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Preparation and Characterization of Monoclonal Antibody
Against Abalone Allergen Tropomyosin

YING LU, TOSHIAKI OSHIMA, HIDEKI USHIO, and KAZUO SHIOMI

ABSTRACT

Muscle protein tropomyosin is a major and common allergen of mollusks. In order to develop immunoas-
says based on monoclonal antibody (MAb) for allergen characterization, a MAb against Japanese abalone
(Haliotis discus) was prepared and characterized in the present study. In comparison with the IgE reactivi-
ties of sera from crustacean allergic individuals, the selected MAb AE9F9 showed specific reaction to the
abalone allergenic tropomyosin. The MAb AE9F9 reacted to the crustaceans including lobster, crab, and
shrimp, but not to the mollusks other than abalone. It was surprising that the MAb AE9F9 was also reac-
tive to the vertebrate chicken tropomyosin and smooth muscle tropomyosin of chicken gizzard. Comparison
of amino acid sequences of tropomyosins among abalone, other mollusks, crustaceans, and chicken showed
that two regions (90–105 and 147–165) have a high identity among abalone, crustaceans, and chicken, but
are polymorphic among mollusks. In the two regions, substitutions at residues 99-Leu, 149-Lys, and 160-Arg
of abalone tropomyosin are observed only in mollusks, suggesting that these residues might be important for
determining the abalone tropomyosin structure recognized by the AE9F9 antibody. Because of the distinct
binding site, the MAb AE9F9 might be useful for abalone allergen detection and epitope mapping of aller-
gen tropomyosin.
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INTRODUCTION

SHELLFISH, including crustaceans and mollusks, are impor-
tant food sources throughout the world. However, shellfish

hypersensitivity is among the most common and major causes
of food allergy especially in adults, and shellfish allergy has
been becoming a serious problem with the increasing rate of
shellfish consumption.(1,2) In general, the ingestion of shellfish
would result in symptoms such as urticaria, angioedema,
asthma, rhinitis, vomiting, and diarrhea and even shock in se-
vere cases.(3)

Allergenic components of foods are commonly detected with
in vitro tests such as enzyme linked immunosorbent assay
(ELISA) and radioallergosorbent test (RAST) based on the spe-
cific IgE reactivity of patient serum. Because patient serum is
comprised of polyclonal antibodies, it may result in false pos-
itive values for similar amounts of two allergens or false neg-
ative results for the minor allergen of the extract in the meth-
ods based on serological analysis.(4) Consequently, it is
necessary to develop other specific methods for allergen de-
tection and quantification. In recent years, because of the high

specificity to one particular antigen, the allergen-specific mono-
clonal antibodies (MAbs) have been reported to be a useful tool
in the field of allergen detection and quantification.(5,6)

Studies on shellfish allergy showed that muscle protein
tropomyosin is a major allergen in crustaceans and mol-
lusks,(7–12) and tropomyosin is believed to be an invertebrate
pan-allergen.(13) By the reactivity of IgE antibodies, it was
shown that common antigenic structures are present in
tropomyosins of crustaceans and mollusks.(14–16) In order to de-
velop immunoassays based on allergen-specific MAbs for mol-
lusk allergen detection and quantification, monoclonal antibody
against Japanese abalone (Haliotis discus) was prepared and
characterized in the present study.

MATERIALS AND METHODS

Materials

Frozen specimens of Japanese abalone (Haliotis discus) and
king crab (Paralithodes camtschatica), fresh Japanese oyster
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(Crassostrea gigas), octopus (Octopus vulgaris), snow crab
(Chionoecetes opilio), black tiger prawn (Penaeus monodon),
Chinese prawn (Penaeus chinensis), common carp (Cyprinus
carpio), sardine (Sardinops melanosticta), frog (Rana cates-
beiana), chicken (Gallus gallus domesticus) leg muscle, and
chicken gizzard were purchased from local suppliers. Patient
sera were obtained from three individuals with histories of al-
lergenic reactions to both crustaceans and mollusks.

Preparation of immunogen

Edible portions of abalone were minced and mixed with 5
volumes (w/v) of phosphate-buffered saline (PBS; Nissui Phar-
maceutical Co., Ltd., Tokyo, Japan). After an overnight ex-
traction at 4°C, extracts were centrifuged at 15,220 � g for 25
min; the supernatant was then precipitated by 30–55% sulfate
ammonium to obtain the myofibrillar proteins. The precipitate
was dissolved in PBS and subjected to sodium dodecylsul-
fate–polyacrylamide gel electrophoresis (SDS-PAGE) using the
Laemmli’s method.(17) The proteins were separated by 10% sep-
arating gels and stained with coomassie brilliant blue 250R
(CBB). Following SDS-PAGE, a gel strip containing the band
around 38 k was cut from the CBB stained gel, and the protein
was eluted from the gel strips by electrophoresis at 10 mA. The
eluate was lyophilized, and then dissolved in PBS and stored
at �85°C until use.

Preparation of cooked crustacean and 
mollusk samples

For crustacean samples, abdominal muscles of shrimp and
leg muscles of crab were used. The adductor muscle of oyster
and the tentacle muscle of octopus were used for mollusk sam-
ples. Because allergens are generally resistant to industrial pro-
cessing, heating, and cooking, muscles from each species were
first homogenized in distilled water (1:3, w/v) and then boiled
for 10 min to simulate heat processing. After cooled down to
4°C, all samples were then centrifuged at 15,220 � g for 25
min. The supernatants were separately stored at �20°C.

Preparation of vertebrate myofibrillar protein samples

Carp fast skeletal, sardine fast skeletal, frog fast skeletal,
chicken fast skeletal, and chicken gizzard smooth myofibrillar
protein samples were prepared by the method as described be-
low. First, muscles were minced and homogenized with the 25
mM Tris-HCl (pH 8.0) buffer containing 20 mM KCl, 1 mM
KHCO3, 0.1 mM CaCl2 and 0.1 mM dithiothreitol (1:5, w/v)
at 4°C. Following centrifugation at 5000 � g for 15 min, the
precipitates were extracted in the same buffer for 10 min and
then recentrifuged. Extraction and centrifugation procedures
were repeated three times to remove the soluble sarcoplasmic
proteins. Finally, the suspensions were individually filtered with
a layer of gauze in order to obtain small myofibrillar fragments.
The filtrates were stored at �20°C until use.

Immunization and generation of monoclonal antibody

BALB/cA mice (female, 6 weeks, Crea, Tokyo, Japan) were
immunized intraperitoneally with 100 �L of emulsions of im-

munogen (200 �g/mL) with complete and incomplete Freund’s
adjuvants on the 0 day and the 14th day, respectively. Twenty
micrograms of the immunogen in PBS was intravenously in-
jected on the 21st day. Three days after the intravenous injec-
tion, splenic lymphocytes were fused to murine myeloma cells
(P3-X63-Ag8.U1) in the presence of polyethylene glycol (PEG)
1500 (Roche Diagnostics, Tokyo, Japan). The fused cells were
first cultured in a GIT medium (Wako Pure Chemical Indus-
tries, Ltd., Tokyo, Japan) containing 10% BM-conditioned H1
(Roche Diagnostics) and 1% hypoxanthine, aminopterin, thymi-
dine supplement (HAT; Roche Diagnostics). The obtained hy-
bridomas were screened by enzyme-linked immunosorbent as-
say as described below and cloned by the limiting dilution
method.(18) Isotypes of the obtained monoclonal antibodies
were determined by a mouse monoclonal antibody isotyping kit
(Roche Diagnostics).

Enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assay (ELISA) was carried
out to screen the hybridoma cell lines. The abalone myofibril-
lar protein sample obtained from the 30–55% sulfate ammo-
nium suspension and the oyster sample from cooked water were
used as antigens to select hybridomas. Briefly, 100 �L of anti-
gen extracts were coated onto a flat-bottom microtiter plate
(Costar®, Corning Inc., Tokyo, Japan) for 1 h at room temper-
ature or overnight at 4°C. After washing four times with Tris-
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FIG. 1. Evaluation of the allergenic components of abalone
extracts (left panel) and the cross-reactivity of MAb AE9F9
(right panel) to different crustaceans, mollusks, and vertebrates.
The proteins were separated by precast 12.5% separating gels
and transferred to polyvinylidene difluoride membranes. The
sera (1:100) from crustacean allergic patients and culture su-
pernatant (1:5) from AE9F9 clone were used as primary anti-
bodies; and the HRP-conjugated anti-human IgE (1:3000) and
anti-mouse IgM, IgG, IgA (H�L) (1:10000) were used as sec-
ondary antibodies, respectively. The proteins were visualized
with the SuperSignal® West Pico chemiluminescent substrate
and Polaroid film.
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buffered saline (TBS; Takara Bio Inc., Otsu, Shiga, Japan) con-
taining 0.05% Tween 20 (TBS-T), the wells were then blocked
with TBS containing 5% skim milk at ambient temperature for
1 h. One hundred microliters of the supernatants from cell lines
were added and incubated at room temperature for 1 h. After
washing four times with TBS-T, the wells were reacted with
alkaline phosphatase conjugated goat anti-mouse IgM, IgG, IgA
(H � L) secondary antibody (Cosmo Bio Co., Ltd., Tokyo,
Japan) for 1 h. Finally, 100 �L of freshly made substrate solu-
tion of p-nitrophenyl phosphate (Sigma-Aldrich Japan, Tokyo,
Japan) was added for detection, and 50 �L of 3 M NaOH was
added to stop the enzyme reaction. The absorbance at 410 nm
was measured on a densitometer (CS-9300 PC, Shimadzu Co.,
Kyoto, Japan) equipped with a multi-well apparatus for 96-well
plates.

Chemiluminescence immunoassay

The chemiluminescence immunoassay was used to evaluate
the allergenic components in abalone extract and to character-
ize the cross-reactivity of the MAb AE9F9. The cooked crus-
tacean and mollusk water extracts and vertebrate myofibrillar
protein samples were used for antibody characterization. Pro-
tein samples were first applied to SDS-PAGE using a precast
12.5% separating gel (Daiichi Pure Chemicals Co., Ltd., Tokyo,
Japan) by the Laemmli method.(17) The separated proteins were
then blotted onto a polyvinylidene difluoride membrane (Mil-
lipore Co., Japan, Tokyo, Japan) as described by Towbin et
al.(19) The membrane was blocked with TBS containing 20
mg/mL bovine serum albumin for 1.5 h for allergenic protein
assay using patient sera or alternatively with TBS containing
5% skim milk for 1 h for antibody characterization. The mem-
brane was then incubated for 1 h with optimum dilution of pa-
tient sera for allergenic protein assay or with culture supernatant
from AE9F9 cell line for antibody characterization. The im-
munodetection was performed through incubation with rabbit
horseradish peroxidase (HRP) labelled anti-human IgE or goat
HRP-labelled anti-mouse IgM, IgG, IgA (H�L) secondary an-
tibody for 1 h, followed by the detection with SuperSignal®

West Pico chemiluminescent substrate (Pierce Biotechnology,
Rockford, IL) according to the manufacturer’s instructions.

RESULTS AND DISCUSSION

The muscle protein tropomyosin has been proved to be a ma-
jor and common allergen in mollusks.(20) In the present study,
monoclonal antibodies against abalone were generated and
characterized. For the hybridomas generated against abalone
immunogen, about 40% wells (308 wells in total) showed pos-
itive responses to the abalone antigen in the first ELISA screen-
ing. It was reported that an allergenic protein around 38 k, sup-
posed as tropomyosin, was present in oyster (Crassostrea gigas)
and abalone (Haliotis midae).(12,21) Although the oyster anti-
gen was used to screen as well as the abalone antigen, it was
difficult to retrieve the cell lines showing positive responses to
both abalone and oyster antigens. This might be due to the poly-
morphism of the amino acid sequences in mollusk
tropomyosins. Four hybridoma clones with positive responses

to abalone antigen were selected for the subsequent screening
and cloning procedures. Among them, the MAb secreted by
AE9F9 clone identified as an IgM subtype with � light chain
was further characterized by immunoblot assay.

The MAb AE9F9 was reactive to proteins with a molecular
weight around 38 k from abalone and crustaceans (lobster, crab,
and shrimp), and this 38 k protein was proven to be an aller-
genic component of abalone extract by the IgE reactivities of
patient sera (Fig. 1). It was reported that an allergenic protein
with a molecular weight of about 38 k was identified in South
African abalone (Haliotis midae) and Australian abalone (Hali-
otis rubra);(21) the 38 k allergenic protein has been proven to
be tropomyosin and to be a common allergen in different crus-
taceans and mollusks.(16,20,22) Consequently, we concluded that
the MAb AE9F9 was specific to the abalone allergen
tropomyosin and that this AE9F9 antibody would probably rec-
ognize the tropomyosin antigenic structures shared by abalone
and crustaceans.

It was reported that shrimp allergen tropomyosin Pen a 1-
specific MAbs and IgE of shrimp-allergic subjects did not bind
to the vertebrate tropomyosins including beef, pork, rabbit, and
chicken.(23) However, the MAb AE9F9 obtained in the present
study reacted to tropomyosins of chicken and chicken gizzard,
but not to those of other vertebrates (carp, sardine, and frog) and
other mollusks (squid, oyster, and octopus) (Fig. 1). To assess
whether the epitope shared by abalone, crustaceans, and chicken
potentially exists, the amino acid sequences of tropomyosins
from three abalone species (Haliotis diversicolor, Haliotis asin-
ina, and Haliotis rufescens) were compared with those from
other mollusks (mussel Perna viridis, oyster Crassostrea gigas,
and scallop Mimachiamys nobilis), crustaceans (crab Charyb-
dis feriatus, shrimp Metapenaeus ensis, and lobster Homarus
americanus), and chicken Gallus gallus (�-tropomyosin) using
the GenBank database. By comparing the amino acid sequences
of these tropomyosins, two regions (90–105 and 147–165) with
a high identity among abalone, crustaceans, and chicken, but
polymorphism among mollusk species were found as listed in
Table 1. The sequences at these two regions were observed with
100% identity among listed abalone species, suggesting that
these two regions are monomorphic in abalone species. How-
ever, when they were compared to the corresponding sequences
of other species, variations at residues 99-Leu, 149-Lys, and
160-Arg of abalone tropomyosins were observed only in 
mollusks (mussel, oyster, and scallop), while alteration at
residue 153-Tyr was observed in all listed species. The residue
153-Phe previously reported to be critical for the allergenic-
ity of shrimp Pen i 1(7) is answered in crustacean allergen
tropomyosins. Thus, the residue 153-Phe would be relatively
important for the allergenic structure among crustaceans, and
the three residues (99-Leu, 149-Lys, and 160-Arg) might play
an important role in determining the abalone tropomyosin struc-
ture recognized by the AE9F9 antibody.

In the present study, amino acid sequences of H. diversi-
color, H. asinina, and H. rufescens now available were used
for the assessment of epitopes. Further studies are necessary to
identify the epitope recognized by the MAb AE9F9 raised
against H. discus. Because of its unique profiles, the MAb
AE9F9 might be applied to abalone allergen detection or epi-
tope mapping.
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