Research Paper

WA 2 A] Acta Microbiologica Sinica
52(9) :1113 = 1121; 4 September 2012
ISSN 0001 —6209; CN 11 —1995/Q

http: / /journals. im. ac. ecn/actamicroen

RKEBVEALZSTBEN T BEER IR

BERR AT, A, T, ARST AT, R
YDA KA A R S AR, e 625014
DY 1) e bR S T A DX A A ) 2 Sz B 3, HRVLIE 611830

FEE L 0 DA 5 K BE A8 60 36 5 v 23 2 A7 21 i 22 i 0% 1 10 BT ke > o JC R AT T P 6 7 ™ g2 i
Fo 07k IR IR S 2T 4k 32 A 5% 77 ik 4 3 Al A 1A 0 o 21 A % Wl 0% P 1) AT R » AR 90 T 28 2 KR AIE < A 2R
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o, ok A or b & T E KRR s . ek
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P00 D R T D P L P PR 4R T > I 8 A T P ) ol 288
I B b ATV AL T R R S Bk B )
B JF T O AR o T (1 75 B W 5 7 A
e E DR AR AR A TR O AT RE A AE 1R I% IS R
O3 B M A T A R IR AR TE T IR %
SRR FT

ARSI MR 2 251V Uk FI8 2 i 1 14 £t RRE K 1B 0
i S rh, R A CMC—Na K5 FR B3k 0 B8 H 1 B
I RRET Y 2% BE S BRI B AR P2, IF X EREAT T B R
S AT YRR M A I T N AN R 2T 4 R SR 1 B

RTE 2525 UL L ™= £F 4 W T 0 LR
1 MR
L1 g

L1 #EGRIR:FE R FHE 22 250 Ik B A 3 8
SRR RER (1 FU 24 I 354

L1.2 $F5FE QO FHEM) maE IRk CMC-
Na 2 g, Peptone 0.5 g, Yeast extract 0.5 g, MgSO, *
7H,0 0.25 ¢, (NH,),S0, 0.25 g, Na, HPO, 0. 05 g,
KH,PO, 0.5 g, M5 40 0.2 g, Bifig 20 g, ZE 1K
1000 mL, pH i & 7.2, 2 CMC-Na ¥ {4 55 75 5
CMC-Na 10g, Peptone 10 g, Yeast extract 10 g, NaCl
5¢,KH, PO, 1 g, MgSO, *7H, O 0.2 g, & 1% /K
1000 mL. pH % 7.2,

1.1.3  EE{KFIF0{LEE : Peptone. Yeast extract i H
OXOID i ] 2 7, Gelatin 1ty [{ SIGMA i 7 2 7],
Universal DNA Purification kit I H Tiangen 41k 2%
A AR R AR A A I B BN R R R
B2 ], SEAAL 2 WAy 7 4 BF 6. OLYMPUS
CX21 Y 2% & 55 ) B OLYMPUS 7y &~ S1000
Thermal PCR {5 H BIO-RAD 2 @]+ Gel DOC 2000
B R G0 1 BIO-RAD 24w\ UV2102 C %Y 4%
HNAT L2366 EE VI [ UNICO 24 ]

1.2 HAHERSEERGGIE

L.2.1 EEEFRAGE : AOFiF RS HEER A FFR I
10 g FEFE, INANEEAT 90 mL JE B /K Gl BB 2R (1 =
FILT > %37 20 min, 8 AN FEFAE A7) 1) ) 1 A B B2
1071072010720 10740 1075 10 7° [ BE . A
CMC-Na “SFHLIRAT 10 7 5 B J8 1 6 A £ 9 500 wL,
BT 3T CARI I IR A I A G TR 48 h i, MR R A
KAB WL R BE AR B 97 . 48 h JT, AR 4 B 97 41k

AN PO A5 PR A K H SR R K A P 8 K D B T
#AE CMC—Na ViR I ST RIZe2lith o BRI FE i1
R R LR 3 P R R AE CMCNa ~F A I, 37°CHE
MLRE SR 48 b, P A AR I B AR AR d K B
%D
1.2.2 &0 K D/d 58K Bk 23 0 £ Fb 3
10 mL CMC-Na ¥ A4 15 9% H v, Ll A 28 3 &2 0 7 bk
(1 D/dAH, 275 S 1.5, 2 [ 7700058 (0 41 4 35 5
Pl 7% A 2 S WE T I R AR
1.3 E#HP2EBELETE

RIS 2T gt WS bR P2 (M BT T A,
KA B L RPOTE MR AR ES . % 30k 04 -
161 H R Ak A 40 A6 B0 A b 5 e vk F R Do 2 e
F g -
1.4 E#k P2 89 16S rDNA EEF3H 47
1.4.1 16S rDNA 9 PCR ¥/ #8: 75 & £k P2 %Ik i%
PH 5 1f) CMCNa P4 HR R B %, 2 2% 3k [17]
Hifg g7 W A Al w5 Y 27k (57—
AGAGTTTGATCCTGGCTCAG3") « 1492R (5°-TACG
GYTACCTTGTTACGACTT3") i 1T & ¥ PCR, i%
invitrogen(i:?ﬁ) EWEARA R A A AT A E
1.4.2 RHEABERAIME K AR P2 (1) 16S tDNA
I 45 5L 5% ) 3 3F BLASTn £ )5 5 GenBank [
16S rDNA L7 51 JHEAT [ Y5 EL A F A clustal w
FEAE MEGA4. 1 # 1 vh 43 7 IF 2K H Neighbor—
Joining Mg RGER W .
1.5 FkkP2 FHEZRBEGNHAR
L5.1 #HFHEEEmEFEAME 224 h RN E
Bk P2 Bl 13, B 100 pl %% 4% 20 mL CMC-Na 3 {4
R 38,37°C, 160 r/min K75 48 he HU1 mL #l
g, NN 1.5 mL 0. 8% CMC—Na % i, 50°C {47k
30 min, fE/5 A 2.5 mL DNS & 58 7K 5 min,
KR 3 min YA HIJG I 5E ODgy, o W3S A7 (TU)
o [ Br Sy 8 4 11 mL B 1 min 72242 1 pumol ik
JEURE P Al 1 AN B
152 EFMEMEKERKEFBAOFZM 224 h
TR YRR P2 BTG X100 pl #64% 20 mL CMC—
Na W7k 3 773, 37°C, 160 r/min $7 K ¥ 75, M 3
6 h.12 h.24 h.36 h.48 h.60 h I 72 h % [ (1)
OD o0 (AN ET- 4 25 I BFIE -
153 BEMEREREEBRIEN: HRRE T
5°C,20°C,30%C ,37°C ,43°C , 50°C fl 65°C 535 24 h,
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I 52 KPS OD oo (B S 2T 4 3R SVl I o

1.5.4 pH EXEMKEKE~ESW: H 1 mol/L
HC1 1 1 mol/L NaOH 1§ CMC-Na ¥ £ 15325 pH {H
Gk 2.0,3.0,4.0,5.0,6.0,7.0,8.0,9.0 FlI
10. 0, A7 73 e M 55 37°C 5 160 r/min 5 PR 1 77
24 h, P 5E KRR OD oo 18 M 2T 4 238 ST
1.5.5 NaCl iR £ & ¥k &£ < & 7= B B9 52 Wi : ic 61
NaCl ¥R 53518 0% 2% 5% 7% F110% ] CMC-Na
AR FRIE, B 5 T 37°C,5 160 r/min $F: KK}
7% 24 b, 58 RFEIEIY) OD oo 1B S 2T 4 25 BT

1.6  Etk P2 SFHERIER

1.6.1 FBEBAYURFENHESENR KHEK P2 £
Fl 10 mL CMC—Na A 5% 75 35, 37°C, 160 r/min %
IKHRZ 5577 24 ho W 100 WL TR ¥ 73 i) 3 43 31 DA
DEARIE AT 22 FEFT 22 i G # AR F CMC-Na J £ 4t
U 20 mL BEORRCRE IR AR BE IR AR AR HE U7 AN
CMC-Na ¥ ARG IR I A1 (1) CMC-Na 73 51405 1 cm
x0.05 cm 72.1 em x0.05 cm F5FF 2.1 em x
0.3 cmJE4t4%-1 cm x 0.3 em g8 4%, & 3 4
PATAL. 160 r/min F7 K I 9% 55 75, BEFE 12 h W%
TR ) A O 52 72 h 5 d S R G s
W52 JER A0 1) 2 g A7 100,

1.6.2 HFHEEBFENE: /£ 556 h12 h.24 h,
36 h.48 h.60 h.72 h.96 h #1120 h J5, 43 5 & &
Bk P2 21 2 32 I S P DR SR B G (EG) L 4MD)
FER i (CBH) A1 B4 B 176 (BG) [ s ™ > .

2 SR

2.1 E#k P2 ST

281k 10 T A4 AT T H K A P A B
(W RE PRI P2, P1 (¥ D/d {E 4 3. 2, 474 & R B IE
$70.1392 TU/mL; P2 [f) D/d {3k 5, 474 2 S
J50.2189 TU/mL, ULk P2 X J5 SemF 58 18 Fh e A0
SR LR T 7L O 6 BORE I, iR
AT FE A AGA N, A A7, 822 P M
RN
2.2 kP2 RSB LM

A ER ARG 45 R WL 1. AR B AR P2 TR
AR AE R A AR R Y s A S
FT 8 i FO RS B 28 MO AT 8 (Bacillus subtilis) BLILAZ Rl

*1 EHP2REEELREER

table 1  Physiological and biochemical characteristics of strain P2

Biochemical assays Result ||Biochemical assays Result
Control + Growth temperature: 5°C -
Anaerobic growth - 20C  +
M-R test + 30C +
VP test + 37C +
Indole - 43°C  +
Gelatin liquefaction + 50C -
Starch hydrolysis + 65C -
Catalase + pH value: 2 NG
Ornithine decarboxylase + 3 NG
Deaminase - 4 NG
Nitrate reduction + 5 w
Citrate - 6 +
Hydrogen sulfide - 7 +
Carbamide + 8 +
Glucose + 9 +
Glucose (aerogenesis) - 10 w
Lactose - NaCl concentration: 0%  +
Xylose - 2% +
Sucrose + 5% +
Raffinose - 7% +
Mannitol - 10% +
Salicin + 15% w
+ : positive; — : negative; w: weak; ND: no data.

2.3 TE#E P2 i 16s rDNA PCR §J 8 R K &%
EEN

BFk P2 [ 16 s rDNA £ PCR k75 T K/ h
1.5 kb ({14 e g 384 WP 45 4 BLASTn 4y
T % B, % W ¥ 5 Bacillus
NBRC15535 (NR_041455) 2% %k ¢ Z& 5l » AL A
#) 99.66% , ¥t It ¥ 51 % 5% GenBank (JQ715455) .
K H MegAlign %5 AF 1 clustal w vk 44 7 R Ge i 4k
Bk 1)
2.4 E#HP2 RBEFRRFAHEZBEG

PRIPE P2 1A R g i 2 WL 20y B eT 4
0 -3 h AEEkk P2 (AR KN, 4 - 24 h h Hx 3
A H,25 -36 h A FaE .36 h 5T AR 4
RN BE A B AR TR TG K, 7 24 h Ik 2]
AP 0. 1827 TU/mL. THFE P2 £F 37°C W) 2k K & 4F
I YfE R R TR %) 0. 1677 TU/mL. & pH {4 7.0
I 24 25 ST ik BI85 0. 1837 TU/mL, pH >7 B}
R R D 2 g I R AR LG BRI RE AR OK . B
P2 7£ 2% NaCl B} A4 K 85 4f, H B 3% 15 2 0 H
0.2298 1U/mL; NaCl # 54 10% AP A R 4T

amyloliquefactens
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9g |Bacillus amyloliquefaciens strain NBRC 15535 (NR_041455)

Strain P2 (JQ715455)

Bacillus subtilis subsp. spizizenii strain NRRL B-23049 (NR_024931)
0.002 29 Bacillus subtilis subsp. subtilis strain DSM 10 (NR_027552)
Bacillus vallismortis strain DSM11031 (NR_024696)

80 Bacillus mojavensis strain IFO15718 (NR_024693)

86 L previbacterium halotolerans strain DSM 8802 (NR_042638)

60 Bacillus atrophaeus strain JCM9070 (NR_024689)

100 | Bacillus aerophilus strain 28K (NR_042339)
Bacillus stratosphericus strain 41KF2a (NR_042336)

100 Bacillus altitudinis strain 41KF2b (NR_042337)

99 { Bacillus pumilus strain ATCC 7061 (NR_043242)

61 L pacillus safensis strain FO-036b (NR_041794)

— Bacillus aerius strain 24K (NR_042338)

ol Bacillus sonorensis strain NRRL B-23154 (NR_025130)

| Bacillus acidicola strain 105-2 (NR_041942)

100 L Bacillus aguimaris strain TF-12 (NR_025241)

B 1 £T 16S rDNA ERFIIHZAEH P2 RE L HH
Fig. 1  Phylogenetic tree of strain P2 based on 16S rDNA sequence. Numbers in parentheses represent the sequences” accession
number in GenBank. The tree rooted was constructed by the neighbor-joining method with bootstrap values calculated from 1000
resampling. The numbers at each node indicate the percentage of bootstrap supporting. The scale bar indicates 0. 2% substitutions per

nucleotide position.
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Fig. 2 Effect of various factors on the growth and cellulase production of strain P2. A: Culture time; B: Temperature; C: pH value;

D: Salt concentration.
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2.5 Ek P2 WAUEZIIER

2.5.1 KEMBAERBORESENER KHEK P2 #%
Toft AR £T 4 22 Y R0, B3R 12 h DS I 1 f
NG DLIFIEAT L %, WAR 2. 3R 2 AT LA H JE 4K
FINBEMRAE RS LRI BON IR, 24 h R REs H
MR 5 2R AR 5510 25 S AR LI ZOIR; 60 h 5 H B
FARRE RTINS . R59R 5 d )R, £E 65 A BT W 42
B 4 PR o3 RS DU 3o i B R AN SR AR AT
i B APE IR IWIIES SNIE S N4 R X 1)
Jio ETAEHES R B H AR T 45 40 e 4 S A1 P PR AR 4T
YEZ W R DL G W] S, P8 AR 2T i T 4 3 A~ BT
24, HATTE AR 1R N B 2R 2T 4 ohole FL o3 i A 20K
It G 2T 44 2% e AN 0 U 210 EL AR RS 4 IR 2T 4
Jol; A S 6 2 AT U A £ 44 i At AR T DL 5 W)
o FEREMERAT IR I rh s W m] W i P2 A
HE B3R T RS FF ISR RO I 2% ik HR RS R A A G
RGN, AEREAT LT R 202 o XA 27 48, X
WA R TG AT HEZ RE S I ORI 2 SR PAY 358 1
AL, ML AT LT YE R AW R, T P2 W EA
T LT YRR AL SRR N 24 2 AL 2 AT 2T 4
T B BUARE i 2L 8 43 AN vl T BT 24T

2.5.2 A RIAHERIRIETNAEREEEF R
MR AR P2 AEAN R 2T 4 2 I R IR R v 1) g

ek (il 4) mT DL HY S L0 AS [F) 41 4 2 40 11 %
fift it R, SR 4 3 M RTEAE 48 - 72 h A FIEAE, 5 3
T2 4y T 1D A Ve (P B AR — 300 L P 7 B 4R 4 AN I
HEAEAE £F 4 2 Y I, 3 Pl o B G5 5 41 4 5
WG AE 48 h [v) B O 380 W AR 1 A5 B FF 5 1T £F 4k 41
o, CTYE SR RGNS S BT R I 1 T 23 ) A
48 h\72 h[F] I ik 2 5 KAl
%2 Eik P2 MREFHERBRNERER

table 2 Degradation of different cellulolytic sources

Cellulosic fiber 12h  24h  36h 48h 60h  60h
fp0 - — — — — —
fpl A B B* — C c*
fp2 A B B* - C

b0 _ _ _ _ _ _
bl A At At — _ D
b2 A At ATY —  — D
0 _ _ _ _ _ _
sl — — AT — — D
s2 — — AT — — D
c0 — — — — — —
cl — A - AT A D
2 — A - A** A** D

A Appeared brown color; B: Edges went round; C: Length contraction;
D : Completely brown. Retention: —; State went deeper: plus + ; fp:

Filter paper; b: Bamboo; s: Straw; c: Cotton. 0: Control group; 1, 2:

Experimental group.

3 EHP2REBARALERRS d RRAFENMRBR

Fig. 3 Optical micrograph of the degradation of different cellulose substrates by strain P2 after 5d (1000 x ). 1 and 5: Filter paper

fiber; 2 and 6: Absorbent cotton fiber; 3 and 7: Straw fiber; 4 and 8: Bamboo fiber. 14 : Control group; 5-8: Experimental group.

3 i

KREMAERT LAt A H sh b BRI R 4
RETHA . e e 2 OB A 0 B 5 K A 36 A
FEAFRIRIIE 30T T 5522 2% 16S tRNA J32 41, A I

R BB T T TR R 3 SRR RE TR 1] (Firmicutes) 1) 25 g
M (Bacilli) AR T (Clostridia) 20 H 41 A%, 18 3%
D5 Herp 3 U A K B R iy 3 A1 R 1Y) S i R 2 gk
DR HE N B 70 R A58, RBL T e = Mg S22 4
EREHIA IR IE N o %I 5T 45 RAE 2 7K T o
K REA A ] o TE A A= i A 1 o ) £ 4 3R R0 2 2
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Fig. 4 Effect of various cellulose substrates on the cellulase system of strain P2. Codes on the lower right corner of each graph represent

certain kind of substrates degradated by strain P2. A: Filter paper; B: Absorbent cotton; C: Straw; D: Bamboo. Curves in each graph

display the change tendency of enzymatic activity with endoglucanases, exoglucanases, B-glucosidases and cellulase (represented as filter

paper activity) .

Y AR TAER . e e U Sl g B AR B SR 1 vk
IRAF T FLAT PR ARAT 4 218 7 IR B8 BBk PD=2, 1%
WFSULE BRI R I — PE USR] T RS 95 LR
R AR I R AT 4 R IR N AT 4 R A
B [PIRY BV S L RE 8 A P 41 4 35 A1 21 4 — b
ERCORE S 1R H, < CO, 257 W) AHAE K 8 i i
AL~ P A R K L At U 7L 2 0 T 4 S ok A B A
B P DR A A T 1 A KR A B R T
T DL HOAT B i oA AR SR 1 7 A e 1k DR AR v 1) o
R o ASIHG M 2 5068 Unfe R A 5k £ 5 K RE AN 1) i
T 8 — BR AP SRR 4 R R P2, A AR P2 fig S
7 20°C - 50°C f it B S Bl P AR K (Boa@ i g 37°C)
pH JE 24 5.0 —9. 0 (453 pH 24 7) ; i NaCl 9
2% » I feE NaCl ¥ 55 K 15% W2 K, ap ) 5 3t
S e ateg SRR O, 70 77 2T i 2% 2 AT T (0 4 B
FORE A A D W 25 G T SFRRAE S AR B AR A RE
PEFT 16S rDNA 751 43 47 45 e %52 bk P2 4 fif e
¥ AT E (Bacillus amyloliquefaciens) , LE & PP R
5 DA ) R 2RI 5T 45 AN TR], HLACOK REJH 26 4
TR AT B AR 4T 4 25 68 0 10 25 M AT 1 8

Fio

LTUE R B AR LT dE (WL 3 5 R 2T ¢
(RIBRA I S 2 0B 55— R BT T, 7 AR 2T 4 32 i Ke
CRAER 5 24153 HEAT 0 P o T B 0 3 32 52 1 A
IR B R P L) SRR I 1 R I A
B 41 ZE BT N 1) P R A T 5 2T 4 3R B 0 B
RER A 52 e AT 160 S0, O i 2 sh W A
PEREE A R NN T IR A5 W) ot PR P2 (12T 4k 3%
Wil A b AT Ll 3 PR AL i, HL PN U SRR I A1
D7) 1 SR I 1) i A I KT T 4 R R e T
(3 ] 25 8 T il 2T 44 2 e R 1 i P e KL
T 58 AW 15 o {H 22T 4 305 M 04 21 s KA 3
Toft 211 7 il FRD 355 P 403 U A, X R W] T 2T 4k 3R B
f R 3 b4 oy i (0 B R4

R P2 XS IRBE rp ML 4 Fof 2T 4 22 R 3 R
YL P A A B 75 G m A R A A A A 2T 20 S R 2T
Y 7% B M A e, JA F) 0. 1125 1U/mL, b 4 53
A B B P IS A A 3 AR AN £F
YL YIRS DUAI AT . AR A £ 4 R AL R D
HAGOUT, B AR LT YE b, kb T v B A0 G IR



BERRAE KRB T 2T 4k 25 20 AR VT 1) 20 5 S B PO /30 241 (2012) 52.(9)

1119

A0 HoHREF 4 45 5 B2 80% - 90% , G LA
3500 — 10000, Lt A 5T £F 4 25 155 & R AR 47 4E 3 10 %
56 35 2 T B s 1 B 2 78 BR A N o 4 4 3R
By 2 P I FH R IS 5. /2 K 2 H0UE ol (n
FERT AT LR 4E) 5 7 4 Z AP Y iR N B 1 B 2 4F 4 5%
FUAR R M AT 5T b 0 (43 B A 26 R 20 40
PR 2T 2 32 A AR 15100 IR, 21 4 35 S g 0E AR
t T EG R CBH ¥4 5| 2 £ 4k 22 1) 43 #OR i 7 1L
T 5 K £ 4 Rl AT RN £ 4 S 100 K I 0 v 1)
RIS migate M2 ERKY), 454
B RARL, HLAT T8 2 (I T oK o A1 G 52 T Xk,
DA AN 75 2250 22 b ) B CBH K &5 it X 3k 11 2T 4 5%
Ko FHETFRL, DL R AR KA 2 1 oK i 340 43 e 2B 5
ER, Wi 19 EG HAT Lk CBH F m (B G- /F
ARSI AR TN, AR P2 11 25 4 25 5 i 0 A o n] Ik
0.2283 TU/mL, Ft T35 38 1 A K RE i 36 a0 0 %%
T B R AR T 4 2 A A S
B AT R M R AR pH JE N IR FF R 47 (1 21 4k
FEOoOfRRe 1. DR, i R O — 2SR RE A AT
LR AL I O T BRI T8 AR ) T B R 5 S B B
M ERA RIFIHT 5.

27 3Lk
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Isolation, identification and cellulase production of a

cellulolytic bacterium from intestines of giant panda

Cheng Fan', Shuangjiang Li', Chenglei Li', Shuang Ma', Likou Zou’, Qi Wu'’

'College of Life and Basic Science, Sichuan Agricultural University, Yaan 625014, China
? Laboratory of Microbiology, Dujiangyan Campus of Sichuan Agricultural University, Dujiangyan 611830, China

Abstract: [Objective] To isolate and identify the cellulose-producing bacterium from fresh feces of healthy giant pandas,
and characterize its cellulase production. [Methods] A strain with high activity of cellulase was isolated and purified by
carboxymethyl cellulose-Na (CMC-Na) medium. The morphological, physiological and biochemical characteristics and
16S rDNA gene were analyzed to identify the taxonomic position of the strain. Meanwhile, its cellulase producing
conditions and degradation of several cellulose substrates were studied. [Results] A cellulose-producing strain P2 was
obtained. Strain P2 is a gram-positive and aerobic bacterium. Its growth temperature ranges from 20 to 50°C (optimum at
37°C) and pH 6.0 t0 9.0 (optimum at 7. 0) , and NaCl concentration at 0% —15% (optimum at 2. 0% ) . It took 24 h
to reach the peak of cellulase production. Phylogenetic analysis based on 16S rDNA sequence showed that strain P2 is
most closely related to the Bacillus amyloliquefaciens NBRC15535 with the similarity of 99.66% . Strain P2 posses
different abilities to degrade four different cellulose substrates including filter paper, absorbent cotton, straw, and bamboo
fiber. During the degradation, it shows different enzymatic activity curves with endoglucanases, exoglucanases, (-
glucosidases and cellulase. [Conclusion] An aerobic cellulolytic bacterium was isolated from feces of giant pandas for the
first time, and was identified as Bacillus amyloliquefaciens. Due to its ability to degrade the cellulose materials with
different structures, strain P2 could be used in the further study on the digestion mechanism of bamboo of giant panda.

Keywords: giant panda, cellulase, Bacillus amyloliquefaciens
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