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By ~ BREAE ~ BUSCHE ~ RZL A B AR -5 VE M LB SR VKL (PCR-DGGE)
52 16S IDNA Fr BRI Jm i AR AR A rP Al R A < B2 4L 45

ISR Al HsE E—s MR B arkiE: (PCR-DGGE)
J2 16S rDNA i B fm i R anesEidir-bilEitH 2 L

Bl RIS S BT RR T

25 ~ BRZEHE ~ ZISE ~ RAHL AARSEEHERE---F 1T HEBIRENXZE (PCR-DGGE) & 16S iDNA FEREREIRRE
BAFREEERMEME S SYYESER 22:45-60 (2011)

BE: ATEREREREMART CRZARSEZ T IHYEGRNE R M L) @B pigl il
BB ARG T K S T MR ETADVEM@ARA > FRE T @i 69 DNA > 440K > #| A 4% 215 89 16S rDNA
AB 3T P3-GC~P1~P2 (4% V3 H &) A P63£-GC ~ P63f~ P2 (4% VI~V3 K &) » s&vh& E Tk F|BF PCR-DGGE
P Ao 09 R R R MR B ARFER S KA T TR ARG DNA 85 F 2B o L&MB3 £ DNA 155 8%
Lt > A SPSS 14.0 BRA S HT - £ &4 A M X FA 5| 4 s 54T (CATPCA) » 45 A48 i & 3 B R sk 2 A%t % PCR-DGGE B 1% A
BB R B s A A Phoretix 1D V2003.02 #k#8 #4147 UPGMA £ 4T & SPSS 14.0 MRAEATIE G 7 447 % ¥ 4 Pearson
Coefficient T ZBAFF A IAME > L@ BAAMEBHRE - & ETROERET - A V3 h BB ABTR @ § LT
MR 45~55% @ VI~V3 H & > Bl& 45~65% s WA} £ DNA R B A HED 5B 65% A 71.5% > B+
BARNHE ELBEE—FHMARART T BIGESRAAE o sbsb > M~ MR AE B & BARAR A VI~V3 BE A BG4 E S
BB T2% B T1% > A TAFFEHAE ZHK - B8 KHAGHEFEEAA T 2L TKRE 5 MR R R K50 A8 E A2 A
AR B AR AR E 50% > LB RARERME - AW ER T EA S T A £ - BASHSFREEY 16S IDNA K &
TR BRABERMREERFT RAGELRAME Enterobacter spp. ~ Klebsiella spp. % Ralstonia spp. 5 %3 K 5% 58 &
Enterobacter spp. ~ Klebsiella spp. #* Pseudomonas spp. ° A%t %7545 314 3R, » Ralstonia ~ Pseudomonas % Hafnia =& &%
ARG AMM G RERFHA o

RS : KR8 (Liluropoda melanoleuca) ~ R4 B4R 585 R JE—5 Meh B I538 Tk ~ 16S DNA ~ Z1Zta 48

b

AU

1[I

AT FE T AEDRRT B HBURRE R R ARSI E 0l 1]
He 2 B T BNVt W AR AR (E Pl i
HHERL - FELL T RS Jm f T e e R S e 2 1
TR - ARG RO B A e R A AH O -
DUB T H AR B e TE B A B A AR 5228 0 TS e SR AR B 1Y

B E 225 o DUBHIIRT /M7 Kl E A 1A £ 20%
(IR R RE R 7 e S B8 A » TR RS M B e L RS e U AR
PR E B R IR P AR FTRR IR 7Y USRS 2
JTEEEREEMEIREAETE (Wayne ef al., 1987) © 41
o DFAEYIEAN CASSE RS E BER o] LUEE R

t BB
"KM EER
" BB A O BB



46 B B

BB ETEFLA (Muyzer et al., 1993)

16S tDNA B2 A VI L MERE R — B EE A » 0]
PUEVERI R LR RIVEEECYIE. (Fox et al., 1980)° 18
BERE SRR - 1 BAEEFE A ZRME (Woese,
1987) » ] FHACH E A [RIRY BT o LhEE e e s 77
5 HA7 16S rDNA HE[A i B RE IR B S JEBRAS R R A
AEYIFE (Giovannoi ef al., 1990; Ward et al., 1990) ° ~itaHH
RN BT 16S TDNA IR Y T/F &K H# I » ML
16S rDNA HIEER F7 BAE TR 2= SR I SR P 5Lt - 58
R G i e S S RS A 1 R S BE UK /AT (polymerase chain
reaction-denaturing gradient gel electrophoresis, PCR-DGGE)
{7715 MASERET MRS » BEREDUERAY I ATERA
FIAHE M (Muyzer and Smalla, 1998) ©

FHIAREEARGREEFE P EHE T IEAR - BiE
fEH T RLEE IR B L (BRSF » 1995 ¢ R&SF »
2000) ~ i&F HA LEFEYIE (Hirayama et al., 1989) » K
fE A FIEIYIE SRR (Wei et al., 2007) 5 © HIRRE
HIREFE T2 2 LUERRY )T R » AFFERs SR A HAARRRE
HFMEIRER 531 F PCR-DGGE #7715/ 7 168 rDNA £:[H
FrB s (BT ITHIEIRRETE V3 S EBIPIEAUATR - INFS
V3 FEAIIREUN o FTLAARHTFERE PR FH AL R R
& - MLIEEE P B R

MEIRISE

1~ FEBRAIRER BLERF

AU IR 2008 4 12 HEESZHRECORRE (4
LRGHReHE)  DIBYac )7 AR M ~ HERSHRE&—
Sy BB 4 Bl o i H B E AR R
He [ 2009 F 5 ARAIRERSE 12 A1k > F#EE IREK—
R BRERI - (BRSBTS > (A
TR AREELS R > W DL TR oK AE R R E B = - FE ZAR
ERENR A > ETER BN RO PR R
8 DNA [W2EE o [F4E 5 HE 8 H » R MBI
H iR EAA B AR B T EE S - R & SEZ ~ ALEE

G

—OOF+=H

&~ R RS o BRE A RARTT ~ FITEE ~ AT
BE~ BRI AT o LB TR RIS ERA - &
HSH3IXR6H 1X~7H 3K~8H 1> HIfAM
FEIIIRAS

U] 20 g & FEAFERAEA AR 6 95 K58 % LL0.1 M
Tk 13 Vil i oy A P Er B VK YA W (Phosphate Buffered Saline,
PBS) ZVHAGHIFT 10 4388 » LARECRISFER A & Al B
BEfR PBS H o FHRFIIE G HEWREIA 50 mL BEOEH - DL
2,000 rpm ~ 25°CNEEL 10 7385 o B USRI 15 B st
EVTHYIHERE » IIRFE 3SR A A — 50 mL @ OEH -
FFLL 10,000 rpm ~ 25°C NHEfE.C 10 738 o PLIRE FIFWR BB
R B N T AMYIEIR » BRIV A T A
o B& IR » A 10 mL & 0.1 M PBS [B17 » 53
267 1.5 mL KRE/NEAEF > ER -80C NRfE
DB A T4 MBS DNA FUZEETAE ©

2~ ZEHUBRAS il R 28 (i DNA

B AT RS EAE AL 14,000 rpm ~ == FEEL
10 738 - KBR EyE#Z - FIIA 567 1 L Tris-EDTA #%&1H
# (pH 8.0) FKIFHIRET » MAKIAE 0.2 mm HEEER 1 g DL
AT THGHEEE o BERAIA lysozyme (40 mg/mL)
BEHE% B 37 CABREFTER 2 /NRFF TR - BE
2 pronase K solution (Sigma-Aldrich Co.) ZFRAESME
H s #&HIA 80 x L CTAB-NaCl (10% hexadecyltrimethy
ammonium bromide in 0.7M NaCl) /&% » FFE#SF 1k »
2L 14,000 rpm ~ =8 NEEO 10 4358 o B BB 600 1 L >
JMA RNase (Roche Diagnostics Ltd., Sandhofer Strasse 116,
D-68305 Mannheim, Germany) 3« L » &2 37°CokKipfE
TEHI 30 7388 (RASRER 10 1« g/mL) > LIZERR RNA +
o

Z B AFEHEFER phenol-chloroform-isoamyalcohol
(BEFEEL 25 : 24+ 1) WTCMESG » ERHER OELL
14,000 rpm B0 15 736 > FFECH E g R iE A TR O
Erpo AEERIRANTEYE - P BAERERA o MAE
fiEFEMY chloroform-isoamyalcohol (BEFELL % 24 ¢ 1) VAWK »



By ~ BREAE ~ BUCH ~ RZ0L A B A EpE iR - VE M LB REVKIE (PCR-DGGE)
S 16S rDNA B RGeS RE S i Pl B AR < B

AEFEIHES > LIEBRATREFSE Y phenol VAR » #2IE AIHE
HE OB LL 14,000 rpm BEO 15 73088 - B _LJE S
BB EE OERN  NEERIRANEE > %
HIA 0.7 15 Ef@ i BERE 2-propanol TR » BER=EER
T 30 738 0 FHER RSO > DL 14,000 rpm B0 10
S8 o BB HIER 0 WML > AR 20C TA
1R 70 % AEERPING » SULRE TR L IE TR B ORI > DL
14,000 rpm B0 10 7388 - KR Bigwiz 578G > 1AGHE
REBET/KEE DNA #2 (RFE -20C K < DNA ZEY)
FEREEEMIE B O% > LL 2% BEIBBHEE (agarose gel)
TukfERS » I LI EE AT B (GeneQuant II, Phamacia
Biotech, UK) & & * & A260 Hl A 280 fULLfER 1.8 LI I
F > A REMETTRRAE B - DL L EBRITIAITZ%  Ausubel
(1987) [IBFFEERS -

3 ~ R HE R S — S VRS FE B i B vk

PCR-DGGE) 73#t

3.1 EEHIPES]F (Universal primer)

AR5 E4F P2~ P3-GC ~P63f-GC ~P63f>
P3 K P15 (Table 1) o £[AUK 16s tDNA H V3 BT
EHMSIFA : P3-GC ~P1 K P3 (forward) ~ P2 (reverse) °
TEFI#IE 341~534 bp s MEALE VI~V3 EEIAIE
P63f-GC ~P63f (forward) K P2 (reverse)’ {EF#EIE 63~534
bp ° BEEH[FHIRE & 1T DGGE R » WAZHCK V3
V1~V3 [@iH) DNA B 1 GC-clamp ZEHIFRAE 5" Ui
Hahn 40 1 G 8% C £ - 1FREYR V3 & V1~V3 & DNA
F BRI # & forward 51+ » K/NKT 530 bp (&
GC-rich) ° DI FEESTTEIPRH Fantroussi et al. (1999) ©

3.2 FROTHHI N g

2w L RENERIEERIIR G DNA > LA PCR
buffer ~ ANTP ~ P63f-GC (GC-rich forward primer) ~ P2 &\
P3-GC (reverse primer) sz Taq DNA polymerase (5 Unit/ «
L) % » A HEHI 2% (T1 Thermocycle, Whatman,
Biometra) PIMETTHUASIE o S EADES ~ (RS e s fEgan T
(1)94°C ~ 553 : (2) 94°C ~ 1 438 5 (3) 58.5°C ~ 1 434 30

47

o+ (4) 72°C ~ 1 438 + (5) 72°C ~ 10 434% ¢ (6) 4C ~ #&1E
S » Hrp R S e APBESE (3) 58 (5) KN EE
HUT 30 X o LI EEET1:/%22%% H Sambrook and Russell
(2001)

3.3 DAGNRIBHEEE K AR DNA 23R A/

BUE 2.0 % HEIREBES > #ETEKOT > SHATERIEN
[BRERE[E 12 A Bk M (RunOne, EmbiTec)™ » LL 1 : 5 1)
LEBI# 6X DNA loading dye £ DNA HEARAEEH
{7 100 TRFF T HETTEEVKA) 30 7388 o f5 AR EEVK RN HY
BHE » (EAERERS 0.02 mg/L FJR L —5¢ (Ethyl Bromide)
et 10 %% 0 LUBAGRY: 25 /38 - ERSRIMREIE T
BIEHER > DUEREE IR 16S tDNA BRI -

34 #HL PCR &Y

AT Gel/PCR DNA Fragments Extraction Kit
(Geneaid) > #LLEFR PCR EYIH L6821 INTP » @1
BIAIRIRIE I E WIHEME S - SE BRI IIERE - #8
it ol T B Fra e P BRER R - RIStk DNA
21 PCR Y -

3.5 DGGE f&&{- 8T

3.5.1 EEBHEEIK (perpendicular denaturing gradient gel)
S5 T IR S B /0 AR S RE G L R B s PR A )
B E > KA EH 40 %
Acrylamide/Bis-Acrylamide (37.5:1) fILA 8 % JEERIBHE
H1(Bio-Rad Laboratories, Inc., 1000 Alfred Nobel Drive,
Hercules, California 94547, USA) {FBRERELEIL » WA
R A FERE R MEH] Formamide (Merck Co. Inc.,
P.O. Box 100, Whitehouse Station, New Jersey 08889-0100,
USA) Kz Urea > HBEIFHE 100% £ 0% LL@IFIEMER
BEVATR o S EBHSHEIRER 20 mL > 75 SR B REA I
BRI 160 1 L 10% APS (Ammonium Persulfate, Sigma)
K 16 x L #J TEMED (N,N,N N - Tetramethyl-
1,2-diaminomethane, Sigma) * {EJEEEFHIIIA 110 £ L
Z 10% APS B 11 L #) TEMED ©
HEERI I SR G RIBRER AR R o
P EFE 282 Gradient Former (Bio-Rad Laboratories, Inc.)
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o B BB 0 LIRERE ~ SIS0 EEHEE) Gradient
Former » B RS ARIE S CFEB ALIEH (injection port
fitting) V£ AT LG IIEEREN - DUERK 0% £ 100%
SEVERGIZIERS - EURFEvk)T MBS R AR E > S
BIVESERE SR ERE (comb) » DIFIFEA DNA BEA o

% PCR EEWIF] 100 1 L 6X DNA loading dye {E&194)

% TIEEAFEEBRENARS T - S B Rk
(Bio-Rad Laboratories, Inc.) Z/FEAK] 7 AFF<& 1X
TAE-buffer’ {F 5B HREE R WLL 60°C ~EE 70V i
1TREVK 13 /N\RF (V3 BRAR) B 15 7NRE (VI~V3 BR) © £
W% o BN BRI TR » WRE V3 EEE VKT
BB 45~55% T VI~V3 £ 45~65% M EEERZ K
RS < VR -

3.5.2 KBS E K

K EIBRE2% Pl E AR R B RE
45% SHEIRIE 65% ZSEVEBRSAWS - #EIT ATHRERITHE
FEBT o B RSNREE R chromosomal DNA 4371 LA
A 5 FBONERAME R V3 & VI~V3 &l > PCR
EEVIRE LR TV I E IR IR S  #7%E DNA loading &
75 200 ng/well » BV RS 60°C » BERES 70V » 73 HIE
1T 13/ (V3 FAR) B 15 /NRE (VI~V3 BAS) % 0 B
HIBRS RS - FEREISIEH ERRRE D ATETE -
3.6 DGGE [EI3% 5347

T CE FIR1FH DGGE BH#8 > /] UVP GelDoc-it
imaging System FMHEEFRS Tif £ > FEA ImageQuant
TL 7.0 (GE Healthcare) H1{ 1D J TS [ 5 o A EeA
BRAE o 5 Lt B DL SPSS 14.0 ARAHRESHES T2E51
#H 7373 Bt (Categorical principal components analysis,
CATPCA) » S RIRF AR SR RE SRR AR B 2 22 5 7
{5/ Phoretix 1D V2003.02 $X#3ETT UPGMA 7347 LA
SPSS 14.0 R A< ME 17 B f& £E Bf 43 M7 ¢4 H [ Pearson
Coefficient 78 S B FLEA R P BHREEATHRES FIFIY B
GELEENER NI

3.7 e R
LI DGGE B#8i=# SYBERGOLD (MDBio Inc.)

G

—OOF+=H

YA > EAT DNA Jeth s PUERGER (elute) AU
PIUTF IR » W2 H DNA © 381 P63f (K& GC-rich) K
P2 515 > LL nested-PCR 19770 FHRAHI VI~V3 [&
o #ms > A6 {8 H Proof reading Taq polymerase kit
(Invitrogen) 1T PCR > EEYI A/ 183 Sz 490 bp ©

3.8 TA 184 (TA cloning)

AP B0 B )T 5 K A BB PR B Sambrook  and
Russell (2001) © DNA J5BGETTE P AIRE > i3 Beite
% 50 bp & HBEAGR AR B R IMEE05 77 Fe 71 LA
iH » A1 DGGE Fr{s & Fi BeR MBI 700 bp LUF >
HEHZLL DNA F B RE el £ LU IR PR (R 91 &
A o WL - AFFFELER DNA FIEEZEA pGEM-T Vector
1T TA cloning °

Ui DNA 2 8 DNA FEGE A pGEM-T Vector i
1T TA cloning > B2 LIS L2 M13 FEE(IEETTE 7
it o FFFRHIE R PCR VIR L pGEM-T Vector System
Kit (Promega #TM042) #E1THEE (ligation) TFH » #2411
EEHESN lacz ER > (B EGEATIIER -

L% o JEAFEREA lacZ- 1Y E.coli IM109 » BLERET
FiE (competent cell) » FEiERFE BRI EEETER > FTEHE
ARV E438E 100 o L Z/NBEOE T BB MARER
ZoBnTR o KT -80°C o » R ENTI{EH] -

B RTER -80°C RURSEAING - (B G RS & 1F
M Y] Wi Y RS H  Ampicillin (50 1«
g/mL) ~IPTG (50 x g/mL) K X-gal (50 x g/mL) #J LB
BRR B F o 2 37C REE 16~24 /NRFE > PREAE
W% > BLEER AN &4 PCR EVINHEES - LR
FEEH Ampicillin 7 LB BSERPRGE 16 /RN
T RS

K51 pGEM-T vector map 161~177 1 2,941~2,957
WILIE A EA M13 1) forward K reverse HIFG &L
i AEH PCR 2% > LUK NTIHERR 3 A insert DNA
f\] PCR Y] » THARAMIEYI RN 726 bp ©

A7 M13 ) PCR fRITATT ¢ Step 1:94C ~ 5
438 0 Step 2 : 94C ~ 1 43 (denaturation) * Step 3 : 55



BIHH25 ~ BREEE ~ B0 ~ RZAL PR SE I E--- 2 A S B RS # ks (PCR-DGGE)
K2 16S rDNA Fi B BRI JE 32 A5 RE S5 (A iR FH < 32 L 49

‘C~1 438 30 > (annealing) > Step 4 = 72°C ~ 1 /3§
(extension) » Step 5 : 72°C ~ 10 43§# > Step 6 : 4°C ~ #& 1L
[ : Step 2~Step 4 EHEHHEIT 30 K °

{EfERE DNA BB/ IME » ZRER IR RS E o
HEATFIER » 152 Y B B SR E e )
ZFA 0 (NCBI: http://www.nebinlm.nih.gov/) [} E
HEATIZE Fr YA R LE T (Blast) » BUS 73 e s
FRITRAE e F B B nT R B AE - WA RHE RS H &
o

faSREEEY

1~ PeE s iZ 16S rDNA Fr B

16S rDNA BAfE G EZ FE R/ FES - DI
W FI1E R TR AR > L RE (] HE R AS o R 73 A T
M A o BB SERANE - ARG TR GE
FI& AR+ > TE SO RN A8 22 [ & (R A R o i
HARPIFFY] o 16S rDNA 255 1.5kb » #4552 16S
tDNA #£1T7 PCR-DGGE - HInJgEE R Fry i » /iR
ANIERERE - MLGBARE TR » FTLl AR 4 6
bl IO ESIE

ARG R FE > v3 SRR DNA VIR E LI
1B FE vk n] LU H S PR SE AR R L I B B AE 45~55% <[]
(Fig. 1) 5 1 LARERAIIR SRR A BRIk TS EI0URE R » a0
Fig. 20 AT LAPCR KIZIIVI~V3 FTEHAE 45~65% I
SHVESERR LRI T EITEE BN o RS R R EIRI T
) 16S tDNA (R (Fig. 3): FFLL_ bl R i T e 77K
FREBEEVK - FTSASRA Fig. 4

W & KT BUKB FLL SPSS BXES /714 - 115 V3
Hl VI~V3 FES AT BEELE (Fig. SA K 5SB) ° HilE
HR] LLEEE o AR REERTS S AR B AT T T o3 R 1R —
e LIALEBRSEIEE NS TR (Fig. 5B): FFLL Phoretix
1D V2003.02 $XEEH#EST UPGMA 7347 V3 fll VI~V3 &
BRFT T EEHIARIY) DNA BRRT > S8 R & R A AR LLEE 55 1)
7% 65% K& 71.5% (BUBREUR) » IR iR+ 55

A
B

anh
aun

B TR R R R R BB R A o

AMHFEE T E RS0 R5 16S IDNA & VI~V3 FE% »
MRS EME A v3 FE - FENFREREE V3 Byl
oo AT BRI R B AR ¢ (R R
V1~V3 [7H#1T DGGE % » FHFEHEKHE M7 Al R A HL -
V1~V3 [FHI{EERE 2 DNA AFEE H I D » BE T
RARTEIRBL LR » ATiSAS SRS R S A - TTRES
JAREEA B TE - Wei er al. (2007) FFIA V3 FEGITIEK
SRS SE(E A AHAIE# L > FHE PCR-DGGE FifgZ /K
BB EnTEH » AR FERRS AL -

2 ~ DGGE #1987

E 0~100%5# M TE ELB B vk AT - BURRRATR
SHRERERMEZ 168 tDNA VI~V3 BT DNA H
Bt » KGN Fig. 3 A » HEFVERGIEE 45~65% [A] - #0A
W ERAEET T /K P BRI R IBRER LT F 45~65% ©

T T RERA A B vk Ak Bl (7] B A B R it A st
72 0 #4T DGGE R — AR HE Rl » B {1y
V1~V3 #EER T DNA B » TR 2% < HIE
ALY (Marker) > MAMHIERIEARFE L LL Escherichia coli {F
7% Maker 1152 7 36 DNA 877 - #U7ER LA E FIIAE
i Streptococcus pyogenes (E= (%U%ﬂ%f"fﬁﬂ——\) °

3 ~ LA PCR-DGGE 43 M7 1 % {8 B #H

25 KE < KRS SAE 6 8 HInZ &
EHERCFEE » ILAIR TR E LIRS RS 7~ 8 F #{H kR
AAER TR E RAH LR o BEA DNA KL - METT
PCR-DGGE 7% » HIZ#E[E Ll SPSS #X#S 1T CTA-PCA 73
MrE b2 DNA R AIRRE > K5 SREE AT A IR 7040
TS S —RE (Fig. 5B) » JR200 7~ 8 & EBEAR
Z AL RARAHE + FELL Phoretix 1D V2003.02 SRBEHELT
UPGMA 7311 RIfSMHLUE ZEHRE (Fig. 6 & 7) © HEHR
B sh ] LU Y AR E RS RS RE S A A 7~ 8 HARA
BRI 73 % 72% (KE) Bz 71% (M) » s ~ LA [
AE - 7~ 8 HIRENIBEARMHLUZRIESS 50% (Fig. 8) °
RS KRBT » (EHRMEER » MR E S 3 R



50 B B

LA - B AR - A EVERIRRSERS - SRS
FAHE AR o

st - B IE bl BB AERTIAE i DNA A R
[FI{ERS ~ A IRIFFEIBE TR EECARA (Fig. 4) BRI A
RENGIE I b < H B ER R  #€ DGGE /M AE 7
Fe#S - FEBIETER SRR N8 BB £ 2 Enterobacter
spp. * Klebsiella spp. 1 Ralstonia spp. * Mt P4 & HI £
Enterobacter spp. ~ Klebsiella spp. ~ Pseudomonas spp. K
Hafnia alvei (Table 2) » FHZHITLUEH » A FPERISHRE
HE P F Y E & Enterobacter spp. I Klebsiella
spp. * T EEMEE R 1Y B8 BRI 5% /=% Ralstonia spp » HEMEEHI
55 Pseudomonas spp. st Hafiia spp. °

FHALLE T AT FER SRR E M AN e R =
BB R TE G ¢ Streptococcus sp. ~ Enterobacteriaceae
(Hirayama et al., 1989) : Escherichia coli ~ S. faecalis
Lactobacillus sp. (IR5F * 1995) i E. coli ~ Enterococcus sp.
Enterobacteria sp. ~ Lactobacillus sp. ~ Klebsiella sp.
Proteus sp. (F€55 » 2000) ° 1] Wei et al. (2007) JMEH » L1
16S tDNA & V3 FiBH T HigBhY b8 2« KR fE
HHVESAEEEAL (OUT) IR E. coli + MIAHIFERIASE
BUER E. coli HiH - @EMRARMER PCR-DGGE I
fa (1) HEERERE LS RATATER DNA A HE

(Vallaeys et al., 1997) : (2) FHIEIRIEA » LIS A [E 16S

rDNA J7 BT DGGE 73t » ] 6E Hi 31 A 7] Y &l SR
(Lerman and Silverstein, 1987) : (3) 37 EIEA DNA
(IR T 72252 - &R PCR UAESEIENR » 58 DGGE
RS R ITREE IR (Ahn eral., 2009) % o

B2 (2006) Bz Wei et al. (2007) SHSFEET ASHAE
S HEBEA S M EHEAESR A B E AR AR
MR EA Clostridium lentocellum ~ C. tertium . C.
disporicum A% > BTt 5 B E B A S Bt SR LA At
SR > WKk Clostridium BHIAHE

FHME ~ HERSNRRIE G T/ B A R B vk e JCHELL
Klebsiella EF3 T RS Kiebsiella oxytoca %
K. pneumonia » 5 RERAGHRGELE R E ~ (M5 BLIfTL PRI
#O8% (5 > 2007a B 2007b) » AXRAFFEAEHEVE KSHRE

FHot+

—OOF+=H

HEFEF O T K oxytoca ° BESE (2000) HIFEH - BHAL
FRSHRRIE L T i 7 R R R BURN B - Hh st Pl K
pneumonia HFHEGEE ©

At > KX FEEEE Ralstonia spp. ~ Hafnia sp. S
Pseudomonas spp. SFHARAE FIRRIMFFEAS R R HIER » 275
WA 16S TDNA N FERE VI~V3 > BUE R
JERT R SRR B i ah R B =t A R SR Al
Rt — DT IE

T

ARG DINERIEST - ASER R B EYRITIEE
BB ~ A B R A B R AT RS E H A B
W18 - LU G P E B e sn It 78 N B SRtk
2% » EIt—OFEGE -

SE R

FRER ~ BRSO - RO IR - BEARRR  RAEA ~ R
K © 2007a o KRESHBUR VMR ZE 7O BE (A RN /3 BESE € o
B E ARSI TR R  SRAEFIERR - 28 344-346 H o
DY IR ER Al Rl

TR ~ B - RN~ 155 S GRFTE 0 2007b o ARESHE
GV PR A I T PRAAE R -~ 58 50 B 0 AR R o
EARRRIITFEER > SRER 4R - 58 350-352 H - 1Y
JURFERE AT AR

SRS~ AR ~ FAT 52 ~ SHNARE ~ dR 2R ~ 2R HE < 1995 o
K REH 8 7 E R TE - BRI 2 W 150):
170-175 °

ARl ~ RUEAE ~ EHD ~ 2ERE - IRAIR - RERE - 2000 o
FARE F AR CREE I K RS SR B R EAY /0 Sl 0 B AT BT
F o FHAERER R 31(2): 165-170 ©

2R3 ~ BRRE ~ BRI ~ BIBEE - R ~ BT IRTE
BT 0 2006 ° — IR RESHGE AR SABAHE R R 1) BB
RE ~ FRIEEE T R AV BRI S o HE ] BLERAR



BITHSS ~ PR ~ B0 ~ SRZEAL FIR B A
K 16S tDNA Fi B85 1%

THAEVIERR 12(2): 239-242 °
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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 (4iluropoda melanoleuca), PCR-DGGE, 16S rDNA, fecal bacterial flora

Taipei Zoo
" Department of Microbiology, Soochow University, Taiwan, R.O.C.

™" Center of General Education, National Chen-Chi University and corresponding author
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Table 1. All of used primers in this study
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Primers Nucleus sequences (5'—3")

References

- 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'

Ramon et al. (2008)

M13r 5'-ACAGGAAACAGCTATGA-3'

Ramoén et al. (2008)

8f 5-AGAGTTTGATCCTGGCTCAG-3'

Naoki ef al. (2003)

1510r 5-GGTTACCTTGTTACGACTT-3'

Naoki ef al. (2003)
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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




By ~ BREAE ~ BUCH ~ RZ0L A B A EpE iR - VE M LB REVKIE (PCR-DGGE)
S 16S IDNA  Fr BRI Jm 1 AR RRSE G rP Al R AH < B2 4L 55

Figl. Denatured agents concentration ranged from 45 to 55% acquired optimally for DNA capacities of V3 regions via

perpendicular PCR-DGGE’s performances.

1 23 45 6 7 8

45%
' ' B
L4
- . '
"
i
L 55%

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 rDNA " s 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. —: DNA bands selected for analyzing the conclusive fecal bacteria species)
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Fig. 5 A The discrete map of 165
rDNA bands of V3 region
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Fig. 5 B The discrete map of 165 rDMA
bands of V1-V3 region
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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.
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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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