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1. Introduction

   Shellfish is not only an important food source for man 
but also a frequent cause of adverse food hypersensitivity, 
which is commonly synonymous with IgE-mediated 
immediate-type I allergy[1]. Among shellfish allergies, 
prawn is the most frequent culprit[2,3]. Sensitized individuals 
can develop urticaria, angioedema, laryngospasm, asthma 
and life-threatening anaphylaxis[4,5].
   So far, allergens of 34 to 38 kDa identified as tropomyosin 
have been established as the major allergens of a number of 
prawn, termed Pen i 1[6], Pen a 1[7] and Met e 1[8] depending 
on the species used. In addition, tropomyosin has also been 
identified as the major allergen of other crustaceans[9,10], 
mollusks[11-15], house dust mites[16,17] and cockroaches[18,19]. 

Thus, it is currently accepted that tropomyosin is a cross-
reactive pan allergen of invertebrates. 
   Besides tropomyosin, arginine kinase with a molecular 
mass of 40 kDa, termed as Pen m 2[20] and Lit v 2[21] has 
also been reported as prawn allergen. Also, arginine kinase 
has been described as a cross-reacting allergen among 
crustaceans and between crustaceans and insects[22]. 
In addition, a myosin light chain (MLC), Lit v 3, and 
sarcoplasmic calcium-binding protein (SCP), Lit v 4.0101, 
with molecular weight of 20 kDa and 22 kDa, respectively, 
were recently demonstrated to be new prawn allergens[23,24].
   For many years, reports on the identification of 
prawn allergens were limited to the family Penaeidae 
(seawater prawn). There are very few reports on allergen 
in Macrobrachium rosenbergii (M. rosenbergii) which is 
also known as the giant freshwater prawn or Malaysian 
freshwater prawn. Therefore, the aim of this study was 
to identify the major allergens of M. rosenbergii by using 
proteomic analysis. 
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Objective: To characterize the major allergens of Macrobrachium rosenbergii (giant freshwater 
prawn). Methods: Raw and cooked extracts of the giant freshwater prawn were prepared. The IgE 
reactivity pattern was identified by sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) and immunoblotting technique with the sera of 20 skin prick test (SPT) positive 
patients. The major allergen identified was then characterized using the proteomics approach 
involving a combination of two-dimensional (2-DE) electrophoresis, mass spectrometry and 
bioinformatics tools. Results: SDS-PAGE of the raw extract showed 23 protein bands (15-250 kDa) 
but those ranging from 40 to 100 kDa were not found in the cooked extract. From immunoblotting 
experiments, raw and cooked extracts demonstrated 11 and 5 IgE-binding proteins, respectively, 
with a molecular mass ranging from 15 to 155 kDa. A heat-resistant 36 kDa protein was identified 
as the major allergen of both extracts. In addition, a 42 kDa heat-sensitive protein was shown 
to be a major allergen of the raw extract. The 2-DE gel fractionated the prawn proteins to more 
than 50 different protein spots. Of these, 10 spots showed specific IgE reactivity with patients’ 
sera. Matrix assisted laser desorption/ionization-time of flight (MALDI-TOF) analysis led to 
identification of 2 important allergens, tropomyosin and arginine kinase. Conclusions: It can be 
concluded that the availability of such allergens would help in component-based diagnosis and 
therapy of prawn allergies. 
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2. Materials and methods

2.1. Preparation of allergen extracts

   M. rosenbergii was obtained from the local market. Raw 
extract was prepared by washing giant freshwater prawn in 
purified water, followed by homogenization in phosphate 
buffered saline (PBS), pH 7.2 (1:10 weight/volume) using a 
Waring blender. Protein was extracted overnight by means 
of agitation at 4 曟. The homogenate was centrifuged at 4 500 
rpm for 30 min at 4 曟 and then at 14 000 rpm for 15 min at 
4 曟. The clear supernatant was then filtered using a sterile 
0.45 毺m syringe filter. The lyophilized extracts were stored 
at -20 曟 until use. Extract of cooked prawn was prepared by 
boiling for 15 min and homogenized according to the same 
protocol as above. For proteomic studies, extract of prawn 
was prepared by homogenization in distilled water, and 
processed as described above. The protein content of the 
extracts was estimated using Total Protein Kit (Sigma, USA). 

2.2. Patients’ sera

   Sera of 20 patients with a history of prawn allergy and a 
positive skin prick test (SPT) to raw giant freshwater prawn 
extract were used in this study. This study was approved 
by the Medical Research and Ethics Committee (MREC), 
Ministry of Health Malaysia.

2.3. Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) 

   SDS-PAGE was carried out with a 12% polyacrylamide 
separating gel and a stacking gel of 5%. Electrophoresis 
was performed using a Mini Protean 3 Apparatus (BioRad, 
USA) at 120 mA for 45 min. Each sample was dissolved in 
Laemmli sample buffer (BioRad, USA) in the presence of 5% 
2-mercaptoethanol, heated at 97 曟 for 4 min and subjected 
to electrophoresis. Precision plus protein standards (Bio-
Rad, USA) were run as reference, along with samples. After 
running, the gel was stained with Coomassie brilliant blue 
R-250. Protein masses were estimated by comparing the 
prawn protein bands with the molecular weight markers 
using an Imaging Densitometer GS800 and Quantity One 
Software (BioRad, USA). 

2.4. Immunoblotting

   Following SDS-PAGE, the separated proteins were 
electrotransferred from the gel to a nitrocellulose membrane 
using Mini Transblot System (BioRad, USA) at 100 V for 70 
min. Immunoblot detection for IgE binding was done with 
extracts of raw and cooked giant freshwater prawn. The non-
specific sites were blocked with 5% non-fat milk in TBS. 
Following washing with Tris-buffered saline (TBS) containing 
0.05% Tween 20 (TTBS), the membrane was incubated with 
individual patient’s serum overnight at 4 曟. IgE binding 
proteins were detected using biotinylated goat antihuman 
IgE antibody (Kirkergaard and Perry Laboratories, UK) 
followed by incubation with streptavidin-conjugated 
alkaline phosphatase (BioRad, USA) for 30 min 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.

2.5. Two-dimensional (2-DE) gel electrophoresis 
 
   Protein extract was suspended in rehydration buffer 
containing 8 M urea, 50 mM DTT, 4% chaps, 0.2% carrier 
ampholyte pH 3-10, 0.000 2% bromophenol blue. Then 50 毺g of 
prawn extract was applied to immobilized non-linear pH 3-10 
gradient strip of 7 cm length for rehydration overnight (12-14 
h). Isoelectric focusing was run at 20 曟 using the Protean IEF 
Cell Apparatus (BioRad, USA) with the following voltage/time 
gradient: 100 V for 1 min, 250 V for 30 min, 4 000 V for 2 h and 
4 000 V for 10 000 V-h. Before transferring the IPG strip onto 
the second dimension, the strip was equilibrated sequentially 
for 10 min 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% bromophenol blue. 
After equilibration, the strips were then placed on 12% 
polyacrlamide separating gels and sealed in place using 
ReadyPrep Overlay Agarose (BioRad, USA). The proteins 
were then separated using the Mini Protean 3 Apparatus 
(BioRad, USA) for 45 min or until the bromophenol blue dye 
reached the bottom of the gel. The protein spots profile was 
stained with Coomassie brilliant blue (CBB) R-250 and then 
scanned using an Imaging Densitometer GS800 with PDQuest 
software (BioRad, USA). 

2.6. 2-DE immunoblotting

   A nitrocellulose membrane blotted with 2-DE-separated 
giant freshwater prawn components was subjected to a 
procedure similar to immunoblotting analysis.
   
2.7. Identification of major allergenic spots

   The Coomassie-stained protein spots corresponding to 
those recognized by the above sera were manually excised 
and transferred to microcentrifuge tubes. Protein samples 
were trypsin digested and peptides extracted according to 
standard techniques. Peptides were analysed by matrix-
assisted laser desorption-ionization time of flight (MALDI-
TOF) mass spectrometer using a 4800 Proteomics Analyzer. 
Spectra were analysed to identify protein of interest using 
Mascot sequence matching software (Matrix Science) with 
Ludwig NR Database and taxonomy set to other metazoa.

3. Results

3.1. SDS-PAGE of giant freshwater prawn extracts

   SDS-PAGE of a raw giant freshwater prawn extract 
revealed at least 23 protein bands with molecular masses 
ranging from 15 to 250 kDa. Fewer bands were detected in 
the cooked extract as several protein bands between 40 to 
100 kDa were sensitive to heat denaturation and thus were 
no longer detected in the gel. 

3.2. Reactivity of IgE in patients’ sera with M. rosenbergii 
extracts
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   To identify IgE-binding proteins, we analyzed both 
raw and cooked extracts of M. rosenbergii by using SDS-
PAGE and immunoblotting. When serum samples from 
giant freshwater prawn allergic patients were tested on 
immunoblots for IgE binding to raw extract, all the patient 
serum samples exhibited IgE binding to eleven protein 
bands with apparent molecular masses of 15-250 kDa. Of 
these, two components of 36 and 42 kDa were IgE reactive 
to more than 50% of the patient’s sera. Further, allergens 
with molecular masses of 47, 50, 65 and 75 kDa were present 
in 40%-45% of the patients, compared with 20 and 100 kDa 
allergens which were seen in only 25%-35% of the patients. 
The remaining IgE binding components of 15 and 155 kDa 
were detected at lower frequencies of 5%. The cooked 
immunoblots showed that the sera of 16 (80%) of 20 patients 
reacted with a 36 kDa band, that the sera of 7 (35%) of 20 
recognized a 20 kDa protein and that only the sera of 1 (5%) 
of 20 reacted with 15, 34 and 155 kDa. No IgE binding was 
observed when healthy donor serum was used (Figure 1). For 
our analysis, we selected the 36 and 42 kDa protein because 
it is a novel IgE binding protein identified in the sera of 
patients at a considerably high frequency. 

3.3. 2-DE immunoblotting

   To better characterize the M. rosenbergii allergens 
recognized by sera from patients with prawn sensitivity, 
the proteins in a raw extract were subjected to 2-DE gel 
electrophoresis and subsequently, to immunoblotting. Figure 
2a showed the 2-DE gel profile of the M. rosenbergii raw 
extract, in which > 50 distinct protein spots were detectable 
by Coomassie blue staining. To identify the allergenic spots, 
2-DE separated components were immunoblotted with 
individual sera from prawn allergic patients, and at least 
10 different reactive spots with molecular masses of 25-50 
kDa and isoelectric point (pI) values ranging from 3.0 to 10.0 
were demonstrated (Figure 2b). Highly reactive protein spots 
with molecular masses of 36-42 kDa were observed in all of 
the serum samples, including one with a molecular mass of 
36 kDa and a pI of 4.6 and another with a molecular mass of 
42 kDa and pI of 6.5. None of the proteins showed reactivity 
with control serum (data not shown).  

3.4. Matrix-assisted laser desorption-ionization/mass 
spectrometry (MALDI/MS)

   To identify the IgE reactive spot, it was excised and 
digested in-gel with trypsin and analyzed by MALDI-TOF. 
The MS profile of the peptides from spot 1, the 36 kDa protein 
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Figure 1. SDS-PAGE and immobloting profiles of raw (a) and cooked extracts (b) of M. rosenbergii (giant freshwater prawn) using sera frcm 20 
patients with giant frehwater prawn allergy.
Lane M: Molecular mass markers; Lane R: Coomassie blue staining of the raw extract; Lane C: Coomassie blue staining of the cooked extract; 
Lanes 1-20: Immonoblots showing binding of IgE from different serun samples; Lane N: Immunoblot using serum from a non-allergic 
individual; Lane B: Blank.
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with a pI of 4.6 was found to be tropomyosin from prawn 
Metapenaeus ensis, which corresponded to 33% sequence 
coverage. The MS profiles of spot 2 showed high similarity 
with arginine kinase from prawn Neocaridina denticulate, 
with the sequence coverage of 21% (Table 1).

4. Discussion

   Previous research has shown that the prevalence of 
shellfish allergy is common among patients with allergic 
rhinitis and asthma[25]. 
   Using SDS-PAGE, protein bands between 40-100 kDa in 
size were absent in cooked extract when compared with the 
SDS-PAGE of the raw extract. The disappearance of bands 
in the cooked extract may be due to a loss of some of the 
protein structure as a consequence of high temperature[26]. 
   Major allergens are defined on the basis of frequency of 
recognition by serum IgE antibodies; that is, a frequency 
of greater than 50% justifies a designation as a major 
allergen[27]. In immunoblotting of the prominent bands, 
allergens with molecular mass of 36 kDa were detected by 
80% (16 of 20) of the tested sera for both raw and cooked 
extracts. This protein is heat stable because it retains its IgE 
reactivity in immunoblots in which the protein is boiled. 
We also detected other heat stable protein at 20 kDa but as 
a minor allergen in both extracts. Aside from 36 kDa, an IgE 
binding protein with a molecular mass of 42 kDa was also 
noted as a major allergen of the raw extract. Several studies 

on various food proteins reported that cooking may reduce 
allergenicity of some food allergens[28]. As observed in our 
study, this 42 kDa major allergen and several additional 
minor allergens were detected only in the raw extract. 
Moreover, patient 13 had no detectable specific IgE to the 
36 kDa which had only IgE-binding proteins to the raw 
extract. These findings show that all those allergens were 
heat-sensitive proteins and boiling has decreased the 
allergenicity of the allergen extract. 
   The IgE reactive bands identified by 1-DE may be a 
mixture of proteins appearing at the same molecular weight 
and hence the need for 2-DE immunoblotting was necessary 
to determine the true number of allergens[29,30]. Several 
studies have demonstrated the major IgE reactive component 
in prawn is a 34 to 38 kDa protein of pI 4.5 identified as a 
tropomyosin[6-8]. It binds approximately 75% of the prawn-
specific IgE from prawn-sensitive patients[6-8]. In our 
study, the 36 kDa protein (spot 1, pI 4.6) showed a significant 
homology with a tropomyosin. Tropomyosins are a diverse 
group of proteins with distinct isoforms found in muscle 
(skeletal, cardiac, smooth), brain and non-muscle cells. In 
muscles, tropomyosin interacts with actin and troponin T in 
regulating muscle contraction[31,32].
   In a recent study, an arginine kinase has also been 
identified as a prawn allergen[20,21]. In addition to 
tropomyosin, the tryptic peptide fragments isolated from 
the digested 42 kDa of spot 2 is similar to arginine kinase. 
Arginine kinase belongs to a class of kinases or phosphagens 
that play a role in the maintenance of ATP levels in 

Table 1
Identities of protein spots of M. rosenbergii identified by MALDI-TOF.
Spot No. Protein identification Organism Accession No. No. match peptides/Total signal Coverage of protein structure

1 Tropomyosin Metapenaeus ensis Q25456 10/635 33%

2 Arginine kinase Neocaridina denticulate C0STY2 7/417 21%
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Figure 2. Two dimensional electrophoresis and immunoblot analysis of M. rosenbergii.
a: Coomassie blue stained blot; b: Immunoblot with individual patients’ sera. The circle shows the spot sent for MALDI/MS analysis. M: 
Molecular mass macker; pI: Isoelectric point.
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invertebrates by the phosphorylation[15]. In conclusion, 
2-DE immunoblotting and proteomic analysis have enabled 
identification of important IgE reactive proteins from the 
prawn extract of M. rosenbergii. Two important allergens 
reacting with more than 50% patents’ sera were identified 
using mass spectrometric approach. The major allergens 
identified can contribute to designing safer and more 
effective immunotherapeutic antigens.   
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