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IRIT K S W e Y T B R R A R
ol TR 24 M T AR AS DB T 3 K e 7 AR xE DA
PRI B 7 - 2 €0 B DR 18 A 0 2% TR R R By i K 7 3R
B T A I TR

WAL 2R AT B (Bacillus cereus) & — Fh % i 17 78
(22 (TP B8, J8 T 2F #4T B8 (Bacillus)
S5F =& MFTHE (B. thuringiensis) 30 2 fAFF #
(B. anthracis) %Y F BA 14 22 3 [R) i) 3¢ 7Y AL R 7Y
FEME  ELA O PR EE TCTS By A WA ) 1k R ROR
e AW B 6 D0 0 A T e Lk 40 30 D 1) A ) A T
FUBGVE S0 oAb BT 5 3 W F 2F AT 3 R = 2
EE TR AR 2R R RSN EER DK
FER VEBU R P B AR R 2 AT TR A AR
SERE I e A WM 2 O T AR W i BIE Y A%
R . ATRELH IO SE e B, BHE T AR L 3k
M ZE AT B AR ) B 2 Al A s T L g
SOV PR O 8 A B L B RE ZF AT IR BWL-001 A9 £ 2
SEC o8 ) s i K B A R T . R TR AT S IR A 2
AT BWL-001 AR 5™ 4y v JT i 3 5101 38 74 19 1k
UG i T 2R oy B 75 vk L AR bR B2 HUY) b )
B EA HOE R IR IS PR S AL G W L A I BT iR K
7SR BE IR P Y S 00 B DR A A ) 2R T ) A F
AL

1 MHERFIE

1.1 ###
1.1.1 MR

TR T 2016 4F 7 AR H R ENE R S W EIR
PO AR (19°4"11"N,109°10"37"E) o M Hf1 43 85 H it A
ZEALAT B BWL-001, B8 b — BLA7 BT 1 1 U v K 2
Py UG A B PR W E SR
1.1.2 Z&MELRKA

ZY]-S B TAE & R s b i & A R A D,
1o ASOBAH 5 A CH AR S A\ o TR A € 1 AR
G4 252 7))  EYELAN-1100V-W B jig % 2% Rk A%
CH AR Gt A 2 bk X 240D . YOKO-ZK Wi F =0 %
A AT A GRILZ R AR & A BRZA FD , Sephadex
LH-20 #E g (g R 235 4 R A R, YMC-Pack
ODS-A 3% (10 mm X 250 mm,5 pm, HA YMC
/3 F]D , Bruker AV-500 MHz #8 5 4% i 3 9= 1 (Fig 1
Bruker /A F]) , €8 3% #E BE B (5 9L T R
A AR R SRR R B SENE R 1 TR
HIRAH,

1.2 A&
1.2.1 BARBEL

ERWEMEGH TAEGHNA LB Hi7 3 (HRE N
10 g/L BERRREUK 5 g/L. & 4k8 10 g¢/L.pH N
7.2 =7 4) KABL K I 2L & W 100 i, 4 1 000 mL
9 = F HEFE 0 T in A 300 mL A9 B 3R 76 121 C 1Y
TR K A B R K A 20 min. 15 SR IR H S HERR L
I 120 r/min $ER K BER: 37 3 d L& B2 30 L,
1.2.2 #B 545 %

KA RTE S5 A SRR IR £ TR 26 UK T
W (30 L), R B AW R EHEBURE A % . 2 BOR
Wt R AR RRE Q7.8 9 AR EH
200 — 300 H i 1E FH &£ B FEAE S 3547 b R IE AH B I AR
%5 B R FH A I k- R < TR (100 00— 0 = 100,
V/V)FIZ R ZFe-H £ (100 1 0—-0 : 100, V/VO K&
PEATRB R VR e 245 5 6 S/ (Fr.1 - Fr.6),

Fr.5 (1.7 g) %3 Sephadex LH-20 #E Jit # {4, 33%
2l FH ) S5 85 00 43 185, P38 5 v 00V A 2 3% OK -
HEE15 0 5, V/VO RS & &5 269 1 (4.3
mg).2 (3.7 mg).3 (4.0 mg) M 4 (3.5 mg), Fr.6
(3.4 @) 1 e 4 ik SOMH R A (83l OK-HI i 7 ¢ 3 -
208, V/VO B EEVREIE 405, 88 5 43 Sephadex LH-
20 (4l F ) 358 e A 60, 73 S5 6 J3E R I 20 29 B Jm ik s
ARORORE (A3 OK-FRE 9 ¢ 11,V /V) 258 B Uk 1B 1 45 15
FMEEY 5 (3.9 mg), Fr.4 (4.0 g) &1t Sephadex
LH-20 CAD-HEE 1 1.V/V) 8RR (038 25 86 52 3%
JBt o SR 5 3 2o s OB AR G OR-FBE 1 © 4,V/V) 8
JEr el w82 A 6 (3.1 mg) .7 (4.2 mg) il 8
(4.5 mg), Fr.3 (2.6 g) % id IF MRk A €0 3% 16 B
VEWL T8, LLCTR O BR-H (5 1 1-1 1 1, V/VHIKR R
o JBE DR 0, T 28 R WA (5 OK-H B 7 0 13, V/V)
&5 EEE 9 (3.2 mg A 10 (5.3 mg).,
1.2.3 #AFHEMNZT

K 96 LR o ik s Bk I A BT A Ak A5 4 % IR SC
[CHN A (ATCC 25919) (M3 4E [CHR B (ATCC 14126) ,
A I 9K 3 CATCC 17802) Fl ¥ # 9K @ ( ATCC
17749) (40 T 15 Pk T 5E Ak 6 W) 0 S5/ 10 TR Ik
(Minimal Inhibit Concentration, MIC){H., ik 4 F
PR VR ORI BT, AT T A B B AR R A TV
HBE 25 R A 2 R SR e . BRI R DL S
# (Chloramphenicol) 2 FH: X B, — H1 3 7 A (DM-
SO) 2y B X B, BAK S50 75 vk 2 2% k[ 16,
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Fig.1 Structures of compounds 1 —10

2.2 HEWIKILHE

kAW 1, L& AR, ESI-MS m/2:211. 1
[M+H]";"H-NMR (600 MHz, CDCl,) &,:4.11
(1H,m,H-6),4.00 (1H,m,H-3),3.56 (2H,m, H-
9),2.33 1H,m,H-7a),1.74—2.11 (5H,m,H-7b,
H-8,H-10),1.52 (1H,m,H-11),0.95 (3H,d,J =
4.4 Hz,H-12 or H-13),0. 85 (3H.d,J =4.4 Hz,H-
12 or H-13);"*C-NMR (125 MHz,CDCl;) 8.:170. 4
(C-2),166.4 (C-5),59.2 (C-6),53.6 (C-3),45.7
(C-9),38.9 (C-10),28.4 (C-7),24.9 (C-11),23.5
(C-8),22.9 (C-12 or C-13),21.4 (C-12 or C-13),
AR W AR S SR (17 B — B, PRI S E X
& YR 3-5 T B IR -2, 5- 1

k&Y 2, EHE A MR, ESI-MS m/2:211. 1
[M+H] ;'H-NMR (600 MHz, DMSO-d;) 6y :
8.00 (1H,s,NH),4.19 (1H,m,H-6),3.99 (1H,
m,H-3),3.37 (2H,m,H-9),2.11 (1H,m,H-7a),
1.76-1.91 (5H.m,H-7b, H-8,H-10),1. 35 (1H,
m,H-11),0.86 (3H,t,J =4.4 Hz, H-12),0. 85
(3H.d,J =4.4 Hz.,H-13);”C-NMR (125 MHz,
DMSO-d) 6:170.3 (C-2),166.5 (C-5),58.5 (C-
6),52.6 (C-3),44.8 (C-9),37.8 (C-10),27.5 (C-
7),24.1 (C-11),22. 8 (C-8),22.5 (C-13),21.9 (C-

o IREERE VS B S SRR 18 I aE — 2, e
/TETZ’HQ%%?"] cyclo-(Pro-lle),

L& 3. LEGMIR, ESI-MS m/z:261.1
[M+H] ;'H-NMR (600 MHz, DMSO-d;) 6y :

7.06 (2H,d,J =8.0 Hz,H-2',6'),6.66 (2H,d,
J=8.0 Hz, H-3',5),4.25 (1H, m, H-9),4.02
(1H,t,J =7.4 Hz,H-6),3.62 (1H,m,H-5a),3. 40
(1H,m,H-5b),324 (1H,m,H-10a),2. 94 (1H,dd,
J =14.4,9.2 Hz, H-10b),1.99 (1H, m, H-3a),
1.69 (2H,m,H-4),1.38 (1H,m,H-3b);*C-NMR
(125 MHz, DMSO-d ) 6¢:169.9 (C-1),164.7 (C-
7),155.9 (C-4"),130.7 (C-2",6"),126.9 (C-1"),
115.1 (C-3',5"),58.3 (C-6),55.9 (C-9),44.5 (C-
3),34.7 (C-10),27.8 (C-5),21.7 (C-4), FiR¥#E
WS B 5 SCHRC19 )i — 20, b B e e &l
maculosin,

L&Y 4, R MR, ESI-MS m/2:245.1
[M+H] ;"H-NMR (600 MHz, DMSO-d¢) &y :
7.30 (2H,br t,] =7.2 Hz,H-2',6"),7.22 (1H,br
t,] =7.2 Hz,H-4"),7.19 (2H,d,J =7.2 Hz, H-
3',5"),4.22 (1H,dt,J =6.7,4.3 Hz, H-9).3.62
(1H.ddd,J =12.0,9.4,8.4 Hz,H-32),3.39 (1H,
ddd.J =12.0,8.4,3.0 Hz,H-3b),3.15 (2H,m, H-
10),3.06 (1H,dd,J =10.4,6.6 Hz, H-6),2.18
(1H,m,H-52),1.94 (1H,m,H-4a),1.79 (1H,m,
H-5b),1.69 (1H,m, H-4b);”C-NMR (125 MHz,
DMSO-d ;) 8¢:169. 4 (C-1),164.9 (C-7),135. 4 (C-
15,130.1 (C-2",6"),128.9 (C-3',5'),127.7 (C-
4'),59.2 (C-6),57.9 (C-9),45.3 (C-3),40.6 (C-
10),29.1 (C-5),21.8 (C-4), bR BwE W% 5k 5
SCHK[20 14 38 — 20, 8% 2 iz b 59 A trans-cyclo-
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(Pro-Phe),

L&Y 5. B MARY, ESI-MS m/2:138.0
[M+H] ;'H-NMR (600 MHz, DMSO-d;) 6y :
7.75 (1H,dd,J =4.0,8.0 Hz,H-7),7.21 (1H,t,
J =8.0 Hz,H-5),6.76 (1H,d,J =4.0 Hz,H-4),
6.50 (1H,t,J =8.0 Hz, H-6);”C-NMR (125
MHz,DMSO-d ) 8::169.9 (C-1),151.7 (C-3),
133.9 (C-5),131.5 (C-7),116.6 (C-6),114.9 (C-
4),109.7 (C-2), bR E ik %His 5 Scmk [21 4
iB—2, F % e 1% & 98 anthranilic acid,

EE&Y 6. RFEAFEMAK, ESI-MS m/2.212.1
[M+Na]";'H-NMR (600 MHz, DMSO-ds) 6y :
7.48 (1H.d.J =5.2 Hz,H-4),7.35 (1H.d.J =4.6
Hz,H-7),7.24 (1H,s,H-2),7.08 (1H,td,] =4.6,
0.8 Hz,H-6),6.98 (1H,td,J =5.2,0.8 Hz,H-5),
3.74 (2H,s,H-1),3.60 (3H,s,H-3");”C-NMR
(125 MHz,DMSO-d¢) 8 :172.0 (C-2"),136.1 (C-
7a),127.1 (C-3a),124.1 (C-2),121.0 (C-6),118.5
(C-5),118.4 (C-4),111. 4 (C-7),106.9 (C-3),51.5
(C-3"),30.6 (C-1"), iR A% w3 B a5 SCiik[ 22 ]
3l — B, MO E Z AL B YN indole-3-meth-yletha-
noate,

&Y 7, B AR CHEE) , mp. 168-172 °C ;
ESI-MS m /2 :174.1 [M-H] ;' H-NMR (600 MHz,
DMSO-d¢) 6y,:7.51 (1H,d.J =7.8 Hz,H-4),7.35
(1H.d.J =8.4 Hz,H-7),7.23 (1H,d.J = 2.4 Hz,
H-2),7.08 (1H,td,J =7.8,0.6 Hz, H-6),6.98
(1H,td,J =7.2,1.2 Hz, H-5),3.64 (2H, s, H-
13 C-NMR (125 MHz,DMSO-d¢) 8¢:173.3 (C-
2'),136.1 (C-7a),127.2 (C-3a),123.9 (C-2),
121.0 (C-6),118.5 (C-5),118.4 (C-4),111.4 (C-
7),107.7 (C-3),31.1 (C-1"), iR REN %G 5
SCHRL23 148 — 5, i 2 %465 W08 indole-3-ace-
tic acid,

& 8, AR, ESI-MS m/2:201.1 [M-
H] ;'H-NMR (600 MHz,CDCL,) 6y:9.02 (1H,
brs,1-NH),7.59 (1H.,d,J =8.0 Hz, H-4),7.35
(1H.,d,J =8.0 Hz,H-7),7.20 (1H,dd,J =8.0,
8.0 Hz,H-6),7.11 (1H,dd.,J =8.0,8.0 Hz,H-5),
6.93 (1H,d,J =2.2 Hz,H-2),6.08 (1H, brs, 12-
NH).3.55 (2H,dt,J =6.5 Hz,H-11),2.94 (2H,
t,J] =6.5 Hz,H-10),1. 88 (3H,s, H-14);"C-NMR
(125 MHz,CDCL,) 8.:170.9 (C-13),136.6 (C-8),

127.4 (C-9),122.4 (C-6),121.9 (C-2),119.3 (C-
5),118.6 (C-4),112.5 (C-3),111.5 (C-7),40.1
(C-11),25.2 (C-10),23. 2 (C-14), R K% RE 3%
P 5 SCmk[ 24 408 — 2 LS 2 iz b A8 nb-
acetyltryptamine,

&9, MK, ESI-MS m/x:125.1 [M-
H] ;'H-NMR (600 MHz, DMSO-ds) 6y:11.00
(1H,s,2-NH),10.58 (1H,s,4-NH),7.25 (1H.,s,
H-5),1.72 (3H,s.H-7);"*C-NMR (125 MHz,DM-
SO-d) 8¢:165.1 (C-1),151.3 (C-3),137.6 (C-5),
107.5 (C-6),11.8 (C-7), | 3R # I %% %5 5 5 5C
Ak (25 1438 — 20, B 2 Z A% thymine,

k&0, HEOEER,ESI-MS m/2:82.1 [M+
Nal® ;'H-NMR (600 MHz, DMSO-d;) &y: 6. 86
(2H,brs,1-NH),1. 77 (3H,s,H-2);"*C-NMR (125
MHz,DMSO-d)8::173.5 (C-1),22.6 (C-2), I
AL TG D T R 5 SOk (26 4R — 2L i s g %Ak s
¥R acetamide,

2.3 MEEENELER

P PN G M R A R L A 6 - 8 X
R ot I TR A S 0 S L MIC fE R 12.5
pg/mL, At Ak &9 MIC {53 KT 25 pg/mL,
PEXT IR K 19 MIC {54 0. 78 pg/mlL,

3 &g

AT X T T 5 T 0 A TR bR S OR I Y W A
AT E BWL-001 A 7™ ¥y #E 47 R G058 . iZ T
LB 8593k ke )b o B S E 10 MBS
Y A dE 4 A ZHUR RSP (1 - 4) .3 g A
PIAT AR (6 — 8) DL e 3 A HAh KL A9 (5.9
100, Fir A AL & W E WO E bR B4 3L A& Y
6 — 8 X il ¥ I I A A 58 1Y 4 S R Ak L B SR
A AL A Y 1 AN 4 6 IR A A T T 4k
B2 H 3 R UURH SC BT oI B M i R s LS
6 FLA A K AR TR M X F2 IR 2 AR KA R AR
R Ak A 8 Xob 2% TG BH Y 40 BT L A 4 ¢ €09 4 Bk
W ( Staphylococcus aureus ). JBE B M BR H
( Micrococcus Lutews ) S A7 55 W30 A 35 k70 $f ) 3%
eGP ety rh LB F 2R PR R . AR AU
U RE ZEFLAT I BWL-001 AR 2 rh 43 85 1 10 4~ 50
WAL Y AR AR 22 30 o R0 B 4 ok R
S ] LIS 12 AR v 0 B Ay AT 4 B DA
BRI 2S5 Bk &Y. AR EE TS
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Bacillus thuringiensis and Bacillus wvelezensis and

Study on Metabolites and Anti-Vibrio Activity of Bacillus cereus
BWL-001

HE Jiali'*®,GAN Yuman®"',BAI Meng®',GAO Chenghai®',ZHANG Wenfei'*" ",

WANG Ruiping'?" "

(1. College of Life Sciences, Hainan Normal University, Haikou. Hainan, 571158, China; 2. Key Laboratory of Tropical Islands
Ecology s Ministry of Education, Hainan Normal University, Haikou, Hainan,571158, China; 3. Institute of Marine Drugs, Guangxi
University of Chinese Medicine, Nanning,Guangxi,530200,China;4. Guangxi Key Laboratory of Marine Drugs.Guangxi Universi-
ty of Chinese Medicine, Nanning, Guangxi, 530200, China)

Abstract: The aim of this study was to explore the active metabolites against marine Vibrio {from a strain of
Bacillus cereus BWL-001 isolated from the soil of Bawangling tropical rainforest in Hainan. A variety of
modern chromatographic separation methods were used to isolate and purify the extracts of the strain. The
structure of the monomer compound was determined by nuclear magnetic resonance spectroscopy,and the an-
ti-Vibrio activity was tested by 96-well plate micro-dilution method. The results showed that 10 monomer
compounds were isolated and identified from LB culture medium of the strain,including four diketopipera-
zines (1 —4),three indole alkaloid derivatives (6 — 8),and three other compounds (5,9 and 10). Named 3-
isobutylpyrrolopiperazine-2,5-dione (1) ,cyclo-(Pro-lle) (2),maculosin (3),trans-cyclo-(Pro-Phe) (4),an-
thranilic acid (5) ,indole-3-meth-ylethanoate (6) ,indole-3-acetic acid (7),nb-acetyltryptamine (8), thymine
(9) ,acetamide (10). Among them,compounds 6 — 8 had weak inhibitory activity against Vibrio parahaemo-
{yticus with Minimal Inhibit Concentration (MIC) values of 12. 5 pg/mL. This study enriched the diversity of
metabolites of B. cereus derived from the soil of Bawangling tropical rainforest in Hainan,and provided a the-
oretical basis for the discovery of lead compounds with anti-Vibrio activity.

Key words: Bawangling tropical rain forest;soil; Bacillus cereus ;metabolites;anti-Vibrio activity
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