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ABSTRACT ARTICLE HISTORY
Shrimp tropomyosin is one of the most important causes of shellfish Received 2 April 2019
allergy. The objective of this study was to develop a highly sensitive Accepted 14 April 2019
and specific immunoassay for the detection of shrimp tropomyosin

in food. Ten monoclonal antibodies against shrimp tropomyosin Shri .

. X . rimp tropomyosin;
were obtained by fu5|op ar)d cell screening. We found two monoclonal antibody:
optimum monoclonal antibodies (mAbs); mAb 2 was used as the sandwich ELISA;
capture antibody, and HRP-labelled mAb 3 was used as the immunochromatographic
detection antibody. Using this pair of mAbs, a sandwich enzyme- assay strip
linked immunosorbent assay (ELISA) was developed with the limit
of detection (LOD) of 0.45 ng/mL. Cross-reactivity with other food
allergens using this method was found to be negligible. An
immunochromatographic assay strip was also developed for the
rapid detection of shrimp tropomyosin with the LOD of 0.5 ng/

mL. The results demonstrated that our developmental methods
represent a useful tool for the detection of shrimp tropomyosin in
food.
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Introduction

There is a growing health concern over food allergies, which are abnormal reactions of the
immune system to particular foods, and can affect up to 8% of children and approximately
2% of adults (Jiang et al., 2016). In 1999, the Joint FAO/WHO Codex Alimentary Com-
mission Session recommended labelling eight kinds of foods containing allergenic ingre-
dients (Seiki et al., 2007). Fourteen allergenic ingredients have been listed to food labels by
the European Union Legislation (Koizumi, Shirota, Akita, Oda, & Akiyama, 2014). Shrimp
tropomyosin, which belongs to one of the “big eight”, has become the most prevalent aller-
gen in shellfish (FaberFaber et al.,, 2017). Shrimp tropomyosin is a water soluble, heat
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stable protein with a molecular weight ranging from 36 to 38 kDa, and is associated with
IgE-mediated hypersensitivity (Werner, Faeste, & Egaas, 2007). Shrimp tropomyosin can
lead to a variety of clinical symptoms such as dermatitis, diarrhea, asthma, and intestinal
syndrome (Du Toit et al.,, 2018; Scurlock, 2018; Sicherer & Leung, 2007; Sicherer &
Sampson, 2018). Severe, responses to shrimp tropomyosin can cause anaphylactic shock
and even endanger life. Therefore, a highly-efficient and specific analytical method for
its detection and quantification is critical to ensure food safety and to improve public
health.

Currently, there are a large number of analytical methods for the detection of trace
amounts of shrimp tropomyosin in foodstuffs. Polymerase chain reaction (PCR)
methods have been widely employed for the detection of food allergens (Eischeid, 2016;
Eischeid & Stadig, 2018; Fernandes, Costa, Oliveira, & Mafra, 2018; Herrero, Vieites, &
Espineira, 2014). These DNA-based methods are highly sensitive with a wide linear
range for shrimp DNA. However, there are disadvantages, such as the complicated oper-
ation process, time-consuming analyses, and high false-positive rate, to these methods.
High performance liquid chromatography coupled with tandem mass spectrometry has
also been developed to accurately quantify food allergens (Chen, Pan, & Huang, 2017;
Nagai, Minatani, & Goto, 2015; Rahman, Lopata, Randell, & Helleur, 2010). However,
it is difficult to perform on-site detection, or use as a high-throughput screen because
of the complicated sample pre-treatment procedures, expensive equipment, and trained
personnel needed. Furthermore, various biosensors exhibiting high sensitivity and good
specificity have been designed and developed to determine shrimp tropomyosin (Jiang
et al,, 2013; Jiang et al., 2015; Jiang et al., 2019; Tabrizi, Shamsipur, Saber, Sarkar, & Ebra-
himi, 2017; Wang, Rao, Zhou, Zheng, & Fu, 2019). However, it also requires sophisticated
sample preparation steps and expensive equipment. Therefore, increasing attention has
focused upon monoclonal antibody (mAb)-based immunoassays (Peng, Song, Liu,
Kuang, & Xu, 2015; Werner, Faeste, Levsen, & Egaas, 2011). Enzyme-linked immunosor-
bent assay (ELISA), an analytical method which is based on antibody-antigen interactions,
has been widely used in the detection of shrimp tropomyosin due to its high sensitivity,
specificity, and high sample throughput (Z. Li, Zhang, Lin, Haider, & Jiang, 2010). A sand-
wich ELISA based on a polyclonal rabbit anti-shrimp antibody has been successfully devel-
oped for the quantification of tropomyosin in eight shrimp species in Taiwan (Lin, Lee,
Huang, Sheu, & Yu, 2018). Although this method showed high sensitivity and specificity,
it was still limited by the fact that the polyclonal antibody had poor reproducibility and
stability. Immunochromatographic assay strips have been widely employed for semi-
quantitative, qualitative detection, and mass sample screening due to their sensitivity
and convenience (Kong, Xie, Liu, Song, Kuang, & Xu, 2017; Kong, Xie, Liu, Song,
Kuang, Cui et al.,, 2017; Lei, Xu, Song, Liu, & Kuang, 2018; Li, Wu, Song, Zheng, &
Kuang, 2019).

In this study, we successfully produced mAbs against shrimp tropomyosin, and a highly
sensitive and specific sandwich ELISA method and immunochromatographic assay strip
were developed for the determination of shrimp tropomyosin. The experimental results
showed that this sandwich ELISA method and immunochromatographic assay strip not
only exhibited high sensitivity and specificity, but also showed high-throughput accuracy,
demonstrating that these methods have great potential for food safety evaluation.
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Materials and methods
Reagents and materials

Freund’s complete adjuvant, Freund’s incomplete adjuvant, egg albumin (OVA), and
bovine serum albumin (BSA) were purchased from Sigma-Aldrich (Shanghai, China).
Gelatin, goat anti-mouse IgG antibody, and horseradish peroxidase (HRP) were supplied
from Aladdin Chemistry Co., Ltd. (Shanghai, China). Other analytical grade reagents were
purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Nitrocellulose
(NC) membranes (Pura-bind RP) were obtained from Whatman-Xinhua Filter Paper Co.
(Hangzhou, China), and polyvinyl chloride (PVC) backing materials, sample pad, and
absorbance pad were supplied by Goldbio Tech Co. (Shanghai, China). Shrimp was pur-
chased from the local supermarket.

Solutions

The buffers used in this study included (1) PBS buffer (0.01 M phosphate-buffered saline,
pH 7.4), (2) PBS buffer (0.05 M phosphate-buffered saline, pH 7.4), (3) coating buffer
(0.01 M sodium carbonate buffer, pH 9.6), (4) blocking buffer (coating buffer containing
0.2% w/v gelatin), (5) wash buffer (PBS buffer containing 0.05% v/v Tween-20), (6) anti-
body dilution buffer (PBS buffer containing 0.05% v/v Tween-20 and 0.1% w/v gelatin), (7)
stop buffer (2 M sulfuric acid), (8) substrate solution (10 mL of 0.1 M citrate phosphate
buffer which contained 1.8 uL of 30% hydrogen peroxide mixed with 2 mL of 0.06% w/
v TMB in glycol), and (9) 0.05 M carbonate buffer (pH 10.0).

Preparation of shrimp tropomyosin

Shrimp tropomyosin was obtained using the method, as reported previously (Peng et al.,
2013). The shrimp (20 g) were homogenized and degreased with petroleum ether (W/V
1:10). After stirring overnight at 4°C, the mixture was centrifuged at 6000 g for 15 min.
The supernatant was discarded, and 0.05 M PBS buffer (W/V 1:20) was added to the
pellet and left overnight. After centrifugation at 4°C for 20 min at 7000 g, the supernatant
was transferred into a beaker and precipitated with 30% ammonium sulfate. After cen-
trifugation at 4°C for 20 min at 8000 g, the supernatant was precipitated for a second
time with ammonium sulfate, reaching a final concentration of 50%. After centrifugation
at 4°C for 20 min at 8000 g, the supernatant was precipitated further with ammonium
sulfate, reaching a final concentration of 70%. The precipitate was resuspended with
0.01 M PBS buffer and dialyzed against 0.01M PBS for 3 days. Following dialysis, the
crude shrimp tropomyosin extract was purified further using gel filtration chromato-
graphy. The total protein content was determined by the Bradford assay, and the
protein was confirmed by SDS-PAGE.

Preparation of monoclonal antibodies against shrimp tropomyosin

The purified shrimp tropomyosin was used as the immunogen in mice to generate anti-
bodies against shrimp tropomyosin. The mouse with the highest serum antibody titer
was sacrificed, and its spleen was fused with Sp2/0 murine myeloma cells. The target
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cells were selected by an indirect ELISA and obtained by the limiting dilution method. The
mADbs against shrimp tropomyosin were purified by the caprylic acid-ammonium sulfate
precipitation method.

Labelling of monoclonal antibodies against shrimp tropomyosin

The purified mAbs were conjugated to HRP using the modified sodium periodate method,
as reported previously (Kuang et al., 2013). Firstly, HRP was oxidized with 0.06 M NalO,
for 30 min at 4°C, the reaction was terminated by adding 0.16 M glycol for 30 min at room
temperature. Secondly, the purified antibody was added into the mixture, and the system
was adjusted at pH 9.0 using 0.05 M carbonate buffer (pH 10.0) and incubated for 20 h at
4°C. After this, the stable HRP-labelled mAb was obtained by adding NaBH, for 2 h at 4°
C. Finally, the conjugated antibody was precipitated by adding an equal volume of satu-
rated ammonium sulfate solution. After incubating for 2 h at 4°C, the mixture was centri-
fuged, and the sediment was resuspended with 0.01 M PBS. The HRP-labelled mAb was
dialyzed with 0.01M PBS for 3 days.

Indirect ELISA

An indirect ELISA was developed to detect serum titers and select hybridoma cell lines. A
96-well microplate was coated with shrimp tropomyosin standards diluted in coating
buffer (100 uL/well) and incubated at 37°C for 2 h. The plate was then washed three
times with washing buffer. After washing, 200 uL of blocking buffer was added to each
well and incubated at 37°C for 2 h. Next, 100 uL of mouse serum or cell supernatant
diluted with antibody dilution buffer was added to each well and incubated for 30 min
at 37°C. After washing, 100 puL of HRP-labelled goat anti-mouse IgG diluted with antibody
dilution buffer was added to each well, and the plate was incubated for 30 min at 37°C.
After washing the plate three times, 100 uL of substrate solution was added to each well
and incubated for 15 min at 37°C in the dark. The reaction was stopped with the addition
of stop buffer (50 pL/well) and the absorbance was measured at 450 nm.

Development of the sandwich ELISA

A 96-well microplate was coated with anti-shrimp tropomyosin mAb (4 ug/mL) diluted in
coating buffer (100 uL/well) overnight at 4°C. The microplate was then washed three times
with wash buffer. After the plate was washed, blocking buffer was added (200 pL/well) and
incubated at 37°C for 2 h. After washing, the standard solution was added (100 uL/well)
and the plate was incubated for 1 h at 37°C. After washing, HRP-labelled anti-shrimp tro-
pomyosin mAb (2 pg/mL) was added (100 uL/well) for 1 h at 37°C. After washing, the
substrate solution (50 pL/well) was added for 15 min at 37°C. Then, the reaction was
stopped by the addition of stop buffer. The absorbance was measured at 450 nm.

Pairwise interaction analysis

To obtain the optimal mAb pairing for the sandwich ELISA for the detection of shrimp
tropomyosin, anti-shrimp tropomyosin mAbs, which were generated separately from 10
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cell lines and HRP- labelled mAbs, were analyzed in a sandwich ELISA. The capture anti-
body was paired with the other nine detection antibodies. The shrimp tropomyosin stan-
dard of 500 ng/mL (100 uL/well), and 0.01M PBS (100 pL/well) were added as positive and
negative controls, respectively. The sandwich ELISA procedure was the same as men-
tioned above. The highest OD,4s5o ratio for the positive and negative controls (P/N
value) was regarded as the optimal pair.

Optimization of the sandwich ELISA

To obtain the optimal concentration of capture antibody and detection antibody in the
sandwich ELISA, a checkerboard method was designed. Briefly, the plates were coated sep-
arately with capture antibody diluted to 8, 4, 2, and 1 pg/mL. After blocking, 100 pL of
500 ng/mL shrimp tropomyosin standard and 100 pL of 0.01M PBS were added as positive
and negative controls, respectively. For detection, a series of concentrations ranging from
8 pg/mL to 1 pg/mL was added. The highest OD 45, ratio for the positive and negative con-
trols (P/N value) was regarded as the optimal pair.

Cross-reactivity

The cross-reactivity was measured to determine the mAb specificity. Other food allergens
including Casein, OV A, soybean globulin, -conglycinin, wheat gliadin, Ara H1, Ara H2,
parvalbumin, and cashew nut crude extract were analyzed by our sandwich ELISA.

Immunochromatographic assay strip for the detection of shrimp tropomyosin

The immunochromatographic assay strip was developed and assembled in our labora-
tory as previously described (Song et al.,, 2019). The NC membrane was pasted onto the
center of the PVC backing card. The sample and absorption pads were glued to the
bottom and upper section of the PVC backing card with a 2-mm overlap of the NC
membrane. Goat anti-mouse IgG and mAb 2 were sprayed onto the NC membrane
(1 uL/cm) as the control line and test line (C line and T line), respectively. After
drying at 37°C, the card was cut into 3-mm wide individual test strips and stored in
a desiccator until use.

Standard solution or sample solution (150 uL) was mixed with 50 uL of colloidal
gold-labelled mAb 3 and allowed to react at room temperature for 5 min. The strips
were then inserted into the reaction buffer, which was allowed to migrate by capillary
action from the sample pad, where shrimp tropomyosin was combined with the col-
loidal gold-labelled mAb 3. Here, it reacted with mAb 2 on the T line and the goat
anti-mouse IgG antibody on the C line, finally reaching the absorption pad. For the
shrimp tropomyosin positive samples, both the red T line and the C line were
visible. As the concentration of shrimp tropomyosin decreased, the colour intensity
of the T line gradually decreased, and when the concentration of shrimp tropomyosin
went below a threshold value, no colour appeared on the T line at all. In the shrimp
tropomyosin negative samples, only a red C line was seen. The sensitivity of the immu-
nochromatographic assay strip was determined using serial dilutions of the shrimp
tropomyosin.
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Food sample preparation and analysis

Minced fish that did not contain shrimp tropomyosin was used for spiking experiments.
Shrimp tropomyosin was added to 1 g of minced fish at concentrations of 1, 5, and
20 ng/g. The mixture was added in 10 mL of 0.01M PBS and mixed. After centrifugation
at 7000 g for 10 min, the supernatant was diluted ten times with 0.01M PBS to final concen-
trations 0of 0.1, 0.5, and 2 ng/g. The spiked sample was measured using our sandwich ELISA.

Food samples purchased from a local supermarket were prepared to test the usefulness
of the system, and extracts were obtained as previously described. Briefly, each food
sample was homogenized and degreased with petroleum ether. The supernatant was dis-
carded, and 20 mL of 0.05M PBS buffer was added to the pellet and stirred overnight at 4°
C. After centrifugation at 4°C for 20 min at7000 g, the supernatant was serially diluted
with 0.01 M PBS and measured using either the sandwich ELISA or strips.

Results and discussion
Characterization of shrimp tropomyosin

The shrimp tropomyosin was characterized by SDS-PAGE. Figure 1 shows that there was
an obvious protein band between 36 and 38 kDa in the shrimp tropomyosin crude extract
precipitated with 50% ammonium sulfate. The 50% saturated ammonium sulfate com-
ponent was further purified using gel filtration chromatography. The chromatogram of
the purified shrimp tropomyosin is shown in Figure 2. The expected bands for the final

Figure 1. SDS-PAGE of 30,50, and 70% saturated ammonium sulfate component. Lane 1, Marker; Lane
2, 30% saturated ammonium sulfate component; Lane 3, 50% saturated ammonium sulfate com-
ponent; and Lane 4, 70% saturated ammonium sulfate component.
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Figure 2. Gel filtration chromatography of 50% saturated ammonium sulfate component.

elution were between 36 and 38 kDa. As shown in Figure 3, purified shrimp tropomyosin
displayed a clear single band when using SDS-PAGE, and its molecular weight was
approximately 36 kDa. This shrimp tropomyosin was used for further experiments.

Pairwise interaction analysis

After cell selection, 10 hybridoma cell lines, namely mAb 1 to mAb 10, were obtained. A
sandwich ELISA was developed based on mAbs and HRP-labelled mAbs, which were used

Figure 3. SDS-PAGE of 50% component of elute. Lane 1, Marker; Lane 2, the last eluate.
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Table 1. P/N value in sandwich ELISA for pairwise analysis.
Capture mAb

Detection mAb 1 2 3 4 5 6 7 8 9 10
1-HRP - 13.00 8.52 745 424 9.97 3.98 2.66 4,55 13.96
2-HRP 2.61 - 4,01 4.40 1.92 9.37 3.50 1.52 1.99 11.06
3-HRP 6.27 18.82 - 0.00 7.46 16.77 5.86 348 2.79 10.02
4-HRP 2.94 15.79 9.41 - 534 17.06 4.16 2.29 261 10.32
5-HRP 2.12 2.04 5.70 5.00 - 13.87 12.71 341 3.02 13.24
6-HRP 5.06 12.28 6.40 442 10.78 - 9.81 5.82 5.10 3.94
7-HRP 7.28 16.16 8.54 10.49 17.28 735 - 12.65 8.66 11.87
8-HRP 415 3.60 7.79 742 8.15 292 8.86 - 7.12 7.23
9-HRP 3.36 5.48 6.87 6.62 7.26 1.61 7.01 9.95 - 5.44
10-HRP 3.18 482 7.46 7.7 8.27 1.30 8.21 6.03 5.95 -

Note: P/N value was the ratio of OD,so value of the positive to the negative control.

separately as capture and detection antibodies, respectively. As shown in Table 1, 100 pair-
wise mAb combinations were obtained. When mAb 2 was used as a capture antibody and
HRP-labelled mAb 3 was used as the detection antibody, the highest OD 45, ratio for the
positive and negative controls (P/N value) was obtained. Therefore, this combination was
used for further experiments.

Optimization of the sandwich ELISA

Table 2 shows that the highest P/N value was found when using mAb 2 and mAb 3. There-
fore, the concentration of mAb 2 is 4 pg/mL and the concentration of HRP-labelled mAb 3
is 2 pg/mL.

Establishment and cross-reactivity of the mAb-based sandwich ELISA

After optimization, the concentration of the capture antibody, detection antibody, and
Tween-20 in the antibody dilution buffer was 4, 2 ug/mL and 0.1% (v/v), respectively,
and a standard curve was established for the detection of shrimp tropomyosin. As
shown in Figure 4, the detection limit of the developed sandwich ELISA was 0.45 ng/
mL. The cross-reactivity was also measured for the sandwich ELISA. Figure 5 shows
that the absorbance value at 450 nm of other food allergens was below 0.25, indicating
that the mAbs against shrimp tropomyosin exhibited high specificity.

Recovery test

As shown in Table 3, the intra- and inter-assay recoveries ranged from 80% to 96% and
89% to 94%, respectively. The intra- and inter-assay coefficients of variance ranged

Table 2. P/N value of different concentrations of capture antibody and detection antibody in sandwich
ELISA optimization.

mAb2 (ug/mL)

P/N value 8 4 2 1
HRP-labelled mAb 3 (ug/mL) 8 521 491 489 445
4 8.61 791 7.73 7.75
2 8.11 12.11 9.76 11.03
1 8.74 9.52 9.01 8.80

Note: P/N value was the ratio of OD,s, value of the positive to the negative control.
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Figure 5. Specificity of the shrimp tropomyosin by the developed sandwich ELISA.

Table 3. Recovery of shrimp tropomyosin from spiked minced fish.

Intra-assay (n =6) Inter-assay (n = 6)
Spiked level (ng/g) Mean SD (ng/qg) Recoveries (%) Mean SD (ng/qg) Recoveries (%)
0.1 0.08 £ 0.006 80.00 0.09 +0.008 90.00
0.5 0.48 +£0.019 96.00 0.47 £0.026 94.00

2 1.76 £0.023 88.00 1.78 £0.033 89.00
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from 3.5% to 9.0% and from 4.8% to 10.8%, respectively. These results indicate that the
established ELISA method exhibited good stability and high accuracy.

Optimization and characterization of the immunochromatographic assay strip

The concentration of mAb 2 and the composition of the suspension buffer were optimized
to improve the analytical performance and sensitivity of the immune-chromatographic
assay strip. Three concentrations of mAb 2 were (0.25, 0.5, and 1 ng/mL) were sprayed
onto the NC membrane. The immunochromatographic assay strip was used to analyze
a shrimp tropomyosin negative sample (0 ng/mL) and a shrimp tropomyosin positive
sample (1 ng/mL). As shown in Figure 6(A). No colour on the T line was obtained with
the shrimp tropomyosin negative sample at any concentration. A concentration of
0.5 ng/mL gave the deepest colour on the T line with the shrimp tropomyosin positive
sample. Therefore, mAb 2 at a concentration of 0.5 ng/mL was used for subsequent
experiments.

The flow rate, sharpness, background colour, and intensity of the T line was
affected by the composition of the suspension buffer. The basic suspension buffer con-
tained 20 mM Tris (pH 8.2), 0.1% PEG, 0.1% Tween, 5% sucrose, 5% trehalose, and
0.2% BSA, with 1% PVP, 1% PEG, and 1% BSA added separately. The shrimp tropo-
myosin negative sample (0 ng/mL) and shrimp tropomyosin positive sample (1 ng/
mL) were analyzed (Figure 6(B)). The basic suspension buffer containing 1% PEG
contributed to the deepest red on the T line with the shrimp tropomyosin positive
sample. Therefore, the suspension buffer containing 1% PEG was used for further
experiments.

PBST samples spiked with different concentrations of shrimp tropomyosin (0, 0.25, 0.5,
1,2.5,5,10, 25, 50, and 100 ng/mL) were analyzed by the immune-chromatographic assay
strip (Figure 7), and the sensitivity of the immunochromatographic assay strip was found
to be 0.5 ng/mL.

A B
112 | BELE2EF3 4
NP NP 1:1‘LP NP NP NP

o T —

Figure 6. The optimization of the immunochromatographic assay strip. (A) Optimization the concen-
tration of capture antibody: (1) 0.25 ng/mL; (2) 0.5 ng/mL; (3) 1 ng/mL; (B) Optimization the suspension
solution for sample pad: (1) basic suspension buffer; (2) 1% PVP; (3) 1% PEG; (4) 1% BSA; N, shrimp
tropomyosin negative sample (0 ng/mL); P, shrimp tropomyosin positive sample (1 ng/mL).
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Figure 7. Shrimp tropomyosin detection by the immunochromatographic assay strip. The PBS samples:
(1) 100 ng/mL; (2) 50 ng/mL; (3) 25 ng/mL; (4) 10 ng/mL; (5) 5 ng/mL; (6) 2.5 ng/mL; (7) 1 ng/mL; (8)
0.5 ng/mL; (9) 0.25 ng/mL; (10) 0 ng/mL.

Table 4. Detection of shrimp tropomyosin in processed foods by the optimized sandwich ELISA.

Processed foods ELISA test Strip test
Shrimp cracker 0.688° Positive
Shrimp flakes 0.217° Positive
Cup noodles (shrimp flavour) 5.639% Positive
Laver soup (seafood flavour) 0.066° Positive
Fish ball Negative Negative

*Means shrimp tropomyosin/food (ug/g).

Sample analysis

Four different kinds of processed foods, three labelled with shrimp ingredients and one
without, were tested by the sandwich ELISA and the strip method. As shown in Table
4, when using our developed sandwich ELISA, we found the highest concentration of
shrimp tropomyosin in cup noodles (5.639 pg/g), whereas the lowest was detected in
laver soup (0.066 pg/g). Four samples with a shrimp label were found to be positive for
shrimp tropomyosin when using the strip assay. The test strip was negative, however,
when determining shrimp tropomyosin in fish balls.

The results indicate that the highly sensitive and specific sandwich ELISA was capable of
identifying and quantifying shrimp tropomyosin in food. The strip assay results could esti-
mate whether a processed food contained shrimp tropomyosin or not. The sandwich ELISA
test process required 2 h, while the results could be obtained by the naked eye within 10 min
using the immunochromatographic assay strip, which was faster than sandwich ELISA. The
strip assay was suitable for semi-quantitative detection, on-site detection and mass sample
screening. These results demonstrate that our developed sandwich ELISA and immuno-
chromatographic assay strip met the requirements for the detection of shrimp tropomyosin.

Conclusion

In this study, we selected the optimal pair of mAbs, mAb 2, and HRP-labelled mAb
3. These were used separately as the capture and detection antibodies. A highly sensitive
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and specific sandwich ELISA was established for the detection of shrimp tropomyosin in
food, with an LOD for the assay of 0.45 ng/mL. The cross-reactivity with other food
allergens using this method was negligible. The immunochromatographic assay strip
was developed with an LOD of 0.5 ng/mL. These methods for the quantitation of
shrimp tropomyosin could determine the presence or absence of shrimp tropomyosin
in different food products. Therefore, our developed mAb-based sandwich ELISA and
immunochromatographic assay strip are effective for the on-site detection of shrimp
tropomyosin.
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