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(1. ZRAehol KAz A= Bl 2224 B8, /R 1500405 2. BT ARl 22 be MUEY S R f SR % IR /KT 150080)

7

FE A UK E R R ARG X 3 Fh FEARTILIAS (Pinus koraiensis) M ( Betula platyphylla) 3 ZA% ( Picea dietrich) $hR4E
MR R DU B VR R 0 28 300 b IS, 25 45 7 B 43 B9 75 5 26T 168 tDNA V3 X B A8 PR 4 B IS FL K ( Denaturing
Gradient Gel Electrophoresis, DGGE) $iA , YA T T3 HE i = S B - 224 4 fL I (laccase-like multicopper oxidase, LMCO) #f
PR IRER 281, ORI 7 SR Il - 22 A S AL B A R 7E BB P AP TE Rl J8 S o A R 2l P AR A3 B 3R AS 10 PR AN B 4 o 2
MR (Bacillus sp. ) , BRI E (Bacillus fusiformis) R WAHCHIE, it DGGE EE/M AT AT A, 77 B M- 22 1 4
PRGN B AE AT 5 M AN [RI AR 358 rh A TRV S5 A O A B 25 55 TELTARAR 38 ZAEVE R N £ 5 . DGGE 4 I 45 SR 36 B, ke
b3 R R A R WA B 2 R B R W A R (Ralstonia sp. ) JHFTHJE ( Enterobacter sp. ) . ZEAUFT B & Fl— B RS20
SKHRIA R ; SR - 2 AU IL I s 40 s DGGE

The community structure of laccase-like multicopper oxidase-producing bacteria

in soil of Liangshui Nature Reserve

ZHAO Dan'*, GU Huigi', CUI Daizong' ,FAN Xiaoxu'?, ZHANG Xi',ZHAO Min" "

1 Department of Microbiology, College of Life Science, Northeast Forestry University, Harbin 150040, China
2 Laboratory of Microbiology, College of Life Science, Heilongjiang University, Harbin 150080, China

Abstract: Laccases catalyze the oxidation of various aromatics, particularly phenolic and amine substrates, making them
valuable in industrial applications. Laccases also play an important role in soil organic matter ( SOM) turnover processes
and the global carbon cycle due to their involvement in the synthesis and degradation of lignin as well as transformation of
lignified substrates and humic substances. Laccases belong to the protein family of multicopper oxidases characterized by
copper atoms in the active center. Laccases or laccase-like multicopper oxidases (LMCO) have been extensively studied
especially in fungi. Recently, increasing evidence points to a wide occurrence of LMCO in bacteria. As bacterial
communities are known to decompose pollutants and municipal wastes involving large quantities of phenolic substances and
organic matter, it can be deduced that bacterial LMCO might also participate in lignin degradation and SOM cycling.
Copper atoms not only constitute the catalytic center of laccases but can also confer copper resistance to bacteria.
Consequently, copper ions have a well known use in isolating LMCO-producing bacteria. To gain deeper insights into the
ecological role of bacteria with LMCO activity in soil, we used traditional plating methods and PCR-DGGE ( denaturing

gradient gel electrophoresis) technology to examine the community structure of LMCO-producing bacteria in forest soil of
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Liangshui nature reserve, Heilongjiang Province.

Soil samples were collected in three patterns of forests: Pinus koraiensis, Betula platyphylla and Picea dietrich. Soil
samples were enriched in M9 basal medium and then screened in LB medium with gradient Cu®*. Ten bacteria strains were
isolated and identified based on traditional plating methods of bacteria separation. The results showed that they all belonged
to Bacillus sp. , falling into four different species: Bacillus pumilus, Bacillus subtilis, Bacillus fusiformis and Bacillus
amyloliquefaciens, among which no laccase-relative results have been reported on Bacillus fusiformis. To investigate the
structural variation of LMCO-producing bacteria, 16S-rDNA-V3-fragment-based DGGE and clone sequence BLAST
technologies were applied. The data based on DGGE plot indicated there was no distinct variation of LMCO-producing
bacteria structure among soil samples of different forest patterns in the research district. The diversity of LMCO-producing
bacteria in Pinus koraiensis forests was more abundant than that in Betula platyphylla and Picea dietrich. The results derived
from BLAST revealed that Ralstonia sp. , Enterobacter sp. and other uncultured species existed in soil samples in addition to
Bacillus sp.. Band 3 was present in all soil samples and had a 100% homology to Ralstonia mannitolilytica. Ralstonia sp.
had highly physical and biochemical similarities as well as sequence homology with Cupriavidus sp. which was a copper-
philic bacteria community. Bands 2, 7 and 11 were commonly present except lane 8 and had a highly homology with
Enterobacter ludwigii which had recently attracted interest in environment ecological research. Bands 5 and 9 had a highly
homology with Bacillus circulans and Bacillus thuringiensis, respectively. Furthermore, Bands 1, 4, 6, 8 and 10 had highly

homology with an uncultured bacterial clone which needed further investigation.

Key Words: laccase; laccase-like multicopper oxidase (Imco) ; bacteria; DGGE

G, B p- X8 Wy XA A ALIA B (p-diphenol ;: dioxygen oxidoreductase, EC 1.10.3.2) , feF|H 2 F
SN T Z AR MR IOFEREY . WS 5 ARBUR G BB A B ) S8 58 5 i
Al AE AP (soil organic matter, SOM) FEALFIHLER ik 22 1 24 1 2 R EZEER, Fi, R
BREE DI RRE A3 B RS SATIRERF T H 25 5] AR,

TR PR R, R R A B R L R R R A IR AN B W L RA
R AR LG, 70 7 80 [RTERE 096 L ISR SO 3l ) 2 R R 55 T T R 28 5, A M e SO 2Rk il -2
W8 Ak B (laccase-like multicopper oxidase, LMCO)" (LI F AR 2B M), BR H T B A H 2 H 8
(Azotobacter sp. ) JBAMITEE ( Pseudoalteromonas sp. ) ZFAFF B (Bacillus sp. ) 5/ VAR A P KB T
SRR BE IR T T %8 AL AR BT (R K bR 22 14 43 1A )2 A0 AR 1 T 2 2 TR 3l 26 W, 2SR Tl A
BT . AR S U E Y AR A R TR L AN R G R BT B A e
Mn™* S8 AL A T 38 2 A ) 5 9 A ARG PR 3 B AR 51 Kellner 55 LU I 25 #4) S O <7 67 55 38 318 7 5|
Yy, NI T A0y E 58 T 38 v 0 TR 2 TR Tl B A 2 A | S B AT 5 1 0 38 P s S A T B HG R 01 2 Sk
H I T e A WU AL BRI AR ORP vk A EREEAE i B DNA i 3 2R i g X 1 B
A% B R YRR A A 5 B EZ 51 YRR SR FREOKR

H 23 B9 7 S B AN T 14 5 12 A RN — 2 TR S P S g B IS oK B R G Bhi AT w4
SEAS IR B P U B AR S R Bk ) A R AR B AR T, (0 2 RS ¢ 3
MR R R, T T I R R I R T VR 2R SR R S A A P A e RS LA
B R TRE R, 255 M E YT AR S B 715 5 56T 16S 1DNA V3 X Bt PCR-DGGE A, 48 T HUK LR IX
S P ER AN T RIS S 2 AT PR i v 2 B AN T A AR R AR 2, DU D ik e A T 7 -
S B A S5 R AR R SO B 45 A 25 2 T RE I S B2 AT
1 MMBEF=E
1.1 #Rsesiitsl

WAL T UK K G F AR RS X (PRIETT A PR T AT IS IXATEUX A ) |, R4 128°48/30"—128°55'50", L
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25 47°7'39"—47°1422" , MUK A KRR KU AFF 2 -0.3 °C AP AR 78% , E 2R
PG VLN R FRE R IR S R G, FEMFIAG LA (Pinus koraiensis) . =A% ( Picea dietrich) 1%
K2 (Abies mill) JEM ¥ (Larix mill) ¥538 % ( Phellodendron amurense) JKIMN ( Fraxinus mandshurica) i@
( Ulmus propinqua . U. pumila  U. laciniata) M ( Tilia amurensis) 11145 ( Populus davidiana) . A¥E ( Betula
platyphylla) WHE (B. costata) S HE (Quercus mongolica) . LALLM iR Z | IR 64% , =AM G
TR 13.2% Pk 3R IS AR AR T P 4398 e R ) & TR A A 1 S 2R A A
1.2 REREAcRAE

2009 4F 10 H  ZEHUK B AR ORAP X b i BELAAPR A5 1 2 A2 PR R i ) FUMERRTT 230 150 e R L, s I
A& TEI 3 AR FE AR R T 10 my SRAFR EBRE 5—10 em R)Z L5 5 IR AR R4
TGS T, IEARICRAE AL Bl S B AR bR, ZDANAR - RE G o 20 ) 13 s AZ AR R G5 0 3l Ry 4—6
AR BRGS0 0 7—9, T ke R 1,

F1 TEBEUMR

Table 1 Physicochemical properties of soil samples

T HEG S ik HIE AHLF(C% ) A N(%)

Soil sample Forest Landform Organic matter Total nitrogen pH
1—3 LIARMR (Pinus koraiensis) Rt s 9.59 0.334 6.29
4—6 MR (Picea dietrich) i 4.15 0.232 5.13
7—9 FIHERK (Betula plaryphylla) N aEes:i} 6.14 0.332 5.54

1.3 PEZSUR BN DA 1Y T ik

SIRE R M TATE " 55w - R AR

B2 mL &R, MRIKAE 100 mL 0.2 mmol/L F10.4 mmol/L Cu® i) LB WA F2IL P i vewi(¢, Br 2 &%
2437 °C 160 r/min #5377 d.
1.4 PR RN 00 Moy B
1.4.1  HpE 2B M rY Ao

BT R O YR RS IR AT T8 0.4 mmol/L Cu®™ BYEIMA LB 53 4E | ,37 CIHIREI B B 3%

JEEME ) 2 PEAG I . L 0. 5 mmol/L T 75 R BX A (4-F2 56-3, 5- W AR 22K B 3% &, 4-hy-droxy-3, 5-
dimethoxybenzaldehyde azine ) JG7K £ BV TR E PEAG I M B 56 75, S BN 20 €50 1) 11 7% 11 8 L 2L AT 43 i 4125
BRIGHTEG 7

HEE B E BRI 5 B A SR A V5 255 3716 5 0.4 mmol/L Cu® [IRAAK LB 553538 b i KR %, 55 5%
54 37 °C 160 v/min R 7 do S5 ARSI & IR LR | TR A B VR A A L PN B ) L R SR O, LA
SRR I EA MO AN AR P SR BERG T . WS T AE 2% Martins 25 (905 2%, B EAL T pmol T
P IEC R T it Bl i SR 1 ARG T (U)
1.4.2 JPAOREANTE 1 4 E

16S tDNA JF51 5347 : CTAB 2 HEHU SE R 41 ARl , 9738 7= 2 B4 B 16S tDNA R B, PCR 514 (27F/
1492R , % 2) VAR R AT S % Tanner %5 P (754, PCR P2W14 1% B W8 I it ARG, Ik s FE T
23] DNA BERE DA & e, e D=4 5 pMDI18-T 2R AR £ | I 545 AL KB AT B IM109 41 it , 5 41 14 LA
pMDI18-T 4k [ M13/RV-M 514 (F2) PCR Fik%a, AU o2 B TRABRA ST, P45 R AE
GenBank 3% | LA BLAST % FLXF20HT .

PRRRTE 2 S A AR AL S 58 5 IR R TR BR N2 O i 5 9
1.5 PRERANE R PCR-DGGE 735
1.5.1 & DNA AY$EHUK 16S rDNA V3 [X A PCR ¥14

DL CTAB LA HUH 6 (19 —AC TR W E. DNA S BEdi, 97 34 7= IR B 40 1 16S 1DNA V3 X B, PCR 5149

http ; //www. ecologica. cn
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(F357-GC/R518,% 2) SRR RAEFS% Zhou 5" Wik ¥ HAT=HI LA 2% B AR e A L K AG T
1.5.2 DGGE

DGGE 2% Smalla 25" (1 7735 , 58 VA 5 IOk Ji JRE JC ¥k 38 8 9% , 26 7 351 66 38 915 FBl 309% —60% , Fit Tk 2% ik
i 1XTAE i | BIO-RAD £4: T 60 °C 160 V HLik 5 h AR Yeikdeft . DGGE #EEiE I LA Quantity One (4.62)
AT, ¥ H R PR CA 0.5 mL BLOAE SR BREE A 12 pL K £ 57K ,3000 r/min #5.0 30 s
J& 50 “C7K¥ 30 min, 12000 r/min Z5.0 1 min, $ FIERHREH 1.5 mL BL0A DL EREERE IO Y1 it , 4
PR AT 16S tDNA V3 X A B, PCR 1% (F357/R518, % 2) ik &R K FEFZ % Zhou 251 7
21 PCR PRI 2% B A BHEE IS PRSI L $4 1. 4. 2 wP b5 2 [l i D K2 oA

F2 ARHRPRAH PCR I IES| 9
Table 2 Primers used in the study

Hi A B 514 51 B
Target fragment Primer Sequence (5'-3") Length of fragment
. 27F GAGTTTGATCMTGGCTCAG
165 rDNA 1492R GGTTACCTTGTTACGACTT ~1500bp
F357 CCTACGGGAGGCAGCAG
168 rDNA V3 F357-GC GC clamp-CCTACGGGAGGCAGCAG ~230bp
R518 ATTACCGCGGCTGCTGG
M13 CGCCAGGGTTTTCCCAGTCAACGAC
165 rDNA V3 RV-M GAGCGGATAACAATTTCACACAGG 200bp
GC 3% GC elamp (5'-CGC CCGCCGCGCGCCGCCCGCCCGGCCGGGGCACCGGGGG-3")
2 HER5HH

2.1 PEIEEEEAN A AR B

765 0.4 mmol/L Cu® [ 1A LB 5553k b L3515 68 N BATE %, Horb 10 Al T F A M40 (5,
X 10 BRANEE K 16S rDNA H BeHI 254 1500—1600 bp, 42 BLAST Ho X 25 & T8 45 24 Mo A= BAE AR IR (4521 K
G) B BN AT R B A . e TR AR A RS 7R 00 B TR R A K B B, T VR AN R T A IR AL
0, T 38 B R R BB A S AR AR TG F7 B R 3% Je IB P= A I B, P T B o e TR T 2F T
VBTG ) il P L R SRR W TS . TR SRS | GenBank JP A2 45 M 2 L T E A S
3 s,

R3 FEATHEARLEERBENESER

Table 3 Identification and enzyme activity of laccase-like producing bacteria

Wk 5 Wk R R IE e fitF%/(U-mL ™" »min™") e

Strain No. Strain name Accession No. Enzyme activity Source
NB-02 SNSRI Bacillus pumilus HM214543 23.23 AR /N =
NB-03 KE/NZEARIFTEE B, pumilus HQ009752 85.80 AR/ 7/ N o = )
NB-09 MF AT B subtilis HM992830 21.39 AR/ 7 N = )
NB-01 Hi B ZEHUFT I B subtilis HM214542 24.95 AR A 4
NB-08 Wi E ZERUFT B B subtilis HM992831 14. 86 HHERRA-F 5
NB-17 HHZEFOAFTE B, subrilis H(Q222830 17.87 HHEBR A 5
NB-04 JE/NZETOAT I B, pumilus H()222829 15.97 FHERR L FE 6
NB-16 BARZETAF TR B. fusiformis HM992833 22.40 HHERR A 6
NB-05 iHZEHAT T B, subrilis HQ222833 40.39 IR T
NB-06 TR ZEMUFF B B. amyloliquefaciens H(Q222832 22.05 IR

SRR B ARG R 10 MR SR BEAN R AL 402K BB T A AT R Y 4 AR BIRG R ZEFLAF R (Bacillus
subtilis) JG/NZEMOFF (B, pumilus) B JEN ZE KT B (B, amyloliquefaciens ) F1H IR ZF f AT B ( B.

http ; //www. ecologica. cn
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fusiformis) o ZFFEFF R R AN B 2 b i S AN B SRS M I A TR 2R D 5 R By R kA
W) B4 It B SE AL R DL G AL VIR SE S A R 2R AT B 2R /MR B 1 CotA JER I 55 M )12, Enguita %
BLIENT T CotA A FHRLER™ , Renate F1 Julian B4 % 18 — Wk A /N 2E 70T B 2E AU 2K I B, LA R I RO SRR e
PERITEIZ B YIFE R, Pan Z57EMETERS ZEAFT I LCO2 TR I T 2E IR BFIE 1LY MOk 2EH AT 3 B A
R TS A DA CHGE

1993 4§ Givaudan 4515 M SR B 20 B8 A A5 [ BUIR TR (Azospirillum lipoferum) H 21 A6 31 i A 40 P 28 0%
fifg| > R T J5 B 5% 2 43 ) DAV BRI T ( Marinomonas mediterranea ) SIRSE AR E (Klebsiella sp. 601) R Y 1
YA AU P & AR AR T ARG, ASHIFSE LA T A R ZUN I, M 68 /™ 4l I 2 45 35 1) 240 i 9 & P v
PG00 280 i P S R BTG P L T R DR R SR A b A 35 T LA M PR ISR B T P A P B AR D U rT B

il A B SR AR K R A e A K

2.2 EUORMEANIE Y PCR-DGGE 7385
2.2.1 J DNA R9#EHU% 16S rDNA V3 X i) PCR $" 1%

DR B - 6 Je 1) 498 i s AR B DNA (T 1) Jiidl, LAY GC Je 4B 16S rDNA V3 Xl 51 ¥9”
BRI Y 230 bp MRRSRPE R B, R 2 IR,

M 1 2 3 4 5 6 7 8 9

23kb—

250bp

1 LRGHER S DNA SRARHRRXE 2 PCR #4165 rDNA V3 X} B0 #E Fa 5k
Fig.1 Electrophoretogram of genome DNA in soil screening sample Fig.2 Electrophoretogram of PCR amplification of 16S rDNA

V3 region fragments

2.2.2 DGGE 4387 16S rDNA V3 X /i B PCR =¥

W& 3a Jr7R A RARAL - S S 244329 31 10 Z5 DL B A HL DK 450  (HAF LA — 2 220, DAZIAAAR 1 S AE
ai AU [RIFRARAY Y 3 ASFE 5 U Z 0] YA DGPR3 - LTRAR 3 SRR 5 1 S E it AL B v, 3
T 2% (Dice coefficient) 4 73.2% , kK22 SHMS 1 SEEMIFHRIME (60.5% ) ; miok4—6 SREN 5 1
SRE SR AR RAIG , (RO BRI 5AEE , 53R 47. 1% ,61. 6% F1 49. 0% 5 [IHEM 7—9 S HERL 5 1 5HF i
AR SR A1, 53900 b 45.3% \35. 4% A144.9% (181 3b) o @ A IBUEE B E L (The unweighted pair
group method with arithmetic averages, UPGMA) #4720, Uil 4 7w, 45 S 32 W [R] Fh AR U RE & a0 21 A8 AR
1553 %5(0.73) , AR 7 55 9 5-(0.58) ARUMER BB Jy— 38 (HARTRARBIAE 5 INZLAAAR 2 5 5 =42
M4 5(0.67) , A6 T 5 MM 8 5 (0.59) WAk IA N —3, X SRBIA[RIARIY 13 v 28 ik ity 22 A AL
TRt 200 TR i 4 K JE ) J 2 5

DGGE 3%[&] Shannon index 84073 B, 150K B AR PR AP DX - 38 v 7 SR IR W A T 2 A E 1 R AN TRl AR B
PR B A Z M TC I 22 5 (P<0.05)  ZLFAMR S 2 BB A0 1 1Y 21 (2. 53) W T I HE
M(2.37) FIBAZHR (2.05) (F4), Kellner 554 1 IR MG M5 HIAWUTEEALA E L XIHRAE SF X BUK
PRAP X ZLAN R TR SSAR A S89E VA HLAK 0 BIF 98 R I | SAM AR R T8 B B B TOUER A %, - 438 h B BLAR (total
organic carbon, TOC) F15) Lk (ease of oxidation of carbon, EOC) % i /5 T 0K 9 i 5 By BE I & R TR 28
FRE S ETRABRTT Sy AL ) bR 38 SR AR AT PRV, 05 A IR T i, HOR R R AR .
LTSS A A 5 JEE A, R B i 1 2 5 05 3 S ) S S8 A RAR T3 32 I A 100 7 SIS T il A o 1) 2
2.2.3 16S tDNA V3 XJFFI5Hr

BEFE DGGE & 15 T X4 2 ir i) gk, Horp 11 A4S (A5 anlEl 3 Fim) £ 349 s b+, X

http ; //www. ecologica. cn
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a b
1 2 3 4 5 6 7 8 1 ot -

4 0= L 0= 1
2l 4 — 0= 1 2
34— 4= 3
4l 4= 4 —+ 4
8 =— — 4 4 8
10— T+ 1 = | = ==
9] ———— e ——— — 9
10] e e — = ] 10
111 = el —— _— —— == —— tll
124 —— 4 = —_ =
134 —(— —— —_ 13
14 —— —— —_ — — l14

1-3: Lok =

4_6;2%35@ 1 3 5 2 6 4 7 9 8

7—9: FIHL bk kR 100.0% 73.2% 61.6% 60.5% 49.0% 47.1% 45.3% 44.9% 35.4%

T Z$L Dice coefficient

3 16S rDNA V3 X 3 B 49 DGGE FkE (a) IR Bk LB E (b)
Fig.3 DGGE analytical result of 16S rDNA V3 region fragments (a) and electrophoretic comparison chart (b)
1—3: ZLMABKEAE Three soil samples in Pinus koraiensis; 4—6: zxAZ2H 1 FE three soil samples in Picea dietrich; 7—9: FAMEM L FE three soil
samples in Betula platyphylla

T iR 4 BB 7% 51T DNA DT, J¥ 51 BLAST LEXT —
GRS, 038
DGGE Z&HF PR 2 SR, K 47X - HEBE 050 7
B -2 W A A B R R R s ;8
( Ralstonia sp. ) JAATHE & ( Enterobacter sp. ) | Z-fFF i 6
JEAN— LR IEIRANA (R 5) o JAPE 3 T, 254 3 0 9 | -,
ANVKIE A 50, 5 GenBank 15751 HM486415 0.67
HEEEP IR E (Ralstonia mannitolilytica) WIFRRIME 054 2
KF 100% , BIRWTEE /3 A )z, BRI TE B = 5 5
HYIIE PR A 4 R N2 SR B0 T B S AR B 0.59 ;
SR, SoEM R (Cupriavidus sp. ) 6 & ARIAY B4 0.73
A P e 5 FE 19 1% 91 7 954 Herandez-Romero 1

SE1S) R A S R I R R B T R B R W B4 o BT 16S 1DNA V3 REHEIENEE S
(Ralstonia solanacearum) 1 EA5 2B B AL NG 1% PEfg[i]  Fig-4  Cluster analysis of 165 rDNA V3 region band profiles of
I, % 1k 2 R R [V R4 L0 7 11 B bacterial communities from Cu®* enriched soil samples

VKIE 8 SN A VKB LA 4547, 5 GenBank Wi 53 1A PR

Enterobacter ludwigii (FR820478) MIRIIEMAN = . E. Ludwigii 52 PR & WL FF 1 s B a8 00 1, 11 4 H
1E 13 KA AR AR DI BEIF ST IR W 24, Shoebitz 58 MR ZZ BAR R 43 B 81—k E. Ludwigii BNM0537 , 3f
IFFE T I B R AR A 40 A A BT Tl o PRI 6 0 1 A B R 0 X 2T R O S Y A AR T
E. Ludwigii Ff# T3 iR BAAHLBEACZRIXS ABR SO a5 Ve it a MR i i /T . 45417 5 FIZRA 9 1)¥ 5]
Oy 95 ZE AT R IO BRAR ZEFFT B (Bacillus circulans) (35525 FJ215785 , HILEE 99% ) FlJf == 4 2F f T
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( Bacillus thuringiensis) (3525 HM629457 , FH{LLEE 100% ) [R] VR M B i, B AT A WG T3 74 A 200 B = 28 8 il
WEPERRIE . BEAh, 255 1.4.6 .8 FI 10 BT 815 — S0 R 35 57 40 1 vw B 13 90 A AR s ARARLE |

%4 16S rNDA V3 X# 3 /7 Bz i) DGGE £ 7 Shannon &R 1$158
Table 4 Shannon indexes of DGGE bands of amplified 16S rDNA V3 fragments

MA Forest patiern Shannon ZFEPEFEEL Shannon indexes SEE Average
ZIARHR Pinus koraiensis 2.63 2.27 2.70 2.53 a
B Picea dietrich 2.19 1.78 2.19 2.05 a
FIHERR Betula platyphylla 1.94 2.55 2.63 2.37 a

*5 NFZEFT5HE GenBank RIBMUFFIHIEXT LR

Table 5 Comparison between determined clone sequence and its most similar sequence in GenBank

Fetrm e e LI/ %
Band No. Accession No. Closest relative Similarity
1 JF750735 Uncultured bacterium clone JF226373 100
2 JE741205 Enterobacter ludwigii FR820478 100
3 JF750737 Ralstonia mannitolilytica HM486415 100
4 JF750739 Uncultured bacterium clone JF018035 99
5 JF741207 Bacillus circulans ¥J215785 99
6 JE750736 Uncultured bacterium clone JF226373 100
7 JF741206 Enterobacter ludwigii FR820478 100
8 JE750740 Uncultured bacterium clone JF018035 99
9 JF741209 Bacillus thuringiensis HM629457 100
10 JE750738 Uncultured bacterium clone JF218015 100
11 JEF741208 Enterobacter ludwigii FR820478 98
3 g

VAR T — i 5 ] 1) 22 W SR A, 7RG 2 T A0 (RIS I R 5 T T 5 R T T I 2L 3 00 7 I A
A (ceruloplasmin, Cp) FRIEFHIPIHTIF MR AILEE (ascorbate oxidase, AO) ML, A& F Z 41 A L
KR, AR B 5 FLTR SO ) R IR B AE 7 OG5 SRR Ty T 22 5 W 2, DRI HL 3 P e SR ISR -
ZHEAEE . SEE T Kellner S5 111 240 P 28 R - 240 SEUAL G T T 5 14 Cul AF/Cu2R™ | LILA IREEAE i
& DNA AR, 3KA5 T 140 bp MHRRPE B B (B DUARTFZE R 43 B 200 10 R F= 2R A0 o 2k R 4 (3% 2) KR
TRV 85— 126 J 1) T SR ol A P 3 TR VS, DNA A, S R AR AR RE Y 3G . 7E Kellner S5 AUAF 5T 1, i
P ELAT ZF AR S 1 PR 0 28 R VT D e o oA A 0 ) SIS R il TR () A AE . D TR AT BB AT - 1 5 | 0 T Ik
55, BT H BRI AE ) A D | B G AR il 1 5 PR AR 5 4 TR ) 22 1 A D REARFR 5

H Al 3 3R B A ) 1) Z R PRI ST T R DS [RIAR AR - 458 v ™ 21 M il 40 T 1 B v 45 1 5 AR 282 T g
FIFHSCHRIE . Kellner S5 AWF5E R R— L X I AR EEZ P, MR LR EERES LD a Y
R EAE . BURBEP X LA T RIS i T o A2 S A REACR 158, HL pH (5008 T35 740
FAER B RPEIE R (R 1), B 2O B4 A A o i o ASHIESE T X R il 2 A D T T A T A R
SREPUIE , AR 55— by 075 35 350 0T - S98AE o vb p S Tl 1 O R RR E A T 8 4R B S U W 43 85 7 T 5 PCR-
DGGE HRZE G S A5 7 KRB MU TR B IE 255 B o TR BVERAT T 2F AT T 8 7 S TS T 240 T 1) e
JEA5 8, 1M PCR-DGGE EI{&E £ | BRZEAFT 1 @ A1, K O30 X 58 rh R A6 R 5 A5 4l 55 77 10 2 7R 3 it o
J& ST TR E SRR SR AN T 3k S 7% 200 TR A 2SR il R DG T R B A R | 3R WA TR SIS R It 4 TR
WEoE 4 B AR R R A RE . PR ST B HAR R AL e A W o3 2 5 i, A0 SR AT L3R4S B B e
Yt alidi s (8T T 5 ST (HSZ A i SO U E W B 357 S s a3 K, HOR &) 43 5 38 A Tk
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Y1, PCR-DGGE FA T[] i PR 50 Ay 2 4% iy, 22 B i A= 4 *ﬁ‘ﬂﬂﬂwBE%H%%U?%’E%%E‘J%&E%@E%
Bo AT B PCR-DGGE R4 1Y 240 1 s 5 B AN 58 AT, 1X A BB X IR HOR B B et e e
SE O R BIABE T T HEA R & BT
Yﬁﬁﬁ?iﬁ@ﬁﬁ%?ﬁ@ﬁ/\ﬁi%ﬁﬁ AUz B AR H AT T S B M AR B A - S A 3R g o
A=A A DIRE M Z B o RO P IS TR WA B 1) o B O BT 3k 5 T X A R I B 1 91 B fT PR 3 A9 PCR 5
W, T2 R W A T 1) 31 AR A R T 5 B R %™ SIS R T2 T 1) o s B A S ) TR B0 v B 4 P 45 A
SAEL RS
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