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W E ARAFTEINTHEILLSAZR. 20K TR FE A RBEG D LRFAMAEYD R, BT I
HRETIRAT AWF Ry D ERATIF S G EL A R WSDS5 N M A D, #7415 d &, WSD-5 4 M %
A T75.6 %o N.M Az Dt 5 fR% 55 %4 65.0 %.69.4 %A 67.5 %, B3 X HAAHAN D EBFF % E £
HEERRRERSOSBRE . T WSDS Z 6B Z A A AR MEYS AT T4, WSD5 £ 6H %
AT gk FFREFARTESNRYT 942 %819 %A 21.3 %, s AALBH LB RN 44
T KRB B SR BE BEE  2A WSD-S AW AWBER ARG, A PEABERRS A 1.30 U/mL,
e ABEE R 4,35 U/mL, s 8 & Wik 2) 0. 60 U/mL,R # F 45 H B & X 5] 0,43 U/mL, K ¥ 875 1
%% 15.16 U/mL, ##31 % PCRERZ T, WSD5S S4B AR AR m@ LREMR.
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Comparison of four microbial communities with wheat
straw-degradation capability at normal temperature

WANG Xiao-juan, LI Pei-pei, YUAN Xu-feng, WANG Xiao-fen, CUI Zun-jun”

(College of Agronomy and Biotechnology/Center of Biomass Engineering.

China Agricultural University, Beijing 100193, China)

Abstract  Four microbial communities named WSD-5, N, M and D, which with stable wheat straw-degradation
capability,were constructed at normal temperature using the restricted cultivation technology. Compared with other
three groups, WSD-5 exhibited the potential higher wheat straw-degradation ability during the process of continuous
cultivation. On the 15th day, WSD-5 displayed the maximum wheat straw-degradation rate up to 75.6% ,compared to N
(65.0%) .M(69.4% ) and D(67.5% ). Based on the results,up to 94.2% of cellulose,81.9% of hemicellulose., and
21.3% of lignin could be decomposed by WSD-5. The activities of cellulase, xylanase, and filter paper were detected
for all the four communities and the results demonstrated that WSD-5 showed the highest enzyme activity (filter paper
activity, 1.30 U/mL;cellulose endonuclease activity,4.35 U/mL;exonuclease,0.60 U/mL;p-glucosidase activity,0.43
U/mL;xylanase activity.15. 16 U/mL) . The result of specific primer PCR showed that WSD-5 was consisted of fungi and
bacteria together.

Key words lignocellulose; microbe; degrading community; enzyme activity
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1.1 AHEARMIELRE
1.1.1 =554

FH T 0 36 14 5 3% 3 Mandels K5 5 58, H a7
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KH, PO, 2. 0 g/L. & 1l 2. 5 g/L. CaCO, 2. 0
g/L,FeSO, « 7TH,0 5. 0 mg/L,MnSO, 1. 6 mg/L,
ZnCl, 1.7 mg/L,CoCl, 1. 7 mg/L, B8 12.0 g/L,
pH 7.0, /N FEFFAE g ME— A9 Bk U5 78 0 ot £ 53 4K
H 1% AE 100 mL B = F . A 40 mL f B
FeEE KW IR
1.1.2 A6HAMLET &

AR BRBEE G o3 A T 0 BRI - A e g
428 HENE AN E AR R AN ERE AT . A2 30 CR#RIE
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INZERERT I TR e B FR e b e B v L Ik
3 ff B0 A 5 5 R DR B 0 A BE ) SR R A
W 25~30 UG ARk 4 HEBWER. 0
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B =AM b, 5 BC 1 AH LA AR Dy ME — Bk IR
Mandels [ & 15 77 J& . 4 %9 B 09 BT & % B 4 120
mg/L.Ar G5 8 d Y 4 HE B H AN FRY)
£ 4 gQRAED .30 CHkbE IR, 4rlE 0 F1 15 d K
Fe LT AR E PR E S B E 3 IREXR.
55 S 00 BRI AR Ry T BRI B TR A 19 5% 1) AN 2 TR 1Y
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E:90% bk iy

HBEHET 5 AR AT 5k B 6 0F i 1 mm G, FR R
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USA) #2/E LA I & R AT B AT ISP o LT 4E R L2
YR ARBR VLK T
1.4 fHEGREE

BLil 400 mIL fly ] {4 35 5 kL B AT B8 i oy 4
g% T 1000 mL BYEEA . 0] 25 AR b 23 Sl 4
MR 8 d i 4 HE G RBBEE R 779,30 CT
FERE R 12 d BRI 1. B BRI L 2 5 R
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BUB s R 55 2 9 B TR A 15 mL Y 55
TR, EZ e A 08T, ik 1 min,
8 000 r/ming.L> 10 min, W4 b5 W&, 15 B A N &
B A Z LG

1.5 pHMBEXNEEENZME

BCE 1/15 mol/L W PR & —BN-BE 2 — &1 22 o
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FR2F 4t 2 (CMO) ] 5 A1 Y CMC g 3 4, 1T LA
W F B 38 pH Dhdcil pH 9 22 0PV ff IS
Y, LA 3 B AR P Rl O R B IR R B R
40~70 'C AWFFE H B A 1Y IS PR TR Bl pH ORI
Toe 3 T BT E
1.6 @EgiEtENE

AR5 i DU A %) T O P B A DR AR CEVRB S |
4 Z N UG (CMC i) | 2F 4k R S0 D) B (il b 2F 4
B B AW LR 4 R AR SRR . T
5 W 40 ) R UE 4K 2% 50 mg (Whatman No. 1
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2% Cw) BB A 4T 4E 20 L0, 5 %0 () K A A 1%
Cw) [ MEFE A TREME L 22 vl ¥ R i R 8 — -l R —
SV ZE v (1/15 mol /L) . Hed I 5 73 1 DL WSD-
5N I M 4 HE G RSP iid pH 20328
6.47.6.24.5.91 F1 5. 20, i@ iR EE R 55 C,

Fitg 3% 0 5 R TUPAC #7590 2 7 i )
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AWE bR Wt 2. A0 U) G I E 7 2 A 10 min
5 1 IR HAKI A5G B FE 50 T 12 000 r/min £
21 min 5. B FWE RSP BN 3 mL DNS &
W AR E R v KR BT A AR L A
Xof OB BR W A RO 3 R S SRR i [ B K . AR
AR AT WG Iy . 1 A FEIE PE AL E L) 1 min
TERE 1 pemol 348 UM BT 5 22 1 g i
1.7 EAHEREVMABVTETE

WEAGWREFRYEEZEOE MA 500 pL $2
B2 v (100 mmol/L TrissHCl, pH 9. 0; 40
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L SRAECRIED VRV & &R B DNA,

S8 AN BT R S 1 ) 4 16S rRNA Bk
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PEI G .72 CHEAH 3 min 50 s 5. "W T 4 CFfF

. M E FLBH T AR S 51 ) 1S 26S rRNA J
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GCGGAGGAAAAG-3") 1 LS2 (5 '~ATTCCC-
AAACAACTCGAC TC-3 DO, RN FEF R 95 C
5 min; 95 CZ8: 1 min ,52 CiB k 45 s,72 ‘C ZEfh
1 min 30 s, 3t 30 MEHE.72 CHEff 3 min 50 s
JG.EM T 4 C T AEik. PCR Y™ YR M 2%
(w) TAE By B b 5 s v vk R

2 FERE5SH
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Fig. 1 Degradation rates of wheat straw during

decomposition process
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Fig. 2 Analyses of major components of wheat straw

during decomposition process
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Dynamics of cellulase activity during decomposition process
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decomposition process

2.6 EEEFARMENMERMTEE
AT 4 25 R AR A R P AL
WA NA2RERE LA, S8 aEA
4 73 M S % A5 1R T LA A i B2/ W R WSD-
5 HA K B AR S A 18 AR 23 Mk B Bl G T LAY
L. Tk — 25 E G vt 1) WSD-5 1 Bl 2R 1 40
J s 2B X A5 T AR i g o PR B DNA AT 7
IR R 5519 PCR 436 1 75 U M &2 65 7 & 1
YA R
A8 A WSD-5 §) B DNA 415 fil &% PCR
I3 PRI DL L 6 DA T MR 5 A v DK 45 R T LA

WSD-5 B2 DNA R LS 5l 97 5t 410 5 A I 1R 2%
i IITUE B 1 i 0 e #4952 5 1 &R WSD-5 2 & 1 |
W & W &R, &5 )7 M5 B SO Hal A,
WSD-5 B4 W A& T EHEH WP Coprinus cinereus
HEI B FEREM 76. 6%, Pseudallescheria boydii 5
#17.5%,

bp Marker Il ElifE] L

1500 St
200
700

500
400

200
100

B 6 EA&EZR WSD-5H L DNA 415,
EH PCR ¥ i E %
Fig. 6 PCR amplified patterns of bacteria and fungi
with the total DNA of WSD-5

3 i

D) Sh it K35 B TEA IR A 98 50 P i 9 2 18]
PRI G R A AT ER T o 7 — R B9 A5 PF T BRI 15 9% VL%
IR I IGO0 % o) Al 5 I EE A DR B O I
fIE 77 50 1) F A Qb 4 g B0 3 5 BR A A R 1 44
B 3% H % BE 1 R W AR R AR E . AT
GO o3 I LI - 8 28 2 CHEHE A B AR 9 4 /)
22 AT g A Ta] 9 A 1 0 3 i S0 3 TR 72 e 4
PR T 4 HE RO RN AR R R A T R WSD-5,
N.M 1 D4 24525 B AR 3 RE i 2% 10 70 il A S 47 4
2RI R o 0 M S . D IO R Tk A Ok B A
2K DI TR] A5 FH 16 S0 B R R P 2 A 3 A 28000

2 3 3o Xk o fige 2k R T /N2 R AT RS0 A A T
PRI 2 . WSD-5 #R B T 45 i 19 D10 o x
Tl AT P 1) £ 4 2R 0 2 2 4 28 R0 A ORI J3E 19 0 A
I T i i R A 3k e ) B AR T L 4T 4R R
il 1k A B~ 21 HE Bl 35 1 . WSD-5 1% 4% il 3 1 19
e el AR 4T ) B 20 T A o BV EG 5% R A R g
WM HHRE SR AR NTTWRIEY TixE 65 A
HA R BT

DIEARBETEH  WSD-5 545 B AR 1 70 fift 717 i
AE S HAR 3 HE 5 W A A % W3 1 X 1, 3L fik
AR T R . WSD-5 il ik 1 B A 4 TR



Bl

ENIHSE A LRI RN R TSR A R I LRI 29

it 58, 5 A0 3 A1 0 R A2 CHENE RN H SR 2
INEREFE . AR B ks A B AR AR K
YRR R AR L AE R R Y . WSD-5 1 43 il g
1 K7 wgRe Sy W L T Al 3 AR A R &R X AT fE
S H TR I B AR 08 A 0 A T A3 il R B £ 4
FOMRE I BE B B B s A B 0 S R 0 M R I
T AR 3 A W 5 R A I B8CA ) O e R 5 & 4
RO EZE N TEREN T RIEE BT
Wi S SO HT TR0 A 19 7 328 O 5 P 19 10 52 5 TR AR I i
RE 7 B 7 il 0 14 A R X ]
HERACHRIE W HR/DEFRT o mE 6 W
AR B . WSD-5 43 i 14 i A1 it S AT 4
RNV R 4. 18 U/mL, A BB i 75 s
12.34 U/mL, H WSD-5 [a] B} 43 s A 18 45 . 21 4
ANV K B 4G 0T L Ui B WSD-5 B S
fitf Z 48, 3% 5 WSD-5 ¢h 4 &1 A1 L 7 e [] 41 18 %% U0 A1
Ko XFF WSD-5 H A4 (1) 40 B S B 1R 18 A 24 LA K
BATTZ ] A O R AN A T EANGE 2P S

2 % X #

[1] Adsul M G, Bastawde K B, Varma A J, et al. Strain
improvement of Penicillium janthinellum NCIM 1171 for
increased cellulase production[ J]. Bioresour Technol,2007,98:
1467-1473

[2] Bayer E A,Lamed R,Himmel M E. The potential of cellulases
and cellulosomes for cellulosic waste management[J]. Environ
Biotechnol,2007,18.237-245

[3] Mandel M, Sternberg U. Recent
technology[J]. ] Ferment Technol,1976.,54(4) :267-286

[4] Takao S, Kamagata Y, Sasaki H. Cellulase production by

advances in cellulose

Penirillum purpurogenam []]. ] Ferment Technol, 1985, 63
(2):127-134

[5] Brijwani K, Oberoi H S, Vadlani P V. Production of a
cellulolytic enzyme system in mixed-culture solid-state
fermentation of soybean hulls supplemented with wheat bran
[J]. Process Biochem,2010,45(1):120-128

[6] Kumar R,Singh S, Singh O V. Bioconversion of lignocellulosic
biomass: biochemical and molecular perspectives [ J]. J Ind
Microbiol Biotechnol,2008,35:377-391

(7] . P A% — 4R R Ed R RN MEE S R
MC1 i1y i 5 & P ELT]. FREERE#.2002.23(3) :36-39

[8] Haruta S,Cui Z J, Huang Z Y, et al. Construction of a stable

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

microbial community with high cellulose-degradation ability
[J]. Appl Microbiol Biotechnol,2002,59:529-534

R, E/NIF RIS R RS R MCL 5 i AR5
VER T BRI ]. IR L 2008,29(3) :795-798

Guo P,Wang X F,Zhu W B, et al. Degradation of corn stalk by
the composite microbial system of MC1[]J]. J Environ Sci,
2008,20:109-114

AN BRI R L SRR R AR R M E A R MCL
O I AP LD T ARl R 2 2441, 2003, 8(1) :59-66

ORI RIS S — N E R A R A R
it 2 R PR LT DL P B AR R 54, 2010, 15(1) < 1-6

BRI R TT A FOMG L SF . — /N R T A 0 0 T R R
B R AL, BB R 2%, 2010,31(1) :249-254
Hattenschwiler S, Tiunov A V,Scheu S. Biodiversity and litter
decomposition in terrestrial ecosystems[J]. Annual Reviews of
Ecology,2005,36:191-218

Colpaert J V,van Laere A. A comparison of the extracellular
enzyme activities of two ectomycorrhizal and a leaf-
saprotrophic basidiomycete colonizing beech leaf litter[J]. New
Phytologist,1996,134:133-141

Hofrichter M. Review: lignin coversion by manganese
peroxidase ( MnP) [ ] ]. Enzyme and Microbial Technology,
2002,30:454-466

Baldrian P. Fungal laccases-occurrence and properties [ ] ].
FEMS Microbiology Reviews,2006,30;215-242

Ghose T K. Measurement of cellulase activities[ ] ]. Pure Appl
Chem,1987.59(2) :257-268

Beukes N, Pletschke B 1. Effect of sulfur-containing compounds
on Bacillus cellulosome-associated ‘CMCase’ and  Avicelase’
activities[ J ]. FEMS Microbiol Lett,2006,264:226-231

Wang X F, Shin H, Wang P, et al. Diversity of a stable
enrichment culture which is useful for silage inoculant and its
succession in alfalfa silage[ J]. FEMS Microbiology Ecology,
2006,57:106-115

Zhu H, Qu F, Zhu L H. Isolation of genomic DNAs from
plants, fungi and bacteria using benzyl chloride [ J]. Nucleic
Acids Res,1993,21:5279-5280

Florez A B,Mayo B. Microbial diversity and succession during
the manufacture and ripening of traditional, Spanish, blue-
veined Cabrales cheese,as determined by PCR-DGGE[]]. Int J
Food Microbiol,2006,110:165-171

EAER R HE R AF AL R A W REE B S
Te e w00 B 0 R [T ], 4 olk T/ %44, 2006, 22(4) 148~
152

(AR HARELAIL, RIEHH, ELD)



