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Selection and cooperative functionality of two groups of
cellulose degrading microbial communities MC-A1
and MC-N1 with different degradation effects

ZHANG Rui-ging, YUAN Tang-yu, SUN Yan-xia, LIU Ke-ning

('Yantai Academy of Agricultural Sciences, Yantai 265500, China)

Abstract : We screen two groups of composite microbial systems, MC-Al and MC-N1, with stronger cellulose degrading
capabilities from homemade compost heap and several natural fermentation materials by regular regeneration during
incubation. MC-A1 is a composite thermophilic aerobic cellulolytic microbial community which is acquired by a subculture
technique of shake-flask-fermentation broth, while MC-N1 is another composite microbial community with thermophilic
anaerobic cellulolytic capability which is obtained by static cultivation and regular regeneration. It is discovered that the
degradation rates of communities MC-Al and MC-N1 for wheat-straw powder can reach 42% and 38% within 96 h. Their
quickest degradation rates occur between 48 h and 96 h, but these rates steeply decline after 96 h. This degradation rate
can reach 47% by incubation of MC-Al through 96 h shake-flask-fermentation and then incubation of MC-N1 through 96 h
static cultivation. This demonstrates that these two cellulolytic microbial communities show cooperative function in the
course of the degradation of non-natural cellulose.
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functionality
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FRHEAR DY BE R IRTT LR B (RS 3 K, KB 60°C L 1) 43 HE ik (R EESS 3.9.15 .21 .28 40 ) MIMElA
HERIRE AT 10 ¢ 7 100 mL A= #iEE /K HhiR3%7 30 min, #HE 10 min, 10 mL 242 T 100 mL 22578 & 19
B (R ArM 0.5% B (1 ,0. 5% NaCl,0.2% CaCO,,0. 1% fizEE¥} , MgSO, - 7H,0 0.03% ,FeSO, - 7H,0
0.001% ,MnSO, 0.002% ,ZnCl, 0.002% ,CoCl, 0.0002% , + #3813 44 ( L35 2B oK DAL LG 101 BdEiR
AL U8 VKGR ) 10% ik 80 1.5% , 45 FHZ R Ry (AP B i fE T 1. 5% (1) NaOH 350 24 h, 37K
PPYEBOR PR 24 b, FHER VR pH (8 2 e, 80 CHE T, i A T 16 H 140 HIffLZ M AFE& ) 1. 5% ,pH
fE AR ,55C 180 v/min ZfF NI SR . FRREFRIR pH (B IR BRI Bk ( pH < 6 5 pH > 8) I, K {2
Fw A L BEMTR A SRR A, 51k 10 min JEHC 10 mL b 35 9 5612 280 B 0 22 AP0 & B, U ke 2 52 5 4
B, AL AR i 22 ATy 20 bk BE PR L pH B PR AR ASE OTR B A, LA 22 3045 MRG0 i Ul e 4 2T
ROE G 5 MC-AL,
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(1) PEACT R EHE OB 1.50 g DRATHE e —Br I I 4 100 mL JEACHE TR (L3 0. 5% HEHR,0. 5%
NaCl,0.2% CaCO,,0. 1% [ £} #, MgSO, - 7H,0 0. 03% , FeSO, + 7H,0 0. 001% , MnSO, 0. 002% , ZnCl,
0.002% ,CoCl, 0.0002% , - i 80 1.5% ,80°C T HYUEAL % 1. 5% ,pH {H HSR) , #Fh 5 mL MC-A1 B,
55°C 180 r/min 4> BIFEMEEFE 72 h F196 h J5,5000 r/min B5.0> 15 min, {522 1350, FHERER FRS IR IR TR
PRI PR AR, B0, KPR T30, 80°C BT JE AR, T340k e R %

(2) ZFFH R E 1 . DA FF A S ME— B U R A 100 mL ZFF Y K ERE R (S 1. 1. 2) 5 5 mL
MC-ATF K ,55°C (180 v/ min $EIfHE SR, B 24 h g — K EFR B /MR HER(JrkFE L) .
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(1) IR B AR A R 52 (PCS) , 1530 0. 5% B AR, 1. 5% S 4 % (1E485%) ,0. 5% NaCl,
0.2% CaCO,,0. 1% FEEEHY,55°C N T3R5 h i - 3535

(2) e R ONAb 7 i AR H 1 g 43 B R THEAD T4 5 ml PCS 8532 A8 v, S5 °C ik 15 9%, 19 IR AE
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(1) VERARH KT LA 80°C HET A IB 4R 4% (1. 50 g) Jy M — i ULl £ 100 mL PCS K53, #%FP 5 mL
MC-N1 B ,55°C 43 3l 1R 35 72 h 196 h Ji5,5000 r/min B5.00 15min, 5] 25 F3E W, FHERRRFNASER IR 457
PRI BR R, B0 K VBP0 80 C L TG PR, T AR B R AR FLR

(D%ﬂ%%@%-u%m%ﬂ%(%ml 1.2) JyufE—fr i/ 100 mL PCS, 4281 5 mL B ,55°C AT
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BRI A I — W LB RE IR RE 3R — PR B A R0y vk, BIVAR SR 0 I R Lk 5 3R 0 5 5 R A
[0 5 3 A0 0 R 22 FE I A A o i ide FH ) & 855 95 W0 22 AT R R B 3R I (S L 1. 1.2) B f
A ZRERE R 10 mL,
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A FRY R RG TR P R R 8% , AE W) LR FR R e i A oy, 2 PR B 3R pH (EAR AR E (R 1) B 25
A B TR pH (E I 8™ B 3 Ak, b3 2 Y (D09, pH =5.0) FI%f 3 )R (D15,pH =5. S)Eﬁnnﬂﬁiﬁ%{ﬁ
pH {EARER , Hoax 4 YR it 115 2 W00™ Bl ( pH {H7E 8.5 ~9.0 Z[A])
1 HENCR[RIHEURE S BT A e S 10 B R pH AN Z2 TR 2 A 15 0

Table 1 Fermentation period, cultivation pH and degradation of wheat-straw powder in cultivations with different

incubation samplings from homemade compost heap

ey #1AR A a4 A
KB/ pHA{H R B iR % KEREWh pHE Sk /g Sr il %o
D03 96 8.5  1.38:0.02 8 240 9.0  1.36x0.04 9
D09 72 5.5 1.320.03 12 108 5.0  1.30£0.03 13
D15 72 5.5 1.35+0.02 10 120 5.5  1.33%0.04 11
D21 96 8.0  1.37:0.04 9 168 8.5 1.36 £0.03 9
D28 120 8.0  1.34:0.03 11 144 8.5  1.32:0.03 12
D40 96 8.0 1.42 £0.02 5 192 9.0 1.39 £0.02 7

T BRI N 1.50 g ZFT4 , R AHAR g 100 mL,
AN TRV i B A IR S 2 A3 O T A T 2001 L[] — LR il 7 fie 9 T LA e i i v 2 AT 4 70
RAAR . B LS% ~12% o G4 OV R RIRIY 2 HERBIR A B IRk 4 AR RR G, 28
JEHsixX 2 4UR A RO AE LU BT A, 8 1k 10 min 510 mL iU R BT S 22 FPAs A I B 97 0 Ak 2
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R IE ML, T R B pH A SO R O R 550 R BT, PH- JFG 458 i 5 AR SR 55 A, Akt S S 501K, 3145 —
Hi%ELE 8 LA EREFRIE pH HARETE 6. 8 H AT M K H R (R HFAE 40% ~42% WHR G, 28 24 28 o e e e 4
AR TR E & 7 MC-AL,
2.1.2 MC-Al 84 4F % 5 AE

PP MC-A1 [UEACKE IR, 48 h WAL BIIEACA Z AL WL 72 h JEACA T &8 2Tt ,96 h il Ho oy
KF] 95% (£ 2) o Al MC-AL [ FFR 48 h AR FFAF R T BRIEONT, 72 h 5 ZFFRF R T 2 sk, i
B FF (9 53 2R 0 36% ,96 h 5 KRR T R BEIR , PRI E 2 AT 40 i85 5] 42% o PN MC-AT Xf 2 FF 3 11
SMFIERE (B 1) AT LA Y SRR T 48 ~ 72 h Z [A) 22 AR AR, 96 h LLUJG 22 FF 0 3 i SR 0 [, I/

ARLE S 2 144 b, 2 AT B 1) 70 M 3 B A B R KA
6, 5% 4R F5AE 0.84 ~0.87 g Z ], Uil MC-AL XJ % 140

ARSI FRAE 96 b IS B R Ak R
2 MC-AL XPUEACHIZEFT (993 A 71
Table 2 Activity of filter paper and wheat-straw

powder degradation by MC-A1

72 h 96 h
}EE% [S2R=} / [ R=! ya
it oS IS Yo FRER /g SRR %
4R 0.12 +0.01 92 0.07 £0.01 95
EFR 0.96 £0.03 36 0.87 £0.03 42

T BRI N 1.50 ¢, S MAIAR D 100 mL,
2.2 BEREAERSBENSFMHIE
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PAHETS FRJZET5 08 . & & S HE U IR R A

Yy BRI J2 A 1 B3R o S TR R AT PCS
PRI, 1 IADRE ) —JE A [RIHEUCRE it Hh pHL (L fid
PRI i ) 35 77 WUIR 43 I PRAR SR AL AU 3R 0 AN TA) 2
JEOWS DB AR IR I 7 fifp i R AAE T IR LA 2257, Z IR 22
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Fig.1 Degradation progress of wheat-straw powder by MC-A1l
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Table 3 Collapse point of filter paper in 3 different

base materials

SYEEE IR XX FI0R 201
15 120 120 96 72

FE 108 144 108 72

A IR 96 108 96 72

T BRI 1.50 g, B HIARFA N 100 mL,

I 1 HAREE YL TR AR, DEAR R A 15 S5 T 4 Ry

748 h, kg2 i —A A LA IMERRE I, 3145 | 41 pH (EARETE 6.5 HAE 48 h RAIBARAR (1.5% ) 584
WEMRAO LT 4 IR A R, HLAE 4 LB PCS SR OH IR SEBORIR AR, 1 D H LUS TSR 73 i i 1 5 B -
AR FAREVHE PCS BRIRIR0T U AR B BE AP IRAEFF 15 48 ~ 72 h Z [l X R E AP HER TR G 40

fif% R 72 44 4 MC-N1,
2.2.2 MC-N1 #4445 ke h

K P e BN 5 MC-NT X 4801 22 AT 05 1) 43 i
(K 4A) GEREW]IBANTE 72 h NI F2 0 3
ik 94% ,96 h FLUINE PEAR 3 iR IR B 96% |, i A2 FF
BEHF- 255073 72 h Oy 28% ,96 h it ik 3 38%
BF24 hillj 7 22 A1 4 5% B 1 (181 2) , MC-NT X Z A i)
Pk o3 A 7E 48 ~ 96 h Z[H],96 h LLJ5 22 FF 1) 53 fif
I 2 o

4 MC-N1 XFuE 4012 AT 10 20

Table 4  Activity of filter paper and wheat-straw powder
degradation by MC-N1

72 h 96 h
R/ R/ % BREBE/s ARE/ %
TE4R 0.09 £0.01 94 0.06 £0.01 96
FEF#y 1.08 £0.05 28 0.93 £0.04 38

T BRI 1.50 g, B HIARFA N 100 mL,
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1.60 —o— R 45 =
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120 - Table 5  Cooperation degradation rate of wheat-straw powder by
& 100 MC-A1 and MC-N1
E 080
= O . N =
060 b SO ST [E]/h B R g OB/ %
ol Al1-N1 96 x2 0.80 +£0.02 47
ot Al-Al 96 x2 0.84 £0.02 44
0'00 ‘ CK-Al 96 0.87 +0.02 42
’ 0 24 48 72 96 120 144 NI-Al 96 x2 0.87 £0.03 42
RRERITEL/h N1-N1 96 x2 0.87 £0.04 42
CK-N1 96 0.93+£0.03 38

E2 LR R A R MC-N1 X R A g e
Fig.2 Degradation progress of wheat-straw powder by MC-N1

LR 1.50 ¢, RBHIARL 100 mL,

2.3 MMALRESIBEESFNNESBEER

IR 5 AR R BERAS 5 mL AN R BN UF A 2 = I F A, 3R MC-AT I B 4
AT, He Rt MC-NT IR B3R, S5 RRBL(FRS) , M5B MC-AL B &5 REATER — B BE 4R R & 1%
FHIA MC-N1 & & RBEAT — B U i (k15 97 (AL-NT AR | PR Beibe & VR TR 22 FF 1) 0 fiff 58 R L 3
5, ik 47% , B3 (P <0.05) = TXH AL (CK-AT AL BE SRR 96 h) R A2 FFo3 i 2 42% , T i B B iz
SRR IR (AL-AL AR BE) I A FF 0 A 2R (44% ) B BUERE # T 2 S E o mie IRZ, JelmA MC-N1 B &
R IEATH— G B i 1 B IR PR I MC-AT JEAT 58 B BER SRR A I (N1-AL LbFH) | A8 22 7T 19 7 fige ¢
(42% ) BT Bt p i 1k 15 37 (N1-NT AR 21 At i (CK-NT AR, i 1 1557 96 h) B AT 73 R 42% Fi
38% HH G 8 —E BB THEIT , (R e i i AR B SR B (AL-NT Ab 3 ) (.25 (P <0.05) Ffik. X iil], 5t
REMUA S R 1597 (AL-NT AR | 3PS5 5 280 2 AT 19 0 i A A6 — 2 (9 D[R A T e i 1k 5 97 ) 4%
U (NL-AL AREE) X PN B i 70 40 K e B0A A AU IR o el BEHERT , X 52 5 R BoA AR Y 2
fFIItE

3 ERSHE

AWFTAERT BT T 5 BRI — PR 3l i b A PR BT R A B 2 AU RS — L m AR E 1
R AT AT HER R S A AR MC-AL X R ARAE 96 h PXT AT 1 0 fiff 73 ik 21 429% ,{H 96 h LUS H i g
JytU I [ 5 0 o e S FR S L SR O e ARAT Y — 2 RO 1Y Ry TR AT E R i R 5 &R MCANT,
96 h XS A AT HY 73l A< 38% ,96 h LUIS H o3l BE )t R A s — 8 IR A Tl of 2 1) 20 A 30 4R
2 47% LW AL A 0 i R AcA T — € AR R A, LD DAL m B oh IO 1) e 422, BT v RE RS 1L
U IE ARG B A E AR B SR A6 1E R AR 1) 3 Al I RE , A [R] (4 S RE AR AR IBE 45 A FH I ™ 2R T 2
4t {1 ] (synergistic collaboration) o i F3X PIZH A & A8 AE 0 WL 7 & ARG IR A6 AF LA AT X1, I L E AT 1
TR AR L AER MR G R o BOb, X P T RE B T A2 RO AR E , ASBIESE R T 2 R 37 ki
LIS P T A 14 A e P Al B SR 00 B e (R R 0 B ) o S HE R0 R 52 5 AR IR IR o 17
VEFIPLBETT W DFTEMERE , A 15 BE— PR ATRTT o
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