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Isolation of Thermophilic Cellulose—Decomposing Bacteria and Cloning and Expression of an Endoglucanase
Gene

TIAN Wei, WANG Lei, LI Gang, WANG Zhen, LI Yan, ZHANG Ji-bing"

(Nanjing Institute of Environmental Science of the Ministry of Environmental Protection of China, Nanjing 210042, China )
Abstract : Thermophilic cellulose —decomposing bacteria could shorten digesting time of composts. Here we isolated eight strains of ther—
mopilic cellulose—decomposing bacteria from composts produced from dairy manure and rice chaff using filter paper as a sole carbon source.
After 48 hour cultivation on CMC—congo red medium, strains T1 and T2 had bigger clear zones than the other strains. Based on the morpho—
logical, physiological and biochemical properties as well as 16S rRNA homology analysis, the strains T1 and T2 were identified as Bacillus
cereus and Bacillus subtilis respectively. Endoglucanase gene of T2 was cloned and domains analysis showed that the endoglucanase gene
contained an open reading frame of 1500 bp, corresponding to 499 amino acids. The endoglucanase was comprised of two discontinuous do—
mains: one was N terminal catalytic domain belonging to glycosyl hydrolase family 5, and the other was C terminal substrate binding domain
belonging to carbohydrate binding domain family 3. Using PET28a as the expression plasmid, the endoglucanase gene of strain T2 was suc—
cessfully expressed in E. coli BL21(DE3). SDS-PAGE analysis showed that molecular weight of the expressed protein was about 50 KD and
the concentration was about 93.14 mg- L.
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B, PRIHCRT DLACH , LT e A 1 A v 2T 4 2 4
FEAERTRA R, HEAC R b UL HA £ Y R i
I MR A W AU HE Bacillus (Clostridium Strepto—
myces Cellulomonas S5 ASC N DA ZERNZZH0E F IR
A L B MEAE AR S p EA T T e TR T R R P T 1Y
I3 IR H b — AR IS ML 1Y Bacillus subuil-
lus ERRATNUIEESE PR T T sw eIk, A B RE S A7
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1.1 HE#Hm

FRA-ZEHERE SRR B A RE R T s i 2T 4 2R A
TSR ES  FEAR B VLB A FR A eI MEAE T
1.2 1ExE

B A B 55 3 . NaNO; 0.5 g, KC1 0.5 g, K,HPO, 1.0
2,Fe,(S0,);-7H,0 0.5 g,MgS0,-7H,0 0.5 g, IE 4% 5%,
ZEIR7K 1000 mL, JEACARSEH 1% ISR IR 16 24 h,
2% N1 K vk P, K S #5H.

5 e 3 FE K19, CMC—Na 5 g, KH,PO, 1 g, JRZ 0.5
g, (NH,),80, 0.5 g,MgS0,-7H,0 0.5 g,FeSO,-7H,0 7.5
mg,MnSO, -H,0 2.5 mg,ZnS0O, -7H,0 3.6 mg,CoC,, -
6H,0 3.7 mg,CaCl, 0.5 g, WIS 41 0.1% , 55§ 25 g, &
HFKERR 1L,
1.3 BiRFHEZERENITEMEE
13,1 il 27 4 2% A 1A (1) 0 1

4 10 g Hrfif B9 NERHE S A I E] 90 mL K E 1Y &=
FEREFRIEPY, 170 romin™ 50 CIE35, TRIEAC AR IS LA
5% HERI i e B i () B AR R SR BN, i 2 A 3
W W WIBGELL 4R 3 IS BRI 1 mL, BREER RS
JE WL 0.1 mL ¥ A F i 55 57 3, 50 CH5 5% 48 h, ik
BB B D TR ET T 2 o s alidl, BRI IR
ZRUEJG R T 4 CUKFIN . B K 4 CIRATH
A SRR Ve RS 350, 50 CCIEFE 48 h I, MIE TR
BB RN
1.3.2 il 4 R R o i 5 e

DA AR A AR REAIE e T 2 B SRR s iR A 71
U B B R SL [ 4 DNA 1B 8 PCR b A4, R
FHAHTA 16S tRNA (138 519647 PCR §73%,
EG ISR : 5'~-AGAGTTTGATCCTGGCTCAG-3" ,
5 4F5 R :5-AAGGAGGTGATCCAGCCGCA-3'
PCR WA Z (50 wL): 10 xTaq Z&MHAR 5 wl, B

B DNA 1 L, ¥4 10 pmol - L™ (951414 1 wL, 10
pmol - L™ ANTP 1 pL,Taq DNA B4 (5 U-pl)0.5
pL, JatiK 35.5 pLo S 45094 CHiAS 1 5 min,
94 °CAFVE 1 min,52 CiB X 1 min, 72 CHEAH 2 min,
PEAT 30 NMIEIR, B 72 CCHEMH 10 min, B2 [EIHCH #
A, 885 5 pMDI8-T ZKEH: , ik 2= KIG A
DH5a, §ifi 6 BAPE se B DEA T FE 511 5E o 168 rRNA J7471
N 7 57 P T T 4 0 i A ) R IR 55 PR R S8 B o
W7 2584 GenBank HifEA7 [ JEE L X, M4 L XT
g5, ] Mega3.0 IR SR A E# R Gk ik
o
L4 WYIEEREEREEFRIE
1.4.1 KR Ay

B4 ES1:5'~ATGAAACGG-TCAATCTC-
GATTTTTATTACGT-3' fil ES2:5'~ATTTGG-TTCT -
GTTCCCCAAATCAGTTTTCCT-3'§ 4% Bacillus sub-
vilis (N DIEGIEER , i A5 5 IKFE 26 4 B T HL (Sig-
nalp3.0 Se rver,http:/Awww.chsdtudk/servicesSignalP/) X}
LFYER NI (5 S BRI, RBR M5 5 71 5 &
B s, FFEAE BS54 5] A
BamHI F1 Xhol F&BEEI s A% I (AR B3 , Bacil-
lus subtilis INYIHRAHEBGIEE 5 977511434 : BSEL : 5"
CGCGGATCCGCAGGGACAAAAACGCCAGTAGC-
CAAGAATG-3';XSE2:5'-CCGCTCGAGAATTTGGT-
TCTGTTCCCCAAATCAGTTTTCCT-3', PCR J& v {4 %
RN 505 1.3.2 A0 K3 2089 H i A B ik
J& AL ZE E.coli DHS o JEAZ A5 ML, BRI BESES T /5
FLERI, B i TR BamHI A1 Xhol 3#£4 7 X
Y1, 1905E R LK RIS H 9 R B K P DI S R R Pk
fBH pET-28a(+) LLEE/R . 3:1 B LR &) 16 CH
BT A E.coli DH5o, Pk Ak 12 BUTURL S e
TRIGUE TR AR /IN, K B2 A ) 6 K UK A 44 R p28-—
egBo A {di FH SMART(http;//smart.embl—heidelberg.
de/ )4 T 1P H S5 F AT
1.4.2 WYIEGIER (/) 2235

W F 2R U 1Y 2R 3K BTRL p28—egB #2 AL F E. coli
BL21(DE3)&Z &40+ ,30 °C . 170 r-min™ $EPRES
72 % ODgy 7E 0.4~0.6 Z[0] AU H 1 mmol - L™ 11y
IPTG 55 4 h Ji5 AR 1A, 8 75 IR B AR 4 L, 10 000
g4 CELL 5 min, I FIEBN R , (R 17T -20
CYKF - 18 DNS 3L K 1 375 W AT , £ A SDS-
PAGE ZE ITHLIKHEAT B A AR, BARER AR 2D 5%
Z BT R BRI W i 804 1,
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2.1 FAHEERBENSBESIHE

PIUEARS N ME—RRIR , 22 IR B alifk, A 3E
HENE R B Be AR a R o 3 T 8 Bk AR AR R B
A VE B IR AN B (50 °C), Hoh i bk T1 T2 oA
BRI LT A AR, BEAS VA ISR 2T B 55 5 |
7E A B B K A PE L 48 h SR B AR T1 A1 T2 (137 B 1l
55 0 LB (H/D ) 451 ik %) 3.12 1 2.33( 1), 8
i T HAB AR

L

B 1 EHETI 0 T2 RN RAEFE EREAE
Figure 1 Clear zones of strains T1 and T2 on

CMC-congo red medium after 48 hour cultivation
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BHB TR, AL EAE, AR, E R SR E
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T 1 PR BRAR T1 A T2 (1A BA: LR 1 5
TELER, T AN T2 {9 VP IR E: Gk K i DI
MR | a4 P S A P Bl S 7 3% 22 B, i
N5 DR 6 DU 247 52 BRI 5 T AT LA 22 200 S LA
2B IR, T2 UL AT L] AW 1 A 2 ™ AR L
AT MR FURERNH 8288 UEA IR s RR T1 1%
A8 R SO 2 PR AT AR A S 36 S BRI i ATk T2
WIS PE R I o

23 FTFEMFEETE

J9 T AR DI E AR T1 A T2 Y5327,
A% B Al FR A RN 20 DNA a0 16S rRNA
3 S | B 365 T 1.5 kb B9 H 9 4 Be. B 2 Bip
AN RTERR TR T2 R GEA B, TL A T2 2500 F
Bacillus cereus F Bacillus subtilis 14y b, H5 B4
IR SAIR 3 T 99% , 4565 I L A FEFRAE AL
FEPE, ATDARIAARE bR T1 RN T2 4350 4558 R Bacillus
cereus F Bacillus subtilis .

2.4 Bacillus subtilis RY]1ESE FE B 7 & LR KX FH A
HE

A Bacillus subtilis T2 B 241 DNA Syt ,
it PCR SNy 153 7 —B% 1500 bp 24719 DNA Bt
egB(K 3A), %IEH 5 E LB W Bacillus subtilis
AHI8(EF070194 ) i) A DI il BE AR B 2 T 99%
5 Paenibacillus campinasensis (GU206788 ) ) N 1] [if
FERAHRIE RS T 98%, 15 Bacillus amyloliquefa—
ciens FZB42( CP000560 ) {1 PN 1 it 32 R AR R > 93%
AT LA BB T Bacillus subtilis T2 14 ) i
SEPR M 5 383 blastx 7E NCBI 048 e h 7628 He kit
T TR 52 AE (ORF ) 434, 2 BA M\ Bacillus subtilis T2
PGB IR P95 A — A58 B ORF, % B BEHE
Zifs 499 ANEIERR Y, A5 R BTN g 8.55, 4%
F&M 55.3 KD,

1 1 XF Bacillus subtilis T2 PNV A0 25 ¥4 188437
R, OB B DA RS A A R bR iR
1 o N-aif A 4540 R (48-301 S 2 B/ ) , th bk
FEAKIERGSE 5 AN, %53 2R MY K
MIVERT 0k C-uiiR 25 G a5, kKb &%)
G5 ZERIRR R 3 4L, I\ 356 5 2 SRR SLTT iR 1)
437 SRS, 182 DRk, TS A4k
RRMAES ML S T 7. 7550 e 472~
485 SEILIRZ A — Bt 14 DN IERRT I MR 24
PERY DI, Rl 26 1~29 5 2 SL 5k B N 155 KP4
FHZE S RPN E, BT 514 BSEL #l
XSE2, Mk 7 5 AR Be R/ VAT I Fak 2R
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Table 1 Physiological and biochemical characteristics of strains T1 and T2

mEk VPIRE JEROKAE B 22200 AR FURNE O HERWE WA MER R W ik RLER ERRE

T1 + + + AG* A G AGT AG
T2 + + + AG A'GC AGT AG

AG* + - + - + +

AG - + - - + +

= AR  FR DI A G

Note: “+”positive; “~"negative; A : acid production; G : gas production.
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57—T1
3§|Em‘illus cereus(T)AE016877

5 Bacillus thuringiensis(T)D16281
100} YBacitius anthraois (T)AB190217
Bacillus mycoides(T)AB021192
Bacillus weihenstephonensi(T )AB02119

’7 — Bacillus marisflavi(T)AF483624

100 1 Bacillus vietnamensis (T)AB099708
Bacillus koreensis(T)AY667496

0.005
—

Bacillus mojavensis(T)AB021191
40['L Brevibaoterium halotoleran(T)AM747812
85 L Bacillus subuilis(T)AF074970
Bacillus subtilis(T)AJ276351
T2
Bacillus vallismortis (T )AB021198
Bacillus amyloliquefaciens (T )AB255669
Bacillus atrophaeus(T)AB021181
Bacillus sonorensis(T)AF302118
100 Bacillus aerius(T)AJ831843
75 Bacillus licheniformis (T )DSM13 CP00002
99 [Bacillus safensis(T)AF234854
Bacillus pumilus(T)AY876289
100 Bacillus dtitudinis (T)AJ831842
m —{ Bacillus stratosphericus(T)AJ831841
95| Bacillus aerophilus(T)AJ831844

2 BEFEBR T #1 T2 ELE X REEE A 165 RNA EEFIINSEREEZTN

Figure 2 Phylogenetic tree showing the positions of strains T'1 and T2 constructed by neighbour—joining method based on 16STRNA gene sequence
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Figure 3 Agarose gel electrophoresis of recombinant
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p28-egB( [l 3B), AT T IS 4210 P VTG SE IR (9 4 i Y
25 HHEBWFERIE i ﬁ
2 IPTG 55 4 h J5kh AFIREAK p28—egB K ——
J T BT e T YR 22 R A U O R i 0 A5 1 REL It 3R e ey 27
MR T P OIEETE P, MG IR E] T 2.32 U-mL7 TFE A ez
Z AR pET28a FoAH R U] A e Aoz ) 21) P DD G 14 |, 150
B I SL R O 25 7F E.coli BL21 ZHE AR Sh 351k #
M 5 RS RIS , 4 SDS-PAGE 43#7, & PiEE A 23k
Ak p28-egB [ HH iV 7E K 24 50 KD 4bw] I Bacil-

—— 36

Maker: protein markers; 1:induced BL21/p28-egB;2:induced BL21/pET28a

4 IPTC BEREMHMAZEBNRESN
Figure 4 SDS-PAGE analysis of fusion proteins induced by IPTG
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lus cereus F Bacillus subtilis . % H & B AEY) =
HENEA ALY T B BT o SRS HENEAE i rh
LR T 15 MREA L8453 BB R i i s A L
A 13 BRJE T2 LA R ; Tian S 1] 16S rRNA
FEDR SR 7 i R 2 E R R NE Y56 0.12.42.112d
BIRE S HEL T T A 2R A3, R RTE Sl B B (42
) ZEAAT TR 0 B ) e RSO A0 o AR SO0
FYTERE T1 A1 T2 78 50 CHAF T AR REF, HEW 54
FEHENE L AR R IR B AT A R ORI R FE A
R R i AN HENE ) e 2 S A B D AR OG- RIS
AT TR & 0 A ) A B s Ui AR B
S T HE AL = R N T LA AR AT B ki

AR X Bacillus subtilis 7% PN ) il 5% K] yE
177 yabEfnaRin, HoREGEWR 0 N DIBEE 4y 2.32 U
mL AEXS T 2 24 B A R R SR N DTS M R
—E ILFA o BRAR S5 43 B3 B I — R R 2 FLAT BT 7 1N
YIMGEE 9 1.0 U-mL™ 22451 {HB] R AR T Liu S5 4008
BT LB Aspergillus fumigatus 75 4 N V) EEE 2,
27 A BT S B R T ) e 7 R BT 4 2R
W FBL, AAia—EMHE Bk, A Bacillus
subuilis TN UIBERE D Y SR i FH 2 1A W7 r R
51 2 B 4G5I R ) B R S A SR L AT e R
FEfR AR ERAL T AT BB, 5340, A Bacillus subtilis 1)
DAY S S5 , T LAY TSR R R A5 454 1l
BATZ NN AE

LT YR R N DA R I SN A T
g B 2 W T W B IRl VE R 25 2R, AR ST H O
T Bacillus subtilis BN YIBES L, HAESEPRA = Hh1a
PRI AR R IR T IR B g0 K, DR O £F 4 2% 1 552
PRI B Z — & BB T A TRl — 2 R AT
o TIHh, TR E IO R A AT 4E R
il =0 H 5 B AR T HA R AR C R i A
WYL , TF AR AT, N T HERE . (H2, A
SRR 42 v A W o A IR 3 00 10 B AL R Ak
Rt TR bR

4 g

(1) AHERE it B BERT G A ity v 280 o 4 00
RIS 1 30) A o 2T 4K 2R DA U R P 4 v 0 e Tk TR
R, SEE A EAR G AT, S E
Bacillus cereus F1 Bacillus subtilis .

(2) N 5ERE T Bacillus subtilis 1500 bp F£T4E R
DI EHE PR, 1223 PR 2 B 1) 7 SR N DT bl N o

AR ZER RN C St JEC ) 235 4 5 Ky 3l P AS S 8 () 5 4
320 B, SDS-PAGE Hi Ik B33 I /s 1% 85 11 R /IN A oy
50 KD, #2440 93.14 mg- L',
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