WAEY) 3R Acta Microbiologica Sinica
53(5) :470 =477 ; 4 May 2013
ISSN 0001 -6209; CN 11 -1995/Q

http: //journals. im. ac. en/actamicrocn

/

WK MR EBORER, B E RS 830046

* Ul 2R KA A i B 2 B

Research Paper

EEFAURIBMENTE EER
SR Lo 304 IR B AR A R

Hmg i
15 Jy 5 + K

ﬁ(i#’J&?kl_l%‘«i MR, P 250100

2 CH A9 YAHT SE A0 B - A 3% SR 7 0 h 23 79 HH R A 20 A 28 2 35 e 0 10 40l i T 6 G KL DR A

i%ﬁbﬂ?‘ﬂé’]ﬁﬂ?yﬁ
T Kk, i 3 23 iRt 2T Y 32 RE 0 R I U S A R TE A

PREAT 2 5 5 [ IS ) £ 20 3% 70 fift E D0 9 B0 4 BR AR T R AT AN [ A% 1R R S D . KR 13
A7 73 Ml 2T 2 35 BE 0 1A A0 BT 5 L v 9 32 R 0 A 2T 4 3R BE D 1 40 HR

0732 LR M S R 15 80 45 T T 82 T S 0 32 4~ AR 3 o ) 2R 00 34 €6 A VA A 52 95 %
SR HEAGR K 168 1DNA r%*ﬁu AW T VM 2 Akt

Loy 53 84 ¥k R
iz@ﬁwﬁkc HH3 G H ;&

4 € 40 RRETYE 2 0w 20 i) 1 6 AN 10 AR, b 16 BROUSETR R R 10 BRON & F AT R S PR Oh

S BEAT R > 3 B0 BlORT B 5 3 R D I ER 18 Jis 2 Bk O B R T 1R

For o g 6 77 2R K 4 BR AR AN F AT

95 73 2R W] AT AE e AR B U O0 A AT B v pHS. 5 = 6.0 [ gl v R 4% 1R R 37°C 85 IR A N IS DB R . A

[ B R AN [ 2T 4k 3% ) JI IR 3 it 66 0 A8 — A T TR R T AS [ 2T 24 3% e s 10 R D e 0 4B AN A [

[g):x 174 )

I3 B ARAT BT T LT 4k 2R 70 R TR AT AN () M DX T R T BB R R R ) 3 1S R Th 2 B O R SR
A7 B9 (10 2T 2 35 23 Mk BE 705 RE Dy vt il B e 9 A 5 TR 7 D0 Ak A B (A 0 5 0 Bl B8 U5 L IR R S A

RERIR) W AR AR R, o) S, W e
X E 45 :0001-6209 (2013) 05-0470-08

FESES X172 XERIRED:A

B DUARNE O (AR MR A 77 & KA
FEAT 1000 2 J5 W, 4= g8 A5 A 25 & A %R A8 2
10% , 11345 2511 900 J3 i 3 g 4 A I (2010) o 45
S BEARAE YR - BRI 6 LM A, 1 iX
BRI 75 4 % 5 300 LR A 4 77 A O 58 e e
s BUAE H (8] B8 e » B 3t ™ o A K09 4% R T
IR, JOR S T E AN B S Ah K
VRV RS T A 21 4 38 A B 38 35 1w B A AEAE
RGBS A R AR H AR . D ds A TR 4

ARALFEREFT, S m ML R I B AR S S
Ak AR e bk i B A AT VR . i 2
FOH, AN LR kb B R B Ak B DL B 7V 0 B kb B 4%
Tk AL ER T e Y R e Uy i iy T AR AE R
77 4 ) W 2 S o AT 2 £ BB 3 0 A A IR e S
B, A HG R FH K K 2 B T BRI R A 7
() £T o 35 i WA 0 2T 2 25, L 4 PR RN S 7P i 7 o
R R0 e S5 2, Bk H TR A 2% o 0 1
SRIG— FheT g Ak 3 )y k™ .

BEWA K A RFA RS (31260014) 5 1l 4K 27 BhA W B [ 50T o192 360 % JF G (M2011-07)

T WEEE . Tel: +8645909913615 ; E-mail : xafkat@ sina. com
PEZ N IR L3 942 (1985 - ), &, 4
yahoo. cn

I is B #7:2012-0924 ;& [a] H #7:20124231

IR BTRS E BN WA, N R ) B U T o E-mail: mm198511 @



H
=T

o

N R

=30 SRR AR - R P 2T 4l A0 R 0 00 B B R T A R I A A /B A 4R (2013) 53 (5) 471

] Py 56 T i 3 40 R Al T IR LR B B % 5 {1
BB S e 2 7/ NE I L/E LN 3 U871
MR T T S T AR 2 B R T R 4 T 4
AR B T T IR AR R R A
I Aok 0 5 T S 20 ) R SR 00 HE N DR SEUR I AL
44 TR A o T I T AR R ) T LA
Pt b, AWF TR R 2434 (6 B35 58
R T AT 4 5 A R T HEAT T 4 B, OF I A
T 3 R R LA Ay 2t L A 2 0 R )
(RIT 5 I 42 412 5 ik % ek, 0% 76 {12 0 37 98 7
(1) 42 FEE J B 7 420 5 228 J T 7 2 — S 1 3%

1 MRk

L1 #s
L1.1 #&:RAS &KW 2T EESY i
L 2R 9% e 9 .
1.1.2 855 E: (1) RP TG RMIT R, (2) W
WAL R IR 3 (3) P= iy K e 3% 95 0k (4) R FT 47 4
FZMHl . S0k 04 -16 1.
113 EEXFIACES 5739 4 11 & 4 4l (b
AN B R AR H R AT IR ST AT A R ;A e R A4
DNA $2H03R 7 £ (TIANGEN, 4t 50) ; PCR 77 4 4li 1k,
Wl (LA T AW TR ARMRS G HRA ) ;
Taq DNA % &0 (5B TR (%) AR A A .
TGLA6B 7Y & = =y B0 Al s ML3OL A4 [ 3)) i &
ARVCK A (R A W) i e e T4 (o
BT RIAL 2 ) ) s DYY A1 AL o g = i 2 H WUk A
Dk-8D i # fH i UK A HE I BB {X (Alpha
Innotech & [H) 2 ) ; HWS % %9 & 18y 15 B2 ¥ 46 (V0
HE LIS EIF AR ) 5 JD2003 AL 1K (U
BH i i o7 FR B A B8 A R A ) CX21FST A 8 4
5% (A OLYMPUS) .
1.2 E##TH

KT 9 TS O A ] S G =, S 10 s R
28 3[R AT I8 EAE b B R R IR £ S TR
S Y L AT W T
1.3 BRI BENE

Y01 T3 P 25 VR AR B Pl 3] DA 4% Ay I — e U ) K
PR 7R e v, 37°C, A5 8% 3 9 160 v/ min 1) 45 IR £ 77
5 d, WS UE AT I B AR LA+ T 2 b ok R ORIE
o iR Y

1.4 BgENEE

Y A0 97 1 21 1) 7K Ak B 652 KD R 2 T 3] 52 0 5%
FrEE 1, 37°C 1160 r/min iz ¥ 85 975 d, K EE W &
8000 x g 2§.0010 min, B L35 W00 5 41 4 B % - B
WAL (U) 58 SCA o AE BIRAAF TR BN B
ARl umol ) 25 B BT 1 IR 1w SO — AN S J)
£z (U) .
1.5 JEYKERIE (FPA) M E

¥ 2 U B AR R BT R 9E 4R (1 x 6em) JEHE20 mL
Hoge %) B W A, AN 0.5mL KL B VAT 1.5 mL
(0. 05 mol /L, pH4. 5) ¥7 15 8 22 vh i » K ok 7€ 50°C
KA AR R T h S ECH S B ) AR A P i N 15 mL
DNS %59 LA 28 111 ) N> 78 43 3% 23 J5 Wi 7K 55 min,
I ¥ 41 5 4% DNS 35 45 540 nm iz KR W 5 38 JR
3{%[17] 3
1.6 ¥R EELTHR/E (CMCase) Il E

0.5 mLAH M v T b, AN 5 0.5%
CMCNa [ B8 2 Mm% 1.5 mL (0.05 mol/L
pH4.5) , Kl 78 50°C 7K #4530 min )5, 37 B §% DNS
P 5 38 R
1.7 EMBEE
1.7.1 BEHBMESENBERENEE S D
(1 VAT A WL 4% FL TR 9 1) T A R AR, Tl 0 B 22 IR B A
BB T W 82 I Ac S R AR A AN G KR AE .
1.7.2 16S rDNA %75 : 18 #F 1t 7% 55 35 5 P 40 14 Jik
Pl 4 4 IR A7) B 3R A5 B4 DNA L PCR s W 1K 51 4 4
— X4 1w H 514 271 F1 1492r, PCR RN AR R A
25 wb, W4 1 WL Sk (18 1o PCR 7™ 4 /7 i 1L
IRA LN R 2 Bt B B AR FT 0 e . A3 B 1
16S rDNA #4751 4F GenBank %4 JZZ b BLAST Gt
X SRAFARARLYE = 17 41
1.8 SrEE®FBEGHR
1.8.1 AEKRBEMEHRALEZSBREBEOINTZMW:
N 5205 45 A ¥ 41 4 25 R ) B T R RR Y6
L13NeNf F2 5 21 DL = 1 A I 55 772 5 o4 HE il A
2% [¥) 2T 4 254 A9 T U0 00 90 B 3 3 op T U
W A TR ORE Ry 4F 4E OB RO AR KD T 37°C,
160 r/mink% 785 d, $% DNS 30 5 3l 35 5 B % 1) o
£ (U) [ F o
1.8.2 A [E pH MEMHAERDBETHEM:
A= il T % 77 36 Ok Sl LU pH Ol 32 AR IR 7
HEAT IR L, pH 43 3 ¥ 5.0.5.5.6.0.7.0 f1 8.0 25 5



472

Maierhaba Aihemaiti et al. /Acta Microbiologica Sinica (2013) 53 (5)

ANAR AR 4% E IR 7 oy K O & A Y613\ Ne Al
NE 122 b SR B IR FE p T 85K 37°C 1160 r/min
B 9%5 d, 4% DNS i s 3 i 35

1.8.3 AREIREX EWRT %R MREEE N
B 4 A o TR B 5 W A T B SR AR R R T
25°C \30°C . 37°C . 40°C f1 45°C #1160 r/min £ F£5 d
Jri 4% DNS 35300 52 e g 3%

2 SR MI

2.1 EMFIE

MR A T R B BE o AT 4E S Al B
84 bk, xf HA%iE W B 42 5 W vk AR 2t (D/d) B
KUL BB AR 45 B REFRBE R T “ + + 70 1k Hh 40 FE,
5 DNS 565 50 125 10 40 Bk £F 4 22 43 fift v k47 D 4K il

i (FPAase) & 3 2F 4k 25 4 g 3% (CMCase) U &
(F1,%1).

1. EHRTERIRO TR L7=5805E R B

Figure 1. Transparent circle of strains in Congo red plates.

F1. MFEREREABEERIL JEHKREZE FPABEM CMC BENELR

Table 1. Results of first screening of diameter of transparent ring/diameter of colony,

filter paper breakdown, FPA activity and CMC activity

Filter FPA CMC Filter FPA CMC
Strains D/d paper enzyme enzyme Strains D/d paper enzyme enzyme
resolution activity/ (U/mL)  activity/ (U/mL) resolution  activity/ (U/mL) activity/ (U/mL)

Y1 6.29 + + 2.929 4.21 121 4.67 + o+ + 9.096 9.16
Y2 4. 69 + + 1.388 2. 844 122 5.56 + o+ 1.476 4.986
Y4 5.48 ++ + 6. 679 5. 664 L27 4.00 + + 7.973 7.893

Y6 8.00 ++ + 9.674 10. 403 L29 3.23 + + + 9.027 9.33
Y10 3.61 + + 6.331 6. 623 L30 5.00 + o+ 8.962 8.766
Y11 3.57 o+ o+ o+ 7.348 9.531 Na 3.71 + o+ 2.493 4.114

Y13 3.44 + o+ 2.057 4.821 N3 6.11 + + 3.86 2.37
Y14 5.36 + + + 7.043 8. 455 Ne 4.69 + + 1.97 4.027
Y17 7.41 + + 2.115 4.559 N6 8.40 + o+ 5.546 6.062
Y19 5.53 + o+ + 7.828 5.838 Ne 6. 00 o+ o+ o+ 10. 008 11.789
Y21 6. 00 + o+ o+ 8. 366 9.036 N9 3.25 + o+ + 8. 802 9. 667
Y24 3.42 + + 6.127 6. 245 N13 6.07 + o+ 8.525 11. 12
Y27 5.00 + + 5.909 7. 147 Nf 9.63 o+ o+ o+ 9.965 11.208
L2 7.04 + + 2.886 3.009 N16 5.71 + o+ 2.697 4.579
L5 4.67 + o+ 1.04 3. 068 N18 4.75 + o+ 8.962 9.173

L6 8.33 + + 2.595 2.195 N19 4.38 + o+ 1. 621 4.23
L12 4.00 + + 2.101 3.736 N20 3.25 + 4+ + 7.639 6.585
L13 8.57 o+ o+ o+ 10. 401 10. 626 N22 3.44 + o+ + 8.947 8.213
L17 4.06 + + 8.118 8.766 N23 6. 00 + o+ 3.7 2.195
L18 7.78 + o+ 8.017 8.969 N24 6.15 + + 6.331 5.335

D/d: Diameter of transparent ring (mm) /Diameter of coloy (mm) ; Level of filter paper rotten “ + ”means filter paper no broken. edge of filter paper

rugged “ + + “means filter paper broken and the liquid medium no sticky, “ + + + ”means filter paper broken and the liquid medium sticky with pieces;

“+ + + + "means filter paper broken and the liquid medium sticky and even.

Numbers starting with“Y ” means that strain was isolated from sheep rumen fluid; starting with “N” means that strain was isolated from cattle rumen fluid ;

starting with “L” means that strain was isolated from camel rumen fluid.
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2.2.3 16S rDNA ¥ 7E: 4 16S rDNA KX 3 %1 4
Hr 255,40 PR B 20 0 )& T 6 AN @ 10 A Fhe B 5
7% M J& ( Stenotrophomonas) « T H ¥ # J&
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R J&  ( Microbacterium ) « 5 ¥ &
(Pseudomonas) F & ¥R B J& (Paracoccus) , H Ak F 4
W 2.

R2 WKALERIBENEM S %

Table 2. Classification of 40 bacteria

Genus name Species name Strains

Similarity / %

Y6' ,Y10,Y11,Y14,Y21,Ne ,NI13,Nf ,N18,N9,L13" ,L17,L18,

Stenotrophomonassp. Stenotrophomonas maltophilia 98.8 -99.5
L21,129,130

Ochrobactrumintermedium Y1,Y13,Y17,Y27,Na,N16,N19, 22 99.0-99.5
Ochrobactrum sp. Ochrobactrum pseudintermedium Y2 99. 4

Ochrobactrum anthropt Ne 99
Sphingobacteriumsp. Sphingobacterium thalpophilum Y4,Y19,Y24,N6,N24 99.0-99.5
Microbacterium sp. Microbacterium oxydans L6 99.2

Microbacterium maritypicum N3,N23 99

Pseudomonas beteli N20 98.7
Pseudomonas sp.

Pseudomonas mosselii L27 99.5
Paracoccus sp. Paracoccus kondratievae L2,L5,L12 98.9 -99

“# ”Means exhibited strong abilities in decomposing cellulose.

2.3 SFEMFEBRETR

2.3.1 FRABREMBEKRTHEZSBETANEZIN:
W v PR AT Y R Y613 Ne I NI 76 AS [7] ik U5t
(% FR L rh B3R5 UG, MIAS G vs s &5 SR (|1 2)
FEFF K A B Y5 B, Y6 1Y) FPA il 3% 5 > 18 2 T
10.997 U/mL. 1fi Nf [f) CMC i 35 & &, & %
11.149 U/mL; Y6 X214 2 % 1 A1) FH 68 J) 8 b T 3
b B R, HE VR Ne AT NF; N JES 42 0 4% 3% 11 1) fig
J) B W, 3L FPA g 3% M1 CMC 8§ 3% 7 7 4
9.979 U/mLF15.975 U/mL. B ¥ A AR AT & 4
K ATy iy Eo6 T AT 7 G RE ) A

Wi o ™ AR I b 22 S 0] RE A fh T AT 4R R SR AE R
B T AT YE R AN 08 T A A — SO SR A ) T R i I
W T ] BE S A ATT 4T 4 AR O kA,
MRS HREAT S WA ZMERA L. B2, A
[i) B A T ] — e 5t A FH 7 A2 16 I 9 AN ) B B LA
T3 2k i Y5t IS (%) T 9% Yk 85 e T DA AT 4 55 0 R DB AR K
h T U I ) P

2.3.2 BFBEMYE pH X B KT 4 R 5 REE
& B RS 0 Ak E 1 4 BRTE E R A AR e A A
DUAR B 7 L A 46 pH, 85 R W, 4 Bk R B il B
FERJEYI N 37°C, L13 FIl Y6 i i& pH &4 42 5.5,
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3 2 v o R R BT RR A AH [R]85 9R L, R R pH 4 £
S8 DA AR P A A R 0T R AR (1 7 AN
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b h

CMC powder  Filter paper

Enzyme activity/ (U/mL)
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B 2. 7 [RRRR X E AR EEE 1 R

Figure 2. Effects of different carbon sources on strains” enzyme activity. The letters of charts represent each strain. A: strain Y6; B:

strain L13; C: strain Ne; D: strain Nf.

38 3 B L8 L S N R R S I DI 5
Mo 4 3 AR W, L CMC Sy g Jee 47 90 45 (¥ i
I 734 B LR A D Je 40 N0 A5 1) 3 L g B A o
(K3 A0 5 0 e o DR AR D () IR A PN U I AT A1 )
W 58 AR 745 o R0 2 B I 2 A S S TR I
W IR 2T 2 2% Mg = 2K i 41 20 (1 B IR0 £ 0 1 6 g
5P SN T AU X 4T 4 R L Y T
WD) 0 PERAR, AE B AR CMC I, 22 S i 1y
AW UIBEIE T o AT RE T CMC O K PRI
98 4% L5 i3 Js 22 AH AL, P DA SR 16 25 1) BELASH 5K
B0 BT R A OX Al 0 PR T o R A A
A AR M 7 o DRl st S [ B A O A
AN K 5[] Pl % I 52 5 6 3R AT K L ok g 1 570 11 35
T3 B AEAE e IR A BEAE 8 2 5%

RI ERREFBFEREET

Table 3. Optimal conditions for cellulase production

Strain Best CMC enzyme FPA enzyme
conditions activity/ (U/mL) activity/ (U/mL)
Y6 pH6.0 37C 7.68 4.65
L13 pH5.5 37°C 17.65 4.05
Ne pH6.0 37°C  10.51 5.26
Nf pH5.5 37°C 9.07 6.11
3 ik

IR T rh 50% 2T i 32 19 1 2 WA A 2 R0 4 B
U AR B R IR 45 R X W A R e
80% thi 40 B 52 1 =Y o R AN BRI AT 4k KW
R W T R A4S MR S N LT o AR
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FR) v MUK » 975 2 i 280 2T 4 35 AR A0 1 S D 5 G IV 0
TV T4 ZAERE IR — B S H M.

IR0 A 0 R T 4 A TR T N B
FRDIHBURE 1 AR R T L P U5 R R
AT 4150 5 B i A 7 T 40 e 2 T 4 e R e
T @414 RN B T T I O B T A I ) B
TEAE TR W o 332 WIRE T I A ) T 4 4
17 41 5 5 0 A0 Y ) 0T T 4 TR 1 4 AR 2
T MR T VR T R A B S 4 R B
%0 S VT AR R R A P LA SR ] Martin
Wl 7R A N AR O b T
R 25 Do 2 R R 24 R R A R R
fty 74% @9,

ARHIFFE A 4 bR 2T U 2% W A7 B 7 3 1 8RR 2 DA R
YRR R AR 10 TR A B TR A TR
TAT A o 3T AT LARS FT WY A 5 Bk 65 06, & 10
I B 2 40 4 1T R P R ELE T RN
BFSCER TSR - 4 bR B 5 7E 36 —48 hr %
VE AT 5E 4 AR L, R Y6 AN NE ) U 4R g I 7E
50C J¢ N 4 fF F o & % 10.997 U/mL H1
11. 149 U/mL, 55 H: fil () £F 4 I % B A LG 75 85 i 10
I R AT AR B A v LR E IS . R et
GBI F10 1 76 Bk Sz R0 EF 4 2 8 S B 95 30°C A
pHS. 5 411 F (¥ 8 35 7 B e 3% 31432 U/g; %)y 9%
i O N G2 R P I T Mk WHAL 1 9 4T N
F74 k0.8 U/mL,

T T 4 A AR S 56 o Rk DL B R
AAC B R FT R S B fE B . N 7E 37°C,
pHS. 5 — 6.0 415 T FO MG J5t 1 » 12 4 1 432 000 %0 759 10
BRI, WO B R R SR P R R IR 3L i R
T 52 B N o s Bk R REE 45 320 0 % B it A 2 AR
e T A BADRE S ROK R A R B R TR
% 5 3% V8 A 78 IF R T R R, O A 78 B R Ak
F Yl BB 5 e 25 7 T AT A R B A
R o TR 78 0 7 I DL S I A S ASBT 5T
TR T 4 2% A A I A A 0 O T 3
ity £F 4 35 I A8 108 A L KA B B B 4

UEJUAE [ P9 A R B T 4k 52 4 R T 1K RS AR
2, BN PR B R T S MR R
[ A T, L PP LA U T 2 T R I (R T BR T
14 1907 T BRI T\ B BR T 7 B R BT T AR T
1 P T 4% ) oy T P B 4 R P B

23 BRET Yl 32 B v, S0 h A IRV AT 4 T IR 90
P LR T KA (O R T BR B BR A R 2 R AT A
fif 2 BER AN S IR B o AT 5T 20 10 L 1) 5 97 A M
[ ¢t HJH N W &
(Ochrobactrum) %4 %8 WE 4T % J& (Sphingobacterium) «
AT & 8 (Microbacterium) F1 5| ¥R & B (Paracoccus)
KB R R R AR

F T 45 22 70 8 v Ak BERS AT » BE 88 B M A5 AT Hh 1Y)
ST Yl R oY A AR B B 2 I AR R S A T
5 T A B i i ko 18R 5 b e [ At 21 4
R EWAR 2 A8 2 T 22 4 10 T R, 6 )8
BRI AR DXFR IR R O 0% R
fift 21 4 22 BB AR o BT A ) ) B RS n )
PR 1 e AN At B0 35 v 5 08 HH R AR O S B3
W B0 2 A o) R B R A n AR BE R 22 4 P N .
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Isolation and identification of rumen bacteria for
cellulolytic enzyme production
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Abstract: [Objective] We screened aerobic bacteria with cellulolytic activity from ruminal fluid of sheep, cattle and
camel in Xinjiang. [Method] Fresh ruminal fluid was inoculated on sterilized sodium carboxymethylcellulose agar plates.
Highly cellulolytic aerobic bacteria were screened out by using Congo red staining and liquid secondary screening culture
media. The combination of morphological and biochemical test with 16SrDNA sequence analysis were used to classify the
strains. Enzymatic activities of four strains with strong cellulose-decomposing abilities were studied under different culture
conditions. [Results] Out 84 isolated cellulolytic strains, 40 exhibited strong abilities in decomposing cellulose. They are
including 37 Gram-negative isolates and 3 Gram-positive strains. Identification of these 40 strains shows that they belong to
11 species of 6 genera, 16 strains in Stenotrophomonas maltophilia, 10 Ochrobactrum, 5 Sphingobacterium, 3
Microbacterium, 3 Paracoccus and 2 Pseudomonas. The results of the enzymatic studies of four strains with strong
cellulolytic abilities indicates that the strains have the best enzyme producing property when straw powder was chosen as
the carbon source; the pH at 5.5 — 6.0 and temperature at 37°C. [Conclusion] The strains with highly cellulolytic
abilities isolated from ruminal fluid show strong abilities in cellulose decomposition.

Keywords: ruminal fluid, cellulolytic bacterium, isolation and identification, enzyme activity
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