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Isolation and screening of cellulose decomposing microbe and the straw
decomposing effect of complex microbial system®

LI Jing', ZHANG Hanneng', ZHAO Chong', ZHANG Jinyu', ZHANG Qi', ZHANG Jingying', LIU Maoke’,

. 3k
CHEN Qiang' & ZHAO Ke'
'Department of Microbiology, College of Resource and Environment, Sichuan Agricultural University, Chengdu 611130, China
*Rice and Sorghum Institute, Sichuan Academy of Agricultural Sciences, Luzhou 646000, China

JADStractiy Ny study aimed to isolate cellulose decomposing microbes from the soil under Rhododendron sp. in Gongga
Mountain and to construct a complex microbial system with high cellulolytic ability. All together 79 strains were isolated using
two pretreatment approaches. Congo red medium and DNS method were employed to evaluate their carboxymethyl cellulase
activity. The results showed 15 strains having a great CMCase ability. Subsequently, the cellulose degradation ability of the
15 strains was determined by analysis results of filter paper degradation, corn straw degradation and degradation rate of corn
straw. Based on the antagonism effect among strains, the isolates with high efficiency in cellulose decomposing ability and no
antagonism were selected to construct five complex microbial systems: A (112, 146, 156, 171), B (145, 147, 150, 153), C (110,
116, 174), D (147, 154, 171), and E (145, 14, 150, 152, 153), all of which were further measured the filter paper enzyme activity
and corn straw degradation rate. The results showed that the corn straw degradation rate of community C was 50.71% higher
than that of 116 single strain belonging to community C, and that the corn straw degradation rate of strains community D was
41.54% higher than that of 154 single strain belonging to community D. The 16S rRNA gene sequence similarity between the
six isolates of two communities and the typical strains published in Genbank was 99% to 100%, and those sequences belonged
to four genera Paenibacillus sp., Bacillus sp., Acinetobacter sp. and Streptomyces sp. Our research revealed that the cellulose
decomposing ability of complex microbial system is higher than that of single strain. Both Complex C and D showed a great
capacity in cellulose decomposing, therefore of great exploitation value.
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L1 #F #
L1l BEESRIE 201545 H, R4 PG i )5 o 1L X0 4
3500 miEAG AR 4. ek 3T 1 S AE ) R AR SE AL S
HR0-10 cmffy £ )22 T3 FE i, e T R4S, B0, VLA
H.
112 HEFRE (1) B R Fe gk, CMCH; 23k . B SL 47 4
Z 44 (CMC-Na) 10.0 g, K,HPO, 1.0 g, NH,NO, 1.0 g, CaCl 0.02
g, MgS0,*7H,0 0.2 g, FeCl,»6H,0 0.05 g, BEjg 20.0 g, Z£18
7K1 000 mL; EIRs 3L IRAHE9.0 g (R #5H41.0 g, W HEHE1.0
g, WAME2.0 g, METHELO g, A¥E4.0g), MgSO,+7TH,00.2 g,
K,HPO, 1.0 g, KH,PO, 1.0 g, NH,HO, 1.0 g, FeCl,*6H,0 0.05
g, CaCl,0.02 g, Bif% 20.0 g, ZEM/K 1 000 mL; E2RE 5L
BHME: 5 31,

(2) S PR A EE 0 . LBRE 3R 5L SR R10.0 g, NaCl
10.0 g, BERRHEEYS.0 g, BiE20.0 g, ZEM 7K1 000 mL;
ISP} F: 5E. JE#10.0 g, (NH,) ,SO, 4.0 g, CaCO, 2.0 g,
MgSO,+7TH,0 4.1 g , K,HPO, 2.62 g, Bif§20.0 g, Z&1#7K1 000
mL.

(3) Mk b g3k, MIRLI KSR 4L CMC-Na 2.0 g,
KH,PO, 0.5 g, MgS0,+7H,0 0.25 g, (NH,),S0, 1.0 g, NI F-41
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0.1 g, %HE20.0 g, ZE48/K1 000 mL; & i 55 #7 5. CMC-Na
5.0 g, KH,PO, 1.0 g, NaNO; 3.0 g, KC1 0.5 g, MgSO,*7H,0 0.5
g, FeCl,*6H,0 0.01 g, 7&48/K1 000 mL; J¥ 4B 55 35 5 .
(NH,),S0, 1.0 g, MgS0,*7H,0 0.5 g, KH,PO, 1.0 g, [ 1}750.1
g, Z&MB/K1 000 mL; JE4E4% (1 cm x 6 cm) 355/ =4l
(4) FEFFMARRE F2 3. CMC-Na 10.0 g, 2.0 g,

NaCl 0.5, K,HPO, 1.0 g, MgSO,- 7H,0 0.5 g, [ #0.5 g, 7%
7K1 000 mL, T KFEFFAH2.0 g
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M FEIR PSR, 763, 5.7, 9, 11 dJ3 5 BL1.5 mL& BEV T 5.0
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1.3.3 EgiENME BT 0 kT e A ek g, BR0.1
mL A, 1A L9 mLJT & 53 %0h 1%A9 CMC-Nals i . 7145
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min, JEAE25 mL, 540 nmAib e, 0 HODMH, 5 bR 4
I ZE XTI, ODMIH R M A M & (my) . 7K LIS WA
0.1 mL, fi7k1.9 mL, F-HN1.5 mL DNS, #/KiA5 min, EAZE
25 mL, 540 nm AbHeth, A AR TR 1) R 8 i (my) . BEm,
U 2K m, 15 B ELOE th CMCTf % i 1% CMC W15 21 1) 4 25 b
i, OGRS A A R A, B A SRR
O3 R AE IR S5 T RS 7 (BA07 : pmol/mL) : G 1= 4
x 10 x 1000/20.
14 KK EAREIE

T8 4K 2% 95 i S 56 AT LR WS (] B A ST 0 B 114 45 o 2T 4
it 1 25 4 B T KR UL 07 28 31 9 L A 7R CMCase i P 1Y
PR R T B W, 43 4 R 10 mL 2 90 mLyE 404
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S HH L2 318 AR 25 I i 1 1R
1.5 FEFTAAfE R PR RN E
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Fir'S mLF45 mL¥G ik W3 i T KRS AT B9 &2 0 45 92 2 P, S
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ME—BR VR S5 F T, B IO FF 104 1 i A
1.5.2 HEFBEBRONE  BERFES0 ClT=EE,
et 40 B, 78484 = MR A 90 mLFs FF B i 87 57
I, BRI BN 2 g FOKAEFF, 121 CKE30 min, £54%F0
10 mLA B, 28 CHEEIEZ R, 20 d )5, HIE545 000 1/
min &.0>10 min, 37 B35, FZEBK R ZIHVE3R, HiEkE
5000 r/min #.0>10 min, 57 123, 80 CHt &, 155K B,
X HE R 42 A 10 mLIC K B WRAAR B 2 3, BEANAb PR R 34
=.
16 LI
e N YN s B
17 EARAANEREKAES IELEE (Fpase) i& N E
A 25 B R CMCasedif 1 . U8 4% 2% 91 i BE 1 e B KR A5 FF
MR M R R, 25 G P as R, MRS E R, Baas
BRI B R A FR L 1 R A, 0 B4R 10 mLTF 90 mL
FEFFRAR SR 3R 3L, 28 C, 120 /minfi iR %5977 dE, B
R o REL R S L AR TG . DB ARG (Fpase) U@
5B N AR 5 T B0.2 mL B, A pH 4.8
RO TSR AN 2 ph 1.8 mL. M SE & H M AL em x 6 em JEACSR,
TR S 2 A R B 50 G /KIS 60 min; SR JE AN A
DNS#. 42 m L, 25 AR BN cm x 6 cm JE4CE, WK
10 min, ¥ HJ5MZEMK 225 mL, PLZSiH%, 540 nmiljOD
. B AP E3 N ER.
1.8 EARAANREKAEE X HEFHIFERERNE
WM Ik F15.2, B4R R A AW 1 LA 10 mL
TF-90 mLFEFF A 5 R 56, RS B B3 E A
1.9 EHRHIEE
19.1 EEZFETE T 1 0 5 15 2] ) 1 SR A R Rk A
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FG e €5 0 7y B e (2 Y AT B OB SR
192 SFEMFELEE XoF 5 1 1 2L T R R0 St AT 4
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TR 0B 945 TR 25 A1) 0 96 20 SR TI20 nL AR &R, AN
LK E BB (8-27F. 1523-1504R) X #2 it il DNA #£ 17 PCR
P 4 A S AR ) B R 9T ot (National Center
for Biotechnology, NCBI) % % JiE A #E 7 BLASTEL X, 7
GenBank%5 /A B8 122 o 3R AR AL S5 BRI R Y 3 [R5 371
i BYMEGAS.08 43 H7 % ] Neighbor-joiningiE M H R 5 & &
*Xj,[zz].

25 RS
21 BRI B ST IHE

ARBFTE I 3 LR 63 B EITO B b 25
5 M 15 1551 15 EL AT CMCI i 1T Bk (110,

22 2 W % 691

112, 113, 116, 145, 146, 147, 150, 152, 153, 154, 156, 171,
174.179) , HoK GBS H B (F1) . 28 5SRO0
A HEN0, 113, 116, 1740 40T, A TN I .

Bl EHRERIRIEFE FHKBER. a: WH110; b: W 113; o Wk
156.

Fig. 1 Transparent hydrolysis circle of isolates on Congo red medium.
a: strain 110; b: strain 113; c: strain 156.

W1 B Al R, 0 1k BRAS (R 1S AR BB AT W SR 4
R 9% Y B B A K A 1B, R B PR AR R P I A A R
(CMCase) BYRES1. L IATUL, B RE110, 116f# B AR5k
HCMCaseif JJ X R, MBI R 1107K 7 P8 BLA% 24 32.5 mm,
CMCaseif 1 475.05 wmol/mL; B kE112., 1747K fift B ¢ /N i
CMCaselif J1 HIF X8 &, W AR 174K ft Bl B ARAY 9 7.1 mm,
CMCasel 71 H) 251£71.75 umol/mL; i Hk 145, 152/K i 18 14
/N, CMCaselifi 1WA XHRAG, G0 B AR 152K fif T8 A%
1.5 mm, CMCase¥f 77 515.41 umol/mL; [ E#k113. 150,
153, 156, 179K fift Bl BELAR ST BR 171, 146, 147, 15441, {H I
CMCaseiifi /7I BAX TJ5 4, T8 MR 1135 bk 154K fiie 8 B 4%
YIFE13-14 mm2Z [7], {H P ) CMCaseiili 71435l & 14.75 pmol/
mLF170.65 umol/mL, W] 0L T # 76 NI R 2135 F 58 F I LK
fifE BBl /N 5 H T 72 A= 14 CMCasedi 1 22 (8] -6 B 3 14 40 DG 1.
AN, HREL10, 116, 1744E 555K B CMCasel 13k fiv K, 1Bk
113, 112, 145, 146, 147, 154, 171, 17978 55 7R i CMCaseiE 11
SEE A, HERR150., 152, 153, 1567E 559K I CMCasel 713k Bt
K, FWAAS IR TR AR I8 3] 5 IS g 9 75 9 B [ 2 AN — 30
(F1).
1 BHEEMAEZENTN

Table 1 Assessment of the cellulose degradation activity of isolates

K fift e EAR I e TS £ B[]

Wk Hydrolysis spot IgMCEi i M TR Time of the highest
Strain No. diameter ighest CMCg se CMCase
(A/umol mL™)
(d/mm) t/d)
110 32.5+1.63 75.05 +0.38 5
113 13.5+0.82 1475+ 0.12 7
116 31.0+1.08 78.13 £0.38 5
174 71+0.28 71.75 £ 0.16 5
112 2.5+0.16 33.68 +0.73 7
145 6.5+0.24 14.97 £0.20 7
146 14.9 £ 0.56 65.15+1.02 7
147 11.9+1.98 59.43 £0.33 7
150 11.1 £ 1.84 14.97 £0.22 9
152 1.5+0.22 15.41 £0.51 9
153 20.5+0.41 14.97 + 0.66 9
154 13.1+1.16 70.65 £ 0.36 7
156 14.9+0.43 15.19 £ 0.24 7
171 13.3+0.91 53.05+0.19 7
179 13.9+1.42 19.08 £ 0.18 7

2.2 BRI IER SRR
St 07 1 15 B 1Y 158k B A5 CMCRE F7- R 7 04 T Bk 198 — A1)
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SE R IR AR RE ). ZE AR, ISERIE X IR AR A B A —
SEMFRAREE T, 18 PN ISBRER ADREUE AR A6 58 42 i i (R2) .

i e 15 2 A 1STR B P, TRTRR L1671 1S A% I8 4R 2% 1 % i i
Jidci, 783 AR WA LR IR AR 58 A i (K12) . I ARTE#
R A I AR T 21 4 A B 0 e Ak Ay I BE B P IR AR %, T2
Wrpe e Az A, AT IR 17100 I8 4R 25 A T3 AR AR A5 DR A
KB R B (FE12)

B2 EHRNERAMBRR. 5553 A S5X ML a, b, WEAESPR TR
116 1545842 i s o, UBARSRBLIR IR 1718 23 13 A

Fig. 2 Effect of filter paper degradation of strains. a: Filter paper strips
completely degraded by Strain 116; b: Filter paper completely degraded by
Strain 154; c: Filter paper strips partially degraded by Strain 171.

2.3 EHREFRABRRR R ERE
231 EHRXITEFRORMBBR LA R 2R I 1SR
PR T RE PR RE R 5L 1595220 dJF, 45 TR bR X A FF 04 A e 4

x2 BEHRHNIRKAHBHR
Table 2 Effect of filter paper degradation of strains

FHAAHE, ISERE A 130k 280 1 X A5 FF 00 HL A B i B
W3R, 45 AR X A% FEAE FH R T 3SR FF I 2534 DG 4t A8
b, FESRIFIR AR 116 . 15A0E FI A5 FF 1 46 1 B e, P
FRISATELL dPN RENE G T OK RS FF 58 2 g, Hoe mibkani1o,
116, 147, 1717E 15 dPNALRE U AR fif R 43 5 KRS AT 45 3% 5 i 1
FR145, 150, 1525%F 2 K HS A A4 A A V5 FAS W 48

AN TR B e o RS T A R A R AN IR, RS FE 9 RIS R 2
HETE S, MAERERISSHIERT, REFF e i 40 1
FEVIORIVERT T, JCHB o0l ATk o3 it by 3 JB0IR 5 17 76 TR A 15410
YEFIT, R FF 58 S0k i fid e Btk (R13) .
232 EMRMIFETREMBARE  RE4TAL, SRR EORFF
YR — e R AR . R R BR 110, 116, 174, 147, 154,
1713 B 4 o O G A I Aot A8 RS, X O TR 6 s 10 B i 2R
HIR14.8% , 21.1%. 18.4%. 16.8%. 19.5%. 16.5%; BkE152% %
KABFEAG M sl SRt 22, LR % SR AU R 1.3%.
24 HEMEXWER

PRI RR 1745 oA 120k T A9 1R TR AR S Ab 35 TR AR, 136
1745 HA 128k B 22 (8] TEHS BUME T, W RAREA T4 &5 BBk 110,

Bk

JE 4TSS 37 f#% I 6] Time of filter paper degradation

Strain No. 1d 3d 5d 7d

9d 11d 13d 15d 17d 18d

110 + + -
112 +
113

116 + o+
174 + + o+
145 +

146 + + o+
147 + + o+
150 +
152 +
153 +
154 4+
156 + 4+
171 + 4+
179 +

+ o+ o+

+ o+ o+

+ o+t

+ o+t

+ o+ o+ o+

+ o+ o+

+ o+ o+

+ + + o+ o+

+ o+t

+ + + o+ o+ o+

+ + o+

+ + + o+t

+ o+t

+ + o+ o+

v DEURARIT R o+ URIUARBEME 285+« + o DRLRASSE VLN M.

+ Filter paper broken; + + Filter paper half degraded; + + + + Filter paper completely degraded.

R3 BIAHEBEE

Table 3 Degradation degrees of corn straw by the microbial strains

Wk

& FF fA i 15 (] Time of straw degradation

Strain No. 1d 3d 5d 7d

9d 11d 13d 15d 17d

110 +

112

116 + + o+
174 +
145

146

147 +
150

152

153

154 + + +
156

171 +

+ + + o+ o+

+ o+ o+

+: *ﬁﬂ:@i[‘%%&&l\, + o+

FERFREMEAE— %5 + + + « RERFIEACHERERR; + v+ + ¢

T FF 58 22 B .

+Only a little straw degraded; + +: Half of the straw degraded; + + + Majority of straw degraded; + + + + All straw degraded.
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B3 HErkIEFR20 AW EXRFEFABHLR. a:
FR154.

Fig. 3 Corn straw degradation effect of the strains cultivated for 20 days.
a: Strain 153; b: Strain 116; c: Strain 154.

C

BHFR153;5 b FFR116; ¢ T

257

— 3%
w f=]
s L

—_
f=}
L

VA3 (r/%)
Degradation rate

0<
110 116 174 112 145 146 147 150 152 153 154 156 171
El4 TREIEHR I ERIEFFHIERE.

Fig. 4 Degradation rate of corn straw by different strains.

116-5 H A VUK B8 1% T B8 A SS T AL T JG B X, 150 FF X L B i 2
[BIAFTEFS BUVE R, ARREEAT LA MR PG 45 B AR 1A] B9 45 B o6 &
(FR4) K LA PUERM AR A SR E 5w R,
25 BEAERIRYKEE (Fpase) iGN E

MR 45 T PR CM Cased 77, IR 4R S R BE 7. XF oK
5 B I i 2 SR D B A5 TR AR I I 5 LG R, S B G
W&: A, 112, 146, 156, 171; B, 145, 147, 150, 153; C, 110,
116, 174; D, 147, 154, 171; E, 145, 146, 150, 152 153 ( Hp
CHYNEM A, A. B. D, ENZERHAE) . hESan LIFEH,
IR RS LA R A — 2 W0 IR 40 PE, Hopa
A CHIDIE ARG i T HEAE, 20 51418.36 UmLFI15.47
U/mL, FPEEGHAC. DEHM3IN A AL, BB BN
21 Y R R,

R4 BEKEHHERLXR

Table 4 Antagonistic relationship of strains

22 2 W %

693

257 a

204

Fpase enzyme activity

EACHE RS (4/U mL™)

404 b
35
30
25
20

PR (/%)
Degradation rate

10

A B C D E
BE5 FREAHRNIEKEES (a) X EXRIEFAPEREE (b).
Fig. 5 Fpase enzyme activities (a) and corn straw degradation rate (b) of
different compound strains.
A: 112, 146, 156, 171; B: 145, 147, 150, 153; C: 110, 116, 174; D: 147, 154, 171; E:
145, 146, 150, 152, 153.

26 REAHRTETAMUR LTEFHEMBE

S E AW R TR AR R P R 57220 dJ, 4
A C. DAAfRASFEAOAR BE AT, BRI i i slcR; Ab
A, B EAfiff PR A i (JEI6) . R FF I fift R 2 s 3
H, AREGH AR EREARERMZER. HESbAT
HI, 4G CRIDXT T K A FF 1 B i 2 53 501 2 31.8%H127.6%,
T R R ROR , & O REFFRO R i SR e &
FFORT il AT A i 6 B e T BT R 116 755 1750.71% 5 41 A DX
TFF (1% i i 23R 258 A o ) 5 R i 23R o v 1) SR BRI AR 1544 55 T
41.54%; A5A. B EMERXTREFF L F 80— 1) [ £ i
(AR MO S A P R AR L, IR TR K22 5

T O
'Si;‘rﬁﬂlg 110 116 174 112 145

147 153 154 156

110
116
174
112
145
146
147
150
152
153
154
156
171

ettt
e e
Lt

++
L+t

o+t

++

+: AHEAE YL — TeAE B,

+: Antagonistic; — Non-antagonistic.
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El6 EAHABFAMILR. CK: =H.

Fig. 6 Straw disintegration effect of compound strains.

CK: blank control. A: 112, 146, 156, 171; B: 145, 147, 150, 153; C: 110, 116,

174; D: 147, 154, 171; E: 145, 146, 150, 152, 153.

27 HHRHIERE

LR TE AT J216S rRNAJE K 4007, X644 1 B A 52 ms
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