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Identification of porcine intestinal spirochetes isolated from Korea
by NADH oxidase gene(nox) PCR-RFLP
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Abstract : In this study, we performed a PCR-RFLP analysis of NADH oxidase gene(nox) for the
characterization of porcine intestinal spirochetes isolated from Korea by the comparison with Brachyspira
hyodysenteriae and B. pilosicoli reference strains. Eleven strains including four reference strains, B.
hyodysenteriae B204, B234, B169, B. pilosicoli P43/6/78 and seven Korean isolates were used. PCR products
of 939 bp were amplified using nox-specific primers and digested with two restriction enzymes, Bfm I and
Dpn II. In study using Bfm I, both strains showed no difference in fragmented size(197 and 741 bp). When
use Dpn II, B. hyodysenteriae showed two bands(209 and 684 bp), however B. pilosicoli showed a single
band of 896 bp. Our results indicate that nox-specific PCR-RFLP could be used as a typing method of
Brachyspira species and as an epidemiological method for identifying spirochetes isolated from swine.

Key words : Brachyspira hyodysenteriae, Brachyspira pilosicoli, PCR-RFLP, nox

� �

��� Brachyspira species� �� ��� ��� �

��� ��� spirochetes� ���� 5�� ��� �

� [9]. � � B. hyodysenteriae� ���(swine dysentery)

� ����, ��� ��� �� �� ��� ����

��� �� .��� ��� �	�� [10]. ���� �

� 
� .�
��� ���� ��, ���� ����

� ��� �� �
��, �� �� �� �� ���

��� �	�� [9]. B. pilosicoli� ��� ��

spirochetosis� �����, ���� �� ���� �

��� �	�� [5], ��� ��
 ���� ����

��� �	�� �	� ��� ������� ���

� ��� [3, 9]. � ��, �� ��	 ��/����

�	�� B. intermedia� �� �� B. innocens, B.

murdochii� �� [9]. 

��
 ��� ���� ���� ��� �� 
�

� B. pilosicoli� ������ ��� ��� ���

	�� ���� ����. ���� Brachyspira species

�� ��
 �� �� �� ��, indole ��, hippurate

hydrolysis �� ���� ��	� ���
��, ��

�� ���	 ��	�, ��� �� ��, �� �


���� ���	�� ��� ��	 �
� �� �

�	�. �� ���� ���� �� �� �� DNA

� ���� ���� polymerase chain reaction(PCR)



 ������ ��� ���� �� [1, 6, 7, 11].
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� ��
 �� �� �� 	� sample�� �� ��


 � �� ��� �	�, ���� �
 ��� �

�. �� 16S rRNA, 23S rRNA, nox ���� ����

��� �� ���
 Brachyspira species ��� ��

� ���� ��� 
� ���, ��� ��	 ���

�� [13, 16]. �� ��	� RAPD(random amplification

of polymorphic DNA)� Southern blotting �� ���

��� �� [4, 8]. RAPD� target DNA� �� ��

�� �� ��
 � �� ��� �� 
�, ��� �

��� �� ��� ��	 ��� ��. fla A1 ���

� ��� Southern blotting
 ��	 ��� ����

�, �� ��� �� � ����	� �� �	� 


� ��� ��� ��. ���� �� ��� ���

�� ���� �� primer pair� ��, ���� � 


� ��� ���� ���� restriction fragment length

polymorphism(RFLP) ��� ���� �� [2, 13, 14].

� PCR-RFLP ��
 �� ��� ��� ��� ��

�� 	� ��� ����. 

nox(NADH oxidase) ���� ���� Brachyspira

species� � �� ��(� 1%)� ���� ��� ��

��. Brachyspira species�� � ���� �� 86.3%

� ���� ���� [15]. �	�	� 16S rRNA, 23S

rRNA� ��� ��� ��� �� 2-3% ���� [12].

� nox ���� �� 	� ��� ����, ��	

species �� 

 ��� ����� species� ���

� � �� ����� � �	��. �� � ����

� nox gene� �� PCR-RFLP� �� B. hyodysenteriae,

B. pilosicoli �� �� 	� ��� ���� ����

��� �� ��� ��� 	��
�.

�� � ��

����

� ����� �� ��� B. hyodysenteriae B204,

B234, B169� B. pilosicoli P43/6/78 (Table 1) � ���

� ��� B. hyodysenteriae 7��� ���
�. 4��

����� 	� Murdoch ��� �� .����� �

�� Dr. D.J. Hampson ����� ���	 ���


	�, �� ���� � �� ���� ��� test� �

��� �� ���
�. ����
 �� �� beta-

hemolysis� �	�� indole� ���� fructose� ��

�� 
� � B. hyodysenteriae� ���� ����

�. �� ����� QIAamp  Kit(Qiagen GmbH,

Hilden, Germany)� ���� genomic DNA� ����

���
	�, ��� DNA� ��� ���� �� 50

µg/ml ��� �� ���
�.

�������

Primer� Rohde �(2002)� ��� ��� ���


� �
� DNA� ��� ���
�. B. hyodysenteriae

� primer� nox-f1, nox-r� ���
�, B. pilosicoli�

nox-f2, nox-r� primer� ���
�(Table 2). 

���� �� ��� ���� �� � ����

nox ���� PCR ��� �� 
�	�
 thermal

cycler(PTC-100TM, MJ Research Co., MA, USA)� ��

�� Rohde �(2002)� ��� 

 	��� ���


�. 
��
 template DNA 2 µl, � primer 1 µl(0.5 uM),

MgCl2 free 10X buffer 5 µl(1.5 mM), MgCl2 5 µl(1.5

mM), 2.5 mM dNTP 5 µl(0.2 mM), 5 U Taq polymerase

(PromegaTM, USA) 1 µl� �� ���� ���� �

50 µl� 	��
�. 
�	�
 94oC�� 3�	

predenaturation �� ��, denaturation(94oC, 30�),

annealing(59oC, 40�) � extension(72oC, 54�)� 30 cycle

����, postextension� 72oC�� 10�	 ���


�. ��� DNA� ��
 1.0% agarose gel�� 939 bp

� band ��� ���
�. 


�� ���
��� � ���� ��

����	� ��� nox gene
 Geneclean II kit

(QbiogeneTM, USA)� ���� 
	�� ��� ��

Table 1. GenBank accession numbers and encompassing
positions of nox gene sequences of Brachyspira spp.

  Species Strain

nox gene

GenBank
accession
number

Encompassing
positions

B. hyodysenteriae
B204
B234
B169

U19610
AF060800
AF060801

345-1283
91-1029
89-1027

B. pilosicoli P43/6/78 AF060807 83-1021

Table 2. Primer sequences used for the amplification of
nox gene

Primer F/Ra Primer sequence
(5'�3')

Size
(mer)

nox-f1 Forward TAGCCTGCGGTATCGCACTTTGG 23

nox-f2 Forward TAGCTTGCGGTATTGCTCTTTGG 23

nox-r Reverse CTTCAGACCAACCAGTAGAAGCC 23
aForward or reverse primer
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gel elution� ���
�. nox ���� 
��� ��

� 10 µl� eluted DNA� � enzyme 1 µl(1.5-3 U), 10X

buffer 2 µl(10 mM), Bovine serum albumin 0.5 µl(1 mg

/ml) ��� �� ��� 6.5 µl� ���� � 20 µl�

	��� 37oC�� 2�	 �� 
��� ���
�. �

�� DNA� ��
 2.0% agarose gel� ���� ��

� ���
�. 

� �

���� �� ��� ���� ��

����� B. hyodysenteriae� B. pilosicoli �� 	

�� ���� ��� 7� �� ���� ���	�

939 bp ��� PCR ��� ��
 � ���(Fig. 1).

����� �� �����	
���� 
�
��

� ��

Brachyspira� nox ��� ��
 GenBank� 
� �

� Bfm I, Dpn II� �� 5�� pattern� ��� ��

��
 � ���(Table 3). 
� �� Bfm I� Dpn II�

��� RFLP pattern
 B. hyodysenteriae� B. pilosicoli

� ��� ��� � ����, 
� �� Bfm I� ��

� �� B. hyodysenteriae� B. pilosicoli ������

������
 �� 741, 197 bp band� ��
 � �

��(Fig. 2). Rohde � [14]� ��� B. hyodysenteriae

� B. pilosicoli �� 2�� band� ���� B.

intermedia, B. innocens, ��� B. murdochii� 3� ��

� band� ����� �
�� � ��� �� ���

�
 B. intermedia, B. innocens, ��� B. murdochii�

	�� 1��	� � � ���. ��, 
� �� Dpn

II� ��� ��, B. hyodysenteriae� 684, 209 bp band

� ��
 � ���, B. pilosicoli��� 896 bp band�

��
 � ���(Fig. 3). ������
 2�� band�

��	�� �� B. hyodysenteriae�� ��� ���.

�� �� Dpn II� ��� RFLP� � ��� ���

� � � ����� � � ���. 

� �

��� Brachyspira species� �� 5�	� ���

�, ��
 ��� ��(B. hyodysenteriae, B. pilosicoli)

� ���� ��
� ��� ��(B. intermedia, B.

innocens, B. murdochii)	� ���. ���� ����

B. hyodysenteriae� ��� ���� ���� ���

��� ��, � �
� ��� �	�� B. pilosicoli�

Fig. 1. nox-specific PCR analysis of the Brachyspira
species. Lane M: 100 bp DNA ladder; Lane 1: B.
hyodysenteriae B204; Lane 2: B. hyodysenteriae B234;
Lane 3: B. hyodysenteriae B169; Lane 4: B. pilosicoli P43/
6/78; Lane 5 to 11: B. hyodysenteriae field isolates.

Table 3. Predicted restriction fragments of PCR products
(939 bp) using restriction endonucleases, Bfm I
and Dpn II

Species
Predicted restriction fragments(bp)

Bfm I Dpn II

B. hyodysenteriae 741, 197 684, 209, 24

B. pilosicoli 741, 197 896, 24

B. intermedia 504, 238, 197 684, 209, 24

B. innocens 504, 210, 197, 25 684, 209, 24

B. murdochii 504, 210, 197, 25 684, 157, 24

Values in bold are fragments not visualized on ethidium bromide-
stained agarose gels

Fig. 2. PCR-RFLP types of nox gene digested with Bfm
I in 2% agarose gel electrophoresis. Lane M: 100 bp DNA
ladder; Lane 1: B. hyodysenteriae B204; Lane 2: B.
hyodysenteriae B234; Lane 3: B. hyodysenteriae B169;
Lane 4: B. pilosicoli P43/6/78; Lane 5 to 11: B.
hyodysenteriae field isolates.

Fig. 3. PCR-RFLP types of nox gene digested with Dpn
II in 2% agarose gel electrophoresis. Lane M: 100 bp DNA
ladder; Lane 1: B. hyodysenteriae B204; Lane 2:
hyodysenteriae B234; Lane 3: B. hyodysenteriae B169;
Lane 4: B. pilosicoli P43/6/78; Lane 5 to 11: B.
hyodysenteriae field isolates.



536 �������������������

�, ���, ���� �	
� �	�� 	�	� ��

��	�� ���� ��� ��� [3, 9] � � ��

� �� ��� �	 ���� ��� ����.

��� ��	� ��
 ��� � ���� ��	

� ��		�, �� �	� 
� ��� ���� ��

� �� 
� ��� ��	�. �� �� ��	�

RAPD(random amplification of polymorphic DNA),

Southern blotting� ���� ��. RAPD� primer� �

��� �� DNA� ���� � ��� ��� DNA

� ����	� ��, ���� ���. �� ��� 	

�� ��	� ��� ��
 � �� ��
 �	�,

��� ���� �� ��� primer� 
�, ����

�� ���� �� [4]. ��� ���	�� 16S, 23S

rRNA, nox ���� ��� PCR-RFLP ��� ���

� �� [2, 13, 14]. nox ���� �� ���� ��

Brachyspira species ���� ��� species��� 



��� ���� ������ [15] species� ����

� � ������ ���� � ��� ���
�.

� ����� ���� 4�� ���� 7�� nox

���� ��, 
� ��� ��� �� ������

�� banding pattern� �� Brachyspira species� ��

� �
�. nox ��� PCR-RFLP� 

 species� �

�, ������� 

 RFLP pattern� ���� ��

�� �
 �	� ����. B. hyodysenteriae� B.

pilosicoli� 
� �� Bfm I, Dpn II� ��� PCR-RFLP

pattern
 Bfm I 
� ��� ��� ��, B.

hyodysenteriae� B. pilosicoli�� ��� pattern(741,

197 bp)� ���� � �� 	� ��
 
 � ���

(Fig. 2). nox ���� Dpn II 
� ��� ��� �

�, B. hyodysenteriae� 684, 209 bp� band� ����

B. pilosicoli��� 896 bp band� ����(Fig. 3). �,

Dpn II� ��� PCR-RFLP�� B. hyodysenteriae� B.

pilosicoli� �� banding pattern� �� 	��� ��

�� ��	� ��� ���
�. 

��� ��� ���� ��� ���	 	��

Brachyspira species� ����
 sequencing��

hybridization �� ��� ��� � nox-specific PCR-

RFLP ��� ���� B. hyodysenteriae� B. pilosicoli

� �� �� ��
 � �� �	� ����. 

� �

���� �� ���� ���� Brachyspira species

� Brachyspira hyodysenteriae� Brachyspira pilosicoli�

�� ��� ���� ��	� NADH oxidase gene

(nox)� ���� PCR-RFLP� ���
�. 

���� ��� Brachyspira hyodysenteriae 7���

����� Brachyspira hyodysenteriae B204, B234,

B169� Brachyspira pilosicoli P43/6/78� ���� nox

specific PCR-RFLP� ���
�. Brachyspira species�

nox ���� ��� GenBank ��� ���� primer

� 
�, PCR� ���� 939 bp band� ��
 � �

��. ��� PCR ��� 
� �� Bfm I� Dpn II�

���� ��� ��, Bfm I� ��� ��, B.

hyodysenteriae� B. pilosicoli� 197, 741 bp� band� �

�� ��� ���. ��� Dpn II� ��� ��, B.

hyodysenteriae� 209, 684 bp� ����� B. pilosicoli

� 896 bp� �� band� ����. ��� Dpn II� �

�� nox-specific PCR-RFLP�� ������
 ��

B. hyodysenteriae�� ��
 � ��� B. hyodysenteriae

� B. pilosicoli�� ��� banding pattern� ��� �

�� �� intestinal spirochetes� �� ���� ���

	� ��
 � �� ��� ����� � � ���.
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