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Screening and Identification of Cellulose-Degrading Bacteria from Spent Substrate of Edible Mushroom

LIU Xiao—mei, ZOU Ya—jie, HU Qing—xiu’, YANG Xiao—hong, SHEN De—long"

(Institute of Agricultural Resources and Regional Planning, Center for Quality Supervision and Test of Microbial Fertilizers and Mushroom
Spawn, Ministry of Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The cellulose in spent substrate of edible mushroom is often a limiting factor of the spent substrate decomposition. This study was
performed to isolate highly effective cellulose—degrading bacteria from spent substrate in order to improve the fermentation of spent substrate
of edible mushroom. Samples were collected from spent substrates of Pleurotus eryngii at different stacking places. Four strains(FB7, CBI,
BC11 and BC12) with high cellulose—degrading efficiencies were obtained based on the results of Congo red cellulose hydrolytic hole mea—
surement, filter paper degradation test and cellulose activity assays(filter paper enzyme FPA, endoglucanase CMCase, exoglucanase C; and
glucosidase B—Gase ), using CMC—Na as sole carbon source. 16S rDNA sequencing showed that the trains FB7 and CB1 were Bacillus sub—
tilis, the strain BC11 was Streptomyces albus, and the strain BC12 was Comamonas_ jiangduensis. The strain FB7 with high filter paper de—
grading ability had high cellulose activities and degraded filter paper into paste within 10 days. The activities of four enzymes (FPA, CM—
Case, C, and B-Gase) produced by the stain FB7 cultured for 4 days on a shaking incubator were 22.81 U-g™, 314.50 U-¢g™, 2.78 U-g™
and 188.09 U-g™', respectively. The FPA, CMCase, C,, and B-Gase activities of bacterial combination(CB1+BC11+FB7) were 31.56 U col,
133.61 U+g™, 2.31 Urg™, and 217.21 U-g™, increased by 38.4%, 11.2%, 178%, and 70.3%, respectively, compared with the strain FB7
alone. Inoculation of bacterial combination(CB1+BC11+FB7) to spent substrate compost increased the temperature of the compost quickly,
with higher and lesser fluctuations than in the control.

Keywords: spent substrate; cellulose degrading microorganisms; screening; 16S rDNA sequence; enzymatic activity; complex bacteria; compost
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7 (Spent substrate ) &= £ FH B A% 35 15 F2 A lfcgR
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ARk, ENANE T e E R R R IRER £
BRI WEFE A P AEXT RS AT R RREAR b, X T D s e e
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TR O T ) 7 B A, KA [t R I P 05 00 s T 3 v
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E AT ik S 00 FN 2T 24 22 Tl 036 07 I , 07 32+ A
0 258 AT P ) e AN R A LT G R TR AR, X B AR A 140
RUE , IR T K e A B B BT

1 #MREFE

1.1 ##
111 TR

@A s K AR AR B K S A BR A Wl &
A M ARMETT 3 A AR i A (RE AL SRS CBL
CA);

(/A TP ] R 5 e P A B s T, 2 A
KIS d(FEMdi S FAF);

A BT i P B I FH T 38 RA 2 4 145 B i
i, CEHEREE 10 d, HERHEL 7o « AR 25 ORI =
1:1:1(FES SRS BC), REERRIEE S 60 C.o
1.1.2 555t

LB H5 558 BRI 5 ¢, NaCl 10 g, & 1) 10
g,7K 1000 mL, Jihg 18 g,pH 7.0,

B AR R A 10.0 g, K.HPO, 1.0 g, Na,CO;
5.0 g,MgS0,*7H,0 0.1 g,FeS0,*7H,0 0.015 g,MnSO,
0.05 g, BEREFY 10 g, Z2187K 1000 mL, pH 6.0.

R B Y R NG SR L (CMC 3R 5 cMC-
Na 15.0 g, NH,PO; 1.0 g, BEEEFY 1.0 g, MgS0,+7H,0
0.5 g, K,HPO, 1.0 g, BifiF 18 g, Z& 17K 1000 mL..

Y i) 55 7% HL  CMC -Na 20 g, (NH,).80, 2 g,

MgS0,°7H,0 0.5 g, KH,PO, 1 g,NaCl 0.5 g, WISRZL 0.2
g, 5itflE 20 g, Z5187K 1000 mL,pH 7.2 o

UE AR SR HE IR 2 . KH,PO, 2 ¢, (NH,),S0, 1.4 g, Mg-
SO, 7H,0 0.3 g,CaCl, 0.3 g,FeSO,*7H,0 5 mg, MnSO,
1.6 mg,ZnCl, 1.7 mg,CoCl, 1.7 mg, #&i%7K 1000 mL,
pH 7.2, M EAE 1.5 em A 15 em 508 HHIAGZE 5
mL, I 1 ZRIE4E (6 emx1 em) B T4, ind 28
IR A,

Pl 55 SR 509 A 20 g, IR 1 g, Mandels
BRI 100 mL, Mandels T TR IR AW 1.0
mL, 1 mol - L™ A7 R 2% #h 50 mLL, ZE1E 7K 1000 ml..
Horpr, Mandels 5 IR Eh W45 WA : (NH,),S0, 14 g- L7,
(NH,),CO 3 g-L',KH,P0,20 g*L",CaCl,*2H,0 4 g* L,
MgSO,+7H,0 0.2 g*L™'; Mandels T8 70 R W 46 1l A
FeSO,*7H,0 5 gL, MnSO, *H,0 1.6 g*L~,ZnS0, *
TH,0 1.4 g- 1", CoCl,*6H,0 3.7 g* L5 1 mol * L™ #7451R
SR FPIERR (CH0,H,0)210 g, Hy0 750 mL, il
NaOH 78 g, &I pH 298 4.2, 7K Z 1000 mL,
pH 2H 45,

77 B R 97 309 (NH,),S0, 2.0 g, KH,PO, 3.0 g,
CaCl, 0.5 g,MgS0, 0.5 g,CoCl, 3.0 mg,FeSO,*7H,0 7.5
mg,ZnS0,* 7TH,0 2.0 mg, MnSO,*H,0 2.5 mg,3%( W/V)
B, 7K ZE 1000 mL, H4& pH.

1.2 7%
1.2.1 24 R BEAR T I B 5 5 0 B R 7

B 10 g FEA A 90 mIL T K I 19 5 42 15 57 5
o EBRRIRE R, 150 remin™ FEIRKE IR 3 d, BBHL 5
mL IR 2 — IR AR e R SR ) — A T Ak SR
It 3 do BB E ETRI, FHOCTRZK R 107,
10710 3 DMEEREMREE . FHAS WA 3 Fhifk B2 (17
FEAS 100 WL IRATE CMC KERIEVAR F A B
W 3 ANEE AR FREFR 24 b, WIEFR L 19k
BUATRTE T CMC R Al FRIZe i Ao,
1.2.2 £ 43R 3 fifk T 1 7 18

A SCHRT 1610 7 1 | 4 05 1 345 1 T ke 2 422 )
YO SRR b AR 3 AN EA R AR
TSR 4 d,ARSE RS FR B -AE W E B A= (D) AN
BT B (d) RN W05 FI KT TR bk B 4T 4 R e
MRS o PRIE Did RITEREHA T T — 2D i i
1.2.3 JEACARIEAR IS

B HL 1| mL BB BE AR ARG R 3L P IR IR
PR A IE AR X B, S L AR ) 2% 1 B
10 d, MU AR SR B 1B 00, L+ 7 I 2 /0 ROR U8
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Vel S=pRi-SoSbicly 55 34 25 7 H

YCAHT AR, “+7 B U R AT 2 K IR R RE )
BT
1.2.4 £F Y32 ik 1t v V5 PR R PR 7 1E

V- 08 AR 25 B i i 60 I 3R AR ()40 O B Ak 2 321
FREFEFEA, F 37 °C.120 remin™ S0 FHFE 18 h,
RAFFITI SRS HARFR S8 1935 i 422 31 7 Wi 1%
FEIA T 37 °C 120 romin™ K5 FF 4 d, P 7 L1 4k K il
16 TN RE , G0 2 24k R AR Ak it oo 0 P TR R o

PAFHEA B R T AE R B AR RE 1 D RAR , B 3
PRI HERAE BRI RE IR 1 d, BELAL A S5
BURAG G  F BB 195575 27 s R b+ 37
C. 120 remin™ #5357 4 d, PEATEFYERBHE 100 5E | 0
TELFAE R = 1 2GR
1.2.5 R4S 10

FLEF A R B A28 B35 FRT 3000 remin™
B0 10 min, B EIE R ED A LB .

WL 2T 4 R i (CMC) g T L U8 4K (FPA) fify
T SNV (C) S 7050 2 BebRvE QB 2583—2003191,
X1 3% A 09 Bill 45 2T Ghose 55 121, 4 % 4 T (B —
Gase )i Z M Christakopoulos 552 J LA 1 E

W27 2 2R BB 5 PP AR R Y /K B A2 B 1 pumol 7
HPHEE SO —ABE A, U o HREAR:

Mg 1 (U-g )=

HRIHE i () XA LA (mL)X5.56

OSBRI (mL )b i (g )t ] (min)

A 5.56 24 1 mg HIAGHERY pumol £, BV 1000/
180=5.56.
1.2.6 i e BRIAR Y 450

BTG A0 O T R RN 1) LB Bi g3k, F 37 C.
120 r*min™ 2504 F 5% 18 h, #E47 16S rDNA JF5143
Bro RAKARAALBHA PR vl (A EE K 20 DNA
P& WO ) £ PE AT B PR 09 3% B 41 DNA $2 8, SR
16S rDNA JE K38 H 519 27F (5 =AGAGTTTGATC
CTGGCTCA-3") F1 1492R (5'-GGTTACCTTGTTAC
GACTT-3")#EA T4 4 . PCR MR R (50 wl) : 27F .
1492R 45 1 pL,Taq (2 U-pL™)0.5 pL, 10xPCR
buffer 5 pL,dNTP 4 pL, #i# DNA 1 pL,ddH,0 38.5
who SN 2544 : 94 CTAEYE 4 min; 94 CAEPE 50 5552
CiB K 1 min;72 CHEM 1 min 30 s, 3& 35 DGR 5k
J& 72 CHEMH 14 min Ze 1k N o NS5 HIE, H 1%
T A W B s HL UK AU PCR 779« PCR 7= 25 AR KR
FA BRI, P45 e NCBI B0 e it 17
Blast FuXT, e BT I AHAUME 3 i I TR , R MEGA

6.0 ARG I
1.2.7 FEFRDAAE DA TS R T 1 g

5 05 12 A5 1) ) TS 5 s ) TR AR BT A5, A R 22
AT, 822 R R ARSI R A A
1o LT 4 2R PR AR BE T O 2T 2 R A P R A T R T M
R KR 2R A B (AL B) I B 44 B 7 3
RE e TR B 58 T & P s 790 CKO) A A AL & i
i O bt [ el 28 ), AR B A )T b FRAES 5 HE AT
SR HAE A SR 45 A PR B TR
1.3 HiEALIE

2T 9 25 R A DA 07 0 (1.2.2) N £F 4 25 16 0% I
(1.2.5)iR55 BN B RRARAS (1) — 41 8 2 5000k, R
SPSS #AHAE P=0.05 5514 T, b2 57w k.

2 HREHM

2.1 FHEEMRBENSBS5VE

3 AASTRIHL 7 SR A O FE S AE | AR B IR B 57
3d, BRI RAT R CMC B3R b Pkt
VTR IEA TR 253 B 35 55 o W ARAT 00 TR IR A 422 31 21 4k
FWIERZIGFRHE B, 5557 4 d J5 0053 B R Y LA
MR BRI G5 15 BRIF ™ 48R
b 11 375 A BB, 45 TR PR 375 B BB L4 (D) S T 98 B (d)
Z IR 1.3 HU(D/d) =2 R (CB1.CB2 .BC2.
BC6.BC11.BC12 .FB1 .FB7 .FA3) #EAT T~ — & i ik
JE W

R1ISHSBAKEABEERNEZEER
Table 1 Diameters of transparent circles and

colonies of 15 isolated strains

Gt W% HAR dlem B EHA%Z Diem

Strain No.  Diameter of colony  Diameter of transparent circle Did
CB1 0.9+0.23 5.8+0.12 6.44fg
CB2 0.9+0.16 4.5+0.35 5.00e
CB4 3.5+0.21 5.5+0.33 1.57ab
CB8 2.0+0.19 2.3+0.18 1.15a
BC2 1.5+0.30 5.5+0.23 3.67d
BC6 1.9+0.22 3.9+0.16 2.05d
BC11 0.7+0.31 4.1+0.17 5.86e
BC12 1.1+0.19 6.2+0.24 5.63ef
FB1 0.4+0.24 1.5+0.28 3.75de
FB7 0.8+0.15 5.7+0.31 7.12h
CA1 1.1+£0.41 1.5£0.14 1.36a
CAS 1.9+0.23 3.6+0.34 1.89b
FA3 1.6+0.34 3.3+0.19 2.0labe
F-1 5.0+£0.25 8.5+£0.24 1.70b
F-6 3.9+0.26 7.7+0.27 1.97be
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2.2 MITHFE R K PEAESR

V-2 2t 2R B At R ) 0 Ao e T ARASH Y O AR DA e
TTUE YRR IR F a0, 25 R (35 2) R W - FB7 TR AR X U8
YR A% B R A R SR i, B AR T RS O IR s BC 1L AN
BC12 RN FRATIEACA WK ; CB1.CB2..CB4
BC2 XFUEALAA M, (AR BOIR s FB1 . BC6 BN B
PRXTUEAR SR BT /N AAE IR A S R B
I, #EH FB7.BC11.BC12.CB1.CB2.CB4 #1 BC2 #
ITEFAE R TG M A -
2.3 FERREIMRRYEREIE

T 5 X AR AR AR SR AT 1) 7 A B RREE T =
R TR AR, WA BRI T4 4L 22 BTG 100 , 45
WL 3. 7 REFYER BRI FBT WART CMC.
C1.B-Gase Fi% 02 = THAh 6 PRIFME, 1M FPA 1%
JI R T HABE M, HRCh BC11.BC12.CB1
PR, DUFPEERE A A e —FPiE e LR . PRS2 SR nT
VA, 5B ARSI 25 A By i AE DG | A

R 2 9 HRAIIF ARSI IR KR PEARLE R

Table 2 Degradation of filter paper by 9 primarily screened strains

VMRS Strain No. IEACARPEMRE I Collapse of filter paper

CB1 ++
CB2 ++
CB4 ++
BC2 ++
FB1 +
BC6 +
BC11 +++
BC12 +++
FB7 ++++

TE: 4" FOR BN 2 BB 5 4 " RO IR AT L AN OIAR 5
“brt " FORUBIRAES TR ; 4+ FORUBATAOIR o

Note: “+”shows deformation on edge of filter paper; “++ shows bend—
ing,but not paste form; “+++ “shows shapeless and almost paste form;

“4+4++"shows completely paste form.

RRE 90 ) BRI £ 4 25 B 1 5 o
2.4 BHDFEE

PUREHS 328 19 FB7.BC12.BC11.CB1 MY 3L K 41
DNA it , A FH A0 5 19 27F/1492R 473,15
2| 4 BRIAER 16S 1DNA J¥41 . H 193 iR HiEE I HL
KK PCR 7=, S5RUNE 1. P8R B2 1.4
kb, FfFEH L 16S tDNA FFAIKE . K 4 BREFEFRAY
16S rDNA ] ¢ 25 S AE Genbank $04E %2 * #E 47T Blast
FEXT, e R o A R PR 16S vDNA 741, )
Fi MEGA 6.0 #1411 Neighbor—joining %4 i R 4t
AR 2)0

P81 e X 485 SR 26 B - FB7 .CB1 5 4 5L 2 F T 1
[ 16S rDNA JFFIARLE N 100%, %58 Ak 255
PR BC12 5SAAE M E S T Y Comamonas_ jiang—
duensis_YW1 19 16S tDNA FFI A RUE K F] 99% , 1]
FIWr BC12 A\ E B 6 JE 1) Comamonas_ Jiang—
duensis; BC11 [ 16S tDNA J¥ 41 556 55 4 )& Strepro—-
myces albus 19 16S JFSIAHMLEE N 98%.

FB7 BC11 BC12 CB1 Marker

2000bp
1000bp

Bl 1 168 rDNA ZRAEHEEER FE ik
Figure 1 Agarose—gel electrophoresis picture of 16S rDNA

R 3 7RI ERERENE SR

Table 3 Cellulose activities of 7 primarily screened strains

PR FPA 6 71 CMCase [ 1 C, BHE T B-Gase MG 771
Strain No. Activity of FPA/U-¢g™! Activity of CMC/U*g¢™ Activity of C,/U-g™ Activity of B-Gase/U*g™
BC12 22.32+0.77¢ 201.23+0.22bc 1.50+0.03d 77.22+0.18¢
BC11 16.53+0.99b 255.21+0.24d 1.86+0.02e 117.53+0.06d
CB4 16.38+0.33b 175.01+0.49b 1.18+0.07¢ 38.01+0.06a
CB1 14.99+1.06a 214.63+0.28¢ 2.14+0.12f 57.18+0.25b
BC2 14.76+0.02a 90.16+0.10a 0.42+0.02a 54.47+0.16b
FB7 22.81+0.54¢ 314.50+0.25¢ 2.78+0.27g 188.09+0.25¢
CB2 13.37+0.22a 174.42+0.41b 0.83+0.04b 52.85+0.25h
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Vel S=pRi-SoSbicly 55 34 25 7 H

66

Comamonas_kerstersii_LMG_3475(T)
4'£ Comamonas_terrae_ AS=3(T)

Comamonas_jiangduensis_YW1 (T)

Comamonas_aq uatica_LMG_2370(T)

100

BC12

Comamonas_guangdongensis_CY01(T)

82

Acidovorax_caeni_R-24608(T)

100

88

Streptomyces_silaceus_NRRL_B-24166 (T)
Streptomyces_cocklensis_BK168 (T)

64{ Candidatus Streptomyces philanthi_triangulum

Streptomyces_fenghuangensis_GimN4.003

Streptomyces_albus_strain_BCL-26

99

Bacillus_methylotrophicus_CBMB205(T)

— Bacillus_subtilis_strain_ BAB—1
L—FB7

E Bacillus_invictus_Bi.FFUP1(T)

Bacillus__atrophaeus_JCM_9070(T)
99 CB1

{ Bacillus subtilis strain

Bacillus_galliciensis_BFLP-1(T)
?‘E Bacillus_aquimaris_TF-12 (T)
84 Bacillus_fengqiuensis_NPK15(T)

B 2 Btk FB7.BC12.BC11.CB1 EF 165 1DNA FIIRIREIZMREL B
Figure 2 Phylogenetic tree of strains FB7 .BC12 .BC11 and CB1 based on 16S rDNA sequence homology

BRFHERIEENE
# FB7.BC12.BC11.CBI & 4 BREM KT FE 1 d
Jo AR A 7 2, S A TUR A S FE R 1 d, i
T 1NAEERR . ZEWAERERSE 197 2
FEEERE SR EE T 37 C 120 remin” 55R 4 d, MEER
AR S REA JER BHE 25 RN 4. %450 EK
82 AR T AT Y R IS A PR B R T e,

Fx4

2.5

E A
iz

i, HAHER CB1+BC11+FB7 [ FAP.CMCase.Cl .
B—Gase B PE e , 5 50 0 Th il 1 f S5 79 FB7 AH G
SRR T 47.8% . 11.2% 178% .70.3% , H.-5 H A4
B IAFERE 2SR
26 REESREETL

A Hh 2 2 28 S5 K0T 5 ) o il A
25, KorFW0 5 g A 9 16 50 (%) [R) R Bt B

ROYEREGE

Table 4 Cellulose activities of mixed bacteria

. AT FAP 635 ) CMCeas 63 ) G, W) B—Gase 615 )
7 e Mixed bacteria Activity of FAP/U-¢™ Activity of CMCase/U*g! Activity of C,/U-g" Activity of B-Gase/U*g™
1 CB1 13.25+0.21a 95.08+1.19a 0.50+0.33b 97.22+0.18a
2 FB7 21.35+0.05d 120.15£0.39¢ 0.83+1.02¢ 127.53+0.06¢
3 BCI11 15.69+0.15b 98.27+0.43ab 0.48+0.07a 108.01+0.06b
4 BC12 20.78+0.09¢ 115.90+1.99h 0.32+0.82a 97.18+0.25a
5 CBI1+BC11 16.32+0.02b 118.94+2.04bc 0.92+0.02¢ 154.47+1.16e
6 CB1+BC12 20.85+0.24cd 114.39+0.24h 1.02+0.27d 139.56+0.27d
7 BC7+BC12 21.96+0.18¢cd 124.89+0.17e 0.89+0.04¢ 150.97+0.23e
8 BC11+FB7 20.56+0.06¢ 121.39+0.19¢ 1.3520.13e 118.71+0.06b
9 CB1+FB7 22.36+0.23de 122.34+0.57ce 1.38+0.27e 189.09+0.25f
10 BC11+BC12 21.74+0.28d 123.56+0.04e 1.48+0.05ef 121.42+0.26he
11 CB1+BC11+FB7 31.56+0.09g 133.63+1.22h 2.31+1.45¢ 217.21+1.10g
12 CB1+BC12+FB7 24.89+0.11e 117.46£1.32b 0.93+0.04cd 152.85+0.25¢
13 BC11+BC12+FB7 27.25£0.07ef 127.90+2.06f 1.56+2.01f 143.98+1.32de
14 CB1+BC12+BC11 22.05+0.24d 119.86+0.26bc 1.03£0.27d 128.15+0.07cd
15 BC11+BC12+FB7+CBl1 28.85+0.25f 129.12+0.21¢ 1.96+0.89¢ 136.52+2.01d
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7 A TS AR B o DRI, SRR AR AR T DA
WG 1 By 55 R AR A A R,
JES IR ) B S T A g T R 5 LA
H A B R IR AR (B 3) T LA 1, B A HCB1+
BC11+FB7(AbEE B)FA AL A I 14 55 (REHE AT
TR A 4 AT AR B P T, HARAN R
it rp AR R A0 & I A R A A (CK ), FLAR
A B ERZES/ N XRIARIRBHE A
PAFIN T HEAE , L3R H R b R AE 2

601
551
501
451
- CK

£ 40¢
) -O- 4b3E A
= 1 & 1b3 B
30r -O- ik
25¢
201
15~ 1 1 1 1 1 1 1 1 1 1 ]
3 4 5 6 7 8 9
RIEI R /d
B3 HEHEdEFRETH
Figure 3 Changes of temperature during composting
of spent substrate
3 it

PN SR S e i e £ A 2R e A 1T A 2 e s
3R A TR AR SRR A S S E R AT 4 2R i R 32
BURSEUE Y B B B AT 4 R TR, 0% vk Rk
2T ok 25 [ T LR HR B 2T 4k 2T (CMC) | U8 4E il
(FPA) 5 %5 BE 1T il (B—Gase ) M (C, ) 55 BT 1
T B A A B T MR R e 27 4 25 BB 758 55 AR . I 4F
K, T R HENE B, A N A TERS AR o0 1A 21 4k
BT RS ER iR TR SR 0 TR R P 7 32K T A
TR TAE, RS TR R A A, o rh 2 ffT
PE A T B SR ) A Yk R R R P i WL 4
[24#27]D

FREEE A AT (A ZE AT B BE R T
KRB FIAR B L B ) LA S REF 8 Ry I i 4 7 AT
XM A4 R . AR ZFERES NS T
24.5%F1 15.6% . Amir Jala™ %5 & Bl— K Vg A 5 25
fUAF I RS GENS A= 2P0, 45 AR SR L 2R 116
TEN TG RV T R 2T A 2Rl o ) U PO 1 I A A
YR LT A i S AT A R S ) A o 2400 IR

T B HGR BN FHRCR , RIS EE KR 13 A
JERGRN A TR L , 4 R AR A0 OB 25 B R R 0 22
FRREARBE 1o, HAT TR L BB #GR i RE . £t
B Ui e A5 ) 1Y) 2 R BE B TR PR 101 TR G 4T
FUFEFF A PEA T ARG, 45 5 2 B R A2 6 e R )
R FEA BT I AR, ) S 40 A TR N i) o A B
FTR & 7E 1985 4 H1 De Vos™45 @7, H FXS L2 4
PRI TE M S Wbk 4575 L W e A PR3 45 ) Tin FR F
T Z LT Y R KA )5 T B AR D

BB REA R AR, LR
JRFEY) (KA 5T RJE HREHE | EOKES 58 ) H &
FHE AR R, R WA K R F b, & s
ARSI RGO X BT P AP 4E R | RTR
BT AR o A, AR AT IR AF A R ST
Aeg . RFTZE . 1979 4F Rajarathnam X Pleurotus fla—
bellatus FEFFFEEAG T HEABITY, RUITER 22§52
RAER BB, R BRI T 4% 1.5%%. 2004
TR T Flammulina velutipes PR AR5 2 1)
8 1 AR BT , 2B F. velutipes J89-6 X AR R A
— & IREARRE ST , BEARAREIE 469%™, JEIT TR 1 8
TEMREBIIIE T Lentinus edodes X} EE (A FEFR TG DL,
KW L. edodes X HEVE A 5T 3 [ fif 5 W] ik 7091,
1981 4 platt %53 Pleurotus sp. 7= AR TR i hE
ek ik R RS B2 A T 65 9% B R BT R 159, 2014 AF A S
B = oM T A B AR B S R R R (C) AL RE,
S5 R WU P 35 W) A= 7 A B 47 i, ¢ R
9.91% , TR C 71.68% , FFIAE S S1E C it
K 18.41%, Wit h AR B C R LILFHER ORBTR
BT

U, B A R A T EARAE Y BRIE  7E H AR
SN B R A S (— R 2 F) 3
AF ), 500 B R P 0 A R RS | i i A A B B
FYANE 5 1T EL, 78 B AR AL AT K B o T, 08 T
R R v VR BE B0 ) B 25 2 5 G L K 2= 3 R UK
TS G IR B B AR AR . B A
PR AT A AL B, Sa Ak AR P i T AT 2 4 v
TRV AL BT 7 g — 5 T, A 60 g R e M o R I I
Vg B gy . OUHR P gt 3 JSORE O O AR ok — 2 |
FHBE A= 7 B b P B T2 B (HUR TR AR W A I T
R B AR Y E I R, A HEIE
T v R SR PR A 0 %) I A ) B o A e
FIVHCR: | 3 ey e g FUOUUARL B s 7 i, BT A RO I
FEWZRAEAF



1390

Vel S=pRi-SoSbicly 55 34 25 7 H

4 258

AT ARAF— IR R RUET e R PR TR, 28 168 tDNA
FEHVAHT B A AT I . TR AT
FI(CB1+BC11+FB7), BB Pk 4 = kL, 76 Bl f5
RE AP M ZEREHENR , LR O S X wiy p . A 7 A
2 BT —E S AME

SE Wk

[1] BEF5 75, SiAs, Sk, 55, & T R IR PRR] I A T A 5P

P2 SN R RRL)). BB, 2010, 22:268-271.
HUANG Xiu-sheng, WENG Bo-qi, HUANG Qin-lou, et al. Effects and
assessment index of recycling use of edible fungus dregs on farmland e—
cological environment[J]. Modern A gricultural Science and Technology,
2010, 22:268-271.

(21 % B, MUK, BUAESE, SE, v 2T Ak AR R TR B0 7 18 b 2 E ().
AR, 2011, 31(2):59-63.

LUO Ping, CHEN Yong-hui, HE Jun—jun, et al. Screening and identifica—
tion of cellulose degrading bacteria from fermented pineapple residue[J].
Journal of Microbiology, 2011, 31(2):59-63.

[31 27K 5. X R ERrids A9 FEALFD). AR 427412, 2001, 3(36):44-45.
LI Yong—fang. Utilization of edible fungi residues|J]. Bulletin of Biology,
2001, 3(36):44-45.

[4] 2. LT RTE T AT 2 A ). TR AP B2, 2003(5) : 40-42.
LI Xue-mei. Utilization of edible fungi residues|J]. Journal of Henan A—
gricultural Sciences, 2003(5):40-42.

[S]BURAE, JE R, SHE RS . TR 5 9% o R A S8 5T D). £ T,
1992(2):41-42.

HANG Shu-qun, ZHOU Zong—jun, WU Yan—xia. Study on nutritive in—
gredients and digestibility of mushroom residues|J]. Edible Fungi, 1992
(2):41-42.

[6] hEAE, & ¥R gk B A A B A7 A MUIE R B 52 ).
LSRR, 2008(1):52-55.

SUN Jian—hua, YUAN Ling, ZHANG Yi. Production of organic fertiliz—
ers by edible mushroom residue[J]. Soil and Fertilizer Sciences in China,
2008(1):52-55.

[7] 30 1, 28, 558 3C, 45 Tk MR AR AT 4 RO WSS ML ). 12k
Yr2#idr, 2010, 26(1):231-236.

WEN Shao-bai, LI Qin—fen, HOU Xian—wen, et al. Recent advances in
microbial degradation of cellulose[J]. Chinese A gricultural Science Bul—
letin, 2010, 26(1):231-236.

[8] MutEs. £ e R AEWHARM). dbat Ak2E Tl B ARFE, 2005:70-71.
CHEN Hong-zhang. Biotechnology of lignocellulose[M]. Beijing: Chem—
ical Industry Press, 2005:70-71.

[91 Bk bk, KRIGAI, AT B S5, — AR sl aT 4k R AR AR 19 00 B S
BRI, R38R, 2010, 37(4) :524-528.

QIAN Lin, ZHENG Qiao-li, FU Jin, et al. Isolation and cellulose degrad—
ing bacterium and its cellulose characterization|[J]. Microbiology China,

2010, 37(4):524-528.

[10] Adsul M, Bastawde K, Varma A, et al. Strain improvement of Penicilli—
um janthinellum NCIM 1171 for increased cellulose production[]].
Bioresource Technol, 2007, 98(7) :1467-1473.

[11] Baldrian P, Valof P. Degradation of cellulose by basidiomycetous fungiJ].
FEMS Microbiology Reviews, 2008, 32(3):501-502.

[12]1 ¥ %, TR, 0, 5 —PREF 4RI ITH T E . %

gt BT A B[], S E A AEaE R, 2011, 38(5):709-714.
ZHEN Jing, WANG Ji-wen, XIE Bao—en, et al. Isolation, identification
of a cellulose —producing strain and characterization of its cellulose —
producing capability|J]. Chinese A gricultural Science Bulletin, 2011, 38
(5):709-714.

[13] Jeong J, Young K. Degradation of crystalline cellulose by the brown-rot
basidiomycete fomitopsispalustris[J]. Journal of Microbiology, 2005, 43
(6):487-492.

[14] PS{FY, Whivete, F3R%, 55 R mRsATLT 4R 3R 37 B 14 3 2 ke ).
SEN A= 5 HZER), 2009, 28(3) :477-480.

FENG Jian-ling, YAO Xiao—hua, WEI Bing—xing, et al. Isolation and
screening of straw cellulose—decomposing microbes[J]. Genomics and
Applied Biology, 2009, 28(3 ):477-480.

[15] FLSepk, 25 %, F 305k, 5. BIRAKREE Rut-30 J=2F 4 Rk 4%

PERIEAEL. H MO RHE =224, 2010, 30(9) 2 112-119.
DU Xian-lin, LI Hui, WANG Yi-qiang, et al. Optimization of fermen—
tation conditions for cellulose production by Trichodermareeset Rut C—
30[J]. Journal of Central South University of Forestry and Technology,
2010, 30(9):112-119.

[16] 5K H, HEE, ik &, SF PR R -WIRA R RIS e e R
i FLIE LB (). AP e 2R SHOR, 2007, 15(2):9-44.
ZHANG Chao, LI Yan-bin, ZHANG Lei, et al. Research on mechanism
of cellulase—producing fungi by cellulose—Congo—red mediuml[J]. Jour—
nal of Cellulose Science and Technology, 2007, 15(2):9-44.

[17] %% H i, /N2 RINFEFTLTAER MR TR B 70 5 1)), i)
%,2002,21(1):8-11.

LI Ri—giang, XIN Xiao—yun. Isolation and screening on straw cellu—
lose —decompoding microorganisms [J]. Shanghai Environmental Sci—
ences,2002,21(1):8-11.

[18] 5 J JE A 2 51 43 QB 2583—2003 £F 4 il 7S], b«
o T T R, 2004.

National Development and Reform Commission. QB 2583—2003 Cel-
lulases|S]. Beijing: China Light Industry Press, 2004.

(191X I, 29858, m ik, 21 4R R BN E D5 iR ). ki,
1994, 24(4):27-32.

LIU Jie, LI Xian-zhen, GAO Pei—ji. Review on method for determina—
tion of cellulose activity[J]. Industrial Microbiology, 1994, 24(4):27~
32.

[20] Bill A, John B. Measurement of cellulose activities]M]. America: National
Renewable Energy Laboratory, 2008: 1-11.

[21] Ghose T. Measurement of cellulose activities|J]. Pure and Applied Chem—
istry, 1987, 59(2):257-268.

[22] Christakopoulos P, Bhat M, Kekos D, et al. Enzymatic synthesis of
trisaccharides and alkyl-B-D—glucosides by the transglycosylation re—

action of B—glucosidase from Fusarium oxysporum|J]. International Jour—



s % BT A MR T 5 4

1391

nal of Biological Macromolecules, 1994, 16(6):331-334.

[23] Eickmeyer K, Huggins P, Pachter L, et al. On the optimality of the
neighbor—joining algorithm[J/OL]. [2015-01-12]. http://www. biomed—
central. com/content/pdf/1748—7188-3-5. pdf.

241 % W UKW, BRFE, . — R R S 2T 4 3R B A0 1 1 40
B MERG R T M. R EVAA, 2008, 2(3):3-7.

LUO Hui, QIU Tian—lei, MA Shi—chun et al. Isolation, characterization
and phylogenetic analysis of a mesophilic, cellulytic, anaerobic bacteri—
um[J]. China Biogas, 2008, 2(3) :3-7.

[25] BRIGESE, PV DR, BRIGEIEL, 5. Wi 17 IAT v DAL BR 17 AR 8 )™ 2T 4k 3R il
125 R RS IR L. B S AE BRI, 2011, 30(1):106-115.
CHEN Xiao-ping, SUN Fu-bao, CHEN Xiao—xu, et al. Optimization of
Trichoderma konigii cellulose production on solid —state fermentation
medium by response surface analysis[J]. Journal of Food Science and
Biotechnology, 2011, 30(1):106-115.

[26] Tuomela M, Vikman M, Hatakka A, et al. Biodegration of ligninina
compost environment [J]. Bioresource Technology, 2000, 72(2):169 -
183.

[27] YT, BRARDH, k0, S5, ) VU b DX 2L AR AR 28 0 i

RN 5 S]] BRI A= S R AP, 2010, 29(2):310-
313.
LUO Nai-xiang, CHEN Sen-zhou, YUAN Gui—feng, et al. Isolation
and identification of actinobacteria from the soil of root system of man—
grove forest in Guangxi coastal area[J]. Genomics and Applied Biology,
2010, 29(2):310-313.

[28] 5% BE, AR, A1 WBII0, S5 SR AT 2T 2 3R AR T A 07 2k M S
BRI R LR, 2013, 52(10):2264-2267.
GUO Hao, QI Jin—cheng, SHI Na-na et al. Screening of rape straw—
degradation microorganisms and the degrading features|J]. Hubei A gri—
cultural Sciences, 2013, 52(10) : 2264-2267.

[29] Amir J, Naecem R, Nouman R, et al. Gene cloning and characterization
of a xylanase from a newly isolated Baeillus subtilis strain R5[J].
Journal of Bioscience and Bioengineering, 2009, 107(4) : 360-365.

[30] JEl R, —Rh S BT AE AR TR 6 T A AE N HIRFSY D .
L B UTEIR, 201313344,

ZHOU Shu—xia. Application about organic matter—decomposing inocu—

lants Streptomyces on the spread of straw returning[D]. Nanjing:
Nanjing Normal University, 2013:33-44.

[31] ETCH. il 2T 41 3R B A7 AT ) 7 08 D FL A2 5 TR DN A AT R AR A

ARFSED]. B T« AR, 2013:29-42.,
WANG Yuan-ming. Screening for high—temperature cellulose—degrad—
ing strains and effect of the compositive microbial inoculants on crop
straw degradation[D]. Nanjing: Nanjing Agricultural University, 2013:
29-42.

[32] Devos P, Kersters K, Falsen E, et al. Comamonas Davis and Park 1962
gen. nov., nom. rev. emend., and Comamonas terrigena Hugh 1962 sp.
nov., nom. rev.|J]. International Journal of Systematic Bacteriology, 1985,
35(4):443-453.

[33] Rajarathnam S, Wankhede D, Patwardham M. Some chemical and bio—
chemical changes in straw constituents during growth of Pleurotus fla—
bellatus (Berk & Br) Sacc[J]. European Journal Applied Microbiol and
Biothechnology, 1979, 8(1):125-134.

[34] Tl S, TT00, 55, SEREFEARATUR A8E 1 SAH T
FYBIEFELT]. T 224 (B SRR, 2004, 32(4):96-99.
WANG Hai-lei, GUO Wei-yun, YU Guang-li, et al. Study on lignin
degradation and enzyme activity of Flamulina velutipes|J]. Journal of
Henan Normal Univer.s‘ity(Natuml Science ), 2004, 32(4) :96-99.

[35] B e, XU B, R, S5, 35 ik B A I SR 2R 0 Y

Wi AR FIAT DGRBS B4R [0, TR 24l CH AR, 1985(3)
29-32.
HUANG Ke—fu, LIU Yue—ying, ZHENG Zhong—hui, et al. Degradation
of medium constituents and changes in allied enzyme activities during
growth—of Lentinus edodes on sugarcane bagasse[]]. Journal of Xiamen
University( Natural Science ), 1985(3):29-32.

[36] Platt M, Chet I, Henis Y. Ligno cellulose degradation during growth of
the mushroom Pleurotus sp. ‘florida’ on cotton straw[J]. European Jour—
nal Applied Microbiol and Biotechnology, 1981, 13(3):194-195.

[371 ATV R, XUBERK, 2B, S5, RN - W) T 70 X I 2 50 s T
NEJE BGIERR A 52 M), AL IR SRR 2441, 2010, 29(1) : 194-199.
ZHU Jiang-liang, LIU Xiao—lin, LI Shao—ming, et al. Effect of two mi—
crobial agents on tobacco fine waste high—temperature compost maturi—

ty[J]. Journal of Agro—Environment Science, 2010, 29(1) : 194-199.



