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Selection and function of an anaerobic microbial community
with raw cellulose degradation ability
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Abstract; An anaerobic microbial community cultured in vitro with efficient and stable ability of cellulose deg-
radation was obtained from rumen residue by the techniques of restricted cultivation, which was named as FYG
—2. The characteristics of FYG —2 for cellulose degradation were investigated by taking enzymic activity, gra-
vimetry and glucose concentration as parameter. FYG —2 can hydrolyze 1. 00 g filter paper completely within
5 d at the condition of 38.5 °C and pH6.4 —6. 8, and degrade both non-sterilized and sterilized substrate and
its degradation ability keeps stable after 30 generations. It can degrade natural lignocellulosic materials more
easily than pretreated one. The highest enzyme activity (159.7 IU) was obtained with 15 percents initial seed
ratio and after 3 d cultivation. Seven pure cultures were separated from FYG -2, however, all their enzymic
activities were far lower than FYG —2. This phenomenon demonstrated that strong synergy probably existed in
the cellulose — degrading microorganisms and non-cellulose — degrading microorganisms or in the cultured mi-
croorganisms and uncultured microorganisms.

Key words: cellulose degradation; anaerobic; microbial community; cellulase

AR B I TR F7 PO A (4580 ORISR ) 2 0B 1 T P A R
K AAEYIFERE RN IR e N LT AR Bl A HBIT RN X — R R e BT 2
JER AT T AR Z —. K T HE R R /N

R BB : 2009 - 10 - 12. FH R ——HEE SR e T
EEWA : A5 AA S5 H (NCET -05 -0338). WAL & 4R 2 Z WAL, s 2wl o
EF BN THI (1981—) & WL A Hy 700 a0 A LR 2T o 22 45 1 R

MRS (1966—) , %0, 30k , {44 S, A
’ Tm A% B T A RLT 4 Z 105 Z by ST 4 2t



2

THOFY 4 B AL BT 4 R PSR B A 0T 18 S IR - 31-

HORA 2 A BR A 21 4 3R W) AR MR R YR i
i P ARG DAL, 2R A S8R i A9 R TR 21
2 R 2 W AT PR ShA R
B F AR T o SO K B, R U Y RE e
48 hpy i 1k i B 4 50% raer 4R R, g
SEARG B £ 24 2R A T 1) T D5 LADURE 1 2R A
YIAIE B AP RS i 7 4 2, X T AR RCR
U B 1 24 3R A T TR AR FIDT 5 IR SR 2T 4 2 e fi
BRI PN R AR S A A

1 R %

1.1 &SRR

TR R UEEAE DX AR FF by 32 BLARDRL A AR 4 1)
4 R
1.2 EFEEHG

i e H% #4750 mL JCHLER I, 250 mL JE
B, L -kt ke dh 1.5 ¢; 7T RE (0. 1%,
Fiig 80 1 mL, BB I m /AU AR
4 90 mL, FEFF 1 o, A PIZE 1 cm x3 cm
(BT AR ARTE R AR A~ ), FIAE R R SCIRRT , A
TNUEARAc, Hi g4k 121 °C Y2 KT 20 min. Hidr,
ToHLER B W ) 1% 43 (750 mL) : KH,PO, - 2H,0
0.5 g, NaCl 1.0 g, (NH,),S0, 0.5 g, CaCl, -
2H,0 0.1 g, MgS0, - 7H,0 0.1 g, K,HPO, -
3H,00.5 g.

Je T VR I 23 R 4 SRR .

FEFF « F AR T AR ) FOKRFEFT , # e 22
2 ~3 mm.

AL FR RS FF - A B A% 7k WL SCHR[12].
1.3 HAHEZRXRAEBEESFHHNFEML

IR IR EEAI DX AR FF Ry F2 BLARDRL A AR 4 1)
T W 598 AR B MU 10 mL A E] 90 mL 1)
e RE SRS, 38,5 CfE R #1555, frbE AR AL
R 7 B A0 i BT A 2 1 DA 10 5 R T
N BRI PR AR Al B PR LR BB AR E 1Y
FEah, B2 SRR E TR A T R
1.4 BAEEBAESSBEENE
L4.1 YR ESRMN E

1.0 g 27 4k 2 20 AR Ay o — Btk IR ) A
90 mLIEFEEE R 10 mL & ,38. 5 CH#rIFIE%
5 dJ5,5 000 r/min 25,00 5] G W, FHERRR FNAH IR
VAT B R o 8 T T B B AR, B0, T K R, B,
105 CHETJRFRE, AL TEFEMELRE .
1.4.2 212 R FBEE I E Tk

BO0.5 mL EEW, Jin pH =4.8 418 - LTREN
ZEoPi 1.0 mL, s Ml BT A 1 5840 (1 em x

6 cm) — %%, F 50 C /K ¥ KW 30 min, fil A
1.0 mL{¥) DNS ¥, B 7KI 5 min B HIFINAZE
MEKEZRZE 10 mL, 78 530 nm ) 52 L 0% 5%
[ PEAR R 50 T s I RETA .

FET 1 BT A 72 SR - 7 pH = 4.8 .50 C 4%
PR, 1 mL B b K S e 484 i 1 pg W%
I Bt i, Bk Sk — B B (10)

1.4.3 RE R A B alifk

1.2 TRk 0y 15 R 2 b A RS AT AN E 4R, 4
BRI e a0, T A BN 1% , FNA 2%
(80 BB , DR 1R A, K &
15 B 1 21 4 32 IR SRR A DR VRCR ST R 26 00 5 v
PAF— RGBT T, TR HREC TR & A LA
VB, H ARG LlRE SR, vl e 7 6 B ABE T ss, |
EHRILSHIFE, g 5 rid sk

2 HEREA

2.1 HAEZREMBERSHBENFESYIL

H L3 Fef 8 i 5 WAk 2, 49 80 T
RRasE AT e R IR E IR A W, A/ 0 FYG
-2.FYG -2 IRG ABEAETR LR =05 2 K BE
fif 5 R P UE AR BB B PR BE, 5 d J5 8405
SRl RS FE RS 978 G UK, Y TRV D5 DA G 4K
hME—BRIR I VR AR R (B 1) . FERE SR AR
WA K AR, UL FYG -2 IR AR AN
IUAFTELT 2 R WA TR, 3 A7 78 7 P o 71 45 L b g
BEA 3R 3 d,FYG -2 WA EREX T KA
FAR K B UE LRI 43 i 5600 T 2 45. 6% Fl 44. 8%
RE/INT 5% AT LA R FYG =2 X K B F R K
UE AR B it R AH R Y

-

fi P HR B IR 3 A R S d

1 FYG -2 BAHBEERY
Zeat 30 fALL AL AR SR, FYG -2 IRG W
TEXHRAC i 3 d 5, IR 4R A0 Ak B R AR R R
FECIEL 2 PR, Uk B1ZIR & TR £F 4 R n R
fEPERERRE. FYG -2 2 —MREIKE R, FIAE H



32 iR BT

43 5

Hh B SRAEAE B A W) 22 18] ) I R A FH I it 21 4
2 SRR P 2 B B M R T B ) 1
T, U LT H R 2 B 1 TP A7 e
AR LS.

100 ~
90 -
80 -
70 A
60 4
50 A

PETL R PUR ST VLR
30

20 A
10 +

JEH R TR %

5 10 15 20 25 30
(LA TN

2 FYG -2 HRMAERSERARBHXER

2.2 FYG-2 BERHBNAHEEZSEFHE
2.2.1  RRIRISF4E 2 5 5 i

3 AT B F il AT oA Ak B ) S T 8 4K
HIER, %A T FYG -2 IR A BB AR 26 R ZF
HERMRIEOL (R 1) R 1 455K ,38.5 C
FrIERE SR 3 d 5, AL BRAS FF AY R 4 2k R B 1R
1R 12, 4% 1715 A 4b B ARG FF 2R R A LR T
36.5% ,UEARAA MK R i, o 45. 6% , B JIX
Wy I it O 5 DU A e 46 > R Ab B BOASFF > kb
BRI RS FE. DR AC LUAS FT 5 B A 5 IS 1 B 4321
BRI ZE ¥ A 56, I 4R J2: 4l 41 4k 35, 22 5% b 2 T R
K, VUV 24 22 A W B AT B BE SR, e A DB AR R e A
PR T R ARAEFF (10 21 4 A0 378 AC o 2 41
Y Z v T 2 25 5 it TR AR M R 1) 27 4 2R Y 2 o
SR 2T 2k A 0 M G TR . R AT 20 Ak
PLUG AR SRR A T3 8 , S g
TE, 60 2 R 7040 B 8 Ok (H R H G FE R HD AR
T, 3X AT REAE P TG DR DS - — 7 T RT RE SRS A 1
Ab P AR A ) R BRI /N T AR
WA A AR P I S B R BV A iR
THERME Z B EMRVER ; 55— O, H AR A
e B E PR A 1R R e WAL B Y AR
BWEFYEER P L, LU RE L e R A 2R
TE A AR T2 4k R i RS 2 3 58 43 1) R 5.

®1 FYG-2 BAEMBEBARTERLXYRIE

27} R E R g W) R A %
1.0 g RALPEFEFT 0.365 36.5
1.0 g WAL 5 (WS HF 0. 124 12.4
1.0 g uB4Rsc 0. 456 45.6

2.2.2 FYG -2 R4 W B IS 5 ™ Bl 65 1] /9
TR R 10% , FYG -2 IR A BFLT 4 R
it B (B] A A8 Ak A 1 3 7, FERE SR AT 3 R
Jifis — B F LT FESE 3 R Ik ) g5
126 U, M7EUEARE L8 MR IEE 5 R 4R
BTG AT 2R3 111 TU, M & B A0 & i 2
s E] T 50 me/L. KT 3 i8I LA, 55 3 K
FIER 4 KA IS A R AR R R 2 , DL I R A &
e A Y R AR R RN B RE. BT LA O R
B, USS 3 4 RIIGEFRYN B, KR 4R R 1 531
FEYINE R HA R (P B, LS 5 RINEE =Y

HH.
140 | 1 100
120 T ZF4E G |
S o i P80
= 100 2
E g0 60 2
Sy ] =
v 60 L 40 &
40 | €
QU
- 20
1 -
e - 0

t/d
B3 FYG-2EES5-EHEENXER
2.2.3 FYG -2 iRA WHELT 46 5 1l 5 W)t
[PPSR

ARG HE A i, 5555 3 d,FYG -2 ]
A TRTRRE B Tl 155 R VR ) 8 2 o v AR A n 1R
4 iR, ATLAE S, FYG -2 MG F ik R A
WU o N IE F. E WD R R TR O 15% R,
FYG -2 (% g 1 i 5, 10 24 00 UR 32 o 0 189 n 39
50% B}, FLR G FEAR T —2F  (HU2 RO VAR 2 A A
ERERT R A S T 5 2.

£ 2 W — P S 0 e, L A7 3
VI R4S I . 24 00 46 TR i A 10% 4 R #)
15% , 35537 0 )2 i RIS #0077, D A 42
Tl e BN, 7 Il etk BN T A A AR T
WA JE DA™ A R i il H2 XY ) s 12 i
HEINE) 20% |, il 5 3G 0, (H 2 7 AR R T
R FE LRG0, W IR 4 o R B L 8 mT LA EF
Y R AR K SO IR IAE L, BT LA & BRI
MR AE 20% ~ 40% J&— A~ 7 Wi FL L 15410 o)
R = U SR ITES 3 I N S NG W
JE YR HERN R R SR (A5 50% ) |, WAk B 23
F A TR, 5 VA 2 7 6 ] P R 34 o (] s
B AE Pl 2 (G U RAIR. PRI, o] ARl R



2

THOFY 4 B AL BT 4 R PSR B A 0T 18 S IR 33

[F) A H B, PR 4 it

180 7 r200
160 T 180
2 140 [160
= 1201 140 T
<80 RS &=
W J Th---B r 80 =
60 a
e P E [ 60 &
404 e " TN
R A
201 - 20
0

0 ]IO 2I0 3I0 4IO SIO 60
VA /%
E4 FYG -2 B SHREBERLGZ BHER
2.2.4 REWHRAWE R PEVEH
R IR T M 400 6 53 85 04 T ¥, N FYG -2
TS B 7 MREETE, 4 il 44 8 F1F2 (F3 F4 |
F5 F6 F7. 443X 7 #R A FYG -2 23 il st A
DLZF 2 25 S ME— i 5 1) 7 6 35 5 3. 2 A\ 4l TR 1Y
Foil, SRR A WA B A B335 3 d U, 4
B A EARF FYG -2 (TG, 45 5 A 5
FE7R. T LA Y, A BT 1Y 21 2 22 B /N T
RATRE. X R FYG -2 A R £ 7 i 5
(I RIVE . 3 b B[R]V AT e A 46 21 2 2K [ A
B2 ] 2T A R R A S AR AT e R R R
7T R SR 5 R AT 5 G W ] Y P
120 [
100 [
80
60

£F 2k R 15 /1U

40 r

20

%,

%, 4 2
F1  F2 F3 F4 F5 F6
R/ R

5 FYG -2 paigsi4ey 5 R EEEERIxI

0

RIVES

FRF H AT oy B E AR R BR 1, A 5K
BT ] Ay B R SR A AN I AR R i
AR BB 0. 1% ~10% ") S FeAe i I
WA BERE TR AR, N REAR I st S W [ SR IR 8%
HRA: W 22 R 1 SR LIRS . RV X6 1] 43 15 3%
FEMIGED) , BAR G0t Z WA B alifh , A% A TR Ak
WAFFERIRME. AT 52 R FH DAL 2 32 S v — B U5
AR BRI 43 18 i, R4S B BT RR 24 R £F 4 3R [ it
W, ARG AR 4 R R A AT 35 55 0. B
FARIFHY T BREEETCIE AL R A AR RS 2 4r
(2T 2 R R4 ROk IR A TR i B RV
TRATREFEAE T A A RBEMR A SAR A R R R A Z
) B A AE T 0] 55 3R U W 5 AN T B SR A 1
PRI, AR 2 N T4 2 P A2 L A AR A
e DIRE. G T IR A W A P R G i — 20t
58, K S VERGE.
2.3 FYG-2 REFHSHMXEPRENE

AR

[ N Ah 5 B 2 DS TR) 19 B B D o, R FHEAS
[v] %) B A 55 % 7 12, F) Sl AR 3 1 — 2 LA R[]
TIREI LT YE R FEARIR G R BF , 28 LA SR
IR B MCH® Mc1™ wse -6 pCS - st
FIARBFFE IR 1) FYG -2 #1777 (% 2).
TE S MR ZEMRIR G WA T, FYG -2 By £F4E
BRI S5 R, KRR P ) TR I VA B
XA 855 PR SR A 1 AR B A . B
T MC,FYG -2 (g4l & 5 HAUA WA
T, R FYG - 2 Xt £F 4 2 1 [ fie okl B 5 HL
B HEAR Y. (HE FYG - 2 43 £F 4 R a9 /E
TR HUR AR, XA A F FYG -2 5 HAth A H
YRR B 7 RS UE I E T,
J& FYG =2 ] Fe Bl i p 4.

K2 BUHEZBEMEAFERNLER

N e s WigE 3 d IR REAgE o v A DT
AW Wi/ C - N/ 1U W/ (mg - L)
FYG -2 38.5 0. 46 159.7 136
MGt 50.0 0.79(4 d) - 10
mc1t8] 50.0 0. 47 122.3 -
WSC -6[ 1% 50.0 0.49 54.3 -
PCS - st 40.0 1.00(8 d) 80.0 -
3 & B, FYG =2 iZERFATLAZE S d A 1 g 1Y

IEARSE A . 225 30 ARLL L A AUss R, HERE

D) TR E A R R ARG E MR R HA KR KE 5B A



34 R

43 5

R R

2)FYG =2 St AS[a] 26 7 1) £F 2k 2 400 4 fit 110
XEZ W7 A g4t > RACBRFEFT > BiAb B 5 A9 FS
FF RGBS A TR R R 4 R

3)FYG -2 IR G W #F B A s Bk re i i
fitg 6. BEFREE 3 R4 2 W T fue s, W) R B oy
15% ] LASRAS 5 o 41 4 R W

4)FYG -2 gy R 2L B R AR
RO EIVE AR AT REAFTE T 4F 4 R I i SR 4T
Y R A DA 2 R SAEAE T T 5 3R U E W 5 A ] 8
TRt YA

5)FYG -2 XF 27 2 K 1) 43 fff 3 B 5 LA SCifk
HRAE TR A B A 2, (ERAE R A%, A A T
FHA A 9 52 Be A 27 4 R 3 IR I 9%

52

[1] RAGAUSKAS A J, WILLIAMS C K, DAVISON B H, et
al. The path forward for biofuels and biomaterials [ J].
Science, 2006, 311 484 —489.

(2] SR1E%E, i, s, FIHEYHORBEM L 4ER 1
WFoEakfElJ]. MM TR BE A4k, 2001, 22(3): 84
-85.

[3] COYLE W. The future of biofuels; a global perspective
[J]. Amber Waves, 2007, 5. 24 —29.

[4]WYMAN C E. Potential synergies and challenges in refi-
ning cellulosic biomass to fuels, chemicals, and power
[J]. Biotechnol Prog, 2003, 19 254 —262.

(ST TR, PV A8, RO AR BT 2 28 28 i A 7 Rk

CEEMBISEHERELT]. R RH S 4, 2008, 10

(S1) . 41 -44.

SREENATH H K, JEFFRIES T W. Production of ethanol

from wood hydrolyzate by yeasts [ J].

2000, 72, 253 -260.

RISMANI - YAZDI H, CHRISTY A D, DEHORITY B

A, et al. Electricity generation from cellulose by rumen

[6

[

Bioresource Tech,

[7

[

microorganisms in microbial fuel cells[ J].
and Bioengineering, 2007, 97(6) ;1398 — 1407.
[8] WANG Xin, FENG Yujie, WANG Heming, et al. Bio-

Biotechnology

augmentation for electricity generation from corn stover
biomass using microbial fuel cells[ J]. Environ Sci Tech-
nol, 2009, 43 (15) . 6088 —6093.

[9] REN Zhiyong, WARD T, REGAN J. Electricity produc-
tion from cellulose in a microbial fuel cell using a defined
binary culture[ J]. Environ Sci Technol, 2007, 41,4781
—-4786.

[10] REN Nanqi, CAO Guangli, WANG Aijie, et al. Dark

fermentation of xylose and glucose mix using isolated

Thermoanaerobacterium  thermosaccharolyticum W16
[J]. International Journal of Hydrogen Energy, 2008,
33. 6124 -6132.

[11] B2 IRZERK, FIE, 55 0 H BUE Y XL 4R 26
Vs REfRRORTSEL T ] Rk T, 2007,28 (14) :53 -~
57.

[12] A4y LB A FERTBE 2F 46 2 S0 2 KR
KR R [ C 1/ 565 /IR 4= E SR 1 A 1 2 AR
Waie k. Jbat A Toll i A, 2005 : 40 -47.

[13] UPDEGRAFF D M. Semimicro determination of cellu-
lose in biological materials [ J]. Analytical Biochemis-
try,1969,32.420 —424.

[14] BEAE, HEGLL, TAE. 8 H Gy T e B )
LB SRR ], A7 2%k, 2005, 25 (5): 68
-73.

[15] PANAGIOTOU G, OLSSON L. Effect of compounds re-
leased during pretreatment of wheat straw on microbial
growth and enzymatic hydrolysis rates [ J]. Biotechnol
Bioeng, 2007, 96 250 —258.

(16 IR, 44, (R RS RERH TagER ML
ARG K e e A B BF 5T [T ], K BH BE 2% 4k,
2007 ,4: 375 -379.

[17] KATO S, HARUTA S, CUI Zongjun, et al. Effective
cellulose degradation by a mixed — culture system com-
posed of a cellulolytic Clostridium and aerobic non —
cellulolytic bacteria [ J]. FEMS Microbiology Ecology,
2004, 51 133 —142.

[18] HARUTA S, CUI Zongjun, HUANG Z, et al. Construc-
tion of a stable microbial community with high cellulose
— degradation ability[ J]. Apply Microbiol Biotechnol ,
2002,59:529 -534.

[19] MUYZER G, WALL E C D, UITTERLINDEN A G.
Profiling of complex microbial populations by denaturing
gradient gel electrophoresis analysis of polymerase chain
reactiorr amplified genes coding for 16S rDNA[J]. Ap-
pl Environ Microbiol, 1993, 59. 695 —700.

(20 ] 451 AR 6 Ph AT, 45, — 4 R R F Uk 3R 50
WG & MCL /T S DRE(J]. BREERR:, 2002,
23(3):36 - 39.

(21 EMZR, /Y, Wi i, 55, o S0ORG A 41 4 38 70 il 1
5% WSC -6 it S HIime[ 1], BJeit/\—
A B AR ,2005,17(3) 14 - 17.

[22] FENG Yujie, YU Yanling, WANG Chengwu, et al. Se-
lection of microbial community with high cellulose —
degradation ability and its characteristics| C]//Bioinfor-
matics and Biomedical Engineering ICBBE. Wuhan:
ICBBE, 2008 :4218 —4221.

(g x1 H)



