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Development of Monoclonal Antibody for Rock Shrimp Identification
Using Enzyme-Linked Immunosorbent Assay
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Rock shrimp specific protein M, determined from a comparison of the SDS-PAGE protein banding
pattern of rock shrimp with those of 23 other seafood and meat samples, was isolated from 12% poly-
acrylamide gels and used to develop monoclonal antibodies (McAb). The highly specific McAb (4H2-
10D3) recognized the antigenic determinant(s) present on the 17.7-kDa component of protein M in both
the native and heat-denatured rock shrimp extract. Specificity of the McAb was confirmed by testing
against pink, white, and rock shrimp protein extracts using Western blotting technique and also against
23 commonly consumed seafood and meat samples by immunodot blotting and ELISA. The McAb
was also applied in ELISA under optimized test conditions to detect the presence of rock shrimp in
26 various seafood and meat mixture samples. The McAb correctly detected rock shrimp in all these
samples. Heat treatment of rock shrimp extract enhanced the reactivity with this McAb. Furthermore,
the presence of rock shrimp as low as 4.3 ng on the average in sample mixtures containing various seafood

or meat samples could be detected.

INTRODUCTION

There has been a tremendous growth in seafood
consumption in this country due to changes in consumer
attitudes toward health and nutrition. With the increased
demands for higher quality seafood products, consumers
may have already encountered the willful or unintentional
adulteration by dealers who substitute higher quality and
priced seafood with lower quality and less expensive
products.

Identification of seafood species can be difficult. The
use of morphological characteristics for identification
requires a great deal of experience; unintentional fraud
can occur when identification is done by untrained
personnel, and the resulting products may be declared
misbranded and/or adulterated by regulatory agencies
(Vondruska et al., 1988). Several electrophoretic methods
are used officially to differentiate the species of seafood
or seafood products (AOAC, 1984). However, these
methods are laborious and time-consuming and require
substantial equipment. A large data bank of various
seafood species is also needed for effective protein profile
comparison. These methods are therefore limited for field
test applications. In addition, morphological characteristics
can be lost and protein denaturation will result during
processing. Therefore, morphological and electro-
phoretic methods may be less effective for seafood
identification. There has been a great need to develop a
fast and reliable method to identify seafood species and
to quantify their levels in seafood products to assure
product quality and thus to protect consumers’ value.

Immunological assays, as an alternative, can be used to
reduce the test time and cost, as well as to increase the
sensitivity in detecting food components (Hayden, 1977,
1978, 1981; Hitchcock et al., 1981; Karpas et al., 1970; Sker-
ritt, 1985). Lundstrom (1984, 1985), using hybridoma
technology, developed the enzyme-linked immunosor-
bent assay (ELISA) to identify fish species and to
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differentiate fish stock. Crude protein extracts from heat-
denatured fish muscle were used to immunize mice for the
preparation of monoclonal antibodies (McAbs). However,
high cross-reactivity of the antibodies was noted between
unrelated fish species, and species specificity was not found
when McAbs were tested against numerous fish species.
This might have been due to the fact that most of the
antibodies produced against the crude extracts were specific
for most of the prevalent proteins such as glyceralde-
hyde phosphate dehydrogenase (Scopes, 1970), rather than
the less abundant species-specific proteins in the extracts.
Similar results were also reported by Tracy et al. (1983),
who tried to produce McAbs using a human urinary protein
extract. Most of the positive hybridomas produced
antibodies reactive to albumin, an abundant urinary
protein in renal disease, rather than the protein of interest,
PC-30. However, after the separated protein was used as
antigen following two-dimensional gel electrophoresis, PC-
30-specific McAb was developed as confirmed by auto-
radiography.

ELISA has been widely used to differentiate fish species
and unprocessed beef, pig, horse, sheep, kangaroo, camel,
goat, and buffalo meat (Kang’ethe et al., 1982; Lund-
strom, 1984, 1985; Patterson et al., 1984; Skerritt, 1985;
Whittaker et al., 1983). ELISA offers great advantages
in that (1) the test can be performed in a short period of
time, (2) a small volume of species-specific antisera is
required, (3) the antisera can be mixed for multispecific-
ity in a screening procedure, (4) equipment is available to
semiautomate the assay, and (5) the increased sensitivity
of the assay allows the use of simple sampling techniques
(Whittaker et al., 1983).

The present study was carried out to develop rock
shrimp (Sicyonia brevirostris) specific McAb by using
isolated rock shrimp proteins as antigen and to use this
specific McAb as a model to increase the specificity of the
ELISA test for species identification. The applicability
of the ELISA test to identify rock shrimp among seafood
and meat samples and quantify rock shrimp content in
various protein mixtures was also investigated.
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Detection of Rock Shrimp by ELISA

MATERIALS AND METHODS

Preparation of Water-Soluble Proteins. Water-soluble
proteins were extracted from 23 different seafood and meat sam-
ples, including rock shrimp, as previously reported (An et al,,
1988). Samples were chopped and mixed at a ratio of 1:3 {(w/
v) with an aqueous solution containing 0.1 mM phenylmethane-
sulfonyl fluoride (PMSF), 10 mM EDTA, and 0.01% {(w/v)
sodium azide. The samples were homogenized by using a Poly-
tron instrument (setting 5.5, Brinkmann Instrument Co., West-
bury, NY) at room temperature for 1 min and then centrifuged
at 48000g for 20 min at 20 °C. The supernatants were collect-
ed, and the protein contents were determined (Lowry et al.,
1951).

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electro-
phoresis (SDS-PAGE). SDS-PAGE was performed accord-
ing to the method of An et al. (1988) using a Protean II (vertical
slab) unit (Bio-Rad, Richmond, CA) with slab gels consisting of
arunning gel (12%) and a stacking gel (3%). Protein samples
(35 ug/20 uL) were run initially at a constant current of 15 mA/
slab and then increased to 30 mA/slab when the marker front
reached the running gel. Following electrophoresis, the pro-
teins were stained with 0.125% (w/v) Coomassie Brilliant Blue
R-250 (Bio-Rad) in 40% ethano!l and 7% acetic acid and then
destained in 79 acetic acid. Electrophoretic patterns were re-
corded by developing the positive image using Kodak electro-
phoresis duplicating paper (Eastman Kodak, Rochester, NY). A
low molecular weight protein kit (Pharmacia, Piscataway, NJ)
was used as protein standards, which contained phosphorylase
b (94 000), bovine serum albumin (67 000), ovalbumin (43 000),
carbonic anhydrase {30 000), soybean trypsin inhibitor {21 100),
and «-lactalbumin (14 400).

Purification of Protein M. Rock shrimp SDS-PAGE pro-
tein bands with molecular weights of 17 700 and 18 500, re-
ferred to as protein M, were shown to be specific for rock shrimp
when compared with pink or white shrimp protein profiles (An
et al., 1988). After electrophoresis, protein M was eluted from
the 129 SDS-PAGE slab gels of the water extract of rock
shrimp proteins. The gels were homogenized in water for 1 min
by using a Polytron instrument, and the mixtures were centri-
fuged at 2000g for 20 min at room temperature. The eluted pro-
teins in the supernatant were pooled and dialyzed overnight at
4 °C in a membrane tubing (molecular weight cutoff 6000~
8000, Spectrum Medical Industries, Inc., Los Angeles, CA)
against an excess amount (about 100X in volume) of phosphate-
buffered saline (PBS, pH 7.4) containing 1.4 M NaCl, 0.1 M
Na;HPO,, and 0.3 M KH,PO,, with constant stirring to re-
move residual SDS. The dialyzed protein M was analyzed for
protein content and purity by using SDS-PAGE following the
previously described procedures (An et al., 1988).

Two-Dimensional Gel Electrophoresis of Rock Shrimp
Water Extract. Two-dimensional electrophoresis using urea
IEF in the first dimension and SDS-PAGE in the second di-
mension was performed as previously described (An et al., 1988,
1989). The first dimension using rock shrimp protein extract at
150 ug was done with a tube gel (11.5 cm X 1.7 mm) and a Phar-
macia electrophoresis apparatus GE-4II unit. After the fo-
cused gel was removed and equilibrated in 0.125 M Tris-HCIl
buffer (pH 6.8) for 1 h, the gel was placed on the top. of the
SDA-PAGE slab gel consisting of the stacking gel (3% acryla-

mide, w/v) and the separating gel (12% acrylamide, w/v) and -

maintained in position with 1% agarose. The slab gel was run
until bromophenol blue reached the bottom of the gel (An et al.,
1988, 1989). The proteins were stained with Coomassie Blue
R-250 and destained.

Immunization Procedures. Four 6-week-old Balb/cBYJ
female mice (Jackson Laboratories, Bar Harbor, ME) were each
immunized with 100 ug of protein M freshly emulsified in RIBI
adjuvant {monophosphoryl lipid A-trehalose dimycolate, RIBI
Immunochem Research, Inc., Hamilton, MT). The mixture was
injected in 50-uL aliquots into each of four separate subcuta-
neous sites on the ventral side near the axillary and inguinal
lymphatics, in 150-zL volume into the intraperitoneal cavity,
and in 150-uL volume into one anterior dorsal subcutaneous site.
The injection process was repeated three times, each at 2-week
intervals. The titer of the serum against protein M was deter-
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mined by ELISA, as described below, 1 week after the second
and third booster injections. A final boost was given intraperi-
toneally 26 days after the third booster and 4 days prior to the
fusion.

Development of Monoclonal Anti-Protein M Antibod-
ies. Monoclonal antibodies against protein M were produced
according to previously established protocols of Kao and Klein
(1986). Spleen cells harvested from immunized mice were fused
with SP2/0 myeloma cells at a ratio of 7.5:1 (spleen cells/
myeloma cells) by using 50% polyethylene glycol 1540. The
fused cells were suspended in hypoxanthine-aminopterin-
thymidine (HAT) selective medium and seeded into 96-well flat-
bottom culture plates. Ten to 14 days later, the supernatants
of growth-positive wells were screened for production of anti-
protein M antibodies by testing with protein M and rock shrimp
protein extracts by ELISA and immunodot blot. Hybridomas
initially producing anti-protein M were expanded and re-
screened. Hybridomas that showed continued production of an-
ti-protein M antibodies were cloned by the limiting dilution
method (Zola and Brooks, 1982). McAb isotypes were deter-
mined with ScreenType (Boehringer Mannheim Biochemicals,
Indianapolis, IN).

Three cloned hybridomas (designated as 2E8-2B10, 4H1-
8F11, and 4H2-10D3) that produced anti-protein M McAb with
high reactivity for rock shrimp extract only were propagated in-
traperitoneally in three or four male Balb/cBYJ mice to pro-
duce McAb-containing ascites. Anti-protein M McAbs from
these ascites were purified by using the protein A-Sepharose 4B
(Sigma Chemical Co., St. Louis, MO) column chromatography
as described by Ey et al. (1978).

Enzyme-Linked Immunosorbent Assay for Protein M.
Each well of a 96-well Nunc immunoplate was coated over-
night at 4 °C with 100 pL (5 ug/mL) of protein M or water pro-
tein extracts in PBS containing 0.02% azide, pH 7.4 (PBS-az).
Each well was then washed three times with PBS-az contain-
ing 0.5% Tween 20 (PBS-T) and incubated with 1% bovine se-
rum albumin (BSA) in PBS for 1 h at 4 °C. The wells were
washed three times again with PBS-T and incubated at room
temperature for 1 h with supernatants of the hybridoma cul-
tures or purified McAb (4H2-10D3) in 100 uL./well. After three
washes with PBS-T, the wells were added with the 1:1000 di-
luted rabbit anti-mouse IgG conjugated with alkaline phos-
phatase (Sigma) with PBS containing 1% BSA and incubated
for 1 h. After three additional washes with PBS-T, p-nitrophe-
nyl phosphate (1 mg/mL, Sigma) in 0.1 M carbonate buffer (pH
9.6) was added to each well, and the plate was incubated for 45
min in the dark. Absorbance was read at 405 nm by using an
ELISA plate reader (Molecular Devices, Palo Alto, CA).

Immunodot Blotting. Aqueous shrimp protein extracts (20
ug/20 uL) were dotted onto nitrocellulose membrane paper
(BAS85, Schleicher and Schuell, Keene, NH) assembled in a Min-
ifold 1 dot blot apparatus with an incubation plate (Schleicher
and Schuell) and incubated for 1 h. The nitrocellulose mem-
brane was then blocked by incubating with PBS-az containing
5% nonfat milk for 1 h at room temperature (Johnson et al.,
1984). Following washing with PBS-T for 5 min, the mem-
brane was incubated in the purified McAb (100 ug/mL) in PBS-
az containing 1% BSA for 30 min. After washing for 5 min with
PBS-T, the membrane was incubated with rabbit anti-mouse
IgG (1 ug/mL) conjugated with alkaline phosphatase for 30 min.
Following additional washing with PBS-T, the membrane was
incubated in nitroblue tetrazolium (0.1 mg/mL) and 5-bromo-
4-chloro-3-indolyl phosphate (0.05 mg/mL) solution in 0.1 M
Tris buffer containing 1 mM MgCl; (pH 8.8) until color devel-
opment. Positive samples containing protein M or rock shrimp
were identified by the development of a blue color at the site of
protein immobilization.

Western Blotting. Crude protein extracts of pink, white,
and rock shrimp after electrophoresis on 12% SDS-PAGE gels
(An et al., 1988), as well as the two-dimensional gel profiles of
rock shrimp protein extract, were electrophoretically blotted
onto Immobilon membrane paper (Millipore Corp., Bedford,
MA) at 4 °C using a Trans-Blot device (Bio-Rad) at 50 mA for
2 h. After proteins were transferred onto the membrane, they
were processed by the same techniques used for immunodot
blotting with only slight modifications. The membrane paper
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ng (4.3 ng X 19.79;). This ELISA assay could be used to
reveal the presence of rock shrimp at nanogram levels in
mixtures containing unrelated species of seafood or meat.

CONCLUSION

In summary, the 4H2-10D3 McAb developed in this
laboratory was proven to be rock shrimp specific by ELISA,
immunodot blot, and Western blot tests. This McAb was
reactive to heat-treated rock shrimp proteins and was
shown to be very effective and sensitive in blind studies
to identify rock shrimp and to detect the presence of rock
shrimp in samples containing mixtures of diverse sea-
foods or other nonseafood meats by using the ELISA test.
The detection of rock shrimp proteins in various seafood
and meat sample mixtures can be achieved at a level as
low as 4.3 ng on the average by using the optimal ELISA
testing conditions. The ELISA procedure using this McAb
is fast, sensitive, and reproducible and thus can be used
for fast screening of species used in food products.
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