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FE. N TS0 B 3 2R N A AT Bacillus subtilis LYM3 (M B 1S K Ho A UM TR 6 2L 7= 4 , F]
FERHIRR AL A I T AR LYM3 % 10 FiAE 40 R 1 i 454030 1 , FIL A Sephadex LH-20 S B H: X B Ak (1 0 B 1%
PEF AT T 43 88 JF R LOMS-IT-TOF 47 TP 45 . 45 R IR PR LYM3 X 10 i 470 Ji 50 P 350 30
HIFEHCAE R, 0 BRI 7E 609% LA | rb X B A A T T %) 400 V130 1k e 0t , D) 285K 83. 5% s LYM3 7= AL () 31 1 ) o
FZ RSN Y, BB AR S M 7E pH 6~ 12 T MERRUE s B 00 85 LRI RS 3 P TG 415 A B R C, &
WIS A JR PO B A C R FRAENEER, AT Witk LYM3 B T REH0 i o, 507 A i 30581 1% 14
P EER AR IR R .
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Antifungal activity products of an endophyte Bacillus subtilis LYM3 from
Rauvolfia vomitoria Afzel

LIU Zhi-giang, LI Qiao-man, XU Shuang, WU Man-li, ZHANG Nan, LI Xiao-yu
(College of Environment and Plant Protection ,Hainan University , Haikou 570228, China)

Abstract: In order to study the inhibition spectrum and antifungal products of an endophyte Bacillus subtilis LYM3
from Rawvolfia vomitoria Afzel, the antagonistic activity of strain LYM3 to 10 kinds of plant pathogenic fungi was tested u-
sing confrontation growth method, and the antifungal products were purified using Sephadex LH-20 and identified by LCMS-
IT-TOF. The results showed that strain LYM3 had obvious antagonistic activity to 10 kinds of plant pathogenic fungi, and
the inhibition rates were all above 60%. Among them, strain LYM3 had the highest antagonistic activity to Collectorichum
musae with the inhibition rate of 83. 5%. The antifungal products produced by strain LYM3 were mainly extracellular prod-
ucts, which had better thermal stability, being stable in pH 6-12. Three fractions A, B and C with antifungal activity were
obtained from fermentation broth of LYM3. After preliminary analysis, it was speculated that A belonged to iturin, B and C
belonged to surfactin. Strain LYM3 had broad-spectrum inhibition activity, and its antifungal products were mainly lipopep-
tides.

Key words: Rauwvolfia vomitoria Afzel; endophytic bacteria; Bacillus subtilis; antimicrobial lipopeptides
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KB A HOE PR IR, HRETE NS
T B ORI R b T AR KA S fe
ZHFRR A XN A T R A AR B oY
W R,

A ¥ ZEAUFT TR ( Bacillus subtilis) &—Z8 0 AT
T2 RSP 22 TR B R IR A TR, A e 28 A T
Xof 22 TR s Dt T EL A A VR T SRR i, AR R
YyBiia i g AR R 2E AT TR AR
PR 2 REHHPI BT — 2 RS iy Bt i 2R
FIAPTE L, 2R S iR IR IR L& ),
F AL HE RIS M R (Surfactin) | AL B R
(Tturin) F1Z5 3% & ( Fengycin) 3 KN #F5E &
IR T P 3R LA R A B R RN S A
SEVER 25 SR RN 22 R LA 5 BN A AR A A B
R R BRI B AR ARSI S A
PN 8 SR AR B OF S TE T — RO B 2F AT A
LYM3, X 75 8 i o B AT Sk i s A Y . A
WFFENF TR bR LYM3 (9 410 B 3% 20 47 00 5, JF LA A 46
B AE A BE AR T, X 7 A B0 T T 1 o
o0 8 R 4 5E

1 MRSk

1.1 73

B. subtilis LYM3 M 85K i 2 UK i 1
B

9 J L B S SR 48 U0 B ( Physalospora piricola
Nose ) . 7= 3 & J8 7% H ( Botryodiplodia theobromae
Pat) 7K F8 S 9 B ( Rhizoctonia solani) | ¥ IV, 25
I35 B8 ( Fusarium oxysporum f.sp.Cucumerinum owen) |
INE IR BEIR W ( Fusarium graminearum Schw) | 7 #&
HAEIR B ( Collectorichum musae) A5 10 55 0%
( Corynespora cassiicola ) , 7= F 7% JH. % B ( Colletotri-
chum gloeosporioides Penz) TFHEZER ( Fusarium
oxysporum f. sp. Cubense ) B IR R T ( Colletotri-
chum gloeosporioides ) , FH i} 7 K22 35 5 45 W (R 37
Fhideft,
1.2 #EHRE

LB Ki 33k I RERY 5 o, BREE 1R 10 g, NaCl 10
g, 781K 1 L, PDA Bigedik Aii4gM 20 g, Bl 20 g,
LhERIE 200 g, 781K 1 L, AR FREE  AIVA P TE K
20 g, BEEE I 10 g, BERER 8 ¢, NaCl 10 g, 848K 1
L, ¥ pH 6.0,

1.3 B. subtilis LYM3 #I & i & E

TE PDA AR h o o B4R — R E A2 5 mm /Y
I B R U, B 22 T R, BE B D 2em Ab R 284250
FIRE LYM3, DLRERD LYM3 BSERCh X IR, 28 °C f4)
BRI T TR DA PR T Al s 9 e O S
SR, AL P 3 RS, E LYM3 (45 PUIEHE,
A S WA RKINER = (W IR B -8
FVE ELAR ) / W BB 75 B X100%
1.4 BE#k LYM3 %8 FERAH & RiEERN

e 7 A e S PR ) 6 T B VR R (MR Rl 1%
10" CFU/ml) , R A PDA FH il 4 47 15 F #e
PR LYM3 206 05 4570 T R Wi 72 3,28 «C |
180 r/min ¥ 3% 60 h,5 000 r/min B0 10 min 183
KWW, R 0.22 wm U8 R Gk 8 6 B 02 B
100 wl FIEBOMAGHT B P B b A4 e b 0 a0k
T FE SAE PR A B0 TR
1.5 RE pH EX LYM3 %X B FERINEFG
ESA e

B LYM3 & LIS WCE T 40 °C .60 °C .80 C .
100 °C 1 120 °C £ 30 min, LA 4 °C K B2 Fi5 W AE
23 OB He BR 706 1. 4 300 5 OGS 7 8 I B 1) 411
EIEPE, A 1 mol/L HCl ¥ 8L 1 mol/L NaOH,
PR I pH 2 2 4 .6.8.10 12, Bk
1. 4 10 7 JHEXT 7 A e T R A AU TR
1.6 LYM3 %B FiERBRITIERRATINEE

HCLYM3 Kl EIE, 1 mol/L HCL Y pH
R 4,4 CiE’, 12 000 r/min B0 15 min BEEDT
TE . ULVE T8 5 A S5 AR BRI AN [R] A BIL I 371 (R
B S SR AR ) B4, 12 000 v/min &5
O 15 min WHE FIEWR, EE RS 3 K IER PRI
PURTE 35 VR X B, PR (O ik 1.4) &
TR PR AR NG M TE AR S M AR M = (K
5 20 300 TR P AR %o B AR T R B AR ) X 100% o,
1.7 LYM3 BRI 5 B RT3

PIPE LYM3 3 1L )5 8280 T LB i35, 28 <C
PGSR 24 h, Db 1% R0 3 Fh &2 A T 3% 97 5
28 CHZEEFE 60 h, 5 000 r/min &5.0> 10 min,
B EVEW, A 1 mol/L HCL ¥EF5 pH M 4,4 °C it
% ,12 000 r/minB5.0> 10 min, WHEDTTE, TG F]
FHH s 2 3 3k, W4 B0 4 0, VR 4 e AR A
LYM3 &M% Fig w32, #4249 M Sephadex LH-
20( GE) BECHEHAT 085 , R BE (i 1. 4) K
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4843 B8 21 A W 15 P, 1 B LCMS-1T-TOF & B¢
AL H AR B A R b ) RS 53 AT 53T

2 HERE

2.1 B. subtilis LYM3 B & L

R XIS A= KM 52 T B, subtilis LYM3 % 10
PRI I B R ST (R 1) . R 1T LA
W R LYM3 X 10 Fiis I B 48 300 1 5 P A
FH R ZTE 60% LA Lo Horpoxod i JIAY 285 7 1 417
Tl RIRAR, A 64. 7% 3 X 1 JEL 995 TRT %) 300 1) 2SR 5 h
BT S, 481 G 6 A5 o T R ) A0 1 36 R 76. 3% , Xof
TR PR I 2k 78. 8% , X B BE I JEL I A
AN e d Kk, 15 83. 5%,

R 1 HEHELYM3 3T 10 FhmR B R RIS =R
Table 1 Inhibition rates of LYM3 to 10 kinds of pathogenic fungi

I S MR (%) N MR (%)
I BT 76.5+1.6 || HRAZE R 64.7+1.4
P.piricola F.oxysporum
TR T T4122.6 || BUIBHEE T E 81.2x2.1
B.atheobromae C.cassiicola
BB 76.3x1.2 || TSI R 78.8x1.5
C. gloeosporioides C.gloeosporioides
INFE TREEI T 81.242.5 || FHMZINE 69.4+3.0
F. graminearum F.oxysporum
B ISR 83.5:1.5 || AKFESOHR A 71.8+2.5
C.musae R.solani

80 C 100 C

il 28 BE DR DAL ) BT AR R A B )
FE LYM3 & LT S R R i i B G s 1, 45
S 1) 3R, LYM3 & 138 WO B £ o JEL e T
A A T T R AR T R R A A A S TR
M A T G B B B LYM3 7= A (R
oL EL RSN

B 1 LYM3EBEER(A) MEEERERE(B)HIMEEE
Fig.1 Antifungal activity of the supernatant (A) and cell dis-
ruption (B) from LYM3

2.2 REF pH EX LYM3 £ g RMNEEY
oAl

MR E LYM3 & L i 3 B T )
EERENE, 4558 (K 2) iR ,40 °C 30 min ZbEEF) |
TR R TEHEREA , I B ) -2 B AR R 23 mm, S5%F
HRZH (PP A - EAR A 22 mm) 25 548 1) 3 Pt o
TRBEREIN, LYM3 & IR FAT BH Sl A e s
PE B B B ELE 17~ 19 mm, A LLA W, Bk
LYM3 A= I B S A B AR e e

120 C

2 ARBEN LYM3 %8 LS RMEFEERNZm

Fig.2 Influence of different temperatures on antifungal activity of LYM3 supernatant
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B LYM3 % B F 3% pH (E 14 2= A 6 B,
EHIMETEE(KE 3) . Y pH<4 W, AW FIHR
TE BTV , B 22 U0TE (%) 1 35 W TG0 B 35 2, 156 A
BRPE S T LAKS LYM3 LB FiE P mE Y
JEUTVE . FEpH = 8HF T BB B AR fe K, 0 25 mm,
2 5 BE B i 0 PR P B T R, Y pH =12 B,
RE L AR SR H AT — o A BRI 1 0 R R
%2H 15 mm,

30
_ 25 sy
£
\E/ 20 F
R
o 15t
5
® o0t
=
=
5,
0

2 7 6 g 0 2
pHff

3 AF pH fE3t LYM3 % B b5 RS iE R m
Fig.3 Influence of different pH values on antifungal activity of

LYM3 supernatant

2.3 AEBHBFRRER LYM3 BiUEWHNE
et

pH {ER 25 R R W, LYM3 ) B ) o 2E PR M 45
PFR (pH<4) AT LADCTE, 23 5 A P S B N
Bl | A E 5 R R XT LYM3 BRUCTE Wit A 7
Rk, FIAVEBSEINE RIS ETE, mE 4 vl LUE

R H 3R R T T [ AT 0 AR A A, R K T R T IR
98. 5% , 1 £ BERAR PLVE , T B P o 4 2 K, AH X
AN 53.3%,
24 LYM3HIE¥MRMSBRATHH

HRAE LYM3 9105 90 5 1 e e ok S L RE e R 1
S N UTTE R REPE 400 25 0 W 300 181 490 Jo mT e oy g K
FWIE S IR KRR IR LYM3 #F 47 K&
T, L3RS L W 80 L, R4 O LRIK, 2
VIvE, IR $25 , FI ] Sephadex L-20 7 2 bl 5t I
FEVEAT 202, S e D 2 45 AL 93 %o B JEL 95 TR
A ER TG R, W14 2 B R A 3 Fh LA B 76 1 A 4
4y,i8 kA B.C, HES ATUIEH, 3 Fdad A r
PR TSP B K, B P B2 A 3 38. 6 mm, 4143 B 1Y
PR Z, A5 C e 16 /DN, 40 R e B
%0 12.9 mm,

120~
_100F 5
x ——
H 80+
o
£ o0
=
= a0t
B
20+
T e ww GmEE o
R

B4 FAEBFEEI LYM3 BIUEWINEFEENZM
Fig.4 Influence of different extracting solvents on antifungal

activity of acid precipitation from LYM3

5 LYM3EFEMAES AB I CMEERERERINEIHE

Fig.5 Inhibition effect of the fractions A, B and C with antifungal activity from LYM3 on Collectorichum musae

H LCMS-IT-TOF AL xF 3 FgH 4347460

K4 205 nm , e K 809% £ hiE Fl 209% w5 1R 2%
W, IR 30 °C L3 PR B B R LKL 6, ZH9r A

HRAGHI ) 47 L (m/z) A1 058. 6 H S T, 15 STk
[16]#LIE M C sTturinB [YES T8 FUE[ M+H ] 1Y
m/z W4, D A R BT &R C s TurinB ; 4043
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Fig.6 Massspectrum of the fractions A, B and C with antifungal activity from LYM3

il .
1100

A
1200

B PRI E] m/z 1 008. 6148 T, 153K 164K
B C ;SurfactinA F C,,SurfactinB [ M+H ] " m/
2 V)G A m/z R1 030, 6114 B T U4 A [ M+Na
AT, RN B Ry ST 1 R R MR K 40y C PG
ME m/z 291 022. 6 1Y & 11, 5 3CHR[ 16 ] HiRIE /Y
C,,SurfactinA | C,SurfactinB I C,, SurfactinC [ M+
HI* 1 m/z AR A0 m/z F1 044, 6 [0S 15
[ M+Na | " AIE I C D R w1 2R 2R AR K.

3 1 e

ARWFFE o B A 8 2R W N R AN B
SubtilisLYM3 , X 75 £ 7 JEL 95 TR 410 ) 56y 83.5%,
X Ho Al 9 Fofros D B TR P R BT AE 60% LA L, BT
PSRBT E . HETE R R R R T 14
BUAH G , B # RS A E A A R AR RIS 432 R
15 8 Tl 41 T ) 7 A A I B A SR AE 63, 35%
B 75 1% 2T A IR R o B R
TR AP-O1 X 7 £5 5 JH i & 1Y 0L P 30 6 2% 2k

64.19%" TS EHAER N YN B, cereus YX6
XoF 7 B LI T 4 L 5 03 T i 53% 1

R ZE AT T 77 AR PR IR AR 2R 8 £ | 25
W LA A, BT EL A AR (] A 285 4 1) Big kb &4
WESAFAE Z T 6] R Y S as /2, i T e Ik Y
OYES TS v A T AR K AR H R E MG
SRR BRI P 43 B B 2 Fh XA Y I L BT R e
Ko 85 B A R B B 2 FLAT T BOO6 & IR VAR 114 HY
Pt B B %o B T 220 T R BRI s T LA i
AP RIVEF , HPLC-ESI-MS 4387 25 5 i /R Bt 1 400 It
T HE N Surfactin 1 Fengycinw: o M CGE A
CS16 Xf Z R Ao )5 L B A B B A i/ H %o
9 JEr 2 T 1740 00 B A FH AR X 2 553, R R A e A
Sephadex LH-20 %A% F1EARRE B AT 4328 4l AL 345
BALR MY BT, 202 20T A HPLC 5 V54T, 9
AINEH MM YT P A Turin A W01 12
LN 2R TR AE AR, R R DITE P iR
FBTAR 4385 ( FPLC) Rl BT 3% B AR X Ak 5 28 FL AT
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W EIR-j PTG Y BT 1 o g e, R
Ot E BB VE A A9 AL 44 Fengycins' ™, AR 5T
AL FLZEFLAT TR LYM3 1 & R b0 26 o3 2 31 3 Fh
PR AR IR JELW 1 A9 085 1R ) 73, 28 LCMS-IT-TOF 73
1, KB EA143 8 T Lturin A1 Surfactin BIZE,

SE

(1] WAEse IRPEE, Tkra, 5. BB PRI R [T].
TR AR B R 241, 2007,27(6) ¢ 154-158.

(2] R0, TKEHE, TR EE. A [F) AL X ] 2 SEAF 71 & 1
Fm[J]. Th2hHf,2011,34(6) :856-858.

(3] E3UR, 5k B, 2805, 55, Mk 8 SERL i A KR /K K Hb
MR BRI )], 254 ,2015,38(6) : 1135-1138.

(4] JRZS ¥R, 2% SEAR TR P & 4 0 E 5 72 9 ST
[T]. PEEBMOLRLE,2014,43( 1) :110-114.

(5] FF ¢, 3B VR4 55, ANEZEAAT I Cokl V5 AR R
BURHEARSC B A S R ETE (1], 78 I 4k 244z, 2016, 47 (4)
576-582.

(6] =& i, HICE, EBH. M EAH 35124 X 2 TR, 20 1 By
A BAR AR R A R BB [ ] Tk FH ARl K 24 2 41, 2008, 39
(2):182-185.

(7] FRRU, BRERIE, BEA, % R W 2E AT B BsO16 76 75 i 3
E R [ )] ALIRAO 241 ,2015,31(6) : 1278-1283.

[8] ABRIOUEL H, FRANZ CMAP, OMAR N B, et al. Diversity and
applications of Bacillus bacteriocins [ J]. FEMS Microbiology Re-
views, 2011, 35(1) . 201-232.

(9] BRGAS, W JHEAN P25 LA AT X0 A SR 5 PR RE s 114 40 1) 254 24
(1L R ,2015,43 (1) :256-258.

[10] FhoKVK AHF5 2R FRAUR , 5. Wi I T 2 DA A By Al 2 2 AT T
B579 R A T 20 I]. AR KR ,2016,48(5) :62-66.

[11] STEIN T. Bacillus subtilis antibiotics: structures, syntheses and

specific functions [ J]. Molecular Microbiology, 2005, 56 (4) .
845-857.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

FALARDEAU J, WISE C, NOVITSKY L, et al. Ecological and
mechanistic insights into the direct and indirect antimicrobial prop-
erties of Bacillus subtilislipopeptides on plant pathogens [ J]. J
ChemEcol, 2013, 39(7) . 869-878.

R EF W . AR BAB-1 7RIk J
BRI A AEE [ 1] E R RE,2010,43 (17)
3547-3554.

v M IR, 55, ik 3 ORI AR LYM3 195
S KBS PE BT R BE AR [T ] T AR R
2#,2015,42(5) :53-57.

SRR KL K E 6,55, FRIEH 2R AT 3 YN-1 M6 iy
o I EL A PR T (0] ML 04T, 2010, 40( 2) :202-
209.

eI — R 2 AT T R Ji L TR T B R B 5
[D].HUH : WK, 2006.

HRIE, TR W R PO i AT K sE [ D]
AR A AR R, 2002.

= OBIISEI, EIRAR AR 5 BRI BT B A AR ) BTN AR
RIEREMBIARRCR[T]. WLl R4, 2010, 1 (1) ; 130-
132.

MRS, K, R AF. B A I YX6 1Y% Bt
SRR 1] . PaRIA 2742, 2014,27(6) :2402-2404.

ENAE Rt A BRRAY s i S E T [ 1],
HEYEE R ,2005,32(1) :67-73.

WETRE , SN, BRI, 4. A2 AT BO06 X BTAL %
S T BB ORE B T R T R A P S A A 4 [0 ). R I
Y BTIA2ER,2012,28(2) :235-242.

2R R PR sk 2R AR AR RAT I CS16 MBS
=8 B o3 M [ 3] B AR P2 41, 2013, 34 (6) : 1155-
1160.

WA A U /N AR R N A B2 AT ELR-j AR
IR G W 153 B 48 SRR T] . &R 252774k, 2015, 17
(2):172-178.

(T2 4 TR E AR )



