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Quantification of Genetically Modified Soy Proteins in Fresh Soybean 
Curd by Antigen-coated Plate ELISA
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Enzyme-linked immuno sorbent assay (ELISA) was applied to quantify soy protein in fresh soybean curd (bean
curd) produced by combination of genetically modified (GM) and genetically not modified (non-GM) soybeans.
Antibodies against 113 and 24 kDa proteins, which appeared only in non-GM bean curd (specific band), and in
both non-GM and GM bean curds (non-specific band) based on SDS-PAGE results, were prepared by
immunization to rabbit. Through ELISA using either antibody, GM bean curd protein content was determined
at dilution rates of 10−1-10−6. Standard curve showing relationship between ELISA optical density and non-GM
protein content was produced using antibody against 113 kDa protein at protein dilution between 10−7 to 10−6,
highly antigen content-dependent dilution. Bean curd prepared by random combinations of GM and non-GM
soybeans were analyzed by ELISA, and standard curve was produced. Results reveal non-GM protein content
of bean curd could be quantified with higher than 93% accuracy.
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� �

��� ��� ��� ��� ��� �� �� ��� �
� �� �� ��� ���� ���� 	�� � �� ��

� ���� �
� ��� �� �� ����� ���. �
�, ��� ��� ���� �� ���� �� ��� ��

�����, ��� ��� ���� ��� �� ��� ��

� ���� ��� ��� �� ���� ��� ��� �
���� ��� ���(genetically modified, GM) ��� �
�� ������ ���� ��(1).
��� ��� �
�� ��	� ����� �� 1986�

�� 1997�� ����� 45���� 10��� ��� ��

� �� 60��� �
�� ���� ��. ��� �� �


�� 1996��� ���� ��(Monsanto), ��(ArEvo, Mon-
santo), ���(Novartis, Dekalb, AgrEvo �)� ����� 590
�� ���� �� ��� ��� �
�� 27.7%� ���

� ��(2).
1997� EU�� ��� ��� ��� �� �� ��� �

�� ��, ������� ��� � ����� ��� ��

GM ���� �� ���� � ��� ��� ��� ���

� �	�� GM �� ��� ���� ��(3). �� ���

� ����� ���� �� � �� �� �
��� �


� ���, ��� �
��� ���� ��� ���� ��

� ���� ��. ����� GM ��� ���� ��� �
��� ��� ����� �� GM 	�� ��� ����

��. �� �� ��� �� ��	���� GM ��� �
��� 
��� ���� ��� ���� �� �
� GM
	��� ��� � �� ��� �� 
��� �� 
� �

��.
�� ���� �� ��	� ���� PCR(�����	�)

� ���� ��� ���� ���� ����. �����

��� �� DNA� ���� ��� PCR 
��� �� �
� ��� ���� ��� ���� ��� �� ���� 	
�� �
�� 
��� ��� ����. ��� ��� ��

�� ���� 	�� �� 		������� � 	�� �
��� �� PCR� ����� �� DNA��� 	
�� 

� ��� PCR 
���� �� �� GM ���� �
��

�
�� ��� ���� ��(4,5). �� ��� �	� GM
���� ���� �� ��� PCR ����� �� � �
��� �
 ���� 
�� �� �� ��� ����� �
�� ��� ��� �� ���� ��� ��� ���(5).
�� ��� PCR 
��� ���� �����
�(enzyme

*Corresponding author: Dong-Ho Bae, Department of Applied
Biology and Chemistry, Konkuk University, 1 Hwayang-dong,
Gwangjin-gu, Seoul 143-701, Korea
Tel: 82-2-450-3756
Fax: 82-2-456-7011
E-mail: donghoya@konkuk.ac.kr



�����
�� ��� �� �� ��� ��� ���
� �� 829

linked immuno-sorbent assay, ELISA)� ���� ��(6,7).
ELISA� ��� ���� ���� ���� �� ��� �
� ���� ��� ��� �� ��� ��� ��� � �
� ��� ��. Kwak �(7)� ���� �� ��� ���

� CP4 EPSPS� �� ����� ���� ELISA��� �
���� ��� ��� ��� ��� � ��� ���
�.
��, Seo(8)� ��		 ��� ���� ��� �
 �� 

� � 
�	 ��� ��
� ���
�. ��� ��� 	
� ������ � 	�� GMO ��� �� ��� ���

� ��. ��, ���� �� GMO� ��� ���� �


��� 
� 	�(non-GMO)� �
�� �� 
�� CP4
EPSPS� �� �� ������� ���� ��� �� �
�� ��� ���� �� 
�.
��� � ����� ��� ��� �� �
�� ���

��� ���� �� ��	� ����� � � �� ��

� ��� �� ELISA� �� ����� ��� ��� �
�� ����� �
��, GM ��� non-GM ��� �


� 
�� � �
����� �
� � �� ���� ��

��� �
�.

�� � ��

�� � ��

�� ������� �� �� ���� �� non-GM �
�� GM ��� 
����(�	)�� ���� �� ���

���� ��� 	� ���
� ��� ��� ���� �

���� �, �� ����� ��� ���
�. ����

� ����� �	� ��� ��� ������� ���

�� 70-100oC, ����� 10-40��� �
�. ����� �
� ������ ��(New Zealand White)� Essence Medical
Inc.(Seoul, Korea)��� �
�� ���
�.

�����

�� ��� ��
�� 
�� Micro-kjeldahl�(9)�� 3	
	� �
�� ���� ���
�. ��� ���� �
�

� ���� ���� �� �
� 
�� �� �� Weber
�(10)� ��� �� �����
�. �� gel� 12% poly-
acrylamide� ���
�.

����

����� gel� 0.1 M KCl �
� 5-15�� ���� 
�

� �� ��� ��� �	
�(specific band)�� ����

PBS(phosphate-buffered saline) ��
� �� 1 mL� ��� 

��� ��
�
�. ��
� �	� ��� � 3-5 ���

2� ���� 3	 �����
�. ��� �� 1�	 �, �
�� � 
����� 200-300 µL 
�� �
� ����, �
� 37oC ����� 1�� �� ���� �
��� ���

� �, 	���(5,000 rpm, 10 min)�� ��
� ��� sodium
azide� 0.02% ���� −70oC�� �� ���
�.

ELISA
Microplate(96-well plastic plate)� � well� �� ���

1 mg/mL� ��� PBS ��
�� ��� �	� 90 µL� �
� 37oC�� 2�� �� ��� �, antigen �
� ���
�.
Tween-20� 0.05% �
�� PBS��
 200 µL� ���� �

��� well� �� �, �
�� �

� PBS ��
� �
� ���� �	�
�. �	� �� plate� PBS ��
� �
� 1% ����� 90 µL� �� 37oC�� 1�� �� ���

� blocking� �, �		
� 4	 	��
�. Primary antibody
solution(1 : 10,000)� 85 µL� � well� �
��, 37oC ���

�� 1�� �� ����, �� �� 4	 �	�
�. HRP-
goat anti-rabbit lgG �, secondary antibody solution(1 : 10,000)
� 80 µL� �� 37oC� ���� 1�� �� 4	 �	�
�.
Primary antibody� secondary antibody�� �� plate�
TMB(3,3'-5,5'-tetramethyl benzidine)�
� 100 µL� �� 37oC
�� 20�� ��	��� ��, ELISA reader(Sunrise, Tecan,
Austria)� 405 nm�� �
�� �
�
�.

�� � ��

�����

� ��� non-GM ��� GM ���� ��
� 
��

�� 10.0% � 8.8%� ��� ���� GM ���� non-GM
���� ��
� 
�� �� �� ��� ����.
	� ��� ��� ��� ���� �� �
� Fig. 1	

	�. �		�� ���� ���� �
� 
�� ����

���� 	 ����, �� �� ��� 
� �� 	� 
�

� �
�. �� ���� � �
�� �� ��� ��� �

�� ��� 
� ����, ��� ���� ��� ���

� � ��� �
��� 	� ����� ��� ��� �
���.
��� ��, ���� non-GM ��� 
�� GM����

���� �� �� � � ��. non-GM ��� 
�� GM
����� ��� 
� 6 kDa� �
� 
�� �����,
non-GM ��� 
��� GM ���� ���� 
� 113 kDa
� 
�� ���� 24 kDa� 
�� ��
� ��� ���

�
�. ��� �� 	� Kwak �(7)� GM ��� CP4
EPSPS� �� ����� ���� ��� ��� ��� �
��
�� CP4 EPSPS� �� �� ��� ���� ���

� ��� �� ��� � �� ���� ��. ��� � �
���� GM ����� ���� 
� non-GM ���

Fig. 1. Gel electrophoretic patterns of soybeans and soybean
curds.
M: protein marker, 1: non-GM soybean, 2: GM soybean, 3: soybean
curd produced from non-GM soybean, 4: soybean curd produced
from GM soybean.
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113 kDa �
�	 ���� 	� ���� �� 24 kDa �


�� ��� �� �� �
�� �	�� ���� CP4 EPSPS
� �� �� ��� ���� �
� 
��� �� �� non-
GM 	�� ���� ��� � ��� �
�.

���� � ��� �� ������ ��

�
��� ��� ��� �� 70-80oC�� ��� ���

�� ��	�� ����. ���� �
� ��� ��� �
� � ��
�	 ��� 
�� ��
�� �� ���� �
��� �
� ���� �� �� ���	 

 ��� epitope
� ���. �� epitope� �		�� �
� continuous amino
acid ��� �� �
� �� non sequential amino acid ��

� �� �
�	 �� 
���. ��� ��� �
�� amino
acid� ��� �		�� �
� crytotopes� ����. �, �

�� ���� native epitopes� ��	� ��		 �		�

cryptotopes� ��� �
� �� ���� �
�� ����

native epitopes� ����, �		� cryptotopes� ���� �
�(11). ��� ����� 80oC ��� ��� �		 
��

native epitopes� ��	�� ���� 	� ���� 
��

� �� ��� ����. ��� �� �
��� ����

�
�� ��� 	 ��� ����, ��� ��� ��� �
��� �
�� ���	 �
� ��� �
� ��(12,13)�
�
�� ��. �� 	� �
� ��� �� �	���	

�� ��� ���� 
��, ����� � ��	�� ��

��� ���� � ��� ���� ��� ��� � ��

��, ��� �
� �� � ��� ������ �����

ELISA�� ��� ��� �� ���� ���� ���, �
��� � ��� �� ������ �
� Fig. 2� 3� �
����.
			�� ���� �� ��� 80oC�� 20� ��� �


���� ��� 80oC�� 10-40�� �
��� ��� �
�� ������(Fig. 2)	 70-100oC� ���� 20�� �


�� ��� ������(Fig. 3)� ���
�.

�
� ���� �� 
� �
� �� ��� �����

�, �� ��� �� 
�� �
� ���� ���� 
�

�. ��� 30� ��� �� ���� 113 kDa �
� 
��

����� ��	� 
��� ���� ��� � � ���.
��� 			� ���� �� �
� ��� 20� ����

� non-GM�� ��� �� ELISA�� � ��� ��� 

� ��� ���� 80oC�� 20�� �
�� non-GM ��

� 113 kDa	 24 kDa �
�� ��� ���
�.

Non-GM 113 kDa� 24 kDa ���� �� ��

���� 	��� ���� 	� ���� ���� non-
GM ��� 24 kDa 
�� GM ����� �
 ���� 

� non-GM �� �
�� ���� 113 kDa 
�� �	��

�� ��� �� 2� ���� 3	 	� �� �	� ���

��� �����, ��� �� 1�	 � 113 kDa� ����

��� 24 kDa� ���� ��� � 
��� �� ��� �

�� ���� ���
�. � ���� ���� non-GM
��� GM ��� 405 nm�� ELISA� �� �
� �
�

� Fig. 4� �����. �� solid phase� 
���� �	

�, non-GM �� ���� 10−1-10−8�� ���� ��� 

����. � 
	 113 kDa	 24 kDa �
� ���� ���

	��� ��� ����. ��� non-GM 113 kDa �
��

non-GM 24 kDa �
��� �� �
�� ��� �� ��

� ��� �����. GM ��� ���� ��� ���

non-GM ��� 113 kDa �
�� 	� ���� �� non-GM
��� 24 kDa �
� �� �� �
�� �
�, non-GM �
�� GM �� �� �� �� 113 kDa �
�� 24 kDa �


��� �� ��� ��� �� ��� ��� ��� ��

���.
��� ��� ���� ���	 �
� �, non-GM ��

� 113 kDa �
�� non-GM ��� 24 kDa �
��� ��

Fig. 2. Effect of heating time on the gel electrophoretic pattern of
non-GM soybean curds.
M: protein marker, 1: soybean curd produced from non-GM soybean
heated at 80oC for 10 min, 2: soybean curd produced from non-GM
soybean heated at 80oC for 20 min, 3: soybean curd produced from
non-GM soybean heated at 80oC for 30 min, 4: soybean curd
produced from non-GM soybean heated at 80oC for 40 min.

Fig. 3. Effect of heating temperature on the gel electrophoretic
pattern of soybean curds produced from non-GM soybean
heated for 20 min.
M: protein marker, 1: soybean curd produced from non-GM soybean
heated at 70oC for 20 min, 2: soybean curd produced from non-GM
soybean heated at 80oC for 20 min, 3: soybean curd produced from
non-GM soybean heated at 90oC for 20 min, 4: soybean curd
produced from non-GM soybean heated at 100oC for 20 min.
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�� 
��� ���� ��� ��� ����. ��� ��

�� �� ��� �	��� GM ��� ���� ��� �
�� non-GM ��� 113 kDa 
�� ���� �� ���

���	 �
�� ��, ����� ���� ���� ��

��� ����. �� 24 kDa �
�� 113 kDa �
���

	� �
�� ���� �� GM ��� 24 kDa �
���

� �� 
��� ���� non-GM ��� 24 kDa �
��

���� ��� ������ � � �� �
�. �� 	�,
GM �
���� ������ �� �
�� �� ��� �
���� non-GM ��� 24 kDa �
�� ��� �� ��

� non-GM ��� 24 kDa 
�� large peptide ��	� ��

���� �
�� �� ��� ����.
Large peptide ��� �� �	

��� ���� �
�

� �� ���� �� ��
�� ��	�� ���� peptide
�� �� ��� 
� ��	� �� ���. �� �	� �
� peptide� 
�� ���� 
�� 

�� ��� ���

���, sequence 56-107� ��� lysozyme peptides� 
��

� S-S 
�� �� �� peptide� 
��� ���� �
�

� �� ����(6). ���� non-GM ��� 24 kDa �
�

� protein marker lysozyme ���� ��� 
��� ���

� �
�� �� lysozyme� ��� �� �
�� ����.
��� 24 kDa �
�� ����� GM ���� ����

�� �
���� ��� ���� ��� ����.
Non-GM ��� 113 kDa �
� ��� ����� 10−1-10−6

	 ��� 
� �	�� ��� �� �
�� ��� ��

���� 
�� 10−7 ��� ������� ��� 	� �
� �� ��� �
�� ����. ���� 10−1-10−6� ��

���� ����� 	�� non-GMO� �� ���� ��

��� ��� ���, 10−7 ��� ������� ��� �
�� ��� ����.

Non-GM ��� GM ��� ���� ��

10−6-10−7� ������� ��� non-GM ��� 113 kDa
�
� 
� ���� ��� �
�� ��� ���� � �
����� non-GMO� GMO� �
��� �
�� ���

� ��� ���� �� ��
�� Fig. 5� ELISA� ��

�
�� non-GM �
� 
�� ��� ���� ��
��

� 
��
�. Non-GM ��:GM ��� ��� 100:0-0:100
�� ��� ��� non-GMO� GMO� �
� ��� ��

�� 10−6-10−7� ������ ELISA� �� �
�� �
�

� � �� ��
�(Fig. 5)� 	��� ��� non-GMO�
�	 ��� �� �� ���� non-GMO� �� Table 1�
�����.

100% non-GM ��� ��� ��� 
�� ���� 8.40 mg/
mL� non-GM ���
�� ���� �
�� ����� �
� 8.50 mg/mL� ���� �
�� �����, 60% non-GM
��� 40% GM ��� �
� 	�� ��� ��� 
��

� ���� 5.0 mg/mL� non-GM ���
�� ���� �

Fig. 4. ELISA of various dilutes of soybean curds produced from
GM and non-GM soybeans against 24 kDa and 113 kDa proteins
of non-GM soybean curd.

Fig. 5. Standard curve of ELISA against 113 kDa protein of non-
GM soybean curds at the dilution range from 10−7 to 10−6.

Table 1. Comparisons of actual and estimated amounts of non-
GM proteins in soybean curds

Ratio of non-GM
soybean:GM soybean

in soybean curd

Actual amount of
non-GM protein
in soybean curd

(mg/mL)

Amount of non-GM
protein in soybean curd
estimated with ELISA

and standard curve
(mg/mL)

100:0 8.40 8.50
60:40 5.00 5.10
40:60 3.20 3.40
20:80 1.66 1.70
10:90 0.80 0.85
0:100 0.00 0.00
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�� ����� �� 5.1 mg/mL� ���� �
�� ��

���(Table 1). 7% ��� ��� ������, non-GM �
�� GM ��� �
�� ��� 
��� ELISA� ���

� ��	� �
��� �
� � ��� ���� ��. �
��� ELISA�	 ��
�� ���� �� ���� ��

� GMO � non-GMO �
��� �
�� �� �����

����.
Table 1��� 	� �� �
�� ��� �
�� ���

��� ��� �� �	

�� ���� �
��� 
�

��� ��� ����. ��� 	�� non-GM ���

113 kDa �
���� ��� non-GM �
� �� �� 	�

�� non-GM 113 kDa �
�	 �	

�� ���� ��

�	 ����� �� �� �
�� ��� ��� ����

(6). ��� ��� ��� � 	 
�� �	� 
�����

��� ��� � �� ��� ����.
� ���� GM ����	 non-GM ����� �
� 


�� � ��� ���� 
���, SDS-PAGE� ��� ��

��� ��� �� 
�� �
��� SDS-PAGE� ����

� GMO� non-GMO� ��� �� �� ���. ��� �
�� SDS-PAGE� ������ ����� ��� GMO�
non-GMO �
��� �
� ����� GMO��� ���

��� ��� ��� ����.
�� 
	� ��� �� �� ���� �� �� ���

��� ��� ��� �
�� 
	, 		 ������ ��

�� ���� 
� non-GM ���
�� 28% 
� 
��

��� �
���, 100% ������ ���� ��� ��

�� �� �	� ��� 
��� 80% 
� non-GM ���


�� 
��� �� ��� ��� non-GM ���
�� 

�� ��	 ���. ��� 	� �	�� ��� ����

non-GM ��� 
�� ��� �� ���� 	���� �
��� ������ ��� ��� ���� ���� ��

� ������ ��� ���� ���� � ��� �� �
�� ����.

� �

� ����� ��� ��� �� 
�(non-GM) ��� �
�� ����(GM) ��� �
�� ��� ���� �� �
� �
�� ���� non-GM ��� �
�� �
��� �

�. ��� SDS-PAGE �� 
	 non-GM ����� ��

�� �� �
� non-GM 113 kDa 
�� non-GM	 GM �
��� �� ���� non-GM 24 kDa 
�� ���� ��

� ��� ���� ���� ��� ELISA� 
	 non-GM
113 kDa	 non-GM 24 kDa �
� �� ��� ���� ��

�
� 10−1-10−6� �
� ������ ��� �� ���
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