa proteins are hypothesised to be tropomyosin and arginine
kinase, respectively. A high molecular weight protein of 75 kDa was found to be an additional major
allergen in black tiger prawns.
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Introduction

Prawns are classified in the phylum
Arthropoda, subphylum Crustacean, class
Malacostraca, and order Decapods. The term
“prawn” is commonly used to describe any
large shrimp (1). According to Holthuis (2),
prawns include approximately 33 genera with
approximately 2500 species, of which less than
300 species are of economic interest throughout
the world. More than 20 species of prawns are
found in Malaysia, including the black tiger
prawn, the king prawn, the white prawn, the
sharp-rostrum prawn, and the yellow prawn
(3). Local data has reported that more than
60 000 tonnes of marine prawns are landed
annually, with the number increasing every

year (3).

IgE-mediated hypersensitivity reactions have
become important global health issues (4). In the
United States alone, a recent survey reported
that 1 in 50 Americans has a type of shellfish
allergy, including allergy to prawns (5). Exposure
to prawn allergens can occur through ingestion
of prawn-containing meals, or by inhalation
or skin contact while cooking or working (6,7).
Sensitised individuals can develop urticaria,
angio-oedema, asthma, or life-threatening
anaphylactic reactions (8—10).

Over the last decade, various worldwide
studies have identified tropomyosin as the
major seafood allergen (9,11,12). Tropomyosin, a
myofibrillar protein consisting of 2 subunits with
molecular masses of 34—38 kDa, has been well-
documented as the major cross-reactive allergen

www.mjms.usm.my © Penerbit Universiti Sains Malaysia, 2011
For permission, please email:mjms.usm@gmail.com

Malaysian J Med Sci. Jul-Sep 2011; 18(3): 27-32


mailto:syuhaidahsahabudin%40yahoo.com?subject=

Malaysian J Med Sci. Jul-Sep 2011; 18(3): 27-32

of various species of prawns and shrimp, including
brown shrimp (Pen a 1), black tiger shrimp
(Pen m 1), and white leg pacific shrimp (Lit v 1)
(13—15). Besides tropomyosin, a 40-kDa p known
as arginine kinase has also been detected as an
important minor allergen in black tiger shrimp
(4,10). More recently, 2 new prawn allergens,
sarcoplasmic calcium-binding protein and myosin
light-chain, have also been characterised (1,16).

Penaeus monodon (black tiger prawn) and
Penaeus latisulcatus (king prawn), 2 important
aquaculture species in Asia, are commonly
consumed in Malaysia. Both of these prawns are
mainly caught in the coastal waters off the Indo-
West Pacific, Southeast Asia, and South China
Sea (3). There have not been any local studies
characterising prawn allergens. Thus, the purpose
of this study was to identify the major allergens of
these 2 species of prawn among our local patients
with prawn allergy.

Materials and Methods

Prawn extract preparation

Fresh black tiger prawns and king prawns
were obtained from a prawn aquaculture pond in
Selangor, Malaysia. Raw and boiled extracts were
prepared following the procedure described by
Daul et al. (9), with slight modifications. Briefly,
the shell and meat of each species were blended
in 1 M phosphate-buffered saline (pH 7.2) and
extracted overnight at 4 °C under constant mixing.
The homogenates were centrifuged at 14 000 rpm
at 4 °C for 15 minutes. The supernatants were then
sterile-filtered, lyophilised, and stored at —20 °C
until use. For preparation of the boiled extracts,
the homogenates of the prawns were boiled for
5 minutes before extraction, as described above.
The protein concentration of each extract was
determined using the Total Protein Kit (Sigma-
Aldrich, UK) and bovine serum albumin as a
standard.

SDS-PAGE of prawn extracts

Sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) was performed
as described by Nakano et al. (17), with some
modifications. The samples of the extracts were
heated at 97 °C for 4 minutes, and Precision Plus
Protein Standards (Bio-Rad, USA) were used as
protein markers. Protein bands were resolved
by SDS-PAGE using 12% separating gels with
5% stacking gels using a Mini Protean 3 Apparatus
(Bio-Rad, USA) at 120 mA for 45 minutes.
The resulting protein bands were stained with
Coomassie Brilliant Blue R-250 (Bio-Rad, USA)
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and analysed using a densitometer instrument
(Bio-Rad, USA).

Sera

Sera from patients with histories of prawn
allergy and demonstrated positive skin prick
tests to raw extracts of black tiger prawn
(20 patients) and king prawn (22 patients) were
used in this study. Skin prick tests were performed
at the Allergy Clinic, Hospital Kuala Lumpur, by a
medical officer. This study was approved by the
Medical Research and Ethics Committee, Ministry
of Health, Malaysia.

IgE-immunoblotting

IgE-immunoblotting  experiments  were
performed to determine the specific IgE-binding
proteins in the raw extracts of black tiger prawn
and king prawn. After electrophoresis, the resolved
proteins were electrophoretically transferred
onto nitrocellulose 0.45 um membranes using
the Mini Trans-Blot System (Bio-Rad, USA) at
100 V for 70 minutes. The membranes were
stained with Ponceau S (Sigma-Aldrich, USA)
and cut into 3-mm strips. The strips were washed
with Tween-20 Tris-buffered saline (Bio-Rad,
USA) and blocked with blocking buffer containing
5% mnon-fat milk in Tris-buffered saline for
2 hours. The blocked strips were incubated
overnight with each individual patient’s serum
at 4 °C under constant mixing. The strips were
incubated with biotinylated goat anti-human IgE
(Kirkergaard and Perry Laboratories, UK) as a
secondary antibody for 30 minutes, followed by
incubation with streptavidin-conjugated alkaline
phosphatase (Bio-Rad, USA) for 30 minutes.
Detection of the antibody-bound complexes
was conducted using the Alkaline Phosphatase
Conjugate Substrate Kit (Bio-Rad, USA).
Immunoblotting results were analysed using a
densitometer analyser (Bio-Rad, USA). Each plate
or set of strips contained a blank (no serum) and a
negative control (normal serum).

Results

SDS-PAGE of prawn extracts

SDS-PAGE gels of raw and boiled extracts
of both prawn species are shown in Figure 1.
Protein profile of raw extracts of both prawns
revealed approximately 23 protein bands at
various molecular weights between 15 and
200 kDa, whereas the boiled extracts of black
tiger prawns and king prawns contained 18 and
16 protein bands, respectively. Several protein
bands between 40 and 100 kDa were not detected
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in the boiled extracts of both prawns. However,
enhancement of the band at 18 kDa was found
in both boiled extracts. A 36-kDa protein, which
is likely to be tropomyosin, was detected in all
extracts.

IgE-immunoblotting

As shown in Figure 1, immunoblotting of
the raw black tiger prawn extracts identified
14 IgE-binding proteins at various molecular
weights between 15 and 200 kDa, whereas
immunoblotting of king prawn extracts identified
11 IgE-binding proteins ranging from 15 to
155 kDa. Four major IgE-binding components
at the molecular masses of 36, 42, 49, and
75 kDa were detected in black tiger prawn
extracts, whereas the king prawn extracts revealed
3 major IgE-binding proteins at 36, 42, and
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49 kDa. Several potential minor allergens at
80 and 100 kDa have also been observed in both
species of prawns. IgE-binding profiles of all sera
tested are summarised in Figure 2. No binding
was observed in the negative control and blank
strips.

Discussion

Prawn allergy is a long-lasting and potentially
life-threatening disorder (18). In Malaysia, large
varieties of prawn and shrimp species are used
for human consumption. Although seafood,
especially prawns, has been reported to be one
of the most frequent causes of allergic reactions
among local patients (19), there have not been
any reports on the characterisation of local prawn
allergens.
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Figure 1: Protein profiles and IgE-binding patterns of raw (A) black tiger prawns and (B) king
prawns. Lane STD consists of molecular weight markers (in kDa). Lanes UC and C
contain protein profiles of raw and boiled extracts, respectively. Lanes B and N contain
blank and negative controls, respectively. Lanes 1 to 22 contain the immunoblotting
results of different serum samples.
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Figure 2: The frequency of specific IgE-binding of sera from patients with
raw (A) black tiger prawn allergy and (B) king prawn allergy by
immunoblotting analysis.

In our SDS-PAGE analysis, the raw extracts
of black tiger prawns and king prawns revealed
similar protein profiles. Most protein bands
were located approximately 20, 36, and 50 to
100kDa.Otherresearchershavealsodemonstrated
similar findings (9,20,21). Very few studies have
focused on the thermal effects on seafood protein
(21,22). In our study, SDS-PAGE analysis of the
boiled prawn extracts yielded fewer protein bands
than raw prawn extracts due to denaturation
of several protein bands in the range of 40 to
100 kDa. The reduction and loss of bands in the
boiled extracts might be due to a loss of secondary
and tertiary protein structures (20). Previous
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studies have reported that at temperatures above
55 °C, proteins become unfolded and lose their
secondary and tertiary structures while retaining
their primary structure (20,23). In this study,
bands at 18, 20, 36, and ~150 kDa were found to
be heat-resistant, with enhanced intensity at the
18-kDa band with applied heat. This finding is
similar to other studies that reported several heat-
resistant proteins bands at 20, 36, and 70 kDa
(20,24). The enhancement of the 18-kDa band
might be due to various basic-charged proteins
that became exposed due to unfolding, which
might have resulted in increased interactions with
the Coomassie blue dye molecules (23).
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In our study, we detected several major
IgE-binding proteins at 36, 42, 49, and 75 kDa
in black tiger prawn extracts, and at 36, 42, and
49 kDa in king prawn extracts. We found that
80% and 86% of patients with black tiger prawn
and king prawn allergy, respectively, exhibited
IgE-binding proteins at 36 kDa. Tropomyosin,
a 34 to 36 kDa heat-resistant protein, has been
established as a major allergen in invertebrates,
including prawn, crab, cockroach, and house
dust mites (9,11,12,21). It is possible that our
36-kDa protein might be similar to the previously
reported tropomyosin allergen from other prawn
and shrimp species. Currently, tropomyosin is the
most well-characterised prawn allergen, and its
IgE-binding epitopes have been identified (14,25).

Besides tropomyosin, arginine kinase, with a
molecular weight of 40 kDa, has also been reported
as a crustacean allergen (10). Previous studies
have identified a heat-sensitive prawn allergen
from Penaeus monodon, Pem m 2, as arginine
kinase (4,10). In this study, we hypothesise that
our 42-kDa protein, which is present in 55% and
68% of our subjects allergic to black tiger prawn
and king prawn, respectively, could be arginine
kinase. Arginine kinase is a phosphagen kinase
that plays a key role in energy metabolism in
invertebrates (10). It has also been identified as
a pan-allergen in other invertebrates, such as the
moth, cockroach, and lobster (1).

Additional major allergens were also detected
in our immunoblotting experiment. A protein at
49 kDa was identified as a major allergen in both
prawn species, whereas a protein at 75 kDa was
found to be a major allergen in only black tiger
prawns. Although there have not been reports on
the characterisation of these 2 allergens, other
immunoblotting studies have identified these
proteins as minor allergens (14,19,26). However,
the detailed identification of these proteins has
not yet been performed.

Conclusion

Our study identified proteins at the molecular
masses of 36, 42, and 49 kDa as the major allergens
of black tiger prawns and king prawns. Black tiger
prawns contained an additional major allergen at
75 kDa. However, to confirm the results, further
identification and characterisation of these major
allergens should be done using immunological
analyses of larger populations.
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