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Rakicidin C, A New Cyclic Depsipeptide from Streptomyces sp.
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Chemical screening of extracts of Actinomycetes strains has
led to the detection, isolation, and structure elucidation of
the new cyclic depsipeptide rakicidin C (1). The secondary
metabolite from Streptomyces sp. (strain GT 61042) is built-

up from glutamine, N-methyl glycine, 4-amino-(2E4)-
pentadienoic acid, and 3-hydroxy-2,4,6,8-tetramethylnon-
anoic acid.

Introduction

In the search for new secondary metabolites, application
of our chemical screening routine to the culture broths of
various microorganisms has resulted in the discovery of a
number of new compounds.!! In continuation of this
screening approach on different Streptomyces strains,?! we
have now investigated the secondary metabolites of the acti-
nomycete isolate Streptomyces sp. (strain GT 61042). The
new fifteen-membered cyclic depsipeptide rakicidin C (1)
thus discovered is structurally related to the known cyto-
toxic depsipeptides rakicidins A (2) and B (3),1*! which were
obtained from the culture broth of a Micromonospora spe-
cies (Scheme 1).

For screening purposes, the cultivation of Streptomyces
sp. (strain GT 61042) was carried out in 300 mL Erlenmeyer
flasks on a rotary shaker using a culture medium containing
casein peptone (medium 1, 100 mL). The secondary meta-
bolite profile of strain GT 61042 was examined by TLC
analysis, which led us to investigate this strain in more de-
tail (Table 1).

In order to isolate the metabolites detected by the chem-
ical screening method, Streptomyces sp. (strain GT 61042)
was cultivated in a 300 L fermentor using medium 1 at 28
°C for 6 days. The culture filtrate was then adsorbed on
Amberchrom CG/161 M and eluted with an H,O/MecOH
gradient. The desired metabolite was found to be enriched
in the fraction containing 10% methanol.

Results and Discussion

The molecular weight of 1 and its chemical formula of
Cy6H4N4O4 were readily inferred from the positive mode
high-resolution electrospray ionization mass spectrum (HR-
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ESIMS), which showed the [M + H]" ion peak (m/z =
507.3182; CrsH43N4Og requires 507.3172). Supporting evid-
ence was obtained from low-resolution electrospray ioniza-
tion mass spectra (positive and negative mode), which dis-
played peaks at m/z = 507 (M + H]"), 529 (IM + Na]"),
1035 (2M + Na]*), and 505 (M — H]"). The '3C and
DEPT NMR spectra showed signals due to 26 carbons,
which could be classified as six methyl, six methylene, eight
methine, one sp? quaternary, and five carbonyl carbons. The
'H NMR spectrum recorded in CD;OD solution showed
signals due to 38 protons (Table 2), whereas that recorded
in [Dg]DMSO featured four additional proton signals (5 =
7.36, 7.29, 7.26, and 6.85) suggesting the presence of ex-
changeable NH groups. In the lowfield region of the 'H
NMR spectrum (CD3;0D), four olefinic proton signals were
seen at 6 = 5.45 and 5.51 (each s, 1 H, exo-methylene, 13a-
H and 13b-H), 6.15 (d, 1 H, 10-H), and 7.10 (d, 1 H, 11-
H) [the (E)-configuration was confirmed by the coupling
constant of 14.9 Hz]. In the high-field region of the 'H
NMR spectrum (CD;0D), signals due to a branched ali-
phatic side chain were observed. In addition, the following
proton signals were also observed: three methine signals at
& = 4.55 (2-H), 2.85 (15-H), and 5.35 (16-H), and three
non-equivalent methylene signals at 6 = 1.95/2.15 (3-H»,),
2.25 (4-H,), and 3.95/4.45 (7-H,). A singlet due to one
methyl group was seen at 8 = 3.15 (8-H3). On the basis of
this shift, together with the '3C NMR chemical shift of § =
37.58 (C-8), this methyl group could be assigned as being
linked to an amide nitrogen.

From careful examination of the 'H-'H COSY NMR
spectrum, the presence of the molecular fragments shown
in Figure 1 was established. The connectivity of proton and
carbon atoms was confirmed by a heteronuclear single
quantum coherence (HSQC) NMR experiment. On the ba-
sis of these findings, '*C-'H long-range couplings, 2/ and 3/,
were measured in a heteronuclear multiple bond correlation
(HMBC) NMR experiment (Figure 2), which were indicat-
ive of the cyclic structure shown in Scheme 1. By detailed
analysis of the 'H and '3C NMR (Table 2), '"H-'H COSY,
HSQC, and HMBC spectral data, it was established that 1
is assembled from three amino acids and a 3-hydroxy fatty
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Scheme 1. The structures of rakicidin C (1), rakicidins A (2) and B (3),1* and vinylamycin (4)/

Table 1. Ry values and color reactions of rakicidin C (1) on silica
gel TLC plates

Table 2. 'H (300 MHz, § values, CD;0D) and '3C (75 MHz) NMR
data of rakicidin C (1)

1 Position THI 13C (DEPT)lal
Solvent system 1 170.98 (C)
CHCI3/MeOH (9:1) 0.14 2 4.55 (1 H, dd, J = 4.9, 10.1) 53.84 (CH)
CHCIy/MeOH (5:1) 0.45 3 1.95 (1 H, m), 2.15 (1 H, m) 30.86 (CH,)
1-Butanol/acetic acid/water (4:1:5, upper phase) 0.41 4 225Q2H,t,J =173 32.95 (CH,)
Staining reagent' 5 177.23 (C)
Anisaldehyde/H,SO, reagent brown 6 170.17 (C)
Ehrlich’s reagent® white 7 395 (1 H,d, J = 18.0), 53.97 (CH,)
Orcinol reagent brown 445 (1 H,d,J=18.0)
Blue tetrazolium reagent light purple 8 3.15(3H,s) 37.58 (CH3)
Naphthoresorcinol/H,SO, reagent brown-black 9 168.79 (C)
5% FeCl;—H,O0 (2.5 g FeCl;, 48 mL H,0, grey-blackll 10 6.15(1 H,d, J =14.9) 118.95 (CH)
2 mL 25% HCI) 11 7.10 (1 H, d, J = 14.9) 141.25 (CH)
12 139.40 (C)
[a] After spraying, the TLC plates were heated at 120 °C for 5min.  13a/b 545 (1H,s), 5.51 (1H, s) 120.25 (CH»)
— [®1 On a yellow background. — ! This color can be easily ob- 14 175.64 (C)
served, but disappears after ca. 0.5 h. 15 2.85(1 H, dq, J = 7.0, 10.2) 44.23 (CH)
16 535(1H,dd, J = 1.7,10.2) 78.24 (CH)
17 2.01 (1 H, m) 32.12 (CH)
acid: (i) gluta.lmin.e, (i.i) N—methyl glycine, (iii) 4-amino- %g ?2; 8 E Eg 1.24 (1H, m) ggg Eggi)
(2E.,4)-pentadienoic acid, and (iv) 3-hydroxy-2,4,6,8-tetra- 20 1.00 (2 H, m) 48.32 (CH,)
- 21 1.63 (1 H, m) 26.39 (CH)
methylnonanoic acid. » 0.88 3H. d, J = 6.5) 2434 (CH3)
In general, MS/MS has proved to be a powerful method 53 0.86 3H. d. J = 6.6) 2238 (CH3)
for elucidating amino acid sequences in peptides. However, %451 (1)(2:3); 8 g g 5 = gg; %g% 8 %ggg%
. . - L ) d.J=6 ) :
the MS/MS trace of the cyclic depsipeptide 1 was ambigu % 121 GH. d 7 = 7.0) 1583 (CH.)

ous. The successful long-range HMBC experiments were
helpful in assigning the linkage points of the peptide and
ester bonds (Figure 2). Thus, it was established that the glu-
tamine, N-methyl glycine, 4-amino-(2E,4)-pentadienoic
acid, and 3-hydroxy fatty acid are linked through amide
bonds. The glutamine and the 3-hydroxy fatty acid form an
ester bond (Figure 2). The determination of the stereochem-
istry of rakicidin C (1) is under investigation.

3354

[al Assignments were made by a combination of 1D- ('H, '3C,
DEPT) and 2D NMR ('H-'H COSY, HSQC, HMBC) experiments;
J values in Hz.

Recently, the depsipeptides rakacidins A and B (2 and
3)B1 as well as vinylamycin (4)™ have been described, which
have an exocyclic double bond moiety like that in 1
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Figure 1. Fragments of rakicidin C (1) deduced from a 'H-'H
COSY NMR experiment
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Figure 2. Key "Jcy (n = 2 or 3) correlations in rakicidin C (1) as
deduced from an HMBC experiment

(Scheme 1). Rakacidins A (2) and B (3) are fifteen-mem-
bered ring depsipeptides with a 3-hydroxy fatty acid build-
ing block (Scheme 1). The new rakacidin C (1) also contains
a fifteen-membered ring with an identical constitution as
that in the known rakacidins A (2) and B (3). Rakacidin C
(1) differs from rakacidins A (2) and B (3) in two respects,
having: (i) a different 3-hydroxy fatty acid moiety, and (ii)
glutamine in place of the 3-hydroxyasparagine in 2 and 3.1%!
Vinylamycin (4), obtained from Streptomyces sp. MI1982-
63F1, is a fourteen-membered ring depsipeptide with a 2-
hydroxy fatty acid as a building block.™

Rakicidin C (1) has been tested against gram positive and
gram negative strains, as well as with regard to its cytotox-
icity towards various cell lines, but was found to be inactive.

Experimental Section

General Methods: For aspects of the instrumentation and general
methods, see the previous paper.’! — 1D ('H, '*C, and DEPT) and
2D (‘*H-'H COSY, HSQC, HMBC, and NOESY) NMR spectra
were recorded on Bruker DPX 300 and Bruker DRX 500 spectro-
meters, respectively. — IR spectra were recorded on a Bruker FT-
IR (IFS 55) spectrometer. — UV/vis spectra were recorded on a
Cary 1 Bio UV/vis spectrophotometer (Varian). — ESI mass spec-
tra were obtained on VG Quattro Micromass, MAT95 Thermoqu-
est, and AMD Intectra 402/2 mass spectrometers.
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Culture Material: Pure cultures of strain GT 61042, obtained by
standard isolation procedures for Streptomycetes strains from a soil
sample, were grown on medium 1 [glycerol 30 g/L, casein peptone
2.0 g/L, K,HPO, 1.9 g/L, Na,SO,4 1.6 g/L, MgSO, - 7 H,0 0.5 g/L,
trace element solution (CaCl,-2H,O 3.0g, FeC¢HsO, 1.0g,
MnSO, 0.2g, ZnCl, 0.1g, CuSO4-5H,O 0.025¢g,
Na,B,0; - 10 H,O 0.02 g, Na,MoO, -2 H,O 0.01 g, and CoCl,
0.004 g per dm? deionized water) 5 mL/L] for 4 days at 28 °C. The
pure strain was stored in 50% glycerol at —20 °C.

Fermentation: The glycerol-containing storage mixture (2 mL) was
used to inoculate a 300 mL Erlenmeyer flask containing 100 mL
of medium 1. Cultivation was carried out by placing the flask on
a rotary shaker (180 rpm) at 28 °C for 6 days and then the solution
was subjected to initial TLC analysis as part of the routine screen-
ing procedure. Details of the chemical screening method (cultiva-
tion, adsorption of the culture filtrate, concentration steps, and the
conditions for TLC analysis) have been reported previously.l>¢
Four-day-old cultures prepared in the same manner were used to
inoculate a fermentor (300 L working volume, inoculation volume
5%, 400 rpm, 28 °C, aeration 5 L/min) containing medium 1. It was
found that foaming could be decreased by adding PPG (polypropy-
lene glycol).

Isolation and Purification: After harvesting, the culture filtrate
(160 L) was filtered and adsorbed onto Amberchrom CG/161 M
(6 L of resin) by means of MPLC and eluted with an H,O/MeOH
gradient (0—2.0 min: 30% MeOH; 2.0—26.0 min: 30%—80%
MeOH; 26.0—26.1 min: 80—100% MeOH; 26.1—38.0 min: 100%
MeOH; 38.0—39.0 min: 100%—10% MeOH; 39.0—45.0 min 10%
MeOH). The eluates were concentrated to leave aqueous residues,
which were then lyophilized to yield seven fractions. The crude mat-
erial obtained from fraction 6 (10% MeOH, between 39.0 and
45.0 min, 300 mg, monitored by TLC analysis) was redissolved in
MeOH (500 mL) by stirring at room temperature, the resulting so-
lution was filtered, and the filtrate was concentrated to dryness
under reduced pressure to yield a black residue (56 mg). This mat-
erial was chromatographed on silica gel (column: 2.2 X 32 c¢m; elu-
ent: CHCl;/MeOH, 5:1) to furnish pure rakicidin C (1, 0.2 mg/L)
as a white powder.

Rakicidin C (1): [a] = +90.9 (¢ = 0.237, DMSO). — ESI-MS
(negative mode): m/z = 505 [M — H]~. — IR (KBr): V. = 3360
cm™! (br), 2957, 2929, 2861, 1717, 1653 (br), 1533, 1456, 1274,
1048. — UV (MeOH): Ay (log €) = 201 nm (3.73), 243 (1.71). —
'H and 3C NMR (in CD;0D): see Table 2.

Acknowledgments

We are grateful to our colleagues K. HoBrich for microbial work,
and Dr. M. Hilliger for strain fermentation and carrying out the
first work-up procedures. We also indebted to T. Heinrich, U. Va-
lentin, H. Siiring, B. Lehmann, and A. Griitzmann for excellent
technical assistance, and H. Heinecke, Dr. P. Kleinwédchter, Dr. S.
Heinze, R. Koch, A. Perner, and D. Triibner for obtaining the spec-
tral data. This work is part of a cooperation program between the
Hans-Knoll-Institute for Natural Products Research (HKI) and the
Institute of Materia Medica (IMM), Chinese Academy of Medical
Science, and has been funded by grant no. CHN-306-98 from the
German Federal Ministry for Education, Science, Research, and
Technology (BMBF).

1 S, Grabley, R. Thiericke, A. Zeeck, in: Drug Discovery from
Nature (Eds.: S. Grabley, R. Thiericke), Springer-Verlag, Berlin,
Germany, 1999, p. 124—148.

3355



FU LL PAPER J-F. Hu, D. Wunderlich, I. Sattler, X.-Z. Feng, S. Grabley, R. Thiericke

2l J.-F. Hu, D. Wunderlich, 1. Sattler, R. Thiericke, S. Grabley, BI'A. Gohrt, S. Grabley, R. Thiericke, A. Zeeck, Liebigs Ann.

X.-Z. Feng, Nat. Prod. Lett. 2000, in press. Chem. 1996, 627—633.

] K. D. McBrien, R. L. Berry, S. E. Lowe, K. M. Neddermann, [ G. Bach, S. Breiding-Mack, S. Grabley, P. Hammann, K.
I. Bursuker, S. Huang, S. E. Klohr, J. E. Leet, J. Antibiot. 1995, Hiitter, R. Thiericke, H. Uhr, J. Wink, A. Zeeck, Liebigs Ann.
48, 1446—1452. Chem. 1993, 241—250.

41 M. Igarashi, T. Shida, Y. Sasaki, N. Kinoshita, H. Naganawa, Received March 27, 2000
M. Hamada, T. Takeuchi, J. Antibiot. 1999, 52, 873—879. [000159]

3356 Eur. J. Org. Chem. 2000, 3353—3356



