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Enzymed-linkedimmunosorbant assay of hilsa and pomfret muscle extracts showed specific
IgEbinding to ten allergic patients’ sera, the results corroborated to that of skin prick test. Comparison
of allergen profiles of the two fish extracts byimmunoblotting revealed a common antigenic protein
of 50 kDa and some highmolecular weight fish aller gens instead of low molecular weight
parvalbuminfound in several fishes. Purified and well characterized fish aller gens arealways
considered better than crude fish extracts for diagnostic use.
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Type alergy is caused by therecognition of aller gens by specific IgE antibodies leading to a
cascade ofcellular inflammatory responses. Fish alergy is one of the most common foodallergies
mediated by IgE antibody. Consumption of fish products could lead tosymptoms like skin rash,
dermatitis, urticaria, angioedema, gastrointestinal problems, diarrhoea, respiratory distress and even
fatal systemic anaphylacticreactions!-3. Though fish protein isthe major cause ofhypersensitivity, it
is avaluable source of polyunsaturated fatty acids, whichare highly recommended for health. Some

common animal proteins from meat, egg,shrimp, crab, cow’s milk4> have been identified and
characterizedas major aller gens. The only major allergen (Pen a 1) identified in shrimp is the muscle
protein, tropomyosiné.The specific role of egg ovalbumin for binding IgE antibody has already
beenelucidated”; has been found in patients alergic to cow milk,casein, along with other two milk
proteins immunoreacted with IgE antibody8.Another vertebrate muscle protein, parvalbumin, which
Is a calcium-bindingprotein has been established as a major cross-reactive allergen in fishes likecod,
mackerel, tuna, salmon and carp®12,

Consumption of fish is quite high in eastern and north easternindia and the importance of fishin
elicitation of hypersensitivity reactionsis well known, however there is no detailed study on Indian
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fish aller gens.Chaki13 has purified and characterized an allergen (molecular weight~14 kDa) from
rohu (Labio rohita, Hamilton-Buchanan).

The presentstudy deals with the identification of allergensin two highly consumed I ndianfishes,
viz., hilsa (Tenualosa ilisha, Hamilton-Buchanan)and pomfr et (Pampus ar genteus, Euphrasen)by
determination of specific IgE in fish hypersensitive human sera, usingenzyme-linked immunosorbant
assay (ELISA). Also, profiles of different IgEbinding proteins in these fish extracts by
immunoblotting have been compared. This biochemical and immunological study of two fish
allergens will help inunderstanding the all ergenic/antigenic relationship between hilsa and pomfr et.

M aterials and M ethods

Chemicals and biochemicals—Acrylamide,N,N/, methylenebisacrylamide, sodium dodecy! sulfate, o-
phenylenediamine, diaminobenzidine,anti-human IgE conjugated with horse radish peroxidase (HRP)
and nitrocel lulosemembrane were purchased from Sigma-Aldrich, USA. All other reagents were
ofhighest analytical grade and obtained locally.

Preparation of hilsa and pomfret fish extracts—Hilsa andpomfr et fishes were purchased from New
Market, Kolkata. The raw muscles werefreed from bones and homogenized separately in 0.1 M PBS

(pH 7.2). Theindividual extract after stirring overnight at 4° C wascentrifuged at 10,000 g for 30 min.
The supernatants were used as fishextracts for subsequent experiments. Protein concentration of the

extracts wasdetermined by the method of Lowry et al14.

Subjects—Ten patients, age ranging from 18 to 65 years, witha clinical aswell asfamily history of
hypersensitivity to fish were selectedin this study at the “ Allergy and Asthma Research Clinic”,
Kolkata. This studywas approved by the Institutional Ethical Committee and informed consent
wasobtained from each subject.

Sin prick tests—The skin prick tests (SPT) were performed byplacing a drop (1:20 w/v) of the fish
extracts on the volar aspect of theforearm with a disposable (26 gauge) hypodermic needle. The site
was observedafter 20 min and awheal of 3 mm diameter surrounding erythema was regarded
aspositive response; 50% glycerol in PBS was taken as negative control.

Enzyme-linked immunosorbant assay (ELI SA)—To evaluate the IgEbinding activity of patients' sera
with fish allergen, EL | SA was performed asper Voller et. al.1>.Briefly, each well of a microtiter plate
was coated with 100 ml (5 pg/ well) of either fish extract in 10 mMcarbonate buffer (pH 9.6),
andincubated overnight at 4°C. The plates were washed with PBS-T (10 m M PBS, pH 7.4 containing
0.05% Tween 20) and incubated with 1% BSA in PBSat 37°Cfor 1 hr followed by incubation with
patients sera (100 ml, 1:10) at 37°C. After washing, thewells were incubated with 100 ul ofgoat-
antihuman IgE-HRP (1:1000) in PBS at 37°C for 1 hr. The colour wasdeveloped after incubation
with 100 plof o-phenylenediamine (1 mg/ml in0.05 M citrate phosphate buffer with 0.01% H,O,, pH
5) for 30 minin the dark at 25 °C.Absorbance was measured at 492 nmin an EL | SA reader (Flow
Laboratory, UK)after adding 3 N sulfuric acid asstop solution.
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For ELISA inhibitionstudy, either hilsa or pomfret extract (5 pug/well)was coated onto the microtiter
wells. Following the procedure as above, thewells were incubated with pooled patients’ sera, pre-
incubated overnight at 4 °C withdifferent concentrations (7.5-150 pg) of either hilsa or pomfr et
extract. ThelgE binding inhibition was detected using anti human IgE - HRP as describedabove. The
above experiments were performed in triplicate and the data wereexpressed as the mean values.

| mmunoblotting—The crude extracts(30 pg) were subjected to SDS-PAGE (10%) as per Laemmlil6
underreducing condition with 2-mercaptoethanol. After electrophoresis, the separatedproteins were
stained with Coomassie Blue and destained with 50% acetic acidfor visualization of peptide bands.

I mmunoblotting was performed byelectrophoretic transfer of separated proteins of each fish extract
tonitrocellulose membranes (0.45 p pore size) in Tris-glycine buffer containing25% methanol1/. The
membranes were cut into strips and free siteswere blocked with 3% BSA. Each strip was incubated
overnight at 4 °Cwith individual patient’s sera (1:10). The membrane was washed thrice withPBS-T
and incubated with anti-human IgE-HRP (1:1,000) for 3 hr at roomtemperature. Finally, the color
was devel oped with diaminobenzidine and 0.01% H,0,in sodium acetate buffer (pH 5).

Results

SPT reactivities and specific IgE of patients—Clinical history and skin test results of ten selected
fishallergic individuals are summarized in Table 1. These patients had histories ofallergic reactions
following the ingestion of fish. EL I SA studies showedelevated specific IgE levelsto both hilsa and
pomfret extractsin al tenpatients (Fig. 1). The results are in concordance with the clinical symptoms
aswell as SPT results of the patients. No increased IgE level was detected incase of two non-allergic
healthy individuals. EL | SA inhibition studies werecarried out to test cross-reactivity between hilsa
and pomfret. Preincubationof the pooled patients serawith either hilsa or pomfret protein extract
(upto 150 ug) did not show any inhibition suggesting that the two fishes areallergenically quite
distinct from each other (Fig. 2).

Table 1—Clinical summary of patients selected for the study

Subject No. Age Sex Symptoms SPT*  Family history
1 18 M Skin rash ++ Nil
2 65 F Breathlessness +++  Nil
3 36 M Skin rash +++  Nil
4 19 F Skin rash + Asthma
5 53 M Breathlessness, diarrhoea +++ Asthma
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6 43 F Breathlessness ++ Nil

7 50 M Severe skin rash + Nil

8 46 F Breathlessness, skinrash ~ +++  Asthma

9 36 F Breathlessness ++ Asthma,
Eczema

10 35 F Breathlessness, diarrhoea ++ Eczema

*Wheal diameter: + = 3-5 mm, ++ = > 6 mm, +++ = >6 mm with pseudopodia.

Fig. 1—Quantification of the levelsof specific IgE by EL1SA. OD values at 492 nm of the IgE binding of patients serato
hilsa and pomfret extracts. Each value is the mean of threedeterminants.

Fig. 2—Result of EL I SA-inhibition.EL | SA-inhibition of pooled patients sera (--m --) with differentconcentration of hilsa
allergen (7.5-150 p g)in plate coated with pomfret allergen (5 u g/well)and (—o —) with different
concentration of pomfret allergen (7.5-150 mg) in plate coated with hilsa alergen (5 Mg/well).

SDS-PAGE of fish extracts—On 10%SDS-PAGE, the hilsa extract showed at least 14-15
polypeptides (Fig. 3, lanel). The mgority of bandsin the hilsa extract were in the molecular
weightrange of 26-62 kDa, though some high molecular weight bands were also present. The most
prominent doublet seemed to be present in equal intensity was in themolecular weight range of 41-42
kDa. The pomfret extract showed completelydifferent polypeptide profile than that of hilsa extract
(lane 2, Fig. 3). Themajority of bands in the pomfret extract were in the range of 30-96 kDa thougha
low molecular weight (~14 kDa) polypeptide also appeared. The two mostprominent Coomassie
stained polypeptide bands were at 32 and 35 kDa,respectively.

Fig. 3—SDS —PAGE of hilsa andpomfret extracts. [Each of 30 ug of hilsa and pomfret extract was analyzed by10% SDS-
PAGE. Lane M: molecular weight markers, Lane 1, hilsa extract and lane2, pomfret extract.]

Immunoblot analyses of IgE reactivities of patients' sera—To confirm the SPT and EL | SA results,
the hilsa andpomfret extracts were immunoblotted with serafrom ten allergic and twonon-allergic
individuals. All of the allergic patients' serayielded almostidentical blotting profile for either in hilsa
or pomfret extract, though therewas a subtle difference anong them (Fig. 4, Table 2). In case of

hilsa extract,the mgority of the allergic patients' sera showed very strong binding to themost
prominent 41-42 kDa doubl ets and also to other two polypeptides at 50 and62 kDa respectively.
Whereas, the 29 kDa polypeptide in the hilsa extract wasrecognized by six patients (sera numbers 1-3
and 7-9). On the other hand, incase of pomfret extract, most of the patients’ serarecognized the
twopolypeptides of 32 and 35 kDa and another higher molecular weight polypeptideof 50 kDa. In
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addition to that, al of the patients' sera except patient No. 3,showed IgE binding to a high molecular
weight polypeptide (~97 kDa). Patientnumber 1, 2 and 9 showed some other additional minor bands,
which the rest ofthe sera did not recognize.

Fig. 4—IgE immunoblot analysisusing sera from allergic and non-allergic subjects. [ The samples were analyzedby 10% SDS-
PAGE and transferred to nitrocellulose membrane. The binding ofserum was detected by HRP-conjugated anti-human IgE.
Lane 1-10 fish sensitivepatients sera, lane 11-12, control sera, lane 13, BSA.]

Table 2—IgE-binding proteins (molecular weight in kDa) of Hilsa and Pomfr et

Hilsa

Patients sera 29 38 41 50 62 94
1 X X X X X -
2 X X X X X -
3 X X X X X -
4 - X X X X -
5 - - X X X -
6 - - X X X -
7 X X X X X X
8 X X X X X X
9 X - X X X X
10 - - X X X X
Pomfret

Patients sera 32 35 43 50 68 97
1 X - X - X X
2 X - X - X X
3 X X X X - -
4 X X - X - X
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5 X X X X - X
6 X X X X - X
7 X X X X
8 X X X X X
9 X X X X X X
10 X X - X - X

‘X’ = presence of band.

Two non-alergic individuals showed very weakbinding to some antigens present in both the extracts
(lanes 11-12). No IgEbinding was observed in absence of serum (lane 13).

Discussion

The two fishes, hilsa and pomfret are widelyconsumed in India and considered to be the frequent
causes of IgE mediatedhypersensitivity. The molecules present in fish extracts play amajor role
infish induced hypersensitive reactions. Therefore, the identification andcharacterization of fish
allergensis an essential step towards theunderstanding of molecular basis of fish alergy.

Allergensisolated from two I ndian fishes, hilsa and pomfret wereidentified. EL |1 SA results
revealed that all fish allergic patients, who showedpositive reactivity in SPT, had increased level of
specific IgE. mmunablottingexperiments also showed that the alergenic proteins present in both
the fishextracts reacted with all ten fish alergic subjects. A calcium bindingvertebrate muscle protein,
parvalbumin has been identified and characterized asa major allergen in several fishes®. Surprisingly,
in the immunobl otexperiments, none of the patients’ sera could recognize any low molecularweight
protein like parvalbumin. An earlier observation indicated the presenceof alow molecular weight IgE
binding protein of 14 kDafrom rohu fish13,though the identity of that protein with parvalbumin had
not yet beenconfirmed. The absence of parvalbumin in hilsa and pomfret suggests thepresence of
species specific IgE epitopes.

Cross-reactivealler gens among fish species were reported earlier. Gad ¢l or parval bumin wasfound
to be a common cross-reactive allergen in different fish species!8. Though the immunoblot results
showed the presence of one shared protein of 50kDa in both fish extracts (Table 2 and Fig. 4), there
Was No Cross - reactivityeven when 150 pg of either fish extract was used in EL1SA inhibition studies.
Therefore, the occurrence of this allergen in hilsa and pomfret doesn’t clearlyshow whether the
presence of this common protein in both the extractsrepresents one common allergen having same
allergenic determinants or proteinof same molecular size, but with different alergenic epitope. When
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animmunoblot experiment was carried out with several Indian fish extracts viz.bhetki (Lates
calcarifer, Bloch ), parse (Liza parsia, Hamilton-Buchanan), rohu (Labeo rohita, Hamilton-
Buchanan),magur (Clarias batrachus, Linnaeus), pomfret and hilsa using a rabbitanti-hilsa
antibody, almost no cross reactivity was detected between hilsa andpomfr et, whereas other fishes
showed high cross-reactivity with hilsa antibody. Therefore, this experiment also points to the fact
that no cross-reactivityexists between the two fishes: hilsa and pomfret.

The majorcross-reactive fish allergen parvalbumin was purified and cloned from carp!8,salmon1® and
mackerel20, Parvalbumin is not the onlymajor fish allergen that was studied in detail, but also other
proteins fromseveral fishes were identified and characterized. Das Dores et a2, identified and
purified an allergic protein of 41 kDa fromcodfish. Fish gelatin (type 1 collagen) was identified and
purified as anallergen and specific IgE antibody to this protein was al so reported?2.1n this context, the
present work on identification of allergens from twol ndian fishesis very relevant as identified
major aller gens can be purifiedand characterized for further studies. Thiskind of detailed study of

I ndianfishes has not been reported till date. Therefore, the present investigationinvolving the
identification of allergenic moleculesin two highly consumedi ndian fishesis afirst step towards the
improvement of the quality ofallergen extracts. The purified and recombinant aller gens are always
bettersubstitute for crude extracts, which contain a number of unwanted substances.In the
management of fish allergy, the role of well-characterized relevantaller gensis very important
because these aller gens may replace crude allergenextracts in allergy diagnosis.
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