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A novel enzyme-linked immunosorbent assay (ELISA) system has been established for selective detection
of chum salmon (Oncorhynchus keta) yolk protein (SYP). Rabbit and rat polyclonal Immunoglobulin G
antibodies to b0-component (the major allergic protein in fish roe; anti-b) were applied for designing
the ELISA system. The sandwich ELISA using rabbit anti-b for the capture antibody and horseradish
peroxidase-labeled F(ab0)2 fragment of rat anti-b for the detection antibody obtained high sensitivity
and narrow specificity for SYP. Protein extraction using sodium dodecyl sulfate and 2-mercaptoethanol
ensured strict specificity of the ELISA, and components of three popular processed foods had no effect
on the ELISA response. The limits of determination and quantification of SYP were estimated to be
0.78 lg/g and 2.60 lg/g of food sample, respectively. In conclusion, the developed ELISA system has a
probability to be applied for the detection of contaminated chum salmon roe in processed food.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The increase in the number of food allergy cases is a serious
medical and social issue in developed countries (Urisu, Ebisawa,
Mukoyama, Morikawa, & Kondo, 2011). Food allergen labeling
regulations are enforced in many countries and regions as a coun-
termeasure for this problem (Gendel, 2012). The first step in the
treatment of patients with food allergy is avoidance of allergenic
foods, which is important to prevent exacerbation of food hyper-
sensitivities and to ensure daily food safety. Since food-derived
hypersensitivity is triggered by small amounts of food allergens
(Blom et al., 2013; Crevel et al., 2008; Morisset et al., 2003), estab-
lishment of procedures for detecting trace amounts of allergenic
proteins in processed foods is important to ensure the health of
allergic patients and maintain the reliability of food labeling sys-
tems. Highly sensitive procedures for detecting trace amounts of
allergenic materials have been established using enzyme-linked
immunosorbent assay (ELISA) and/or polymerase chain reaction
(Akiyama, Imai, & Ebisawa, 2011), which detect specific proteins
or genes originating from allergenic materials such as egg, milk,
wheat, buckwheat, peanuts, crustacean, kiwifruit, soybean, and
gelatins. At present, food allergen detection kits are available
worldwide to detect various major food allergens, however there
are still allergenic foods for which detection methods are not yet
available.

In Japan, the major allergenic foods reported with
high-frequency are egg, milk, and wheat, which is similar to those
reported in other countries. Seafood is also recognized as one of
major allergenic foods next to three the major allergens
(Ebisawa, Nishima, Ohnishi, & Kondo, 2013). Since seafood pro-
vides approximately 40% of animal protein intake in Japan
(Ministry of Health, Labour and Welfare, 2014) and children tend
to suffer from food allergy (Urisu et al., 2011), the morbidity of
seafood-allergic patients has reached 10% among elementary
school children and their families (Kanagawa Prefectural
Institutes of Public Health., 2006). Hypersensitivities to various
kinds of fish, shrimp, crab, and processed seafood have been
reported in Japan, where more than 500 kinds of marine
bio-resources are consumed. Japan’s food allergen labeling system
has designated seven kinds of seafood as allergenic foods: shrimp,
crab, abalone, squid, salmon, mackerel, and salmon roe (Akiyama
et al., 2011), listed according to the frequency of adverse food reac-
tions in allergic patients (Ministry of Health, Labour and Welfare,
2008). Fish, shellfish/mollusk, and crustaceans have been designat-
ed as allergenic foods worldwide, but fish roe (salmon roe) has also
been specified in Japan’s food allergen labeling system as one of the
foods that should be labeled for potential allergic reactions, a
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decision that reflects frequent intake of fish roe in Japan. Salted fish
roes, such as those of salmon, walleye pollock, and herring, are
commonly consumed, and hypersensitivity to various kinds of fish
roes has been reported, particularly among children (Akiyama
et al., 2011; Kanagawa Prefectural Institutes of Public Health,
2006). In addition, several kinds of fish roes, including sturgeon,
paddlefish, salmon, cod, lumpfish, capelin and herring, are becom-
ing popular worldwide (Bledsoe, Bledsoe, & Rasco, 2003) and this
trend suggests a potential increase in fish roe allergies on a global
level.

Teleost fish roe contains three major yolk proteins: lipovitellin,
phosvitin, and b0-component. Vitellogenin, a precursor of these
yolk proteins, is synthesized in fish liver and transported in the
bloodstream to accumulate in oocytes. Vitellogenin is fragmented
during the process of oocyte growth, and b0-component is the
structural equivalent of vitellogenin heavy chains (Hiramatsu,
Cheek, Sullivan, Matsubara, & Hara, 2005). Shimizu et al.
(Shimizu et al., 2009) reported that b0-component was the major
allergenic protein of chum salmon (Oncorhynchus keta) roe, as
specific Immunoglobulin E (IgE) reactions to b0-component were
observed in the sera of almost all patients with salmon roe allergy.
b0-component has been registered as a new allergen named ‘Onc k
5’ in the official allergen list of the World Health Organization and
International Union of Immunological Societies Allergen
Nomenclature Subcommittee in 2012 (http://www.allergen.org/).
b0-component is a homodimer protein composed of two isoform
subunits with similar allergenic identity (Shimizu et al., 2014),
and the IgE-binding sites (IgE epitopes) in b0-component showed
strong proteolytic resistance (Fujita et al., 2012), which may
account for its strong allergenicity as a food allergen. IgE-cross
reactivity among fish roes has been reported in case studies
(Kondo et al., 2005), and IgE-cross reactivity of b0-component has
been confirmed in fish roes from chum salmon, walleye pollack
(Theragra chalcogramma), Atka mackerel (Pleurogrammus azonus),
dusky sole (Pleuronectes mochigarei), slime flounder (Microstomus
achne), shishamo smelt (Spirinchus lanceolatus) and Atlantic capelin
(Mallotus villosus) (Shimizu & Saeki, 2010). This information sug-
gests that b0-component is an appropriate target protein for detect-
ing fish roe as an allergenic ingredient in processed food, and
overcoming cross-reactivity caused by the structural similarity
among fish b0-component is key to developing highly selective
methods for detecting fish roe contamination in processed food.

At present, although IgE-cross reactivity has been established
among fish roe, only salmon roe is listed as a potential allergenic
food in the Japanese food allergen regulation system, as noted
above. Salmon roe is easily distinguishable by sight, but con-
tamination with the yolk protein transferred from the roe raises
a risk in processed foods containing salmon. Additionally, consid-
ering that precursor of yolk proteins, which reacted with
salmon-roe-allergic patients’ sera because b0-component is a part
of vitellogenin heavy chain (Hiramatsu et al., 2005), reach the fish
roe through the blood stream as described above, the establish-
ment of the detection methods to evaluate contamination of yolk
protein and its precursors in salmon meat is important for risk
assessment of processed seafood.

The objective of this study is to develop a novel sandwich
enzyme-linked immunosorbent assay (ELISA) system with a high
sensitivity and strict species-specificity to salmon yolk protein,
that is the key technology for determining trace amounts of
chum salmon yolk protein in processed food. The developed
ELISA system was established using rabbit and rat polyclonal
immunoglobulin (IgG) antibodies raised against chum salmon
b0-component. Additionally, the refinement of specificity to chum
salmon roe using protein extraction in the presence of sodium
dodecyl sulfate (SDS) and 2-mercaptethanol (ME) is also discussed
in this study.
2. Materials and methods

2.1. Fish roe

Six kinds of fish roe, chum salmon, walleye pollock, Pacific her-
ring (Clupea pallasii), dusky sole, slime flounder and capelin, were
collected from matured fresh fish, washed with cold 0.16 M NaCl,
and frozen at �60 �C until use. Each matured fresh fish was
purchased from the wholesale fish market at Hakodate city in
Hokkaido, Japan.

2.2. Experimental animals

Three-month-old male New Zealand White rabbits and
13-week-old male Wistar rats were purchased from Charles River
Japan (Yokohama, Japan) and Japan SLC, Inc., (Shizuoka, Japan),
respectively.

2.3. Chemicals and food materials

Bovine serum albumin (BSA; RIA grade), SDS (Biochemical
grade) and ME (Biochemical grade) were purchased from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). All food materials
were purchased at local retail stores (Tsukuba, Japan). The
manufacturers of all other chemicals are indicated in each section.

2.4. Extraction of intact yolk protein from fish roes

Each fish roe sample was homogenized in five volumes of 0.5 M
NaCl containing 20 mM Tris–HCl (pH 8.0) using a Potter-Elvehjem
homogenizer. The homogenates were centrifuged at 2,000�g for
15 min to remove floating oil layer and then centrifuged at
20,000�g for 30 min. The sample temperature was kept below
5 �C through all steps. The resulting intact yolk protein extracts
(YEx) were frozen at �30 �C until use.

2.5. Protein assay of fish roe extract

The protein concentration of fish yolk extracts was determined
by 2D Quant Protein Assay Kit (GE Healthcare UK Ltd., Little
Chalfont, England). SDS–polyacrylamide gel electrophoresis (SDS–
PAGE) analysis (Laemmli, 1970) was carried out to investigate
the protein components of fish yolk protein, and immunoblotting
with anti-b0-component IgG was performed as previously
described (Shimizu et al., 2009).

2.6. Removal of biotin from yolk protein extracts

Magnetic streptavidin beads (MagnaBind Streptavidin Beads,
PIERCE, Rockford, IL) were used to remove biotin from fish yolk
extracts according to the manufacturer’s protocol. Briefly, the
streptavidin-binding beads were suspended in TBS and mixed with
chum salmon and walleye pollack YExs in a microcentrifuge tube.
After gently stirring for 30 min at room temperature, the beads
were removed by centrifugation and the supernatant was collected
as biotin-free YEx.

2.7. Extraction of yolk protein in the presence of SDS and ME

Fish yolk proteins were extracted with a buffer containing pro-
tein denaturants (referred to as SDS–ME reagent). Tris–HCl
(120 mM), pH 7.4, containing 0.5% (w/v) SDS, 2% ME, 0.1% BSA,
and 0.05% Tween 20 was used as the extraction reagent, and was
prepared according to the guidelines for food allergen detection
in Japan (Consumer Affairs Agency, 2010; Shibahara, Uesaka,
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Table 1
Design of anti-b0-component sandwich ELISA for detection of trace amounts of chum
salmon b0-component fish yolk protein.

Presentation ELISA
design

Extract Capture
antibody

Detection antibody

Concentration
(lg/mL)

Concentration (lg/
mL)

Fig. 2 A YEx Anti-b(Rabbit) Anti-b(Rabbit),
biotin labeled

5 0.2
Fig. 2 B YEx Anti-b(Rat) Anti-b(Rat), biotin
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Wang, Yamada, & Shiomi, 2013). Fish roe was homogenized in 19
volumes of SDS–ME reagent using a Potter-Elvehjem homogenizer,
shaken at a room temperature for 14 h, and centrifuged at 2,000 g
for 30 min. The yolk protein extracts (artificially denatured
yolk-protein-extracts, referred to as AEx) were stored at �25 �C
until use. AEx was diluted 20-fold in 1% BSA (ELISA blocking buffer)
to reduce the inhibitory effect of SDS and ME on the protein
response in the ELISA. Furthermore, yolk protein extracted with
the SDS–BSA extraction reagent (pH 7.4) without ME was also sub-
jected to ELISA analysis.
labeled
5 0.2

Fig. 3L C YEx Anti-b(Rabbit) Anti-b(Rabbit)*

5 0.25
Fig. 3L D YEx Anti-b(Rat) Anti-b(Rat)*

15 1
Fig. 3L E YEx Anti-b(Rabbit) Anti-b(Rat)*

5 0.25
Fig. 3L F YEx Anti-b(Rat) Anti-b(Rabbit)*

5 0.25
Fig. 3R C AEx Anti-b(Rabbit) Anti-b(Rabbit)*

5 0.25
Fig. 3R D AEx Anti-b(Rat) Anti-b(Rat)*

15 1
Fig. 3R E AEx Anti-b(Rabbit) Anti-b(Rat)*

5 1
Fig. 3R F AEx Anti-b(Rat) Anti-b(Rabbit)*

10 2
Fig. 3R E �ME** Anti-b(Rabbit) Anti-b(Rat)*

5 0.25

Fig. 3L and R indicate left and right sides in Fig. 3, respectively.
Abbreviations were shown in the part of Section 2.

* HRP labeled F(ab0)2 fragment.
** Fish yolk proteins extracted using SDS reagent without the addition of ME.
2.8. Preparation of rabbit and rat IgG antibodies against chum salmon
b0-component

Rabbits (n = 3) and rats (n = 10) were immunized with chum
salmon b0-component with high purity as previously reported
(Shimizu et al., 2009). The purity of immunized antigen was con-
firmed by silver staining of SDS–PAGE analysis using commercial
silver staining kit (EzSrtain Silver, Atto cooperation, Tokyo,
Japan). All animal experiments in this study were approved by
the Hokkaido University Animal Care and Use Committee (Permit
number: 080198), and the experiments were performed according
to the Guidelines Concerning Animal Experiments at Hokkaido
University.

The resulting antisera were applied to a Protein A HP
column (GE Healthcare) to purify the IgG fraction, according to
the manufacturer’s protocol. The purified rabbit and rat
anti-b0-component IgG antibodies (referred to as anti-b(Rabbit)
and anti-b(Rat), respectively) were dialyzed against PBS. ProClin
(0.1%; Sigma-Aldrich, St. Louis, Missouri, US) was added as preser-
vative and the antibodies were stored at 5 �C until use.
2.9. Preparation of biotin conjugated anti-b0-c IgG

The Sulfo-NHS-LC-Biotinylation Kit (Pierce Biotechnology,
Illinois, US) was used to prepare biotin-labeled anti-b(Rabbit) or
anti-b(Rat) according to the manufacturer’s instructions.
2.10. Preparation of horseradish peroxydase labeled F(ab0)2 fragments
of anti b0-c IgG

F(ab0)2 fragments of anti-b(Rabbit) and anti-b(Rat) conjugated
with horseradish peroxidase (HRP) were prepared by Medical &
Biological Laboratories Co., Ltd. (Nagoya, Japan) using immobilized
peptic digestion, Protein-A-column chromatography (GE
Healthcare), and the maleimide conjugation method (Hashida,
Imagawa, Inoue, Ruan, & Ishikawa, 1984), for use as detection anti-
bodies in the sandwich ELISA systems described in Table 1.
2.11. Design of sandwich ELISA for detecting b0-component in yolk
protein extracts

Six kinds of sandwich ELISA systems were designed and are list-
ed in Table 1. To optimize the antibody pair for the sandwich ELISA,
anti b0-component IgG and HRP-conjugated F(ab0)2 fragments were
combined as the capture and detection antibodies, respectively,
using either antibodies from the same species (rabbit or rat) as
both capture and detection antibodies (ELISA-A, ELISA-B, ELISA-C,
ELISA-D), rabbit IgG as capture antibody and rat F(ab0)2 fragment
as detection antibody (ELISA-E), or rat IgG as capture antibody
and rabbit F(ab0)2 fragment as detection antibody (ELISA-F).
Protein concentration of each antibodies used in this study was
also shown in Table 1.
2.12. Evaluation of response to b0-component in each ELISA system

Polystyrene 96-well micro-titer plates (Nalge Nunc
International, New York, US) were coated with 100 lL/well of the
capture antibody which was diluted with 50 mM sodium carbon-
ate (pH 9.6) to the protein concentration listed in Table 1, and incu-
bated at 4 �C for 15 h. The plate was washed 3 times with 150 mM
NaCl and 20 mM Tris–HCl (pH 7.5; TBS), blocked with 1% BSA in
TBS at 25 �C for 1.5 h, and washed 4 times with TBS containing
0.05% Tween 20 (TTBS). Next, 100 lL of the protein extracts (YEx,
AEx) or food extracts spiked with AEx were added to each well, fol-
lowed by incubation at 25 �C for 1 h. After removal of unbound
protein from each well by washing with TTBS, 100 lL of the detec-
tion antibody, diluted in TBS containing 1% BSA (listed in Table 1),
was added to each well. The plate was incubated at 25 �C for 1 h
and washed with TTBS. In the case of ELISA-A and ELISA-B, which
incorporated biotinylated detection antibodies, 100 lL/well of
diluted (1:20,000) streptavidin-HRP conjugate (Immunopure
streptavidin, Pierce Biotechnology, Rockford, Illinois, US) was first
added and incubated at 25 �C for 1 h before substrate addition.
All ELISAs were developed using 100 lL/well of 3, 30, 5,
50-tetramethylbenzidine solution (BM Blue POD Substrate, Roche
Diagnostics, Indianapolis, Indiana, US) at 25 �C for 20 min. The
reactions were terminated by adding 100 lL/well of 1 N sulfuric
acid, and absorbance of each well at 450 nm was measured using
a micro plate reader. All the experiments were conducted twice,
and when any the one data was higher than the cut-off value
(the mean of the blank value + three standard deviations (n = 5)),
ELISA-response was judged as ‘‘positive’’.
2.13. Limits of determination and quantification in ELISA system

AEx from chum salmon roe was used to construct the standard
calibration curve using the antibody pair described in ELISA-E. A
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Fig. 2. Detection of b0-component in fish roe extracts with ELISA systems using
biotin-streptavidin reaction. YExs from chum salmon, walleye pollack, dusky sole,
slime flounder, and Atlantic capelin were subjected to ELISA-A and ELISA-B using
biotin-streptavidin reaction as a detection system (listed in Table 1). Biotin-free
YExs from chum salmon and walleye pollack were also examined in ELISA-A. Blank
indicates the absorbance of diluent without addition of protein sample. The dotted
line indicates the cut-off value which is the mean of the blank value + three
standard deviations (n = 5). Asterisk in the figure indicates that ELISA-response was
judged as ‘‘positive’’.
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dilution series of AEx ranging from 0.20 to 100 ng/mL was pre-
pared to generate the calibration curve. Protein concentration of
AEx was measured using 2D Quant Protein Assay Kit. The limit of
determination (LOD) and the limit of quantification (LOQ) were
calculated according to the Japanese Pharmacopoeia (Minister of
Health & Welfare, 2011). LOQ and LOD were calculated as the 3
times and 10 times the standard deviation of the mean value of
the buffer blank, respectively, in 30 experiments.

2.14. Preparation of food extracts for investigating effect of processed
food components on ELISA-response

The popular processed foods freeze-dried egg soup, meatball,
and rice porridge were prepared as follows. Freeze-dried egg soup:
1.6 kg of egg soup containing lactose (72 g), sucrose (25 g), bonito
bouillon powder (42 g), salt (112 g), corn-starch (67 g), and whole
egg (224 g) were frozen at �80 �C and freeze-dried. Chicken meat
ball: chicken breast tender (325 g) mixed with lard (50 g),
corn-starch (50 g), sugar (25 g) and water (50 g) was homogenized
with a food processor, and each 50 g of the meat paste was boiled
in water. Rice porridge: 45 mL of 1% sucrose solution was added to
5 g of polished rice and put into a retort pouch. After sealing, the
pouch was heated at 121 �C for 10 min with an autoclave. All mate-
rials were purchased from local food markets. These processed
foods were homogenized in the SDS–ME reagent in the same man-
ner as AEx, and the resulting extract was mixed with AEx. The
recovery rate (%) was calculated to investigate the effect of food
components on ELISA response of ELISA-E.

3. Results and discussion

3.1. Detection of b0-component in fish yolk extract

The protein content/composition of YEx extracted from six dif-
ferent fish roes was examined by SDS–PAGE, and the reac-
tivity/binding activity of the extracted proteins with rabbit
anti-b0-component IgG was determined by immunoblotting
(Fig. 1). As presented in Lane No. 2, chum salmon b0-component
as an immunized antigen showed a high purity. Lipovitellin heavy
chain (around 90 kDa) was found to be the predominant compo-
nent in all fish yolk extracts, and the 16 kDa and 18 kDa subunits
of b0-component (Shimizu et al., 2014) were observed in chum sal-
mon YEx. In the immunoblot analysis (Lane 3), protein components
detected by anti-b(Rabbit) were also found in the all other fish YEx,
except for Pacific herring. On the other hand, the reaction between
YExs and anti-b(Rat) was extremely weak and no response was
observed in walleye pollack and Pacific herring YExs (Lane 4).
These results observed in the electrophoresised YExs suggests that
anti-b(Rat) has high species-specificity than anti-b(Rabbit).
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Fig. 1. SDS–PAGE and immunoblot analyses of proteins extracted from fish yolk. Lane
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tion process, including transformation of precursor protein (vitel-
logenin) to yolk proteins. Indeed, the protein components
detected by anti-b(Rabbit) with molecular weights >30 kDa were
found in chum salmon, walleye pollack and Atlantic capelin.
These components may be a fragment of vitellogenin in the process
of being degraded to the smaller molecule component. The results
of the immunoblot analysis indicate the existence of IgG
cross-reactivity among fish yolk protein fractions through the
b0-component.
3.2. Applicability of a biotin-streptavidin ELISA for detecting fish roe
protein

Fig. 2 shows the response of various kinds of YEx in the sand-
wich ELISA using anti-salmon b0-component antibodies and the
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Fig. 3. Sensitivity and species-specificity of anti-b0-component sandwich ELISA systems to detect chum salmon b0-component in fish roe extracts. YExs (Left side figures) and
AExs (Right side figures) from chum salmon, walleye pollack, Pacific herring, dusky sole, slime flounder, and Atlantic capelin were tested using ELISA systems listed in Table 1.
The protein concentration of each YEx was adjusted to 1000 ng/mL, and the protein concentrations of each AExs (ng/mL) were indicated in ELISA-C(AEx). Fish yolk proteins
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indicates the absorbance of diluent without addition of protein sample. The dotted line indicates the cut-off value which is the mean of the blank value + three standard
deviations (n = 5). Asterisk in the figure indicates that ELISA-response was judged as ‘‘positive’’.
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biotin-streptavidin detection system (ELISA-A and ELISA-B in
Table 1). In ELISA-A using anti-b(Rabbit) for the capture and detec-
tion antibodies, no response was observed with YEx of dusky sole,
slime flounder, and Atlantic capelin, whereas YEx of walleye pol-
lack responded as the same as that of chum salmon as a positive
control. The difference in the ELISA response depending on fish
species was also observed in ELISA-B using anti-b(Rat). However,
when YEx of chum salmon and walleye pollack were subjected to
the biotin-removal treatment and then applied to ELISA-A, the
ELISA-responses diminished markedly. It is known that most of
the biotin in food is covalently attached to food protein and wal-
leye pollack roe contains 17.6 lg/100 g of biotin (The Standard
Tables of Food Composition in Japan, Sixth edition, 2010). YEx
was likely contaminated with biotin-protein complex having
specific IgG-binding activity, as about 15% of protein loss occurred
in the chum salmon YEx through the biotin-removal treatment
(data not shown). The results of Fig. 2 indicate that the
biotin-streptavidin detection system is inadequate for quantitative
analysis of fish roe proteins.

3.3. Characterization of rabbit and rat anti b0-component IgG in the
sandwich ELISA system

Combinations of anti-b(Rabbit) and anti-b(Rat) as the capture
and detection antibodies in the sandwich ELISA were investigated
by measuring the ELISA responses to the series of YEx from various
roes (Fig. 3(Left side)). The F(ab0)2 fragment of anti-b(Rabbit) and
anti-b(Rat), instead of whole IgG, was labeled with HRP and used
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as the detection antibody. Fig. 3(Left side) shows the response to
the series of YEx tested in ELISA-C, ELISA-D, ELISA-E, and ELISA-F.
In general, an advantage of using the F(ab0)2 fragment in ELISA sys-
tems is the reduction of non-specific reactions, an important char-
acteristic for establishing an ELISA. Indeed, using F(ab0)2 fragment
here showed low blank values (Absorbance: 0.10–0.30), even when
YEx samples were added at a concentration of 1000 ng/mL.

As shown in Fig. 3(Left side), each antibody pair showed differ-
ent species-specific responses. Little to no response was observed
when Pacific herring YEx was tested using all antibody pairs, which
corresponded to the results of the immunoblot analysis shown in
Fig. 1. The strongest response to chum salmon YEx was observed
in ELISA-C (anti-b(Rabbit) was used as the capture and detection
antibodies), however, other YEx samples, with the exception of
Pacific herring, were also detected. In particular, walleye pollack
showed a marked response when this antibody pair was used.
On the other hand, in ELISA-D, only chum salmon and walleye pol-
lack showed clear responses, but those responses were weak when
compared to ELISA-C in which smaller amount of the antibodies
were used, as listed in Table 1. These results indicate that
anti-b(Rabbit) had a higher antibody titer than anti-b(Rat), and
the results of ELISA-D suggest that anti-b(Rat) has a narrower anti-
gen specificity when compared to anti-b(Rabbit).

To utilize the strong antibody titer in anti-b(Rabbit) and the
superior antigen specificity in anti-b(Rat), ELISA-E and ELISA-F
were designed by combining both antibodies. As a result, the low
species-specificity of anti-b(Rabbit) observed in ELISA-C and the
low reactivity of anti-b(Rat) observed in ELISA-D were simultane-
ously obtained in ELISA-E in which anti-b(Rabbit) was used as
the capture antibody and anti-b(Rat) was used as the detection
antibody. However, the response to chum salmon was reduced in
ELISA-F, even when anti-b(Rabbit) was used as the detection anti-
body. The results of the ELISA system shown in Fig. 3(Left side)
suggest the importance of the capture antibody when designing
a highly sensitive sandwich ELISA. That is, the intensity of the
ELISA response seems to reflect the quantity of antigen captured
by the capture antibody. However, neither ELISA-E nor ELISA-F
was able to distinguish YEx of chum salmon from walleye pollack.
y = 0.0155x + 0.134
R2= 0.998
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Fig. 4. Standard curve of optimized sandwich ELISA for detection of salmon yolk b0-
component protein. A dilution series of AEx was subjected to ELISA-E, and the mean
absorbance values (n = 3) were plotted against the protein concentration. Limit of
determination (LOD) and Limit of quantification (LOQ) were calculated as 3-fold
and 10-fold standard deviations of the average of the buffer blank value (n = 30),
respectively.
3.4. Elimination of IgG cross-reactivity between fish yolk protein
extracted with SDS and ME

Yolk protein from the six fish roes was extracted with 19 vol-
umes of SDS–ME reagent, and the resulting extract (AEx) was dilut-
ed 20 times with blocking buffer and then tested in the different
sandwich ELISA systems. The responses of each AEx samples in
ELISA-C, ELISA-D, ELISA-E, and ELISA-F are shown in Fig. 3(Right
side), along with the protein concentration of each sample. Chum
salmon AEx at 460 ng/mL displayed a marked response in
ELISA-C and ELISA-D, indicating that the use of SDS and ME is avail-
able for the extraction reagent. On the other hand, AEx samples
from walleye pollack, slime flounder, and Antarctic capelin were
also detected in ELISA-C, whereas ELISA-D detected only chum sal-
mon AEx. These results indicate that SDS–ME reagent improved
antigen specificity of anti-b(Rat).

Chum salmon b0-component is a homodimer protein composed
of two subunits linked by disulfide bonds (Shimizu et al., 2014),
and the IgE-binding ability of b0-component, which was examined
using salmon roe-allergic patients’ sera, was found to be dimin-
ished with collapse of the subunit structure caused by car-
boxymethylation (Shimizu et al., 2014), suggesting that the
b0-component-specific IgE may recognize structural epitopes on
the surface of b0-component. In the same way, structural
IgG-epitopes responsible for the cross-reactivity between chum
salmon and walleye pollack YEx may have been abolished by
SDS–ME reagent, and this change may have contributed to the
increase in selectivity to chum salmon yolk protein in ELISA-D.

As described above, ELISA-D, which used anti-b(Rat) as the cap-
ture and the detection antibodies, could detect chum salmon AEx
with high specificity, but its detection sensitivity would be limited
for practical use because the high amount of the capture antibody
were required to establish the ELISA system as shown in Table 1. To
compensate for this drawback, anti-b(Rabbit) was used instead of
anti-b(Rat) as the capture antibody. As a result, ELISA-E had high
sensitivity for the detection of chum salmon AEx and the specificity
to chum salmon roe remained even when high protein concentra-
tions (295–470 ng/mL) were used. As indicated in Table 1, ELISA-E
was designed using the combination of anti-b(Rabbit), with a high
antibody titer, as the capture antibody, and anti-b(Rat), having
superior antigen specificity, as the detection antibody. In contrast,
the high selectivity for chum salmon b0-component was abrogated
in ELISA-F using anti-b(Rat) for the capture antibody and
anti-b(Rabbit) for the detection antibody. These differences in the
detection characteristics of the sandwich ELISA observed here sug-
gest that the immunological properties of the capture antibody and
the detection antibody played a role in the sensitivity and the spe-
cies selectivity of the ELISA, respectively. Additionally, the high
specificity shown in ELISA-E was not observed when fish yolk pro-
teins were extracted using SDS reagent without the addition of ME
(ELISA-E(-ME) in Fig. 3). Therefore, it is apparent that the coop-
erative effect of SDS and ME are indispensable for improving the
species specificity of the ELISA system for detecting salmon yolk
protein.

To avoid false positive reactions caused by IgG cross-reactivity,
monoclonal antibodies with high antigen specificity are often used
in the development of ELISAs for detecting trace amounts of food
allergens (Gavrović-Jankulović et al., 2008; Ma et al., 2010; Seiki
et al., 2007; Zhang, Lu, Ushio, & Shiomi, 2014). However, ELISA-E,
using polyclonal antibodies from two different animals, showed
high allergen specificity for the detection of salmon roe among
various fish species, without using expensive monoclonal
antibodies. The combination of IgG antibodies from different
animal species could be useful to avoid false positive caused by
IgG cross-reactivity when developing food allergen detection
systems.



Table 2
Effect of food components on detection of chum salmon b0-component using ELISA-E.

b0-Component added as AEx to model processed food extract

No addition 5 ng/mL added 10 ng/mL added 50 ng/mL added

Model processed food Mean (ng/mL) Recovery (%) Mean (ng/mL) Recovery (%) Mean (ng/mL) Recovery (%)

Chicken meat ball N.D. 6.3 125 11.0 110 51.2 102
Egg soup N.D. 5.4 108 9.4 94 51.5 103
Rice porridge N.D. 4.5 90 9.0 90 52.7 105

Mean indicates average concentration of chum salmon b0-component (n = 3).
Recovery = mean/added protein. N.D.: not detected.
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3.5. Sensitivity of developed ELISA system

The standard curve generated using ELISA-E with chum salmon
AEx is shown in Fig. 4. The calculated LOD and LOQ were
1.95 ng/mL and 6.51 ng/mL, respectively. Since AEx was extracted
from chum salmon roe with 19 volumes of the extraction reagent
and further diluted 20 times with the blocking buffer as described
in Section 2, LOD and LOQ of chum salmon roe were estimated as
0.78 lg/g and 2.60 lg/g in food sample, respectively. Concerning
the Labeling System for foods containing allergens in the Food
Sanitation Act, the Consumer Affairs Agency, Government of
Japan has stated that: ‘‘Foods containing more than a few lg/mL
concentration level or a few lg/g content level of specified ingredi-
ents in terms of the amount of total protein need labeling (Ministry
of Health, Labour & Welfare, Japan, 2008)’’. Indeed, a microgram
level of allergenic food has been reported to induce hypersensi-
tivity symptoms (Bindslev-Jensen, Briggs, & Osterballe, 2002;
Morisset et al., 2003). Therefore, we determined that the detection
sensitivity of the antibody pair described here in ELISA-E using the
SDS–ME reagent reached a practical level for the detection of con-
taminated chum salmon allergen in processed food.

Finally, the effect of food components on the response of
ELISA-E was investigated by measuring the recovery rate of AEx
mixed with an extract of processed foods. As listed in Table 2, no
false negative response was observed in all processed foods tested
and the recovery rates reached > 90%. These results indicate no
suppressive influence of the processed food components on the
performance of the ELISA.

4. Concluding remarks

A novel ELISA system for detecting trace contamination of chum
salmon roe in processed food has been established in this study.
Rabbit and rat polyclonal IgG antibodies against chum salmon
b0-component were used for designing the ELISA system. The opti-
mized ELISA using rabbit anti-b-component for the capture anti-
body and HRP-labeled F(ab0)2 fragment of rat anti-b-component
for the detection antibody, showed high sensitivity and good
species-specificity for detecting chum salmon yolk protein.
Additionally, sample extraction in the presence of SDS and ME
enhanced the high selectivity of the ELISA system. The authors
have estimated that the developed ELISA system has a probability
to be applied for the detection of contaminated chum salmon aller-
gen in processed food. Therefore, the next development step will
be a validation study (including allergen recovery test using pro-
cessed foods) in line with Japanese analysis guidelines for food
allergen detection systems (Akiyama et al., 2011).
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