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i85 sk, BA R 2o f 5 A MG s F BT ERERITH B RAAR L. [B 6] 275
4 E 1 (Sreptomyces scabies) i LA M EATH B . S X Feh LN B AT, AIA W IATH B EZILA 4
e AR, [ E1 NBLERmAReRE IR T B, FhFETHFEHERAMR, KA PCR EAT
BAMRBATIA DA RER LN, @3RN BRI A, HATREA AT e, 5
B AR — TR Z AR AT RAR, [£R] B3R RERAFIHERME BU3G, #
BRES. AEANRKRAsTENFERLER, #x3h N EH F 747 H (Bacillus velezensis), 746
KB A BU3G F4H ABEMRES 4B WS mMALR . KA RBREIUE EAT LR AR
B EFHATHE, BRI T5%, WA ETRFHE, HEHSREERE T ZREAN
st S A A R R A EA A ROR. BRI R ZIA M, R YHREERE, 2L EBT
R, BA R pH ERTLE, 280X 4 R 2 74k BU396 4L 32 48 45 B T [4K I 40 275 o 4 49
KymE, (48] 2B HALLT M ABEEDHEA DFRAERA G N EHFI0AFH BU3B. ZH
WeR A A NG ARG XAER, LRAWEA IR F W R, 2 LA Z R R
AR EE ., KR A LA ZTI R AN 04 BJe S A MR RNFR R L T 2w,
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| solation, identification and antimicrobial propertiesof a
biocontrol strain BU396 against Streptomyces scabies
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Abstract: [Background] With the expansion of potato planting area, the occurrence of potato scab disease
becomes more and more serious. Chemical control of potato scab caused a serial of problems like
environmental pollution. Therefore, biological control with safety and efficiency becomes the focus of the
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current research. [Objective] To isolate and identify an antagonistic strain against Sreptomyces scabies,
and analyze its functional genes. To isolate the antimicrobial substance and characterize its antimicrobial
features. [Methods] The antagonistic strain was screened and identified from the soil with potato scab
disease, and the functional genes were analyzed by PCR. The antimicrobial substance was separated by
ammonium sulfate precipitation method, and its antimicrobial spectrum and stability were tested. The
biocontrol effect of the antagonistic strain was further verified by pot assay. [Results] An antagonistic
strain BU396 was obtained by antimicrobial tests, which was identified as Bacillus velezensis according to
its morphological characteristics, physiological and biochemical properties and molecular identification
results. Functional genes analysis showed that BU396 contained four antimicrobial peptide synthesis
related genes. The antimicrobial substance was precipitated from the supernatant of culture medium by
ammonium sulfate precipitation with 75% saturation. The antimicrobial spectrum test showed that the
antimicrobial substance could inhibit several plant and animal pathogens. The stability tests showed that
the antimicrobial substance had good stability with thermal, protease, metal ions and wide pH value. Pot
assay result showed that the incidence of potato scab was significantly reduced by BU396 treatment.
[Conclusion] In this study, Bacillus velezensis BU396 with significant antagonism against Sreptomyces
scabies was isolated and identified, which was further detected containing several antimicrobial peptide
related genes. The antimicrobial substance of BU396 had broad-spectrum antimicrobial activity and good
stability. Moreover, it was also proved that BU396 had remarkable biocontrol effect against potato scab. This
study lays the foundation for biological control of potato scab and further study of antimicrobial substances.

Keywords: Sreptomyces scabies, Bacillus velezensis, Antimicrobial substance, Antimicrobial spectrum,
Biocontrol
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AN IR E FEREEY 2 — E2 M
X FiAE, HB o =m . W, HoR AR g
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4% 5 T4 (Streptomyces  scabies) 5| i ) — F -+ 1% 5
F, L RWRER BN b ARAE A R
P, 5 A B T, R A S SO
MR RE, Xk T B RRy 2 s,
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MR, RIBRIR) . M BE4fs ZMAE
A L WV R B ZE AT R AT e AR B D,k

2 A FF 1 (Bacillus subtilis) . U1 3§ 57 2 40k
(Bacillus velezensis) Fl f# JE ¥y 2 4 #T & (Bacillus
amyloliquefaciens)%s . 55K M], ZFAIAT R A 1)
Z P TR B A S e LT T 9 1 5 55 ) G B TR 2R
Hirh 5% (Fengycin) . # i 1%  Z (Surfactin) . #fi
T 2 (Subtilin) AR BE B 2 (1turin) 5T B Ik E
2 O (BT AR RS R B T 2 R
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i 38 3] — AR X i B TR A B B AICR M A
B g, XA TR ASRRE | A= AR A S b F o £
YR E, IR PCR X HZ M DT E Y&
RS DR EA 743 AT, B X0 TR 02 A T 6 P kA A
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KA
1 MRS HE
11wy

BEAAE Y S TR i TR (S scabies) . o7
M 42 #% T (Rhizoctonia solani) 1 % % ¥
(Magnaporthe grisea)) J A 5216 3 17

Pl s Wy I . R AP R CMCC44568
(Escherichia coli CMCC44568) . X i #F i K88
(Escherichia coli K88)., JEZERLIPI TG (Salmonella
choleraesuis) il 4x #; {4 1 %) ¥k & (Saphylococcus
aureus) ] i BB Ip 7T\ — R B RSB 5K 2%
Bt T 565 I 2 S g = P

A= A AR A T G BRCER e DL SR 2R R AT T
(B. velezensis)ily [ H [ 5 18 13 A= P TR i O ek 45 B
F.0(CGMCC1.923).,

LB }iFRbk(g/L): MR 5.0, BE MK
10.0, 4 {k#h 10.0, pH 7. 0. YME ;355 (g/L):
WERHERY) 4.0, ZF4EHY 10.0, #HuhE 4.0,
pH 7.2,

PCR ¥ #4350, &IEHSEEYRIEA R THE
o] MR ARBOAT S . DNA 73 F b
AR R G, bt R AE AR R A PR o
PCR ¥, LigRBUEYRHATIRAR; B IR
R4, KRR RAW,

W T 5 | W ¥ A TAE ) TR () ey
ARAFRIGE, 51075 LE 1.

&1 PCRY¥HEFFESI
Tablel Theprimersfor PCR amplification

12 HWEHNSBSiHit

TR R 20 B85 5 0 e 2 PR R RN V412005 v | Ry
TCiE o DA BB VT8 TR DT 1 B 4 s R
SR AR EL S SR 1 13, BRI 10.0 g BTN
YRS BRI IC R K W = A, T 28 °C 170 r/min
& 40 min, DABLRSREATRR R R, B 1072,
1071 10 ° BB 451k A T LB A4 |-, F 37 °C
KE3% 24 h, B TETEAERORDL , BRI S i F
B, PRELE— (W Y5 R TR 2R alifh . LAAE Jiidi 25 B
S 7 B AR SR R B 0 9 P A 5 0 T R R
P A 25 I R B S RO , Bl A T 52 0, BB
AR TR T 5 205
13 HMEHKRNEZE
131 EEFREBEUMHREE

W 0 1B A5 3] %) B LA 0 PR AR R R AR AE LB [
fREEFRIE |, F 37 °CH53% 12 h e, XTHFEE
BTG, IS I8 CF WA R S % T ) P2
A TR TR AR 0 A A AR PR S
132 HDFEVMFLERE

TR ES I ERHEP 8, Rt
R 41 P J K 21 DNA B B0 6 i 45V i KB
FRREISERZH DNA, FELISEFZH DNA At
K HHIE 519 27F F1 1492R #E17 16S rRNA KE[K 3+
. PCR WK Z . 2xEsTaq Master Mix 25 pL,
FEZH DNA 2 pb, E . FUE5147(10 pmol/L) £
1puL, HnddH,O & 50 L, PCR i gsf4: 95°C

CIRZE 5191751 Fr BRI P HEAER
Primers name Primers sequence (5'—3') Size (bp) Amplification genes

27F AGAGTTTGATCCTGGCTCAG 1465 16SrRNA
1492R GGTTACCTTGTTACGACTT
srfAA-F TCGGGACAGGAAGACATCAT 201 srfAA
srfAA-R CCACTCAAACGGATAATCCTGA
fenD-F GGCCCGTTCTCTAAATCCAT 269 fenD
fenD-R GTCATGCTGACGAGAGCAAA
bacC1-F CAGCTCATGGGAATGCTTTT 498 bacC1
bacC1-R CTCGGTCCTGAAGGGACAAG
ituD-F GATGCGATCTCCTTGGATGT 647 ituD
ituD-R ATCGTCATGTGCTGCTTGAG

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2604 A 2 A

Microbiol. China

5min; 95°C30s, 55°C30s, 72°C2min, 351
E¥R; 72 °C 10 min, Bl K38 7=kt s alifl,
%455 pGEM-T k{4, # 2 E. coli DHb5a &322 41
WiJe, Wit =P A T &4 Amp (100 pg/mL) .
X-Gal #l IPTG i LB [E 44 I ,37 °C K55+ 16 h,
PRICH M ve b, 3% 2 R AE Y TR AT FR A wl it
M, K52 B P S ZE NCBI _E3EfT BLAST Lt
XF, iz I MEGA 5.0 BT 11541 43 B I 48 i i Ak
R, A TR R B 43 2 A
14 FEIMERNIhEEER S

Z 0 1.3.2 B IR BUR R 41 DNA, DU
40 DNA Jgfitl, #if Joshi 25053k, &it
sifAA-F/R, fenD-F/R. bacC1-F/R Fil ituD-F/R DU}
SR 1), BEEHFATA B DIREEER Y PCR 41
PCR S )3 451 : 95 °C 5 min; 95 °C 305,58 °C 30 s,
72 °C 1 min, 35/ ; 72 °C 8 min, PCR )i
KR 132, M1 Pkt ik e, )
FH e RIS - f 7 PCR P28 4tifb ), 26 e
BRI ERIT9/E NCBI _EdEfT BLAST K
Xt RO RESE DR (4 R 43T o
15 mEYREIESEMEN

BB AERNTE 5 mL YME Wik R s 5L, T
37 °C. 175 r/min B350 0% o 8% Fe i 3 I8 1:100
() PR 3R 22 250 mL YME Wik a5k,
28 °C. 170 r/min ;3% 22 h, 4°C. 12 000xg 5.0
20 min, FRASE TR L3 o B 100 mL B5 520 13,
Tia) JHC H 2 i b T A A TR (1 4R R 11 6 3 R AT
Z 75%(EAIE, BfJS 10 000xg B0 30 min 15311
7, F 20 mmol/L TrissHCI 28 vfifi (pH 8.0) k171
fi#, 4 °C TiEtlih, UMY . Dt
B TE /N BR, SR A AR P B p e
A PERI
1.6 MEYIXHES R EZFSHIFE

KA HA I A T AR, £ O K TR A
R PR E HRCEL AT B S A1 ) Sty A3 2% T 22, B I o)
B h, FEO AR TSR TR 228 AL IR IR . Dk
B TR I IR T 22 R

17 MEYRMEILNE

J T LR R BT PSP, SR AR AR
XPH VAT BT SR, DI R o . LR 22
W, FEFRE . S OEAKRE . KBF®R
CMCC44568. KT K88 FIgERLYP I IR E A
9 S PR AR A T A AT, P TR PR AR, AR
A LI R
1.8 MEPIRIRE MR
181 HFEEMAN

ALY 4> 7 40, 60, 80, 100 °C FAbHH
20 min, Fifif5 SR A AN AR BT RIS M, I
IR EAR, ORI R A FR R BT Y1 R
XFHE
1.82 EHEEREMEN

TEPLE Y 43 A M EE A 20, 50, 100, 500
11000 pg/mL 4R 1G-S S & G, 28 °C 4%
HFRIRE 2h G, FAAEPRENE TS, I
TR B AR o DRI T 2R A BRI B A
X} R
183 &RBETFREMEN

TEHUA P 430 SR A 0.1 mol/L KCI
NaCl. CaCl,. MgCl, il FeCl, % (ClI %t H ¥ G
SON), FAMRSIEE 2 h 5, RIIEHENCE, I
DU RO P AR DA A T 4 o A B B i
YRy X B
1.8.4 pH faE MR

FH 0.1 mol/L HCI F1 0.1 mol/L NaOH X4t 54
() pH PEATRREJESY & 3.0, 4.0, 5.0, 6.0, 7.0,
8.0.9.0.10.0 A1 11.0, 30 °C fHE/K 4 i & 2 h,
Bl ANF pH AT HCL il NaOH 2
P, AEARRNE TR TE T, R EAR
19 BN EIIESE BRI TN RE

AR AR R PPk R o, R
FEAE A 20 cm (R LGS0k L, e BUEERE Y 8%
BHEE ] T5% EE O U T A B, I
FACHEDKTHYE, 16 28 °C iRAR i s, VEATHEZEAL
P PR 2R S EHCEDI R Ak, PR
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AR A G 48 S e (O A1) )Rk AR,
F U TRSE, DREW A KBRS, A
TE B S [) A A8 ik E AT o SR R VE AR 1
30 mL i T T R R (1x10° CFU/mL)43 il
FiFAE#, 10 d 5 AR RE BU396 1194 B B B
B (1x10° CFU/mL), iIG LS 34 ub, 4
AEPREEA 8 YK, AbPE 1 HIMA 30 mL A=RiEE, AbEE
2l A 60 mL A= B (GEAMRS)), X RRAN AR
B TR (CK), Ff ShE G . AR 15
OYBRIE, BT A AL R TE DL, THRRGE . R
5 H8 BORAR YT B8

TR 5 (Vo) =k 2H i o T 2R %5 < 100/ 4 2H W 3k
UE 2 TR @

I3 1% 48 F (%)= (95 T it 5 7 B0 x AR = A )
100/ (F3 1R Fh AT B0 i AR RAH) 5

RN 55 355 (Vo) =t HE 4 5 195 8 50— Ak . 4 95 15
5250 < 100/ %1 HE ZH 5 15 45 24

2 ZRHG54h
21 %R SESHFIR

SR FH ST A A8 1 DA 488 S0 s P i o - 3
Hor AR B B3 RRANE, B4 AR B A B A T
RS, W1 T BE 15 21 5 HRxhie s 5 i 2 A P
YEFI B BRRE , B 204 52 0 5 DA HP 328 HE — R AR Bl
KRB, s HS 5 BU396 (A 1)
22 H[REHKHEE
221 EEFEREBEMERSH

PSP R BU396 H2FI7E LB AR IR I
KR 12 h, B X TR A2 05, K3 BU396
£ LB B3R5 FIRTEIE S NAE . ALAf, ANiE
B, ZRTHA R AR | JOOREE, LS (F 1B).
A AR AR BT A E A5 R B s BU396 iy [ FH A
. HA R A A SIS T AEME— R (A B
R IR ) | ol — S T (I e R TR ) R IR A
KA HIREE AR, RS IRTE A TG 5 IR SR
b2y ][N AR = RF W I LB EAR S W o IS J 1
T S Y R B s R A e (R, D- TR

B, HEE BRI 2R, AR RSP AR
PR AL R BREEIR S . A, Mk 2
T LA Y BU396 50T BE Bk U1 3307 2 T i 127
(A A AR AR R, DR ) A0 2 TR AR VA A 24
HHEE-
222 PDFEMFLEES

A= B R BU396 i S U, 38 i) 5k
IIREUE MR IE N 41 DNA, LIFEI 4] DNA Rk,
K 51 R HgE T PCR 748, B EA N
1500 bp, PCR"“#4lifbs, #fridimmitit, #k
HCPHE Se R, sk th i, KD 7 A 20 7 9 e
NCBI F#47 BLAST tbXf, it MEGA 5.0 3k {4
WHERGLKBW., Hik BU39%6 (MK743933)5 B.
velezensis CR-502"(MG846018) (1 AH {1l 1 i |
99%, EZRFAIIT(E 2). Hit, EL/ESE
Ko Az BB A= Al M 43 B 45 SR A0 ST R R K E
BU396 > Ul S 2F 41 1 (B. velezensis).

1 Pk BU396 Ik & E A IHIER

Figurel Theinhibition of strain BU396 against S. scabies
e A XTROEMEEEE); B: BU39S.

Note: A: Control (S. scabies); B: BU396.
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<2 Ekk BU396 FEIRE MRS
Table2 Physiological and biochemical propertiesof strain BU396

RIS FEAR Test indexes KW E. coli DM 2 AT I B. velezensis BU396

Only carbon source tests

Glucose + + +

Mannitol + + +

Sucrose = + 4
Only nitrogen source tests

Ammonium sulfate = + +

Potassium nitrate = + +
Glycolysis tests

Glucose + + +

Mannitol + + +

Sucrose = + A

D-mannose + + +
Indole test 4 = =
M-R test + - -
Gram stain = + +
Citrate test = + +
Contact enzyme test = + +
Ammonia production test + + +
Amylohydrolysis test = + +
Anaerobic growth test + + +
Nitrate reduction test + + +
Gelatin liquefaction test + + +
Litmus milk test Enzyme coagulation Acid coagulation Acid coagulation

Mo PBHME; - B
Note: +: Positive; —: Negative.

BU396 (MK743933)
Bacillus velezensis CR-503" (MG846018)
Bacillus subtilis DSM 10" (NR027552)
70| Bacillus subtilis BGSC 3A28" (NR104873)
Bacillus tequilensis KCTC 136227 (MH978905)
Bacillus velezensis NRRL B-41580" (K'Y 694464)
Bacillus vallismortis NBRC 1012367 (NR113994)
Bacillus siamensis KCTC 136137 (KT781674)
Bacillus amyloliquefaciens MPA 1034" (NR117946)

Bacillus licheniformis DSM 13" (KX785171)

l— Bacillus australimaris MCCC 1A05787" (NR148787)
100" Bacillus pumilus ATCC 7061" (NR043242)

Bacillus capparidis EGI 6500252" (NR156073)
Bacillus shackletonii LMG 18435" (NR025373)

69

53

85

0.005

B 2 HETFEF BU39 16SrRNA EEFFIM A% L EH

Figure2 Thephylogenetic tree based on strain BU396 16S r RNA gene sequence

TE: Te KRR 55 PEUE GenBank Bk's; RITAPHIEMHRGA TR 0 3AbbriIA BIRME, ARR 0.005 fUAZH IR P .
Note: T means type strain; Numbers in parentheses are GenBank accession numbers; The phylogenetic tree is constructed by Neighbor-Joining
method; The bootstrap val ues are shown at the node and the scale bar indicates 0.005 substitutions per nucleotide position.

2.3 THEtk BU396 HE B EEN 5 554 FALEG srfAA JER GRIANE 1ER) . fenD LM ()5

20 Joshi 5Pk 4 MBI, LIEkE  3).bacCLIE[H (WA FFH 3 Bacilysin) il ituD St (f+
BU396 (K[ ZH DNA At defT PCR 788, xF  ANEREEK). @1l ki st , 3455 4 4 DNA
HIEBR AP A B e, £ 490, AR BOR/NER, SHUBMA (A 3), Xt
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bp M 1 2 3 4 5

2000

1 000
750

500

250
100

[E 3 Ekk BU396 ThaeE EI R 43 4

Figure 3 The detection of functional genes from strain
BU396

. M: DNA ZpTREbrifE; 1. fenD J£[H; 2. ituD 3E[H; 3.
bacC1 L[ ; 4: srfAASEH; 5: BAM:RTIE(BHCH ddH0).
Note: M: DNA marker; 1: fenD gene; 2: ituD gene; 3: bacCl
gene; 4: srfAA gene; 5: Negative control (ddH2O as template).

P PR T Al AL I E 2 IR RS S AT R
HI1E NCBI _EiE4T BLAST Hoxit, i Hohf 7 [a) Pk
SYHTRTAL, AR BU396 RYPTHETEY) srfAA 5 B.
subtilis ATCC 55079 (KC454625) 1% ik &4
IRFEAHOCHE A srfAA AHBIPE TR F] 98%, fenD 5 B.
amyloliquefaciens Q-426 (JQ271536) FJF % 4 ik
M3 N fenD HAMIMEIL S 97%, bacCl 5 B.
velezensis R1B (MK 174675) 1 A FF B % 4 i A
KFHER bacA AR F] 99%, ituD 5 Bacillus sp.
CY22 (AF534917) () Pl B T 25 A i AH DG 55 1A
ituD FHRIE EF] 97%. LA 455 B8 #k BU396
g FIRE | RMETEMER | PR R E R
TP T B B DG IE AL
24 MEAREYINS S

KH YME WARERF= 50 T bk BU396 i#E4 785
I, REERE ORI R IR L, BEJS I AR R
B AT W E TR R AT, YIRS 75%
BF, PUETITE R AT . BT ER J5 AR A5 kL 42
W, W HMk B JH R 2 1 mg/mL, 5 B 150 pL
BE A A HERR o E AT A TR R, 45 IR R
BU396 1 HHL 45 4y i 45 i 4k 5 o EL A 8 0 AR 5 Bt
YEFI (& 4).

Bl 4 EH BU396 HLEIXTFE it B B A E A
Figure 4  The activity detection of strain BU396
antimicrobial substance against S. scabies

. A: XFIE(20 mmol/L Tris-HCI ZEnhi); B: 75%M B R it
S EREI BT Y.

Note: A: Control (20 mmol/L TrisHCl buffer); B:
Antimicrobial substance separated from 75% ammonium sulfate.

25 MEYXEEREEZNIEIER

DI P 25 R s S AT, K BU396 LI )
W % 1 mg/mL, BEJFEUH 150 pL AR5 imA
AR IALS, T 28 °C #5557 20 h, )5
et A IR (2 K BT ) BRCEL A B S 410 ) 45 7 3
Gz, WS R, 22 A TR (LR
AEBRRE 22 E AT RR), WK 5 Fr, xR 224
KIEH, %4 BU396 MBI YIS Y TR 22 AN BB IE
WA, BRI AW RIS, 45 3R BU396
() BE B 0 % B 2 TR I TR 22 A K LA A A T o
EA.
26 MEMIRIEIE S

VIRGIEIR R 55 7 Mo o 8 R AR,
BU396 MBI Y E % 2 1 mg/mL, Bl f5EUH
150 pL A S HAR TR S T h R SR (] 6),
KB BU396 LRI 7 Bl i B Y A H5 ik
FROERiGE S LA 4), HrpXEERLb T RE T
HIVE AT, P EA2A%) 28.42 mm (3% 3). 4T
T B0 45 55 1] BU396 MY HT 14 L3R M HoAT [ As
OIS MBTR TG e, FLFE A A HL A R G 1

RV

5 o
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E 5 Btk BU39% EMIX B A S EE 2% KHHIH
&5

Figure 5 The inhibition of strain BU396 antimicrobial
substance against S. scabies on the growth of hyphae

Note: A: Normal mycelia of S scabies; B: Mycelia treated with
antimicrobial substance.

6 Etk BU3% HEHIRIIEIE 54T

Figure 6 The antimicrobial spectrum analysis of
antimicrobial substance from strain BU396

W A BRI B: KMHFFE CMCC44568; C: izt
W D: GEEMAKE; E: BEFLPITIRE; F KBHFRE
K88.

Note: A: M. grisea; B: E. coli CMCC44568; C: R. solani; D: S,
aureus; E: S. choleraesuis; F: E. coli K88.

#F 3 BU39%6 fEMIXT 7 Fhik R &R HIH 4
Table 3 The inhibition antimicrobial substance from
strain BU396 against seven pathogens

v =
5L sz Tiﬁ: of
o inhibition zone (mm)
Plant S. scabies 24.00+0.23b
pathogens M. grisea 13.19+0.35¢
R. solani 14.43+0.25f
Animal E. coli 18.20+0.15d
pathogens CMCC44568
E. coli K88 19.62+0.26¢
S. choleraesuis 28.42+0.21a
S aureus 17.15+0.44e
TE: AR/NERSCFRFRORFES BT P<0.05 /K 1225
xS

Note: The different small letters in the same column figures
indicate significant difference at P<0.05 level.

2.7 IEIRRRE MEA
271 RFZE M

W ER BT B BT R 2 B AEAS [R) IR F Ak 2R
20 min J5, DAESIGER AR AR /R bR, A
PUEEYE, RN EMEE ER . B 78R ER, A
PRIELEAE 40-60 °C Z [ADFH 247 400 TRT 16 4 2 S48
/N, 80-100 °C B S SR IE A BT TR, (EATIX e ¥
R HA T RIVE R, 45 5 2R 0% b i W i SR
BT

24 5
20
16|
12

The diameter of inhibition zone (mm)

0 1 1 1 1 1
CK 40 60 80 100

Treatment temperature (°C)

E7 AELEEE THEIRRES S

Figure 7 The stability analysis of antimicrobial substance
at different treatment temperature

e CK: AREATIR AL BB ).

Note: CK: Antimicrobial substance not treated with temperature.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



IS TS IIBE RS PR HL B bR BU396 143 18 %552 S B Itk I 4 2609

2.7.2 EBEEBFRREMEN

FETT T 043 SIS ) e F fe 25 1 Tt
HEAM, 37 CAMUFTHET 2h G, H4EHE
KPR G, R AR g R, &
T [ B ) 2 P AL R, 0 ) B0 AR AR A
AR (&1 8), iE—2 3 T oA W 0o JB 2 11 g A
BB
273 SEEFREMEN
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W (& 9), X RUIPIHYIX 48 & F AU, o
MAENZI YA E T 28R

(=R
—

CK 0.02 005 01 05 1
Protease concentration (mg/mL)

E 28 -

) 24+ g ) .
S 0L k\?\:::l'ik!4/;>!
g

= 16t

=]

£ 12

= —=—Trypsin

8 —e— Pepsin

L

g

<

2

L

=

E 8 AREIKREZOMLCETMEYNIREESH
Figure 8 The stability analysis of antimicrobial substance
treated with different concentrations of protease

e CK: RFATHEAGE I TR Y).

Note: CK: Antimicrobial substance not treated with protease.
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Figure 9 The stability analysis of antimicrobial substance
treated with different metal ions

e CK: R#EAT4 8B T B HEY).

Note: CK: Antimicrobial substance not treated with metal ions.
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A ER TS 2 PR P 5 BIFEASTE) pH AR EE,
SR I N AR it 257080 1] e | DS st 25 DAL A M 4
JRTERR, KL, I AR 1R
pH<4.0 5, pH>10.0 (& ER R A S5 14 )i, PLidi ¥ 5¢
SRIEE, PRI TR TR RS, T
P T A e (] 10)
2.8 BRIRAWEEIEEFTRKAIThEE

R FHHERR LA T A0, K 30 mL s ik
5 B TR R TR (1x10° CFU/mML) 43 B3 T A6 4
10d J54 A BU396 A7 I 1R B8 (1x10° CFU/mL),
AbFE 1 FfinA 30 mL, AZbFE 2 HfmA 60 mL, X B
AR, FRAACPREE & 8 I, AR AbHLN
BB WA T R R AR XS B R 5B . A
Al LA 0 AL R A R S e 15
43T, KRR F] 87.5%, it HE BN 65.63%:;
AbFRZH 1 O I R R R 64.71%, JRTETE 5L
J 45.10%, &1 LA T X RE4H (P<0.05) ; AbFH
2 h IR B I R LR R A T
BRI AR, MIXTPIRGAE] 76.18%, BhiiAACR
i 3 (P<0.05), F— Ut B S8 i 15 21 T 48
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Figure10 The stability analysisof antimicrobial substance
treated with different pH

e CK: REFEAT pH AL BEIHLHY).

Note: CK: Antimicrobial substance not treated with pH.
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&4 EHK BU396 X BREEAHRINA RGN E 2
Table 4 The potted control experiment of strain BU396
against S. scabies

ENGpGE: R RS FHXT B AL
Different Occurrence  Diseaseindex Relative control
treatments rate (%) (%) effects (%)
Control 87.50+2.32a  65.63+1.07a
Treatment 1  64.71+0.48b  45.10+2.45b 31.28+2.96b
Treatment 2  25.00+1.36c  15.63+1.54c 76.18+2.04a
T A E/NG S 53R R R 51 B 72 P<0.05 /K P 25 5%
B,

Note: The different small letters in the same column figures
indicate significant difference at P<0.05 level.

3 WiE%i

AT DN T 4 S A S 1 s R P A
BB RN, LRI TR 0 5, ks
— Bk X A i B A LA S BUROCR 0 B B
BU396. KfiJi, ASWFoE2s S IEAFRHE , AL
P J5TF 16S rRNA JE R 73 % 5 3t 37 T ) 43 B
SR HE R DT R BUB96 Hy D3RI ZE AT 1A .
ZEFAT IR RE 7 AR 2RI PT B AR B 2 1, o R 2
S HATT B 5O A T 2 R 38 AR 9 06 TR A BU396
W4T T PCR Y1, & Bl BU396 JLIR4 rh7E1E srfAA,
fenD .bacA il ituD iX 4 PTG O ERJE [N
HEMTHEN BU396 76 AL FE Al B 23 43 W 3R I T
PER | FIRE | AT R ARG R SR
VIR, PURYI-E RE R G PCR AN A J5 2k BU396
LR 53 B aliAb B o3 % e DA S A T AL A A 5
AT S H UK

HIIRESE R0, Hitk BU396 77 A PR b i 1
YR R BAFTE TR SR G o AT R B IR
BEUTUE TR R SR 3 w20 o s A9 3 T P R
1Y, AT THUR TG AR . 2P0 ) Ab B
5, BERENEZARIEF AR, 2B A
WHEMG, JE— L ENE T HXH e s & e 2 R
IR PIHIER , SRrIAmE I S5 ST . PRI
BTS2 7R IR T P A AR i e 25 17 46 A 0 s D
HAPHERR, *EELD TR E % s R
WHA RAFRMEIEA . hitrl i, BU39%6 ML

FST 2, AT LA & 1 TR0 3 i Ak
BT, i BA S G B ms 1, N R
IR

FaEPEIREE B, BU396 i B W 1 i FAIR
B, XTER AR 2 A0 A JE B YRR, AR
S pH XA, X FBZHTR Y 0 P BT X AR
T, AR, RGP, AR A S
T RS, XTI —E Wi Z /871 . iX
BURE S IR 23 BUB9S J5 421k 7 i i L FH ]
I PR A A1) 2504

1 3 AR R I S B0 IE D1 ST ZEAUAT B BU396
X Eh 8 SR 0 A2 B VE T, 45 R ORI ARk
AR B B CE BT SR R A L 1:1), H4R
SR R ARG A8 B R REAIG, I A R E (E
B T 50 B R O LR 22 )RR TR, R R
1 JL T AS 7= A BB R B, 0 1 4R SRR 2
15.63%, HHXFBIRAE] 76.18%, dE—HAEMH T A
Pk BU396 Xif Eh 44 =t Jiiidis B R 4TI BB RCR
Sk T4 A i () A R A B JE A

AWETE 53 B S T — MR i 6% 2 R A
W EFEBUE A DU 2EFAF I BU396, X it
B OAH S 3 DRI OEA 5 1 ARG, #0264 B A5 T Ht
WY, FEXTHUE Y BT TS AR PR T TR
T 8 2 A R U IR I R Ak BU396 X Th4h 2
S R AT BEROR o 764 5 R, JAT#
XF UL SR ZEAHUAT T BU396 ML B ATk — 21
SrEaifh, % FEBUENE MR, A
P & 1A= Y DG P 228 A
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