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��� ����---����������(PCR-DGGE) � 16S rDNA � !"#$

%&'()*+,-./�0 12345

������������	
���
����������������	� (��� !)"#$%&'()*+,

-./01234"563789:;��/<=>?"@A*�BC� DNA"DEF4"GH�IJKLH� 16S rDNA

�MNO P3-GC�P1�P2 PQR V3 STUV P63f-GC�P63f�P2PQR V1~V3 STU"WXYZ[\]^ PCR-DGGE

_`abc�defghi"j4klmn[\"o>?�pqCr� DNA�fg�s5t/4ofgu DNAvwxy

F4"X SPSS 14.0z?s{*u >?|/1}I~s{ (CATPCA)"yX�����V��?
� PCR-DGGE�LH

��MST��X Phoretix 1D V2003.02 �gkl UPGMA s{V SPSS 14.0 z?kl��9�s{��� Pearson 

Coefficient ����vws�/��i"D����i���tYZ[\�����"X V3 ST�����b�def

g�hi� 45~55%" � V1~V3 ST" � 45~65%��¡fSu DNAvw>?���is}� 65% V 71.5%"��

4¡¢£¡¤b¥k!¦s{>?�§¨�©�ª«C0t¬­"����	��®<=>? V1~V3¯°ST���is

}�72 V71%"±�²³&01´34"µg�	��¶·/¸¹C�º»©23�¹��pqe}�	�<=>?|

BC����i ¼½ 50%"¬��¾±����	�<=��C�¿ÀÁÂÃet�Xs��¸¹C� 16S rDNAST

3Ä4"Å©��	�<=��©�ÆÇC0� Enterobacter spp.�Klebsiella spp. V Ralstonia spp.����	��

Enterobacter spp.�Klebsiella spp. È Pseudomonas spp.t?
�ÉÊ}Å©"Ralstonia�Pseudomonas V Hafnia ËÌ�B

CÍÎ²�Ï�
�����©t 

�����	� (Ailuropoda melanoleuca)�Ð¥ ÑÒÓ.ÔdeÕifg[\�16S rDNA�<=BC� 
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)*+,-./0�1!"23456789:��";

7<=!,>?@ABCDEFG34	H'()I*,

.5JCK65LMNOPNQR? ��ST@UV E 

WXYOZ[\].^_H'(`a5bcdefg 20% 

H'(hi`j5bc,k:lmnoX�pdqrHs

tuc(<�vw34	xNyzHX`,{^_HoX

|dpd}~LrH34'() (Wayne et al., 1987)]�

�,`�N�������})�B�,�.r�H`a 

 

 

 

 

* ������� 

** �	
��
��� 

*** ����
���������� 

%

���

22:45-6  (2011) 0



 

 

�����   ����	   
�����
 

12+34/-567 (Muyzer et al., 1993)8 

16S rDNA 9:;<=>?@;A�BC DEFG

HIJ,-KLM0NOBPQ=R (Fox et al., 1980)FS

 DETU�BVW�FXY4-5Z[\]�^Woese, 

1987_FG�`abcdB-58efghab,-Bi

�Fjk 16S rDNA DElmnop��qr+B:st

<=. (Giovannoi et al., 1990; Ward et al., 1990) 8cuv

wjkxyz 16S rDNA DElB{J|&Y}~FXH

16S rDNA BDE� 4-5ZB\]��9D�F��

@��������������yz (polymerase chain 

reaction-denaturing gradient gel electrophoresis, PCR-DGGE) 

Bi�F���h�yzB��Fmn��Byzqr+

B,-. (Muyzer and Smalla, 1998)8 

4�:����B��V�+� (��F1995�(�F

2000) ��$�r���=� (Hirayama et al., 1989)F�

��4���=�B&'( (Wei et al., 2007) �8� ¡

B¢£i��HghBi�9/F¢£�¤[�����

%¡���y
�PCR-DGGEBi�yz 16S rDNADE

� F	¥yzB¦�O
¦ V3 � ¢£B�¤8E9

V3 � By§|��F¥Hr¢£
b��DE��B

%¡F�H�¨)*+B��-58 
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©ª«k�=�w 2008 ¬ 12 ­��+®&¯^°

±&'(D�_H�=�²i��³/���&'(�C

´~F��9 4 ��F��C�­%± 4!�µ�"

+8¶ 2009¬ 5­#s$d¬ 12­%F&'b·�qC

(��q~F)|*+,-~.@//0¸1)*F 2

¹-345+F�H6º789:$p;<F=%k>�

+)*»�/qrF?@-A/y¼�B��+,-CD

� DNABEF8d¬ 5­$ 8­F!�½G�H�=B

�¾IJ[KL�¿M�NÀOF�¡PUQRS��T

U�V¤�µWXXYF%¡[Z[\N�]N^�_N

^�`N^�`Na�8b ·Z¥�+B)*qrFÁ

Â 5­ 3(�6­ 1(�7­ 3(�8­ 1(F>9r¢

£yzBqr`c8  

�Ã 20 g/)*qrd3w¹- 6e345FH 0.1 M

fghij<ÄÅhklA (Phosphate Buffered Saline, 

PBS) mn�op 10yqFHÆVÇqr+/,-rst

uw PBS +FvÇbw�-Ax2 50 mL ¼�È+FH

2,000 rpm� 25yz¼� 10yq8¼��{%G,|}~

É��=��Fb~��,A#2�C 50 mL¼�È+F

vH 10,000 rpm�25yz¼� 10yq8b~�,A9�=

D���y§[�=lAFÈ�/��=�9qr+/,

-8���,A%F�2 10 mL/ 0.1 M PBS�lF�y

�$ 1.5 mL/�����HÈ+F w -80y zV3F

 

2��
�������� �����

ÇW��B)*w�-AH 14,000 rpm�<�z¼�

10yqF���,A%Fv�2 567 �L Tris-EDTAij

A (pH 8.0) ��-�%F�2�� 0.2 mm��� 1 gFH

�����p ,¡¢8=%�2 lysozyme (40 mg/mL) 

w�£¤%F w 37yk¥¦+J� 2�~p ,¡F=

%�2 pronase K solution (Sigma-Aldrich Co.) ��¡§¨

©�%�2 80 �L CTAB-NaCl (10% hexadecyltrimethy 

ammonium bromide in 0.7M NaCl) lAFÇ-�p %F

H 14,000 rpm�<�z¼� 10yq8��,A 600 �LF

�2RNase  (Roche Diagnostics Ltd., Sandhofer Strasse 116, 

D-68305 Mannheim, Germany) 3�LF w 37yk¥¦+

J� 30yq^ª«¬�9 10 �g/mL_FH�� RNA ­

®8 

/%�2���B phenol-chloroform-isoamyalcohol 

(��e 25Ê24Ê1) lA¯yw�F wt|¼��H

14,000 rpm¼� 15yqFv�@�°A w¸Bt|¼�

È+F�±²³2´µ=RFbEF¶·¸ (8�2�

��B chloroform-isoamyalcohol (��e9 24Ê1) lAF

H ?@%¹,- DNABB�{J8 

Ë·[N��&'()*+,-./¢£¦�FÁÂ

*
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��������---����������(PCR-DGGE) 

��������������������� 16S rDNA � !"#$%&'()*+,-./�0 

�¯yw�FH��GnºWB phenollAF% wt|

¼��+H 14,000 rpm¼� 15yqF�@�°P;gB

lA w¸Bt|¼�È»F»¶±²³2´µ=RF%

�2 0.7 ¼�°A��B 2-propanol ¯yw�F w<�

z 30yqFv wt|¼��»FH 14,000 rpm¼� 10

yq8x½�,AF�¯y¾S%F�2¿Àw -20y Á

�/ 70ÂÃ¦ÄÌFÅ;g��% wt|¼��»FH

14,000 rpm¼� 10yqF���,A%¯yÆSF�2Ç

|B�¼§k�l DNA%FV3w -20y z8DNAÀ=

vÍs�È0�¼�%FH 2% ÉÊ�� (agarose gel) 

��ÆËF�H;g�ÌÍ� (GeneQuant II, Phamacia 

Biotech, UK) b|FI A260 x A 280BeÎ9 1.8H�

~FÏn?@%¹H;8H�p;i�£ÎÏ Ausubel 

(1987) B¢£ÐÐ8 

3����������� !"�#$�

PCR-DGGE%�&'�

3.1������Universal primer� 

r¢£¥Å�BÑ§ÁÂ P2�P3-GC�P63f-GC�P63f�

P3 � P1� (Table 1)8¦wÒ& 16s rDNA + V3� ¥

Å�BÑ§[ÊP3-GC�P1 � P3 (forward)�P2 (reverse)F

J�ÓÔ 341~534 bp�XÅ�4 V1~V3 ÕÖB�[Ê

P63f-GC�P63f (forward) � P2 (reverse)FJ�ÓÔ 63~534 

bp8S×Ñ§�wbØ�?@ DGGE�FÙ¶Ò& V3�

V1~V3 ÕÖB DNA� �X GC-clamp /J�O4 5' Ú

Ñ� 40� GÛ C%FJ9W� V3� V1~V3 ÕÖ DNA

� Ò&¥Ò/ forward Ñ§F&�Ã 530 bp (P

GC-rich_8H�p;i�£�¶ Fantroussi et al. (1999)8 

3.2 �	�
��
  

� 2 �L &'(ÓÔ-BCD� DNAF�2 PCR 

buffer�dNTP�P63f-GC  (GC-rich forward primer) �P2 Û

P3-GC (reverse primer) � Taq DNA polymerase (5 Unit/�

L) %FÒ2��ÜÝÞ  (T1 Thermocycle, Whatman, 

Biometra) »?@Ò&��8��EF����~ZÕzÊ

(1) 94y�5yq�(2) 94y�1yq�(3) 58.5y�1yq 30

ß�(4) 72y�1yq�(5) 72y�10yq�(6) 4y�«%

��F�+Ò&��/EFÖ�(3) $Ö�(5) Ù¶`�·¸

à@ 30(8H�p;i�OÎÏ¶ Sambrook and Russell 

(2001)8 

3.3���������������������� �

WJ 2.0 % BÉÊ��F?@��yzFá¥WJB

��âã% 2��¦(RunOne, EmbiTec)+FH 1Ê5 B

eäÇ 6X DNA loading dye x DNA qrw�£¤%F

4�å 100 æµz?@��Ã 30 yq8�{��%�@

��FÅ�¬�9 0.02 mg/LBç0×è (Ethyl Bromide) 

CD 10 ß%FH,kéC 25 yqF wê§ëìcz

}~�¤FH*ÆbÑí% 16S rDNAB� &�8 

3.4 !" PCR#$� � �  

r¢£Å� Gel/PCR DNA Fragments Extraction Kit 

(Geneaid)FØH�� PCR À=+�îB dNTPF±²­

®;g¬�ïbBðÆ�FÙÚ%¹��ñòBób8Í

u�ô{T¥óbBEFõÄFª%¥³>9È0 DNA

%B PCRÀ=8 

3.5 DGGE %&�'( 

3.5.1 )*�����perpendicular denaturing gradient gel� 

ÀÅ�ö÷����yz&'(ÓÔ--øqrBª

Ç � � � � � � F r ¢ £ £ Å � 40 % 

Acrylamide/Bis-Acrylamide (37.5:1) �2 8 % ¬�B��

+(Bio-Rad Laboratories, Inc., 1000 Alfred Nobel Drive, 

Hercules, California 94547, USA) Å��nùã0F�wl

A+�2cd¬�B��ú Formamide (Merck Co. Inc., 

P.O. Box 100, Whitehouse Station, New Jersey 08889-0100, 

USA) � UreaFÅ��+P 100% $ 0% eäB���

�lA8�È����9 20 mLF4U¬�����lA

È+û� 160 �L 10% APS (Ammonium Persulfate, Sigma) 

� 16 � L B TEMED ( N,N,NüNü- Tetramethy l - 

1,2-diaminomethane, Sigma)Fý¬�È+��2 110 �L 

/ 10% APS x 11 �L B TEMED8 

�ôþúy�£¤w�%FÇ��³2���+F�

Ç
��w Gradient Former (Bio-Rad Laboratories, Inc.)
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�F�����Y%FH�b�£¤B��	� Gradient 

FormerFÅ��iiw�
���
�  (injection port 

fitting) �2¿À��B���»FH�7 0% É 100% 

������FYÇ��i�x����7ö÷Fá��

�J�7%�½�� (comb) FH
�2 DNA qr8 

Ç PCR À=� 100 �L 6X DNA loading dye w�£¤

%F�£�2ö÷��B�Þ+F��������¦ 

(Bio-Rad Laboratories, Inc.) ¶�2Ã 7��/ 1 X 

TAE-bufferFJ9��BijlAF�H 60y��å 70V ?

@�� 13�~ (V3 qr) � 15�~ (V1~V3qr)8�

{%F�z��%?@�CF�
b V3 ö÷��B��

��9 45~55%FX V1~V3 9 45~65%F�%¹H;/k

���/��¬�8 

3.5.2 +,-.�� 

k�����ÎÏ�ôö÷��B�¤F�@ý¬� 

45% xU¬� 65% /����lA%F?@&'(-.

\]yz8Ç&'(ÓÔ-B chromosomal DNA y�H

�ô/Ñ§Ò&qr,-+B V3 � V1~V3 ÕÖFPCR 

À=Í��­®=%Fïb;g¬�F�/DNA loading |

9 200 ng/wellF����ó9 60yF�å9 70VFy�?

@ 13�~^V3 qr_� 15�~^V1~V3qr_%F�

@���CF=%}~���Bñ�y���8 

3.6 DGGE��yz 

ÇÛd�V3B DGGE ��FÅ� UVP GelDoc-it 

imaging System  .!39 Tif "FvÅ� ImageQuant 

TL 7.0̂ GE Healthcare_+B 1Dyz#�Ç�"+Bñ�

s$08Ç�ô¥³s$H SPSS 14.0%r#�?@K�

67yyz  (Categorical principal components analysis, 

CATPCA)F}~��~Z&&'()*qrZB\]�v

Å� Phoretix 1D V2003.02 #�?@ UPGMA yzF�H

SPSS 14.0 %r?@'°+(yz�+B Pearson 

Coefficient �Ì�WJ4cd' �+&'()*~B-

..)�*+�8 

3.7 %/01 

HÇ DGGE ��mnw SYBERGOLD (MDBio Inc.) 

Cú+F?@ DNACDF,b-uº (elute) Bñ�%F

H.�/zF�uº@ DNA8¨Ü P63f (cP GC-rich) �

P2 Ñ§FH nested-PCR Bi�FÇqr+B V1~V3 Õ

ÖÑíF�Å�  Proof reading Taq polymerase kit 

(Invitrogen) ?@ PCRFÀ=&�Ã 183� 490 bp8 

3.8 TA23�TA cloning�  

r' Bp;i��EF£�¶ Sambrook and 

Russell (2001)8 DNA� ?@bØyz~Fw� �%

� 50 bp 0@�Ýet1B��X23�yØ4¹�,

5F�X DGGE¥Å�/� &���w 700 bpHzF

Þ÷�H DNA � bØÇ674e¦~¥º½BØ48

Ý8EbFr¢£Ù¶Ç DNA � :2 pGEM-T Vector

+?@ TA cloning8 

uº DNA%FÇ DNA� :2 pGEM-T Vector+?

@ TA cloningF=%H9��/M13 ��: ?@bØy

z8Ç¥ÑíB PCRÀ=È0%H pGEM-T Vector System 

Kit (Promega #TM042) ?@�� (ligation) J�F��:

 49�B lacZ DE�FG³T[;2Ø4BR�8  

/%F¨�DE< lacZ- B E.coli JM109FWJ=>

,¡ (competent cell)FÍuµbñò�¹ß�%F¥³-

A47�y� 100 �L $�¼�È+Fª%�2A?@

A��BF73w -80y +FCD>GÅ�8 

�@V3w -80y B=>,¡Fw��ôÍu��J

�%/À=F�Ç�ôÀ=�	wP[ Ampicillin̂ 50 �

g/mL_�IPTĜ 50 �g/mL_� X-gal̂ 50 �g/mL_B LB

ÉÊß�D�Fw 37y +ß� 16~24 �~%FE¨©D

-FF>à><7GXP[ PCR À=B-�8Çb-ß

�4P[ Ampicillin B LB ß�A+ß� 16 �~%>

GH�R�8 

E94 pGEM-T vector map 161~177 � 2,941~2,957 

B: �y�T[ M13 B forward � reverse B��:

 FÍv PCR /%FH��yzGÆËP[ insert DNA 

B PCRÀ=FX�qrBÀ=&�9 726 bp8 

Å�Ñ§ M13 B PCR ñòÕzÊStep 1Ê94y�5

yqFStep 2Ê94y �1 yq (denaturation)FStep 3Ê55
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��������---����������(PCR-DGGE) 

������������������������ 16S rDNA � !"#$%&'()*+,-./�0 

y�1 yq 30 ß (annealing)FStep 4Ê72y�1 yq 

(extension)FStep 5Ê72y�10yqFStep 6Ê4y�«%�

�� Step 2~Step 4 ¶·I?@ 30 (8 

4ÆË DNA � &�%FJKLMDE�bØ+�

?@Ø4bØF³ÉBØ4� FxN®®OP<Q<=

8Ý+� (NCBI: http://www.ncbi.nlm.nih.gov/) B8Ml

?@;gØ4.)�Be¦ (Blast) F�³yªUBR¨

-5J9!� ªGnB-5F�w8Ml+�³.N8

M8 

 

��	
��

1�()&'* +,-�.��� /0�

16S rDNA 9,-3S¥Ù¶/DEØ4FHb D

EØ4J9¢£¦�Fe�nTï@qr+&�yB-

5�b§Fb Ø4T[U�VW�F[
H;ó�~Å

�áU<Ñ§FX�Ò&%B�]ÕV0Ecd/-5@

�cdBØ4816S rDNAW�9 1.5kbFXÇ�/B 16S 

rDNA?@ PCR-DGGEF�Gn0EØ4u�Fyz�¤

�Yâ7Z\��HH;u[\�F¥HÙ¶¨���Ç

+/�]Õ]9¢£B¦�8 

rH;�¤��FV3�]Õ+ DNA� B¬�Hö

÷��GHï@��þú¬�BÓÔ4  45~55% /Z 

(Fig. 1)�XHdqB¬�Ík���%¥³ÉB�¤FÕ 

Fig. 28�iµHPCR Ò&%BV1~V3 � 445~65% B

��þú¬�ñòz?@ö÷��Fnù³Éª^+_z

B 16S rDNA ¬� (Fig. 3)�vH�ô��¬�ÕZ?@k

�����F¥³�¤Õ Fig. 48  

 ¡/k�����H SPSS #�yz%FG³ V3

x V1~V3� �qrZ/¼`� (Fig. 5A � 5B)8v�

+GH��Fcd~Z�³/qr67yzGÕy9dC

(FH�Dab�c»Bsdef (Fig. 5B)�vH Phoretix 

1D V2003.02 #�?@ UPGMA yz V3 � V1~V3 Õ

Ö¥y¼@`B DNA ñ�F�� ¡qrB.)�y�

9 65% � 71.5% (s$ghf)Fvbhf%¡��¡mÇ

�?CEyzqr+Gn@�B��-58 

r¢£Å�BiPØ49 16S rDNA/ V1~V3� F

Xjk��áÅ�/ V3 � FIJB:E9 V3 Ø4u

lF?@Ø4e¦~�Y@�Z\�EbÅ���B

V1~V3 Ø4?@ DGGE %FvÍ#�yz/�¤��F

V1~V3Ø44���/ DNAñ�s|@��7Fmýã

qrZBn]�F¥³�¤.¦B�YyzFXno@�

KB��-58Wei et al. (2007) p
� V3 � yzu&

'()*+,-.B�0Fv� PCR-DGGE ¥³/k�

�����Gq@Fxr¢£B�¤.)8 

2�DGGE12345

Í 0r100%����Bö÷���yzFÒ&%B&

'(ÓÔ,-/ 16S rDNA V1~V3 �]ÕÖB DNA �

 F�¤Õ Fig. 3¥fF���ÓÔ4 45~65% ZFÞr

¢£%¹?@k���������»9 45~65%8 

9�s��d��H;Û�d��EW�¥â7BZ

\F?� DGGE �Ù¶¨�C×Pð-5FW���B

V1~V3��ÕÖB DNA� FJ9yz~�Ï/�BP

Q= (Marker)FXr¢£ïH%��H Escherichia coliJ

9 MakerG³É 7Ô DNAñ�FÞJ9e¦: BGn

� Streptococcus pyogenes^ (s$ghf)8 

3�6 PCR-DGGE&'3���7

ÎÏr�/&'(t�uvF³w4 6 $ 8­x/Å

M67Û�bFEbr¢£
bH&'(/ 7�8­)*q

rJ9yzyb-./qr8qr DNA ÍÈ0F�?@

PCR-DGGE %F����H SPSS #�?@ CTA-PCA y

z��/ DNA ñ�y�+?F�¤hf¥[Bñ�y�

GÕy7IJBC( (Fig. 5B) F»ef 7�8­�qrZ

/-.67z.��vH Phoretix 1D V2003.02 #�?@ 

UPGMA yzFG³.)�/*+� (Fig. 6 & 7)8v*+

�+GHq@F.d��Z&'()*,-. 7�8­qr

/{.)�y�9 72% (�) � 71% (�)FX���cd�

�ZF7�8­�+BqrZ.)��ä9 50% (Fig. 8)8

�ô�¤hfF4�¾7y�b%F.d��Z)*-.
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�0c&�%¡�hfFcd��B&'(F|bB)*

-.0[¥cd8 

b§F
���G��4]Y}@/ DNA ñ�9.

d���cd~Z&¥�+/qr (Fig. 4)F>9yz&'

(ÓÔ-+/á?34B-(qr�Í DGGEyz�bØ

e¦F����&'(/ÓÔá?-IJ9 Enterobacter 

spp.�Klebsiella spp. � Ralstonia spp.F��¡�9

Enterobacter spp.�Klebsiella spp.�Pseudomonas spp. �

Hafnia alvei (Table 2)8ve+GHq@Fcd��&'(

)*+.dB-ø[ Enterobacter spp. �  Klebsiella 

spp.FX��¡µ[Bá?-ø9 Ralstonia sppF��¡�

9 Pseudomonas spp. � Hafnia spp.8 

Ë·Hghi�¢£&'(ÓÔ,-.BÐÐ+FI

JB��-5[ÊStreptococcus sp.�Enterobacteriaceae 

(Hirayama et al., 1989)�Escherichia coli�S. faecalis �

Lactobacillus sp. (��F1995)�E. coli�Enterococcus sp.�

Enterobacteria sp.�Lactobacillus sp.�Klebsiella sp. � 

Proteus sp. ((�F2000)8X Wei et al. (2007) »}@FH 

16S rDNA / V3 � yz���=���/&'()*

+B��-5~: (OUT) »9 E. coli�Xr¢£�g�

�>� E. coli @�FàåOE9Å� PCR-DGGE Bæ

çÊ̂ 1_¹�w���Çqr+¥[B DNA qry¼

^Vallaeys et al., 1997_�̂ 2_.dBqrFHÑícd 16S 

rDNA � ?@ DGGE y¼FGn@�cdB�¤ 

(Lerman and Silverstein, 1987)�̂ 3_Ñ§¦cdqr DNA

B³��[\]Fâ7 PCR Bc¦�ÑíF23 DGGE

B�¤Gn0��^Ahn et al., 2009_�8  

��� (2006) � Wei et al. (2007) pÍ��&'(

)*+@�s|c�FX¦Q��[yèJ�B���+

���-[ Clostridium lentocellum�C. tertium � C. 

disporicum §F�ôË·gh�B-.yz�¤xr(¢

£.dF�g�@ Clostridium �B,-8 

v���&'()*+y¼@.dB-�+F��H

KlebsiellaJµ���FE9b-+B Klebsiella oxytoca � 

K. pneumonia�[�C&'(%23����*x��B

uv (��F2007a � 2007b)Fr(¢£+4��&'(

)*+ÛÍ�@ã K. oxytoca8(� (2000) �}@F�7

¬&'(4��ªY�Cñò�3�-F�+�H K. 

pneumonia ª9�·8 

b§Fr(¢£�� Ralstonia spp.�Hafnia sp. � 

Pseudomonas spp. �£g4�ôB¢£�¤+@�Fàå

E9Å�B 16S rDNA DE� 9 V1~V3FÛàvw#

$¸12%º½B�¾O5x:���cd¥â7F�[

á?CE¢£8 

 

�
�

r¢£³H�
?@F��éê&ët<=ì¢£<

���r�µ�""�����W�&'(ÈÄ ¡�/

¢�£LFH�<¤<Äp;<¥¦¦¢£ ¡º½8M

ÎÏF§bC¨3©8 

 

�����

�7é�ª«¬�­®�¯ô°�±²M��³��´j

µ82007a8&('3��¶À·¸¹-By¼ab8

��&('¢£?�F�³�IºFÖ 344-346 »8

íî¼ëæç@%½8 

�7é�ª«¬�­®�¾¿��v°82007b8&('�

C�À�<¤Ô���Á:---ÂÃ·¸¹Ä�-8�

�&('¢£?�F�³�IºFÖ 350-352 »8í

î¼ëæç@%½8 

�³���ìÅ��@Æ�Ç�È��±$�ÉìÊ819958

&('ÓÔïá-(B¢£8ËKëÐ 15(3): 

170-1758 

(Ì�ÉÍ<��Î�ÏÐn���Ñ��ÒÊ820008

��¶�VðÕ&(')q-(By¼abxy�¢

£8ÓÔËÕëÐ 31(2): 165-1708 

�Ö�×7Ø�Ù®W��ÚÆ��Û�}kÜ�ÝÞ�

ßà820068C�&('ÓÔ��Q��-By¼a

b�ìh��yz�<=ëµ�B¢£8��x12

50



 

 

����������	�
�� 
��������---����������(PCR-DGGE) 

������������������������� 16S rDNA � !"#$%&'()*+,-./�0 

t<=ëÐ 12(2): 239-2428 

Ahn, J. H., Y. J. Kim, T. Kim, H. G. Song, C. Kang and J. O. 

Ka. 2009. Quantitative improvement of 16S rDNA 

DGGE analysis for soil bacteria community using 

real-time PCR. J. Microbiol. Method 78:216-222. 

Ausubel F. M. 1987. Current Protocols in Molecular 

Biology--- Preparation of Genomic DNA from Bacteria 

(Unit 2.4). Publisher: Greene Publishing Associates and 

Wiley-Interscience Ltd, New York, USA. 

Fantroussi S., L. Verschuere, W. Verstraete, and E. M. Top. 

1999. Effect of phenylurea herbicides on soil microbial 

communities estimated by analysis of 16S rRNA gene 

fingerprints and community-level physiological profiles. 

Appl. Environ. Microbiol. 65(3):982-988. 

Fox, G. E., E. Stackebrandet, R. B. Hespell, J. Gibson, J. 

Maniloff, T. A. Dyer, R. S. Wolfe, W. E. Balch, R. S. 

Tanner, L. J. Magrum, L. B. Zablen, R. Blakemore, R. 

Gupta, L. Bonen, B. J. Lewis, D. A. Stahl, K. R. 

Luehrsen, K. N. Chen and C. R., Woese. 1980. The 

phylogeny of prokaryotes. Science 209:457-463. 

Giovannoni, S. J., T. B. Britschgi, C. L. Moyer and K. G. 

Field. 1990. Genetic diversity in Sargasso Sea 

bacterioplankton. Nature 345: 60-63. 

Hirayama K., S. Kawamura, T. Mitsuoka and K. Tashiro. 

1989. The fecal flora of the giant panda (Ailuropoda 

melanoleuca) . Journal of Applied Bacteriology 

67:411-415. 

Lerman L. S. and V. Silverstein. 1987. Computational 

simulation of DNA melting and its application to 

denaturing gradient gel electrophoresis. Methods 

Enzymol.: 155:482-501. 

Muyzer, G., E. C. De Waal, and A. G. Uitterlinden. 1993. 

Profiling of complex microbial populations by 

denaturing gradient gel electrophoresis analysis of 

polymerase chain reaction-amplified genes coding for 

16S rRNA. Appl. Environ. Microbiol. 59:695-700.  

Muyzer, G. and K. Smalla, 1998. Application of denaturing 

gradient gel electrophoresis (DGGE) and temperature 

gradient gel electrophoresis (TGGE) in microbial 

ecology. Int. J. Gen. Mol. Microbiol. 73:127-141. 

Naoki T., M. A. B. Catalan-Sakairi, Y. Sakaguchi, I. Kato, Z. 

Zhou, and H. Shoun. 2003. Aerobic denitrifying bacteria 

that produce low levels of nitrous oxide. Appl. Environ. 

Microbiol. 69:3152-3157. 

Ramón S. V., A. L. González, and L.  J. Torres-Bauzá, 2008. 

Four different integrative recombination events involved 

in the mobilization of the gonococcal 5.2 kb 

beta-lactamase plasmid pSJ5.2 in Escherichia coli. 

Plasmid. 60: 200–211. 

Sambrook J. and D. W. Russell. 2001. Molecular Cloning. 

Published by Cold Spring Harbor Laboratory Press, New 

York, USA, 2344pp. 

Vallaeys, T., E. Topp, G. Muyzer, V. Macheret, G. Laguerre, A. 

Rigaud, and G. Soulas. 1997. Evaluation of denaturing 

gradient gel electrophoresis in the detection of 16S 

rDNA sequence variation in rhizobia and methanotrophs. 

Microb. Ecol. 24: 279-285. 

Ward, D. M., R. Weller and M. M. Bateson. 1990. 16S rRNA 

sequence reveal numerous uncultured microorganisms in 

a natural community. Nature 345:63-65. 

Wayne, L. G., D. J. Brenner, R. R. Colwell, Grimont, P. A. D. 

Kandler, O. Krichevsky, M. I. Moore, L. H. Moore, W. E. 

C. Murray, R. G. E. Stackebrandt, M. P. Starr and H. G. 

Truper. 1987. Report of the ad hoc committee on 

reconciliation of approaches to bacterial systematics. Int. 

J. Syst. Bacteriol. 37:463-464. 

Wei G., H. Lu, Z. Zhou, H. Xie, A. Wang, N. Karen and L. 

Zhao. 2007. The microbial community in the feces of the 

Giant Panda (Ailuropoda melanoleuca) as determined by 

PCR-TGGE profiling and clone library analysis. Microb. 

Ecol. 54(1):194-202. 

Woese, C. R. 1987. Bacterial evolution. Microbiological 

Reviews, 51: 221-271. 

  

 

 

51



 

 

�����   ����	   
�����
 

Analysis of fecal bacterial flora from the two removed Giant 

Pandas (Ailuropoda melanoleuca) with PCR-DGGE 

profiling and various 16S rDNA fragments 

Shyh-Fen Liu
*

, Ze-Wei Chen
**

, Wen-Yu Liu
*** 

and Hung-Hung Sung
**

 

Abstract�This study prefers to develop a method of molecular biology by PCR-DGGE and to evaluate the possibility of utilizing 

the strategy to explore the changes in fecal bacteria flora as the two pandas, four years old, a male and a female, moved into Taipei 

Zoo from Yaan, Sichuan panda’s base in December, 2008. During July to August in 2009, the feeding condition maintained with the 

same ingredients of daily diets when the standard feeding procedures have been constructed constantly. 

In this period, the feces sampled weekly from both male and female pandas. Then, the total bacteria DNA in the feces were 

extracted and amplified with two sets of 16S rDNA primers (for V3 and V1-V3 regions) combining with PCR-DGGE procedures to 

separate the whole flora’s DNA fragments in polyacrylamide gel. Not only had the methods of perpendicular and parallel 

electrophoresis been used and the final results acquired from the separation of nucleic acid fragments of bacterial 16S rDNA of V3 

and V1-V3 regions but the two statistical measures, SPSS Analysis System and UPGMA of Phoretix ID V2003.02, were used for 

discrete degree and similarity assessments as well. Based on the reasons of lower discrete tendency, 45~65% denatured gel’s 

concentration and higher similarity (71.5%) than V3 regions (65%), we consider that the V1~V3 regions may possess the candidate 

approaches to be able to find out widely fecal bacteria flora owing to fewer bands and lower diversities emerged on the gel.  

Furthermore, it was 72% and 71% similarity individually occurred in female and male panda, respectively. That means the fecal 

bacteria flora will tend to be stable if the formula of daily diets condition upon constantly. On the other hand, the similarity was 

lowered at 50% between the two pandas that may cause by sexual variations.    

These 16S rDNA fragments were particularly selected from the 16S rDNA library via PCR-DGGE procedures of sequencing, 

blasting and comparing in order to identify their conclusive species. The results revealed that some of the primary fecal bacteria 

were Enterobacter spp., Klebsiella spp., and Ralstonia spp. appeared in male but the others like Enterobacter spp., Klebsiella spp. 

and Pseudomonas spp. came out inside feces from female panda. Especially, Ralstonia, Pseudomonas and Hafnia were the unique 

members that stemmed from fecal samples of both pandas, but they have never been found in previous studies.  

Key words: Gaint panda (Ailuropoda melanoleuca), PCR-DGGE, 16S rDNA, fecal bacterial flora 
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Primers Nucleus sequences (5'→3') References 

P2 

5'-ATTACCGCGGCTGCTGG-3' 
Muyzer et al. 

(1993) 

P3 5'-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGG

GGGCCTACGGGAGGCAGCAG-3' 

Muyzer et al. 

(1993) 

P63f 5'-CAGGCCTAACACATGCAAGTC-3' 

Fantroussi et al. 

(1999) 

P63f-GC 5'-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGG 

GGCAGGCCTAACACATGCAAGTC-3' 

Fantroussi et al. 

(1999) 

M13f 5'-GTTTTCCCAGTCACGAC-3' 

Ramón et al. (2008) 

M13r 5'-ACAGGAAACAGCTATGA-3' 

Ramón et al. (2008) 

8f  5'-AGAGTTTGATCCTGGCTCAG-3'  
Naoki et al. (2003) 

1510r  5'-GGTTACCTTGTTACGACTT-3'  
Naoki et al. (2003) 

 

 

 

  

 

 

 

 

 

 

Table 1. All of used primers in this study 
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Table 2. Main fecal bacterial species with PCR-DGGE profiling from the removed female and male panda 

Sources Bacteria species Identity (%) 

Male   

 Enterobacter aerogenes 100 

 Klebsiella oxytoca 99 

 Klebsiella ornithinolytica 99 

 Klebsiella trevisanii 99 

 Ralstonia thomasii 99 

 Ralstonia pickettii 99 

 Ralstonia mannitolilytica 99 

Female  

 Enterobacter aerogenes 99 

 Hafnia alvei 99 

 Klebsiella ornithinolytica 100 

 Pseudomonas fragi 99 

 Pseudomonas syringae 99 

 Pseudomonas kilonensis 99 

 Pseudomonas fluorescens 99 
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Fig1. Denatured agents concentration ranged from 45 to 55% acquired optimally for DNA capacities of V3 regions via 

perpendicular PCR-DGGE’s performances.  

 

  

Fig2. Parallel DGGE map produced by 16S rDNA’s sequences of V3 regions. 

Note: Lane 1-4 labeled 050709, 051409, 052109 and 060609 from the male and Lane 5-8 labeled 050709, 051409, 052109 and 

060609 from the female panda, respectively.  
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Fig3. Denatured agents concentration ranged from 45 to 65% acquired optimally for DNA capacities of V1~V3 regions via 

perpendicular PCR-DGGE’s measures 
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Fig4. Parallel DGGE map stemmed from 16S rDNAüs bands of V1~V3 regions. (Lane 1-5 labeled 070809, 072109, 072909, 

080609 and 081309 from the male and Lane 6-10 labeled 070809, 072109, 072909, 080609 and 081309 from the female 

panda. á: DNA bands selected for analyzing the conclusive fecal bacteria species) 
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Fig6. Smilarities (%) of fecal bacterial flora came out in July and August clustered from the DNA bands of male panda (Lane 1 to 

Lane 4). The data on scale represent the percentage of similarities.    

 

 

 

 

 

 

 

 

 

 

 

Fig7. Smilarities (%) of fecal bacterial flora turned up with in July and August clustered from the DNA bands of female panda 

(Lane 1 to Lane 5). The data on scale represent the percentage of similarities. 
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Fig 8. Similarities (%) of fecal bacterial flora being found in July and August clustered between the female (Lane 5 to Lane 9) and 

the male panda (Lane 1 to Lane 4); the data on scale stand for the percentage of similarities. 
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