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Preservative Effects of Bacillus licheniformis W10 and Its Antifungal
Protein on Storage Peach Fruits
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Abstract: The biocontrol effects of Bacillus licheniformis W10 bacterial suspension and its antifungal
protein on peach brown rot caused by Monilinia fructicola in storage peach fruits and the effects on fruit
quality were investigated. The results showed that the fruit disease suppression of B. licheniformis W10
bacterial suspension and antifungal protein were significantly higher than that of the control. Inoculation of
bacterial suspension and antifungal protein prior to M. fructicola gave a better biocontrol effect, and the
higher concentrations of bacterial (1 x 10" ¢fu- mL™) and antifungal protein (3.0 mg- mL™") performed
better control effects. The environmental conditions, such as temperature and humidity, affected biocontrol
effects of W10 bacterial suspension and antifungal protein. The influence of environment conditions on the
activity of antifungal protein was less than that on bacterial suspension. Moreover, lower temperature (4 C)
and relative humidity (RH 70% - 75%) were favorable to prevent peach brown rot by W10 bacterial

suspension and its antifungal protein. The W10 bacterial suspension and antifungal protein amended with
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calcium[0.1% Ca(NO;),] could enhance the biocontrol effects, and obviously put off the occurrence of
peach brown rot. In addition, the bacterial suspension and antifungal protein significantly reduced the
natural decay rates of peach fruits during storage, and the effects were equal to carbendazim. Moreover, both
W10 bacterial suspension and antifungal protein treatments did not have effects on external and internal
fruit appearance, such as chromatic aberration parameter L" of flesh, flesh firmness, soluble solids content
and weight loss. Therefore, the B. licheniformis W10 is a potential biocontrol factor for peach brown rot.
Key words: peach; Bacillus licheniformis; antifungal protein; Monilinia fructicola; biological

control; fruit quality

M TS PR AL« R, B R R G W E (Ogawa et al., 1995). 1% 1%L
TER SR K5 JAFR G s ™ ik A, ARSI R AN E, & BRI BF R (Ogawa et al.,
1995 Z=tH U5 FHFRAE, 2009 o H HIF 820 b X (kA JE3 9 2 0005 Js P 4y R A8 S A% A 14 (Moniilinia
fructicola) (Zhu et al., 2005; Hu et al., 2011a, 2011b; Yinetal., 2013), %R H ECELER
PRI (Fanetal., 2010). H i3 24 AL 22 R 25T Bk R IRIBT VA X AN 2 5 3800 18 6
FEAEBUAIE (FFRZE S, 2010), i FLBRSR _BER A IR 20t 2 b A Ot . AERRIN . R SRR s
KGR I — )2 A 2 (Casals etal., 2010). Bk 7 A WIBG 16 & %0 LA A F ) — A 8
Ji1n (Spadaro & Gullino, 2004). A#Fiia T, JCUkE, BBEATESAE A4 2% 25570 7= A it
P, R A A R R T LR, R UL 5, (Sharma et al., 2009).

Mg ZEFAT B (Bacillus licheniformis) W10 & ASSEEG 3 MBI ] 73 25 3R 43 1] BLA= A2 B 2t
WA A —BRAE B AR, 6 2 B A0 Je R B A BRI E . IR B RS 2 R A Y (2R
B4k 2000; FEENIE 4%, 2005: VAR A, 2007; 4JERK 2%, 2008). BFSTHIA ZEALFT R W10
LB B DR 0 R B v RO OREEVE T, TR ILAE BRGS0 A= 97 v v (R N A

O Vi SRS DARFA

1.1 ##

AR T 2013 SEAER MR AR OB 27 5256 2R L o AV B2 B A A IE BT AT . 2R
77 40 B A ZE AT T (Bacillus licheniformis) W10 B8 kKl A 5206 s 4240, AR B 338 Fh 43 2 3k
75: BRARIE W (M. fructicola) FIACSEEG = HR4E, MBI R 15> BRAT . AR 40 B R J5
B RARAE S 354 S A B B U 950 (NAD RN A e 5 0 (PSA) o iR 56 FH k3 4 ot
HOACHER R Ul 187 FHERRII/K R WscE fE , Y Rl AR RE 2 B AR AR A B T 4
fit,

HiAR ZF T B R RORI TR R 4 BHSALIIW L0 BEAREERE T 150 mL NAB: R+, 28 C.
180 r - min™ 3% 48 WG BI B, HI VA EGEMEIRE, FEMHIN 1 x 10" cfu- mL™, sLFFFR R
BRI TR0 . PUB R AHI &S BB (2007) (0735, KEFRA W10 BT 4 C.
8000 - min™ B0 15 min, iERLMEIER (JEBSLIZ 0.45 um) BRI, 550800 £EI8W 2%
T IABIREE B 30% AN, 4 CHAESR, BOBERTTE. e AR 1/30 19 0.05 mol - L
Tris-HCIZZ /i (pH 6.8) &iF, LIBENSENT (4°C, #HE 5 E K 8000D) , £ 8 hi ik 1 IKiE
M, el 3 k. IRPENTIR A0 R ESE CIBIALAE 0.22 pm) U8, BIASHUBCHLER . HIPER
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[E] ) 45 OB (ODggo) FHIREE (mg - mL™) 25 3% B8 1 B b i 2Ry = 0.6751x (r’=0.9947)
[y G ODyso B, X NEEWE (mg-mL™) 1, MIEIREUE A MIODg (8, HRIEFRE LT
VT E R EIREE, AR RERC & PR AR FE AT I
1.2 HRFEMEERNNES|XREE R AERRE

e AR 3 R R R (1 % 1001 x 10°F1 1 x 10° cfu - mL DO 1(3.0.0.6 H10.3 mg - mL ™).
75%CBEH RERRAR R IS I, AT ALASE R R D) 25K 3 mmy HAE 6 mm R B2, 7ESLIF A 4351
PR EB A0 BT A A S0 ul, DLCHZK NS, 1 d J5 PR B 6 mm Bk I 22 B

B3 AR T AL BE:  SeePh W10 BRERBT R, | d )G FHEERIE R R s s e B
LR T 03 B RIS bl s e Rt B, 1 d S PR R BT B AR . W R KO A B VR B R
AR . W10 BRKEG 1% 10 cfu- mL”', HEAKE A 3.0mg- mL™.

WA BRI (4 C) A (25 °C) M WBALRI WBMRIEEE (RH 70% ~ 75%) HliE
M (RH 95% ~ 100%) Pifl. W10 EWKRE A 1 x 100 cfu- mL", HAWKEN 3.0mg - mL™,

Mg it A5 57 b B . SRSz B SR 0.1% Ca(NOs), Y, Byt T T 3R W10 B (2 x 10° ¢fu - mL™)
B (3.0mg-mL™) L 1d 5 FERh R

IRERACPEE A 3 Wk, BEE 10 MR, BT 25°C, RH 70% ~ 75%4F CANER S . R
Wb AR . YBIE) FIAF. RERARA 1 W, A0S IT U A0 iR a) K I s Bt 4%

13 HRGFAFEWIO K HEEB X YR K MR Rt

A1 % 100 cfu - mL! W10 B, 3.0 mg - mL' HUEEF LK 1 000 pg - mL™" 25 R E R 3
min, PATCHEZKCHRTIR, BT T 25 C AHXHEE 70% ~ 75%0 R FE w2 50l e whidk (9 d)
FUKERE (7 & BRI, GREREEE. WA, nEEEIEY S E J9EEH 55, 20100 , L
JOREA . FARIG A AR S8 G 2 e A R TE AN R B H AR CR-400C (D65 D) Minolta
M4 AN ZETFIE R Y 1 om AP RN 22, SRAF RN (2 L (R ese s, MBS, 0~ 100D,
FHAKR I TH 2 RS 8 A 8 A AR IR B 5, T GY-1 B S SEhai e vh e SR A 23S .
F-RER DUHT G 2 rT s E E )& . RRHK
BEALIE 10 MBS, BERCRIIE 3 Kk, BT
fH.

KH Excel 2003 S ATE IR S0, I H
DPS (v7.05) %A, KRH ANOVA HEATXSH K
EA R

2 HiR50Hr

21 W0 mEZEAXNHEREHRENERER

M1 AT, MR AAT B W10 4t

i y N , T Z] = 0 g o
Fig. 1 Antagonistic effect of B. licheniformis W10

%ﬁﬁ 6.6 mm;, E%EE W10 H@E\-ﬁﬁﬁ/ﬁ antifungal protein on M. fructicola
BAb JB I R 7
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22 W10 HiRENEEBE N REBE R
22.1  REREAE R R 6 7h

MW T FTUAEH, @A (1 x 10" cfu - mL™") W10 Bt <y 187 ylikkFn Wi a e K
BEHAR 95 (I3 00 100%, 3 E B IUBI75 16 FH S % B, ol BE RIS (1 > 10° AT 1 x 10°
cfu - mL™) B Y 187 bR R (IR S )k 38.5%A1 28.3%. [AIFE, 3.0 mg - mL $i
B IR B0 R R e i, WA SR 23 T3 63.5%11 62.6%; 4TI B I FRE 5 f5 81 10 £ (0.6 F1 0.3
mg - mL™") I, 55 BRI R A AT T AT

FIAMHZR 1S, W10 SR B AR ER S, R N TR LU R AEIR 9 d, 1 HR I PRI AR 5 T
AEFLJG, RIS TR IR 2 ~ 3 d Il 1 ~2 do AN[RIMK P B A A B AT R A% 1~ 3 do

F 1 FERE W10 BRRNEE QB ERH 0I5 F1 & 50 8 a9 HEHRE R
Table 1 Effects of different concentrations of W10 bacterial suspension and antifungal protein on the suppression
and disease happening time of peach brown rot

i A BE W 2% RIS A)/d HEiB/d
Cutlivar Treatment Concentration Inhibition rate Diseased time Put off
S 187 bk TR i High 100.0£0.0 a >10 >9
‘Huyou 18’ Bacterial suspension F Medium 385+£2.1b 3 2
nectarine & Low 283+18¢ 3 2
X Control 1
Pl E A 5 High 63.5+14a 3 2
Antifungal protein F Medium 50.7+1.0b 3 2
1 Low 404+17c¢c 3 2
X} Control 1
ISR [k 1 High 100.0£0.0 a >10 >9
7R Bk Bacterial suspension H Medium 57.6+23b 4 3
‘Hujing Milu’ & Low 41.1£1.7¢ 2 1
honey peach X} Control 1
Pl E A i High 62.6+23a 4 3
Antifungal protein - Medium 44.1+£1.6b 4 3
& Low 41.9+2.1b 2 1
%} Control 1

i AREVNE RN 0.05 K FEREE. TR,

Note: The small letters show significant difference at 5% level. The same below.

2.2.2 ISR AT BT 18] 2By R ROR 69 7R

ANTF A AR BRIN 1] W10 B AHTR B I B E A BOR 22 . ke 2 Fros, APk b, 78
PP AT 1 d 2R W10 BRIBORT R IR A0 8T 5 W10 BRI, 03 BE (R 4RI 4018 100%, (HAEFR 0
G 1 d $ER W10 B, B0 R Rl 14.9% ~ 22.3%; [RIRE, PUB R A FERT 1 d AL B 555 200 8
i, HIRIE 62.6% ~ 63.5%, MR E G 1 d LLPUE & AT B E B2, AU 12.6% ~
39.3%.

BEAk, $ERT 1 d Bt W10 BRI R I M i S W10 B, nT DA R i () 4RR 9 d BA L,
MR 1 d 5L W10 RIAREE, WIASREHEIR K. Y3 4h, PURH AR (BT AL B [ i,
ARSI AR 2 ~3d fl1~2d (R 2).

223 ARLER. BEAAT WI0 BHREILE & G B kR Hm

HE 2 /B, 4 CF, SAH PR GIBEFRIZKERL) ARG, RUMGHEIE YT
WELZAF. ALE 25 CF, WI0 BEFIPUR & AR 0 IR R 3 8 8 d Ml 1~2d (58 3), H
HEAT— B RO



ZJkAR, BHEESC, JHEE, 0, WATEL, MRS, MUK
HAC SEFLAT B W10 B L0 1 #1200 Bk b FE i [ 40l 47 .
%4, 2015, 42 (10): 1879 - 1888. 1883

F2 FEEEERN W10 BRI EE R X BB R 80 0 L 5H 6 E HER(ER
Table 2  Effects of different inoculation time of W10 bacterial suspension and antifungal protein
on the suppression and disease happening time of peach brown rot

A yosil I )/ /% R A/d #EiR/d
Cutlivar Treatment Time Inhibition rate Diseased time Put off
‘187 vk TRV Bacterial suspension -1 100.0+0.0a > 10 >9
‘Huyou 18’ 0 100.0+0.0a >10 >9
nectarine +1 223+1.7e 1 0
LR Antifungal protein -1 63.5+14b 3 2
0 583+14c 3 2
+1 393+1.2d 1 0
X} Control 1
CMIEE R B Bacterial suspension -1 100.0+0.0a > 10 >9
KBk 0 100.0+0.0a >10 >9
‘Hujing Milu’ +1 149+15d 1 0
honey peach PLB A Antifungal protein -1 62.6+23b 4 3
0 52.7+34c¢ 2 1
+1 126+1.34d 1 0
Xt Control 1
e -1, FERCFNBTT 1 d AR, 0, FEEHHRIR RN A EE; +1, FEHPHDIES 1d L8,
Note: -1, 1 d before inoculation of pathogen; 0, together with inoculation of pathogen; +1, 1 d after inoculation of pathogen.

3 FTEEET W10 BRI EER B8R & HH B s HERER
Table 3 Effects of W10 bacterial suspension and antifungal protein on the disease happening time
of peach brown rot at different temperatures

fn W/ C Kb I I TE]/d HEiR/d
Cutlivar Temperature Treatment Diseased time Put off
187 Bk 4 I#¥ Bacterial suspension >10 0
‘Huyou 18’ nectarine PUHH 1 Antifungal protein >10 0
Xt He. Control > 10
25 ¥ Bacterial suspension >10 >8
PURE [ Antifungal protein 3 1
Xt H Control 2
W R 4 I#¥8 Bacterial suspension >10 0
KBk PUR [ Antifungal protein >10 0
‘Hujing Milu’ % B4 Control >10
honey peach 25 B Bacterial suspension 4 3
PUA 1 Antifungal protein 3 2
Xt e Control 1

T BEXT W10 BB & A B R E A B g (B 3), 76 RH 70% ~ 75%% A~ W10
VBRI T A5 4 S 90 AR R S 2w T RH 95% ~ 100% i 45 1F . RH 70% ~ 75%M, W10
WAL FE AT HEIR A 3 5 8 d, PUR R (AALEE T HER R 1 ~2d (£ 4). RH 5% ~ 100%H, W10
WANHIE N, 3R SR A AR TR R e i, H SR T s 0 (3D,

224 "RFEA5 BT WI0 BRZILE &G B R CR 697k

HIRETE KBRS E TS W10 B (2 x10° cfu - mL™) X I B R0E 100%,
BN T 29.3%, HLEEE (3.0 mg-mL™) FIFIEIEIN T 23.2% (% 5); W10 B (2 x10°cfu- mL™)
X 187 AR A A B T 100%, ANRER IS 2 T ISOR,  mmEiEeS 2 TS Pt
WEE (3.0mg-mL™") Xt U 18 kMR IHIRIE 60.6%, BN T 13.9% (% 5).
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‘P18 ek ‘Huyou 18" nectarine ‘W % B B Hujing Milu® honey peach
W10 W EA H,O (A1) w10 W EA H,O (A i)
Antifungal protein Control Antifungal protein Control

B2 FREET W0 BRRAEESMEBRRHBRER

Fig. 2 Inhibition activities of W10 bacterial suspension and antifungal protein on nectarine and honey peach at different temperatures

P18 Bk Huyou 187 nectarine WL EER ki Mk “Hujing Milu” honey peach
W10 M EA H,0 (X1 w10 I H,0 (%)

Antifungal protein Control Antifungal protein Control

RH70%~ |
75% |

RH 95% ~
100%

2

B3 TRIEET W10 Bl RRE SR M8 EREBRER
Fig. 3 Inhibition activities of W10 bacterial suspension and antifungal protein on nectarine and
honey peach under different relative humidity

F4 FTEIBET W10 ERAHEER BB R 2 HH B pHERER
Table 4 Effects of W10 bacterial suspension and antifungal protein on the disease happening time
of peach brown rot under different relative humidity

it AN EE /% GEE KA al/d iR /d
Cutlivar Relative humidity Treatment Diseased time Put off
U187 Wik 70~75 B Bacterial suspension >10 >8
‘Huyou 18’ YU Antifungal protein 3 1
nectarine S # Control 2
95~ 100 T# ¥ Bacterial suspension 1 -1
PUB 1 Antifungal protein 3 1
X} Control 2
HIECE 70~75 B Bacterial suspension 4 3
TR # Ak YU # 1 Antifungal protein 3
‘Hujing Milu’ ¥ Control 1
honey peach 95~ 100 ¥ Bacterial suspension 4 3
YU # [ Antifungal protein 2 1
¥ Control 1
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F5 FETH W BERERNEZEMREERERNRM

Table 5 Effects of Ca?* on the activities of W10 bacterial suspension and antifungal protein in suppressing peach brown rot

AP pusdil 5 A%
Cutlivar Treatment Calcium Inhibition rate
18”7 ek B Bacterial suspension 7RIS Added calcium 100.0+0.0 a
‘Huyou 18’ nectarine AINES No calcium 100.0+0.0 a

YU H [ Antifungal protein A INES Added calcium 60.6+1.8b

ANINES No calcium 46.7+22¢

IR TH Bacterial suspension S INES Added calcium 100.0£0.0 a
KB AINAES No calcium 70.7+1.5b
‘Hujing Milu’ PURE A Antifungal protein 7RIS Added calcium 447+20¢
honey peach A5 No calcium 215+1.6d

2.3 HWRFMIFEWI0 RiTEEAMHRmERAMFNE

231 RA&EF

25 CULE LA T, S AbFR A2 INE 6. (52 LEACK R AR Gan i, ISR T
BN ZAASFERT . Ul 187 kL W10 E. PrEEAMEZE A od HFRNE 2 L'
T 61.38 ~63.97 0], HXIHZERALZE, FUE A FZ 0 F A AP P08 E . W10 W
PURR M Z H R ALBE Wi E KE7d )G, RRGZE UES 5N 46.26. 4555 F144.93, 5
M ZE SRR E.
232 REHE

M 6 TTLUF H, Uil 187 Bk 9 d J5, A ARERAL SR S I A R, UiE] W10
PR DU R (R 2 B R A BN S 58 m 5 AR 5 20 SWIsc s #E KB 7 d 5, PimER
AR HE ) SRS (0.38 kg - em™) Fep, B TG AR, 1T W10 BRI B 2 15 % A #E K
JESAE R TE 3 22, U WA B 1 T AR /K PR IR A, 17T R YRURH 22 1A R A 36 S SRl AT S
233 TEWMEHMLSE

W10 ERAIZ W R A 9 d f5, Ui 187 skl PEE Y & B S0 B E R AR, PUEE
{1 Ak P T I A e AR B RORT 22 1 R AR R I 2 S AN S, R S S T R AR B (3R 65
SWISCERR KEMK 7 d S5, S AR T R s S o B 2

6 TRLERMRERGEL

Table 6 Changes of fruit quality of nectarine and honey peach in different treatments

A st L W/ (kg - em™  TWEMEBEBEYSR%  RER/% [EySERD
Cutlivar Treatment Firmness Soluble solid content Weight loss Rotting rate
Ut 187 IR 61.38+9.76 a 0.53+0.19a 10.58 £ 0.95 ab 1285+ 1252 10.00 + 0.00 b
Y Bacterial suspension
‘Huyou 18" HiB A 63.97+11.88a  0.53£0.18a 10.09+1.52b 14.00+123a 10.00 £ 0.00 b
nectarine Antifungal protein
ZHR 63.62+7.83a 0.70+0.41 a 10.92 + 1.42 ab 1123+1.73a 8.33+2.89b
Carbendazim
X1 Control 56.75+£9.35a 0.68+0.54a 11.46 £ 1.46 a 1271+128a  2333+289a
s it 46.26+8.71a 0.21+0.06b 1285+ 1.84a 17.80+2.78b  28.33£5.77 ab
7%’ K%Mk  Bacterial suspension
‘Hujing DU EHEHA 4555+931a 0.38+0.11a 14.04+0.49 a 791+157¢ 26.67+5.77b
Milu’ Antifungal protein
honey peach R 4493 +896 a 0.26+0.04 b 1422+ 1982 2391+296a  3833+7.64a
Carbendazim
%} Control 43.15+£9.92a 0.21+0.05b 1422+ 1.63 a 1516 £2.00b  21.67+2.89b

Ve BRI O din IR B, K EBER I 7 dIN I R

Note: The data of 9 d storage time for nectarine, the data of 7 d storage time for honey peach.
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234 KREH

H% 6 %0, <y 187 kI 9 d £ AbBEAR SR 1) R R AR FEAR B, W] W10 BBRITBT
R R BB A 2 gk B R X T IR EE R AKEN, WK 7 d 55 AR R AR
TR RERR,  Horp 22 3 R AR BRI Bk S R FE 5t i, WO BTRORTN FRAG B Rk R AR T R 0 e AN (3,
PUBH AR (AR () SR s R R /N, UL W10 B DR &R (AR EEAS I W S 2 587 K Pk sk
REF, THUEE A PR B2 sk,
235 BEZR

M 6 ATLLE Y, 9l 187 Bk 9 d JF it W10 . PR R A ek 2 TE R A HE Bk R
JERER AR TR T IS E S KEML, 7 d I R A RS R R L T,
1T W10 T VRT3 1 2 11 A B PR 5 402 24 5 0 R 2 S S B 255

3 e

AT TR A 2B BT A0 B ) e K s B R, IR EOR TR, b T YRR e, B
PUEPEZEA, rTCL AR 2R I, AAR AR I RN o N 2R AR BRI SR S Bk SR A
o B Va A SRR 2>, I AT R T B KR R EE fAF R (B. subtilis ) A UE Ky A LA B (B.
amyloliquefaciens) o b5 2EAIAT B B-912 B v BE IR TR RE 58 44 25 CHFI 3 CIE 41 T Bk R
W R e (VT 4, 20000 o FEELZEAHIAT R CPA-8 BEAT 2L bk #e s, L/~ 2k MR IRt
W% Fengycin £EBG & HA EEA/EH (Yanez-Mendizabal et al., 2012) . fi#GEH ZEFATE CO6 B
R R v6 R S bk B s, B A0nT ik 78%, MG BRI BT AU 3 d 1B F) 7 d, 77 AR PR
JNEIEZEAE A% Fengycin Fil Bacillomycin D (Zhou et al., 2008; Liu etal., 2011) . AWF5T4E R %
B, ST PO S AT B W10 BRI A 7= AR IR 0 1 A 1 A 36 SR e Wk SR A S o A s e ) 4 A
AE S IR AR I T, HLAR P v By ROy . ARSI B (4 °C) R E (RH 70% ~ 75%) 45111,
W10 BRI RI T BT AR 1 A SRk SR BRI B A i R B 9 AR, HL BB AR 0 I 1] o A LG T HE KRS 4 ot
AHIEFUAR AL Y M A 2 R TR AR ™ A IR B B AR BRAR JES  BIve Th I E R, IR R B
(RS FH B 5 T BEAil o

Ca> %} M. fructicola [/ K 2 BLFUBHIE RIS (PG) VS PEARA S4m0, — 72 Ca™ RlA
TR E A R EYE, R Ca™™ 15 PG 45 A RRILEE, 95— U710 Ca” 5 T HERIHTRTE (Biges
et al., 1997) . Ca’" (Chelan. R RIGILAS) 8l & FACBMBIRTE (M. laxa) HLIAK,
XU AY A IV VORI SR J5 996 2 95 R S 25 A% (Thomidis et al., 2007) , BEHCERFTmEiE Ca",
AE 2 2 PRI (#8859 (M. fructicola) AR SEECE DL ACR G BRI 2 % (Elmer etal., 2007) .
ARSI Ca(NOs), FERTIHE Ak S A2 B8 B 12 3 Ry B A 2R PR R W10 TRV AL PT b i R Bk 6 g
IR, andl WISUE R KRR IR BTG R i dE i T 29.3% 1 23.2%. PRt
Ca™ (CaCly) HEFAAR A ST R T 28, (H Ca® FIRE B 25 AT 18 B-912 e 21 FH T 48 Ji5 93 301 28
AR GEF 2%, 2000) o AHFITLHRIIMEH] Ca® [1% Ca(NOs),] 54 fE W3 1 W10 B &t
TR AR RIS VA R0 o DRI E Bk SR JE 906 52 B 9 v ) 2% &R €™, LA s bk SR 110 53 V38 RO B 25 AR

Bkt B (AR AR 2 N R 32 A VRO DR R 1, A4 SR SR/ L B AR i o
WHRE. wys bR & i R MR, Ko S S S E IR (B2 45, 2014) o ANt
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	地衣芽孢杆菌菌液和抗菌蛋白制备：将活化的W10菌株接种于150 mL NA培养液中，28 ℃、180 r · min-1培养48 h得到菌液，用平板计数法测量浓度，并调制为1 × 1010 cfu · mL-1，或再稀释成较低浓度用于试验。抗菌蛋白制备参照纪兆林等（2007）的方法，将培养获得的W10菌液于4 ℃、8 000 r · min-1离心15 min，上清液经细菌滤器（滤膜孔径0.45 μm）除菌，得培养滤液；在滤液中缓慢加入硫酸铵达到30%饱和度，4 ℃静置过夜，离心收集沉淀。沉淀用原体积1/30的0.05 mol · L-1 Tris-HCl缓冲液（pH 6.8）悬浮，经透析袋透析（4 ℃，截留分子量为8 000 D），每8 h更换1次透析液，换液3次。袋内透析液用细菌滤器（滤膜孔径0.22 μm）过滤，即得抗菌粗蛋白液。制作和回归计算出吸光度（OD280）对浓度（mg · mL-1）的牛血清蛋白溶液标准曲线y = 0.6751x（r2 = 0.9947）[其中y为吸光度OD280值，x为蛋白浓度（mg · mL-1）]，测定提取蛋白的OD280值，根据标准曲线方程计算出蛋白浓度，并稀释配制成各级较低浓度进行试验。
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