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W o ¥ OB Fza ¥ 4 FEE

(BEFAEREWR KR 300071)

W E WA WE (Bacillus subtilis) BS-98E —BEBNNHMERLUARY
(Physalospora piricola) B Y7 K M A5 HT B ME, BS-OSBIMR IR 7% 3k 25 W B0 S 40 4% 21 7.
Sephadex G-1004E /247 DEAE-#F % % (DE 3)HEN G 4B Mkt —H#Hidi B0, 1% S
XO8Ml. ERBISTHRERY, WEHSTFRN 59000, %i 5k 450, BESREDRE
SHRREUY X8I M. HDNSHMASERY 6%, KEAMRET, HELBR
SER. REMAS SR, BT 1 MFAREEM LESE XML MWS, Tk
PREERE, A0 X8 MR AOR W, 7 0 0 0 4
XBMHHENE T ER AR S, S RELHE. RIRESRETRE.,

XA HEFATE BS-98. MU EL, difk, ¥R LR, B

S¥ES Q936

MEFRARAAMWEYRENES, REARF T SHEENEBRAE, A
BEXE, ABRFHEY. HH. B 1945 4 Johnson iR EHE FRITFE =AM EHFED,
EF AL LR, & BT R TAEE xE W8 — A B B R T T 8K
MXE. HPFEMRBEYWRAS MRS FRAERDY, b — BB HRH Y'Y,

&4 K& BB IR AR L WAk KR A R R MY R R % 5
K09, HEMEYF ORBEFEEYY, MRBRBILAREE S WEESA Y KR, FiX
HYHES RMEVERNNEARES, UBHY LRGSR HAEES, B, 38
REEMHREANERERENNRESLR, AL AN, ZH i &EY
AEERERE IRTRMN K EXN.

AZEFIEE AT FRATH BS-98, U HERRLNE, NEEHNESER
PIEEA, ERAT BARBEN EOMAE. A X ERREERRRNRESEY
B——H R A X980 94 Bk S ¥ B, 3 5 BOAL B 6T T M0 07 50,

1 Hefur
1.1 #¥
L1l B . 15 4 B Bacillus subtilis BS-98 M A X W & 4+ B, ¥ £ % 4 5

* MAREKLLAEEBERE, JLR100094.
W HB: 1996-08-22
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B (Physalospora piricola). 7% 45 B (Phoma asparagi). /N3 IREE R B (Fusarium
graminearum). AL (Fusarium oxvsporumy. & BB (Verticillium albo-amrum). K
% 4 % (Bowytis cinereay. S Wi % # W (Rhizoctonia solani) THBE®BERHA
( Pseudomonas syringae pv. !achrymans)i@Hﬂﬁiﬁfiﬁfﬂ?ﬁﬂﬁ%{%u

1.1.2 7. Sephadex G-100% %8 0704, DE32 7 Whatman 7= &, i MEs FEER
LA RS ALY TR AT, 5% 8 KM K pHa~ 10 ) Ampholyte carrier A
Bio—Rad 7= &k, BiE AR L £ 4y THEA ™G, HEOMA LG KE AT ™,
R R VI E O R, B DR R 250, G250k D A,

1.2 A&

1.2.1 BS-OSHi#k@IIEF. BS-9SHIGKTE T RIERBRMHER. BPY MIKHERE (%)
AP 0.5, BE 1, EEEE 0.5, NaCl 0.5, B %8 0.5, pH7.0, % & 100ml/ 500ml = £
H,30°C, 120r / min JE S5 3% 48h (i &0 e B OCHK [6]).

122 HEEHE R e — —FRREME LT, 7E PDA 2 LB T8 L5 SUATA 1001 7 F 1 o
o LA T B RO A T AR, P K T SR (G8mm X 10mm) 7 F E TP Ak L, B
100pHA B 2 £ (600pg / mDEANBE A, HFREH 28°C ¥E 3 4d, 5 R EE 37C HEFF 24h,
e 18 310 B B KD,

1.2.3 BEERKENE. &8 RBITE.

1.24 HEEARG & SHL.

BT, BO5N RS R TR AL — B AT, W 45 M B - Sephadex
G—100%E i k. — PEG6 000% 4% — DEAE-£] 4 AL 4L — B AT, IRAE 1B 4L .

MM g A AR, 2 X [9].

Sephadex G- 1004E 247", # Sephadex G100 f& % M AL B 5 K AE ($2.5 X 80cm).
i 20mmol / L pH6.8 8% B 2 nb i F- 4. R BB R O LR RS, R R R
VRIS, P K 18ml / h, WEE RS PR AR S ik b ik,

DEAE- 47 45 % (DE 32) &£ 24709, # DE 32 WS FF R (41.8 x 17.8cm), A
ReEs B rh T, BB LREERES LG, EAERBREP BRI EER, AR
0~ Imol / L NaCl 45 JF ok i3, W S 55 v 4153 B el i, LD T I8 6 A
125 EE B FREE. XA A E AT SDS- X T B B 5 KR K
(SDS-PAGE) , 4+ B B/ FE 7 10%, WA R A 5%

1.2.6 SR s, BP9 BRI BRI 2 3 4 i Ik (PAGE-IEF), & LUK (10,
12). Fi& 1% Wtk i 8 B (Ampholine pH 4~ 10,Bio-Rad)ify 7.5% BN,
SR A DUARHEEH (pH4.5~ 10, BioRad) b&: BB E & PI{H.

127 EAEAE. S, ABMISEEaKE FRBEROE. 6, BRE
o 1 e Tk 5 W SR (131, B bl i B H R i (pHB .6, T = 0.0075).

WEELE R A ERERAE, SR XE 2], EEARCRATHRSLRE
B, & W0 (13] (RE R B ESMT).

128 SERaWE. KA DNS %, £ LK [13].
129 SEEMARS. FE&AZ 6mol / L HCLF 110C H 5 K # 24h, Al Beckman 6300
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HEE A5 7.
1.210 MiREMERHE LK. SR EHE B (600pe/ m) 4 BT 30~ 100C 4=
30min, 115C . 120C Wi BT X8 30min, FI L3869 RE 578 S nh B, #6000 040 B 15 4,
He xt BB B W B 1A HE N 100%.
1211 EABEREELR. B4EAe0ug / mSEAB K. BEAM. #5E5A
MEEEAMAREMESRET 37C K P 90min MR R K E N lug / ml), BB
JEVE, AN R A E A B, E A B I 100%.
1212 WEEQMEN. MFEES SRR IR AN EE G (600pg / ml) 44 4 5%
JE B S TS
1.213 HEERAMMEILH.

BEM B LR, KR E H (600pg / ml) A/ LB SR un bk T AR £ SR 10
FRBUHEER, B 2ml, 28CHFF, SEER, DoCHE KB I 3 B,

T ALS: BEHEREET PDANEFR(%): ZHW 20, WHE 2, NEHT
20, BUEE 1.2, pH B#R. 28CHGHE 3 6d, BILA 1oml TR AR TS, £ K@M NEL i
EHEKFERE B0 FREES 10piEEB (600pg / m) IBE. LM F EHEET
SRRSO, ZRESF, TR, 5 HEA 1oplE 2 10pltiE XK.

SEZMER % PDAMERFENERRUERDEFREHEFIRELBTH A
RAMNMAEEL (600ug / mD) LR, EMBF BRAEFR T FEAEFLP, TEKN

A B, I A

2 X
21 HMEBEEA X8I A5 4y
2.1.1 WBEEWMEA Y. fi8 AR, 70% M EEAE, MEEE AR B m, 3 70%

"
B I if
& 1.5F
525 d
£ i
£ 1.0 cobe
E = bo hd
& 15 f i
i 0.5F
¢
g
1, A \ R R . 3 g
30 4 50 60 70 80 90
(NH,),50, MHIE{%) . N ) R .
Ammeonium  sulfate saturation 0 20 40 60 B0 100
¥ Number of tube
B (NH,),SO,M M xt# B
B RIESWER P2 8% ¥ FiSephadex G-100% R 47 H
Fg. i Effect of ammonium sulfate saturation on Fig. 2 Elution profile of antifungal substance by

antifungal protein actvity sephadex G-100 chromatography
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WAMEH MR EEOCIIEEL, 7 30% WA FARMER, BEJLFVE, ZHHEMNET
FEHOEORER N RES. ASMEER. B HE T RBNFHRME RN 30% X
70%.
2.1.2 Sephadex G-100HZ4Hr: MERERE 2 FiR, 4 AR IMEQE, HEREL
FRENEZFRBERE I RE TN, & T A0S0 81, W e T34 1 5,
SRR SR/D—F4RE. FTR.EFRER T EFGE - 20C/F7F. (H:25x%
80cm; ZPH: 20mmol / L BB M, Na,HPO,~NaH,PO,, pH6.5; ¥ : 18ml / h)
2.1.3 DEAE-—cellulose (DE32) ZHT45F: £ Sepha—dex G-100 HE ZH/SMIISHEE | K45
B M AR PR T DE32 AL, RS 0~1mol / L NaCl BEB, PEME 45 5
WE IR, AEER=AFE, S8R ] IYLMEEE, gD E s EERMNE
EfE, B EWEBEHETAS K ESEOGEN X8I, BHREBKEFERL, KEET
- 20CfRFF. (HE:1.8 X 17.8cm; EME: 20mmol / L 8% 88 % ¥ , NaH,PO,~Na,HPO,,
pH6.5; Wi : 18ml / h)
22 WMEER XSIMNER
221 SrFEHRE: £ SDS- PAGE
EEHNEEA X8I E—MEA
0.8 O EEEAR, LRSS FRN
59 000 (& 4).
222 H MM E. & HFE Pl4.6S
~960 RS HEASHEER
X981 # 7. PAGE-IEF4 % I @
5. X98IN & — ¥, PI &K 6.50,
. fRBRYE.
o1k MPho L 402 223 BN

J L BHRAN. BN RE A

, . . 0 — WERERAE, MRS R

’ 00w @ B LR R — R R S,

ZH Number of wbe
Ay, E—-HEEEL.

Fig. 3 Eluton profile of antifungal substance by

DEAE—cellulose chromatography R M. 2N RERE
1. A 2. NaCl, — R mA PR, B %
REEMERD &l AHIERZNEROSHIENR, 2—fiEEa. XE&H
TREEKEHBYRBEL, F-EBELYHA EHRRS AR, SEREAOES
WG,
224 AHENE.LDNSEMEANREA XS EHE 6%. A FEHETTAZRHEAES
SFRNS9 000, BHERTHBGEE XST—Mr FISEBRIEEEIEELR
fii, 4+ F B 180) K 20 1+,
225 HEBRHAAS I ANEEBRAR (R 1DEFE.XBIE 11 #HEAEM, §8 Glu.Tyr.Lys

0.5F i 1 1.0

0.4
B(\
< 0.3F

0.2F

=
o

b

NaCH mol/L)

1
=
s
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HEFRFENEEOXRMM Mk SHE

17

94000
67000

43000

300040

B4 HMEA SDS-PAGER i
Fig.4 Antifungal protein SDS-PAGE spectrum

1. HFESFEEA Standard molecular weight protein;

2. ERAMHEEE X981 Purified antfungal protein
X9811.

B Thr, M PR R E R o5 5B A 68%; MGk
Asp. Ser. Gly. Met, Phe & Arg, BEEMEEEK
#1370 1.

22,6 X981 xf iR FF 09 S B . 7E 30~

5.18

4.65

5 HidEA PAGE-IEFA#E
Fig.5 Antifungal protein PAGE-IEF spectrum
ARESHE SEY Sandard Pl protein;
B.HiE 3 X981 Antifungal protein X981 .

100C B A EE B M#ALLE 30min /5, TR 100% M & EHE, WE 11SC R 121C
KELLE 10min /5, A REF 77% & 54% 858, AR E B G XosI M E.

1 AEEAXSINEAERER
Table 1 Amino acid composition of antifungal protein X981
A EEEXS SN EAXSIT
Pure pr. X981 Pure pr. X981
HEM Amino acid HEB Amino acid
BEH No. of 3.4 FREM No. of g
residues Content(%) residues Content(%)
H B Threonine 48.35(48) 11.45 i &8 Tyrosine 39.25(39) 14.14
#HEM Glutamic acid  103.15(103) 30.17 BEM Lysine 27.15(27) 7.90
MEM Proline 29.05(29) 6.65 HEM Histidine 5.0(5) 1.54
FAHEAM Alanine 36.20(36) 1.39 KA@M Aspartic acid 0 0
EMEM Cysteine 26.40(26) 12.61 “HA® Serine 0 0
S$HEM Valine 23.20(23) 5.40 HE# M Methionine 0] 0
KEAR Isoleucine 25.55(26) 6.66 #AE B Phenylalanine 0 0
FREM Leucine 8.00(8) 2.08 HEM Arginine ] 0
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227 XRMMEABEEYE. REAN. SEEOMAHEOMTE XSOMWERE
PEST BB 32%. 21% M 7%, T8 988 K 3t XosMEmiA K, Ui, s E A xta
= HhRGE o OR, TR B R KRR

228 IWEEE XOSII M k. M5, XORTI T 8 Fhis FUeE 4 A [l 82 o 49 HiE
HTFERBAFE. DEREHBERAFENRETRROMEBR.

23 MEAEA X981 AP H

231 WHEE. BER20E. EEHACTEILA, KHRRELENL: 8L E. HER
BT —Ed4WE, ffERs T FERELRNEFHRMARL.

232 XM AMFHAMNEZN. XOSMAHEATBMT 12h A, ETMETRER AL
BMFHEREMNH NEWN HERTEFAABEAREEHER, HHABARY.
240 5. TR B ELBR, AR AR HR. Tt BT RN 100%. HLEX.
233 XoSIIA W2 KMEN. S THE, XSIIABEL Th g, L4 TR PR
7, TR RRAR, A Rk EREE 3005, MR & . KW K 48h G, M4 Tm B 8l
KRB, WA B R ST R, RE A s e, T L IheH . S RnEe.

3 it

WESHTFECEHEEERARTREE=AWMNER, ENG TERK E—FA
HHEKERANEOR, AMREREN. SRR EEH AN EED X8I £
SDS-PAGE L 28— &4, T WA, 4+ F &4 59 000, 2568 50 4,50, B ILIER BS-98
BEHTENRESSEYREREOR. ZNEEQLAHYEORBEHE, F—-4ER
BE 254 SR, M E B8 K xF XOSTI &R K, fb el IL, X9s TR — R SR EmED.
F o, X811 B AL KE B AR A T- . B0 Asp F AR E MR, T E & Glu, Tyr. Cys & Thr
MU R, SIECHEMMEERA" S, XosIAET KL, it 7R, Fd X HER
EREERFMREASFE, R RHEARLARNE —RHES.

1986 4E, Patek M. H Corynebacterium 4 B8 —Fh 4l 8l KUY, FFIEL H X D
BEAXEES", EEx XoM-& @7 I TR e, iEH XS IMA —F£—4
ATFE20NMEBHEEL, AELITRHEMXSIESHERAS. R—-#EEEA.
XEERNMALIEE,

HAr, @AM E R EFRITEN A TS EEREEMMA T A L. F55%
ZEEWH XSIRAEASHFEEEAREN TEAmAT . B hERMREEE,
PR, B, Gk AR TR IR AR K b xh B M BE RO MK, i L UE 22 IR A O A BfRBE AR
Ahith T, B 22 M R, kT R, fEH IR &P, XOS T A F il R a0 ) A A LT A AR
BREXMFT. FHEATRBEARRR, #FMmReEHd. £ LR fEES X0l
FTERSIRAEEARSNER, SRR TR ZRENRR.

XMW MESEEHEE - SN KNEEAWNEFNRAERD, F A &%
HUER BEAHERAEEAEUEAN A A REN Y IR P8 R A& R .
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PURIFICATION AND PROPERTIES OF ANTIFUNGAL
PROTEIN X98[ll FROM BACILLUS SUBTILIS

Xie Dong Peng Jing Wang Jinhong Hu Jian Wang Yuewu

(Department of Microbiology, Nankai University, Tianjin 300071)

Abstract  Bacillus subtilis BS-98 is one of the antagonistic strains strongly against
plant fungal pathogens such as Physalospora piricola Nose. The antifungal protein was
purified by ammonium sulphate precipitation and column chromatography on Sephadex
G-100 and DEAE-—cellulose, and it was named X98II. Molecular weight of X981 is
59000 by SDS-PAGE and PI value is 4.50 by PAG-IEF, respectively. X981 was
demonstrated as glycoprotein and lipoprotein by CAM (cellulose acetate membrane)
electrophoresis and special staining. We estimated it contains 6% saccharides by using
NS methods. This protein was also found to be thermostabale and partially sensitive
to proteinases. The amino acid analysis of the protein X981 showed that it comprises
of 11 different amino acids and Glu, Tyr, Cys are the aboundant amino acids. No
Asp, Phe and Met were found. Purifiecd X98I0 has strong inhibiting activity against
the pathogens of Physalospora piricola, Phoma asparagi, etc. The antifungal
mechanism of X98Il was mainly disintegration of the cell wall to make the hyphae
abnormal and the spores germinate abnormally or can not germinate at all,

Key words  Bacillus subtilis BS-98, Antifungal protein, Purification, Physalospora
piricola, Antagonism
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