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STRUCTURE AND SYNTHESIS OF AN IMMUNOACTIVE LIPOPEPTIDE, WS1279, OF MICROBIAL ORIGIN
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The structure of WS1279 (1) isolated from a Streptomyces as an immunoactive lipopeptide
has been deduced on the basis of chemical and physical evidence and confirmed by a synthesis.
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immunostimulating activity

It has long been known that various bacteria and their cell wall components increase the number of
1)

colony stimulating units in the bone marrow. In the course of our screening program for such

immunoactive substances, we isolated from Streptomyces willmorei No.1279 a new lipopeptide WS1279 which

stimulates the proliferation of the bone marrow cells. Here we describe the structure and synthesis of this
natural product.

WS1279 (1) was isolated as a mixture of lipopeptides in which, although the peptide part consists of a
single component, the lipid part is composed mainly of five kinds of fatty acids: FABMS of 1, m/z(M+Na)+
1306 1320, 1334(main), 1348, 1362. The presence of the three fatty acid residues in 1 was corroborated by
the 1H NMR data of 1 in CDCI3—CD30D: § 0.85(9H, m, 3xCH3), 1.25(ca72H, m, (CHZ)n)’ 1.60(6H, m,
3xB—CH2), 2.30(6H, m, 3xa-—CH2). Hydrolysis of 1 with 6N HCI (110°C, 18 h) followed by methylation with
CHZN2 gave a mixture of fatty acid methyl esters. The total ion chromatogram of this mixture in GC—MSZ)
showed five major peaks at 3'26", 3'31", 4'20", 4'42", and 5'17" (5:1:3:9:2) corresponding to m/z 256, 256,
270, 270, and 284, respectively. The main peak at 4'42" (m/z 270) was identified to be methyl palmitate by
comparison (GC—MS)S) with an authentic sample. Alkaline hydrolysis of 1 (IN NaOH-MeOH, r.t.) gave a
product whose FABMS showed the molecular ion at m/z 858(M+Na)+ due to loss of two fatty acids from the
molecule of 1, indicating that two of the three fatty acid residues are bonded somewhere to the peptide

sequence by an ester bond and therefore the remaining one (a single fatty acid) is linked by an amide bond.
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Amino acid analysis of the 6N HCIl hydrolysate of WS1279 (1) (see above) revealed the presence of Asp,
Ser, Gly, and NH3 (1:2:2:1), plus two unknown amino acids (before Asp and between Ser and Gly).4) Asp
and Ser were determined to be L by HPLC analysis using a chiral column (Chiralpak WH).5)
presumed to be derived from L-Asn, because the equimolar ratio of Asp and NH3 was obtained in the amino

L-Asp is

acid analysis as described above and the C-terminal was shown to be a carboxylic acid but not a carboxamide
as shown below. The two unidentified peaks were assumed to be due to S-glycerylcysteine itself and its

degradation product (see below).
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The presence of S-glycerylcysteine in the molecule of WS1279 (1) was proposed on the following
grounds. The 1H NMR spectrum of _1_ showed signals at § 2.75(2H, m), 4.13(1H, m), 4.37(1H, m), and
5.18(1H, m), which were coupled to each other (lH,lH—COSY), indicating the partial structure a (Fig. 1).
The presence of one sulfur atom was identified by EMAX analysis (found, 2.0%; caled. based on 1 (n=14),
2.4%). The FAB mass spectra of WS1279 itself and the alkaline hydrolysis product both showed fragment
ions at m/z 751, which correspond to the fragments formed by elimination of the SCHZCH(OR)CHZOR units
from the molecules. The final confirmation of the S-glycerylcysteine unit was obtained by comparison with a

6)

synthetic sample of S-((2RS)-2,3-dihydroxypropyl)cysteine ' in amino acid analysis. The synthetic sample

thus showed a peak corresponding to that of 9.62 min in the amino acid analysis of 1, while, after acid
hydrolysis (6N HCI, 110°C, 18h), the sample showed an additional peak corresponding to that of 15.40 min,

)

although its structure was not identified.7 The stereochemistry of Cys in the S-glycerylcysteine moiety was

deduced to be L as follows. The HCI hydrolysate of 1 was examined by HPLC on a chiral column (Crownpak

CR). & The hydrolysate showed peaks at 8.88 and 9.49 min,g) which were shown to be due to
diastereomeric S-((2RS)-glyceryl)-L-cysteines by comparison with the synthetic sample.lo’ll)
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Fig. 1. Couplings in the 'H, H-COSY Fig. 2. Cluster lons in the FABMS of the Mixture Obtained
Spectrum of WS1279 by Digestion of WS1279 with CarboxypeptidaseA Followed

by Alkaline Hydrolysis

To determine the amino acid sequence in WS1279 (1), an enzyme degradation method was applied to 1in
combination with FABMS. Thus, after treatment of 1 with carboxypeptidase A (pH 7.0, 37°C), followed by
alkaline hydrolysis for removal of the two palmitoyl ester groups, the resulting mixture was analyzed by
FABMS. Cluster ions were observed at m/z 880, 793, 736, 679, 592, and 478 for (M+2Na—H)+, and at m/z
858, 771, 714, 657, 570, and 456 for (M+Na)Jr as shown in Fig. 2. These data indicated the sequence of
-Asn-Ser-Gly-Gly-Ser-OH. The hydrazine degradation of 1 further corroborated that Ser is the C-terminal
in the sequence.lz) The clusters at m/z 478(M+2Na~H)+ and 456(M+Na)+ correspond to
N-palmitoyl-S-glycerylcysteine, which was thus found to be the N-terminal. Taking account of all the above
chemical and physical data, we proposed the structure of WS1279 as being 1 in which the fatty acid residues
are composed mainly of palmitic acid (n=14).

A final confirmation for structure 1 was obtained by a synthesis of 1 (n=14) as a diastereomeric mixture
at the 2 position of the glyceryl moiety as follows. The pentapeptide 3 was prepared in a stepwise manner,
starting from H*Ser(But)~OBu,t and using Z for the temporary amino protecting group, by the p-nitrophenyl
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active ester method except for coupling of Z—Ser(But)—OH which was condensed by the DCC-HOBt
procedure. In each coupling reaction, the Z group was removed by hydrogenolysis on Pd-black. The total

yield of 3 was 30%.13)

S-((2R8)-Bis(palmitoyloxy)propyl)-N-palmitoyl-L-Cys-OH (2) was prepared according
to the method described by Wiesmuller et al.M) and condensed with 3 (after removal of the Z group) by the
DCC-HOBt procedure in CH2012—DMF to give the protected lipopeptide 4 corresponding to the full sequence
of 1 (80% yield).'®

groups afforded 1 (n=14) as a diastercomeric mixture (ca 1 : 1) in 62% yield.

The final treatment of 4 with TFA for deprotection of the tert-Bu ether and ester
N 16)

17)

The synthetic sample was identified with the natural product on TLC and HPLC. It showed an

activity in stimulation of the CSF-induced proliferation of the bone marrow cells in vitro (50% increase:

synthetic, 0.38 ug/ml: natural, 0.32 ug/ml).ls)
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