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Summary: The structure of lipopeptin A, an antifungal peptolide antibiotic was determined as 1

on the basts of chemical and spectroscopic evidence.

Recently, we reported isolation of lipopeptin A, an antifungal antibiotic
from a streptomycete, which resembles Streptomyces violaceoohromogenes.l In this
communication, we wish to propose the structure i}for this antégiotic.

Lipopeptin A (%?, C54H84N10019 [m.p. 206-208°C (dec?, [a]D -45.4° (¢ 1.06,
methanol), (M + Na)} 1199 (FD-MS)] is a dibasic acid with pKa' of 4.6. On apid
hydrolysis, it gave eight amino acids and a fatty acid. All the amino acids
were isolated and identified using authentic samples. The results are summariz-
ed in Table 1.
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MeAsn, N-methylasparagine; MePhe, N-methylphenylalanine; HyGln, threo-
B-hydroxyglutamine.

The fatty acid was esterified with diazomethane and analyzed by GC/MS [M+
256, (M-C,H,)" 199, (M-C,#.)* 227, (M-OCH,)¥ 225]. Enhanced abundance of ion
199 suggested branching at C-12. The anteiso structure is further reflected by
the unusual ion abundance ratio, (M—C2H5)+ > (M—-OCH3)+ in contrast to normal
chain esters.2 The methyl ester of authentic 1l2-methyltetradecanocic acid3 gave
an essentially identical mass spectrum in particular with respect to the dis-

tinguishing features which indicate the anteigo terminus. Identity was further
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Table 1.

Amino acid [a]éo Molar ratio
L-Serine -6.5° (e 0.52 H20) 1.84
L-Threonine -25.4° {c 0.50, H,O) 0.96
L-Aspartic acid +22.0° (e O . 6 NHC1) 1.04
L-Glutamic acid +9.2° {2 Q.74, Hzo) 1.00
L-E—Methylphenylalanine4 +9.2° (¢ 0.50, HEO) 1.00
L-threo-B-hydroxyglutamic acid® +16.1° (e 0.18, 1 NHC1) 0.78
L-N-Methylaspartic acia® +24.6° (¢ 0.12, 1NHCL) (ea.l)

confirmed by identical GC retention time [3% OV-171: 14.68 relative to methyl
pentadecancate (15.00).

L T

The molecular weight of 1 can reasonably be explained by the sum of eight

amino acids and one fatty acid linked by eight amide bonds (Aizi 1650, 1525 cnrl)
and ons lactrnne hond I}KBr 1738 nm—l\ nlus +the nragaenca nf +wo nrimary amideg
anga on e iactone bond (A, o ~7° cm } PiUS the Preeenceg CI tWe primary amiges
(GH 6.66, 6.78, 7.08, 7.35 ppm in DMSO—d6).

The presence of a lactone group was proved by obtaining an open chain acid
(2) . [a]go -72.4° (¢ 0.50, MeOH), (M + Na)+ 1217 {(FD-MS), pKa' 4.8 (dibasic),7by
treatment of i}with 0.03 N NaOH at room temperature. The C-terminal amino acid
of 2 was identified as glutamic acid by carboxypeptidase7 treatment. Selective
acid hydrolysis (0.25 N AcOH, reflux 8 hrs) of z’gave, after separation, aspartic
acid, lipoamino acid (3), lipopeptide (ﬁ), and hexapeptide (5). The structure
of 3 and glwere deduced from EI-MS analysis of the corresponding methyl esters
as illustrated below.

-H_O
2
339(M—H20) 225 468(M—H20) 225 (326) ——>-308
CHBCHZ(IZH(CHZ)]_OCO NH-ICH—COOR CH3CH2CI:H(CH2)10CO NH-(IZH—CO NH-—C'JH—COOR
CH CHOH CH CHOH cH
~3 é 3 [ { 2
H3 CH3 COOR
3 R=H 4 R = H
~ ~
methyl ester R = CH3 methyl ester R = CH3

Ser-Ser-MeAsn~-MePhe-HyGln-Glu
5

~
Amino acid analysis of 5, showed serine, threo-g-hydroxyglutamic acid, and
glutamic acid in 1.88 : 0.91 : 1.00 molar ratios as well as the presence of N-
methylphenylalanine and N-methylaspartic acid. The C-terminus was determined as
glutamic acid by the tritium=labeling method,9 and three successive Edman-Dansyl
degradationslO
weight [FD-MS (M + H)+ 755, (M + Na)+ 7771, E‘Should have two primary amides and

revealed the sequence, Ser-Ser-MeAsn-MePhe-. From the molecular
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the only possible positions are the Y-carboxyl group of threo-B8-hydroxyglutamic
acid and B-carboxyl group of N-methylaspartic acid. The glutamic acid y-carboxyl
possibility can be excluded because carboxypeptidase treatment of 2 gave glutamic
acid but not glutamine. ~

The position of the lactone was determined as follows. Chromic acid oxida-
tion of l{in acetic acid-pyridine followed by acid hydrolysis resulted in
recovery of threonine but none of threo-B-hydroxyglutamic acid and serine.
Participation of the B-hydroxy group of threonine in the lactone formation was
further supported by 1H-—NMR. The B-methine proton of threonine residue (6H 5.04
ppm in DMSO—d6) in i'appeared about 1 ppm down-field compared with that of %,(6H
4.05 ppm in DMSO—ds). Borohydride reduction of'£ in water followed by acid
hydrolysis resulted in disappearance of glutamic acid, proving that either a-
or y-carboxyl of glutamic acid participates in the lactone formation in i,
Becausel$ is a dibasic acid with pKa' of 4.6, the yv-carboxyl must be free.

Thus the lactone position was concluded as between the B-hydroxyl group of
threonine and the o-~carboxyl group of glutamic acid.

Two successive Edman degradations of'g afforded tetrapeptide (ﬁ) after
purification. To determine the position of two primary amides, the NOE of fﬁin
DMSO—d6 solutiin at 63°C was measured from the difference spectrum on a 270 MHz
spectrometer. Observed NOE enhancements of each proton signal upon irradia-
tion of specific protons are listed in Table 2. On irradiation of N-methyl
protons of N-methylphenylalanine, the a-methine proton (GH 3.70 ppm) of N-methyl-
asparagine was enhanced (3.75 %) but B-methylene protons (GH 2.29 ppm) were not.
Similarly, on irradiation of the NH proton of glutamic acid, the g-methine
proton (GH 4.36 ppm) of threo-f~hydroxyglutamine was enhanced (4.5 %) but y-
methylene protons (GH 2.16 ppm) were not. The results indicate the presence of
B-carboxamide of N-methylasparagine and y-carboxamide of threo-g-hydroxygluta-

mine as well as the presence of a-peptide linkages.

CH, CH,
H—CH'-CO—N—C]:H-‘CO—NH—$H-CO-NH"CH—COOH
] !
CH CH CHOH CH
| 2 1 2 ] { 2
CONH2 Ph ?Hz ?Hz
CONH2 COOH

6
~
Table 2. NOE Enhancement of E;

8K Observed NOE (%)
(ppm} a-CH(MeAsn) B-CH, (MeAsn) o-CH(HyGln) Y-CH, (HyGln)

Proton irradiated

N-CH 2.97 3.75 0 - -

3
NH 7.76 - - 4.46 0
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From the data described abo we propose structure 1 for lipopeptin A.12
As will be reported in a separate paper,13 lipopeptin A inhibits in vitro
peptidoglycan synthesgsis of Eesherichia coli and in vitro protecheteroglycan
synthesis of Piricularia oryzae.
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