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Isolation and characterization of bacilysin against Ralstonia
solanacearum from Bacillus subtilis JW-1
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The inhibitory compound (Compound S) against Ralstonia
solanacearum and its conversion product (Compound S’) were
isolated from the culture filtrate of Bacillus subtilis JW-1 using a
series of chromatography procedures. The structures were eluci-
dated as alanyl-L-B-(2,3-epoxycyclohexyl-4-one)alanine and
alanyl-L-B~(2,3-dihydroxycyclohexyl-4-one)alanine, respectively
on the basis of nuclear magnetic resonance spectral data, in-
cluding 'H, "*C, 'H-'H correlation spectroscopy and heteronuclear
multiple bond correlation spectroscopy. The compound S exhibited
abroad antimicrobial activity against G, G bacteria, Saccharomyces
cerevisiae and Candida albicans. The activity loss of the con-
version product revealed that the epoxy function was essential
for activity of Compound S.
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(Tans-Kersten ez al., 2001) T 3t AR 2] £A41-8 x5}
kA A& W Q421 Ralstonia solanacearum©l] T3t A =3¢
B = o} 2] % 2 2 Q] YA o|ti(Fujiwara et al., 2011). &
FAlo A Fahg o] gt AR WA LS gisiol,
Enbe} 150 17 Eopo RE 29 Fukey el
ZAl(in vivo pot assay ol A 80% B AANS HQl A5
2J5}o] 168 IRNA 971412 47 wjof o Alsfal =
o) A3}V Bacillus subtilis JW-1 (0|3} IW-1 4-5) & 545}
AYrggst At A Al E o) 71 EHF ALK CTC33068), TW-
vfjoFolof| A EXAJE O & novel surfactin isoform ¢l JEZ -2
Agom fefsto] 2o §AE Hirst¢tKKwon and
Kim, 2014). JW-1 afj o] A EntE5 < A5 de &
5= I} of| A] surfactin isoform ©]2]9f| R. solanacearum©]|
5l 735t in vitro antibiosis & X 0]= A 2] &4 &2 Compound
S} conversion product 2 524 =]+= Compound S’ 2] ZXxj7}
shelegich Aol IW-l FEAF AR e
antibiosis 245 U= As] @45 22, 54 A
£ ANElR, TR S T A S SHlsaa)
shet,

TW-1 0] BB YARS Sl 22 v 12 Aurely]
213} Nutrient B X], CDox Hl X](sucrose 30 g, NaNO; 3 g,
MgSO,:+7 H:0 0.5 g, KC1 0.5 g, FeSO4+7 H,0 0.01 g, K,HPO,
1 ¢/L, pH 7.2)2} GA B Z|[K-HPO, 7 g, KH,PO,4 2 g, MeSO, -
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7H,0 0.1 g, (NH4)2SO4 1 g, yeast extract 0.05 g, Fex(SO4);0.15
mg, MnSO4-H,0 5 mg, CuSO4-5 H,O 0.16 mg, sucrose 13
g/L, pH 7.0]0]l Z+2} 345} 200 rpm, 37°C 0| A Hlj 5}, wh
2A17kate} pH S}, v 2] F57- 2 vl F Aol whE A Hie
o SdZ S5l A A2 620 nmo| A o] SF =R
245} a1, FYE2 AR R solanacearum©]) T St antibiotic
activity £ paper disc diffusion method 2 =45}t 2 A
of| A AR&-H R. solanacearum-2- 5 Q181 7] &l of| A FoF &t
St 7o e ol A E AL 5of EnpE oA Rt ot
£ AE-3FA ) Tryptic soy agar (Sigma-Aldrich) plate©] 100
ule] R. solanacearum broth (10 CFU/ml)E 53} top agarS
25519 =3 bioassay & plateof HiFe 20 pl 27t
paper disc (27 5 mm)& &1L 37°Col|A| 24 A 71 v st
of Lhehi 41 A ghe] 2712 BAEE et stk v
ol whek w#A| Aol Aol 7t gl o, AsEd-
T 2to] & HrEF . Nutrient ¥ Z] of| A= ot A] 43782 2 o]
Folfl ot Ed=4 AYAto] ] o] o] A] ¢FokaL, CDox
i 2] o] 7 25 A ato] miu| gt Wb ol GA v A] ol A=
w2 oA AT =2 S Aol o] ol Rtk AR 1)
AAD. o] ZA] JW-1 o+5=90] SdE4 ik s o=
sucrose, 24 S 2 = ammonium salt7} E3}+4 Q2 & 4=
Sic. A o] M T S AR KRS 131 GA v
oL A IW-1 5-9] vy S Ak 23k Al o] At

=
4B Aato] o] FA|o] o] oA A0 Uektl,
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Fig. 1. Time course of production of Compound S by Bacillus subtilis
JW-1 strain. The diameters of inhibition zones (mm) included the paper
disc diameter (5 mm). The data are the means of three replications.
Vertical bars indicate standard deviations.

el o] pH W 3h= A3 A1 71=7.0001 4 6.0 2. & ZF4s)
HTPHThA] ARho W) 16 A7bAfel] pH 7.00] =kt 5 5
A EJT7F 24417 5 pHL ThA] A325517] et A0 1
ERtth 24 o] AARE vl SF 16A]XE, pH 7.00]1 4] Z]aLo]]
IS THFig. 1).

Ed At 78 B A Q1 GA viA| | A TW- 135
16 A1t B et B FH(S L) 2= E] BdE4 S activity-based
fractionation®f] ]3| &-2]5}1t}. vl kol 6,000 rpmoj| 4] 15
B7F Al B e] 3 & A= oH-S- Amberlite XAD 16 column (3.5
x 45 cm)ol| SN 7| 1L 2742 A2 3F T methanol & 8%
AlA 7t 5=35t T silica gel column chromatography (silicagel
60, Merck, 3.5 x 45 cm)E-ethanol: H,O (10:1) &1f] 2740 &2 3
3o} 4 REFI-FO, 14 2 S a}oich. BHRIS o)
71 5=3) o2 70% methanol -2 ©]-8-3}] Sephadex LH-20
(Pharmacia) column chromatography < 3§3+ & 2= Ha|a}
A © =2 HPLC (Waters, C;5 pbondapak column, 1% HCOOH:
MeOH = 87:13 isocratic system, 210 nm UV detection)2- Al A]
3}o] compound S (39 mg)2} S’ (15 mg)-S E&] 3}k 22t
compound S} S*-& TLC plate A}o]] Z+Z} single band (silica gel
60 F 154, Merck, 1-butanol-acetic acid-water =4:1:4, rf = 0.372}
0.24) 71231 Z+ZFHPLC 9] T peak (1t 15.2 min 2} 11.8 min)
2 Helso] 2m7} lE|eleh

TLC plate A}of| 4] ninhydrin positive$t Compound S band
£ 2% 4-(p-nitrobenzyl)-pyridine acetone -8-(w/v) (©]3}
NBP reagent) 0. 2 sprays}il, 110°Col| A 5527 7143t & 4]
3l 2 10% (v/v) tetraethylene pentamine acetone -8-H4-2
spraySlH $1-2 L=-ghA ulElof blue spot2 LFEF ©] epoxide
FZE 23S & 4 9l It Hammock et al., 1974). 2|3t
Compound S (2 mg)2 2 N HCI -8 of =03 105°Cof| A 124]
LA AR E A AR T2 2 N NaOH = F8FA 7] & TLC
(Silicagel 60 F,s4, n-propanol: water =7:3 v/v)& j5}H F= 7}
9] ninhydrin positive spot, alanine (rf 0.22)7} A = X| &=
amino acid (rf 0.57)7} 221 %] o] compound S+= alanine} 57
T R] &F& amino acid2 A% dipeptide 2 A = itk

Compound S¢] -2 ESI-MS, 'H NMR, *C NMR, 2D
COSY 59 datags 7 2 223} Electrospray ionization
(ESI) mass spectrometer (Hewlett-Packard) positive mode=
BA8 A7 (M+H)  peak=m/z271.19] LEFgtT] BA}A1e
ESI-MS2}NMR (Brucker AV 500) datao]] 2]3]] C;,HisN,Os =
=A% 9t} BC NMR spectrum©]| 4] 127} carbon signalo] ¢
Q1% %1 6, DEPTO] €]} carbon 2] multiplicity & 2218 4=
AATH1 x methyl, 3 x methylene, 5 x methine). 3t amide
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carbonyl resonance (6 173.3 ppm), T 7§ ¢} amino acid a-
methine group (6 51.32}51.0 ppm)3} carboxyl carbon (6 174
ppm) peak &4 = Compound S dipeptide 2 S = 9it}. 'H
NMR spectrum]| 4] Cal proton & 3.66 (g, /=7.0 Hz, IH)2}-6 1.59
(d, J=7.0 Hz, 3H) 2] doublet 2] coupling®]| ©]3}| alanine residue
9] H-al #}methyl group &2 ZFQ1 =] AT Triplet2] H-a2 (6 4.24)
7} C-32(6 51.3) methylene carbon 7] HMBC correlation©]
gkel% a1, 5 H-B2 (6 1.75, 2H) methylene proton H-1’
methine proton (6 2.31)2} coupling2 ¥ ¢ -C,,H-CH,-CH-
o]o] gol %11, §3.16 ppm (dd, J=8.1, 3.2 Hz, 1H)T}+3.55 ppm
(d, /=8.1 Hz, 1H) 5§ peak+= A& A2l a, B-epoxy ketone2]
chemical shifto] ™, H-3" (6 3.55, doublet) 2] chemical shift+=

o |
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CH, CH,
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H,N CH CO NH CH COOH
Compound S’

Fig. 2. Structures of Compound S and Compound S’.

Table 1. "H and *C NMR data for compound S in D,O (§ in ppm and Jin
HZ)

Position S Multiplicity J B¢
al 3.66 1H, q J=7.0 51.0
31 1.34 3H,d J=1.0 18.6
C=0 173.3
a2 4.24 1H, t J=7.2 51.3
32 1.75 2H, dd J=7.2,2.6 34.5
Coo- 174
I’ 231 1H, dtt J=10.2,3.2,2.6 41.0
2’ 3.16 1H, dd J=8.1,3.2 55.5
3 3.55 1H,d J=8.1 54.6
C=0 205.8
5’ 2.41 2H, m 38.8
6’ 1.93 2H, m 28.3

&334 Als4d Al2%

v}Z Fof carbonyl group©] A3} carbonyl groupol] 2]3H
deshield =] 122 LFERATE §2.31 (H-1") peak2} 6 1.93 ppm
(2H, m, H-6") 7+9] coupling©] 221 =] o] cyclohexanone ring ]
Z27} g1 % o] Compound S&] TL-E carbon} proton peak 2]
w7 o] o] o1 Hri(Table 1). 0]/ spectral A2} =31/
dataZ- H]13}o] Compound S+= alanyl-L-3-(2,3-epoxycyclohexyl-
4-one)alanine (Fig. 2) 2.2 bacilysin?} 543t 232 54
1 thWalker and Abraham, 1970).

$481A| E2]% Compound S* <] ninhydrin spray ]| positive
st o, Ak 7hEal $ A AISE TLC plate Aol 5 7l €]
ninhydrin positive spot, alanine X} 5% =] X| ¢F+= oju]| = AFS.
= B2 5] 9] dipeptide compound o], epoxide functiono] &
©]| %] %1 NBP spray reagent©]] T3} 4= ‘LT3 Ko] 2] ¢F
o} epoxide function Z&+5}2] 98- X A}stgch *C NMR
spectrum-2-compound S 2] spectrum I} -3-A}51H THA] epoxide
carbon C2’2}C3’ peak 7} 6 74.3 1} 70.4 ppm S 2 Z}Z} downfield
= shift¥] ©] oxirane ring©] dihydroxy group & & 7}4=E3} &

98-8 24 e ol2] o FBlo] Compound S'7-

Z+ alanyl-L-[3-(2,3-dihydroxy cyclohexyl-4-one)alanine S
2 53% ek

Compound S+= 8- AJefj ol A W7 kA 5 o] %, pH 4
o]alo] AH 2 Aof| =22 0|3 F25]14| Compound S* .2
Z2}E o] HPLC (rt=11.8 min)©f] 23]} &-21%] o] Compound S’
2 Compound S 2] conversion product 2 574 =1tk Compound
SR solanacearum ¥y o2} G, G bacteria, yeast, Candida
albicans ]| )3l A = 733t antimicrobial 4J(Table 2)2 L}E}

U312 4 conversion product 21 Compound S’+= antibiosis &

Table 2. Antimicrobial activity of Compound S (25 pg/ml)

Test organisms Inhibition zone (mm)

Staphylococcus aureus 209 p 13+£0.2
Micrococcus luteus ATCC 9341 12+04
Ralstonia solanacearum 17+£0.3
Escherichia coli AB 1157 15+0.6
Pseudomonas aeruginosa 9027 10+0.2
Salmonella typhimurium TV 119 8+0.6
Xanthomonas oryzae 12+0.3
Saccharomyces cerevisiae 11+£04
Candida albicans IFO 1594 20+0.5

For Bacteria; nutrient agar, 37°C, 24 h incubation, for fungi and yeast;
malt extract agar, 30°C, 3 day incubation

The data are expressed as means of three replications + standard
deviations.

The diameter of inhibition zone (mm) included the paper disc diameter (5
mm).
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AJo] 71 9] §lo] intact oxirane ring -%7} Compound S 2+ o]
A Qo] gl ek

B L Alof| A} 7423k SEutEH biocontrol agent 2 A3
Bacillus subtilis TW-1 vl oFoof| 4] EuSH i oA 2=
a5kt
Compound S+= spectral data?} =3 ZAF 5-& E8 o|n] B 11
% v} Qli= bacilysin} A 3F =2 ¢l o] BF& £ oL, bacilysin
9| R. solanacearum®]| th gt A3 &AL o} &) B E H} gl e
™, 3T E H5Lof| A conversion product Q] Compound S* 2] £
2] = %3] oxirane ring -2 7} bacilysin ZHA] of] 424 ¢]-& 3}
QIS 4= USRI

novel surfactin isoformo]] ©]o] Compound S&

ESF 2|20 bacilysin®] Nostoc sp., Anabaena sp.2} Microcystis
aeruginosa “5-°)| )3}l 733t anticyanobacterial activity 7} X 31
E K Wuet al., 2014). ©ebA Bacillus subtilis IW-1 -5+
SEntEH WA 7| ¥ o] W plant growth promoting rhizobacteria

24 Bk ozt A A7 B2 GEE D e Sele
=2 FAS 3 A 5= biocontrol agent = 2] 7 7|54 o] of
F e g AR,

)

SR wtol| el 7Rt A& 2= A E
S&} conversion product®l compound S’©] Bacillus subtilis
JW-1 HH°*°“°1]*1 U] F=ntETH ] oz Ze A
%213, 'H NMR, "C NMR, 'H-'H COSY9} HMBC %-9]
spectra -4 of 9J8f| 4L27} alanyl-L-[3-(2,3-epoxycyclohexyl-
4-one)alanine?} alanyl-L-[3-(2,3-dihydroxycyclohexyl-4-one)
alanine2 Z}zZ} A =9Il Compound S= G', G bacteria,
yeast@} Candida albicans 50| T3] B I3t antimicrobial

2] Compound

activityS YER, conversion product®] SA4] Ak
intact oxirane ring©] Compound S 2] Z-4Jof L7

A

LAt 2t

H A= 20161 %E AAThsHL

ol 70|32,

U] Au] 2] Lo 23]
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