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AN AR LT e R I TUE 0T 5T 2 e rh T IO, R
WA AR EGE (Trichoderma) « 7% J& (Aspergillus) 1l
T 8 & (Penicillium) o 107 41 B %58 R 7= i 3 7 PR
R IR, AL 1 SRS R AR T Tk A
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TRURIE 58 A Ry » R A Sk s S vhn FL A% A 10 4l v 7 A
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L1 FERFFLE
Taq B« FR #)E 1y V) B - PCR Fragment Recovery

Kit 254 7 £ 9% 3R 7 (TaKaRa) ; 5191 & i 2% )7 %1
Mg (LA T) s PCR A B R H Bk X« 58 A0 e R ke
%5 ¥t &2 4t (Biorad) % R RA% A% Wi 4% (Eppendorf) ;
/NS B 0 HL (Eppendorf 5418) ; {8 3 % 5 46 (ZSD-
1160 B, 34k 43 b7 A3 385 3 A PR A w)) 5 4l K ol
% % 4 (Milipore) .
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1, 28°C K IR — S > FH TG R KR R b 4 HUBE N K B
es i S e gt 2 -3 ko I H TG B EBAORE t
HE IS B B W Al T CMC B5 R 3P M. #5972 d
Ji > IO mg/mL ¥ W B L0 R 42 h, 57 25 Gl
IINIE 1 mol /L NaCLyE i, PE¥c1 hy B V& B B
(1375 B Bl A28 DK /0N B 3 M T 7 A A A 35 T T R B o
1.3 AHZREBENE

W b 3R G 228 B (R T RE 23 0] 2 AT T 4 2R
SE o fECL N BT, BT AW R B 1 AL SR 3 &
523 UG BCE A

K DNS b ta ik, R4l 2 2 2% ek [, 13]
)% D0 T % b AE D 28 OF D v 4N (FPA) 35 J Al
CMC B35 )

g 1 mL B A SN 1 min Y 7= A2 AR Y T
1 wg/mL7 %5 8% 1) 38 88 & J € 4 1 [ by 547
(110)
1.4 SEMEENIELTE

XA B I i I TR R AR AT A R, S G
S 50 4 JRCH R IR AT .

G 1R DR A PR H & 16S rDNA [ 9 1 2 I &
E S S Il 3 < 5 I X T S
CLUSTALX F1 MEGA 3. 1 %44 2 2 45 ) & 4 % 1
PRHEAT I S
1.5 HAERBEEE

T I E A B 1) B AR 1 TRD Y A v 1 A B T
O 41 48 % I 7 ), )\ GenBank ¥ & v F 2%, tb
XF 43 BT > AR X 28 3 B 1R AR 7 X B uh S 9E 514, 243K
of 7 G B I e v Tk v bR R AT AT 4 R R D
eIt B E 4 H: Enl : ATGAACGCATTTCGTGGGK
KAC; En2: TTAGTGAGAACKTGCGCATKCC. PCR
F4 4 AF 1 94°C 5 min; 94°C 1 min, 55°C 50 s,72°C
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1.5 min,30 ANMEH; 72°C 10 min. §14 2= Wy 44k J5
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o AT AR AAPE 4 % R H DNAMAN $R0F X 73 (¥ )7
H 5 ORI 2T 4 31 B L DR e 41 EAT A% 1 R A 2 R TR
EEXT S 43 47 T 45 77 51 (KRR AE
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1 RRIZERENANBKBIERENE

Fig. 1 Transparent circles by hydrolysis on the congo red plates.

#1 NIRRT CMC FHRADFLER

Table 1 ~ Primarily screening results on the congo red plates

No. of strains C8 C7 C5 E8 E9 F11  F12

Colony diameter (cm) 0.8 1.0 0.8 1.0 0.6 0.8
(sD) (0.2) (0.3) (0.2) (0.1) (0.1) (0.3) (0.1)

Di f
iameter o 4.2 3.8 1.4 1.2 1.0 0.8 1.0

transparent

zone (cm) (SD)  (1.0) (1.2) (0.6) (0.7) (0.2) (0.1) (0.2)

Diameter of
transparent zone/ 5.25 3.8 1.75

Colony diameter

1.2 1.125 1.33 1.125

2.2 AHEEMEMNEER

T 5 A DU A A oD 2 0 R B R

Xt ok AR A B Pk AR B RE AR IR LAk B AT
it 7% 52 1 W A8 > R BLX T BR A R B PR 6 AR R
FPA [ i F1 CMC [ %, SLh 40 & C8 1) FPA il 3% Al
CMC 35 2> A 5] 5. 48 U/mL il 4. 84 U/mL, 2&iX
7 K VA I B v IR G 4 5 RS R ) O 4
BRI -5 BARMEGEINC R ILE 2. Lik4
R, AR C8 TR B 11 £ 4 35 W 0 5 9 o
2.3 {HE C8 HWHkHIETE
2.3.1 FREVEFGE 40 p C8 FEVEIRE G, 41 i K/

0.7r $=0.4451x +0.0574
06k R2=0.9994

0.5}
0.4}
0.3}

<@
[

c(glucose)/(mg/ml.)

0.1

02 0.4 0.6 0.8 1.0 12 1.4

2 DNS b &AM B AR A &R & ER
Fig.2  Standard curve results during enzyme activity assay by DNS

colorimetric method.

#5(0.5-1.0) pmx (1.1 -2.8) pm. HKHLEN
K TEOGEE AN IE W, 32 D6 R L &R
RECRER. WA R ERESRIER  BATR, A
MR Wi gl 1, 2 DL B8 A2 e (K13) . dl
38 B VR 2R 6 A B A% R Rk B is b .

2.3.2 16S rDNA [F 54> #f i it o @ ek 1 C8 1
16S rDNA J7 51 dF AT W 52 k13 T 1413 A Gk 5
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#2 FPAEFEMM CMCEENELER
Table 2 Results of FPA and CMC activity assays

FPA enzyme activity

CMC enzyme activity

No. of strains ¢ (glucose) /

Enzyme activity/

¢ (glucose) / Enzyme activity/

oD (SD) 0Dy, (SD)
(mg/mL) (U/mL) (mg/mL) (U/mL)
C8 0.357(0.2) 0. 164522 5.48 0.216(0.1) 0. 145 4.84
c7 0.3(0.1) 0.13915 4. 64 0.2001 (0. 1) 0.138 4.6
C5 0.23383(0. 1) 0.1097 3. 66 0. 1895 (0) 0.133 4.44
E8 0.2128(0. 1) 0. 10003 3.34 0.1883(0. 1) 0.133 4.43
E9 0.2116 (0. 1) 0. 0998 3.33 0. 1746 (0) 0.127 4.22
F11 0.2377(0) 0.111 3.71 0.1992 (0. 1) 0. 105 3.52
F12 0.2182(0. 1) 0.103 3.42 0.1688 (0. 1) 0.124 4.14
control 0. 11633 (0) - - 0.019 (0) - -

B 3 Enterobacter sp. &tk C8 B2 75 F4F1E
Fig. 3

Morphological characterizations of Enterobacter sp. strain

C8. A: colonial morphology; B: Result of Gram stain.

(GenBank 5 JN705915) , £ GenBank Lt X 5 M 3k
7371 C8 B #E 7 4 AH L B ¥ 16S xDNA 7 %1 18 4,
YE#E Bacillus subtilis JX012292 Ky 4bBEM 2 T R 4:
KEWWE 4 . Hp, C8 5 Enterobacter sp. 5%
I TN BE S 7 HUAHALYE S Ky 99%

A5 16S rDNA [a] Y5 1E LL 5L, 25 & Wk B &S
2 WL 5% N A BRI TR AN 43 5 10 B bR E A

Enterobacter sp. » fiy % 4 Enterobacter sp. C8.

2.4 AHXZEMERNTERFIISH
PLANE C8 WAk FE K 241 DNA g #i4i, PCR 4 4%
P ERE I, PR 1. 2% B G B U IS FL UK 4 T
i RWIRTEZ) 1.0 kb A A7 —45 4 38 457, 5 Tl
WIH) DNA Jy BER/MRET

¥ PCR = W) iy % 42 JORE pMDI18-T, Bl Ji5 % 4k KX
A TE XL—gold, Xf 3K 13 B ¥ 4k v £ 47 I ¥% PCR K
W B v B S 73 2 A B Al 5 R B R RN —
Ry DNA JyBre X3R4 89 AN B PE 8 A4k 5 HE AT W)
PR T5 W B AR S B2 BUOIORE o K I R A TR IR AT
b AR AT R A U SE

P3G 7= e A 45 R B R % DNA Bk ol
1104 bp, % i 368 A% He MR- ¥ 1% ¥ 41 $2 & 3
GenBank 4 &, 3k 15 3 K & 5% 5 Bankit1525160,
JQ845065 . % v [ 73 2| (¥ Jk X 5* 41 5 GenBank t
O 2 4 25 i 55 DRk AT AR ALPE LX), 45 3R )7
55 E. aerogenes KCTC 2190 [ £T 4k % & i I V. H A7
BesC [AZ IR 3 4145 97% 1) RV M & I 2 7 91 47
92% It) [8) Y5 Y ; 5 Klebsiella pneumoniae [f] endo-, 4—
D—glucanase JEP5 47 82% ¥ [A) Y 1% » 55 AN 1] K% 7% (1) 41
VA DD 2T 2 32 W R DA 82.% ) R A (R 3) .
3 e
21 20, B R R B i R N S I I 1 e
Ik o 2T 4E 28 BT U S L Bk b a1 ] AR
BEUR > o N AL AR A (1) B A R U 2T 4k 35 (A
FH AR 20 Bt Al o) it e M 5 B8 U5 e AL 3 853 05 4 45 1
R T OR R o 2 Y 3 0T Bl R B K R R 2
B 120 R WA B SRR 0T o TR K AL S B
s 1Y) e e 2T Ak 3% 1) 77 5 AB 3L BN T SE AR SR IR~
U~ v Hs R R ok ) B A A AR R BE AT OA AL
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0.05

Enterobacter sp. TSB75 (JQ864378)

Enterobacter sp. PSDCB3 (JQ864388)

c8

Enterobacter sp. TM1_4 (DQ279308)
Enterobacter sp. VIw24 (DQ481480)
Enterobacter sp. PSDCBS5 (JQ864389)
43 Enterobacter amnigenus JCM1237 (NR 024642)
Enterobacter amnigenus CONC4 (EU275356)
Enterobacter sp. S6BB (AB428448)

2 | Enterobacter amnigenus KZ7-10 (JQ062999)
Enterobacter sp. 253a (AY082447)
Enterobacter sp. TM1_3 (DQ279307)

40 Enterobacter sp. PW4 (DQ985288)

—Enterobacter sp. C6-6 (JF939050)

94 |— gi|325660493|gb|HO242733.1]
45

Enterobacter cancerogenus PSB20 (HQ231953)

Enterobacter amnigenus E63 (HQ407240)

651 Enterobacter sp. RsN-1 (AB673456)

Enterobacter sp. TSE38 (HM156134)

Bacillus subtilis TEB 29 (JX012292)

4 {&k#E 16s rDNA FHIMBHEK C8 MAZ L EH

Fig.4 Neighbour—oining tree based on nearly completed 16S rDNA sequences

The scale bar indicates0. 05 subtitutions per nucleotide position. Seqboot values were showed on the branches.

R3 BHE CSAERBERFIIMEMMELLER
Table 3 Sequence similarity comparison of Enterobacter

sp. C8 to others

Homology of  Homology of
GenBank No.

Source of the sequence
nucleic acid/% amino acid/%

CP000653 Enterobacter sp. 638 84 80
Enterobacter aerogenes

CP002824 97 92

KCTC 2190
Enterobacter cloacae

FP929040 80 77
NCTC 9394

CP001891  Klebsiella variicolaAt —22 82 80

CP000964  Klebsiella pneumoniae 342 82 78

Uncultured bacterium clone
IN016742 82 80

MCel endocellulase gene

Klebsiella pneumoniae
HM235918 81 80
cellulase gene

Klebsiella pneumoniaestrain
HM174251 81 80

cel]V cellulase (cel) gene

et 77 AR I R WA 4 38 O™ I A BTG G e i i
it 2T A 2% It A2 R IR AT BT b AT, BEAT R

R A R

2T 4fE 2R g Lt 2 Mg 2 Sy 2 R S S e AE R
Yy Wi At 21 2 31 POl R A I T SRR T . 1906 4,
Seilliere g 2 (¥ V1 AL 1 A BLET 4 3R il LLOK S, AT
CAZFREY h > B B4 K M. H A, A R 5
DAl TR ) 7 90 0] T 4 3% g ok DL R AT v B R IA M — 2%
S5k E 5 T RS T e R H ol e
Y SR 0 B A LU BN A, G T AT R O 1A
o 55 Ty E 5% A& HIWIE 5T 9 i ik LE B 9242 -

WFSC R B L R i H T 26 77 0 21 4 35 g ok U T
B, W AN B (Trichoderma) « i1 & )& (Aspergillus)
FI75 %5 8 (Penicillium) ™77 o #9241 N A A
G 3G IR AR By AT AL S R AL A o T
NEIRSR & 379/ H iU NE pri v S

FARE £ dUE AN KA H Y, 51 2
HUI » 3 AR B R AR T, Ay oK™ HL Y 48 B R R M AR
AR o R 2 S0 B 0 S0 JE PR A 3 & AE
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DUAA A4 e o485 oty 1 40 7 vh A7 ] BE SR AR A K B0 70 Wb
2T 4 25 Mg ) TA PR

e T LA B R A ST T e B 9 DX R R B &
O A AR TR R o) B R B T PR AT 4E 3RS s ) A
R TRT AR 0] 3% 1 B v IR TR PR C8 AT W) 2P 4 R
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C8. Z W Mk iy FPA Mg & F1 CMC Jig 3% 73 7)) i& %I
5.48 U/mlfl 4. 84 U/ml. A 33k — 50 i % 1 3f
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Screening and identifying cellulose degrading bacteria
associated with Bursaphelenchus xylophilus and cloning
corresponding genes
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Abstract: [Objective] To screen, identify bacterial strains with high capability to degrade cellulose from bacteria
associated with Bursaphelenchus xylophilus and to clone related genes. [Methods] First, we collected B. xylophilus
samples from pine wood nematode disease areas in Nanyang, Henan province, China. Then, we obtained the bacterial
strains with high cellulase activities by primarily screening according to Congo red plate methods. The bacterial strain was
classified by phenotypic and genotypic characteristics. We designed degenerate primes according to the known
endoglucanase gene sequences in GenBank to carry out PCR, and analyzed the cloned sequence. [Results] We obtained
seven bacterial strains with high cellulase activities. Among them, the bacterial strain numbered C8 showed the highest
cellulase activities. The bacterium was classified to be Enterobacter genus. The full length of a cellulase gene ¢cDNA
(1104 bp) (GenBank JQ845065) coding region was successfully cloned. The homogeneous analysis demonstrated that the
deduced nucleotide and amino acid of the gene separately shared 97% and 92% with the cellulase from E. aerogenes KCTC
2190, and 82% with the endo- ,4-D-glucanase gene from Klebsiella pneumoniae, and 82% with the a cellulase gene from
unculturable bacteria. [Conclusion] It was a novel cellulose gene cloned from B. xylophilus associated bacteria.
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