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Screening of efficient cellulose degrading bacteria in cow
manure compost and optimization of enzyme production
conditions

WANG Wenfan®', LIU Yinxiu"?, XIE Xiaojie', YANG Jian', ZHAO Zhuoqun', WANG Min',
ZHENG Huabao™'

1 Key Laboratory of Soil Contamination Bioremediation of Zhejiang Province, School of Environmental and
Resource Sciences, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China
2 Zhejiang Provincial Farmland Quality and Fertilizer Management Station, Hangzhou 310000, Zhejiang, China

Abstract: [Background] Cellulose is a biomass resource to be developed and utilized, which is
important for solving energy crisis and environmental pollution. [Objective] To isolate
cellulase-producing bacteria from cow manure compost and investigate their cellulose
degradation ability. [Methods] The cellulose solid plate Congo red staining method was used
for preliminary screening, followed by liquid fermentation and cellulase activity measurement
for secondary screening. [Results] A bacterium with high cellulase activity was isolated and
identified as Bacillus amyloliquefaciens strain N5. Single-factor analysis experiments
demonstrated that strain N5 exhibited good tolerance to pH, temperature, and salinity.
Orthogonal optimization experiments revealed that the optimal conditions for cellulase
production by strain N5 were an initial fermentation pH of 5.0, fermentation time of 96 hours,
and fermentation temperature of 40 °C. Under these conditions, the enzyme activity reached
189.27 U/mL. Furthermore, strain N5 achieved a 19.35% reduction in weight of rice straw
within 7 days, indicating its effective promotion of rice straw degradation. Scanning electron
microscopy results confirmed the ability of strain N5 to facilitate rice straw decomposition.
[Conclusion] Strain N5 exhibits high cellulase activity and holds potential for developing
efficient aerobic composting agents. It provides a valuable bacterial resource for the biological
transformation of cellulose in solid waste.

Keywords: cellulose degradation; Bacillus amyloliquefaciens; enzyme production conditions;
straw degradation

21 4 3R (CeH10O0s)o Fe— Tl phy 05 26 1 2L Il 1)
RIRZHEY, Tz ETRARR D, EEL
B EFII AL, IERAEWREFT . BisK
FH B S5 2F 43R 02— R LTI A 0 o %
U8, AT LA TR PR R R b s (A A B
ANV F g Ak Ak 5 3T B AR S
&, XA G AT AR IR BT PR

TE W IR T WA E , LR AR R A il 7
UV Ao s A W e A (4 E 77 6 27 4 3R (9 1%
R BT MR L RS R T, SRR
Bttt e Ak B R b A 3 AL
FIRBEE N ST YE R AR — ERCR, (AfELE
PR RAS B IR R 7 T A7 AE — 58 SR BRAE
A5 T e 51 %o o s 2 A 2R R A T A, (H
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Wl RERERT S, JROPD R R EE R me AR A L)
H 4R S 41 4k 2 Re e AE 2 R A 0 1 D R
T kAR, BEMAVER E 2R IR TR o
WL AE R PR, RN R R B
AR B AAR AR i,
VEREWE " LT e R IR MR R UEY, F TR REAT
e R E—F T 22 BBk

H A R 5T 2 0 8 43 29 15 30T 2 0] B A 41
e RN . B M0, o B AT
Y B RE ST ARSR Y T 40 R AT 5 A I I
WPk, HA AR R ELRR S A R v
MR AMEN S EIVERR S, ST
SR o X K %A bR - A T O e, IRAS
T PIRRAENS P 41 e KA FLER, PIARIT I (PR
21 2k 2% (carboxymethyl cellulose, CMC)MFIE 4
Ay 5% 103.89 U/mL 1 158.36 U/mL, 7L &
SRR RS T A e R e M AR A
USRI B MR, Z R VRFE 55-65 °CHI
75 CCHAMF T MK IH BB & FE 5 = 1 21 2t 26 [ i sk
R RICRRAEP 0 B B — bk L Ak R WA
NHI11, 25858 Ml 25/ i (Bacillus subtilis)
30 °CKREE S d I, FHALFEEY S KRS FFRE R
43R 14.24%F1 24.73%.

HATHaE s, e R R E E LR
kg 2OV T Y 2K A0 T 1 O 0 RIE ST T 4
WAL NATTAE A 77 A 3 v o £ 4 2R R A PR SR
ARG, 2 2 2R e A AT 1% O 2 K iy FH 4 R
SRR, T AR & £ 4 2 A 1R 9 IR O X 4T 4
RIEM R T IRAM R R EE R L. A5
DL ZEHENE e i, O 8 HLAG 2 4 25 A A
(AR, BIF 5T IR A BT A 7 AR 2 DR FF R A
R, DVA 5 SRl 2 5 ) 21 4 3R 0% [k fide 1)
Wt 2%,

1A

1.1
1.1.1 KR

A FEHEREAE S E WL R e SR b, B
FEETIKEE R E, RFT 4 °CUKFE& M.
1.1.2 EHE

LB MARRE I (g/L): R 5.0, AN
10.0, & 4k#M 10.0, pH 7.0,

CMC Hi##3(g/L): CMC-Na 10.0, K,HPO,
1.0, NH,NO; 1.0, MgSO,-7H,0 0.2, CaCl, 0.02,
Ll 15.0, AR pH.

& 4% R i B 3R 3k (g/L) . (NHL),S04 1.0,
KH,PO, 1.0, MgSO,-7H,0 0.5, BEEE 0.1, U
4 45(1 cmx6 cm) 3 55/, HR pH.

FEAF SR IR0 KRR AL T BT AL 3—4 em /2
FBARFEFF 2 g, TEHLERRESFRM 100 mL, H
SR pH.

KB R SR 5 (g/L): CMC-Na 10.0, &
Fi% 10.0, S 4k4H 10.0, BEEEE 5.0, AR pH.
DL F A B3R 44 121 °CK I 30 min,

1.1.3  EZERFIANEE

W7 BEE FI7E A I, OXOID 23 7l ; CMC-Na,
[ 258 A b~ 100 A PR W) 5 3,5- il 5K i 2
(3,5-dinitrosalicylic acid, DNS), 3 k4
R A RAE WARBAANIRL, L
Bhr T A= AL BB e A PR 2 o

AN, BT IR A R
MR K IR AT IR R 55 R4, Bl —fE R
EAUERA A F,; SR KR AT HERES
g R BT A AR I AT BR A E]
OHL, BUN BB SS A BR A ] 5 pH I, dba3E
ZRR AR AR A A RPN
FHNERA PR
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1.2 7%
1.2.1 HHMPBESH K

REAR BRR AT BT BRI 1 g AR FEEIEAR
FATCHKEAT 10 F5 4% HUFR B, B — B FR R EE 1Y
R B A T CMC-Na RigR 3P |, & F
30 °CIHIREEFRAIE 3% 3-4 do BB ai by
PR DS AR T CMC-Na 95 55 |, Rk
3AEKE,30 °CHIRIE S 48 h 5, Bl A 1 mg/mL
NI LT 4, 30 min, fBENIRLTHER, M
1 mol/L () NaCl {1 15 min fiife, it
A5 375 B K fife Bl T 42 (D) F1 T8 V& LA (d) 1Y B A
(D/d) kw0 HI W R A ™ B BE 77, BB (AR
PR AR IR TR LR ARAF Y
1.2.2 EKEEMRIALE

SRy 25 B I i AR AT R O £ 4 3R ) i
Ae T, WEIELURMIALE, DIAINEERNZ A
X B A DL SYe Bt 4P 2 R AT 9 M 45 7 0
L, IRBAEET 35 °C. 160 r/min &1F FRE3%
7d, WEUEACS AW AR, DA S R L TR
PREYBEMROR , 2B B BRAE N T — 2 K T
) H R TR
123 BHMEE

PRI A 22 M5 . PhIali1b b bk R v 7
LB [{A3E IR FiF T4k, T 35 CHIEIEFK
2OV B TR, SRR IR Y SRR,
IRk AR K RO AT T E S R R . B
BURATE, SHAFHRE (FILMHARS S
ETFW) P LR AT S R, W
TUEHEIRIEA

DTV YEE . R OMEGA 4 B 5L [
ZH R BRI S PR B R ) 5L DNA, A2 B 3
51¥ 27F (5-AGAGTTTGATCCTGGCTCAG-3")
1 1492R (5-TACGGCACCTTGTTACGACTT-3')
#E4T PCR ¥14, PCR FUWAK R (25 pL): FitR
DNA (20 ng/uL) 2 pL, i@ 5[4 27F (10 pmol/L)

1 1492R (10 pmol/L)#% 5 uL, Taq it(0.05 U/pL)
0.2 uL, 10xTaq Z& #hi (7% Mg™") 2.5 uL, dNTPs
(% 2.5 mmol/L) 2 uL, ddH,O 8.3 uL. PCR )i 5%
. 94 °C 10 min; 58 °C 30s, 72°C45s, 301
P35 72 °C 5 min, PCR ¥ 14712 1% 0
I I L DK A I % A AR TR A PR |l i
T . A5 r P8l BLAST 5 GenBank
AT AT IO, IRIH MEGA 7.0 #04:
XoF TR R S 2 AR SR Rl AT T, SR AR
WH RS R B,
124 AHEREFNEENE

R ETG JJIE : O N5 BAPEVR R T
LB AR 7554, 35 °C. 160 r/min 5555 24 h
o, BU 1 mL BEREER T 100 mL A4 & B b 55 5
Hi, 35 °C. 160 r/min fEIR$EIRIRG 5% 24 h
Jei o B ERORE I R TR PR IR P S D, R
TR 7005 FA I R 120 he

RLEEER T 25 Y o R AR & BER T 4 °C
8 000 r/min #5.0> 15 min &7, b3 BI AHL R o

BEGE S HIE . FF 1 mL 1%A9 CMC-Na fii
AF| 25 mL HIERE T, IMA 1 mL & Y
HRLERR S 225, T 50 °CF iR S0 30 min Jii
T A 2 mL (9 DNS B, 8 K3 ) b 5 min,
VR H, FZEIRK E 258 25 mL, 721K 540 nm
S0 E WOGAE, DL AR bR, TS
HA

Bt s 1B oy AR BRSOV AT,
1 min PUKR R AL A 1 ng #2508 10 il 2 2
MRy 1A TE S AL (U/mL), B TS SR
ﬁj{j[32-33]:

GxNx1000
B G Jj=—————
i TxV

e G Ay HE A A B b v i 2R A5 B 1 A A
WS (540 nm); NN RARFR(mL); T 24 S o Bt
[8](min); V AL A9 AR F (mL).
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1.2.5 HEH~EMHEK

WG R W37 5400 . 9046 pH 7.0, JRE
35°C, ¥k 160 r/min., %9 2 100 mL (250 mL
=) R 1%,

R RIRE : TEWIG KRB R, ik
HUREERT ] (0-12 h N5 2 h BUFE, J5 4 12 h B
FE) . KEEREB0. 35, 40, 45 1 50 °C). %
FE(1%. 2%, 3%. 4%FH1 5%). KERIHS pH
fH(4.0. 5.0, 6.0, 7.0, 8.0 Fl 9.0)LL JZKi5rHE
B NaCl #RE(1%. 2%. 3%. 4%F1 5%)iEf1 8
PIZ R0, A8 72 h J5 8 R B CMC S
NP4 K 18 (ODgoo) . HEMAEHE 3 ANEE, il
PSR N BIFIE A5 DR 20 TR R ™ 2T 248 25 Tl 1 5

IEARAIR S : KA R s R, %
PERBENE) . RBERIAG pH FUKEERIE, Wit
SREZAKFEELRE, KA L(3*)IELHE.
1.2.6 FEFFFERIAL

W NS W 5% IR EOHRD 2K FEHS
FEBCTCHLER AR R e s g ey, IR I8 28 (AR
M4, 35°C. 160 r/min WEIKKEE 7 do WAL E
MEMAS I, R RaFTF R R R YTE 100 H it
USRI N TR B IE K ok, BR K BN AR R AT i
PEYIRE, 76 105 °CA&MF THLT21EE, [FIAHK
BURSAF R A T8, RS AT A R Y

%ﬂﬁii%(%kwxloo

N2

1 FiifEEMRE CMC 1577 & EAIKRR
Figure 1

Krf: My IXTIRAREFHFIRY THE(; M N
AbFRLAFEFFRI R T H (g)-
1.2.7 KIBFREFFEBEES
AR B B, WSS B &R A Ak
M2 JE K ST AT 0y A et . 1l s 2 Mk
PR, 28 AR REAS NG DA B 83 B AR NS AR PR
IKFEREFT o F NS BWHE 5% (R BOEFN =
IKAEFE A TCALER A R WG F A b, 35 °C.
160 r/min WAL BE 7 do K B 58 AR ¥ 55 357 3%
FH 500 HJE B ibab i, 028 I R ZE T bk N5
Ab BRI K FEFE FFHEAT KT o 3% WV R BBE
WAL YR [ e KR e A A
AT AL BRI, P H T W A ot Rl 7 41 41 Pl B A
a5, S PG, R R B ESOK R A AT
T

2 ER59

2.1 BBREFEINESSER
2.1.1 [EBEYTFLE

DL ZEHERE R B0 i i, (T W SR 21 g (2
PRI ARAT B RREET TR (B 1), 3RS 5 HRAE
A A RERE T M RIbE . HARIE M D/d 7
1.03-4.69 &), H N5 @K fgE sk, DM
496, FKAREII/ MK NS>N3>N1>N2>N4,
FHX LRI — WP R W IIRE T .

— o — —

Hydrolysis effect of selected strains on CMC culture medium.
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RN R

X CMC-F- i i 21 1) A Ak A T — 25 1 &2
0, Al U0 G e 22 A ik 1 R 8 R O o 0 B4V PRI A
REBEERER, §3% 7 d i, S5AXELE
R, 3 PREF4E R A o B A A g 4R Be T
HAP PR NS B RRERSCR T B2, mHAL 3 d
SURT LR R ACAR S8 2 i . BARR N3 ALK B4R
SRR, MEAR N1 ZORf 2, W]
PR ACSE 2 A il AN E TR AR, R e R B
PR NS T4 T ok r ik (# 2),

22 EMEESER

PR NS 76 LB [ 77 2 VR A

2.1.2

WIFTE, REAAEH, NG AN H R
HUREA RS, PR IE 3A), TEEH BT
XHEFR 24 h (RS AK EREEFRIR, WiAK
JEH 1.0-2.4 pm, FEEEH 0.6-0.8 um, A
XUHEE (8] 3B); 153% 72 h 5 BRI R 2540, 2
JAMEIRIE , A B R (8 3C). G B T
K 100 F5EE B, DRI EFRR, Pl
B, S BRI, AR RS, TRIBR
N5 2% [QYL €8 5 P (8] 3D). 16S rRNA FE[A
RGERFMWE 4 Fion, 25K KT NS 5%
TERD 2 AT 1 (Bacil lus amyloliquefaciens) 7 ] —
5T, SRR ZEHAT B (Bacillus amyloliquefaciens)

2 NSRRI
Figure 2 NS5 filter paper disintegration process.

B3 Efk NS BEUERSIFMEWE A EREEESIER. B: K55 24 h EARAEE ST B MBS
E(50 000x). C: 1537 72 h WRRAEES BT N BTE SR EI(50 000%). D: Y62 B T R MEATES

(100%)

Figure 3 Observation of colony morphological characteristics of strain N5. A: Colony morphological
characteristics of strain N5. B: Individual morphological characteristics of strain N5 cultured for 24 h under
transmission electron microscopy (50 000x). C: Individual map of strain morphology cultured for 72 h under
transmission electron microscopy (50 000x). D: Individual morphology of strain under optical microscope (100x).
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4 THE¥ N5 ET 16S rRNA EFEFIHENRZ LB
N EBFFRONEGERE AR RACER SR R AL

JE R R SR

P 5P 5 RN KR AE GenBank 245

Figure 4 Phylogenetic tree construction of strain N5 based on 16S rRNA gene sequence. The number in the
extension represents the accession number of the bacterium in the GenBank database; The number on the
branch represents the confidence level; The scale represents the genetic coefficient.

strain GKTO04 (CP072120.1)3E% % R B2 (F
FUAHAPE N 99.93%) , 45 385 I Fo s LA L i ¥4I
AN NS B E 0 7 TE R AT T
2.3 FEEMTFEAE NS FEBEEFMUER
2.3.1  N[EIABEERT B X =B B4 520

R PR NS FEAS [R) 2% Bk ] 6 7 i e 7 an il s

fis, MEE&ZBERE A 12 h SEKE 72 h, FERk
NS5 ) CMC BIEYERFZE T, 76 72 h BTG A 2

—=— 0D, —*— CMC enzyme activity

12:5

IL—_
160 = 12.0
oo
120 + / \ 115 g
Q
S
11.0

40111 10.5

0 12 24 36 48 60 72 84 96 108]20
Time (h)

[3e]
=)
O

(e.]
O

CMC enzyme activity (U/mL)

5 FRIEMFIATE NS FESAYET B # TR
Figure 5 Temporal course of enzyme production
by Bacillus amyloliquefaciens N5.

W KRME 132 U/mL; HYE 72 h J5, Wk NS 1
CMC i35 FF A W s T Bs) (1] f14) S8 4 77 3k — 25 4
B AR R AR NS B9 R B A 72 he

2.3.2 AREIAEEEREX FEgRIFZ 0
A W 1 A R 5 5 R 2 DDA O

Eimfiﬁi@%iﬁlﬁﬂ(n h)HEA AN [R) A T IR ﬁWA
S5O 6A PR, KEERLEE RS,
TG A AR BRIt 2% il
TEVERE I — e 5 . FEE IR TS, Rk NS
AR AZ BB, Y RBERE R 50 °CH, Btk
KA ODgoo 4 0.43, CMC 7%~ 108.14 U/mL;

TERBERIE N 35 °CHf, CMC BfiG k3 ik,
i 154.33 U/mL. Z5 5L FRBIHPR NS 77 i (%) fe A
MEEh 35 °C.
2.3.3 AREIEME =S

2L e N ZE’HH-H@&FJEE i H.
KFRE LR AT A . M8 FiRSs Rl
PR R BT IR] (72 h)FR BT (35 °C) kAT
AN FHEFE RS . W& 6B Fir/, 43Rl Xt bk
7 CMC BEEPER 200N, BEAE HeRh &t i 1
fn, CMC EEPEA — & BB REAL . X R
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A 8~ 0Dy, 1 CMC enzyme activity B 200r o 0Dy, [] CMC enzyme activity
P 160 - ‘-—___% e 25 _ E _ 425
2 = Tl60f | el =
5 T 12.0 5 2.0
= 120F T
2 1 T . Zop -
b5 11.5 '45 1.5 8
& Q 3 Q
2 80F S 2 sl ©
> Lo % 1.0
S =
[ [
O
g 40 N | {os g aof 0.5
O O
0 1 1 1 1 1 0.0 0 1 1 1 1 1 0.0
30 35 40 45 50 1 2 3 4 5
Temperature (°C) Inoculation amount (%)
6 EFIRE(A)FIZME B~ ERI RN

Figure 6 Effect of cultivation temperature (A) and inoculation amount (B) on enzyme production.

1) 422 P i AT g B BEP) I T PR R TA) R SR
YA s R NI S B R NS A9 CMC
MG VEIRARIR &, SR RUITEM NS LRERAE
BEFh N 1%, I CMC 76 4 169.59 U/mL .,
2.3.4 A[E pH 3 & B4 = BRI 520

pH 2 X il A 0 B A K A R il A
A5, FEANIE pH. KIERTEIA 72 h BN
35 °C, #HEMER 1% T 17 Kk B,
DA 8¢ pH Wi UE A ZE AT I NS 7 B 5200
iR 7A R, FERRMERR(pH 4.0) 4
T, Bk NS A KB A CMC i85 %, 18
5597 2 72 h i} ODgoo {H A CMC i 15 5351 0.46
M1 43.31 U/mL; 1Mi7E pH{E N 9.0 B, HEERAYE
KGRI, TERFEE 72 h B} ODgoo N 2.20;
1E pH 5.0-9.0 JEEI N, pH AL XT CMC B G
SCMRAL/IN; 78 pH 5.0 5540 T, TkK N5 7 CMC
BTG f e, 1A F] 176.74 U/mL, 45040,
Pk N5 7E pH 5.0-9.0 Ju[F N HA w9 CMC i
T, A 0 pH R 5.0,
23.5 AREEHEX FERIFZ 0

RN E D, TRFOARRER X
PR CMC il P52, 76 e fd R R[] (72 h)

TELEE (35 °C) | 4Rl (1%) A1 pH {E.(5.0) 254 F 1E
FPARTR L R = Wk, &5 5K 7B fras, ml Lk
b, BEESEREDERENTNE, ERERIR
ZEFEEANG], HER XTI CMC B 15 %
— B, BRI R S INEE R, R
TR E DA G BTG P o RN 1% 485 2 5%
I, WS PE A 186.21 U/mL FE{K % 132.11 U/mL,
SEILRB, TR NS MR MRS 1% E:
FE H BB n BRI 2 v, RS2 B i H BE
% 38 IO G0 5T A% A5 e M JIEL S5k ¢ v PR 41 2 R I
fif PR
23.6 EXRWER

WL XT R N5 AP B R 408, W]
MRS KR R . K pH DL IK
B B, RIS FR B WIS pH (EN 5.0, 15 5%
WL Ry 35 °C. FEFRIFE 72 he I, AR AR
PRI 2R R 2 SR A LR [H] (48 . 72 1 96 h) .
B %114 pH {8.(4.0.. 5.0 Fl 6.0)H C & B2 (30,
35 Fi1 40 °Cyieit =R & =K IEAC AT . e
HAAERMHEFR CMC g, 458mE 1
BN o TER R & B CMC B FEh, WIbh 5
IR AN 05 LA A W) B pHL (B)> 2 TR ]
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A 200 —=— 0Dy, [1CMC enzyme activity =~ 72.5 B 200 —# ODg [ICMCenzymeactivity 2.5
= =&

E 160 f 1o E 160t 12.0
= A L

2 £

= 1201 lis o & 120 + 105
g S S

0|||||||||||.|||||||| OII.I | | L1 1p.o0
4.0 5.0 6.0 7.0 8.0 9.0 1 2 3 4
pH Salinity (%)
7 pH (A)FNELE (B)X =B HI B2 00
Figure 7 The effect of pH (A) and sahnlty (B) on enzyme production.
Fx1 EH NS =EELERIRIER
Table 1 Orthogonal experimental table of strain N5 enzyme production conditions optimization
K= A% Factor CMC P&
Test No. A: Time B:pH C: Temperature CMC enzyme activity (U/mL)
1 1 1 1 54.23
2 2 2 2 173.36
3 3 3 3 181.77
4 1 2 3 175.97
5 2 3 1 150.17
6 3 1 2 93.94
7 1 3 2 134.23
8 2 1 3 53.65
9 3 2 1 152.78
K 364.43 201.83 357.19
K, 377.19 502.12 401.54
K; 428.49 466.17 411.39
Ky 121.48 67.28 119.06
K, 125.73 167.37 133.85
K; 142.83 155.39 137.13
2 Range 21.35 100.10  18.07
M FE YK Primary and secondary impact B>A>C
LK Optimal level A, B, (o
414 Optimal combination A;B,C;

(A)> R FEIRE(C), MEIRIELE R A 1), F|52kR CMC 3% 4 189.27 U/mL., 1F A8 iR I 2%
Pk N5 77 CMC MR ESRMAE kBN RERNRERGFE - EX5F, FTEEHNE
pHAE M 5.0 & 2T [H] 96 h ﬁ@%?ﬁﬁ? 40°C (A3, K KRBERHERT CMC B 16 AT — 8 52 5 5 [l i 4%
B2 Fl C3). FEMLARMF NHEAT 3 IRIGUFIASS, 13 SR E252m Tk NS AR, (HEXT
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IR N5 BRI, 7 d SR K RE RS Ar s R oy
4.05%; FERINEEME NS ZJ5iE Rk 8 T
23.40%, XRIATSINBEMEE N5 SR A 80 5
IKFEREFFRR AR R, BRI K SRS FF Y s A B
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Figure 8 Degradation effect of strain N5 on straw.

Nx4.0 k 200 pm

A: 500 f5 N REAFFEFE. B: 4 000 f5 T RLAL PRI

FHAT. C: 500 f5 T 224d N5 ARBEAYFEFF. D: 4 000 5 T 2858 N5 AL B RE AT
Figure 9 Scanning electron microscopy of the degradation of rice straw by strain N5. A: Untreated straw at
500x%. B: Untreated straw at 4 000x. C: Straw treated with N5 at 500x. D: Straw treated with N5 at 4 000x.
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58 H ) SO KRB RS FF 45 40 P I RE S5 R, RS
RMAFIE—ZIETRZE, 45 SR Z20Es
IKAEFEAT, ARG FEXE AREff ) R Z N . 58
kNS ARBAGRERFAIEL, 2 A B ARG AT IR 24
SEM AR SR, R RN BB RTINS
BN, ISR TR AT R T AR 2 R T )2 AR
BREIR . Gt Hikk NS b 7 d R, BRI
FERIE 7 B RA Y SRR, X 7T RE
JEHTERMR NS 1E T RS A1 2% 10 0 002
%, BT R, HREY AL
TR R, 35 30 X G AT B4 R g A FR DO

3 it

WF5T D\ SR AT v i e 0 5% 4F 2 36 4 i
AEY O —E I E R, Horp R TE B 2R AT
BRI = F YR BT A T iR . [ AT
F 5T BT ARAT (1) i T2y 2F AT 187 )™ 27 4 25 il %
TEFOE S FARE 37 °C, pH 7.0, AR 6%)F
N 21.14 U/mL ; B A= ZEREFFHERE 431
AR FRTE R 2 /AT (Bacillus amyloiquefaciens)
X7,37 °CHi % 72 h, £ 4E R B 4 40.02 U/mL.
ARG 7 356 AR AT 1) — MR TE A 2R FLAT R NS B
I AR A R B S5 IR B 40 °C, pH 5.0, K
WEI[A] 96 h, [ IS i ik F] 189.27 U/mL. AH
3T HAth 2 5 I 5T IR AT IO A V8 0 ZE AT B, A
WFFERAF B NS HA 04 1 7= 21 4 R S
PERL A R 12 IR BRI 32 1% .

FEEA T W) 7 £ 4 25 1 3% B AR Ak 25 1t
S, TR RGN R, YR
AV T T8 1) B 35 L T 2 R AR P 35 1, T 2 0
JEE v i P oo T o 2 S O T PR
BRWG . AW IIE A FE PR IR T — bk
IR R R AT e R BRI YSX-3, Mk
HEPEE A G FRRE R 9 °C, CMC g h
130.21 U/mLP? A B 58 4RAF A TR R NS 7 CMC

Mg G PETEVRLE 35 °ChY ffmr, A 154.33 U/mL;
IF HAE 50 °CEMF , Witk NS A K2, CMC
Mt 1547535 108.14 U/mL . iX A AE 2 T —E il
FEVE P, IR T X WA S N I A T —
I SV FTAO S BT ) — S 5% (/s £F 4 2% il
) P I AL T v T B 58, (EFE 5 45 °CLLS
Pt T e o L T s Y, R e R
PR N5 77 CMC il 1 ELAT 507 (0 18 B Tif 32 7k
RES T Hh s TR R T (AN ENE ) 2F 4E R p AL 3

pH 25 4k 7] BB 25 52 Wi il 20 1 rp 19 2 JE TR
R ) e 8, SO M B AR L R0, (W]
pH 2352 W P AR 1 1 8 AR BEYE Bl AT X g 1
Gy R 2R SE R ARSI A R i 55+
39 20 B A B RE 27 AT R (Bacillus cereus) SKX-1
R R 5 P il pH R 7.0, S 4 173.30 U/mL.
2 7 7 S 1O DT Al R T M IS v 7 15 31
— PR TE A ZFIAT IR, TE pH 6.0 Z&MF T K%
60 h, WG A 161.34 U/mL. SR AT B 4
Pk N5 Sl i pH fE0 5.0, CMC Bigi% 12
176.74 U/mL; 1E pH 5.0-9.0 A3 Bl N AR AR K
K 4 (ODgo>1.67), H A % & CMC G
(>43.31 U/mL), AWML RER, I
FFFR NS ZER IR A s 25 140 T B8 )™ &F
e KW, SHA BT 4 XK MAMEM LA
— L

PRl 06 R B R R IA AN B 1 B . 2
R LA SCE SR R RS, kR NS 7ER R
PR BRI, RO I C M BAR R, B
Pl 1%AF, FRR NS ) CMC Bk 3 i
Ko 0 IS TE K ) 03 Bt o i T EF (1] 1) 38 fin
MEET:, (HFE &R R AR, A PR
P R R AT A8 B S R AR B R NS A E|
T RO 1 & TS E] R 72 ho 2T 2 R KR 1 1Y
N ARG B ZREME R Ze, RENST 52 2 R
IR DR 3% 2 TR AR B 5 78 S B 1 A 4 R 1
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K. WRE NS BAKBE S R i 22 3] —
SE A, AR A 3G 0 I R ™ E R ) B AR
CMC [%, EhEEHN 1% CMC B, M
186.21 U/mL, 44k B 45 5 51 5% CMC il 4/
5% 132.11 U/mL,

Tl AT R B0 0 o il — 0 T A R i &F
Y Z B F AR R SR 0 43 DR T R i AN 4T 4k 3%
BE A, R A0 1 R AT LK R AT A A0 A5 28 A
AR H NN FIEY, &G E A ERN
CO, K, TR FIXFFE AT (4 B A A L 2 i 200
R T RS REENESHARAS C, 1E
F 20 d %t FORFEFFRIRERRA R 31.8%, FALEERY
MR FG FF Je B 3 A 3 v 7 R AR AT T e ARG A
AR MO, 16 10 d PN B KT FT 0
BN 24.14% XF AT AL, ARWF5R AR B TRk
NS XF KRR AT A B80T 1 R F AR, BRI AR NS B
BTE 7 d MK AR AR EE 225 8] 19.35%;
B ER S5 R Bon , KRS FETE PP PR NS
KW T d 5, W NS BB A RUBSR K RERSE FT &
T2, dE— BRI RS AT R M A RESS Y,
M fEFREFF AR TR FILF4E R, BB FT
PG 25 i A

4 Zi

A LU ZEHENE Ty X AT T T YE R %
iR AR E , ARAT T — BRI R 25 MU I NS,
MR B BT pH IE N 3 D ek B T 57
P, WPR NS AT LU AR KRR RG AT, 7ERGFT
YENE | 75 B 2 S S A J A% A5 JES 14 52 B L
bR A L 0 IS
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