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AT TR IR Y2 S At B 2R AT 18T s 22 B AR H AL, AR Y2 BOUBZRIETS 1 (FPA) S 15.83 U-mL™", FRHBLET 4E WS )
(CMCA) &3k 100.81 U-mL™", Z3p 2 AL HT Y 1.3.2.76 % HENE 150 45 R W - e Y2 2001 EM 50 43975 3 d i A mif
(>50 °C), Hmnld 0 B4 17 9 d F18 ds 4fh Y2 LT L R RARFR AT 42%, 1 EM BN 35% , Fe R R UKL R 10.5%. 18
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Isolation and identification of a cellulolytic bacterium and its composting application

ZHANG Xi—qing', GOU Chang-long', LOU Yu-jie'?, XU Jia—ping’, GAO Yun-hang"
(1. College of Animal Science and Technology, Jilin Agricultural University, Changchun 130118, China; 2.Key Laboratory of Animal Produc—
tion, Product Quality and Security, Jilin Agriculture University, Changchun 130118, China; 3.Institute of Special Animal and Plant Sciences of
CAAS,Changchun 130112, China)
Abstract ; Composting is a good approach to utilizing agricultural organic wastes. Supplying microorganisms could shorten composting period
and improve compost quality. In this study, a cellulose—decomposing strain was isolated from natural composting manure by using congo red
staining and CMC—Na plate method. The strain was identified according to morphological observation, biochemical testing and 16S rDNA
gene sequence. The optimal fermentation conditions were also determined by using single factor and orthogonal experiment. Finally, the iso—
late was inoculated into cattle mature to test its effect. The strain Y2 was identified as Bacillus subtilis; Its FPA and CMCA were 15.83 U
mL™" and 100.81 U-mL™, 1.3 times and 2.76 times higher than originals, respectively. Compost inoculated with Y2 and EM microbial agents
reached high temperature after 3 d, with high temperature maintained for 9 d and 8 d, respectively. The degradation rate of cellulose was
42% for Y2 group, while it was 35% for EM microbial agent and 10.5% for sterile water. Therefore, strain Y2 has a great potential to be ap—
plied to composting fermentation.

Keywords: cellulose decomposing bacterium; screening and identification; optimized conditions; composting
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TEH I & & AR AR R ST 1 E R
— AR ZEE R 342 KRR B2
UNAZATRIAL B, 2238 U™ B A PR TS Gt . HAT, HEAE
KRN N 2 S BT ML ) B A A BEAR i
F 2z, %7 R R T LA B KA P s A 7
BRI 2 IR B IR E AL, SUAT LR 2608 i A AL
W A e A DA T R S /N3 B A A IR
FUNLRMER SR GERY B SRHENL A 1 JA 1 4 3 s e
JEA, B Iis A RENH A2 2 M B IR AL BRI 2 AR
K, —LEHFTEUE AR SE RS i A R SN IR A Bk AT
DAL et S A 300 , SCRT AR o S A ik o RARAE S5
A FEFNREATHOHENL rp RSN ), 4 R /R HE A
SRHEACFERT 10 d IR B E R 25 R 2L AEE B FEf 0K
AT B HENE e R SN ISR A MU TR R, 45 SRR WS I i
FR) AT LA AL B9 g I SE S 3~4 d; Jiang G517 A 2
FIAEAT A HEAL e S AL TR, 45 2R s Rtk ik
FEAL, BA G EINT 36.1%. SRMTHERLH A TR £F
P 2R X ) 172 AT s R 1] S I P 288 ) K B [
L, AR N IR A IR A4 26 P G 1 oo BT 4 K 00
SRR, UL M2 A T A SE A AL R 1
BIF5EHET HEE h BE R HE Ry S2 ), DU HE R
AL E R TR PRI R, DA fie i S A g s AL
R A BRI B

| HR5HS®

1.1 ##

I FH A 2SR I T35 MR R 2243 B SR B
Hy 42,
1.2 E=FE

NA i bt R W LA YE RPN 0L - il e s
FRHIY S BRI i Re ] -
1.3 FHMIEIESEE

SR FH 2 B JL 2T A 22 AT A R SR 2 e € v
Ve A L R AR RE T TR AR, RIS TR AR
(D)FUK B ER (D),
1.4 EgiEANE

Z: BT [ S 43 110 7 120 B AR 1) 0 4R i 3% )
(FPA)FIR HH LR YL 22 TG 77 (CMCA)HEA TN E o
1.5 BEFEE

i 3 4 2F 4 2 43 8 1 BRI TR PR (Y2), A
EWMERE, WL TR VE TS T SRR AR, I
71 B R W CR SN2 (TR PR IS e [ 7 e X A W

1.6 16S tDNA £

Y DNA $-BGE S5 SCRR91A T DAFRICR K
D 2 AR, AR TE 16S tDNA 38 51 9 ik 1 7
PCR ¥4 ,PCR j= ¥y 4:4ifb J5 % #: 2 pMD-18T ¥4k
Fl| DH5o KIAFF W PR G 4 ks 228 TAEY)
IS EHEAT RN E . BRIP4 S GenBank 4 i
JF 547 Blast FEXT 34, Il MEGA6.0 # 8 R 4t it
AR, HR A TR AR [B] 79 5 2% 00 2R 00 TR AR O Rl R o
1.7 FEEgscMmuL
1.7.1 Rl es

¥ Y2 BRI R R Rl SR, B TR
HiifEh 28 °C 160 remin™ P75 557 2 d, il b+
WA
1.7.2 AFIE R X EEE Y2 B 35200

PRAIFEE I I p FOM o AN AR, 1B LATT 460 - Bk
VR R B LT Y R AR AT 4 R e RS FE Bk
R, A RE R R R BB Rk AR
WRIREW JREK . S HIFERILS pH {H 5.0.6.0.7.0.8.0,
9.0, 1R 25.28 .33 .37 .40 °C, B Fl I L) 2% 1y H:Fh
A KRB FR AT, 28 °C 160 r-min™ R % H5 57 2
d, g Wl 3% 75 AN [F 4 R i (2% 4% 6% 8%
10% )4 AREFR 5 28 °C 160 remin™ #R% 1555 2 d,
WEBERE 715 R TILL 2% P Rh R A R e 35
Jerf, 28 °C 160 r-min™ 4 RIPR % 3% 24 .48 .72.96
120 h, 05 i % 7 -
1.8 HERBIXIE
1.8.1 HEAEA KL

HEAEP R R AR 2R TS (R 1) A28 A H kA
R4, FscHUH S ML K252 . 7
PR Y2, AROEHEEH G = 10° 4> -mL EM B 5|
T B EE T AT AE I H AR R JRA IR A H

=1 MR REAREL SR

Table 1 Physical and chemical properties of composting materials

BOR Ak AHLERI%  AR% CIN pH
4% 80.12 30.81 1.43 21.54 7.68
fgoc 11.56 4125 0.78 52.88 —

1.8.2 Wit

R A B.C3 A (BH3IANER), HHY
PB4 2 SAG /AR 6:4 FEATRCEL , C/N 81y
3 25~30 Z 8], KA FEHIFE 55% A7, Horp A 434k
L3R 0.5%17) Y2,B d810.5%019 EM 7, 25 11
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IR 0.5% M LREIK . FEOMRSIEHRAFB 10 L i1
WIKAET, B3 d#HE—R. BX B 9:00 FIF4
16:00 HEAT I EE M E , LA E - B {EAE Ry 24 KA Tt
JEAE.
1.9 FFUERMEMERINE

S Y 2R AR 0 I 2 ORI B o i
110 #iE4biE

RIS EHE % ] Microsoft Excel 2010 A1 SPSS 19.0
Bt TR PG, F SPSS 19.0 Gt 17
PRI 5 225307, B OB &2 % 26 58125 ( Duncans
Multiple Range Test, DMRT 7% ) #4725 55 . 5P 407 o

2 #R55H
2.1 EHRBIIFIE
25128 CMC—Na - 2 F I SR 21 4% €2 3 ) 2 i

e, PRI 6 MRIRVE BLAR S K it Pl ELAR LUAE (DId) BER
AR (8 DT E i

| EHRFETIEFIR_ERI kAR E

Figure 1 Clear hydrolytic zone on screening plate

VWA 6 BRDEHEA TR 72 (% 2). 45
HEREME Y2 (9 FPA(12.15 U-mL™")Fl CMCA
(36.57 U-mL™") 34 i 2 5 T H AW B bk O BS 77, H 22
503 (P<0.05), 45 G0 Did {8, TR PR Y2 #E1 7
JE SR
22 Ek Y2 IEE

DMK Y2 B2 S e 85 AN 2 firs o 7E NA
Bt b RIK A, R 2R, TWRAEN , %
ANELTE B YL B, R N AR T AR R K AT
AR FLAE A B Y 0 2R A R4 00, 2R AE DR AR 1 rh o fif
B JE TR 2R, E IR R

ARG ZE SR AN 3. S5 A AL SRR FRRHE
IVRER , W12 FIBT R AR Y2 R 2R AT e

R2 EHREBIENNESER

Table 2 Results of enzyme activities of strains

Wik FPA/U-mL™ CMCA/U-mL™
Y1 4.32+0.98C 20.68+1.55d
Y2 12.15+1.23A 36.57+1.33a
Y4 5.77+3.12C 31.22+2.89b
Y7 7.29+1.08BC 13.55+3.45¢
Y9 10.01+1.25B 31.09+3.68b

Y12 9.58+2.07B 26.53+2.42¢

1 R K E FHEARFE FPA 225 1 25 (P<0.05) s AN H/INE F
BERFE CMCA 2253 B2 (P<0.05), FH,

Note : Different capital letters within a column mean significant differ—

ence for FPA(P<0.05), different small letters represent significant differ—
ence for CMCA(P<0.05). The same below.

2 Eik V2 EBES () E=RERD) FREEG)
Figure 2 Colony morphology(a ), Gram staining(h),

spore staining(c) of strain Y2

R3 V2 AKREEENIKEER
Table 3 Physical and biochemical properties of strain Y2

AT H Test item Y2 AT H Test item Y2
D775 B D—Glucose + || JERI/KS#E Starch hydrolysis +
HERE Sucrose + || AL Hydrolysis of gelatin - +
& Mannose + it Catalase +
D-H #& % D-mannitol + || Al AR ER A5 Nitrate reduction  —
HIJEZT Methyl red + &M Lipase +

V-P % V-P text +
R[S TPA text _
J AL SN Denitrification

reaction

A& HoS production -
PR L Citrate solution +

PRS0 Urinary enzyme

reaction

TE - IR B RN 5 =" F R B SO

Note: “+”Positive ; “~"Negative.

DL Y2 BERREE 20 DNA St , RASFAIAZTT IR
BRI 23 000 bp o FI ] 16S rDNA 4 38 i 5 |
YT PCR Y1, MIASTERE Y2 19 16S rDNA #2111
JEHEE A 1450 bp o 45 5 FUHARSE K )74 i ik
GenBank HXF &, VIR BLRP 91 44 5L R 3R 5 2R A
(K 3), 53R BREPUAE Y2 5 Bacillus subtilis strain
M15] [FJEHEEE] 98% , Lr G RIATEAS A AbiRia s A
16StDNA JFA 3T, BE IR Y2 WA B ZF AT
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Y2IKT599481I

Bacillus subtilis strain M15JIAB735992.11

Bacillus subtilis strain M16KIAB735993.11

Bacillus amyloliquefaciens strain ZDS—1/HM372880.11
Bacillus_vallismortis_strain_Dc—02IAB735993.1|
Bacillus amyloliquefaciens strain MSKIAB735993.11
Bacillus methylotrophicus strain IHB B72491AB735993.11
Bacillus subtilis strain MOKIAB735984.11

B3 Y2 REetibit
Figure 3 Phylogenetic tree of stain Y2

2.3 BEAEXE Y2 FHE RN

ARSI, WkR Y2 WOEEE i 4 i
INo HUIEK AR, TR Y2 (%) FPA A1 CMCA ¥
B, 4k (13.78+2.23)U ~mL™ F1(66.35+2.05)U +
mL™, 50 22 5 825 (P<0.05) . IR A] LA
SR RN Y2 7 i SR DL (K] 4a) o

VIR UM R ERNS RS AR N R I R+l B)
M FIPR Z R 25 R 4b, 24 DATRERE R AT IR
R RRRT , FPA 485540 51 R (15.51+2.18 )U »mL™ I
(18.49+1.82)U-mL", 5 HAth My i 2% 5 1. % (P<0.05) ;
2 DAFEREH R R, Y2 1) CMCA fie ik (86.75
2.84)U-mL™, HARK Y TR CMCA 2 73 2 (P<
0.05). Zif FaREES, BN b fieid AU -

MYihs pH o 5 BF, PR Y2 /) FPA Fi CMCA fix
LAk (14.3341.15)U-mL™ F1(68.61+1.12)U-mL™,
Btz pH BRI, BRE Y2 B CMCA BHFEAR , 7T LI%)
HHE R Y2 NIERRPELT 4 Z 0 (] 4e ).

MFh TR R 4%0F, ERE Y2 i FPA I
CMCA 43514 (15.58+1.22)U +mL™" F1(40.67+1.91)
U-mL™", M HCRERR N 2% I Tk Y2 B9 FPA il CM-
CA ¥ fir by, Hed CMCA 2258835 (P<0.05) 5 4%
R KT 4%, TR EY FPA F CMCA FiiE HeRh i 1)
KR BRI A R RTN, 4% Ry we AR R
(Kl 4d),

& de RIS, I BEAE 25~28 CZlal i}, EHk Y2
) FPA 1 CMCA ¥ 5 FJbi@#. 28 CItk Y2 1Y
FPA F1 CMCA #3581 2 55 , 43 31 4 (14.26+1.17)U -
mL" Fl (44.76+1.52)U-mL™"; MEFRE ST 28 C
B, FPA F1 CMCA 4 i 85 B i 385 T i B0 . Fh ot
8,28 CohFe A5 IR B .

FH &1 4f FTRITE AR Y2 1) FPA 78 72 h 34 3 i &
AI35(29.86+1.52)U-mL™, 55 AT ] B2 25 57 i 2 (P<
0.05);72 h J& , B B A] B934 K, FPA B 8T R,
Pk Y2 1) CMCA AL MIAHXTF 2%, 7E 48 h iK% i i

(41.14+1.76)U-mL™", 55 FHoAth B 0] B 22 57 1 3 (P<
0.05), 25512 TR
2.4 HERIRIGER

1] 5 AT 2R Y2 Z0F EM B RIZ34E5E 3 d
IRENRIR, A CHE KA AR VE AR . R Y2
Y F il B R 61 °C, EM TR 57 4 5 i Ui B3 64 °C 5 4%
Pl Y2 2H7E i (550 CH4EHF T 9 d, EM B 40 7
MIIZESE T 8 ds HIFESS 30 d B % 20 CLEAT 4%
PR KA 5 d A FHRm %, (HF ST
R, — ELARE A BRI .
2.5 FHEMBER

H I 6 nT 1, HERD Y2 4R EM TR R4 47 4 K %
R ML T IA 255 12 d 228 FTHas, HEH
ZHERESE A, FERD Y2 T4k KRR kT 42%),
T EM 15 40 Dk 5 35%, Y2 411 21 4 2 R % 1
EM WA T 7 AN E 58 AR R B A AR B
fif R B HENESE T R A 10.5%,

3 itig

A5 R T NI R LG (2 0 A 42 0 A B SR &
B AR 2R — AR R AL A R R TR Y2, S5
TR SRy Al B ZE A4 T ( Baclitis sublitis ) T A A
WEF L R 2T 4E R o0 T A4S B IROR R (T,
reesei )" BIbE 2 (Penicillium decumbens ) | 5.8 T
% (Penicillium oxalicum ) %5 T T8 1 i 2& B (Strepto —
myces sp.) , KT EFYER B 7 A A AOHE $ b . HH
TR IO TR L, A0 T 4 7 P, ] AR S I
PR YRR AR T AR TR . TR 1A
AL ZERUAT TR HAG R (9 5 5 TR R BB ) , 38 1 2R
BERE ARG . 5 Hb—BEpF oY B R B 2 A
AR A FVER], BEA SRS b 5w |
A FEREREE, AR TR IR
LT YE R TS ) R RDRE T AR £F 4R R W B 4y
fERRETT o XN EESE N T A Yl R W R T B T24-2 i
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Figure 4 Enzymatic activities of strain Y2

FOUAb ) , AR A5 B B 4R 71 F0 A DI 7170531
N 6.89.45.01 U-mL™"; 2 RIEAEMBI S0 R AT R AL

R RN R (1) B 25 1R, 28 °C 120 remin™ B
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pH5.0 #% % 48 h,FPA #1 CMCA 4 %I 7] ik 15.83,
100.81 U-mL™", 37608 g F LA b 38 A9 BB AR 141 1
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Figure 5 Effects of different microbial agents on

composting temperature
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Figure 6 Effects of different microbial agents on

cellulose decomposition
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(1) A SRR TR A 25 ARG — R s AU AT 4 R o7
fETR Y2, ZITEASFRE A ARREE S 16S t1DNA 2017
53 BT 46 5 TR A B 24T 18 ( Baclitis sublitis ) .

(2): 3 B IR R AR ER FN IE 2 IR AL AR Y2 11
FERESAY G WAL S AR Y2 1R AR
(FPA)Z}y 15.83 U-mL™", JR H BLLF 4E ZK i 1% 77 (CMCA)
ik 100.81 U-mL™", A3 HRARALHTY 1.3.2.76 £,

(3)R Y2 H2hh A 2 A T HENE IS0, AN (UE R
T HERE A TR, R T AR A
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