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Structural Analysis of the Antifungal Antibiotic from Bacillus sp. YJ-63. Jeong, Yong-Kee, Young-Joon
Shin, Myung-Ju Jung'!, Woo-Hong Joo?, and Jae Sue-Choi’. Department of Microbiology, Dongeui Univer-
sity, Pusan 614-714, Korea, 'Department of Biology, Kyungsung University, Pusan 608-736, Korea, *Department
of Biology, Changwon National University, Changwon, Korea, and >Faculty of Food Sciences and Biotechnology,
Pukyong National University, Pusan, Korea — Structural analysis was performed by the 'H-NMR, *C-NMR, amino
acid composition analysis and FAB-mass. The instrumental analysis represented that the potential antifungal antibi-
otic belonged to the iturin E group antibiotic, consisting of 7 a-amino acid residues and a collection of 3-amino acid
with aliphatic side chain. Compared to the Iturin E group, notably, the potent antifungal antibiotic from Bacillus sp.
YJ-63 carried longer B-amino acid side chain. In conclusion, these findings identified a potential antibiotic, which
contained a stable cyclopeptide structure with long $-amino acid side chain.
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[5,7,14]. 19581 Watanabe 5°] Streptomyces®] HAMAFE
oA wWEgHe] A=A 37} 9l blasticiding ¥23}
910m[13,22), 19645 Umezawas—< Streptomyces kasug-
aensis2] WARFE F 217A] AYEZQ] kasugamycinS:
Halsle] Ag3lsledoh11]. = 9 polyoxin, validamycin,
leptomycin, phosmidosine 52| T4 FYEZ] gl
1H1,9,13,17,22,24], $¥313] ALIE7 7121 B4 5 9
RS 7R 9o, olE dlF-Eel WA W Il
£ AARTE 3l dAREEe|Th Alatol] o] EnEe
RATA FYERZE= Bacillus subtilus7} AAFsR= iturin
[3,16], bacillomycin[10,21], mycosubtilin[2,18] F°] %<&
| Pseudomonas’} *3A¥8R= pyroliniturin[6,12]} pyolu-
teorin[8] 5o| UL ol 1 AL kT o} u|of
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Eoko gz e 2|8t Bacillus sp. YI-63[1912] 3F3o]
A FAYER AARE At 27] wiekE LBEA|(1% tryp-
tone, 0.5% yeast extract, 0.5% NaCl, pH 7.00% AM8-3}
31, 35°ColA170 pmeZ 1847 Awjokst F B wiek
2(1.5% soluble starch, 1% tryptone, 0.5% yeast extract,
pH 6.0)[20]1l 2%(v/v)EIAl HZ3ted 30A1ZF wiek F UA
FEgle] 1 ASAL o]83
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ek AeAE Fig. 19} 7] Rel, AAlRIer] £25
89l3l7] 23led thin layer chromatography(TLC)E 383}
Act. &, wiF AL butanold o83l &3 F rotary
vacuum evaporator(Buch:REIIl, Switzerland)ol A 553+
ok, o] AlZE methanolel] oA silica geloll F2A|HA
ethyl acetate-methanol-water(60:8:5)3 ©]-83}o] silica gel
column(silica gel column 60, Merck Co., 70~30ml),
Sephadex LH-20(25~100 1, sigma) column(@1 x 50 cm,
bed volume 35 ml) chromatographys #3lict. 1 o3&
Bondapak C)g column(3.9 x 300 mm, waters)y& ©]-8-5}o]
2 05 mlE B35l on, 7422 UV detector(278 nm,
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'H-NMR  spectrum® Bruker(German)*}2] DMX 600MH;
NMR spectrometers AME-31]om, 40+ D,0, W &
FEAZE tetramethylsilane(TMS)YE A3}, chemical
shift= 63t2-2 part per million(ppm) %$] 2. Vehic)

BC.NMR spectrum. BrukerAl2] DMX 600MH; NMR
spectrometerS ARSI o™, S9l= CDCL, WY EEE
AZE TMSE AM3}e] 'H-NMR3} Zo] oo viepd
A

op| Al ZA), ofu) Al AR S EH-E 6N-HCI
o] o] 110°CollM 24412 ¥HSAIA 7HE8lgt § Pico-
Tag H[4]0 ofs) BA 31+

FAB-mass spectrum. JeolAl®] JMS-HX 110/110A
Tandem mass spectrometer® AM8-3}e] positive FAB-MS

o2 RS FAsH.
gzt ¥ nF
EEE0IY SYUERS P=EY
2], A ol SMIEHE TLC plate(Kieselgel

60 F254, Merck)® o] 43k $52 ¢l (Fig. 2)3t ¥ &
FAEAL] FxF FAEeNFig. 1).
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Fig. 1. Isolation and purification procedure of antifungal anti-
biotic from Bacillus sp. YJ-63.

A B C D

Fig. 2. Thin layer chromatography of the active fraction from
HPLC. A, chloroform-methanol-water(65:25:4, Ry=0.42); B,
butanol-acetone-water(4:6:1, Ry= 0.55); C, ethyl acetate-meth-
anol-water(60:8:5, Ry=0.11); D, dichloromethane-methanol-
water(65:35:10, Ry = 0.65).

"H-NMR spectrum

Fig. 3214143 0.6 ppm3} 1 ppmAltelol] x4 3sh&
o] "t methyl”]2] protonol] 7]1Q13F= signal®} 1 ppmst
4ppm Alelell methyl group©l“} methylene group$]
protonel] 7]¢131= signal& B3, 6.7 ppm3t 7 ppmell A
benzenedke| protone]] 7]Ql1ER= signalg- Boich & B 3
AEAo] methylenes} methyl groups 2 AHS 33}
£ benzene®he 7HAT Q5S4 ek

BC-NMR spectrum
Fig. 41213 10 ppm3} 60 ppmAtelel] A< 23HE
2] carbonel] 7]218}:= signal®} 100 ppm3} 150 ppmAle]

Fig. 3. "H-NMR spectrum of the antifungal antibiotic from
Bacillus sp. YJ-63.
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Fig. 4. >C-NMR spectrum of the antifungal antibiotic from
Bacillus sp. YJ-63.

ofl benzenedke] carbonol 712151 singalS Hid B3],
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116, 128, 131 ¥ 157ppmS EH29, 170 ppmel A
180 ppmAle] el  carboxylic acid®] carbonel] 7]l
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FET ofu]ieAtel tyrosineo] EAI UL & & UL
ot.
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AAR A E-L olv|xAl 22 Table 13 2ol
aspartate(asparagine), glutamate(glutamine), proline,
2 tyrosineo)™, T & FEM|: 3:1:1:1:1 o|gth

serine

FAB-mass spectrum

Bacillus sp. YJ-63225€] F2|3t shFsgelAd SAYEA
9] Bxlekg orol® 7] 93 positive FAB-massS 33} 2
= Fig. 534 Ze] [M+H]"®] peak’} mvz 1072, m/z
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Table 1. Amino acid composition of the antifungal antibiotic
from Bacillus sp. YJ-63

Amino acid Amount (nM/ml) Molar ratio
Aspartate Asparagine 3.844 2.66 (3)
Glutamate Glutamine 1.447 1.00 (1)
Proline 1.445 0.99(1)
Serine 1.043 0.72(1)
Tyrosine 1.137 0.79 (1)

1886..58

Fig. 5. Positive FAB-mass spectrum of the antifungal antibi-
otic from Bacillus sp. YJ-63.

Bacillus sp. YJ-63225€] B3t -FsdolA] FPEA
o] 725 M8 & A 7129 B subtilis F3 iturin
A REAR 712 T2 HARRE ebligde). TurinA
FAEAL B subtilis2HE AAEE R JAEA
24 7R o-amino acid?t 1712} P-amino acidZ} A¥
g 3HAe] F2E B-amino acid® methylene”]9] 4ol o}
gt '’ Heltle] TUst s EAolekE o8 TAE
& Y wAgv) STRIE Sxld B4 FolElde
Ba7} QJoh3]. Iturind 3AEAS £7H+ o-amino acid
o] F5} = 2 B-amino acid®} AZ2¥ «-amino acid
o wiel JHH, o5 EF Wkt uagE e B-
amino acidZ ZH=TH(Table 1).

o-amino acid®} EXjE0| g 25

Table 194 X Feljd o] AL Asx 3,
Glx 1, Pro 1, Ser 1 ¥ Tyr 18] olnxAl E/9} E%

S 7FAt}h ol2ig ZI:= Table 29 iturin A, iturin
C, iturin D ¥ iturin E9} TU3 2A7 =5 ehisd

Table 2. Iturin species found from strains of the B. subtilis

Tturins 0-amino L1p1f1-Pept1de
acids linkage

Iturin A Asn3, GInl, Prot, Serl, Tyrl
Iturin C Asx3, Glnl, Prol, Serl, Tyrl

. -B-AA
Iturin D Asx3, GIx1, Prol, Serl, Tyrl Ser-f
Iturin E Asx3, GIx1, Prol, Serl, Tyrl
Mycosubtilin ~ Asn4, Glnl, Prol, Serl, Tyrl Asp-B-AA
ﬁacillomycin D Asn2, Ginl, Prol, Serl, Thrl, Tyrl
Bacillomycin L Asx2, Glul, Ser2, Thrl, Tyrl Thr-B-AA

Bacillomycin F Asn3, GInl, Prol, Thrl, Tyrl
*B-AA is the abbreviation for the liposoluble B-amino acid
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o}, Iturin A¥E asparagine, glutamine, proline, serine %
tyrosine® 2 TAFEe] 9lem jtrin C2} D& iturin A2
asparagine®|t} glutamine % ¥ht}e] o}w|xAko| aspartate
v} glutamate® WEE FeNZ lrin ARTE ER[EFO] |
Z7H%. Irin C %3] $40] gl F=2olth 2
2], iturin EX iturin A®] asparagine®]“} glutamine %
slbe] ofum|xAko] aspartatet} glutamate® HEHE F
methylation® ElE iturin ARTR= 15 718 EAlekS
7HA™ irin DECRs 14 70 2ARRE ZH=th Table
3o+ iturin A, D ¥ E2| B-amino acidel] whE HAjeke
el on, 22)d @44EDS FAB-MSA 1071,
1085 % 1099«1 RS Vel 143}e]7) s MR
o2 BxlES B9dEd], o] B-amino acid®] methylene
T2 2ol = Lﬂﬁ‘:} ol Al 7 ¥ FE o ¥}
#Fg e & o FE% FAUEAL iwrin DY Bl &3
S & 5 Uk 2y R SEA-E 7] Al
iturin Du} Eell B8] B-amino acid®] methylene™7} ©]
S 4 5 U, ol o] A gle] Fast
@-‘*}i Ata .

Table 3. Identification of the antifungal antibiotic from Bacil-
lus sp. YJ-63

B-amino acid

Iturins

Cus Cis Cis
Iturin A C48?17(;I:21§OM C491('117815\I6|§014 Cso?;(t;l;f(; ;014
lturin D C4sl(‘117811;;015 C491(1]7815\171;015 Csol({l7817\111;015
lturin E C491({17815\171;015 Csol(‘117517\111;015 C511(11781;51;015

Table 4. TLC of Iturin group antibiotics and the antifungal
antibiotic from Bacillus sp. YJ-63 on silica gel 60 in various sol-
vents

Table 5. Comparison Iturin E with the antifungal antibiotic
from Bacillus sp. YJ-63

B-Amino acid

C14 C15 Clﬁ C17

MW 1057 1071 1085 -

Antibiotics R
Solvent A Solvent B Solvent C

Iturin A 0.35 0.53 0.45
Tturin D 0.18 0.35 0.34
Iturin E 0.60 0.77 0.83
Antifungal antibiotic

from Bacillus sp. YJ-63 0.42 055 0.62
Mycosubtilin 0.26 0.48 0.45
Bacillomycin D 0.21 0.40 0.42
Bacillomycin L 0.16 0.38 0.38
Bacillomycin Fa 0.47 0.45 0.63
Bacillomycin Fb 0.23 0.39 0.42
Bacillomycin Fc 0.15 0.30 0.36

solvent A: chloroform-methanol-water(65:25:4)
solvent B: butanol-acetone-water(4:6:1)
solvent C: chloroform-dimethylformaide-water(25:22:3)

3 *
frurin B A 53 35 11 -
Antifungal antibiotic =~ MW - 1071 1085 1099
From Bacillus sp.YJ-63 B - 33 52 15

*: product of Bacillus subtilis grown in a brain-heart infusion
A: % / total B-amino acid
B: relative concentration on FAB-MS spectrum

TLCAO| wE 87

Bacillus sp. YJ-63 f=l o)A JAEAL iturin
D¢} B9 278 $3l 7180 w3l o7 iturind] FAE
Zae] MR o2 371 LA 1064 TLCH S Bl
3}9dvH(Table 4). L A5} 7]Ee) 8313 iturind] FAEA
= o2 RE B9t AsfEZL] Aboldhe el
7t Al M Rl F3HS vl waldel. Table 4ellAe} 2
o] jturin D¥ solvent BellA 713 L& RE RYX
solvent A%} Coll= ZhAasl= AIAE ¥l oy iturin E9)
7% solvent A9lA] BE 0.17%] Ry £7}¢} solvent BollA
CZ 0069 Ry 37H8 Egich 28" SAEA =3
iturin E<} #ko) solvent AoA] BE 0.139] Ry 719}
solvent BellA] CZ 0.07¢] Ry 2715 Xed iturin Bl <
2 galalde

E2ost s=E=H0|N SMER T iturin B2 H[

Tturind] &2 B-amino acide ¥iA] FAdel e}
o2 eAPE 7 Ho eibgr) S-S xR &
Ao] Z7bdel= 213 lok Irin B 7% B-amino
acid®] g5 16707F] #8132, Table 59} 3Fe] §4
gt wjR]ellA AA B-amino acidel| W C 7t 7HF HaL
Cis, Cie2l oI}t 28 Bacillus sp. YJ-6304 £-2]3t
ol MYEAL 2 EAE AL 9lem,
FAB-MS|A A el F%F vlwd o) Cye0] 7MaF w3k
3, Cis, CrATe] .

o OF
i =

0 2 5E] —:—ﬂ?ﬂ- Bacillus sp YJ-632 2 HE] 3EATA
A8 Avpe o5 2

'c}"giza‘% 7719 o-amino acidﬁ} 171®] B-amino acid
7b A¥s ATEE 7P iturin E Al &b 53,
B-amino acid®] methylene 427} 7]29] iturin E ¥} o
B Aoz vepd.
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