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Screening and Enzyme Production Characteristics of Thermophilic Cellulase-

producing Strains

FENG Hong-mei', QIN Yong-sheng®, LI Xiao-fan>, ZHOU Jin-xing’ , PENG Xia-wei' "

(1. College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China; 2. General Forestry
Administration of Beijing, Beijing 100029, China; 3. School of Soil and Water Conservation, Beijing Forestry University, Beijing
100083, China)

Abstract: A total of 6 thermophilic cellulase-producing strainswere isolated from organic garden waste mixed chicken composting at
thermophilic period. These isolates were identified as Streptomyces thermoviolaceus, S. thermodiastaticus, S. thermocarboxydus, S.
albidoflavus, S. thermovulgaris and Brevibacillus borstelensis through 16S rRNA gene sequence alignment and phylogenetic tree
analysis. The cellulose-degrading microbial community has been investigated in few researches so far both at home and abroad. In this
study, the mixed strains M-1 was made up of the 6 cellulose-decomposing microorganisms. The CMCase activity of the mixed strains M-
1 was stronger than any of the 6 single strains. Production of CMCase from mixed strains M-1 was studied by optimizing different
physico-chemical parameters. The Maximum CMCase production (135.9 U-mL™") of strains M-1 was achieved at 45°C in a liquid
medium (pH 4) inoculated with 1% (volume fraction) , containing a mixture of wheat bran and starch, corn flour and KNO,. After
optimization of separation conditions, CMCase production capacity was improved by 1. 8 times.

Key words : garden waste; thermophilic cellulase-producing strains; mixed strains; cellulases; enzyme production characteristics
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WA ) S R Wit R R 27 S MR, B
AR SN AR ARL. T R AL A A P
RIT T Ak ) BB B, S O B i A G 3 1k Y
FERB . BRI YIAE XA B Bz 2 D R 1Y
SN, AR R R P 2t i I, by SO BR ) 7
AL BR DR 20, BT LA 0 28 o i o2 258 £ A4 3% I i
ROV fifp DR PR MR 240 | RS B DA L B S PR
)‘([9]‘

WFFEF W], VR G R 00 £F 4 3R Wi 6 PR 2 L o —
(073 R = N 1P A B2 N 3 TN SR NE A
B X T ARAT AT A R AR A TR 4 TR R
2R EHERRE TR SR Oy 1 3R A TR A TR
(BT AR I S P R R ARE B 14
FasErE. IF B H AT AR AT B X5 LABE AR 574
D HERE R R4 BT T, AR SCLA BRI MR % 574 HEJIE
JEORAORL Ui 1 fo 250 s il £ 24 2 AR iR TR, o 3ok S TR R
B BPTER A R AR R AR i i pR2t 4 5%
PRI KA, LAY DA I 57 5 U7 M) FH AN 2 A 3 358
i TRk

1 MRS

1.1 SEE R
L1 AR

FE R ALt B XA LR B 37 H Ak T s
TR HERE AL AT S5} 3 22 8 Bel bR 5549 F1 3
YIZEfE.
1.1.2 FxmE

WISRELHE IR (43 B ik ) . K, HPO, 0.5 g, fll i
LYE K 1.88 g, MgS0, 0.25 ¢, K 2.0 g, WIS 4T
0.5 g, 3lF 14 ~ 17 g,7&4%7K1 000 mL.

A5 (CMC-Na #5352 ) . CMC-Na 15.0
g, NH,NO, 1.0 g, B¢ & 1.0 g, MgSO, 0.5 g,
KH,PO, 1.0 g,z=1#7K1 000 mL, 35fi.

KW M SR 4L . CMC-Na 5.0 g, %Kz 30 g, 4
HP 10 g,NaCl 20 g, KH,PO, 1.0 g,MgS0, 0.2 g,
(NH,),S0, 3.0 g,7%1#7K1 000 mL.
1.2 STk
12,1 ZFAER IR TR 1Y 0 15 i ik

HL10 g FES, A& 100 mlL 5 855 37 510
IR, S0CHRIREEF: 2 ~3 d J7, BU T mL BV
T4 9 mL TR K IR b 2 BRI R R
2107, SR U B B AR BRI 200 wL, TR AT
TofiER R L BB 3 N EE R E T
50°C THIR G FRA PR 72 h AR VR A K AR O,

TE 8 J 125 Y B ) B R 9, 0 — 2D 0 B el Ak 5 4 R
TFRIRLREFEEE | 253 72 b, 50°C & iR 57, i vk
t D/d (GBI ER/ W ik ) BRI R T %
RE I L5256

1.2.2  BFE 16S rRNA %5 M RS KT /b

K 16S tRNA JF91 43 B (0 J5 1k % 78 i 2 21 1)
D/d fEFR I 33 BRItk R PCR 7%
FRTE CMC-Na 55758 3ESE 10 ~ 12 h J5 , PR 2K
PCR & . P HE 41 B 16S rRNA i@ H 51 9 xf
27F(5'-AGA GTT TGA TCC TGG CTC AG-3') Fil
1492R(5'-AAG GAG GTG ATC CAG CCG CA-3") i
17 PCR 93 (51 R AL B SR A B AR AT FRA
AIHRAL). PCR K& #:2 x GC Buffer one 25 pL,
dNTPs 1.25 plL, 10pmol 5144 2.5 pl,5 U-pL™"
Tap 1 0.5 pL, JCH7K 17. 25 pl.

PR R P51 A% 3] NCBI B 12 rh itk 47
BLAST 047 HE X, M Fb o 458 50 b Bk 1 542 T AR A AR
PERS B B AR A 16S tDNA 541, i@ 3 Clustal X ik
T2 EFF X}, 3 MEGA6. 0 8, LA Neighbor-
joining Y HE R G K B
1.2.3 RAFR M- 1 0 & & H 5 505 ke
CMCase HESJHYHLHL

IRG TR T 8 B & D SR AR RN T CMC-Na
(AR AR 75 36 rh K TR VB T S0°C fH IR B2 K v 4%
I, 6 h M E A PRTR BRI Dy , 2 T B A2 45 50 TR B
PR NS, 4 AR AR K B EO B, SR 4ok
JEREVEAGIN A% B MR Y Dy , 201 i B AL 38 18 45 14
W Dy =0. 211 AT AR 12 1 SR RBUR G, 3k
PRI T FH IR A R M- 1.

PR A BRE M-1 FlER— PR LUAE [ () 2 i
FEAR R R B 25 A T 64T I 7= i 3 1, LU
R R B — B PR 119 7 il i
1.2.4 REHEREM-1 =B

(1) REESE AL

TER e B3 5 b o i skl . A ALAEE R
TCHLEIR AT TS, DA S s 7 4 A
AhEE3 ANFEE,S0C B FE 3 d JE, M e AR
CMCase.

(2) REESMmMILA

FEAER RIS T, 40 AR SE TR | BIhA
pH FIHERDE AR A HRE M-1 P BRI |, B4 ik 34
3ANEE L HFE 3 d 5, H 7 1) CMCase Ji6 /7.
1.2.5 R IELYEZR T (CMCase ) 15 J1 &

AR E A B R 8 5% 3 d J5, 8000



1548 AN 5%

Fl 37 &

Ay,
=

remin ' ,%AI} 10 min, FIEW RN . AN SC
R DNS 37 EAT RS J7 0

W 5 SC AR BEIRSEAETT  BE00 8l 1 mL B
KA A 1 ol ) 2 B A TR VE S 1 A S
ﬁ%{j,U(U'mLJ)%@ﬂ?.
1.3 Bt

% Microsoft Excel 2007 4 % 4 48 35 17 4k
. ¥ Microsoft Excel 2007 #{4F:F0 Origin 8. 5 Lglas
AT AH ] MEGA 6. 0 3R R G K B

2 #ER54H
2.1 Htkik S %E

o U AR Al A2 70 M A v R 2 3 15
) 97 R IR LF A R R Ak, Sl A2 WA &
KR AL, BN AR, x5 T
FEEERARL.  £F Yk KRR A AE IR L0 b BB TP A
BB, T IE 1 B P /NS B g i 55— 1Y)
KRR, LU R OB B AR D SRR B d
(W LUAE D/ d -7 R0 , KA 0 45 21 19 TR ke , B2 )
WISRLT IR EE L % B B B A VR AR D D/ d.
D/dERT 2 WA 33 BR(FE 1) KR 14.

X TR EI Y 33 MR AR IETT PCR §7 31, 315
[ 16S rDNA J¥511 #2523 NCBIC B 2 k17 )7 51 Lt
XoF, 39 B[ VR A v 1 TR R, P R ek B R
1. S5 R R, 33 bR AR 0040 % Oy BE A R R
(Streptomyces ) 15 2 HLFT T J& ( Brevibacillus ) i% 2
AN @, TR IS 99% DL, Hdh 5555 8 A R

SRR (S, thermoviolaceus) . W& IATE ¥y W 55 75 14
(S. thermodiastaticus ) . W& #— % 1k ik % 55 B4 ( S.
thermocarboxydus) . ¥ F 58 % W (S. albidoflavus ) |
P EERE 1 (S, thermovulgaris ) 3X 5 ANl 1X BB T
PR IR i K CA-1, CA-2, CA-3, CA-4 Fl CA-5;
J AT T S AT I R ML 2 ST B ( Brevibacillus
borstelensis)1 ~Fh 4%k CB-1. H P H U IRIE
FEFT A ZEME N L & B T S e A )
Xof A 2% A AR A b o e 1

*1
Table 1

EHEMEERZ D SEKER dHILE
Ratio between transparent circle diameter and

colony diameter of mixed strains

TR D/d 7S D/d k73 Drd
1 14.00 12 3.00 23 2.44
2 12.50 13 3.00 24 2.44
3 11.00 14 2.91 25 2. 40
4 11.00 15 2.90 26 2.33
5 10.00 16 2.86 27 2.29
6 7.30 17 2.82 28 2.29
7 7.06 18 2.74 29 2.22
8 3.71 19 2.67 30 2.18
9 3.68 20 2.63 31 2. 14
10 3. 66 21 2. 60 32 2.09
11 3.00 22 2.55 33 2.04
2.2 RAAE M-1 R B b HAE I LU

TEMIF B R BT MRS B M-1 fla
Btk CA-1, CA-2, CA-3 . CA-4, CA-5, CB-1, %R
EWAEM-1 58— R 00" CMCase fig 1 3547 HE
100 CA-2

Streptomyces thermodiastaticus strain (NR 036816.1)
Strepiomyces thermospinosisporus strain AT10 (NR 025147.1)
CA-1

100 L Strepromyces thermoviolacens subsp. (NR 112471.1)
Streptomyces ervihrogriseus strain (NR 042294.1)
Streptomyces albaduncus strain (NR 043343.1)

CA-3

100 Streptomyces thermocarboxydus strain (NR 112585.1)

0.01

100

_I_—-\'f"‘—‘Pf"”"{W—'C’-*' thermocoprophilus strain (NR 025291.1)
Streptomyees deserti strain C63 (NR 117576.1)

CA-4
100 L syrepromyces albidoflavus strain (NR 041095.1)
CA-5

100 Streptomyees thermovulgaris strain (NR 112363.1)

100

E1

Fig. 1 Phylogenetic

Paenibacillus popilliae strain (NR 115980.1)
1007 CB-1
Brevibacillus borstelensis strain (NR 113799.1)
Brevibacillus centrosporus strain (NR 112211.1)

89 Brevibacillus invocatus strain (NR 041836.1)

RBEEHEM-1 NEZLER

tree of the strains M-1
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B AERNE 2. BB RERE S KNI R CA-
2>CA-1>CA-3 >CA-5 > CA-4 > CB-1,CA-2 =
CMCase 7% JJAHX R 57, 1853k 60 U-mL ™" 5 VR B HE
M-1 7 CMCase 75 /14 76 U-mL™",J& CA-2 HH™=
CMCase 1 119 1. 3 £5. Fr LIRS R M-1 1977 i
fiE 77 L4 BT A o] B — PR R ™ il B T T, X
2R A ORI g 4 SR — 2K

90
80 |
70 +
60 |
50}
40 |
30 F

200
10 +
0 L L - L i L

s

=
-

% /U-mL™!

1| |

= -
< <
(= -

CA-1
CA-3

RIM-1

273
E2 REEH M1 582 —EKR-ERENLLR
Fig. 2 Comparing enzyme producing capabilities

of mixed strains M-1 and single strains

2.3 IRATEHEE M-1 REEEFREAL
2.3.1 A[FEEREXHE G HERE M-1 77 B 5200
RS SR IR IR e | VERY . AT HER | 3L
Wi 2R WARE . CMC | SRR X 9 Ak
U8 WA [l 50 VR TR RE M- 1 7 B R 52 ) | &5
SN 3. B, AR R 5 VE R S ME— B R A TR
B RBE M-1 7= CMCase 1 77 H HABRIR 2514 T AHXF
Bew. AR SR UM SRR N vE— R VR A R
FEEEREFIIC, R AT RESE R R CMC BB AN Z 15
SN TR AR AR A B ) 5 ), 3 25 5 R A W AR
FIHBRIE TR . ok, LBk + CMC (AR BE
FREET A B PR BRI ) B0E BR R + TER (B
5 e 7 AR5 0 7 D B VR ) SR Bk R B A M- 1 7
fiti e 7 b B — R YR 2% A P B RE 1. LB RE +
CMC MBI, ™™ CMCase 35 714 30 U-mL ™",

WMTLAEK R + JER b IR AT TR A HHE M-1 P2 fiE
= LAER e v b o ME— BRI 1Y 3.3 fiE A2 AT, L
M+ CMC BRI Y 2.1 4%, Mkl W IR &5
HEM-1 R AERRIECN BR . + JEH.

80
= 60
=
;}40—
E
& 20 H
Gﬂﬂnﬂmmmmr‘]
®o®m ¥ 9 OE E E EE Q 2
X R € 2 % KR ®# % E 2 R
R o= 0 7
P
A 8 W

3 AEBEXESEH M-1 AR
Fig. 3 Effect of different carbon sources

on enzyme activity of mixed strains M-1

2.3.2 AEAPLEIEXHRA R M-1 77 B 1 5%
TESERIR 251 T e R B4 A E |
BEREEF | PREE | A R RN B R S ME— i LR R
UR ISR 1%  BFFEAS R HLEOR EXHE A B RE
M-1 = CMCase i JJ B2, G5 K 4 (a). DLE
Kby A HLE B BE LG R R IR A R M-1 7
CMCase 7% J1 5, /1K 83.5 U-mL™", L A H AL A
BURE Jy e — LR B T 7™ il fig g 22, P LUR R
e —A WL AR BT 7= A B9 CMCase 36 1 5, X
SR A A AR A9 18. 7% . B ILTT WL, &
KM IR A HERE M-1 =B fe A HLEE.
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