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M FETE S ADLE Epinephelus awoara 88 B K &k
#5 M & B89 PCR-DGGE Lt 84 47

ANER, AZRH, agE, @TRE, % &, HIE
(Rl B BE AT SE 7 , LR 100081)

H E. RS 16S tDNA 55 5 8 B 3k B K ( denaturing gradient gel electrophoresis, DGGE ) % 1§ 7K P 45
FRI T A1 PEAL Epinephelus awoara SEFIAFRE BB LS HIHEAT T AR AMT . 45 RBH A BEE SN M R GS
MIAH RS 18] B, P AR T R AR IR R I B R A N B 2%, R MR R, BB TR F At 5
RFAE I B RGP BER 2 R O UBE 52% ) , T4 ] 658k A0 22 FRKG TR R TR 65 MR DU IE 3R . U 5
REWF A MO SRIMM B LR R E R, AL REE N Pantoea sp. KR XTHELE Ny Meio-
thermus sp. Uncultured Acinetobacter sp. \Wautersiella falsenii SR 538 , IBREA LR P RAE S B HFLL
FEHNA1T. PCR-DGGE HARRE X HIH A BEELEE 5 A SOk M B e 10 A, 15 T B ML 2R AR B O e L Lg%
KB H AP DGGE KL H 7Y 5 $8 SUE %
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The Comparative Analysis of the Attached Bacterial Flora in the Gill and
Body Surface of Epinephelus awoara in Cages by PCR-DGGE

LIU Yu-chun, ZHOU Zhi-gang, SHI Peng-jun, HE Su-xu, YAO Bin, HAN Shao-feng
(Feed Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract; Comparative analysis of the attached bacterial flora in the gill and body surface of Epinephelus awoara
cultured in cages over sea was conducted by 16S rDNA and denaturing gradient gel electrophoresis ( DGGE). The
results showed that the structure of those of the attached bacterial flora in the gill was relatively simple with absolute
predominant bacterial species, and the structure in the body surface was relatively complicate without absolute predom-
inant species. The cluster analysis showed that bigger difference (52% similarity) existed between the structure of
the attached bacterial flora in the gill and body surface. However, higher similarity was found between different
individual samples. The sequences show the attached bacterial flora in the gill and body surface were dominated by
uncultured bacteria, and the absolute predominant bacterium in the gill was Pantoea sp. and the predominant bacteria in
the body surface were Meiothermus sp. , uncultured Acinetobacter sp. , Wautersiella folsenii and another uncultured
bacterium, which indicated that the combined prebiotics might be practical in production. The present study validated
that the technique of PCR-DGGE could differentiate the variety of the attached bacterial flora in the gill and body
surface in Epinephelus eawoara, and could help to screen the planting-prebiotics in marine finfish culture.

Key words : Epinephelus ewoara; DGGE; attached bacterial flora; fingerprint
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82 FERREYMES® 10 %

K, TR S EE N AKRKE —E B R
R, CAR R MR B TE RS I A B L R TE TR PR IR
BREFEHHEEEEAC, AN, BHERAR
MR RE SR ER N AR A B T ik
KA FEAMNBRESE. FAMA Epinephelus
awoara =T EFRFE AP AKARERF, A3CL
MK MRS T A BN R R

ARG SRR EME R FB R AR
LR, B AR M & B B B FE UK ( denaturing
gradient gel electrophoresis, DGGE) 1k &y — F 4 1%
FRUBEY AT TFRECEZLFIEANE
™. DGGE BR R F Y€tk DNA SR
B, T EREY R ESHEREREE
HHAHR(REMPBEAOIESY) WRAE
BEALZBEBL L Tk, BB AR A XUEE DNA 0 THIH
KRR T FIA R DNA > FHEARF
FIFREEAT R, BN A F O B IETERE , A
T B A [ 7 5 510 A [F B DNA Fr B or &5,
1993 4F Muyzer 8 5% DGGE J7 3 b A T4
WSR2 /5 DGGE K iR BEBA BE BRI e vk
(temperature gradient gel electrophoresis, TGGE) £
AU B Y A U KB, FEEIT 10
FEHGZNATAEBEYESHFR, &
R ARREY™ SwmE” SRRk
LR F IR BT ) 2 RE R AR B
BHaE, I 5 S FESEEARE S BHE
WAESF RHEEAEMEYNFWHRIIATH
AT B

Z<3C7E B B b B K8 F PCR-DGGE £ AR BF
FEKMAEFEE AR A AR ERN 2
M, AR RART EEBE W EEE
HRl,

1 #MH5F*%

L1 HRES

FRERTORAB(AKS B KEY
1 kg),2006 4 4 A BEHLI A REEILHE L
X [R]— WK SR 58 U AH , BURE R 7K 38 26°C Mg K &
B 30%o, BURERT PR FR I H O B A LI B IRk B 1
AR, BRI 2 K B SREERR . BT
FrIED W 4 £ A A o 455, B 0 Rl Sk R K
FC, REfE R B T R BRI RARN, RAFTEVKIR

H,3 h R EILRE,12 h IAEERE, EX
BHRIE G LT SREAL TR, P A ) BY OB 4 i 42
Ffaths fz, i PBS SE bl R R vk 3 k™, %
ARES A BRI HE - 20C &/ FIRE RS o

1.2 S DNA EE

E DNA £ B FES B Yu 1 Morrison
Y ERE RGN 0.25 g R BT 2
mL Z4AFE, Hi A1 mL3 852 w8 (500 mol - L~
NaCl,50 mol + L™! Tris-HCI[ pH8.0],50 mol « L™’
EDTA }% 4% SDS, K 121°C ,20 min) ,F A O.
3 g HA20.1 mm F0.1 g B420.5 mm%E L4k ;
R B {X ( Mini-BeadbeaterTM, USA ) #£ % 3 min;
70°C K ¥ 15 min;4°C 16 000 g B.0» S min ¥ b iE
BIA 2 mL BLOE S A 300 wL 37 65 34 AR )
FmED, EEU LR, R L.

EEHEK LB FMA 20 pL 10 moL™
(NH,),COOHY f# ™= ¥, 1B &3, K& 5 min, 4C
16 000 gB%.0> 10 min, ¥ FFEBAPA 1.5 mL B
BT, BME RIS AR RAEETIE, K& 30
min, 4°C16 000 g&.0> 15 min, WA F3E, A 70%
Z.FEYE DNA U138, 25 T4 3 min, H/5H 100 pL
TE[ pH 8.5 ] %% DNA, 3+ & H M DNA,

TEHL DNA £ & P A 12 uL RNA B (10
mg - mL‘l) , 37°C K 15 min, FEHIA 20 uwl &
FIE§ K,70°C K 10 min, fI A SE R BB/ &
i/ FpeEE(25 :24 :1) RS, B0 5 min, ¥ H3F
AT — RBELE S, MASKRELS/ 58
BZ(24 :1) $h4E FIEW,9 000 rpm B> 5 min J7,
ELEBFMA O 6 FEHEAEE,4CHRIT
¥€,12 000 rpm Z.0» 15 min, F_FFHW],70 % K2
BB VR IR, THEXRT, A 100 pL TE g
FEUTIETS B8 DNA AR, B %y 50ul DNA
#E i ¥ Cycle-Pure DNA #fi4k 7 & #e4E, B S
uL B 5 ,0. 8% DNA B B vk Al .

1.3 PCR i

1.3.1 45 16S 1DNA v3 K } 69 PCR 43
RS B DNA #1718 UM B E1E Btk
BB, BATIYN 16S 1DNA 1 V3 R4S
#2142 BV, F (5'-CGCCCGCCGCGCGCGGCGE-
GCGGGGCGGGGGCACGGGGGGACTCCTACGGG-
AGGCAGCAG-3’, 2 5" 4% 40 XF GC % F) Fl
BV, R (5’-ATTACCGCGGCTGCTGG -3'), 50 pL
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1 41 XN EFE . A IR0 A1 5. Epinephelus awoara 88 F AR k5 M R #E1 PCR-DGGE H B4 83

PCR fZ Wi {A % :5.0 pL 10 x buffer (200 mol -
Tris-HCI [ pHS. 4], 200 mol - L™' KCI, 100

ol - L"'(NH,),S0,, 15 mol - L™' MgClL,),4.0
L dNTPs, 1.5 mol - L™' MgCl,,8.0 pL 0. 1%
BSA,0.5 pL TaqE 2.5 U - pL.™' ,50 ng #& 4R
DNA,0.5 wL3[# BV,F,0.5 puL 5|4 BV,R ,8R)5
A dd H,O JH% % 50 pL, SC5 1 BRI MEAR
B BH Yo RE 2
1.3.2 PCR R E&# RAFEE PCR Bt
JF101:94°C A M 5 ming HEA R VR BT, 94°C,
30 $:65C ~56%C,30 s;72°C, 1 min; Hi# AT
PEIL 94C |, 30 55 559C, 30 £;72°C, | min;25 4~
PEIRT2CHEA 8 min, 4°C R 77, KN &5 H )G B
3 WL R P29 1. 5% Bl HEEE e v kRGN
1.3.3 PCR F#s et v ikm s B
FEGTE 1. 5% By g B %8 ¢ 1 vl vk A 0 (100 V,
30 min) AMT T UK.

% Cycle-Pure DNA i 4k, 12X 551 & #52 1F 5] i ¢

B i) DNA B, ROW S A3 L BG4
1. 5% B f b Jlt v, Tk A 0 B2 o i

1.4 THBEREKBEX(DGGE)

% F BIO-RAD /2 6] Deode ™ 2 A 2 25 46 ) &
Hixf PCR BN =9 b A7 47 85 . (R BR IR & 2
B 109 1 5 TR O i 88, 722 P 390 e 45
40% 3| 60% (100% FIAE PR J3 7 mol/L fif] JRZE Fl
40% 2T HEEMIESY) , g2 ki
PRI ok BE IR L 7 Tl F ks . 1
AR PR R TS 58 4 R [ A, A AR e A L Uk B
PRI L I R B PCR =1 RN 176 A5 AR A
SRR A TG MA LAESL. 514 3381/ 534r 4
REBGAESO VI ETT ,61°CHi ik 16 h o HLJkES
FG BT EB e a6 S 1 BE IR TE
Vilber & ¢ A 5 43 # & 40 v 3k B B, H
Bio-1D + + 243 #fr DGGE #4580 & 1% , i 1L 4
B RE S v DK 2T BB A B, SR PR R AE I &
FEPE R RIFP A AL
1.5 MRBEHHMEW . EEMNE

¥ DGGE B35 h i W L Bt & dnic ia
F e I, A TE (pH 8. 0) 123 5 B _EiEE
MR #E 1T PCR ¥ 3. JiF FH 5[4 & BA338( (5’
ACTCCTACGGGAGGCAGCAG 3') F1 UNS18r (5’
ATTACCGCGGCTGCTGG 3') ., PCR LM FEFE N :

94°C 30 s, 55°C 30 s, 72°C1 min, 25 K5 ;
72°C 3 min, %1 OMEGA 57 & 41k PCR

P4 H T4 DNA &85 2K pGEM-T 'ﬁ% S
JE AL AL E. coli IM109 B2 54l M, LLE
HFHER(100 pg - mL™") i‘n@ﬂlﬁﬁé!ixbml_ﬁﬂﬁ
b1, R PE L SR IRURORL, B EcoRT B 1) 4511
BRIABRYE se b . RAREBIL S A R .

1.6 UL
75/ 51 BLAST #2 /3 7E GenBank (¥
PESAT I 2 .

L7 HERGHAL ST

H P45 RFNAR SR B AR B AR Y 168 rDNA
W50 07 A Clustal X T FF i 47 5 91 4 1
MEGA3. 1 ¥44-41 4, Neighbor-Joining kM 8 2R 455
R

2 #R

2.1 ERHMBWEMAERD DNA BRI
AR RE 5 DNA F 0. 8% BB IR Bt
FCHEATHLIK , G0 R 1 TR, AT A2 (BI (B2 A &L
DNA 24 h 90% i 45745 K T 1. 0 kb (16S tD-
NA f) V3 X 200 bp ZeAy) i & 2EAT MR

1kb|

B 1 FHEWE Epinephelus awoara
EERRRFES S DNA Bk E

Fig. 1 Agarose gel electrophoresis of the community DNA

extracted from the gill and body surface of Epinephelus awoara.
AL FRE A B A2 FRFE A JRGRAE: Bl MAE B AEHE

B2 . fakE B {34 ; Marker: DNA marker

Al the gill of sample A; A2 the body surface of sample A;

Bl1: the gill of sample B; B2 the body surface of sample B;
Marker; DNA marker.
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2.2 ERMEEBRAERMEHES 16S rDNA-V3
X BB PCR ¥ 1%
4 RGP 4L DNA ) PCR 3879yl
1. 5% FYSF R BERS HEA T i YR , a0l 2 BT
% PCR {345 A8 MR S IR AR IR 16S tDNA 3t
B F B A/ R 200 bp , £54 16S fDNA V3 [X 4%
SEPE R BURD

B2 FHRBEE Epinephelus awoara BB R F R EEE
16S rDNA-V3 X K B¢ PCR ¥ #E & &

Fig.2 Agarose gel electrophoresis of PCR for the V3 region
of 168 rDNA of the bacteria {rom the gill and body
surface of Epinephelus awoara.

AL fERE A BERE; A2 f0AF A {KFHE; Bl 047 B 8IAE; B2. 4

£ B KK FE; Marker: DNA marker; CK: BHP:XTHER
Al; the gill of sample A; A2 the body surface of sample A;
B1: the gill of sample B; B2: the body surface of sample B;

Marker: DNA marker; CK: negative control.

2.3 EAHEEE KR MEE 16S rDNA-
DGGE 58 EER I R EBESH

01 B R A 3K B A B¥ 16S tDNA-V3
X A Bt DGGE 45 80 i K 3 25 70 b 45 S8 o 1
3.8 4 KE TR, BRER,H AT,
GRS Hy R X TR B AR R IR R (1 3 &%
H6) s IRFR M A RS M B R A, XTI B
FEE. UPGMA B NDH4E REME AR MAEE
TRFRE I AR S AHLE A 52%  FAE KR E R
P 4) 5T B ALF A7 RE & b SRR B B RE 45 M Y
FRALLER 85% A K M PR BE S5 MO AR (U 90% , 3¢
B PR2E T BUI

2.4 F %) BLAST 4#f

75 B 254 P 90 A1 BLAST #2 /3 7E GenBank
BARESAT AR R, WHFP I EH Gen-
Bank B RO B R SR 2,

B3 BRBE Epinephelus awoara B R &R

#L B E B 16S rDNA B9 PCR-DGGE 3541 Bl
Fig.3 The PCR-DGGE fingerprint and its pattern of the
16S rDNA of the bacteria from the gill and body surface

of Epinephelus awoara.

Al fFE A BERE; A2.fkE A (kFEE; Bl 0K B 8EFE; B2
e B (R
1~ 7 O A s
Al : the gill of sample A; A2: the body surface of sample A;
B1: the gill of sample B; B2: the body surface of sample B

1 ~7 :the sequencing band

[ Dendrogram with homology coefficient%:1.0(UPGMA)

100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0%

1
3:———j
22—

4 —1

E 4 BRIEE Epinephelus awoara SBRE T E B
16S rDNA f§ PCR-DGGE 354 EiZ& UPMGA B o4
Fig.4 The dendrogram of the PCR-DGGE fingerprint of
the 16S rDNA of the bacteria from the gill and body
surface of Epinephelus awoara.
1AM A SBAE, 2. (88 A JRREE; 3. f0FE B W 4.8 B &K

FH
1: the gill of sample A; 2. the body surface of sample A;
3. the gill of sample B; 2. the body surface of sample B

X1 BEARBIEA Epinephelus awoara 8 k%
H RS AEEREER
Table 1 The matrix of similar coefficient of the attached
bacterial flora in the gill and body surface of

Epinephelus awoara.

FEAS Sample Al A2 Bl B2
Al 1.00
A2 0.50 1.00
Bl 0.86 0.57 1.00
B2 0.55 0.91 0.62 1.00
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18 X EFE NI E O BEH Epinephelus awoara 88 R AR F KM E B 50 PCR-DGGE &40 4% 85

2 WAL Epinephelus awoara 85 R R FAG M M BEHE RS R IR IE Y MR L ER NCBI B RS
Table 2 Sequences analysis of DNA recovered from single band in DGGE fingerprints of the
attached bacterial flora in the gill and body surface of Epinephelus awoara.

#EET e AU (% ) BT
Band* Identified bacteria Similarity Accession number
Band 1 K33 Uncultured bacterium clone E71-231(DQ638472.1) 100% EU004793
Band 2 Meiothermus sp. B-R2A5-50-3 (AM229107.1) 98% EU004807
Band 3 AB%5E Uncultured Acinetobacter sp. clone (EF423372.1) 100% EU004798
Band 4 Wautersiella falsenii subsp. (AM238684.1) 100% EU004796
Band 5 A 33k Uncultured bacterium ( AB286562. 1) 99% EU004800
Band 6 Pantoea sp. G28A (EF432306.1) 100% EU004802
Band 7 F# 3% Uncultured bacterium clone PeM37 ( AJ576396. 1) 97% EU004809

*Band 1 ~7 #5183 Loy

* Band 1 ~7 were shown in Fig.3.

2.5 RBKREHW Fi MEGA3. 1 21433547 47, H A 8 R o4 it
B pERMAEXMHBEORRER 16S (WA S5),RH Neighbor-Joining B 8 RS {k
tDNAFRZ 73 A Clustal X P #ATFIIHEET , 5k, BEE((boot strap) 2y 100,

band 2 EU004807

100

99 L Meiothermus sp.(AM229107.1)

| band 4 EU004796

100 | wantersiella falsenii subsp.(AM238684.1)

00 ; bandl EU0048793

___14
Uncultured bacterium(DQ638472.1)

s og | band 6 EU004802

Pantoea sp.G28A(EF432306.1)

9% 100 band SEU004800

100 | yneultued bacterium(AB286562.1)

'-—band 7 EU004809

100 l——Uncultured bacterium clone(AJ576396.1)

band 3 EU004798

100 I Uncultured Acinetobacter sp,(EF423372.1)

005
5 WABIA Epinephelus awoara R ERIEMBHNREZLER
Fig.5 Phylogenetic tree of the attached bacterial flora in the gill and body surface of Epinephelus awoara.

Band 1 ~7 B0 FRBHIFET] S WEEN 165 1DNA V3 R FFIME 755 R 1% 0.05 #ibiE=,
Band 1 ~7 were the sequences excised from the gel. The accession numbers of reference sequences of bacterial 168 rDNA V3 region

fragments are shown in parentheses. The bar indicates 5% sequence variation.
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10 %

3 it

R #& PCR =47 DGGE 54 &% bt Fr 7+ B
MR B AW IHBER (A 3) & DGGE J&
B RO X 57 4 A6 R RS I R
MM, ORISR T ARARRERNR
WHER L, KA BEWANE R KR EME,
RPEBEEMAEAKR, EXT NS EFHARE ;T
R R BB, AR G M ARXT TR A (BLAF
LIRS #E, UPMGA BRAEDERIEL T
X— R, B8RRI RS LR 52%
(E4), /TR - HEBIHERF R BEAK
HINEIR AR, S8 R 88 AR, 88 EHER E AR
W22  GR2e B A B, AR IR SR ik
FEXTER 22 F R B R E R e 5 T f
RMAFAX—VLH .. Fit, REALES KERL
FRI—SMEAE, B ERE R LT
HEER. I, ERTMIRMEARZE, KER
K O B B L5 MO AR DU T 35 90% , T BEKY P B Y 4
FARAL BEAR X B (AR 85% ) , AT St
T kgt MR

XTI HEH NP ERERA(E3,%2),
HAORARARE KII M E A RIZRE,
SHAbR K AR HRE U HEA A XD B
BN Panwoea sp. (B 3,55 6) , AWTEM IR &
B s TTHAR A X R RE ly Meiothermus sp. (& 3,%%
H#52) RBEFE Acinetobacter sp. (& 3,257 3) \Wau-
tersiella falsenii (& 3,5%%H 4) 5 M RIEFE (B
3,545 5) , KA Meiothermus sp. 5 Wautersiella false-
ni NETERRE R R, B TEREE AR AL
AR AR EHERE, EETERPR
AR & W HFLPE AT,
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