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Pilatin, a new marasmanederivative, was isolated from fermentations of the cyphelloid
fungus Flagelloscypha pilatii. Its structure was determined by chemical and physical meth-
ods. Pilatin inhibits the growth of bacteria and fungi at concentrations of 5^50 ^g/ml.
The compound is highly cytotoxic. The incorporation of thymidine and uridine into DNA
and RNAin Ehrlich carcinoma ascitic cells is strongly inhibited by pilatin. Like marasmic
acid pilatin causes frameshift mutations in Salmonella typhimurium TA98.

Flagelloscypha pilatii is a small astipitate cup shaped basidiomycete growing on grasses. The
species was first described by Agerer in 19752). Flagelloscypha (tribus Marasmieae, family Tri-
cholomataceae) is related to the genera Oudemansiella, Strobilums, Marasmius, and Crinipellis, from
which a number of antibiotic metabolites have been described previously (for review see ref 3). F.
pilatii JK 322 was detected as an antibiotic producing strain during a screening of cyphelloid fungi for
antimicrobial and cytotoxic compounds. In the following we wish to describe the fermentation,

isolation, and biological characterization of pilatin, the first secondary metabolite isolated from a
Flagelloscypha species.

Materials and Methods

Flagelloscypha pilatii
Mycelial cultures of F. pilatii strain JK 322 were obtained from tissue plugs of fruiting bodies

collected in Tubingen, FRG. The strain used in this work and herbarium specimen have been de-
posited in the collection of the Lehrbereich Biotechnologie, University of Kaiserslautern.

Fermentation and Isolation
For maintenance on agar slants and submergedcultivation the fungus was grown in a yeast ex-

tract - malt extract - glucose (YMG)medium composed of (g/liter) : Yeast extract 4, malt extract 10,
and glucose 4. For the production of pilatin, strain JK 322 was grown in 20 liter of YMGmedium
in a Biolafitte C-6 fermentor (3 liters air/minute, 120 rpm, 22°C). 200 ml of a well grown seed culture
were used as inoculum. Antibiotic production was followed by paper disc-agar diffusion assay using
Bacillus brevis as test organism. After 8 ~ 10 days of fermentation the mycelia were separated from the
culture fluid by filtration. Pilatin was extracted from the culture fluid (19 liters) with 5 liters of EtOAc.

t Seerefl.
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After evaporation of the solvent the crude product (3 g) was applied to a column (2.5 x 10 cm) with
silica gel (Mallinckrodt) and eluted with CH2C12. The pilatin containing fractions (25~ 51, 10 ml
each) were pooled, the solvent evaporated and the product (1 g) applied to a column (2.5 x50 cm)
of Sephadex LH-20 and eluted with MeOH.Pure pilatin was obtained from fractions 33 ~ 39 (fraction
volume 15 ml). Yield 500mg.

Physical and Spectroscopic Data
The NMRspectra were recorded on a Bruker AM-400spectrometer. Data for the symmetrized

INADEQUATE2D experiment : 240 mg sample in CDC13; relaxation delay Dl =4 seconds, spin-echo
period D2=0.003333 second, initial evolution delay DO=3E-6 seconds, NE-128, SW=20,000 Hz,
SW1=5,000 Hz. TLC was performed on alumina foils, Silica gel 60 F254 Merck, Darmstadt, No.

5554. ;

Pilatin (1)
Colorless oil; M2D° -97.6° (c 0.41, CHC13); Rf 0.46 (C6H6 -HCOOEt- HCOOH, 10:5 :3); 0.65

(QH6 - Me2CO -AcOH, 17 :2: 1); UV ^gH nm (loge) 211 (4.16), 240 (2.72); CD (MeOH) [0]282=O,
[^330=+1.99xlO3; IR (KBr) cm"1 3400 (st, br), 2940 (st), 2910 (sh,) 2850 (m), 1765 (st), 1745 (st),

1708 (st), 1680 (sst), 1640 (m), 1450 (m), 1360 (w), 1300 (w), 1250 (w), 1215 (m), 1170 (m), 1120 (m),

1080 (m), 1040 (m), 954 (w), 915 (w); high resolution (HR)-MS (direct inlet, 200°C) m/z (relative in-
tensity, %) 390.1680 (4.5, M+, calcd for C21H26O7 390.1678), 346 (0.3, C19H22O6), 321 (0.9, C17H21O6),
318 (2.1, C17H18O6), 308 (0.4, C16H20O6), 294 (1.7, C15H18O6), 290 (0.6, C16H18O5), 276 (38.7, C15H16O5),

97 (100, C6H9O), 55 (76.3, C3H3O).

Pilatol (9/3, 1 0q-Dihydroxymarasmic Acid, 2)
To 1 (ll mg) in MeOH(3 ml) was added 0.5 n NaOH (0.7 ml). After 5 hours atroom temperature

the saponification of 1 was complete (TLC control). 2 was isolated in the usual way and purified by
chromatography on a small Sephadex LH-20 column (eluant Me6H): Colorless oil; Rf 0.25 (C6H6 -

HCOOEt - HCOOH, 10 : 5 : 3); CD (MeOH) nm [0]x 103: 205 (0), 215 (+29.83), 230 (0), 243 (-22.08),
270 (0), 325 (+2.71), 370 (0); *H NMR (400 MHz, MeOH-</3) d 0.83 (s, 14-CH3), 1.14 (s, 15-CH3),
1.27 (dd, /-13.5 and 10.5 Hz, 1-Ha), 1.41 (brm, 4-Ha), 1.64 (d, 7=4.2Hz, 4-Hb), 2.06 (dd, /=13.5
and 9 Hz, 1-Hb), 2.76 (dd, /=10.5 and 9 Hz, 2-H), 3.86 (s, 10-H), 6.06 (br s, 5-H), 6.96 (s, 8-H), 9.64

(s, 13-H); HR-MS (direct inlet, 180°C) m/z (relative intensity, %) 294.1079 (0.04, M+, calcd for
C15H18O6 294.1104), 246 (15), 168 (15), 107 (100).

Biological Assays
The antimicrobial spectra and macromolecular syntheses in cells of the ascitic form of Ehrlich

carcinoma were measured as described previously4>5). Mutagenicity was tested as described by Ames
et alfi. Salmonella typhimurium strains TA 100, TA 98, TA 1535, and TA 1538 were used for the
spot test without rat liver microsomes.

Results and Discussion

According to the HR-MSpilatin has the molecular formula C21H26O7. In the XH NMRspectrum
/'TqKIp n th* Qianaic fr*r an niHphvrlp prnnn three olefinic nrotons. two tertiarv methvl erouDS and
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Table 1. *H and 13C NMR data of pilatin (1) (400 and 100.6 MHz respectively; CDC13 as solvent and
internal standard).

Protona d / (Hz) Carbon d J (Hz)
\-K& 1.27 dd 13.5, 12.0 CM 42.41 Dm 132.2
1-Hb 2.16 dd 13.5, 8.5
2-H 2.99 dd 12.0, 8.5 C-2 34.67 Dm 137.0

C-3 31.54m
4-Ha 1.38 d 5.0 C-4 26.44 T 168.3
4-Hb 1.59 d 5.0
5-H 6.08 br s C-5 96.91 Dt 181.7, 4

C-6 30.45 m
C-7 139.97 dm 28.4

8-H 6.49 s C-8 142.45 Dt 158.8, 3.2
C-9 78.89 m

10-H 4.91 s C-10 90.34 Dm 149.3
C-ll 37.14 m

C-12 174.61 dd 10,4
13-H 9.52 s à¬-13 192.84 Dd 178.8, 8.6
14-CH3 0.88 s C-14 25.41 Qm 126.3
I5-CH3 1.16 s C-15 30.52 Qm 126.3

C-l' 168.52 m
2'-H 5.92 dt 15.8, 1.5 C-2' 119.98 Dtd 164.0, 6.0, 14
3'-H 7.08 dt 15.8, 7.0 C-3' 152.67 Dm 154.4
4'-H 2.22 ddt 7.5, 7.0, 1.5 C-47 34.36 Tm 137.2
5'-H 1.50 septet 7.5 C-5' 21.08 Tm 128.0
6'-CH3 0.93 1 7.5 C-6' 13.63 Qm 125.0

^ Protons correlated by NOE difference measurements: 1-Ha/15-CH3; 1-HJ2-H; 2-H/4-Hb; 2-H/10-H;
4-Ha/5-H; 8-H/13-H; 1O-H/15-CH3.

D, T, Q, M: Doublet, triplet, quartet, multiplet; the capital letters indicate direct coupling. Small
letters (d, t, q, m) indicate long range coupling.

Fig. 1. CD spectra ofpilatol (2) and marasmic acid (3) in MeOH.

an ethyl unit are visible.
By use of the 13C-13C 2D correlation (symmetrized INADEQUATE2D experiment)7~9) the con-

nectivities of the carbon atoms in the hexenoyl unit and the ring system with exception of the lactol
moiety were determined. By means of a modified 1SC-1H long range correlation10) the attachment of
the hexenoyl residue to the hydroxy group at C-10 was secured as well as the annelation of the lactol
moiety to the cyclopropane ring. The arrangement of the lactol ring shown in formula 1 was con-
firmed by selective decoupling of 5-H and 8-H in the ^-coupled 13C NMRspectrum which led in both
cases to a sharpening of the C-6 and C-7 signals. This experiment was carried out at -45°C because
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Table 2. MICs of pilatin (1) and marasmic acid (3).
MIC O*g/ml>

Pilatin á"~

Bacteria
Aerobacter aerogenes > 50 > 50
Arthrobacter citreus 20 5
Bacillus brevis 5 1
B. subtilis 1 0 2
Corynebacterium insidiosum 5 5 ~ 10
Escherichia coli > 50 2
Micrococeus roseus NT 1 0
Mycobacterium phlei > 50 10 ~ 20

Proteus vulgaris 50 5
Pseudomonas fluorescens > 50 > 50
Micrococeus luteus 50 1 0
Staphylococcus aureus 50 5 ~ 10
Streptomyces sp. PRL 1642 20 5
Streptomyces sp. ATCC23836 10 5
Fungi
Candida albicans > 50 > 50
Nematospora coryli 10 0. 1
Nadsonia fulvescens 50 ^ 50
Rhodotorula glutinis > 50 > 50
Saccharomyces cerevisiae > 50 > 50
*S. cerevisiae is 1 > 50 5

NT: Not tested.

Table 3. Antifungal activity of pilatin (1) and

marasmic acid (3) in the plate diffusion assay.

Diameter of
inhibition zones

(mm)
Pilatin M^?dmic

Ascochyta pisi -
Botrytis einerea 1 5 10
Cera tocystis fimbriata 50 65

Mucor hiemalis 1 3 1 6
Phytoph thora infestans - 8
Pleospora herbarum 22 1 5
Sclerotinia fructigena - 3 5

50,wg were applied to paper discs of 6mm
diameter.

Fig. 2. Effect of pilatin on the synthesis of macro-
molecules in Ehrlich carcinoma ascites cells in

percent of the controls without antibiotic.
à" Protein synthesis, å  RNA synthesis, å² DNA

synthesis.

Controls without antibiotics ; incorporation per
3xlO6 cells: [14C]Leucine, 38,937cpm; [14Q-

uridine, 31,869 cpm; [14C]thymidine, 2,772 cpm.

at room temperature the singlet of 5-H at 3 6.08
is significantly broadened.

The relative configuration of pilatin was

determined by nuclear Overhauser effect (NOE)
difference measurements. The results are given
in Table 1 and indicate a fra^-arrangement of
the ester chain and the 9-hydroxy group, a cis-

relationship between the 9-hydroxy group and the
cyclopropyl ring and a c/s-fusion of the rings.
On mild basic hydrolysis, 1 was converted

into pilatol (2). The CD curves of 2 and

marasmic acid 3 (Fig. 1) are in good agreement
and prove that both compoundshave the same
absolute configuration10. The relative and absolute configuration of pilatin is given in formula 1.
Pilatin exhibits both antibacterial and antifungal activities. In the serial dilution assay (Table 2)
the MICsare somewhat lower as compared to marasmic acid. In the plate diffusion assay both com-
pounds inhibited the growth of phytopathogenic fungi to a similar extent with the exception of Scle-
rotinia fructigena, which was sensitive only to marasmic acid (Table 3). Compared to pilatin and
marasmic acid, the antimicrobial activity of pilatol (2) is markedly reduced. The MICs for B. brevis,
Bacillus subtiUs. and Nematospora coryli are 10 times higher. The cytotoxic effect of pilatin is quite
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Table 4. Mutagenic activity of pilatin (1) and marasmic acid (3) in the assay of Ames et al.6\

Numberof revertants Salmonella typhimurium strain
Compound w e/disc

TA 1535 TA 1538 TA 100 TA 98

MNNGa 5 2,944 (13)b - (12) 20,750 (12) - (ll)
Pilatin 100 - (15) - (22) - (18) 148 (25)
Marasmic acid 50 - (32) - (36) - (35) 344 (50)
a Af-Methyl-JV'-nitro-TV-mtrosoguanidine.

b Diameter of inhibition zones (mm).
-: No revertants above background.

high. In cells of the ascitic form of Ehrlich carcinoma the incorporation of [14C]thymidine and [14C]-
uridine into trichloroacetic acid precipitable material (DNA, RNA) is strongly inhibited by 5 ^g/ml
of pilatin, whereas the incorporation of [14C]leucine into protein is affected only at higher concentra-
tions (Fig. 2). In a very similar assay12) macromolecular syntheses of both normal and Rous sarcoma
virus-transformed chicken embryofibroblasts were inhibited to the same extent and by the same con-
centrations of pilatin (5 - 10 ^g/ml). At these concentrations, pilatin did not interfere with the uptake
of the precursors leucine, uridine, and thymidine. Very similar results have been obtained for

marasmic acid13). The interference of pilatin with nucleic acid biosyntheses led us to test the mu-
tagenic potential in the S. typhimurium assay of Ameset al®. In the spot test 100 ^g of pilatin/disc
increased the number of revertants from S. typhimurium TA 98 indicating frameshift mutations (Table
4). The mutagenic activity, however, was lower as compared to marasmic acid and minute as com-
pared to the control mutagen MNNG,
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