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� �. �� �� poly(vinylpyrrolidone) (PVP)� hydroxy ethyl cellulose (HEC) ���� ��� ��� ��

�� �� ����� ��� orf virus (ORFV)� �� ��� ���� ��� � �� ��� ��������

(polymerase chain reaction, PCR)-����� ����� (microchip gel electrophoresis, MGE)� �����. Orf

���� B2L ����� ��-DNA� 594-bp DNA� PCR� ���� �, MGE�� ���� ��� DNA� �

����. MGE�	 64 mm ���(���� 36 mm) × 90 µm � ×20 µm ��
 ��� ��� ������ ��

���. 1.0% PVP (Mr 360,000)� 1.0% HEC (Mr 250,000)
 �� ���� 277.8 V/cm
 ����� 4� ��

��� 594-bp DNA� �����. PVP� HEC
 ��� ���� ��� DNA ��
 ��� ��� �� ��


DNA ��� ���� ��� ���� ����
 ���� �����. � PCR-MGE�	 ���� ��� ��

���� �� � 20� ��
 �� ����� ����� ��� ���� ORFV ����� ������.

���: Orf ����, �� ���, ����, ������ ����

ABSTRACT. We have developed a novel polymerase chain reaction (PCR)-microchip gel electrophoresis (MGE)

method based on the sieving gel mixture of commercially available poly(vinylpyrrolidone) (PVP) and hydroxy ethyl cel-

lulose (HEC) for the rapid detection and diagnosis of the orf virus (ORFV) from Korean indigenous goat. After ampli-

fication of 594-bp DNA fragment from the B2L gene of ORF virus, the amplicon was analyzed by the MGE separation.

The glass microfluidic chip (64 mm total length (36 mm effective length) × 90 µm width × 20 µm depth) allowed the

fast detection and diagnosis of ORFV in the mixture of 1.0% PVP (Mr 360,000) and 1.0% HEC (Mr 250,000) as a sieving

matrix with better resolution and reproducibility of DNA fragments. Under the electric field of 277.8 V/cm, the 594-bp

DNA was analyzed within 4 min. Compared to traditional slab gel electrophoresis, the PCR-MGE method was twenty

times faster and an effective clinical method for the quantitative analysis of ORFV.

Keywords: Orf virus, DNA Sieving Matrix, Diagnosis, Microchip Gel Electrophoresis
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� �

Orf virus(ORFV)� bovine papular stomatitis virus�

pseudocowpoxvirus, ��� ���� �	��


parapoxvirus� 	� parapoxvirus �� ��� ���

�.1-8 ��	 ���� ��� �	 ����� ���

�� ���� ��� ��� ���� ��� ��

�� ������ ���� ��� �
 ��� ��

� ��� �� � ��.2,9,10 �� ���
 �� �

�� 
�� ����� ����, 	�� ���� �

�� �
� ���� ��. �� ���	 � ���

���� �	 ��, �� ��, �, �, ��, ����

��� ���� ��� ��� ����� ��	�,

����, ���� �� ���� �� ����, �

��� �� �� �� ����.2,11 ������ ��

�� ��� 3~4� ��� ��, ��, ��� ���

����, ����� 10��� 4�� ��� ��	�

�� �� ���� �� ����.3 ��� ��� �

�� ��� ���� �� ����� 
���� �

� ���� �� � �� ��� ��� ��� ��

�� ��� ������ ��� ���.12,13 ���

ORFV� �� ��� ��� ���� �� ����

� �� �	��� ��� � �
�� �����

� �� ���� ��� �
�� ��.14 �����

�� ������� �
�	�� �
�� ����

� �����,15 � � ���	��� �� ����

��� 
��� ��,16 Poxvirus ��� ���� �

��� ����� ����� ���� ����� �

�, 
�����, ����� �� �17� �
��

���, ���� �� ����� ����� �
�

��� ���� PCR��18,19 PCR� ��� DNA�

��� ������ ���� ��4,20 �� ����

��. ��� ��� ���� � ����, �� ��

�, ��� ��� ��, ���� ��� �� � �

�� ��.

����� �����(microchip electrophoresis, ME)

� 1992� Manz� Harrison �� �� �� ��� �

	�,21,22 ��� �	�, �� ����, �� ���,


��� 
��, ��� �
�, �� ��� �� 

� ��� �� � DNA ��� �� �	�� ��

� ���� ��.23-29 ��� ������ ��� �


��� �
�� �� ��� ���������

(PA)� �� ����� ����� ��� �
���

� DNA��� �� ��� ��� ����(capillary

electrophoresis, CE)�� �
�� ��.30 Barron ��

PA 		��� ���, ��������, �����

��, ������ ���� �� 12� �
� �
�

��� DNA ��� �� CE�� �
���,31 ��

��� � ��
�� �� N-���������� 	

����.32 DNA ��� 	�� � 	�� ��� �

��� ��, ���� �	� CE��� ����� �

��� ��.33-36 ��, ��� �	� �� hydroxypropyl-

cellulose� hydroxylethylcellulose� ��� ��
��

�
���,37 ���� hydroxypropylmethyl cellulose

� polyethylene oxide �� ���� �
��38 ��

�� DNA ���� �� �� ���� �� � ��

�. �����, CE�� �
�� ���� ME�� �


�� ������� �� ��� ���� CE�

�
�� �� 
�  ��� ME� �
�� �� �

�� �� � ��. ��� �	��, ME��� DNA

��� �	� 	�� ��� � ��
�� 	�� �

� ��� ���� 	�. ��� � ����� ��

� PVP� HEC� ���� �
�� DNA ����

��� 	�� �	� 	����. ��� ORFV� �

�� ����� �� � ��� �
 ���� 	��

��. ORFV� �� PCR 	�� 	�� �, ORFV�

��� ������ �� ��		�� ORFV�

B2L��
 ��� PCR��� ����, ��� DNA

��� PVP� HEC� 2�� �� ��� ��� ��


��� ORFV� ��� ��� �� 
 � �� �

�� PCR-MGE ��� �����.

� �

�� � ��. 1× TBE ��
(0.089 M tris, 0.089

M borate� 0.002 M EDTA, pH 8.5)� 	� ����

�� TBE � (Amerosco, USA)� ���� �� �

	�� �
���. 10× PCR ��
 I� II (super Bio

Co., LTD, Korea), ethidium bromide (EtBr)� Promega

(USA)�� ����� ����� Junsei (Japan)��

bromophenol blue� Showa (Japan)�� xylene cyanol

FF� Polysciences (England)�� 2.5 mM dNTP mix�

Taq DNA polymerase (5 U/µL)� Super-Bio�(Korea)

�� �����. Nuclease free water, Tris, EDTA�
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Sigma�� �����. ORFV� ��
��� ��

PCR�� �
� ��	 ������ (5'-GTC GTC

CAC GAT GAG CAG CT-3')� �	 ������

(5'-TAC GTG GGA AGC GCC TCG CT-3')� ���

(Korea)� �	�� ������, ��� 10 pmol PCR

������� ���� 1 pmol� �
���.4 100-bp

DNA ladder (100 µg/mL)� Genepia (Korea)�� ��

���. ���� �
�� 360,000� PVP (Polyscience)

� �
�� 250,000� HEC (Aldrich, USA)� ���

� �
���. � �� �� ����� �����

������, ���� 0.22 µm-membrane filter Millipak

40� ���� �� Milli-QTM/Milli-RO Water System

(USA)�� ��� �� �����. ORFV ��� �

��� ��� ��� ��� ��� ��� �� ��

�� ��� 	� ������ ��� ������

� ����� ������ ��� �� �����.

��������. �� PCR �
���� ���

�� DNA 50-200 ng, ��� ������ 2 µL (5

pmole), 2.5 mM dNTP 2 µL, 10× PCR ��� I� II

� �� 1 µL, Taq polymerase (5U/mL) 0.3 µL, nuclease

free water 9.7 µL���. PCR �
� � ��� (Perkin-

Elmer model 2400, USA)� �����. ��� 1��

� 95 oC�� 1�, ������ ��� 55 oC�� 1�,

DNA ��� 72 oC�� 1��� 30��� ���, �

���� 72 oC�� 7� �� ��� ����, 16 oC

�� ����� ��� �����.4

��� ����. Tris 242 g� 	��� 57.1 mL �

�� EDTA 37.2 g� ��� �� 50× TAE ����

�� 1× TAE ���� �����. 1× TAE ��� 50

mL� 	��� (Sigma) 0.5 g� �� ���� ���,

��� � �� �� �� � 1% 	����� ���

��. Bromophenol blue 0.25%	 xylene cyanol FF

0.25% ��� 30% ����� �� �� 6× dye 5 µL

� PCR�� ��� DNA 1 µL� ��� � 6 µL� �

�� �� ���� ����. 100-bp DNA ladder

2 µL� PCR ���� ��� DNA� ��� ���

� �� �� �� ����. ��� 150 V�� 45

�� SaB-Cell® (Bio RAD, USA)�� ��
�� �

��. ��
�� �� �� ��� EtBr� 5�� ��

� ����, UV��� Gel Doc 2000 (Bio-Rad, USA)

� ���� ��� 594-bp DNA ��� �����. 

������ ����. 0.5 ppm� EtBr� ��� 1×

TBE ���� 5 mL� ���� 360,000� PVP 0.05 g

� ���� 250,000� HEC 0.05 g� � ��� �,

���� 2� �� ����� 2�� �� ����

1% (W/V)� ME� ���� �����. ME ���

DBCE-100 Microchip CE system (Digital Bio Technology

Co., Korea)�� 532 nm� ����� 	� diode-

pumped solid-state laser	 605 nm ����� ��	

� �� ������ ���� ��. ��
����

� DBHV-100 (Digital Bio Technology Co., Korea)�

�����. ������ ��� ��� ��� ��

��� cross-T� 	� ����� (Digital Bio Technology

Co., Korea)� �����. � �� ��� 90-µm ��

20-µm ��� ��� ����� �
� 0.3 mm��,

��� 20 µm���. ���� 2�� ���� 4	�

� �� ��� 7 mm, ���� 1�� 3	�� ��

��� 61 mm��, ��� DNA��� cross-T���

36 mm ��� ���� �����(Fig. 1). ����

� 0.5 ppm EtBr� ��� 1× TBE ���� (pH 8.5)�

�����. �� ���� ���� 1, 2, 4� �� �

���� 3�� ���(EYELA A-3S vaccum aspirator,

Tokyo Rikakikai Co., Japan)� ���� �� �� ��

����� ���. ��� ������ ���� 4�

��� �� 60� �� ����� 4�� �����

� 2� 180 V� �
� ���� ��������

� ����. ��� ���� 1, 2, 3, 4 ��� 0 V,

151 V, 1000 V, 151 V� �
� �� �� ��� ��

DNA ���� �����. � �
 � ������ �

�� 3� �� ���� ��, 2� �� ���� ��

��� �� ������ ����� �� ����

Fig. 1. Layout and dimensions of the single-channel glass
microchip used for the fast separation of ORFV PCR prod-
uct. Reservoir 1=buffer inlet. Reservoir 2=sample inlet. Res-
ervoir 3=buffer waste. Reservoir 4=sample outlet.



Journal of the Korean Chemical Society

486 �����������

�. 100-bp DNA ladder	 PCR ���� 594-bp DNA

� ����� �� �� 	�� ����� �� ORFV

� ����� 	�� ���. �� �� ��� 594-bp

DNA� ���� �� ������� ���� DNA

� ����� �� �, 594-bp DNA� �� ��	�

� ���� ORFV� ����� ���. MGE�� 

� DNA ��� ����� OriginPro7.5 software

(OriginLab Co., USA)� ���� ����.

�� � ��

�� �������� ��� ��� ���� �

�� ������ ��� DNA� Inoshima �� ��4

� ���� ��� PCR���� DNA� ��� ��

���. PCR �� � PCR ���� ��� ����

� � �� ��� �������� ORFV ��� �

��� 594-bp DNA� ORFV B2L ��	 ��� �

�� � 
��(Fig. 2 lane 2). ORFV� ���� ��

����� ��� DNA��� ��	 ��� ���

� �� ���� �� � �� ��� �� ���

���� ��� � � 
��(Fig. 2 lane 3).

ORFV� B2L ��	�� ��� 594-bp DNA� ME

�� ���� � ��� MGE ��� ��� �

�� ��� ���� PVP� HEC� �� ��� �

����. ����� PVP� �� ��� ��� ��

� ����� ��(EOF)� ��, ��� ��� ��

� ��� CE�� �� ���� 
� ���� ��

� �����.30 � ����� PVP� ��� ���

� �� 100-bp DNA ladder� �� DNA ���� �

��� ���� ����� �����. PVP� ��

� 1% ���� ����� �� DNA ���� ��

� ����. ��� �� ���� ����� ���

�� ���� � 1.5% ���� PVP� ��� �

Fig. 2. Slab gel electrophoresis of the 594-bp DNA PCR
products (stained with ethidium bromide) from the B2L gene
of ORFV. Lane 1, 100-bp DNA ladder (100 µg/mL); lane 2,
PCR product from the ORFV infected goat; lane 3, PCR
product from the non-infected goat; lane 4, negative control.

Fig. 3. MGE electropherograms of DNA fragments as (A) a
function of PVP (Mr 360,000) concentration and (B) as a
function of HEC (Mr 250 000) concentration. MGE condi-
tions: microfluidic Chip, 64-mm long × 90-µm width × 20-µm
depth, effective length, 36 mm; sieving gel filling for 2 mins;
sample electrokinetic injection, 0.18 kV for 60 s, separation
electric field, 277.78 V/cm.
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���� ����� �� ��� DNA ��� 100-bp

DNA� ��� 2�� 	�	 ��� ���� 
��

(Fig. 3A). �� HEC�� ���� ���� ��� �

� DNA� ��� ����� � ��� ��� ��

DNA� ��� 	��� �� ��� �����(Fig.

3B). ��� HEC�� ���� ���� PVP���

EOF� ����� ��� ��	 

� DNA���

� ����� �� ���� ���� ��� �� �

��, ���� ����� 
� �	�. ��� � �

��� �	�� ���� ���� DNA���� �

��� ���, ����� 	�� ��� �����.

�� PVP� 1%� �� ����, HEC� ���

0.25%, 0.5%, 1.0%, 1.5%, 2.0%� ���� 100-bp DNA

ladder� DNA �� 
 ���� � ��� ����

	�� ��� �����. HEC ��� ����� �

��� 
���, ����� ���� DNA ��� �

� ����(Fig. 4A), 

� DNA ���� ����

�� ��
� � � 
��(Fig. 4B). ����� HEC

� ��� 1%� ���� PVP� ��� �����

� PVP ��� ��� �����(Fig. 5). PVP� �

�� ��
� �� ����� DNA ���� ���

� ����, ���� � �� �� 
� �����.

��� PVP� HEC� ���� 100-bp DNA ladder�



� DNA ���� ����� �� ��� PVP�

� HEC� �� �� ��� 	�� � � � 
�

�. �� ���� ����� ��� � 1% HEC�

1% PVP� 
� ���� � PVP� HEC ��� �

�� ����� �� DNA���� �� �� ��

�� �� ���� �����.

��� ���� ���� �
� 0.25-2.0 kV� �

����� ���� ��� �����. � ����

Fig. 4. Representative MGE electropherograms (A) and
migration times (B) of DNA fragments as a function of the
HEC concentration at 1% PVP. MGE conditions: microflu-
idic chip, 64-mm long × 90-µm width × 20-µm depth, effective
length, 36 mm; sample electrokinetic injection, 0.18 kV for
60 s, separation electric field, 277.78 V/cm; sieving matrix gel,
1.0% PVP (Mr 360,000) and various HEC (Mr 250,000) con-
centrations such as 0.25%, 0.50%, 1.00%, 1.50% and 2.00%.
RFU: Relative fluorescence unit.

Fig. 5. Representative MGE electropherograms (A) and
migration times (B) of DNA fragments as a function of the
PVP concentration effect at 1% HEC. MGE conditions: siev-
ing matrix gel, 1.0% HEC (Mr 250,000) and various PVP
(Mr 360,000) concentrations, such as 0.25%, 0.50%, 1.00%,
1.50%, and 2.00%. Other MGE conditions as in Fig. 4.
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138.89 V/cm, 208.33 V/cm, 277.78 V/cm, 347.22 V/cm,

416.67 V/cm � 555.56 V/cm� ������, 

�

���� �� �� 
 DNA ���� ����� �

���� �, ���� ��
� ��� DNA ���

� ����� ���
� �� ���(Fig. 6).

� ��� ���� ��� �, ORFV� ��� �

�� ���� ��� ��� �� ��� ����

PCR� � �, PCR ���� ��� MGE�� �� �

�� ��� Fig. 7� �����. PCR ���� ��

��� �� ��� �� �� �� ME ��� ��

� ���. �	�� �� ��� PCR �	�� �


� ���� �� 	������ 	��� 594-bp

ORFV PCR ���� �� � ���� ��� ��

�	�. 1.0% PVP� 1.0% HEC� �	 ����

Fig. 6. Relationship between the applied electric field and the migration time of DNA fragments. MGE conditions: sieving matrix
gel, 1.0% PVP (Mr 360,000) and 1.0% HEC (Mr 250,000) for 1 min 30 s; sample electrokinetic injection, 0.18 kV for 60 s. Other
MGE conditions as in Fig. 3.

Fig. 7. MGE B2L gene analysis of an 594-bp ORFV fragment. A: 100-bp DNA ladder (0.05 µg/mL). B: PCR product from
the ORFV of infected goat. C: Negative control. D: 100-bp DNA ladder plus the PCR product of the ORFV of the infected
goat. MGE conditions are shown in Fig. 5. *Arrow indicates the amplified 594-bp DNA.
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277.78 V/cm� ����� �� ����� ��� �

�� ORFV� B2L ��	 ��� ��� 594-bp DNA

� � 4� �� ��� ��� ���. �� MGE��

�� 100-bp DNA ladder� 500-bp� 600-bp DNA�

�� �� DNA ��� ��� ��� ORFV� 594-bp

DNA� ����� ��� ����� ���. ��

DNA ladder� ��� 594-bp DNA� ����� �

��� ��� �� 594-bp DNA� ��� ����

� 
��. �� �� � ��� ORFV B2L ��	�

�� �� ��� ��� � ���. �� 687.96 µg/

mL� ��� �� 
� �	 594-bp DNA� ���

DNA ��� �� ����� ���� ����� �

����. ����� ���� 0.0469� �
��

0.9976� ����� �� y=0.0469x+0.2313 (r=0.9976)

� ��� ���� �����. ����� ����

ORFV� ��� 4�� 
� �� ��� �����

���� 
 ��� �� n=3� ��� �� 594-bp

DNA� 
�� ��� � ��, 4.510 7 ± 0.161 0 ng/µL,

17.048 7 ± 0.989 4 ng/µL, 22.743 4 ± 0.231 4 ng/µL, 29.226

6 ± 0.173 8 ng/µL� �� �����.

� �

������ ������ PVP� HEC ��� �

��� ���� ����  �� 1.0% PVP� 1.0%

HEC� �	��� ���� �	�� ��� �, ��

� �� �� DNA ��� �	��� ����� �

�� ���� ����� ���� �����. PCR-

MGE ��� ���� ��� ������ �� ��

��(� � fL) ���� � 20 ��� �� ���

�� �� ���� �����. �� � ��� PCR

� �� ��� 	�� DNA ��� ������ �

�� ��� �	 DNA� ���� ��� �����

���� ��� ORFV� ��	 ��� �����

�����. � PCR-MGE�� � � �� ���

ORFV ��� ��� � 
� ��� ����� �

� 
� �� ����.

�	�� ����� ������� � �����

� ���� � Digital Bio Technology Co.� ���

���. “� ��� 2003�� ������� ���

��� �����(KRF-2003-002-C00189).”
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