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T ERRESY, SRR LT G0/ 3,5- il 3L K52 ( 3,5-Dinitrosalicylic acid, DNS ) ¥ i % =1 5 &T 2 Z Wi 2 bk, Al
FH A 3 AE ARS8 16S tDNA JF 81 4347 % B AR AT 250, DR AL I R e = o 2 3 Wl 2% 1, 018 R0 42 1% M 3
BT HEARR b, WE RS TS S bR . [R5k A0 = I P I o MX-1-1 A ER ZE AT 1 ( Bacillus
mycoides ), % bR B L LT A WG . 08 ARG AN S U - A OB R 2> BN 2495, 1136, 1615 U-mL . il e R
LAY F G L WA ZUREAE . BIE CMC-Na, $53R3040 40 pH 5.0, LK FEREE 20 °C. K¥5i3RAta] 3d, RALER
H LT 4L B/ I35 T 51.5%, HEAE R FR i, W0 MX-1-1 B A R TR, @R s gend a4, pH ok 2 g B
Ao HEREZE S, A S 0.96 ms-em |, FKERAL, A E SRS BRI BRI, SAMA YRS
LT AR USRI DO MM . (45181 bk MX-1-1 HA BRI LT 4 R MAE 1, RERSAE HE3R IR
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Enzyme Generation and Effect in Composting of Cellulolytic Bacteria
Y1 Guoyun'?, LIJuan?, CHENG Liang"”, WANG Xin'
(1. Academy of Agriculture and Forestry , Qinghai University, Xining, Qinghai 810016, China; 2. Key Laboratory of Integrated
Management of Agriculture Pests in Qinghai Province, Xining, Qinghai 810016, China)

Abstract: [ Objective] Microbes capable of degrading cellulose in compost and suitable for application in Qinghai-Tibet
Plateau region were tested, and fermentation conditions to maximize the enzyme generation optimized. [ Method] Soil
samples were collected at the forests in Haibei Prefecture, Qinghai Province. Cellulolytic bacteria were isolated by the Congo
red staining and 3,5- Dinitrosalicylic acid (DNS) methods. Highly efficient cellulose-degrading strains were identified by
physiochemical tests and 16S rDNA sequencing. Conditions to effectively generate cellulase by the bacteria were optimized.
Extracts of the enzymes produced from the fermentation were diluted to 1% and added to compost with cellulolytic process and
compositing conditions monitored. [Result] The isolated MX-1-1, which was subsequently identified as a strain of Bacillus
mycoides, displayed the greatest degradation activities on carboxymethyl cellulose, filter paper, and exo-f-glucanose at 24.95,
11.36, and 16.15 U~mL71, respectively. In generating carboxymethyl cellulase, the fermentation that increased 51.5% in activity
over control employed beef paste for nitrogen and CMC-Na for carbon in a medium of an initial pH of 5.0 at 20 °C for 3 d.
With the addition of MX-1-1 extract, the compost rose rapidly to a lasting high temperature with relatively stable pHs. At the
end of fermentation, the compost showed a conductivity of 0.96 ms-cm ' with the moisture content at its lowest level, the
nitrate and ammonium nitrogen at the matured decomposition level, and the total nitrogen and organic matter higher than those
in asepsis or D50 compost. [Conclusion] MX-1-1, a strain of Bacillus mycoides, was found highly cellulolytic. By adding it

for composting farm waste, the metabolic activity was significantly enhanced to hasten the cellulose decomposition.
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(58 XY LR4E R A, el % 5ot
PRI 2R3, 2 FRTH R AR BARR, st e
s YRR, AR N R RS, AR TGS
T A1), A RS IS TE M X AR
WG, 38 B AT SRR, ORI, 2Ok ik
J TR R E AR B, BHAS A LR R R &,

SEMPE A A A, VR Y
FIRE AT A R AW BT BAT Sy A B8 . AR IR 38 F Y B
AR B N AT A b By
K BT Jie X 0 4 o 250 41 4k 3% 6 it vl Ak = Tl 2
WIHERE Eah, BT R IR B A £ 4k 2 1 T A Py i
KL, FEAEMNE AL E REIR (Brucella) ™
2K ZE KT W B (Paenibacillus ) . ZF 76T 1
(Bacillus) "', )R ( Microbacterium ) ™. K39
)& ( Rhizobium) . RIRFEFHIE (Delftia ) %",
R T T AT ER T B ( Rhodococcus ) M N [G 4k
] ( Actinomyces naeslundii ) [12]; HETHARER
( Trichoderma ) "™, 22 4% #1 % J& ( Alternaria sp.) .
¥ 188 ( Cladosporium ) " Fi# % J& ( Rhizopus ) "
S T B AR B, g R A R,k
RIS AT A R WA T L IR T R G I B AR
fitg, FLXTWiEE R b B f e ik, B EERE )1 55,
FHH K, T A e R A A Rk
LR REAE o0 WA K B LT AE 3R, AR EC TR 2 R TR Bl
T E S IR A A IR, LA T A 2R 4 R il I
B 190 Sz B o7 YT A R s A L R v A
23t I Bl e T B AT O, 130 PH 2 4 2% 5 fifk T % it
AE AL TR A B A GG A G, 1832 7 il
FEFR A (ORAIR . SEFRIR L . pH (E R & BES A] )
ST S OIG fh A  E  3 4 T LA S
BRI R, (R RS AP HEIE RE. [ARF R UIA
Y BT, SAEYRERC )Tz N T XS
YR A HEE AR, (H 4RI R
A 70 kg ) S (R R TR R) o F T e 2 S R A TR
R, AR M T AR b BT A A ) Y T e T
ZEE T, B T R s, REE R
U X R FE R B R B A R, U T
T by DX b Gl A 0 T v O O AT 4R R R, I
A0 FAE T XA AR R R, ARk
UL AR W B . 7 b Ab 7 L R

HALHR, MR, T8 @ik . S s o
IR BRI 57 A0 2 7 o 1 B 2k e e R,
336 Sy 075 1 25 0T 4k 2% AR A A AR 0 T SE R A B R
VR, GBS T MR R AE T A R A R R
T 35 5 4 4 22 V2 VB O HE AR, 3 TR T+ AR
ST R A A R G R L LU D 1 6 B ]
SN AT P R R O 0 L A 7 T 4 R W RE G
Wbk, o TR = e LT 4 G 0 3 F A, O
I S A e I U SRR, LA T o R 4 4 2
T 0 AT A B o SR L ) Ay 7S b 1K T
FHW A B AL PR B S S %

1 #M#5 7%

1.1 R AR
111 #emkE

2021 4F 6 H, R T H A EALIN IR ALK
4¢3 (37°15'35"N, 102°58'13"E, 4k 2730 m) #k
MERIE LA, i 40 H, T 4 C kM RAE, .
112 ¥hik

wAESFEE AN E3.0g, HAMK SO g,
KH,P0,2.0 g, NaCl5.0g, MgS0,0.5¢g, FeSO4 7H,0O
0.01 g, pH7.0, Z&{#/K 1000 mL.

CMC Uifigds 5. MW A4 R (CMC-Na)
10.0 g, NaNO; 1.0 g, M 1.5 g, K,HPO, 1.0 g,
KCl1 0.5 g, MgSO,-7H,0 0.01 g, FeSO,-7H,0 0.01 g,
Bk 20.0 g, ZE1E7K 1000 mL.

PR YE R R IR . CMC-Na 20.0 g, (NH,),SO,
5.0g, KH,PO42.0g, FeSO47H,00.01 g, CaCl,0.5g,
NaCl5.0 g, 7£4#7K 1000 mL,

AR AL 121 °C. 101 kPa K& 30 min, % /0.
1.1.3 R4t

MR 3 2 R 2 FNRS AT 430 b 55 1 2R RN Ak
YA R s w) R E Bl B RO O R A Rl AR, IRG
A5 G N 2% JFR W R 0.1% %k Bz . %l 2 A A
D50 Iy 3 & i VAR M RHE A IR A), 2 —Fhaf B 47
SRR EAE R S AW R, A SR AL 4G
KAFMFFR . BRRAFTH . BT E . #HTW, ™~
SIE AR, AMOEE S 2012, R—KEH
I3 FH TR FEA HLERE 649 52 4 e B 00
1.2 AHERMEBENS BSVH

FRBURA IS 4 10 g, A 90 mL JC IR K1
=AM, 180 rmin ' PR35 2 h, PEATEEEERERE, W%
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YA [ A6 B A T R 100 pL ¥ 7 % LB [F R b5 55 58
F—RpEE SR 3 A, 25 C iR 4d, PREUATHETE
HETalifk, PRAF T80 C VKA & H .

5> B MR AP T CMC-Na 5 32 v o, 25 «C
fEiR 3 4 do 8 0.2 mgmL ™" % I 5 207 W e 5,
20 min, FFHTCE KB 15 min'"", 3500 7 B 1
HZ (D, mm) 5% 54 (d, mm), it
TeE (D/d B ) /N 3 TR Wk B A 21 2 K Rk 1 1 ik
55, FOABL RO T30 ] o it 2T 24 25 BB T B
13 FHEZBRBRENETE

HI i o3 5 5 ik TR 4 b B R AERR SR WCT, 25 C
180 r-min | PRI FE 2 do B 10% & 4 5% F2 W 6 1 2
PEREE SR, 25 9C, 180 rmin | 53R 4d, 12000X g
B0 JE BV AR N R, SR 3,5- K
iz (3,5-Dinitrosalicylic acid, DNS ) %" 43 51 52 B
PR R L AT A R .k 4K N A1) -B-7E SR A
W77,

R FE 4 4 K i ( Carboxymethyl Cellulosease )
B E . Bl mLAEEWE, A 1 mL % 1% CMC-
Na f LB Ko (pH 4.5), F 50 °C /K ¥ 48 H s b
60 min, A 1 mL DNS i 5 28 1k s iy, kK 3 10
min, RHEEHRGF, A2 10mL, WX 540 nm &b
BYIGRE(E , DA TG R AR S 25 o B, TR
L LT Y Z G 7. LA 1 min ALK 8 A2 AL 1 pmol AY
HWE R — IS S (U), BLUmL #R.

JE 4G 15 E (Filter Paper Activity ) A9 € : X
1 mL LB A 0.1 g ZFTFLMER LF IR R, =
I mL EHKIRE B, F 50 °C /KR R 60 min,
R P 1 mL DNS 37, 28 1k 57 5 B A HL R H
BLET 4 A oy U TR

A1) -B-78 5 B iE ( Exoglucanase ) A9 I %E . HX
I mLH R EHA I mL A FEZEBRRAIRE
i, 50 °C KR ER LI 60 min, fITA 1 mL DNS i
F, 20k R I R A B R Y 3 AT 4k 2 5K
G
14 EMEZE

IR A AR AL S 5 . W5y B Al A S R bR 2 R 2
LB #5585, 25 CHHEKEFR 72h )5, WERER KIS
FRAE o R R AE AR O 30 A7 AR B AR AR, ik
T ARG S R L RS R A
K . V-PIRE . IR L. H,S K5 . i
R £ IR I R VE by K M 6 45 8 T4 R

STFAEYFEE: RARXRAMRE (b))
A R 40 T R 4] DNA SRR &, Hedn el
JHULHA 45, SR B #k MX-1-1 ZE K 41 16S tDNA, #)

JHANEEE FH 5149 27F (5'-AGAGTTTGATCCTGGCTC
AG-3') fil1492R ( 5-GGTTACCTTGTTACGACTT-3")
ST 4. P HAZR . DNA BN 1 pL, 10 mol'L
L F#E5I 4% 0.5 uL, Mix i 12.5 pL, ddH,0 #b /&
F25uL, RIVFEF: 95 C WY 4 min, 95 C 7%
P 1 min, 55 CiBk 40s, 72 °C ZEf 2 min, 7§¥F
25, 72 C JEHEfH 7 min, 4 CIRFE. P IGE 2
PCR =W FH 1% B AR IS PR VKR 3= 454 o7 8 F vk
B, Fl|F GeneTools Analysis Software version 4.03.05.0
( SynGene 2~ A ) Xf PCR j= ¥y il A7 ¥ FEXT LU 5,
] EZN.A." Gel Extraction Kit (Omega Bio-Tek 24
Al ) BEE DA £ [BlU PCR 724, TE 28 h i e i
Bl HAx DNA Jr B IRk A TAY TR (1)
JBe A BR 2N W EA TN o K DU AS 9 77 51 7E NCBI I 3
T He T, fdiFH MEGA 7.0 #8445 4B #%15 (neighbor
joining method ) HATRGE L EF 4, WERRHEKE
W, DRI AR I 23 2515 B .
1.5 BE#REEEEHMRL

2 R L 4T Yk Z A T A7 4R R ISR R ) B-1,4-
WEH A, KBS R MR/ gEER, 1K
R AR B P A A EEAER], 2 H AT s
BE WA Z 2 — " P AR 5808 R Sk 2F
Y K Wl 5 HEAT R WE T W AR AR AL . AT I IR AR
[CMC-Na 20.0 g, (NH,),SO, 5.0 g, KH,PO, 2.0 g,
FeSO,-7H,0 0.01 g, CaCl, 0.5 g, NaCl 5.0 g] Y &7
AP ik

(1) BRAVEXTEF 2L R BTG 1520 . BEH 4 R
[ B (CMC-Na, AJVEPETERY . i SEAs AT FEERE )
4 FhOREE IR [NH,CL, (NH,),S0,. 4-HHEMEH
Wi 1o K FhFRLL 4% (m/V) BOIERPEIEE S 150 mL
REGR (A JRw R FR g, 25 °C, 180 r'min '
Figt 4 d, B0 R R W RR LT 4 R Y A AR A
T, [R]ES 000 e A (] Ak LA R e U B2 L g Ak P
3NEK,

(2) K% i BE X £F 2 R BTG 0052 ) o B b
PL 4% (m/V) B4R it 45 Fh 2 el i AU IR K Fr kb,
Ay BIFE 15, 20, 25, 30, 35 CRET, 180 rmin '
WigR4d, BERIG R RS AEREREE, [FEH
FEAN[FI AL B R BE . b PR 3 AR

(3) VI pH W £F 4k 2% B & 0 52 0w o 98 759 7 il
R pH N 3. 4. 5. 6, 7H18, KA T LA
4% (m/V) BHEERD A 2 Bl i ARG AR 3, &
W FEREE T, 180 rmin | 353 4 d, MR LA
AEZX WIS T, TRV A (W) b B PR AR MR R . B
I E 3 AER .
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(4) K2R ) XoF 2F 248 3R T (05 ) o 4 b1
PL 4% (m/V') 1Y $2 Fh ik 432 b 22 d5 335 e 280 U6 B 9% Bk
Hh, 25 °C, 180 rmin | $55E, KA 1 dWE R LT
Y Z WG 7, TR E I A A [ Ak B TR AR R R R
PR E 3 A ER
1.6 HEARIKLE
1.6.1 K%t

MX-1-1 B 7 s B 280 2F 4 R i A MX-1-1 3%
P T AL G B 7 BB 37 4L, 25 CC. 180 r'min | 1 3R
4d, RS 1X10° CFUmL™'; D50 E 7
iz BE ™ i B X D50 gk BRI B 70 fiF 5 xR R
IRINEE 7

HEAE IS . MX-1-1 B AR (1% /9 MX-1-1 1§
W) . DSO TEFIHEAR (1% AR Bl B8 i ) AN R
etk (TCHK ) 3AbFE, NGBR3 AN ER . HEAE
AR RS, Y ON=23:1, FKERH
1E 60% ity , M. 9. ®5rh 1.8 m, 1.5 m,
0.6 m FHEMR, 454 S (A 35 FH B0 R 25 R R
1.6.2 BB AN 7

SR FH L A5 IO 3 4 S P M A 3 TR PN R U
TEHE 500 g R, TRA 520 °C fRAF. A HIHETT
U, 1. 3. 7. 14, 21, 28, 35, 42.d 43 HURE

W HS b5 . A I HE 24 h )5 B R G e A R B
2% (E7F 10:00, T4 16:00); FREL S g ff 17 FF
i, R pHIT (&5 #E, PHSI-4F) flH 4L (&
G , DDS-307A) W 5& #£ & pH Al 1 & % ( Electric
conductivity ) ; i1 FR H 0 BE A K RE
B LG E R Y, A WL SR A R
ZERREIE Y R B 2SRRI 25 AU B A A
A3

2 ZRE55H

2.1 EHRITH

AR B 0 AR AR A rh 3 oy s i Ak i 35 BRAE T,
3 o PR 2T % 0 v DA v O 2 4 Bk 3K A B ) T
Bk (1), HbkMX-1-1, H37-7-4, AH-3-1 F1 GX-2-2
() 7K i Bl D/A(E KT 1. HP R MX-1-1 V% B
%R (597£023) mm, KGE EHBR N (1683+
0.27) mm, D/d{H A 2.81 (& 1), it T H b
B, FEHH MX-1-1 BB T RE R | R o 7 £ 4k R i 1) F
AT
22 HEHRETH

4 A0 75 T R (10 3R TP 5L 2F i 2%t 355 0 A 45 SR 4
K 2A, Bk MX-1-1 Fll GX-2-2 1932 F 6L T 7% o5 s (A
WITE 4d, 4>91H 24.95U-mL™" f122.09UmL ', B

®1 VIHEERERNROEFE DERRB KN
Table 1 Sizes of transparent rings formed on Congo red

medium by preliminarily screened strains

FitkStrains WV EfAdmm  EWBEAD/mMm  BEAEEHD/A
MX-1-1 5974023 16.83+0.27 2381
H37-7-4 8.671+0.20 14.5440.20 1.68
AH-3-1 41440.05 6.4340.13 155
GX-2-2 11.67£0.03 23.51%0.18 2.01

E 1 #FEERERRIEFE EIERE

Fig. 1 Transparent rings formed on Congo red medium by

preliminarily screened strains

Pk H37-7-4 1 AH-3-1 78557 5 d BP s e KAE, 43000
18.16, 21.69 U'mL ', B #k MX-1-1, H37-7-4 fil AH-
3-1 WY UEACHE 6 e s B BLE 5 d (&1 2B), 200l
1138 . 9.92 . 1416 U'mL ™', E#k GX-2-27F 4 d it
TEACRE B, M 8.82UmL . HiMk MX-1-1 Fl GX-
2-2 WY AN - - SR OB T e S E AR 4 d, Ar SR
16.15. 14.12 U'mL"', F#k H37-7-4 76 5 d 4h 41 -p-4
BB IE A B S, M 1403 UmL ', Tk AH-3-1 £
3 d4h Y0 -B-t SR W G A B R, M 15.63 UrmL
(E2C). LG A, Wik MX-1-1 19 3 KLF4ERFE
fifp TG T ARR R, R T E BR, B R R b
RN
23 HEFRMX-1-1 WEE
23.1 HEHk MX-1-1 £ 32 4 L4k

TE LB B 3R [, WS TR vk MX-1-1 1 75 &2
AAEFR, NEW, REALH, HEARE,
HAo A e (K 3A), E2ERYE g, i
W1 Pk MX-1-1 2 — PR FH M (B 3B) . A= B4 fk
MELER B R (F£2), MX-1-1 H¥EAGEF 4 H,S;
REZ i 0 AR AN TE R 5 AR ST oA
o BAYE; VPRI R 20 B W R L
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(A): Carboxymethyl cellulase activity; (B): filter paper enzyme activity; (C): exo-p-glucanase activity.
2 HIiEC 4 RERE K BRI R

Fig.2 Cellulolytic activities of preliminarily screened bacteria
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Poavaiie.
3 B MX-1-1 BRERS (A) ME=ZRREE (B)
Fig.3 Colony morphology(A) and gram staining (B) of MX-1-1

2 EHE MX-1-1 B E R A EHE S T
Table 2 Physiochemical characteristics of MX-1-1

AT H a5 MR H g
Test project Result Test project Result
A A B UiNieiigte .
Catalase Gelatin liquefaction
HIEIDE R H,Sik5% -
Glucose decomposition H,S test
GETIRes FrBmR A I )
Methyl red test Citrate test
VPiREs: N TER KR .
Voges-Proskauer test Amylohydrolysis
+: B - B

+: Positive; —: Negative.

WA B s A ieE R R 1 R B
232 HMMX-1-1 9 FAEBLFER

X B Hk MX-1-1 g 47 PCR Y™ 48, K15 A9 16S

tDNA F BE K}y 1486 bp, FJF BLAST #E47)751 b
XM, AR, R MX-1-1 5 E00R 25 i R
( Bacillus mycoides ) )¢ 5 FRIPETE 99% L 1. 45
HARERBIHAM PSR (B 4), BHEHK MX-1-1
Y5 R FARZENIAF IR ( B. mycoides ) »
2.4 FEfkMX-1-1 FZEE ML

MR CMC FIRERERS (& SA), R H ILLF 4
ZWFHIE RS, 43914 31.50, 29.86 U'mL ', W
i LAl P R B R A S . L, DL CMC-Na fE Ry
WRUEET, TARRIY ODggo B fmr, 35 0396, P, FEtkK
MX-1-1 9 Feidi ik I CMC-Na.

HARWEBEERER (K SB), & H L4 K
WV ELE . R 2750 UmL ', H B B ODgo M
0.461, o3& & FIHAZIEMEE . KL, Wk MX-
1-1 () d5cd AR 4 I

P bR MX-1-1 19 35 55 R B2 AE 15~ 35 C ), &
FOLA g R R — 2 ) (B 5C), lEN
20 C B, ZF4E ZEEG )ik w, M 33.51 UmL s
4 35 °C IS Sk 26.80 UmL ™. 8 20 C N
PR . H 20 C B, BERE ODgg (E R FFER
TGPE, 0467,

R MX-1-1 ZEWI 4R 35 5% pH ol 3~8 I, ZF4E&R
fitg 1% JI i pH FHi 2 Se T MR (515D ).
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99 [ e
96 e

MUAFE Bacillus atrophaeus JCM-9070 (NR024689.1)
i SEMUAF R Bacillus atrophaeus IM-5 (MH236803.1)

100 r A B UM B Bacillus subtilis BAB-1 (1Q916087.1)
83

W EE2EfUAT 18 Bacillus subtilis Mori2 (EU195329.1)
99 |: WA AT B Bacillus licheniformis XJ-P95 (HM631844.1)

100 AR 2E AT 1 Bacillus licheniformis Lichen114 (MT279447.1)
W& ZE AT Bacillus carboniphilus G1-2-20 (KC494304.1)

100 Sy BL 5% 4 i 66 27 AT 15 Jeotgalibacillus marinus ATCC-29841 (NR112057.1

~

© o R 2 T Jeotgalibacillus marinus 581 (NR025351.1)
2 WEFEZEMIAT# Bacillus cereus Jinshan 2010 (HQ717355.1)
IEREZEHIAT B Bacillus cereus JB0013 (FJ982662.1)

100 HIRZEMUFF 18 Bacillus mycoides DSM-11821 (NR024697.1)
100

BURZE AT B Bacillus mycoides 273 (NR036880.1)
o ELR L MU I Bacillus mycoides MX-1-11)

0.005

E 4 BE#k MX-1-1 £F 16S rDNA EEFIIERHEMEREL X
Fig. 4 Phylogenetic tree of MX-1-1 based on 16S rDNA sequence homology

M pH b 5 B, SF4ERBIE ik, H 3545
UmL . Y pHE KT 5J5, P4 £ I IT1H 2 5
M, AW FE. H ODgo fE7E pH 6 I A 5 K fH ,
H0.659, FUIZHE MRS | RN ERTERY B R, ATH T
W PR S 21 2 2 B I

Bk MX-1-1 7ER 3200 1~3 d, R W L4 K i
WA TR E K (K SE). fE3d, Wk 4EE
M Mk i, 3780 UmL ', 3dJ5, S EHIE
PEZE WK, 6 dmP AR, M 1344 UmL ', B
Pk MX-1-1 1 ODggo 22 1k 1 35 55 Wl 76 M — %, 3 d B
ODygoo BT B, M 0.566, 25 BlREF KEGEHT .
2.5 HRMIELIERTK
2.5.1 HAE R G AR F A TR

MX-1-1 & 7 HE K 5 B2 78 2 dAf ik 55.61 C
(I 6A), $RFTHEA IR, & T D50 B M A5
JE (5122 °C) XS BRMEARIR BE (489 °C ). Xf fE |
MX-1-1 18 7 F1 D50 B 7 HE AR 2 55 50 C DL B (il
) BB 9k 24, 28, 32d. ZJE R ER HE{R
M 36 d T AR F) 50 C LR (FEIRY ), MX-1-1
PR 3R HE AR D50 T A HE AR DA 40 d T 4R R . B ]
MX-1-1 BRI HE A TR AR, BEA S R e el 5L, HL4E
FREIFIEIA, PR T 2R
252 pH# T

TEA MR A rp, X BR . MX-1-1 88 A A1
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e 24,
254 BREHTI

3 A FEE AR TR B B K PR TR,
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oA o A0 Bl R Z L R R T UK o WK A
PR, S0 8T A R R 9 A L SR AR B R E Y S
AT, AR AR TR Bk e A, KA R R R
FE. F) 50 dIF, XFEALL . MX-1-1 B A1 D50 B 7 3k
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Xif HE R DSO B 7] 3 A e 265 R0 7 ik 5 B 4T R A1
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PRI S ok, (R dE A AW A, S Bl B
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W B, il 0 0 o AR B 2SR i 41.40 mgkg
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BEISETHE BT R AR (K 6F ), HEAEY)
Wi, PR G OKE S, AL, AR, W
Wl THEIANEAER, TEESA TR LTS
M A ER, TR RRSE TR DL R K AR



214 AR A 4R 40 %
[ % LA 4 5l Carboxymethyl cellulase [ %% FFE2F 4k K il Carboxymethyl cellulase
——Q0D —.—OD‘
A “ 08 By 08
T35t 73
'_E] T a 4 0.6 75] 4 0.6
. i T a
o 28 | b S 28 .
< c <
ey g v 2 g
T2 ot o] 1040 =5 0 1040
& g —* o i g o
5 14 | 5 14}
£ g
§ ; 4 0.2 E ; 4 0.2
&) I 3 "
0 0 0 0
WMISEREFT CMC-Na RIEPEVERY  ENE iRt EAME FRE S S
Rape straw Ssct’;‘;g}]le Cane sugar (NH,),SO, peptone  Beef NH,CI
extract
BB Carbon sources %R Nitrogen sources
[ 2 H L 47 4 1§ Carboxymethyl cellulase [ 27 4 2§ Carboxymethyl cellulase
C D
—*—0Dy, —*—0Dg,
42 - 1 0.8 42 - 1 0.8
o BT 2 a Dot b
£ b o] b 1 0.6 g Af/ﬂ/i; 4 0.6
o 28} //“‘\—I— b D 28 F ¢ .
2 =i N g 2z d g
gﬁé 21 f 104 EE ot 1042
*g @) 2 *g o
5 14 | 5 14 |
3 102 3 102
s 7t s 7t
&5 3
0 0 0 0
15 20 25 30 35 3 4 5 6 7 8
ifit £ Temperature/°C pH
[ 132 W AL 2748 1§ Carboxymethyl cellulase
E —*—0Dg
42 . 1 0.8
4
T 2
=) ¢ c 1 0.6
Eaxles | | INF <
b :; 21 \'\ 0.4 Qé
2 § / \\ d s
qé 14 L (/ (<]
% 102
g7y
0 0

1 2 3 4 5 6 7
i8] Time/d

(A): AFEBRIE: (B): ARZMHE: (C: AREE; (D): AFpH: (B): AEEE. AENGFEARESMIHNZEREE (P<0.05),

FH.

(A): different carbon sources; (B): different nitrogen sources; (C): different temperatures; (D): different pH; (E): different time. Data with different

lowercase letters represent significant differences between treatment groups (P<<0.05). Same for below.
&5 BE#k MX-1-1 B F=Bg &1L
Fig. 5 Optimized enzyme production by MX-1-1

MACVE IR W g0 , A A RS Rl T o B R
W, AR, A A S R TR, R
A, REESABENHEA, SRS REN
A b TR MX-1-1 RS, SRR
THSNERE, MERTHRM . ROKUIR, e 4
BRI, ISR & BT e e, ki
fem T APLARERACR.

257 A EEHTR
SR MX-1-1 T 7 F1 D50 B 77 1 il 4 8 A i
HAW BT (F3), Hrb MX-1-1 B R 2 A
TR N 8.06%, BE R T HEA (1.37%)
1 D50 & (3.08% ), ULHIE I MX-1-1 & 1, 3
IAERRS A, DHIER R R, P& THEL M.
AHUTIM LR (F3) £O, LSRR



£ 2 4] FEEF: FREFEEBE T KRR IR HRT R 215
—=—CK ) B —=—CK )
80 —o—MX-1-157f MX-1-1 bacteria agent 9.6 r —e—MX-1-1[7 MX-1-1 bacteria agent
S 70 ——D50 F77ll D50 bacteria agent ——D50 FE 57l D50 bacteria agent
8.8 | z
6
8.0
5 z
7.2
6.4
20 1 1 L 1 ] 56 1 1 1 1 ]
10 20 30 40 50 0 10 20 30 40 50
I [A] Time/d It 1] Time/d
L2 r o MX-1-1#7 MX-1-1 bacteria agent 78 e~ MX-1-1Fil] MX-1-1 bacteria agent
——D50F 71l D50 bacteria agent ——D50 B 57 D50 bacteria agent
X 65
= 1.0 g
3 § i g 52
i é’ 0.8 % S
= 4T 5 39
g z
06 2 2
0.4 1 1 1 1 1 13 1 I 1 ! ]
10 20 30 40 50 0 10 20 30 40 50
i ] Time/d i} 1] Time/d
E e CK \ F ——CK \
900 —o—MX-1-15 7 MX-1-1 bacteria agent 7 r —o—MX-1-157 MX-1-1 bacteria agent
2 ——D50 FH77l] D50 bacteria agent = ——D50# 7] D50 bacteria agent
o o
2 720 26
= &0
3 g
& & 540 ®E S
% g % &
BE 360 ZE 4
g k=
2 Q
£ 180 g3
= =
Z
E 0 5 ' i i . i
10 20 30 40 50 0 10 20 30 40 50
i} 7] Time/d 5[] Time/d
(A): HEMIRERAM: (B): MEApHIGIME: (C: MAHSEWAL: (D). EESKENEL: B): BEZSEATER

(F): MEARRSES A& BT E o

(A): Changes in compost temperature; (B): compost pH; (C): variations in compost electrical conductivity; (D): fluctuations in water content of compost;

W5E 5

(E): ammonium nitrogen content in compost; (F): nitrate nitrogen content in compost.

Elo HAFIBUIRIR
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Table 3 Nutrients in compost

i 4% Total nitrogen HHLIF Organic matter
il
Treatment R Before AN W hnZ Rate of KR Before RWEfG After W hn# Rate of
fermentation/% fermentation/% increase/% fermentation/% fermentation/% increase/%
CK 1.46 £0.05b 1.48 £0.10b 1.37 £0.08 ¢ 4330 £0.01b 38.98 £0.15b -9.98 £0.06 ¢
MX-1-17!
ﬁJ 1.24 £0.13 ¢ 1.34 £0.05¢ 8.06 £0.04 a 4326 +0.11b 42.14 £0.04 a -2.81 £0.08 a
MX-1-1 bacteria agent
D50 7l
Al 1.95 £0.06 a 2.01 £0.11a 3.08 £0.02b 4528 £0.06 a 43.04 £0.08 a -4.95 £0.02b

D50 bacteria agent

RPN BT IE L hREZE . FAEEE G E NG FRERR0.05K T B2 7 B3 .
Data are mean=+ SD; those with different lowercase letters on same column indicate significant difference at 0.05 level.
HEAR A DL & A AR A, (3 MX-1-1
TR0 R A R (2.81% ) i AR T R B ME 1K
(4.95% ) 1 D50 B HEA AL F (9.98% ).
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