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ABSTRACT: A rapid immunochromatographic lateral flow test strip in a sandwich
format was developed with the colloidal gold-labeled mouse anti-glycinin monoclonal
antibody (mAb) and rabbit anti-glycinin polyclonal antibody (pAb) to specifically
identify glycinin, a soybean allergen. The test strip is composed of a sample pad, a
conjugate reagent pad, an absorbent pad and a test membrane containing a control line
and a test line. This test strip has high sensitivity, and results can be obtained within
10 min without sophisticated procedures. The limit of detection (LOD) of the test strip
was calculated to be 0.69 mg/kg using an optical density scanner that measures
relative optical density. The assay showed high specificity for glycinin, with no
cross-reactions with other soybean proteins or other food allergens. The recoveries of
the lateral flow test strip in detecting glycinin in powdered milk samples ranged
between 80.5 and 89.9% with relative standard deviations of less than 5.29%
(intra-assay) and 6.72% (inter-assay). Therefore, the test strip is useful as a
quantitative, semi-quantitative or qualitative detection method for glycinin in
powdered milk. In addition, the test strip can be used to detect glycinin in other
processed foods and may be a valuable tool in identifying effective approaches for
reducing the impact of glycinin.

KEYWORDS: glycinin, immunochromatographic strip, colloidal gold, immunoassay
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INTRODUCTION

The soybean is consumed extensively worldwide due to its nutritional and health
benefits.” In addition to traditional powdered milk prepared exclusively from milk,
other powdered milk products containing soybean protein have been developed. The
soybean is an inexpensive source of protein compared with milk proteins.” Thus, with
its ability to significantly reduce the prices of powdered milk, soybean protein is an
attractive alternative to milk protein in powdered milk. However, the soybean is one
of the “big eight” food allergens, and its undeclared addition to food presents a
potential risk for allergic individuals.” Approximately 0.4% of children are allergic to
soybeans’. Feeding allergic children diets containing soybean proteins can cause a
variety of symptoms involving the skin, gastrointestinal tract, and respiratory tract.”
According to the EU directive 2007/68/EC,’ food products containing soybeans and
products thereof must be appropriately labeled, regardless of the amount added as an
ingredient, to protect allergic consumers. Consequently, reliable quantification
methods for detecting soybean allergens are necessary to ensure compliance with food
labeling requirements and to avoid potential fraud associated with the addition of
soybean protein to powdered milk.

Glycinin is the predominant soybean seed storage protein, accounting for
approximately 50% of total soybean proteins,” belongs to the 11S globulin family, and
has been demonstrated to be one of the most predominant soybean allergens.’
Glycinin causes damage to intestinal morphology, immune function disorders, growth

depression and diarrhea.” As one of the major allergens found in the soybean, glycinin
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is a good target protein for the specific detection of soybean protein. Thus, a sensitive
detection method is needed to protect allergic individuals from exposure to hidden
soybean allergens. Although quantification of soybean proteins can be performed by

high-performance liquid chromatography,’’’?

the method requires time-consuming
cleanup steps and expensive equipment. Other methods for the detection of allergens,
such as polymerase chain reaction (PCR) based on the amplification of specific DNA
fragments, have also been recently developed,l 7 but these methods are also
time-consuming and expensive. Many research groups have attempted to develop
methods for the detection of allergens using relatively inexpensive equipment and
high-throughput screening. The majority of the developed methods are based on
enzyme-linked immunosorbent assay (ELISA) for detecting soybean allergens. These
ELISA methods include competitive and sandwich formats, and have enabled rapid
qualitative and quantitative detection of soy allergens in complex foods.”” Tukur et
al.” and Ma et al.’’ developed competitive ELISA to determine concentrations of
glycinin. The competitive ELISA developed by Ma et al. was based on mAb, and
showed a working range of 0.3-11.2ng/mL. The sandwich ELISA format is more
powerful for the detection of proteins, in which the analyte to be measured is bound
between the capture antibody and the detection antibody.’” By using a mouse mAb as
a capture antibody and a rabbit pAb as the detected antibody, Chen et al. established a
sandwich ELISA for detecting glycinin that showed high specificity for glycinin with

a wider working range of 3-200 ng/mL and a LOD of 1.63 ng/mL."*

Recently, as a developed technique based on ELISA method,
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immunochromatographic lateral flow test strips have been considered because they
are inexpensive, rapid, portable and extremely simple to operate.
Immunochromatographic lateral flow test strips in the sandwich format have become
a popular diagnostic tool for detecting high-molecular-mass analytes, such as viruses,
bacteria, hormones, and parasite antigens.”” However, these strips are not extensively
used for the detection of food allergens, and there are no available lateral flow test
strips for detecting glycinin. Therefore, in this study, we generated a pAb and a highly
specific mAb against glycinin and developed a novel sandwich format lateral flow

assay for the detection of glycinin in powdered milk.

MATERIALS AND METHODS

Materials and Apparatus. The following materials were used in this study:
soybean [-conglycinin, agglutinin, trypsin inhibitor, peanut agglutinin (PNA),
ovalbumin (OVA), casein, Freund’s complete adjuvant (FCA), Freund’s incomplete
adjuvant (FIA), 3,3,5,5-tetramethylbenzidine (TMB) and mouse monoclonal antibody
isotyping reagents, which were purchased from Sigma-Aldrich (St. Louis, MO, USA);
PEG1500 was purchased from Roche (Mannheim, Germany); ELISA plates (96 wells)
and other cell culture plastic wares were obtained from Costar (Cambridge, MA); goat
anti-rabbit and goat anti-mouse IgG-horseradish peroxidase (HRP) were obtained
from Abbkine (Redlands, CA); fetal bovine serum (FBS) was obtained from Hyclone
(Logan, UT); Dulbecco’s modified Eagle’s medium (DMEM) was obtained from

BRL-Gibco (Grand Island, NY); RPMI-1640, HAT, and HT medium were purchased
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from Invitrogen; nitrocellulose membrane, glass fiber, and absorbent pad were
purchased from Millipore; and eight-week old female BALB/c mice and New Zealand
White rabbits were obtained from the Laboratory Animal Center (Zhengzhou
University, China) and raised according to principles of the Henan Academy of
Agricultural Sciences Animal Care and Use Committee. All other reagents and
solvents were of analytical grade or higher.

The Model 450 Microplate Reader, electrophoresis cell vertical system and

semi-dry transfer cell used in this study were obtained from Bio-Rad (Richmond, CA).

All water used was produced by a Milli-Q Academic Water Purification System
(Millipore, Bedford, MA). The XYZ Biostrip Dispenser, CM 4000 Cutter, and
TSR3000 membrane strip reader employed were purchased from Bio-Dot. The
Multifuge X1R high-speed refrigerated centrifuge was purchased from Thermo
Scientific (Osterode, Germany), and the FreeZone 2.5 Liter Benchtop Freeze Dry
System was purchased from LABCONCO (Kansas City, MO).

Glycinin Purification and Sample Protein Extraction. Soybeans and powdered
milk were purchased at local supermarkets in Zhengzhou, China. Soybeans were
ground to a fine powder and passed through a 60 mesh sieve. The soybean powder
was then defatted according to the method of Hei et al.’” Soybean protein was then
extracted by making a slurry with a 15-fold volume of water (adjusted to pH 9.0 with
2 N NaOH) under continuous agitation for 1 h, followed by centrifugation at 9,000 g
for 30 min; the supernatant was then filtered through a 0.45 um Millex GP filter

(Millipore, Cork, Ireland). In accordance with a previous reportm, 0.01 M NaHSOs3
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was added to the soybean protein supernatant, and the pH was adjusted to 6.4 with 2
N HCI. The mixture was kept on ice overnight, and the precipitate was collected by
refrigerated centrifugation at 6,500 g for 30 min at 4 °C. Crude extracts of glycinin
were purified using Sepharose CL-6B (Sigma-Aldrich, St. Louis, MO), and the
purified extracts were kept sealed after freeze drying. The purity of the glycinin was
estimated by HPLC according to the method of Garcia et al.’”” A Waters HPLC system
(Milford, MA) equipped with a 600 Controller, In-Line Degasser AF, 2767 Sample
Manager, and 2996 Photodiode Array Detector was used. The mobile phases
employed were prepared with 0.1% (v/v) TFA in water, (mobile phase A) and 0.1%
(v/v) TFA in ACN (mobile phase B). Separation was performed with an RP perfusion
column (POROS R2/H; 100x4.6 mm id) packed with crosslinked
polystyrenedivinylbenzene beads (20 wm) from Perseptive Biosystems (Framingham,
MA). The chromatographic method consisted of a linear binary gradient from 5 to
60% B over 5 min. The flow rate was 5 mL/min, the injection volume was 500 uL,
and the detection was performed at 254 nm.

We procured commercially powdered milk without soybean included in the list of
ingredients. Powdered milk was used in this study to evaluate glycinin recovery by
the strip assay. The powdered milk was adulterated with different amounts of purified
glycinin before being subjected to the defatting and protein extraction procedures
described previously. The protein supernatants were analyzed either directly or
following further dilution as required by the strip test.

Production of mAb Against Glycinin. Three 8-week-old BALB/c female mice
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were immunized with purified glycinin. The first dose consisted of 50 pg of
immunogen for subcutaneous injection as an emulsion of PBS and FCA. Three
subsequent injections were administered at 3-week intervals with the same dosage of
immunogen emulsified in FIA. Antisera samples were collected 4 weeks after the
fourth immunization, and the samples were screened for anti-glycinin activity by
ELISA. The mouse with the highest anti-glycinin activity received a fifth injection
intraperitoneally. Three days later, the spleen of the injected mouse was removed for
hybridoma production.

Hybridomas secreting anti-glycinin antibodies were generated by standard
methods”’. Briefly, the spleen of the immunized mouse was removed, and the
splenocytes were isolated and fused with NSO cells using PEG1500. The fused cells
were then distributed into 96-well culture plates in which mouse peritoneal
macrophages were prepared on the day before fusion and were grown with the
selective HAT medium. Ten days after fusion, the supernatants of hybridoma colonies
were recovered and screened by indirect ELISA for the secretion of mAb binding to
glycinin. Selected clones were subcloned by limiting dilution. Ascites fluids were
produced in paraffin-primed BALB/c mice, and the mAb was then purified from the
antiserum by ammonium sulfate precipitation. The subclass of the isotypes of the
mAb was determined using mouse monoclonal antibody isotyping reagents. The
measurement of monoclonal antibody affinity (Ka) was performed according to the

122

procedure described by Batty et al.”* The following formula was used to calculate Ka:

Ka=(n—1)/2(n[Ab']t-[Ab]t)
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n=[Ag]t/[Ag't
where [Ag]t and[Ag']t represent two different concentrations of coating antigen and
[Ab]t and [Ab']t represent the corresponding concentrations of mAb.

Indirect ELISA and Competitive Indirect ELISA. The antibody titer was
monitored by indirect ELISA. Microplates were coated with 100 pL/well of purified
glycinin (10 pg/mL) in 0.05 M carbonate-bicarbonate buffer (pH 9.6) and then
incubated at 37 °C for 2 h. After washing with PBST [PBS containing 0.05% Tween
20 (v/v), pH 7.4], the wells were blocked with 200 pL of 5% skim milk in PBST and
then incubated at 37 °C for 1 h. After another washing step, 100 pL/well of purified
glycinin with 2-fold serially diluted antibody in blocking buffer was added and
incubated for 15 min at 37 °C. Following the washing step, goat anti-mouse IgG-HRP
conjugate (1:5000 in blocking buffer, 100 pL/well) was added and incubated for 30
min at 37 °C. The plates were washed again, and 100 pL/well of TMB in chromogen
buffer was added; color development was terminated after 10 min with 2 mol/L
H,SO4 (100uL/well). The optical densities (ODs) were measured at 450 nm with a
microplate reader. A competitive indirect ELISA was carried out to screen the
antibody for anti-glycinin activity. Microplates were coated as described previously,
and 100 pL/well of glycinin serially diluted in PBS was then added with 100 puL/well
of antibody and incubated for 15 min at 37 °C. The following procedures were
identical to those employed in indirect ELISA.

SDS-PAGE and Western Blot. The purified glycinin and isolated soybean protein

were dissolved in PBS and mixed with SDS sample buffer, and the samples were then
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loaded onto 5-12% polyacrylamide gradient gels. SDS-PAGE was performed at 90 V
until the tracking dye migrated to the bottom edge of the gel. The gel was stained with
0.25% Coomassie Brilliant Blue R250.

The SDS-PAGE gels were transferred onto nitrocellulose membranes for 1.5 h at 15
V. The membranes were blocked with 5% skim milk in PBST at 4 °C overnight, and
the membrane was incubated with anti-glycinin mAb (1:5000) at room temperature
for 1 h. After three PBST washes, the membrane was incubated with secondary
antibodies (horseradish peroxidase-conjugated goat anti-mouse IgG 1:5000) at room
temperature for 1 h, and 3-amino-9-ethylcarbozole (AEC) was used as a staining
substrate.

Production of pAb Against Glycinin. Two New Zealand white rabbits were used
to produce pAb. Both rabbits were immunized subcutaneously with 200 pg of purified
glycinin. The first subcutaneous injection was composed of an emulsion of PBS and
FCA. Three subsequent injections were administered at 3-week intervals with the
same dosage of immunogen emulsified in FIA. Four weeks after the fourth
immunization, blood samples were collected directly from the heart and were
screened for anti-glycinin activity by ELISA. The antibody was purified from the
antiserum by ammonium sulfate precipitation.

Preparation of Colloidal Gold-labeled mAb. Colloidal gold with a mean diameter
of 15 nm was produced by reduction of gold chloride with 1% sodium citrate (w/v), as
described previously”’. When preparing the colloidal gold-labeled mAb, the colloidal

gold solution was adjusted to pH 9.0 with 0.2 mol/L sodium carbonate. The optimum
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ratio of mAb solution (1 mg/mL) to colloidal gold solution was determined according
to a previous report24. Approximately 100 uL. of mAb solution was added to 10 mL of
the colloidal gold solution with constant stirring for 30 min. Then, 1 mL of 0.02 M
sodium borate (pH 9.0) containing 10% BSA was added with stirring for 10 min to
stabilize the conjugate. The colloidal gold-labeled antibody was washed three times
with wash buffer (0.02 M sodium borate, pH 9.0; 1% BSA; and 0.1% sodium azide)
by repeated centrifugation at 25,000 g and 10 °C for 30 min. The precipitate was
re-suspended in 1 mL of wash buffer and stored at 4 °C before use.

Fabrication of the Colloidal Gold Immunoassay Strip. The conjugation pad (7
mm X 300 mm) was prepared by dispensing a desired volume of colloidal
gold-labeled mADb onto a glass fiber pad (Millipore) using an XYZ Biostrip Dispenser,
followed by drying at 56 °C for 1 h before storage at 4 °C. Sample and absorbent pads
were made from nonwoven material (Millipore). The sample pad (15 mm x 300 mm)
was saturated with a buffer (pH 8.0) containing 20 mmol/L sodium borate, 2% (w/v)
sucrose, 2% (w/v) BSA, and 0.1% (w/v) NaN3, and the pad was then dried and stored
as described previously. The nitrocellulose membrane (20 mm % 300 mm) was spotted
using the same dispenser, with the optimal pAb and anti-mouse IgG antibodies
applied in the test and control lines, leaving a 0.5 cm space between the two lines.
After drying for 1 h at 40 °C, the membrane was blocked with 2% (w/v) BSA and
then dried, sealed, and stored under dry conditions. The absorbent pad was cut to
dimensions of 20 mm % 300 mm. The sample pad, conjugate pad, blotted membrane,

and absorption pad were assembled on a plastic backing support board (40 mm x 300
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mm) sequentially with a 1-2 mm overlap. The master card was cut into 3 mm wide
strips using a CM 4000 Cutter (Bio-Dot Irvine, CA, USA). The strips were then
sealed in a plastic bag with desiccant gel and stored at 4 °C.

Test Procedure and Principle. In the detection test, 100 pL of standard solution or
sample extract is allowed to react with colloidal gold-labeled mAb. The mixture then
moves upward on the nitrocellulose membrane chromatographically via capillary
action. For a positive sample, glycinin binds to the mAb, forming a
gold/antigen/antibody complex, which binds to pAb and forms a red color band in the
test region. Higher amounts of glycinin in the sample result in a stronger test line
color. The absence of this band suggests a negative result. To serve as a procedural
control, a red band will always appear in the control region regardless of the presence
of glycinin.

If both the test and control lines turn red, the sample is recorded as positive,
indicating the presence of glycinin. If the control line but not the test line is colored,
the sample is considered negative. If only the red test line appears, the strip is
considered invalid, and the test should be repeated using a new strip.

Evaluation of the Lateral Flow Assay. The sensitivity of the test strips was
determined by testing a series of diluted glycinin standard sample extracts in which
various concentrations of purified glycinin, i.e., 0, 50, 100, 200, 400, 800, 1600, 3200,
6400, and 12800 ng/mL, were used. Test lines were scanned with a Bio-Dot TSR3000
Membrane Strip Reader (BioDot, CA, USA). The assays were performed in triplicate

using the test strip. The standard curve was constructed by plotting the
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G/DxArea-relative optical density (ROD) or G/peak-ROD values obtained from the
standard samples against the logarithmic concentrations. The linearity of the analytes
was assessed by the coefficient of determination (R?), and the LOD was calculated
from the regression equation.

To identify the specificity of the test strip, the soybean allergens (B-conglycinin,
agglutinin, and trypsin inhibitor) and other food allergens (PNA, OVA, and casein)
were tested at a concentration of 20 pg/mL.

To determine the accuracy of the test strip, powdered milk samples were spiked
with purified glycinin at 3, 9, and 27 mg/kg, 100 g samples were defatted and mixed
with 1500 mL water for protein extraction procedures and then tested by the strip. The
optical density of the test line was measured using the test strip reader, and sample
values were calculated from the standard curve. Intra-assay precision was estimated
using one batch of the test strips for replication analysis. For inter-assay precision,
three batches of the test strips were used to detect the given samples. Precision was

expressed as the coefficient of variation (CV, %).

RESULTS

Establishment of Hybridomas. The purity of glycinin was estimated to be 86.5%
according to the HPLC analysis, which was sufficient for the immunization
experiments. The BALB/c mouse immunized with purified glycinin with the highest
titer (1:51200) was selected for subsequent experiments for monoclonal antibody

preparation.
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Spleen cells from the mice immunized with glycinin were fused with NSO myeloma
cells, and the resulting hybridomas were selected in HAT medium. One or more
growing hybridomas were observed in almost all wells after 7 days. The supernatants
from each well were screened for antibodies against glycinin by direct ELISA using
microtiter plates coated with glycinin. The cells from the wells showing the strongest
response (OD4sonm>2.0) were tested again by competitive indirect ELISA for their
ability to recognize free glycinin. Six selected hybridomas were screened and further
cloned by limiting dilution. After culture and further screening, the most sensitive
hybridomas (i.e., 2C3HS5) were intraperitoneally injected into mice to produce ascites
fluid, and the mAb was purified from the ascites fluid by ammonium sulfate
precipitation.

Characterization of Antibody. The pAb from rabbit No. 2 was selected for further
study due to its high titer of 1:1.024x10°, which was the highest titer among the pAbs
produced. The mAb 2C3HS5 titer was 1:5.12x10°, and the affinity constant (Ka) was
4.27x10° L/mol. The subtype of the mAb was identified as IgG1.

Western blot analysis was conducted to determine the polypeptide chains of
glycinin that react with the mAb. Glycinin together with total soybean protein isolate
was reacted with mAb 2C3HS. The results showed that there was a single band with a
molecular weight of approximately 40 kDa, corresponding to the A3 acid polypeptide
chain of glycinin (Figure 1A). The Western blot results indicated that the mAb reacted
with the A3 acid polypeptide chain of glycinin specifically without cross-reaction with

other polypeptide chains of glycinin or other soybean proteins.
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Sensitivity of the Test Strip. The sensitivity of the test strip was determined by
testing the series of diluted glycinin standard sample extracts. Test lines were scanned
with a Bio-Dot TSR3000 Membrane Strip Reader. The G/DxArea-ROD and
G/Peak-ROD values increased as the glycinin concentration in the samples increased,
but they were saturated above 3200 ng/mL (Figure 2 and Table 1).

The G/DxArea and G/Peak values of the ROD increased as the glycinin
concentration in the samples increased. The concentration of standard glycinin and the
G/DxArea ROD produced a sigmoidal dose-response curve, which showed good
linearity over the range of 50-3200 ng/mL. The standard curve was constructed by
plotting the G/DxArea-ROD percentage obtained from the standard samples against
the logarithm concentrations (Figure 3). The LOD with the scanner was quantitatively
defined as the amount of glycinin in the standard sample solution that caused a 10%
increase in the G/DxArea-ROD produced by the 0 ng/mL glycinin sample. Thus, a
glycinin concentration of 46.1 ng/mL (equivalent to 0.69 mg/kg) was calculated to be
the LOD for the test strip.

Specificity of the Test Strip. OVA, casein, PNA, soybean -conglycinin, agglutinin
and trypsin inhibitor, each at a concentration of 20 pg/mL, were tested, and the color
of the test line was the same as that of the negative control sample. The
cross-reactivity results demonstrated that the test strip for glycinin was highly specific
and showed negligible cross-reactivity with other food allergens (Figure 4).

Recovery of Glycinin in Powdered Milk Sample. To determine the accuracy of

the test strips, powdered milk samples containing 3, 9, and 27 mg/kg of glycinin were
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tested. The test was performed in triplicate with a single batch of test strips. The
optical density of the test line was measured using the test strip reader, and sample
values were calculated from the standard curve. For intra-assay reproducibility, the
recoveries ranged from 82.3 to 89.9%, with the highest coefficient of variation
occurring at 5.29% (Table 2). For inter-assay reproducibility, three different batches of
the test strips were used for triplicate measurements of the samples. Recoveries
ranged from 80.5 to 87.7%, with the highest coefficient of variation occurring at

6.72%.

DISCUSSION

Food allergies have become an important health problem in developed countries,
affecting more than 1-2% of the population.25 Undeclared allergens as contaminants in
food products pose a major risk for sensitized persons. These issues are important
because they could potentially have grave consequences for consumers and should be
addressed by establishing reliable standards and methods for risk assessment.

Soybean allergy is of particular importance because soybeans are widely used in
processed foods and therefore represent a particularly insidious source of hidden
allergens.’® To date, many ELISA methods have been developed for the detection of
allergens using relatively inexpensive equipment and high-throughput screening.
However, 2 to 3 h are required to perform such assays. In contrast, the
immunochromatographic lateral flow test strip is a one-step assay that requires less

professional personnel for the rapid identification of various analytes.

ACS Paragon Plus Environment

Page 16 of 28



Page 17 of 28

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

Journal of Agricultural and Food Chemistry

The key requirement for a successful immunochromatographic lateral flow test is
the availability of antibodies with high specificity and the desired afﬁnity.2 " In the
present study, the monoclonal antibody prepared by the selected clone, 2C3HS,
showed particularly high affinity for glycinin. The isotype of the mAb was identified
as IgG1l. The mAb 2C3HS5 showed no cross-reactivity with other soybean allergens
(soybean B-conglycinin, trypsin inhibitor and agglutinin), resulting in a high
specificity for glycinin.

Although some lateral flow assays designed for the determination of food allergens
have been reported,”®”” there has been no scientific report or sufficient validation of a
lateral flow assay for detecting glycinin. In the present study, a novel
immunochromatographic lateral flow test strip was developed using the sandwich
format, which is applicable for target analytes with more than one epitope (high
molecular mass analytes).”’ To evaluate the validity and reliability of the lateral flow
test strip, sensitivity, specificity and recovery studies were performed for the
determination of glycinin in powdered milk. The results indicated that the lateral flow
test strip was sensitive and reliable, and the lateral flow assay showed no reactivity
toward other soybean allergens (f-conglycinin, agglutinin and trypsin inhibitor) or
other food allergens (PNA, OVA and casein).

In conclusion, a high-affinity and specific mAb against glycinin was produced by
immunizing mice with purified glycinin. Using the 2C3H5 mAb and rabbit pAb to
develop the lateral flow test strip resulted in a highly sensitive test with a LOD of 0.69

mg/kg for glycinin, which is sufficient for the determination of glycinin in powdered
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milk. In addition, this lateral flow test strip can also be used to detect glycinin in other
processed foods (e.g., cheese and sausage) when samples are appropriately extracted.
Moreover, this effective method for detecting glycinin may be a valuable tool in

identifying effective approaches for reducing the impact of glycinin.

AUTHOR INFORMATION

Corresponding Author

"FOR Zhixi Li: Tel, +86-029-87092486; E-mail, lizhixi@nwsuaf.edu.cn

FOR Xiaofei Hu: Tel, +86-371-65723528; E-mail, huxf1972@126.com

Founding

This research was supported by the Basic and Cutting-edge Project of Henan Province
(132300413222) and the National Key Technology R&D Program of “12th
Five-Year Plan” (2014BAD13B05).

Notes

The authors declare no competing financial interest.

REFERENCES

1. Friedman, M.; Brandon, D. L., Nutritional and health benefits of soy proteins. J.
Agr. Food Chem. 2001, 49, 1069-1086.

2. Garcia, M. C.; Marina, M. L.; Laborda, F.; Torre, M., Chemical characterization
of commercial soybean products. Food Chem. 1998, 62, 325-331.

3. Sicherer, S. H.; Sampson, H. A., Food allergy. J. Allergy Clin. Immun. 2010, 125,

ACS Paragon Plus Environment



Page 19 of 28

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

Journal of Agricultural and Food Chemistry

S116-S125.

4. Savage, J. H.; Kaeding, A. J.; Matsui, E. C.; Wood, R. A., The natural history of
soy allergy. J. Allergy Clin. Immun. 2010, 125, 683-686.

5. Wang, T.; Qin, G.; Sun, Z.; Zhao, Y., Advances of research on glycinin and
B-conglycinin: a review of two major soybean allergenic proteins. Crit. Rev. Food Sci.
2014, 54, 850-862.

6. European parliament and council directive 2007/68/EC of 27 November 2007
amending directive 2000/13/EC as regards certain food ingredients. In Off. J. Eur.
Communities, 2007; pp L310/11.

7. Murphy, P. A.; Resurreccion, A. P., Varietal and environmental differences in
soybean glycinin and B-conglycinin content. J. Agr. Food Chem. 1984, 32, (4),
911-915.

8. Sun, P.; Li, D. F.; Li, Z. J.; Dong, B.; Wang, F. L., Effects of glycinin on
IgE-mediated increase of mast cell numbers and histamine release in the small
intestine. J. Nutr. Biochem. 2008, 19, 627-633.

9. Liu, X.; Feng, J.; Xu, Z. R.; Wang, Y. Z.; Liu, J. X., Oral allergy syndrome and
anaphylactic reactions in BALB/c mice caused by soybean glycinin and -conglycinin.
Clin. Exp. Allergy 2008, 38, 350-356.

10. Garcia, M. C.; Marina, M. L., Rapid detection of the addition of soybean proteins
to cheese and other dairy products by reversed-phase perfusion chromatography. Food
Addit. Contam. 2006, 23, 339-347.

11. Castro, F.; Garcia, M. C.; Rodriguez, R.; Rodriguez, J.; Marina, M. L.,

ACS Paragon Plus Environment



410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

Journal of Agricultural and Food Chemistry

Determination of soybean proteins in commercial heat-processed meat products
prepared with chicken, beef or complex mixtures of meats from different species.
Food Chem. 2007, 100, 468-476.

12. Garcia, M. C.; Heras, J. M.; Marina, M. L., Simple and rapid characterization of
soybean cultivars by perfusion reversed-phase HPLC: application to the estimation of
the 11S and 7S globulin contents. J. Sep. Sci. 2007, 30, 475-482.

13. Cucu, T.; Jacxsens, L.; De Meulenaer, B., Analysis to support allergen risk
management: Which Way To Go? J. Agr. Food Chem. 2013, 61, 5624-5633.

14. Brandon, D. L.; Friedman, M., Immunoassays of Soy Proteins. J. Agr Food
Chem. 2002, 50, (22), 6635-6642.

15. Tukur, H. M.; Lalles, J. P.; Plumb, G. W.; Mills, E. N. C.; Morgan, M. R. A;
Toullec, R., Investigation of the relationship between in vitro ELISA measures of
immunoreactive soy globulins and in vivo effects of soy products. J. Agr Food Chem.
1996, 44, (8), 2155-2161.

16. Ma, X.; Sun, P.; He, P.; Han, P.; Wang, J.; Qiao, S.; Li, D., Development of
monoclonal antibodies and a competitive ELISA detection method for glycinin, an
allergen in soybean. Food Chem. 2010, 121, 546-551.

17. Hei, W.; Li, Z.; Ma, X.; He, P., Determination of beta-conglycinin in soybean and
soybean products using a sandwich enzyme-linked immunosorbent assay. Anal. Chim.
Acta. 2012, 734, 62-68.

18. Chen, J.; Wang, J.; Song, P.; Ma, X., Determination of glycinin in soybean and

soybean products using a sandwich enzyme-linked immunosorbent assay. Food Chem.

ACS Paragon Plus Environment

Page 20 of 28



Page 21 of 28

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

Journal of Agricultural and Food Chemistry

2014, 7162, 27-33.

19. Qian, S. Z.; Bau, H. H.,, A mathematical model of lateral flow bioreactions
applied to sandwich assays. Anal. Biochem. 2003, 322, 89-98.

20. Nagano, T.; Hirotsuka, M.; Mori, H.; Kohyama, K.; Nishinari, K., Dynamic
viscoelastic study on the gelation of 7S globulin from soybeans. J. Agr. Food Chem.
1992, 40, 941-944.

21. Kohler, G.; Milstein, C., Continuous cultures of fused cells secreting antibody of
predefined specificity. Nature 1975, 256, 495-497.

22. Beatty, J. D.; Beatty, B. G.; Vlahos, W. G., Measurement of monoclonal antibody
affinity by non-competitive enzyme immunoassay. J. Immunol. Methods. 1987, 100,
173-179.

23. Song, C.; Liu, Q.; Zhi, A.; Yang, J.; Zhi, Y.; Li, Q.; Hu, X.; Deng, R.; Casas, J.;
Tang, L., Development of a lateral flow colloidal gold immunoassay strip for the
rapid detection of olaquindox residues. J. Agr. Food Chem. 2011, 59, 9319-9326.

24. Zhang, G.; Wang, X.; Zhi, A.; Bao, Y.; Yang, Y.; Qu, M.; Luo, J.; Li, Q.; Guo, J.;
Wang, Z.; Yang, J.; Xing, G.; Chai, S.; Shi, T.; Liu, Q., Development of a lateral flow
immunoassay strip for screening of sulfamonomethoxine residues. Food Addit.
Contam. 2008, 25, 413-423.

25. Chafen, J.; Newberry, S. J.; Riedl, M. A.; Bravata, D. M.; Maglione, M.; Suttorp,
M. J.; Sundaram, V.; Paige, N. M.; Towfigh, A.; Hulley, B. J.; Shekelle, P. G.,
Diagnosing and managing common food allergies: a systematic review. Jama-J. Am.

Med. Assoc. 2010, 303, 1848-1856.

ACS Paragon Plus Environment



454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

Journal of Agricultural and Food Chemistry Page 22 of 28

26. L'Hocine, L.; Boye, J. 1., Allergenicity of soybean: new developments in
identification of allergenic proteins, cross-reactivities and hypoallergenization
technologies. Crit. Rev. Food Sci. 2007, 47, 127-143.

27. Dzantiev, B. B.; Byzova, N. A.; Urusov, A. E.; Zherdev, A. V.,
Immunochromatographic methods in food analysis. Trends Anal. Chem. 2014, 55,
81-93.

28. Koizumi, D.; Shirota, K.; Akita, R.; Oda, H.; Akiyama, H., Development and
validation of a lateral flow assay for the detection of crustacean protein in processed
foods. Food Chem. 2014, 150, 348-352.

29. Richter, M.; Haas-Lauterbach, S.; Schmitt, K., Rapid lateral flow tests in a hazard
analysis of critical control points-based approach for allergen monitoring. Qual. Assur.
Saf. Crops Food 2010, 2, 165-172.

30. Roder, M.; Vieths, S.; Holzhauser, T., Commercial lateral flow devices for rapid
detection of peanut (Arachis hypogaea) and hazelnut (Corylus avellana)
cross-contamination in the industrial production of cookies. Anal. Bioanal. Chem.
2009, 395, 103-1009.

31. Zhang, G. P.; Wang, X. N.; Yang, J. F.; Yang, Y. Y.; Xing, G. X;; Li, Q. M;
Zhao, D.; Chai, S. J.; Guo, J. Q., Development of an immunochromatographic lateral
flow test strip for detection of B-adrenergic agonist clenbuterol residues. J. Immunol.

Methods 2006, 312, 27-33.

ACS Paragon Plus Environment



Page 23 of 28 Journal of Agricultural and Food Chemistry

475  Tables and Figures
476  Table 1. G/DxArea and G/Peak of the Relative Optical Density (ROD) of the Test

477  Lines of the Sample Extracts Added with Glycinin Standard Solutions.*

Glycinin concentration
G/DxArea-ROD (pixel) G/Peak-ROD (pixel)

(ng/mL)

0 2.2518 0.0024
50 19.7731 0.0142
100 38.3656 0.0225
200 68.1175 0.042
400 93.8202 0.0666
800 128.8885 0.0927

1600 153.235 0.1055
3200 169.3604 0.1166
6400 169.0685 0.1163
12800 168.976 0.1147

478  * Sample extracts added to glycinin standard solutions were tested using the test strips,
479  and the test lines were scanned with a TSR3000 Membrane Strip Reader.
480  G/DxArea-ROD: mean density value of the sampled line points multiplied by the area
481  of the sampling window on the image. G/Peak-ROD: peak value of the ROD points of
482  the scanned line.

483

484
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485  Table 2. Recovery and Intra- and Inter-assay Precision of the Test Strips for

486  Glycinin-Spiked Powdered Milk Samples.

Intra-assay Inter-assay
Spiked
Mean Mean
Glycinin  mean+SD CvV mean=SD Cv
recovery recovery
(mg/kg)  (mg/kg) (%) (mg/kg) (%)
(%) (%)
3 2.47+0.13 82.3 5.24 2.42+0.16 80.5 6.72
9 7.59+0.37 84.3 4.85 7.53+0.48 83.6 6.38
27 24.26+1.28 89.9 5.29 23.67+1.55 87.7 6.56

487  Intra-assay precision was estimated using one batch of the test strips (n=6). For
488  inter-assay precision, three batches of the test strips were used to test the samples. The

489  recovery and coefficient of variation (CV, %) were calculated from triplicate assays in

490  all cases.

491

492
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Figure 1. (A) Western blot analysis of mAb 2C3HS5 with purified glycinin and
soybean protein isolate. Lane 1, pre-stained protein marker; Lane 2, purified glycinin;
and Lane 3, soybean protein isolate. (B) Protein profile of purified glycinin and
isolated soybean protein determined by SDS-PAGE. Lane 4, pre-stained protein
marker; Lane 5, purified glycinin; and Lane 6, isolated soybean protein. Subunits of

-conglycinin and polypeptide chains of glycinin are shown on the right (Ax indicates

Al, A2 and A4).
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Figure 2. (A) Sample extracts added with glycinin standard solutions were tested
using the test strips, and the test lines were identified with the naked eye. (B) Relative
optical density (ROD) curves of the sample extracts. The extracts added with glycinin
standard solutions at 0, 50, 100, 200, 400, 800, 1600, 3200, 6400, and 12800 ng/mL
were tested using the test strips. Test lines were scanned with a TSR3000 membrane

strip reader.
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510  Figure 3. Standard curve for glycinin using test strip detection. The X-axis represents
511 the logarithmic concentration. The Y-axis represents the percentage of
512 G/DxArea-ROD of the standards divided by the G/DxArea-ROD at saturation (3200

513 ng/mL). The linear regression correlation coefficient (R?) is 0.9931.
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516  Figure 4. Soybean B-conglycinin, agglutinin, trypsin inhibitor, PNA, OVA, and casein,
517  each at a concentration of 20 pg/mL, were tested by test strip detection.
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