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i 2 AWK B EDT AR LT DTS B ] SORREAT IR B B A, R S REAT
) FH S SR IER AR o R RSO U T 0 35 8 A SRR AT v ik H — k™ L T T g i ok
BS-1, [AIRPRLARSA B RIEAT 7025, dlifl. @I % BS-1HE M AR 345 5 B T & 2 4% DL S 16S
rDNA=18S rDNAFFFIMIE AT P4 E . FIFI3, 5- A4 E /KRR LL (il e BS-118 #k K
W24, 48, 72, 96, 120, 144, 168 hifJL T FRBETE, VLI FHAM IR IIBS-1i8 Mk A BER
S FORFERF op L3485 B (R A o 5 R, RS FERE S b 43 28 tH B S- LI MR 2 25 58 N
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kIR ki, Bk B E R K.
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N, FORFEFIEAIEARN LT, FORAAF = RIRE S IN. IEERRFAR AB, JER
AT EE, JEHAEPM2.5. PMIOXK N IIFIR R G E HR R EZR A RAMBEER A2
AV WHBCR A CAE BB rh I LY. BUEE 2 T7 T B LR BUR, KIHEERAT R
FIFBEFEES . (BT FORREFFEITIR . RSNt , TR RS2, HEARL
BRI, Wi RN 2 KRR R RIX — AR, IR . INBRER A 2 AL B &R e e b
7, (HPE AR AIEE . A S 0 I N 53 R SR AN 22 &8 AT 5 2
PSS SRR, A N AE B OR RS AT X — BRAN SRR 3 40 B B2 BUPR o BRI — b B
VNSRBI R BAUE G BRR], AR, RS R AR N R, AR T
JUT AR SEER, £ HRF D EEIUR T 4RI R AR IR, R4 A w4l
MEER E By JUT REERTER TB-1, 4WETFEE, LT o™ A5 N- £ 2 5 4 b
(NAG). KishoreZ&lM\Jy, —LCANpaens/r e )T DIl D AR 30 TR 40 O B of S 7R 7 A
MHIER . Ok FRZ R U T BB, ARy 2AE e, i ok 7 5 o VRN £ 25
FREEDO, PRI . iR, DB S HE A BORIMEIE . BT, EASIL
TR L AT FC T AR AR KRG . ARAE S SR TR B H DL LT B3 Tk
JRIRILE R L, K FOR T RE AT A5 T R B VR D5 F 40 T B I AR AR o ik Ak 2
FEFT RO 0 = EAR b TR AT I E MR, R SRAE DR A B A 18 522 'CHE9716 d,
FARFEAT PR AR 1438.5%; B I S5 020 IR A R SR AT I E G W &, 15 df%
fif321532.21% . AREG K FEFT i b 3 B 8 A LT Bl e 7 vl RN m e AL T
5 BRI AL AT 35 B R A A FEAT DU E , B ER AU O KRS B B WAL, JF
BouEr= LT BEG T MR B Re 0, DUIRE I UE AL BB AL Gl B B ), N B R FEAT
(TS H (AL FHAR SR SR R 32
1 MRS T5%

1.1 ERFEF R Bk



FRREFRE BRITE KBS R-CRERR . )L T REERRAGE RS E
KFEFFH 43 B 4l o
1.2 FEER RIS

DR EHE N (PDA) Bioks, mih @Rl TR 8. A S as; KRR
FEF TP U T BB AR VS (LRI 75, BN : TERE R (LB) FiapBiEal LinA
25% (VIVD IIL%MEAAR LT s M LT B Rk 17 J U T SR i AR ik, TIC 5 8 1%
A& JLT 250 mL. KHPO4 8H20 0.7 g« KH:PO4 0.3 g. FeSO4 7H20 0.01 g. MgSO4 7H,0
059, ZAMAKEZRE1000mL. LLEEFREIFEL2]L CRE20 minf5HCHHAH& . [ A
I T AL K I 2% R -

1% JL T 5 (TC 1) 2 %5 Roberts S 81 5, R T Wi s ek, HAkanR: #REG g

JUT BB AR (BT-Sigmasa)), #1200 mL. 4 C FHAMIMKEER T, Puksitk2 hs,

TAAZE]1 000 mL. 4 C FTARIS0%LEEF, FRBGERFE2 h, T4 CukKFFLER, & OUEE
DU, HEBSFARKREME. Bo2diE, Bt sriE2 b EE 7K. li—Es Libig

RIVTHRT105 C R, M HIREE, TBERZGKRIEN1% (mV), 121 C R K20 min
M.

3, 5- ALK HE (DNS) #&W: FREX3.15 g C7H4N207, MIAFI600 mLZ: & 17K 1,
Pk, KB ZEAS C. ZHHA0.2 g/mLFINaOHA 100 mL, #itH:EERE M. HIA
C4HsKNaOs 4H,0 91.0 g. CsHsOH 2.5 gHiiNa,SO3 2.5 g, [AiF#Min2: 2 1-7K300 mL, 45 C
IKIB PR 2 AV, EAE A1 000 mL, BEHLRAE .

13 HEREHR A FE RN . Ak

HCRAE B ) FORFEFFS g, N &7 250 mLK B AR B Eh/K I BEF 26 = MR, 28 °C iR

F£30 min, B mLE S R1065 60 BERRE, HI1EL03, 104, 105K B (A R B . %" EX100 pL

IRATTEPDARS FRE AR b, 28 CHIERIR3dfE, MWEARKEERN. KEMBHEHLS


http://www.baidu.com/link?url=giJK-S8SEJB6LGWVBCWji6GHZkj1nBEFURcnhBk30Ejb8F8tT7z8vRI-ykaPxFPn

FEAATEYUEIRER, AR S R R R, ST a8 IR, $5PUH

PRIERNTLBIE IR AL, SRARCRIZE > s aifl, B2 S ey Ene.,

14 77 UT RS BRI

B TOKRAEA 2l B IS DURR, UM AL T R IR AT AR L, R PR3

AR, 37 CHRIERIR3AE, WHEEEA B GAH LT 5 wE v .

l%
F

1.5 HEMIEEZEUE

¥ K B FIPDABE FREE L em X 1 emi fr, BUE ORI b, B FIRRREFRIA
MU . D BB WA T EMER YO0 %, HEHESEI T SELRR . 28 C
EERE3~5d. BUHEI A B TAMG EVOS{H| B B BHT A5 PSR, 2B 550,
AR PR & B SRR RN B AR G RRHAE, 20 (B AR S hn v e ) D), (O %
SEFAY BOIFEAT W0 S
16 MRATE. =)L T BEEHE KNS FAEYF %8

% HIE B MITS1(5-TCC GTA GGT GAA CCT GCG G-3)FITS4(5-TCC TCC GCT
TAT TGA TAT GC-3")113#4718S IDNAY 1.

72 LT U B MRGE L 5 #)27F(5'-AGA GTT TGA TCC TGG CTC AG-3")#11492R(5'- TAC
GGC TAC CTT GTT ACG ACT T-3)1813£4716S rDNAY 14,

RINFRF . 94 CHIANES ming 94 CAEPE30s, 55 ‘CiB/K1min, 72 CHEfHL min,
HI0MEFR: 72 CHEMF10 min. PCR™MAEREINAIAL S, HEMER AR R A7
(BB BEATIF . 550 FPENE S M A BLASTHf: 7£ GenBank E LE X, Jil it MEGA4.1
BRI LT RS R % 16S rDNAIRELLRT o
1.7 JUT Bl vk pgi g
1.7.1  NAGHRHERIZE 72T

PANAG britEdh, #ERIFREN100 mg, HIZE B T/KEMG, €A 250 mLEEMY. 70



WO, 0.2, 0.4, 0.6. 0.8, 1.0 ML ABFHIAE ', *MnEE 5 /KE2mL, A3 mLDNS
W, T K KHEL0 min, BUHEAEI SR, EA%25 mLARMRT . ARk
JEiHI5E540 nm RIRIEE (OD) {. LAODsio NREARKR, NAGHE MM ARER, 2R
%.
1.7.2 JUT Bl iE RN g

H(0.5 mLEG AL B IR DB, INBRIR Eh 220 (PBS) 2 mL, FHANAL mL 1%f%
WRJVT B, VR E S RITEIE /KA ER37 C R RIRL h, FRRUETE4 'C F10 000X g&.0:10
min, HEFER2 mLERE A, IMADNSIKAIZ mL, 7E#k/KiE 10 min, B fE LRI
KAMEZRG, EAE25 mLEEMT . LOKIEHJLT BUHBER 0 I, R b3 E
52, WE HODswoft, ShriEfidon I, THEJLT ot R PERS-200, 1AM Elg 5 B4 (U) € X
RAE FRZAE L min4 il pmol NAG AT 5 I &
1.8 HMERE I E
1.8.1 7= T I B R I 3 R B B R

K= LT TG B DA 2% M HePh e R TE R BRI AR b, 37 CRHEFR120 him, T4 C.
10 000 X g5 0210 min, W& FiEW, RAFIEA CUKFETH & H . Kok i A fEPDARH |,
28 CH;iFe5dJE, HIE0.05%(V/V)H i -801) 6 B /K &I LR ERIfET, #HERE T KER
oA IR, R BRI e TR, AT TR R N 1084 mL, &
1.82 HEHIRLE

FELWREEN, FKEMS mUKBERFRERACPR S, ACPRE S HREE 5, K
HHEMTEM100 uLIBAF7~10 mLE K F 50 C A= AT R 2 b8 4% 2 8 [ 4R 5 55 3k (B fig
FE0.75%) F, FEEMATIRENLIOMmL, B S RME KB TR, A5 G
BT HFRIIBA AR, 43 BPKE200 WL R BE EIEBIE N AR, DOERKIE ST, K

A28 CIEIRA P ETR, K248 hEMEGE & DL R B, IR s e,



19 Giitarih

B0 HHE R F SAS 9.240 TH KA H IANOVARE 7 AT BRI 207 22 40 T, 45 SR P 8M £
pr#EZE (means+SD) iR, P<0.05NZEREZE.
2 SR 55H
2.1 JUT Bl e R 4

e e A TETUE R IR AL IS, 0 R R A U T B R dk b, 159R3 dfm, 7
JUT G Pt T A ] L S A S 8 LT e e
2.1.1 PCRYy 45K

K= JUT A R K 16S IDNABEfTPCRY 1Y /5, P40 B I W B I P VK 06 U 22 2R 4 11 A P

7N, 1£1 500 bphb A HH S RFIE 267

2000 =
1000 =

M: #ric#) marker (D2000); 1: BS-14 1474 BS-1 amplification product; 2: [H %
negative control
K1 7 )UT sl PRPCRY 15 16S rDNA
Fig.1 PCR amplification of chitinase producing strain 16S rDNA
2.1.2 P& R KRR 7>
KPCR™ W 7 45 R PHE S, $-13 42K vl 408 bpf R FP 4], X 5 Bk B A 45 SR — 3
£ GenBank & 4fs & h 3£ AT Blast P 41 EL X, A BII16S rDNA 2 Kb H5 28 AT i (R Yk ik

99%, FIFHMEGA4IMERSGKEM, WK2. NRGKEWM FATEH, 7))L T REEFEkS



MR R R RAE i, SHORGRARIL, I — e 2 ORGSR E, Jf

98 - Bacillus subtilis BI-5(GQ280015.1)
100 BS-1
R Bacillus subtilis LQ20(EF472266.1)
2 g9 | Bacillus subrilis QD517(EF472261.1)
100 Bacillus safensis FO-036b(AF234854.2)
100 Bacillus pumilus CT19(EU660369.1)

| Bacillus cereus R-14(KP998178.1)

100! Bacillus cereus Wh3(KP898880.1)

fiv % NBS-1.

100 Bacillus licheniformis 55N1-3 (IN366784.1)
Brevibacillus sp.93(AB749776.1)

Brevibacillus fluminis CT71(NR 116293.1)
96 I: Bacillus subtilis 0-9(FJ959368.1)
100 Brevibacillus brevis MH1(EF488102.1)

B2 HFEBS-13ET-16S IDNAFE 3 [ It R 40 % B
Fig.2 Phylogenetic tree of strain BS-1 based on 16S rDNA sequence homology

22 MHBFmRHIITHLLEE

=
|
E
+
=
=
b
E
=
S
2
%
e
3
&
a
‘ﬂ
&
eoF
g
&
%
>
<
®
m
<
@)
@
)—g
Im
En
=
S
—
=

AR, Hr:

A WAL 2BCIR, B BiimE AR TR, N RERIE. MR

HHREAT. WAy iAat, RREKAGERG, WAKEERE, TCRRAN@EE

. WP HEHNEER.

FWB: WERREZR, WL At A, B, AKlulE. KESERTHRITE,

SVFE . IR EH N R R
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W, W ERE T, TEEGLRY, LEBRE, DERT LRI, ¥IP%E

Honih &) o
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D

R

3 DA T B VR B TR AL AN T AR S AL AL
Fig.3 Colony shape and hyphae characteristic of dominant moulds

2.2.2 R R118s IDNAFEFIIN E
FRFEFF p a0 15 B ) ARk 25 18 YL 04K 18S IDNAEfTPCRY 18 f5, P4 (15 s b Bk Fiss v

VKIGAESS R AN EIAf 7, $7E600 bphh A Wl FRFAE 2671 -

A B ¢ D Y M

2000
1000
750
500
250
100

A~D: HHRA~DRIT 174 amplification products of moulds Ato D; Y: FIPEXIHE negative
control; M: #xic#) marker (D2000).
K4 A& FPCRY 118S rDNA
Fig.4 PCR amplification of dominant moulds 18S rDNA
2.2.3 MR FIEIE > A
WPCR N 7 25 Rt 5, HIED P HI47E600 bp/if, X S5 HLIKEIMEE R —8. 1

GenBank# 4k e 3t T Blast/y 51| EUXT, 45 5 i Vi 15 F7 5 AL AT B AR 235 KRR AL 52 KA AT PR



WERHA~D M AER 5 (Mucor circinelloides). ZR71% JJ# (Fusarium oxysporum). K

#i% (Aspergillus oryzae). M Hi# (Aspergillus niger).

2.3 JUT o i v v e R U

2.3.1  NAGHRTHE i £& ) 2 57

PLODsso WA AL ER, NAGHKEE NALYR, Z:hlbruEdhzk. HoeRWES5,

”-'I;‘{ ;lt, | ,el_ (:)D54U
<
[#e}

B y=0.0141x+0.0079
R==0.9987

0 20 40 60 80 100

NAGJLFF Concentration of NAG  (nug/mlL)

K5 NAGHE il £k

Fig.5 Standard curve of NAG

2.3.2  AN[EEFFRIS A LT B EEE

i 1 DNSEE (2320 5 BS-1 18 MR AE AN R 55 35 6 [R) B SO SOBUER E  9R T, FF AR IS NAGHR 1

e 15 25 A0 NAG (pg/mL) = (ODys-ODs) /0.014 1, 11545 2IAS F 5 F= 1 ] 1) L

TRBRETE R L. HBS-1RARIEFRT2 hist, JUT BS MEOT R Rad N, FFERE 97120 hik

B KAE3.23 UMmL, JUT o B 1 0 3 = T H5 9224 48, 72, 96. 168 h (P<<0.05).

RL ARBE IR E LT o e

Table 1 Chitinase activity at different culture time ~ U/mL

TiH 518 Time/h
Item 24 48 72 9 120 144 168
JUT JRBEETE
0.3740.10¢  0.6040.07¢ 1.2040.14° 2.8740.08" 3.2340.15° 3.0840.12% 2.7140.14b

Chitinase activity

FATHAR B FRA R R R Z R 52 (P<0.05), HRIFEERERALZ (P>0.05),



LESCE

Values in the same row with difference letter superscripts mean significant difference (P<<
0.05), while with the same letter superscripts mean no significant difference (P>0.05). The same
as below.
2.4 LT ol v A AR A A AR E

I, SRR, BS-UAMEBN AR S B A I E 2R EA A B L 7 A
RN B, T X R FLSI A H LA T Pl o e BS- 1A BREVROS SR A 88R JJ T FA 00381 44 P e o,
FANTE S EAT1X18.48 mm, K2R . I ELAR i KB NP R TTTH >4
BeEs >k a > e, Hoai3f ki EE EfE R A RE (P>0.05), HERE
T B (P<<0.05).

R 2 BS-1 KEERNT 4 PREE T 190 B A

Tab.2 Diameter of inhibition zone of BS-1 fermentation fluid towards four moulds

mm
5H R EE RAHRT I PNk i3
item Mucor Fusarium Aspergillus Aspergillus

circinelloides oxysporum oryzae niger

FriE | B

Diameter of 18.1340.952 18.48+.102 17.55+4.452 15.6840.83°

inhibition zone

LA EH Mucor circinelloides Rk J1%F Fusarium oxysporum
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K i3 Aspergillus oryzae Wi Aspergillus niger

1: XTHEAL control hole; 2. 3: k4Rl test holes.
K6 BS-LRERBG APRES B A4 4 F
Fig.6 Inhibition of BS-1 fermentation fluid towards four moulds

3 W #®
3.1 LT MR RBS-1II L. %0E

HAT, PAEORFSAT BRI N e Ash WL ehnt, 32 2l fh Ak A B3 20, R s
FROM B RIS LR 18] o 710 AR50 Y AR 1) PR 4% A 0 ) B R a2 380 ) oK
AT E A, MTSER] T H 6. Ak SRR, 72U FMRIMAENFRRE, 2
AR 1282, B A A TRk T P T DA AR LT g, H P 2R AT T (Bacillus) & — R
R ) A 7 T BT TSRS AT B it o 0 Y R S 2P FAT I BS-1, AR LT s R BT A
FAWRAJUT R, TEREN A UT R . R R T IR AT A R B A, —
T3 AR LT 5 T AR S A AR B T ) B R ARG Sy — 7T, RO bR B
HCE FORREAT A, AR AT oh A A7 R 3 4 S5 S e Al A2 15 28 0 B T AN e EE UL
BeAh, IR YIS, BINED, A, PRI ] KA AR A 2 A R £
= HAEPR B E AR P T
3.2 BS-1%JUT A HlE

MEEER, SCEV LT BRI TS N IS T R, (HRZ iR T LT R



PR 3G IR A TS MR B WA R A T T, ELIR R gk 1 R Mk i G W
15 5 S2hr A e G IR K2R, KR JUT Bl B RS ERY . AR R+ 7ILT
IO Bl A T e A B TR 1 S P T R U, VDR T BS-1BE BRI L T R B T, JRR T T A
HE e BT HAM I E F o FEASHIEFE B R bt Tt — DX BS- 1R AR EAT i, 0 7 Bl R AR AT
oAk, FHEZh A= B T A N K e

JUT TR — 2 S R K AR, AR R R AN 17 Bl 27 P R A2 A — 5 1 22 5702
W H AT LT PR PRI E B 7V S P R Bl B 1) e SCRA K Bl ) 2R T 2
LTI AR SR, ARSI LT 5T Bl B A PR TG 1 /N AN AR R, i 7K
AATE0.39 U/mLUSL, K5 28 B AT B 1.25 U/mLISIAN 2 fli 882 U/mL4, A 7 A 75 2E A
W BS-17 J1 T R BEE MER I N AERE TR A2 diEPEEUIC, BEE R TR G, BTG PEAN T3S
K, FEH;F7120 his B K E3.23 UlmL, [ /5 BEE PERE G TR e N AR K T 2218 T B2
X5 T A A A IR LT AR R R B R B LT BRSPS R AL . BS-1
72 LT 5T e P B ORI R T H R E B ol Ak LT 5 Bl AR T &G 5 VD F IR (Serratia
marcescens) (¥ SR 4R H & BRI, BAT B B0V AE DMV S MBS B 28 F AT IR BS-11 L
TR AR E M FRBIAR 2 AN <5 1 TR M P A RO AR, LB A4 L BB
W1 51 93 W i 5 ik — 2B 5
3.3 BS-LKBEBN T KRG A0 54 25 B i 4 ) R R

AFCNILT Bl E AN T H R AEE, JUT PR K2 B T A0 B ) T
oy, HEMEME, MBS, TERERIRTGE, R&SBURERRWR, A BAINE,
3 B0 B 22 A H BT AHIE T A AR BUA I R IR £ SR B, BS-1RIMRK
BN K FEFTRE i A ARRAIL 35 25 TR AT B W SR AR, 00T B ELAR /N AN [T /T
e HH T8 T I AR A 2 DA L B vp LT B eSS M AN R T EAh, JURVE TSR B A

AT, Ul BIBS-1RI K™ LT BRBEI BEE A) ™, FEHNHI LA a2 B A R, REE A i L



fib 5| R R AR ) FLTE o« BS-177 LT o Pl oxod 18 7 25 Ay REL P} DA S RORR S5 Al sk o 1) 8 1A e 15

AMHIER, IEFTEH— DR, EMNHX ERRET T ERIERRE, g taBEX

[

4 % @
FORFEATFEM TP EEMATEA L ENEREE. RATIE. Kihs, BiiE.

Rl AN 2 B AR B = LT B B R BS-1, 2% NG AT, JAE 37 C. 200

r/min T K™ 120 h, 71T 5t BRI PEIL B 5 K ME 3.23 UlmL. BS-1 B #&™ LT BT xt £ oKFS
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Screening and Identification of Chitinase Producing Strain and Its Inhibition Action to



Dominant Moulds in Corn Stalk
ZHANG Liyang ZHANG Xingyi ZHANG Wei LIN Cong ZHANG Yonggen*
(College of Animal Science and Technology, Northeast Agricultural University, Harbin
150030)

Abstract: The objective of this experiment was to inhibit the growth of dominant moulds in corn
stalk using chitinase producing strain, and provide a reference for improving the utilization
efficiency of corn stalk. Chitinase producing strain of BS-1 was screened from corn stalk using
colloidal chitin medium. At the same time, the dominant moulds were isolated and purified.
Identification of strain BS-1 and dominant moulds were carried out through morphological
observation and 16S rDNA or 18S rDNA sequence analysis. In addition, the chitinase activity of
strain BS-1 was assayed using 3,5-dinitrosalicylic acid colorimetric method after 24, 48, 72, 96,
120, 144 and 168 h of fermentation and the inhibition action of fermentation liquid of strain BS-1
to dominant moulds was detected by oxford cup method. The results showed as follows: strain
BS-1 isolated from corn stalk was Bacillus subtilis and four dominant moulds were Mucor
circinelloides, Fusarium oxysporum, Aspergillus oryzae and Aspergillus niger, respectively. After
120 h of fermentation at 37 °C, the highest chitinase activity of strain BS-1 was obtained to be
3.23 U/mL. The fermentation liquid of strain BS-1 showed obvious inhibition to four dominant
moulds from corn stalk, the diameter of inhibition zone was 18.13, 18.48, 17.55 and 15.68 mm,
respectively. In conclusion, the screened chitinase producing Bacillus subtilis BS-1 can effectively
inhibit the growth of dominant moulds of Mucor circinelloides, Fusarium oxysporum, Aspergillus
oryzae and Aspergillus niger from corn straw.
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