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Abstract: The biosynthesis of the bicyclic dept;ipeptide salinamide A, a potent anti-inflammatory agent,

in the marine bacterium Sirepiomyces sp. CNB-091 has been examined through feeding experiments with
I3C labeled intermediates. © 1098 Published by Elsevier Science Ltd. All rlohm reserved.
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Salinamide A (1) is an anti-inflammatory agent produced by Streptomyces sp. CNB-091, a marine
bacterium that was isolated from the surface of a jellyfish Cassiopeia xamachana.? Recently, five structurally
related salinamides have been isolated from this marine bacterial strain, some of which appear to be
biosynthetic shunt products.> Salinamide A has also been found in an edaphic Streptomyces sp. (NRRL
21611) and has been shown to exhibit strong inhibitory activity against bacterial RNA polymerases.* In this
communication, we report initial findings on the biosynthesis of 1, notably on the origin of the carbons in the
unusual (p-alkoxyphenyl)glycine unit of this bicyclic depsipeptide (Figure 1).

04% —
21 3 MO
@ sodium [1,2-'°C,Jacetate A\ /
0.4% 0
N
¥ sodium [1-13C]propionate '\\ HTB_%V
NH A/ ® 1%
0.5% | HCN o B 35%
A L—[methyl—13C]methi0nine 0\"/1\373/ -~ \1/‘ N H229’ O o3y
o 0 Ing ,/ 0
] sodium |1 13C]i50butyrate ~ g o H_~ 0 (é /\O
- N —
EM N” 04% < 19 18 m %
. 13 HO 19%\6%"’ H-N (o] \"’)\0”8&
/\  sodium 2-methyl-{1-'°C]butyrate (5a) 0.9% P
QO 2-methyl-[1-13C]but-2-enoyl-NAC thiocester (6b) 1
______ Qésmbzraen memd bt g2 o O L ___ - A 2N
l‘lgure l- SHIUCLUIC 41U UlUbyllUlCLlC )Ilgl 1 O1 caroons 1n S ﬂd.lmuc A k.l)

The peptide core of 1 is probably derived from the hexapeptide Thr-D-Ile-Hpg-MePhe-D-aThr-Ser
(Scheme 1). Its biosynthesis most likely involves a nonribosomal peptide synthetase pathway,’ as the
hexapeptide core contains two D-amino acids, an N-methyl amino acid and a nonproteinogenic (p-
hydroxyphenyl)glycine® (Hpg) unit. This hypothesis is supported by the fact that the D-isoleucine unit of 1
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can be replaced by a D-valine residue to give salinamide D by suppiementing the growth media with L-valine.?
The proposed pathway proceeds through the hypothetical intermediates desmethylsalinamides E (2a) and C
(3a). We suspect that the naturally occurring salinamides E (2b) and C (3b) are dead-end products of 2a and
3a whose Hpg phenolic groups have been methylated by S-adenosyl-L-methionine (AdoMet), thus preventing
further conversion to 1. The seven-carbon fragment connecting Hpg to glycine in 1 appears to be derived
from (2E,4E)-4-methylhexa-2,4-dieneoyl coenzyme A (CoA) (4), as suggested by the structure of 3.
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Scheme 1. Proposed biosynthesis of salinamide A (1) via the hypothetical intermediates
desmethylsalinamides E (2a) and C (3a).

Feeding experiments with stable isotope-labeled precursors were conducted to establish the building
blocks of the proposed 4-derived unit in 1 (Figure 1). Two hypothetical pathways are proposed in Scheme 2.
If 4 is polyketide in origin, it should be derived from one propionate and two acetate units (path a).
Alternatively, 4 may originate via a pathway involving successive isoleucine catabolism to 2-methylbutyryl-

CoA (5) and dehydrogenation to (F)-2-methyl-2-butenoyl-CoA (6) (path b), a common intermediate of both
pathways.
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Scheme 2. Biosynthesis of (2E,4F)-4-methylhexa-2,4-dienoyl coenzyme A (4) via (a) polyketide biosynthetic
and (b) isoleucine catabolic pathways. (KR = B-ketoreductase, DH = dehydratase)

[1,2-13C,]Acetate was incorporated into C4—C5 (1J4 5 = 65.9 Hz) but not into C8—C42 of the o,B-
unsaturated amide residue of 1, thus eliminating the polyketide pathway scenario (Scheme 2, path a).

Moreover, the single incorporation (1%) of acetate at C6 of 1 further d that the remaining S-carbon
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same extent from [1,2-!3C;jacetate at C18—C19 (!J)5,19 = 52.1 Hz). The methyl carbon of acetate was
determined to provide the olefinic C6 based on a subsequent feeding experiment with [2-13CJacetate. The C73
methyl group on the N-methyl phenylalanine unit was the only carbon in 1 to be derived from the C; pool as
shown by a feeding experiment with L-[methyl-13C]methionine.

[1-13C]Propionate labeled C50 of the (25,35)-3-hydroxy-2,4-dimethylpentanoic acid (HDMP) residue,
but not C6, further supporting the proposed isoleucine catabolic pathway (Scheme 2, path b). This conclusion
was corroborated by the high specific incorporation (35%) of 2-methyl-[1-13C]butyrate (5a) at C6. The
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HDMP side chain were shown to be isobutyrate-derived on the basis of a feeding experiment with sodium [1-
13CJisobutyrate’ (19% !3C-enrichment at C52).
The unsaturated 2-methyl-[1-13C]but-2-enoate (6a) (Scheme 3) likewise enriched C6, but at a much
lower specific incorporation (13%) than Sa. As expected,® incorporation of the corresponding N-
acetylcysteamine (NAC) thioester 6b? was considerably higher (23%). In both cases, however, considerable

degradation of the labeled precursors was once again observed.
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The advanced intermediate 4-methyl-[2,3-13C;]hexa-2,4-dienoate (4a), prepared by standard Horner-
Emmons chemistry from 2-methyl-[1-13C]but-2-enal and [2-13C]triethylphosphonoacetate (Scheme 3), and the
corresponding NAC thioester 4b were next administered to the bacterium. In both cases, intact incorporation
of 4a and 4b with enrichment at C5—C6 was not observed. Labeling was only measured at C6 and C50,
which revealed that the substrate had undergone complete degradation before being taken up into 1.

Interestingly, both of the 7-carbon, non-amino acid residues of 1 are biosynthesized by a single
malonyl chain extension of a short-chain carboxylic acid derived from a branched amino acid. In the case of
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condensation of the isoleucine product 6 with malonyl-CoA fo
(Scheme 2, path b).

Further work is currently underway on the mode of cyclization of 3 to 1 (e.g. whether the
oxidation/cyclization involves an epoxide intermediate which is opened by the Hpg phenol followed by
dehydration and a second epoxidation or involves an Fe(Il)-dependent oxygenase mediated [2+2]
cycloaddition!? followed by dehydrogenation'') and on the molecular genetics of salinamide biosynthesis (we

have cloned and sequenced a peptide synthetase from Streptomyces sp. CNB-091).

e QAN SRS & Py 1d LAt ]



3918

A e YT

niversity of

Washington, pursuant to Nationai Oceanographic and Atmospheric Administration Award No. NA36RG0071,
Project No. R/B-20 and by the Deutsche Forschungsgemeinshaft for postdoctoral support of D.S. We thank
Michael Dahl, Ronald Pangilinan and Patrick Carter for their assistance and Prof. William Fenical and Paul

Jensen, Scripps Institution of Oceanography, for providing a culture of Streptomyces sp. CNB-091.

T E-mail: bmoore @chem.washington.edu

1. A preliminary account of this work was presented at the 4th International Marine Biotechnology
Conference, Sorrento, Italy, September 22-29, 1997. B. S. Moore, in New Developments in Marine
Biotechnology, ed. Y. Le Gal and H. Halvorson, Plenum Press, in press.

2. Trischman, J. A.; Tapiolas, D. M.; Jensen, P. R.; Fenical, W.; McKee, T. C.; Ireland, C. M.; Stout, T.
I.; Clardy, I. J. Am. Chem. Soc. 1994, 116, 757-758.

3. Moore, B. S.; Trischman, J. A.; Seng, D.; Kho, D.; Jensen, P. R.; Fenical, W., submitted.

4. Miao, S.; Anstee, M. R.; LaMarco, K.; Matthew, I.; Huang, L. H. T.; Brasseur, M. M. J. Nat. Prod.
1997, 60, 858-861.
S. For excellent reviews on multifunctional peptide synthetases involved in nonribosomal peptide

synthesis see: Marahiel, M. A.; Stachelhaus, T.; Mootz, H. D. Chem. Rev. 1997, 97, 2651-2673; v
Déhren, H.; Keller, U.; Vater, J.; Zocher, R. Chem. Rev. 1997, 97, 2675-2705.

6. In Nocardia uniformis subsp. tsuyamanensis, the Hpg residue in the monocyclic B-lactam antibiotic
nocardicin A is derived from tyrosine. Townsend, C. A.; Brown, A. M. J. Am. Chem. Soc. 1983, 105,
913-918.

7. Reynolds, K. A.; O'Hagan, D.; Gani, D.; Robinson, J. A. J. Chem. Soc. Perkin Trans I 1988, 3195-
3207.

8 Such CoA mimics have been shown in the past to be more efficiently incorporated than the free acids
due to their presumed more facile Lransesterificauﬁn with a thiol group on an enzyme. Yue, S;
Duncan, J. S.; Yamamoto, Y.; Huichinson, C. R. J. Am. Chem. Soc. 1987, 109, 1253-1255; Cane, D.

E.; Yang, C.-C. J. Am. Chem. Soc. 1987, 109, 1255-1257.

9. The NAC thioester 6b was prepared from the 6a acid anhydride and the thallium salt of NAC
according to Schwab, J. M.; Klassen, J. B. J. Am. Chem. Soc. 1984, 106, 7217-7227.

10. Such Fe(Il)-dependent oxygenase reactions have precedence in B-lactam chemistry and have also been
proposed to account for polyether formation in polyketides such as monensin and brevetoxin.
Townsend, C. A.; Basak, A. Tetrahedron 1991, 47, 2591-2602.

11.  Direct conversion of an alcohol to an epoxide via a dehydrogenation reaction

=

as precedence in

,
el
[
~
e 3]
?\
o
[\
o 4]
o0
N’
g

biosynthesis.



