
THE STRUCTURE OF LIPOPEPTIN A 

Masahiro Nishii, Tsuyoshi Kihara, and Kiyoshi Isono* 

The Institute of Physical and Chemical Research 

Wako-shi, Saitama 351, Japan 

Tsutomu Higashijima and Tatsuo Miyazawa 

Department of Biophysics and Biochemistry, Faculty of Science 

The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan 

Satinder K. Sethi and James A. McCloskey 

Departments of Medicinal Chemistry and Biochemistry, University of Utah 

Salt Lake City, Utah 84112, U.S.A. 

Summary: The structure of Zipopeptin A, an antifunga2 peptozide antibiotic ms determined as 1 

on the basis of chemical and spectroscopic evidence. 

Recently, we reported isolation of lipopeptin A, an antifungal antibiotic 

from a streptomycete, which resembles Streptomyces violaceochromogenes. 
1 In this 

communication, we wish to propose the structure ;t, for this antibiotic. 

Lipopeptin A (a, C54H84N10019 [m-p. 206-208*C (dec), [a]~0 -45.4" (c 1.06, 

methanol), (M + Na)+ 1199 (FD-MS)] is a dibasic acid with pKa' of 4.6. On acid 

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. 

CH3CH2yH (CH2) 1o CONH-L-Thr-L-Asp-L-Ser-L-Ser-L-MeAsn-L-MePhe-L-HyGln-L-Glu 

CH3 0-c-o 

& 

A 
MeAsn, N-methylasparagine; MePhe, E-methylphenylalanine; HyGln, threo- 

f3-hydroxyglutamine. 

The fatty acid was esterified with diazomethane and analyzed by GC/MS [M+ 

256, (M-C4Hg) + 199, (M-C2H5) + 227, (M-OCH3)+ 22511 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-0CH3)+ in contrast to normal 

chain esters. 2 The methyl ester of authentic 12-methyltetradecanoic acid3 gave 

an essentially identical mass spectrum in particular with respect to the dis- 

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

Amino acid Molar ratio 

L-Serine -6.5" (c 0.52. H20) 1.84 

L-Threonine -25.4* (c 0.50, H20) 0.96 

L-Aspartic acid +22.00 (c 0.33, 6NHCl) 1.04 

L-Glutamic acid 1.00 

L-N-Methylphenylalanine4 

+9.2O (c 0.74, H20) 

+9.20 (c 0.50, H20) 1.00 

L-threo-B-hydroxyglutamic acid5 +16-l* (c 0.18, 1NHCl) 0.78 

L-N_-Methylaspartic acid6 +24.6O (c 0.12, lN_HCl) (ca.1) 

confirmed by identical GC retention time 13% OV-171: 14.68 relative to methyl 

pentadecanoate (15.00). 

The molecular weight of -I_ can reasonably be explained by the sum of eight 
KBr 

amino acids and one fatty acid linked by eight amide bonds (Amax 1650, 1525 cm') 

and one lactone bond (hmax KBr 1735 cm-') plus the presence of two primary amides 

(6H 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) I Ial;O -72.4O (c 0.50, MeOH), (M + Na)+ 1217 (FD-MS), pKa' 4.8 (dibasic),7by 

treatment of &with 0.03 N NaOH at room temperature. The C-terminal amino acid - 
of 2 was identified as glutamic acid by carboxypeptidase 

7 
treatment. Selective 

acid hydrolysis (0.25 E AcOH, reflux 8 hrs) of 2_ gave, after separation, aspartic 

acid, lipoamino acid (A), lipopeptide (3, and hexapeptide (5). The structure 

of 2 and Jwere deduced from EI-MS analysis of the corresponding methyl esters 

as illustrated below. 
-H20 

339(M-H20) 225 

1 

468(M-H20) 225 (326)+308 
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3 R=H 4 R=H 

methyl ester R = CH 
3 

methyl ester R = CH3 

Ser-Ser-MeAsn-MePhe-HyGln-Glu 

5 

Amino acid analysis of 3 showed serine, threo-B-hydroxyglutamic acid, and 

glutamic acid in 1.88 : 0.91 : 1.00 moIar ratios as well as the presence of E- 

methylphenylalanine and N-methylaspartic acid. The C-terminus was determined as - 
glutamic acid by the tritium-labeling method, 9 and three successive Edman-Dansyl 

degradations 
10 revealed the sequence, Ser-Ser-MeAsn-MePhe-. From the molecular 

weight [FD-MS (M + H)+ 755, (M + Na)+ 7771, 2 should have two primary amides and 
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the only possible positions are the Y-carboxyl group of threo-B-hydroxyglutamic 

acid and B-carboxyl group of N-methylaspartic acid. - The glutamic acid y-carboxyl 

possibility can be excluded because carboxypeptidase treatment of 2 gaveglutamic 

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 'H-NMR. The B-methine proton of threonine residue (SH 5.04 

ppm in DMSO-d6) in &appeared about 1 ppm down-field compared with that of 2_ (6H 

4.05 ppm in DMSO-d6). Borohydride reduction ofA 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 1. 

Because 2 is a dibasic acid with pKa' of 4.6, the y-carboxyl. must be free. 

Thus the lactone position was concluded as between the B-hydroxyl group of 

threonine and the a-carboxyl group of glutamic acid. 

Two successive Edman degradations of 5_ afforded tetrapeptide (5) after 

purification. To determine the position of two primary amides, the NOE of _6_ in 

DMSO-d 6 solution at 63OC was measured from the difference spectrum on a 270 MHz 

spectrometer. 
11 

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 FJ-methylphenylalanine, the a-methine proton (6H 3.70 ppm) of N-methyl- - 
asparagine was enhanced (3.75 %) but B-methylene protons (6H 2.29 ppm) were not. 

Similarly, on irradiation of the NH proton of glutamic acid, the a-methine 

proton (6H 4.36 ppm) of threo-B-hydroxyglutamine was enhanced (4.3 %) but y- 

methylene protons (6H 2.16 ppm) were not. The results indicate the presence of 

B-carboxamide of N-methylasparagine and y-carboxamide of threo-B-hydroxygluta- 

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

CONH~ COOH 

6 

Table 2. NOE Enhancement of 6. N 

AH 
Observed NOE (a) 

Proton irradiated 
(ppm) a-CH(MeAsn) B-CH,(MeAsn) a-CH(HyGln) y-CH,(HyGln) 

N-CI13 2.97 3.75 0 

NH 7.76 4.46 0 



From the data described above, we propose structure l_ for lipopeptin A. 
12 

As will be reported in a separate paper, 
13 lipopeptin A inhibits in vitro -- 

peptidoglycan synthesis of Eesherichia coZi and in vitro proteoheteroglycan -- 
synthesis of PiricuZutia oqzae. 

Acknowledgment. We are grateful to Prof. T. Shiba, Osaka University, Prof. --.- 
H. Vanderhaeghe, Katholieke University Leuben, and Drs. M. Ebata and J. Shoji. 

Shionogi Research Laboratories for their gifts of reference amino acids. We 

thank Mr. M. Chijimatsu of our Institute for amino acid analysis. This work was 

supported in part by grants from the Ministry of Education, Science and Culture 

of Japan, 456100 (K.I.) and the National Institutes of Health, GM 21584, CA 

18024 (J-A-M.). 

References and Notes 

1) K. Tsuda, T. Kihara, M. Nishii, G. Nakamura, K. Isono, and S. Suzuki, J._ 

Antibiotics, 33, 247 (1980). 

2) R. Ryhage and E. Stenhagen, Arkiv. Kemi., 15, 291 (1960). 

3) Authentic sample was purchased as a component of standard mixtures from 

Applied Science, State College, Pennsylvania. 

4) H. Vanderhaege and G. Parmentier, J. Am. Chem. Sot., g, 4414 (1960). 

5) a) T. Kaneko, Y. Yoshida, and H. Katsura, Nihon Kagaku Zasshi, so, 316 

(1959). b) T. Shiba and Y. Mukunoki, J. Antibiotics, 28, 561 (1975). 

6) M. Ebata, Y. Takahashi, and H. Otsuka, Bull. Chem. Sot. Jap., 39, 2535 (1966), 

7) A newly generated a-carboxyl group was not titrable because of the low pXa' 

value ( %2 ). 

8) Y. Narahashi and K. Yoda, J. Biochemistry, 86, 683 (1979). 

9) H. Matsuo and K. Narita, "Protein Sequence Determination", ed. S. B. Needle- 

man, Springer-Verlag, Berlin, P. 104 (1975); K. Narita, H. Matsuo, and T. 

Nakajima, ibid., P. 30. 

10) S.Kimura, Japan Analyst, 23, 563 (1974). 

11) The sample was degassed 3 times by the freeze-thaw method and sealed in a 

NMR tube under N2 gas. NOE's were determined by applying a 5-s low power 

saturating pulse at the appropreate peak positin, followed by a high power 

90° observing pulse after 0,01-s waiting time. Off-resonance control 

spectra were measured in the same way, except that the presaturating pulse 

was offset 1000 Hz higher field from tetramethylsilane so that no solute 

resonances were perturbed. On-resonance and off-resonance spectra were the 

sum of 512 scans. 

12) A minor component was isolated and designated as lipopeptin B. The methyl 

ester of the isolated fatty acid (M+ 242) was identical to authentic methyl 

12_methyltridecanoate, as judged from its mass spectrum and GC retention 

behavior. 

13) M. Nishii, K. Isono, and K. Izaki, Agric. Biol. Chem., submitted. 

(Received in Japan 13 August 1980) 


