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B OE: (X1 EYDANLER 2R EARRY, BHERNBEFLS EANE. [ 8491 sHEAR
ANAMBARTBLER, APt EA ARG, [FE] XA FALLE B ik iRAR
BARZE N A MBAHATH B AR 16S IRNA A B 53| ATt 4TmF 58 R -FARAT R Ak & it
B8 9 B (Colletotrichum gloeosporioides) ALK A MATIRANE N A o A SATHE 69 5k, @M AF
Sg . A TEAEZ AR 16S IRNA K E 539047, #EEm@mH B-11 695 £3ls; A 6 ANRE &)
A R AR A BEX BT AR B-11 6939 H AT, SRR AR R @ L6700, AR
4 5+t -F i F2 MALDI-TOF-MS A2 AR A & B-11 7~ £ 6937 & # R AT RA BAReT R 3%
AR RAER AR B-11 34 R B AR AR B 53R, [HR] WEAEARZE T 455133 25 %A
AmBAAR, XEMAARSET 12 /4ME, AV FRATFABARFEAE, &4 B AR 28%; @iL
w05 kAF 8 #hat C. gloeosporioides A ¥ H E MG EM, H T EHK B-11 A FHRIER, 25 ER
A N FE BT 3F 384T B (Bacllius velezensis); 17 H 0% L ILA B-11 46 B3 45K 69 B T R F B 69 6 Fr AL
MR REBOH LA REFIRER, MR LIAZAEIZIR 6 d /EiX 6 Fr %R H 69 8 48 ek
WK B 2 FINE, M-S REAALEILA KR B-11 449% ~ £ & G 85, B-F FKAe8f"%
$%k&, 12K A JUT JiBs; MALDI-TOF-MS 4|4 £ R A REAK B-11 &6% F A FR-E L. £RE
fokBmEME 3 ARRERAZ, AFPFEFHEENTEREG; BT HENEEEY, HE B-11
0 B Sk A BRI SRR B B ROR R A 56 AR T 64%. [456] BAMEREAAFEHA A EE
TR, EAA @A AR B-11 ABHENEATFLRREARPDAF AN T2 HMAEM TR,
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Antimicrobial activity of endophytic bacterium strain B-11
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Abstract: [Background] Endophytes are widely distributed in nature, and have great potential for further
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exploration and application. [Objective] To isolate and identify endophytic bacteria of Curcuma wenyujin
and evaluate their antimicrobial activity. [Methods] Endophytic bacteria from rhizomeof C. wenyujin were
separated using routine tissue-separation method and identified by 16S rRNA gene sequences analysis. Their
antimicrobial activity against Colletotrichum gloeosporioides was tested by confront-culture method. Strain
B-11. C. gloeosporioides was identified through morphological, physiological, biochemical characteristics
and 16S rRNA gene sequences analysis. Its influence on the hyphae of 6 pathogenic fungi, belonging to
different families, was detected. Its antimicrobial components were determined by 4 specific culture
mediums and MALDI-TOF-MS. The control efficacy against C. gloeosporioides on Dendrobium officinale
was analyzed by inoculation of leaves in vitro. [Results] Twenty-five strains of endophytic bacteria,
belonging to 12 families, were isolated and Bacillus spp. were the dominant species account for 28%. Eight
strains showed antagonistic effect against C. gloeosporioides. Bacillus velezensis strain B-11 inhibited the
growth of 6 different pathogenic fungi, with the hyphae inflated, deformed and branches increased. It can
produce diverse antifungal substances including protease, B-gluconase and siderophore and lipopeptide.
Inoculation experiment in vitro found that the cell-free culture of it had a control efficacy of 64% against C.
gloeosporioides on D. officinale. [Conclusion] Endophytic bacterium strain B-11 in the rhizome of Curcuma
wenyujin is an efficient biocontrol agent with potential for antibiotics development.

Keywords: Curcuma wenyujin, Endophytic bacterium, Screen and identification, Antimicrobial activity,
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Bacllius velezensis

¥ ¥ N 4E 7 (Endophyte) 2 38 4= 4 16 &b ol A= 1%
SR B AR TR AL, IR A S
AN A R DL S BB T T, EEA
A BT . PRGN AT N AR e i =2k Xy
AR RIFGT 19 tHah i, 252 —a2
HERE, HEE N E e a b B T
SIS UAEY) , X — PSR A R B
SR, TR S AR B A B R 46 T
AR ) 20 40 90 44T, Stierle 25 SE 21 TAZ
(Taxus brevifolia)B] K¢ 53 25 3] 7™ SEAZ BEN N A4 1L
T 28 [ S K2 B (Taxomyces  andreanae), HGE T A4
PN LE RS RO . AR R B, A N AR TR
BR T RERS A 518 F A AR R P B At
I RERS A HAM A IS PEI BT, XL E M B A
A AR, fEmEE BN RE . REENa P
75 T VRS, SR, AN A B TR E S8
Y7 R . R A2y b 25T
FEEZA PRSI A AR ARk &
= 25 4 HAT BT 8 RN R A

Xof e 16 % 52 245 FHAE 1) TN A= T %) B 9 AR L
A EEM N ERIRTRAR . SRAERR S P
(Eucommia ulmoides)™ 73 B545- 5] 2 PRAEMS " HE 4 i

PR ELTR R 11 R EA MRS PR S T
RIFEEED PN A RS T 27 RNA U,
1S BRSO AR A M TRIEAED
M SR ER 53 8 AR AT — bk H R 8 3% B0 27 J AT T
B16, ZFE X ASE R R FNA T RCR 73501
64.8%1 58.6%. e 5t AP FIAR (AR 43 B 345
—BRA L ZEAAT I BZINT, Z X A AR N B
RAFMIBHARCR , X AR AR S BA —E e it
YEH . IRAR4: (Curcuma wenyujin Y. H. chert et
C. Ling) W LRI L 88 284 A Y) , 1hE T O
BAE), FESA TR, R 20
IR Z— o AR 4 & —Fhe—pk = F B 25 FE )
FLFEMZE | AR ZE AR AT 23 R A . 22
BRVR A 3 P 2hibg i 3 R b iR T
fe NI E 25 ) pUO H T AIRARE %
 E AR, BRI AR R, X et
ety 22 BAT US4 | DM 25 Bg o
H 17O TR AR 4 AR TR B 248 TP FE N AR
DA AT B A AR LA R AE A kR L, e &
STESE N T ARHE 30 MBI NA R, X
B 2 HAT S AEN ), i S TR AR 4 A A 40
o S A AR A e A il . AN AR TR RE
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7 A R 3 AR AR LA Q= ), ARZE
TR R BT 2 —, EAMRRIRARS:
AR 25 ELA R I TS ), AR 5256 DL JRLAR
S MR ZE g ST AR LN AR A AT T O3 S M E
ST, JF XTIy 1 A ik (1) — Pk
WAANERIEA T T i — 20098, AR IRAR 4 N A 4
BUAH A T R B LA
1 MRS %
1.1 fiiarss

fide B T 1S 4 AR 25 PR T VT4 TR ZK T 2 A EL A
SRt

%Ok A Bk JH W W (Colletotrichum
gloeosporioides) . T 2146 BR 25 J8 K29 B (Fusarium
oxysporum) ARSI = 43 B FFARAT ;. R E AR
(Sclerotinia sclerotiorum) . i 4€ 7. hi 22 ¥ 95 T
(Rhizoctonia solani) Wi {1 R 2g 4 5 e L W) BRI
% FIr 2580 BB U B OWG ; A% Mk A A W T
(Botryosphaeria  dothidea) . Vi JX % # #5
(Mycosphaerella melonis) FH Wi T8 KRB BEAL Y R-3
TR S BT 5 T 2 S
1.2 EHFE

B REERE IR L (CAS): B 60.5 mg BT
50 mL Fe'" (1 mmol/L FeCl;-6H,0O, 10 mmol/L HCI)
IR G35, FEBCRER RIS, 18248 i A 752
FELE IR AL B (HDTMA)A (72,9 mg ¥ T 40 mL
KOG, WM pH 2 7.0, ARJFEARZR 100 mL, /¥
R WOK G 5 900 mL B IR AELGRE 20.0 g, &
FIik 45g, #%Eo.0g, FHRH 2.7¢g, NaCl
4.5 ¢, pH7.0)EA - JLT ot & Ky 57 2 (g/L) :
NH4H,PO, 1.0, KC1 0.2, MgSO,7H,0 0.2, ik
PRILT TR 10.0, Bl 20.0, pH 7.0, & B & B
FHE(g/L): RIETHY 15.0, HilE 20.0, iSOG
W SE B 3 5L (g/L): B-#1 B4 2.0, NaNOs 2.0,
KH,PO, 1.0, KC10.5, MgS0, 0.5, NI4T 0.05,
FeS040.01, Fil§ 20.0, pH 7.2, Landy-1 §;5#%E.
L-# RN 14.0 g, #i%HE 42.0 g, MgS040.5 g,

KC10.5 g, KH,PO, 1.0 g, FeSO40.15 mg, MnSO;
5.0 mg, CuSO40.16 mg, ddH,O 1L, pH 7.0-7.2,
1.3 FELFIF0MEE

SRS TR, AR T AR TR () A B
/3 H)Fl Sigma-Aldrich 23 H] . 16S rRNA FEH Y 35|
Pk TAY TS BB ABR AR AR, 168
rRNA JE R P fATe M AR e BE A B AR A RS
SER. B ST HLEE , HITACHI 2\ H] ; MALDI-TOF-MS,
Bruker A H] o
14 AEMAEHIBSEK

Wt R AIRAR AR ZE VIR INE, FETK R vhik
1 h, BATER =S, A 75% IR0 K I 30 s,
EHSEPORE , A 0.1% RIS EE 15 min (WA S%2)
2-3 1K), IR, FICR/K e 4-5 RE
BRaR ISR A TR . BUR e — IR PEAIRVERT B,
R 20 pL AYPERIBIRIRT LB Pl |, SREHESR
MLFKAE 28 °C TERIEFA PGSR 3-5 d, BRI
MATCIETE BB, UERHIZ4 R MR . BUIR
KEMALYGIA TR T, A 1 mL oK
BEE MR, FE 10 min, K FIERRRRE 107,
107, 107, 107, 1075 B8, 4820 uL A6 T
LB ¥4, 3 R, BT 28 °C fHIEA P13 3-5d,
WIEHEIFIEA . B S ok R T LB
WAk FE 3 37 °C, 200 r/min B350, FH 20%
HIMAR WL 1:1 HeBITRA45), 40 °C fA74 .
1.5 AEHAREERE

BUsF AR 1.5 mL, 8 000 r/min £5.0> 1 min,
10, HTCRUKSTRUTTE RS BT R Do e
BRI, BT 2 min, PR 2%BEESH2(pH 6.7)f
gt 2 min, JEANNT; FEESTHUEE T X AT
TEAFHERIIES, N 80 kV, Gatan830 HU[A]
BALEEHE RN AL S . S CF LA R 5EE
T ) SEA TG . AL . URERAREE . FLar
WG| | HAE BTG A AR I = R
A TAY TR RO ABRA RN Ezup #:X40
PR ZH DNA Sl a0 & 01 740 TR S DR 2 A FR
SR 5 A 40 Bl 519 27F (5-AGAGTTTG
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ATCCTGGCTCAG-3)/1522R (5'-AAGGAGGTGAT
CCAGCCGCA-3")IEAT 168 rRNA JE[H i) PCR § .,

PCR JZ WA Z Ky 50 pL: 2xPCR Mix 25 pL, ddH,0
19 uL, DNA #i#z 2 uL, 10 pmol/L F #5114 27F
2 pL, 10 pmol/L Fi#5]4) 1522R 2 uL. PCR )i
Z4%F:. 94°C 5 min; 94°C30s, 58°C30s, 72°C
60's, 35 MEH; 72 °C 10 min, PCR F=4p4lifl )5 1%
BUINEERIE BR A W ARG FRA /IR, 436 R
fili NCBI [} #£4T BLAST X .
1.6 FEIMAREBIVIE

FO LB N A TR TE LB AP iS4k,
WU AN S] LB MiARE 75, BT 37°C.
200 r/min FEFRFGHIRG SR 24 h AR, DL 1%
R He R N AE AT B0 LB WA B IR AR
37 °C. 200 r/min fRiZ1EFF 24 h, FRFNAEHEL
B £ H . Lh C. gloeosporioides NAHAEFE, K
SRR IRV A TR A 4 N A A T TR 1 B 2
1.7 FEIEHNE L & H AR R ® 5 22 e E

VL B. dothidea. S. sclerotiorum. R. solani. M.
melonis. C. gloeosporioides. F. oxysporum 6 138
T A B T, SRR IR A
D N AEFEHTRIRTIX 6 Bl T I TG 1 . Ab 2
Fefh 5 L FEPURER, LAERR 5 uL TR LB WiAs:
FRHARTRR, B 3K, BT 28 °C HIEDERE sC R S
Fr, BRI R AR N A T — I T 22 A K
(Ra) (&1 1), 4LFRZH Ra LN 3 d IO 51511
i, RO A= Bl 590 L T PO R SR

I I TR
Pathogen

RN
Antagonist

: .

“ Radius

..........

E1 BAERiETER
Figure 1 The diagram of antagonistic test in vitro

SR P SRS BRI R 6 d S, ERAMEET
WS S5 T 5 i AR TR — I R 22 TR S 2Rk, DIAS
PERP DR AT 22 X IR ESET A TR — AR AR
AR ZEINHI R 2, HHEEEHIN PDA B3R5 I,
AR FE DB II I 0  22 2 B A K AE ), DR
2% R A 3L 1495 D AT 1R 22k 5 R
1.8 HEIEMEY RGN

TR BN JL TR, B R A
PR BRI S8 SCIRSEPOM ik . FEBLRE IS K
B3 7IWA B N 0L 01| LR SO e A i
1.9 HEMEEEABRS%EARKERPFBE
SR A E

SR B GRS B-11 X4k e A1 LB IER Y
AEBTRCR, SEEAERETT 4 AN ACERZR 1 SXTRRA, 2
R s #2115 RPAF R TR, 10 000 t/min
R0 2 min JRAS FIEVRER, RICH R TR B,
FJETE LB WARKE SR RS REARAT 172 WRBEA
1/4 e 3 KT R R o 1A K AERHE Y 6-8 ARGk 2
AN, BYE 3. 4 R/ NS0T, XRRZE A
M IRIR T LB AR AL A3 B i iRk
L] 2 e A 7 Ak (— R T B I A 25
), T 8 mL 2557 5 15 L 7K reRe; Ab
HZH C-E 7EM R MBS AIRIK 1/4 WAL
1/2 W FE R ZM B0 LT R R - R HRIREAR Byt
TIa, FBIEME AR TR R . X
B )R TEM B R R 5 mm 224 1 1, AR
W18, ARG P20 5 mm BT TFLAS Uk B A i
DEIEIR R TRVE N TR 22, AT T 221 — T 4
RNk B At Fo 05 100 L AR B 45 S Fe,
PIERIJCE PDA BifigH 3t i], 20 d JEGEiHmBE
B, T e A H R AL
% Microsoft Excel ™ HE4 75440 FE, A SPSS
BT 26500, WAV P<0.05,

IR (Yo)=(XiF B BE B A% - b B B A% )/ % e
BEEAEX100;

BI7I6 505 (Yo) =0 B & 238 - A FHL R 238 )/ 6] R i
X100,
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2 ZR545h
21 EREERENENSTESETE
Mmﬁ%‘ﬂ@@%mé%ﬁ%iu 25 BRINAEZ
B, 16S TRNA JE[R A Bef S A PR 25tk A=
YA TR 535V & T AT i & (Brevibacterium sp.) . Wi
M KT E 8 (Klebsiella sp.) . 3% ¥ H )&
(Stenotrophomonas sp.)F1 K& (Bacillus sp.)%
12 &, Hro 2 rr @ (7 k) A RS e i A= 4w
MPEE TR, 5 B TR 28% (K 1),
22 RHIENERRAE VTG
LA C. gloeosporioides B XTI AB 4 N A 20
A THU RIS I , TRk RAS 8 MREA A FHUE

AT e ZE SR LR 2, Sitas R BRSP4y
AR AT TR R N AR A Rl ELA PR
Hdr A4 B-11 ,B-16 . B-17 X} C. gloeosporioides
W TR 8. 8 Al 7 mm, VEEE R B-11 Bk
T E— 2 R ARRSE
23 HAEHRIE B-11 HEE

FHIE 5149 27F F1 1522R XFERE B-11 (1 16S
rRNA B K JFFHE T4 3500 5 A58 K/NH 1487 bp
WIS, ¥4 FfE3] GenBank W3R E SN
KY078349.1 K% 75 7E NCBI W3l i1 BLAST
ookt 2 b, 45 R R H 5 DU 3 BT 2F AR A
(CP023414.1) ., FRVER ZFAUAT IR (KT961125.1) FllAk #

MORR BB, Hob B-11. B-16. B-17 X ¢ HAUFFEHQT11983. DIARMIE S 99%o H T

gloeosporioides WINTHACRE W m FIALTEE, o1 BHEAK B-11 B92KHhr, XFmitkittr 7RS¥

#®1 5 NCBIH#EEHLEESRIEK

Table 1 Bacteria closely matching to GenBank sequences

Rtk 5 NCBI | P B e 155 Y P A ALK TS5 HRABAE
Number of strain Maximum similar strain on NCBI Accession number of the similar strain Similarity (%)

B-1 Brevibacterium epidermidis strain NIOT-Cu-18 KJ575060.1 99
B-2 Klebsiella oxytoca strain N7 KM349412.1 99
B-3 Klebsiella oxytoca strain LF-1 EF127829.1 99
B-4 Klebsiella oxytoca strain KONIH2 CP026285.1 99
B-5 Chryseobacterium sp. CZBRN1 KJ184914.1 100
B-6 Stenotrophomonas maltophilia strain ISMMS2 CP011305.1 99
B-7 Stenotrophomonas maltophilia strain W8-12 MG905299.1 99
B-8 Kosakonia radicincitans DSM 16656 CP018016.1 98
B-9 Kosakonia oryzae strain RW070 MHO010121.1 99
B-10 Kosakonia oryzae strain D4 LT799040.1 99
B-11 Bacillus velezensis strain AS43.3 CP023414.1 99
B-12 Bacillus pumilus strain AB12 JX188071.1 99
B-13 Bacillus pumilus strain BPR1 MF000303.1 100
B-14 Bacillus pumilus strain T246 KC764989.1 99
B-15 Bacillus pumilus strain 3L-6A EU379276.1 99
B-16 Bacillus sp. strain JHAR2 1 MG757948.1 99
B-17 Bacillus amyloliquefaciens strain TEB-31 KU143924.1 99
B-18 Leucobacter sp. CSB21 KX289462.1 99
B-19 Leucobacter sp. CSB21 KX289462.1 99
B-20 Agrobacterium tumefaciens strain 1D1609 CP026925.1 99
B-21 Alcaligenes sp. AHJ6 KC492705.1 97
B-22 Alcaligenes sp. DN25 KF432837.1 99
B-23 Labrys sp. NR 4-02 KM253115.1 99
B-24 Staphylococcus sciuri strain FDAARGOS 285 CP022046.2 99
B-25 Paenochrobactrum sp. strain JSB23 MG596953.1 99
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x2 REVERNEMBEX C. gloeosporioides BN F1EF
Table 2 Inhibitory activity of endophytes isolated from Curcuma wenyujin against C. gloeosporioides
Rtk 5 T FE Rtk 5 T GE R
Number of strain Width of inhibition zone (mm) Number of strain Width of inhibition zone (mm)

B-1 5.0 B-14 2.0
B-2 - B-15 2.0
B-3 = B-16 8.0
B-4 - B-17 7.0
B-5 - B-18 -
B-6 - B-19 -
B-7 - B-20 -
B-8 - B-21 -
B-9 - B-22 -
B-10 - B-23 -
B-11 8.0 B-24 -
B-12 3.0 B-25 -
B-13 2.5

e —: BARER,

Note: —: No inhibitory activity.

WSS FRAE AN GE o 5 BT S 4 R AR B R
B-11 MR, JAAZHEE, K/NR(0.94-1.18) pmx
(2.93-3.94) um (K 2), HIEEFHES ZFHTHE
(Bacillus sp)FFFH . PR B-11 A4 BA AL S 4
RUWAR 3, HAMLEE, Mg, v-P W& . vEhK
fiff . ONWERGNE . MRS IR Y B, Y ERZT B E
M CH WANE RS E TM) U, AR 21
FEER A VE A 2R AT BRAN RE A DR TR I , T
¥k B-11 4 U1 ST 2E HUAF58 (Bacillus velezensis).

2 um

2 EHk B-11 FASHHE
Figure 2 Morphological characteristics of strain B-11

£ 3 EHEB-11 BAEIBAE LiF

Table 3 Physiological and biochemical characteristics of
strain B-11

HALE R
Physiological and biochemical index
YRWENRRS Lecithinase
/LR Oxidase
FA 24T Methyl red

B-11

4

5|1 Benzpyrole
TER KSR Amylolysis
Al Catalase test
V-P JlI7E V-P test
25°C

45 °C

1% NaCl

3% NaCl

5% NaCl

7% NaCl

10% NaCl

+ o+ o+ o+ o+ o+ o+ o+ o+

G %5 2 Chloramphenicol

+#8%E ZK Kanamycin

5752 Streptomycin

ANHEER Ampicillin -
W o+ BEME - BN

Note: +: Positive; —: Negative.
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24 FEHE B NEENERENFEREL
A0

PR ASOT IRFVE D 2 TR B-11 RS 2 B, bk
B-11 %73 J& T AR & 1 6 Flvie P it BT 24
FIMRERCR(E 3 A1-A2), HX} B. dothidea
S. sclerotiorum . R. solani . M. melonis .
C. gloeosporioides . F. oxysporum MR To KK
& 5.7+1.2 mm, 17.0£0.8 mm, 16.5+0.7 mm
13.8+1.4 mm. 19.5£0.1 mm. 11.2+0.5 mm, XU
Bk 6 dJm, EBMBE T WELIN, B. dothidea,
S. sclerotiorum . R. solani, C. gloeosporioides 4 Fli
o DL TR T 22 R R B TR TR R YRR RO, T M
melonis 1 F. oxysporum TR 2253 R0 HEAH 2 3

R. solani

S. sclerotiorum

B. dothidea

\.

3 BEHK B-11 X 6 MEE R E AR E

Z(K 3 B1-B2), HOWIFHTFE 6 d JRHZL TR B-11
— {000 0 S TR T 22 SRR BT PDA BRIk b
F¢ 3 d, LIRZIRIREEIRAYTE 22 0O X, 25
KB B. dothidea . S. sclerotiorum . R. solani
C. gloeosporioides WP 2 HIYAGEIE WA K (A 3
C1-C2), XFHIEIE B-11 X5 B 22 1A R IE
(DI
2.5 B B-11 HTE YA

R PAR T8 i TR 7 i R 15 A
BEUIBXITE B-11 R B, JLT 5 . p-H SR pE
P FIVE R R A TR . SEER AT SRR AR B-11 fig
gy BN -SRI R , (ERAR I 2
JUT g 4).

M. melonis

Figure 3 Effect of strain B-11 on colony growth of 6 pathogenic fungus for plant

i Al, Bl, C1 WXTREZ, A2, B2, C2 WACHIZ. A1-A2: SH5H0M B-11 MU 6 R e 2L K2 30 ; B1-B2:
S¥EPUR B-11 XHIEEE 3 6 d J&, B. dothidea . S. sclerotiorum . R. solani. C. gloeosporioides 4 R R 22 MTERE K, M. melonis Fl
F. oxysporum WA %, C1-C2:. 53EHiE B-11 XTE:3E 6 d J5, B. dothidea .. S. sclerotiorum . R. solani Fl C. gloeosporioides

4 Tl SRR ) T 225K 5 PR AERE .

Note: Al, Bl and C1 were the control group, A2, B2 and C2 were the treatment group. A1—A2: Strain B-11 significantly inhibited the colony
growth of the 6 pathogenic fungi; B1-B2: The hyphae of B. dothidea, S. sclerotiorum, R. solani and C. gloeosporioides were deformed and
the branches of the hyphae of M. melonis and F. oxysporum increased after confront cultured with strain B-11 for 6 d; C1-C2: The hyphae of
B. dothidea, S. sclerotiorum, R. solani and C. gloeosporioides lost their regeneration capacity after confront cultured with strain B-11 for 6 d.
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4 B B-11 HIEE Y BT

Figure 4 Detection of antifungal components produced by B. velezensis B-11

TE: A PEARHGE; B WJUT ARG C. )™ B-HIREEE; D P IgEkaE k.

Note: A: Protease; B: Chitinase; C: B-Glucanase; D: Siderophores.

h THEERE B-11 &= AR E R,
FIFHl MALDI-TOF-MS £ ARMAT TRz, K2
DU SA. T ERTEE P = PP LT 3R 1 3 15
FIEEPT m/z 1000-1 100, MFEBEZEWES
T m/z 1 400—1 500, [FIEXTE SA HX 4~
SIS RIE 5B FE 5C, ZEg g AR
%8 T AR B-11 PR RSL S T 55
YoE 2R ILFR 4, KalSs RERBIFEPUA B-11 RBlg )™
AFEBEMRRET AR, AEPHERER . FHEEM
RIMETER =26, HP ORI R 0 (e, ™
A A AR RS

0

A
AU (10%)

1079.65

843.381

—
T

el
Rl
—
"o
—_

o=

Qo

F1152.744

799.391

-1 286785

11367852

L1 463946
~1543.947
1731.069

1
1

2.6 FEIEE B-11 3k K A EBRIER IR
RNzE

AT B A R SR E RSP R B-11 &
TR R TRV 4 B A E R I B TR R B, 48
FEPUIA AR B-11 258 & BE A B i Hos B LA
FIZ I R 14 S I T o B 2 A 2l ik b A
HIFEEY I H R B IARCR AT IE 73%H 64%.
1/2 e B 2518 R VR A D35 25 TR R IR TR AL P AR
Y, 1/4 WREE TR R BER AP0 B & TR, b
WEEREH, FEHI B-11 £ R B2 A i
BIEIREAT R RIBTIARCR (R 5).
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Figure 5 MS chromatograms of lipopeptides from strain B-11 by whole cell in situ MALDI-TOF-MS
TE: A: WHPE B-11 m/z 800-3 000 JE %A ; B: JRIEE A Hom/z 1000—1 100 JEEBER; C: JRIEE A Hhom/z 1 400—1 500 JERak.

Note: A: MS chromatograms of lipopeptides for strain B-11 of m/z 800-3 000; B: Enlargement for A of m/z 1 000—1 100; C: Enlargement for
A of m/z 1 400—1 500.
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Table 4 Analysis of iturins, fengycins and surfactins from strain B-11

JEAZ EE m/z

1% Tonic type

k&% Compound

Iturins
1053.5
1067.5, 1 083.5
1081.5,1097.5
1095.5,1111.6
1 109.5
1 066.7, 1 082.6
1 080.7, 1 096.6
1 098.6
Fengycins
1435.8,1457.8

1449.8,1487.7,1471.7
1463.8,1485.8,1501.7
1477.8,1499.8,1515.6
1491.9,1513.8,1529.8

Surfactins
1 044.6, 1 060.6
1058.7,1074.6

[

[M+Na]', [M+K]"
[M+Na]', [M+K]"
[M+Na]', [M+K]"
[
[
[
[

M+Na]’, [M+K]"
M+Na]’, [M+K]"

[M+H]", [M+Na]"
[M+H]', [M+K]", [M+K]"
[M+H]", [M+Na]", [M+K]"
[M+H]", [M+Na]", [M+K]"
[M+H]', [M+Na]", [M+K]"

[M+Na]', [M+K]"
[M+Na]', [M+K]"

Bacillomycin D (Cy;)
Bacillomycin D (C;,)
Bacillomycin D (C;3)
Bacillomycin D (C4)
Bacillomycin D (C;5s)

ItutinC (C 1 1)
ItutinC (C 12)

ItutinC (C,s with a double bond)

FengycinA (Ci4)
FengycinA (C;s)
FengycinA (Cie)
FengycinA (C,7)
FengycinA (Cis)

Surfactin (Ci,)
Surfactin (C,3)

x5 EH B EEAER KR ABIRERPEAHR

Table 5 The protection of strain B-11 cell-free culture on Dendrobium officinale against C. gloeosporioides

b3 R EAR M2 R TibEps &
Treatment Diameter of speckle (mm) Inhibition rate (%)  Disease incidence (%)  Control efficacy (%)

X #& Control 4.58+1.34a _ 100 —
i3k Jianda 2.93+1.99b 36 76 24
1/4 e 5 = R Wk 1.73+1.78¢ 62 51 49
1/4 Concentration of cell-free culture

1/2 Y 2 Ak 1.20+1.69¢ 74 36 64
1/2 Concentration of cell-free culture

L R BER 1.24+1.72¢ 73 36 64

Cell-free culture

W AFFERFIRES B P<0.05. - MG

Note: Different small letters are significantly different at 0.05 level P<0.05. —: No this index.

3 WikE%R
AWFFENIRAB G A ISP BIRA5 T 25 RN
AT, RSN A AT JE T AT I (Brevibacterium
sp.). biEs FRAT B (Klebsiella sp.). FFFH M
J& (Stenotrophomonas sp.) ¥ ZE- A [ J& (Bacillus sp.)
12 DARIBYJE, R R RVIRAR G ZE
WA ST, HRABRRIIF RN E. )
WA RS R AATE TR RIAR . 25 i AEFAR LSS

PR, R BRI R Y B 2 7,
FHLTEPILIRAAAR . 25 MR bR R AR
SRR T 7B MmEE, KIN—SNERR
A R —E A —E, IS s
Jo 2 0 e e AU A LR < B 2R, TR AR
Rt SR B AT 341 o ASBIEFE AR AR G MR 255 N A 40
AT R T THIERESE, AR R e TR AR 4
£ MR S AR — T
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TEOr BARAFIRAR 4 P9 A= A v i Sty L, ARAIESY
DA B A b e R TR A K B A T T 5 0 T 1 O
e, R 8 PREAMBEIE A, bk B-11
T0RR A5R A nk 2 M 8 A DL 3R B 2F AT TR (B.
velezensis). B. velezensis J& T 2T iE, ZHH
YR T V4 BEF b i —FPFR Ry <V élez” BT i
YR BRI LI, B. velezensis &—FITE
T T IZ AN AR, IR /N R
VT PR B TR 4 22 R 1 I T B A B A
SRE20 AR A G A LA FOR R R . A
W B B. velezensis B-11 R S50 8T 6 4~
J& AR M I B A T IR 3, SR R IR
AR SR BT, AESE T BT — 00 Fr s D R TR 22
PRAERTE . RO 25, b 4 B R TR 22
REFHERETT . BREBHZ N A AR
DTS AR PR TS, 10 BRI 4 PN AR 4 TR T A
A BT RAEORTE, AR A AR AN T IR R T
PRHE TR

FEHUR I R AE A S LR AR T E n AR
/R 8 S () 7S R ek i NS B PO e =X /] e
ROBRPUAR . BB RS M TR 4ER
Mt JUT BTl . A SROMERG | VA A ) fe S BN
R A A A 0 BTNl s S R B, RSP B
velezensis B-11 BB A5 25 (A | -7 SR AR B AN 2%
REAEIUT BilE, RN B-11 B REAE
FEMIEIEIUER, WP R FER
MRATEMER 228, Hrh PR 0y g i 5,
P I s T PR IR RS . Xu SRR T
¥k B. velezensis ZJ20 ' B-1,3-1,4-% MHAEIE , I
ERAFRE P IRE, B EALSEIH B.
velezensis ZJ20 F=H:1¥) B-1,3-1,4-1] W HAT VS o
YERT o 2T 1 3R (Surfactin) & Jig IR HTAE R —
Fr, MWIEEVEANTE B. velezensis H3 iy Bi15% 2 Y
Surfactin &ML Z R BOR AR 0 £ KO

R KA AR IR 2 A1 3 R B A AR T2 B
Z—, AR AHIFIEE C. gloeosporioides Jy4EFh
A, DB I (b ) AT BR A w4 9 R I 7

T2 s R B ] R A R S
i T R B. velezensis B-11 X4k 5z A1 ik A JELI 1Y) D
BRER, WK B. velezensis B-11 21 & T
BRI A BIER I BTIE R R 64%, HBTHARCERER
TARZER, CHIIEKIN B. velezensis REIE T
KM # g BRI BTG, i T4k e A ke
JELIA (1) 85 96 U A DL, ASBIF 5% R 4k K A b I
SEILEYIBIR R IE TR R . 28R, AR
SR RN, BT R R RR AR S 172 VRSN
V4 WREEW) R, 13X 5 52BRAE P b e A i
B, N—#NTFRE B. velezensis B-11 BEARTEFPIIA
WIEFETEOL . MHAEYIAER RS2 . Hil& T 2K
FH (] B AR 55 TR, Al 426 Bl N AR TR SR
TERPRERL 2= A
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