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Infectious diseases due to antibiotic-resistant bacteria pose
threat to public health around the wofldEspecially, nosoco-
mial infections caused by methicillin-resistetaphylococcus
aureus (MRSA) in hospitals have become a serious clinical
problem? Glycopepetide antibiotics, vancomycin and teico-
planin, are the drugs of choice for the treatment of MRSA
infections. However, isolation of the glycopeptide-resistnt
aureusandin wuitro transfer of the vancomycin-resistant genes
from Enterococcus faecalito S. aureushave been recently
reported® Therefore, an antibacterial agent which differs from
vancomycin in mode of action is clinically desirable. In the
course of our screening for antibiotics, we found that a novel
antibiotic, WAP-8294A produced by a Gram-negative bacte-
rium Lysobactersp. showed highem wivo activity against
MRSA than vancomycin. In this paper, we report the structure
and activity of this antibiotic.

The Lysobactersp. strain WAP-8294, isolated from a soil
sample collected at Shimoda, Shizuoka, Japan, was cultivate
in a production medium consisting of glucose, soybean flour,
NaCl, and CaC@at 30°C for 3 days. WAP-8294A(1) was
isolated from the culture broth as a white amorphous powder:
ninhydrin-positive; mp 215225°C (dec.); p]?% +42° (c 0.5
H,0); IR (KBr) 3300, 1726-1715, 1636, 1541, 1404, 1207,
1137 cnl; UV Amax (Nnm) (€) (H20) 275 (5000), 280 (5200),
287 (4600); HRFABMSm/z 1562.8224 (M+ H)*, calcd for
CzaH11N17 O21 A0.3 ppm? The UV spectrum indicated the
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Additionally, three unusual amino acids were also detected by
2D-TLC from the hydrolysate and were isolated by ion-
exchange chromatography. Their structures were determined
asf-hydroxyaspartic acid (OHAspN-methylvaline (NMeVal),

and N-methylphenylalanine (NMePhe) on the basis of NMR
and FABMS experiments and were confirmed by direct
comparison with authentic samples. The chiralities of the eight
protein amino acids (except for Trp) and the tanethylamino
acids and Trp were determined by HPLC analysis of thg (
1-(9-fluorenyl)ethyl chloroformate derivativeand chiral TLC
analysis] respectively. The configuration of OHAsp was
determined ashreo by TLC analysis and by chiral HPLC
analysis® A fatty acid from the ether-extractable portion of
the acid hydrolysate (6 N HCI, 11TC, 2 h) was identified as
3-hydroxy-7-methyloctanoic acid (3-OH-7-Me-octanoic acid) on
athe basis of NMR spectral analysis and GC-MS analysis of its
methyl ester, and its structure was finally confirmed by direct
comparison with an authentic synthetic sanfpl€he chirality

of the fatty acid was determined agR) by HPLC of the 3,5-
dinitroaniline (DA) derivatives on a chiral colunif.

The determination of all constituent components from the
hydrolysate and the molecular formulaz§8111N17021) indi-
cated thatl has a cyclic peptide structure with two primary
amides and one carboxylic acid in the side chains (Asx, Glx,
and OHAsx). In fact, an increase of 14 mass units was observed
in the FABMS of the methylation product df with thionyl
chloride and methandL Since treatment oflL with AcyO/
pyridine yielded a pentaacetdfdjve out of the two amino and
four hydroxyl groups (2x Orn, and 2x Ser, OHAsp and 3-OH-
7-Me-octanoic acid) inl were estimated to be free. TLC
analysis of the 2,4-dinitrofluorophenyl (DNP) derivative of the
acid hydrolysate of showed the presence &/fDNP-Orn instead

gof Orn, indicating that the two Ora-amino groups are free.
The amino acid and fatty acid analyses of the acid hydrolysate
of 1 oxidized with chromic acit? revealed the disappearance
of three hydroxyl amino acids (2 Ser and OHAsp) and the
presence of intact 3-OH-7-Me-octanoic acid, indicating that the
three hydroxyl groups of the amino acids are free. These results
suggested that the hydroxyl group of 3-OH-7-Me-octanoic acid
is involved in the cyclic structure formation.

Analysis of the'H, 13C, H—H COSY, and HSQC spectra of

presence of an indole moiety, and the dominant absorptions atl (DMSO-2C,, ds) led to the assignment of proton signals

1636 and 1541 cmt in the IR spectrum indicated the peptide
nature.

Amino acid analysis of the acid hydrolysate (4 M methane-
sulfonic acid, 110C, 24 h) revealed the presence of nine amino
acids, Asp, Glu, Gly, Leu, Trp, 2x Orn, and 2x Ser.
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H,N_ D-Om1  L-Glu D-Asn OHAsn, OHAsn/Ser2, Ser2/Gly, and Asn/Trp. Furthermore,
b\k (Nj‘z the ROESY correlation from the 3-methine proton of 3-OH-7-
§ o (/go Me-octanoic acid to an-methine proton of NMeVal indicated
W —\ R that the lactone linkage is formed between the 3-hydroxyl group
L-Leu .QNA( ;)‘\H/\' \/) \@’v\ D-Trp of 3-OH-7-Me-octanoic acid and the-carboxyl group of
NG O O A NN NMeVal. The presence af-linked Glu, Asn, and OHAsn was
o rlm /(Q . | g shown by the HMBC and ROESY spectral analysis. The
= ‘ <~ HO” o {J\/\O( | D-Orn2 HMBC correlation from thex-amide proton of the neighboring
N /(P " N__A_L-N-MeVal residue to then-carboxyl group of Glu was observed. The
D-N-MePhe /Ho xrl/ primary amide protons of Asn and OHAsn showed HMBC
SO o M 6 (050 correlations with their owy-carbons. Furthermore, theme-
HN_ [ /’ﬂ’%\ )va)\ thine protons of Asn and OHAsn showed ROESY cross peaks
Gly \ﬂé HJQ\ \ﬂ/ H\/J with the neighboringn-amide protons. Thus, the structute
° o o was elucidated as shown in Figure 1.
H/’N) o o Among the known antibiotics of bacterial origin, plusbasins
LSerz T2 L-Sert D-3-OH-7-Me-octanoic acid (Pseudomonasp.) and empedopeptiEinpedobacter halodium
D-threo -§-OHAsn L .
nov. sp.) are somewhat similar fig because they are cyclic
1) depsipeptides containing one 3-hydroxy fatty aéi#f How-
Figure 1. Structure of WAP-8294A(1). Arrows show HMBC ) ever,1 differs from them in constituent amino acids and a fatty
and ROESY {) correlations. acid. Especially, 3-OH-7-Me-octanoic acid is the first to be

. isolated from antibiotics. Lysobactin, an antibiotic produced
except for those of the quaternary carbéhsThe assignment  py | ysobactessp. also differs frond in constituent amino acids
of the quaternary carbons was based on the HMBC correlation. ynd the absence of a fatty aéRl.While 1 was as active as
The locations of the two primary amides were confirmed as vancomycin against MRSA clinical isolates (MIC: 0.7&/
Asn and OHAsn from the HMBC and ROESY data. The L) interestingly, the activity ofl was highly enhanced by
HMBC correlations from thex-amide protons omN-methyl the addition of 10% human serum (MIC: Oug/mL). No

protons to the neighboring carbonyl carbons were observed activity of 1 was observed against Gram-negative bacteria,
between OHAsn/Ser1, NMePhe/Gly, Leu/NMePhe, Ornl/Leu, yeasts, and fungiln vivo efficacies ofl and vancomycin were

Glu/Orn1, Asn/Glu, Orn2/Trp, and NMeVal/Orn2. The HMBC  3ssessed in the experimental systemic MRSA infection of mice.
correlation from thex-methine proton of Asn to the carbonyl  The mean ER, values ofl and vancomycin against nine MRSA

carbon of the neighboring Trp was also observed. In addition, strains were 0.38 and 5.3 mg/kg, respectively, indicatingthat

to the carbonyl carbon of 3-OH-7-Me-octanoic acid, supporting yancomycin dimers with activity against vancomycin-resistant
the fact that theN-terminus ofl is Serl and the amino group  enterococci (VRE) have been reported (MIC:~E5 ug/mL) 17
is acylated with 3-OH-7-Me-octanoic acid. Diagnostically Against VRE,1 was more active than these vancomycin analogs
important ROESY correlations from tleemethine protons to (MIC: 6.3 ug/mL), suggesting that the mode of actionlois
the neighboringa-amide protons were seen between Serl/ gifferent from that of vancomycin. Moreovet, was active

(14) NMR spectra were taken on a JEOL A600 (600 MHz) instrument. @dainsiS. aureugrotoplasts as well as the intact cells, whereas

IH NMR of 1: 3-OH-7-Me-octanoic acid 2.31 (H2), 2.55 (H3, 4.94 vancomycin was not active against the protoplasts. In the disc
(H3), 1.50 (H4), 1.23 (H5), 1.11 (H6), 1.47 (H7), 0.81 (H8, H&erlo iffusi i- ivi inhibi

282 (Ho), 3,45 (). 3.5% (H7), 7.9 (NH). OHASNG 4.96 (bhr). 4.25 dhlffusmlj_test, thﬁ anE MRSIAI\ actlvllty ol wasl_njhlbner:j by
(), 7.34 (NHy), 7.41 (NH/'), 8.08 (NH), 5.65 (OI); Ser20 4.82 (H), the addition of phosphatidylglycerol or cardiolipin to the disc.
3.64 (H3), 8.29 (NH); Glyo 3.88 (Hx), 8.19 (NH); NMePhe) 4.41 (Hy), These results suggest tHainteracts selectively with phospho-
2.93 (H5), 3.26 (H'), 7.15 (H2,6), 7.26 (H3,5), 7.19 (H4), 2.56 (NMe);  [ipids in the target cell membrane resulting in membrane
Leud 4.27 (Hy), 1.37 (H3), 1.51 (H3"), 1.38 (Hy), 0.67 (H9), 0.70 (HY"), damage

7.93 (NH); Orn1d 4.65 (Hx), 1.64 (H5), 1.70 (H3'), 1.55 (Hy), 2.85 (HY), ge.
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