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Structure Determination of Antifungal KRF-001 Produced
by Bacillus subtilis subsp. krictiensis
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Abstract — An antifungal mixture of six members (component A to F), KRF-001 produced
by Bacillus subtilis subsp. krictiensts was isolated from the fermentation broth. Molecular weight
of component A to F was determined by FAB-MS to be 1042, 1056, 1056, 1070, 1070 and
1084 respectively. Various instrumental analyses (amino acid analysis, GC-MS, 'H-NMR, 'H-
‘H COSY NMR) revealed that the mixture was a homologous cyclic peptide composed of each
one mole of glutamine, proline, tyrosine, serine, unusual B-amino acid and three moles of
asparagine. The structural differences of component A to F were found in carbon number
and terminal structure of the unusual B-amino acid. After determination of the sequence and
stereochemistry of those amino acids, the tentative structure of KRF-001 was determined.
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Fdch(8). KRF-0012] &4 A AREgF HF7e
55 Pyricularia oryzae, Rhizoctonia solani, Bolrylis
cinerea2} Trichophvion mentagrophytes©|sict.
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GC-MS(Gas chromatography-Mass spectrome-
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Fig. 1. Purification steps of KRF-001.
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Fig. 2. FAB-MS spectrum of KRF-001 complex (A,
B, C, D, E and F).
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Unusual ofojic4te] 11X KRF-0012] Aejjx] F&
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4281, D} EZX-E] m/z 4420 “ie|ir FERE m/z
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Table 1. 'NMR data focused on the side chain terminal
stricture in f-amino acid. t; triplet, d; doublet, m; mul-
tiplet

Compound '‘H-NMR signal Terminal structure
at 60.9

Component A 3H, t Normal-type
Component B 6H, m Anteiso-type
Component C 6H, d Iso-type
Component D 6H, d Iso-type
Component E 3H, t Normal-type
Component F 6H, m Anleiso-type
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Fig. 3. Structure of (-amino acid in KRF-001 complex
(A, B, ¢, D, E, and F).
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Table 2. Amino acid sequence data of partial hydrolysates of KRF-001 obtained from reversed phase HPLC (Lichro-
sorb Cis, 4.6X250 nm, elution solvent; 0 to 3" 0.1% TFA and then gradient to 0.1% TFA in 50% CH,CN)

Fraction Rt (min) Amino acid sequence
1 6.9 Asp—Glu
2 7.7 Glu—Pro—Asp
3 8.8 Glu—Pro
4 15.3 Pro—Asp—Ser
5 18.6 Tyr—Asp
6 19.8 Ser—f-amino acid
7 20.1 Ser—f-amino acid—Asp
8 23.8 Tyr—Asp—Glu—Pro—Asp
9 25.2 Ser—f-amino acid—Asp—>Tyr—Asp—>Glu
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-2 A4 (D-amino acid oxidase, L-glutamate de-
carboxylase) 2 o]-&3l vwh 3 CD spectzumm:c D-
3 L-3e slwslolc)h =
Pro, Gln& KRF-001-% 91"7‘37}‘1——53]1 . 0]"@—-4 *E*
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acid oxidaseol] &3l F-3i=g]onE D-339] Tyr
NS Fald 5 9lodck Eg Progl 7% D-amino
acid oxidase= *|z] Fol%x HPLC ¥4} Pro2]
peak7} TojE Folgle] L-3 Prodls #helaled
Ser?] 749+ D-amino acid oxidaseel} ®v}F-&-5] x| Lo}
L-3<]& HPLC #4oz #qlggdon, Glud L-
glutamate decarboxylase®] 2] %] HPLC ¥-4]¢
o}te] Glu®] peak?t Abzbx] L-3glo] shelwiglr),
ghH 382 Asne KRF-001¢] H8-7}is] fr. 1
(Table 2, Asp—Glu), fr.2(Table 2, Glu—Pro

CD spectrum2-

R{CH,})H CHCHgCO"""’“ L-ASH‘“‘""‘* II)-T}’F —- [m_}wAS,ﬂ

NH

L L-Ser =———I)-Agn =—— [ -Pro =—- L-GlU -
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|
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E: R=CH,CH.CH.CH.CH,
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|
CH.

Fig. 4. Structure of KRF-001 complex (A, B, C, D,
E, and F).
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straight chain-g zr3 )+ unusual p-amino acid
7hsAde]l A Rejxict ojel zHE KRF-0019]
AAFx=E5 B o, KRF-001 A-F2] 2+ °]v] Baci-
Hus subtilis = F-¥ X 1% (11, 12) Iturin AAlY cyclic
peptides®} 12| FUI Fxet ALE 5l 22}
ol F 3iHEe] SAS H4¥HEH, KRF-0012 F
AT BA4AE A 5000 mg/Kge & =3 AF54H&
el WFE(7), Tturin AAlY 3382 157 mg/
Kgo &2 73 45 vehi(13), 5 & Aleld=
ol A7 Aol viellr). o]yl ESAJA|F e o
g zpol= KRF-0019] +& Sell+= Iturin A9 +
Z 9} v]A gk H3of 4 (unusual amino acidd 754
o] F) FxA Alo]Ho] EAE slgAe] i &
a7 Uk ol 5 3i3HE vlAlRE xR ajel3H -
B3 A5 ALY A Aeld

2 9o

At ol A& Bacillus subtilis subsp. krictiensis®]
ajoFe o B HE] AlE W Q1A Bl F52 337
AL Vel KRF-00122 &35+ 6709 cyclic
peptide®] HEA (A F)E F2gdch o] 674
peptidese] HAleF& FAB-MS 2343, A7} 1042,
Be} C7} 1056, D} E7} 1070 “28jx2 F7} 10844t}
o] 3 +x2E ZH: ZI7IEAHe 3 siAd)
A3, -2 Foll 184 2] glutamine, proline, tyrosine,
serine " unusal B-amino acid2} 3&-2] asparagine-&
2EAHog zZty glor} B-amino acide] AT}
2ot methyl +20] zfolHo] Qlgd o & Urh
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T4 amino acidZ9] AME3} YAlF3 ARl 23}
KRF-0019 @47x& 2AAsdd
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