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   From submerged cultures of the marine basidiomycete Halocyphina villosa we isolated 
siccayne (4-(2,4-dihydroxyphenyl)-2-methyl-l-buten-3-yne) (1), a metabolite first described 
from fermentations of the deuteromycete Helniinthosporium siccans. Siccayne is a moderately 
active antibiotic, which inhibits Gram-positive bacteria and some fungi at concentrations of 
10'- 50 1tg/ml. Its cytotoxic effect is much more pronounced on both normal and Rous-
sarcoma-virus transformed chicken embryo fibroblasts as compared to cells of the Ehrlich 
ascites carcinoma. Siccayne apparently interferes with the uptake of nucleoside precursors 
into eucaryotic cells as well as with the in vitro incorporation of nucleotides into DNA and 
RNA.

   During the last years the search for new natural products extending into the realm of marine 

organisms has uncovered a variety of new secondary metabolites active upon mammalian systems and 

terrestrial microorganisms. Most of the biologically active compounds have been isolated from 

algae or sponges, only a minority from marine bacteria and fungi (for reviews see references'.', 4)). 

In the course of our screening program we examined Halocyphina villosa, one of the four known marine 

basidiomycetes. The fungus develops its minute, cup-shaped fruiting bodies on mangrove roots and 

similar substrates close to mussels and other marine organisms','). The basidiospores of this unusual 

fungus are to our knowledge not directly discharged into the seawater but first embedded in a slimy 

drop and then released together-already germinating. Submerged cultures of Halocyphina villosa were 

found to produce an antimicrobial metabolite, which could be isolated and identified as siccayne (1). 

Besides the note that siccayne "shows an antibiotic activity against Piricularia oryzae and Staphylococcus 

aureus"'> no data on its antibiotic properties have been published. In the following we wish to report 

on the fermentation, isolation and biological characterization of this compound. 

                                    Experimental 

   Isolation of Siccayne 

   A mycelial culture (strain No. 573) of Halocyphina villosa was obtained from a spore print. For 
the maintenance on agar slants and for seed cultures the fungus was grown in a medium containing 
0.4% yeast extract, I % malt extract, and 0.4% glucose. Well-grown seed-cultures (300 ml) were 
used to inoculate 10 liters of fermentation medium composed of (per 1 liter): maltose 20 g; glucose 
10 g; peptone 2 g; yeast extract 0.2 g; KH2PO, 0.5 g; MgSO, 0.5 g; FeC13 10 mg; ZnSO, I mg; CaCl2 
50 mg; thiamine 50 lcg; biotin I leg; folic acid 100 lcg; inositol 50 mge>. The pH of the medium was 
adjusted to 5.5 before sterilization. The culture was incubated at 22°C for 20 days in a New Brunswick 
FS 314 fermentor, aerated with 3 liters per minute and agitated at 150 rev./minutes. Antibiotic produc-
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tion was followed by paper-disc/agar-diffusion assay using Bacillus brevis as test organism. After 
fermentation the mycelia were separated from the culture fluid by filtration. The mycelia, con-
taining one third of the antibiotic, were extracted with methanol -acetone (1: 1) and the culture 
broth, which contained two thirds of the antibiotic, was extracted with ethyl acetate. The combined 
extracts were applied to a column of silica gel (Mallinckrodt, 100 mesh) which was eluted with CHC13-
EtOH (99: 1), The fractions containing the antibiotic were combined to give crude siccayne (260 mg) 
which was crystallized from MeOH to yield yellowish prisms, m.p. 114°C (Ref." 115 -j 116°C). 

   IR (KBr) cm-1: 3200 - 3450 (st, br), 2200 (w), 1860 (w), 1780 (w), 1610 (st), 1440 (st), 1370 (st), 
1230 (st), 1160 (st), 1110 (st), 990 (m), 930 (m), 890 (st), 865 (st), 830 (st), 820 (st), 780 (st). 

   MS (AEI MS 50, 70eV): m/z 174.0666 (100%, M+, calcd. for C11H10O2 174.0681), 172 (10.9), 
159 (24.8, C10H,O2), 147 (14.6, C,H,O2), 145 (5.3, C10H,O), 134 (9.2, C8H,O2), 131 (14.9, COH,O), 127 

(9.0, C10H7), 115 (13.5, C,H,), 51 (10.0, C,H3). 
   1H-NMR (acetone -d0): s=1.95 dd (J=1.6+1.1 Hz) [3H]; 5.31 dq (J2.2+1.6 Hz) [IH]; 5.33 dq 

(J=2.2+1.1 Hz) [IH]; 6.76 m [3H]; 7.76 broad [2OH]. 
   Antimicrobial Activity 

   The minimum inhibitory concentrations (MICs) were determined by the conventional serial broth 
dilution method. All test strains were grown in antibiotic medium 3 (Difco) and incubated as de-
scribed previously'). 

   Macromolecular Syntheses in Chicken Embryo Fibroblasts 

   Chicken embryo fibroblasts (CEF) were prepared and grown in a humidified CO, incubator as de-
scribed by VOGT10'. The secondary culture medium was SCHERER'S medium supplemented with 20 mm 
bicarbonate buffer, 0.3% tryptose phosphate broth, 5 % calf serum and 0.1% beef embryo extract. 
For normal cells, primary cultures were detached by trypsinization, reseeded at I x 10° cells per 60 mm 

plastic culture dish and grown at 36°C to subconfluence before use. To obtain transformed cells 
primary cultures were infected with the temperature-sensitive mutant of the Rous-sarcoma-virus 
tsNY68 immediately after seeding. The secondary cultures were grown at 41°C for 2 days and at 
36°C (permissive temperature) afterwards. For the incorporation studies the medium was removed 
by aspiration and the cell monolayer was washed with HANKS balanced salt solution supplemented with 
0.1 % glucose. The dishes were then preincubated for 30 minutes at 36°C with 5 ml of the same buffer 
alone or with siccayne. After further incubation with the labelled precursors (1 yCi 3H-thymidine 

(6 Ci/mmol), 1 f<Ci 3H-leucine (39 Ci/mmol) or 2 iiCi 3H-uridine (25 Ci/mmol)) for one hour at 36°C 
the cells were rinsed twice with cold HANKS buffer followed by precipitation with 5 ml 5 % trichloroacetic 
acid (TCA). The dried acid-insoluble material was dissolved in 3 ml of 0.1 N NaOH and aliquots 
were measured for radioactivity in a liquid scintillation counter. 

   Transport Studies in Cells of the Ascitic Form of Ehrlich Carcinoma (ECA) 

   Macromolecular syntheses in ECA cells grown in female mice were performed as described pre-
viously'). For a comparison of uptake and incorporation of the labelled precursors the following 
modifications were applied: After preincubation I ml of the cell suspension was incubated in Eppen-
dorf cups with 0.1 yCi 14C-leucine (354 mCi/mmol), 0.1 yCi 14C-uridine (25 mCi/mmol) or 0.1 I4Ci 
14C-thymidine (58 mCi/mmol) for 10 minutes at 37°C . The cells were immediately centrifuged and 
the pellet either suspended in 5 % TCA (incorporation) or directly added to the liquid scintillation 
fluid (uptake). 

   Incorporation of 3H-UTP by Isolated Nuclei from ECA Cells 

   Nuclei from ECA cells were isolated according to MURAMATSU et al.11' The nuclei were re-
suspended in glycerol-buffer and immediately used for the assay. The reaction mixture (final volume 
0.25 ml) contained: Tris-HCI pH 8.0, 30 mm; saccharose 250 mm; EDTA 1 mm; DTE 0.1 mm; 

(NH,)2S04 130 mm; MnCl2 3 mm; MgCl2 1 mm; ATP, GTP, and CTP 0.33 mm each; 0.5 t4Ci 3H-UTP 
(1 Ci/mmol); 50 Id of the nuclear suspension containing 5 x 100 nuclei. Incubation was carried out 
for 30 minutes at 37°C and 300 rev./minute on a rotary shaker. The reaction was stopped by the 
addition of 2 ml of cold 5 % TCA. The acid-insoluble precipitate was collected on cellulose nitrate 
filters and the radioactivity measured.
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   Incorporation of 3H-dTTP in Toluene-treated Cells of Bacillus brevis 
   Exponentially growing cells of Bacillus brevis were toluenized as described by MOSES and RICH-
ARDsoN'2 . The reaction mixture") (final volume 0.125 ml) contained: Tris-HCI pH 7.8, 20 mm; 
MgCI_ 5 mm; EDTA 0.1 mm; KC1 100 mm; ATP 1 mM; NAD 0.2 mm; dATP, dTTP, dCTP, dGTP 
0.02 mm each; 1 tr.Ci 3H-dTTP (66 Ci/mmol) and 25 td (2 x 10' cells) of the bacteria] cell suspension. 
The reaction mixture was preincubated with the antibiotic for 5 minutes at 37°C before the addition 
of the labelled precursor. After further incubation for 15 minutes at 37°C the reaction was stopped 
by the addition of cold 10', TCA containing 1 % Na,,P,O,. The acid-precipitable material was 

processed as described above. 

                                   Results 

   The antibiotic from Halocyphiim villosa was obtained as described in the experimental section. 

M.p., MS and 1H-NMR spectrum revealed its identity with siccayne (1), a metabolite of Helmintho-

sporiran siccans. This fungus also produces 

siccanin7) . The 13C-NMR signals of siccayne 

were assigned by use of the proton coupled 

spectrum and chemical shift calculations (Table 

1). Comparison with the 13C-NMR data given 

for frustulosinol (2) indicates that the 6-values 

assigned to C-1 and C-3' (our numbering) in 

Ref.1=) have to be interchanged.

   As seen in Table 2 siccayne has antibacterial activity against Aerobacter aerogenes and a variety of 

Gram-positive bacteria at concentrations of 10-50 i g/ml. Only a few fungi are sensitive to siccayne 

at 50 ag/ml. The effect of siccayne on macromolecular syntheses was tested with chick embryo fibro-

blasts and with cells of the ascitic form of Ehrlich carcinoma (ECA). In both normal and Rous-

sarcoma-virus-transformed fibroblasts thymidine incorporation into acid-insoluble fraction of cells was 

more affected than the incorporation of leucine or uridine (Fig. 1). No preferential inhibition of the 

malignantly transformed fibroblasts could be observed. At 10 µg/2 x 101 cells in both cell-lines DNA 

syntheses was reduced to about 10% as compared with the controls. About 3-5 fold higher con-

centrations of siccayne were needed to inhibit macromolecular syntheses in ECA cells (Fig. 2). At 

lower concentrations RNA synthesis proved to be the most sensitive, whereas at higher concentrations 

RNA, DNA and protein syntheses were affected to the same degree. 

   Since the inhibition of incorporation might be caused by a reduced uptake of the appropriate 

precursors into the cells, we investigated the uptake of thymidine, uridine, and leucine into ECA cells. 

In Table 3 the uptake is compared with the incorporation at different concentrations of siccayne.

(1) R=H 

(2) R--CH2OH 

(3) R CHO

Table 1. 13C NMR spectrum of siccayne (1) (o-values, TMS as internal standard, in CDC13).

C-1 

C-2 

C-3 

C-4* 

C-5

110.0 d, J=5 Hz 

150.8 m 

115.6 d. J=162 Hz 

117.5 dd, J=161+4 Hz 

148.8 m 

118.1 dd, J=160+5 Hz

C-1' 

C-2' 

C-3' 

C-4' 

C-5'

82.0 m 

97.7 m 

126.1 m 

123.1 tq, J=160+6 Hz 

23.4 qtt, J=129+ 10+6.5 H z

  Assignments may be interchanged.
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Table 2. Antimicrobial spectrum of siccayne.

Bacteria 

Fungi

Pseudomonadales 

Eubacteriales, 
 Gram-negative 

Eubacteriales, 
 Gram-positive 

Actinomycetales 

Ascomveetes 

Basidiomycetes

Pseudomonas fluorescens 

Aerobacter aerogenes 
Escherichia coli 
Proteus vulgaris 

Arthrobacter citreus 
Bacillus brevis 
Bacillus subtilis 
Corynebacterium insidiosum 
Alicrococcus roseus 
Mycobacterium phlei 
Sarcina lutea 
Staphylococcus aureus 

Streptomyces PRL 1642 
Streptomyces ATCC 23836 

Candida albicans 
Nematospora coryli 
Nadsonia fulvescens 
Saccharomyces cerevisiae aS 288c 
Saccharomyces cerevisiae FL 200 
Saccharomyces cerevisiae is 1 

Rhodotorula glutinis

MIC (1 g/ml) 

   >50 

  30-50 

    >50 

    >50 

    >50 

    20 

    > 50 

     10 

    50 

   30-.50 

    >50 

   >50 

  30-50 

  30-50 

   >50 

     50 

    > 50 

    >50 

    >50 

     50 

     50

Fiu. 1. Effect of siccayne on macromolecular syntheses in chicken embryo fibroblasts in % of the controls 
   without antibiotic. 

       A. Normal fibroblasts: Controls without antibiotic; incorporation per 2 x 10° cells: 3H-leucine, 
   25,656 cpm; 3H-uridine, 26,708 cpm; 3H-thymidine, 20,058 cpm. 

       B. Rous-sarcoma-virus transformed fibroblasts: Controls without antibiotic; incorporation per 
   1.,.106 cells: 3H-leucine, 20,484 cpm; 3H-uridine, 22,152 cpm; 3H-thymidine, 13,440 cpm. 

      (1) protein synthesis, (2) RNA synthesis, (3) DNA synthesis

1jg/2x10acells
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The data clearly indicate that siccayne interferes 

with the uptake of the precursors into the cells 

thus leading to a decreased incorporation into 

macromolecules.

   In order to elucidate the mode of action of this compound further, we also tested the influence of 

siccayne on cell-free RNA and DNA syntheses. In vitro RNA synthesis was performed with isolated 

nuclei of ECA cells. As shown in Table 4 siccayne affects the incorporation of UTP into RNA at 

concentrations comparable to those needed for the inhibition of RNA synthesis in whole cells. In 

vitro DNA synthesis was tested using toluene-treated cells of Bacillus brevis. The incorporation of 
3H-dTTP into DNA at 100 leg/ml of siccayne was only slightly affected (Table 5) . This might be 

due to the higher cell density (1.6;::101 cells/ml) used in this assay as compared to the serial dilution 

test (inoculum I 108 cells/nil). 

   These results indicate that siccayne interferes with a variety of enzymatic reactions involved in 

transport of precursors (e.g. nucleosides) or synthesis of essential macromolecules (e.g. RNA and 

DNA syntheses). Siccaync does not cause hemolysis of bovine erythrocytes up to a concentration of 

100 jig/ml when tested as described previously°>. In this respect siccayne differs from other phenolic

Table 3. Effect of siccayne on uptake (total radioactivity consisting of the acid-soluble and 
   the acid-insoluble fraction of cells) and incorporation (TCA-precipitable material) of i4C-
   leucine, 14C-uridine, and 14C-thymidine in ECA cells.

 Siccayne 
<g/2 x 108 cells 

0 

5 

   10 

   25

Leucine

Uptake 
(pmol) 

 69.2 

 50.5 

 56.7 

 50.5

Incorporation 
  (pmol) 

    41.2 

    37.1 

    37.9 

    35.0

Uridine

Uptake 
(pmol) 

 880 

 624 

 492 
 272

Incorporation 
  (pmol) 

    152 

    104 

    77 

    39

Thymidine

Uptake 
(pmol) 

 46 

 40 

 38 

 32

Incorporation 
  (pmol) 

    12.4 

    10.4 

      9.5 
    5 1

Table 4. Effect of siccayne on RNA synthesis 

 in isolated nuclei of ECA cells.

Antibiotic added 
   (hg/ml) 

Control -

a-Amanitin 2 

Siccayne 20 

Siccayne 40

Incorporation of

3H-UMP (pmol) 

     2.14 

     0.87 

     1.22 

     0.77

  of control 

   100 

    41 

    57 

    36

Table 5. Effect of siccayne on DNA synthesis 

 in toluene-treated cells of Bacillus brevis.

Siccayne 
(,rig/ml) 

0 
  100

Incorporation of

H-dTMP (pmol) 

     3.75 

     2.32

go of control 

   100 

    62

Fig. 2. Effect of siccayne on macromolecular syn-
 theses in Ehrlich carcinoma ascites cells in ",, of 
 the controls without antibiotic. 

 (1) protein synthesis, (2) RNA synthesis, 
 (3) DNA synthesis 

   Controls without antibiotic; incorporation per 
 2x101 cells: 14C-leucine, 29,208 cpm; 14C-uridine, 
 7,658 cpm; 14C-thymidine, 1,444 cpni.

} g/2x1O cells
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compounds exhibiting a high degree of hemolytic and detergent-like mode of action") 

                                    Discussion 

   Antibiotically active compounds structurally related to siccayne namely frustulosinol (2) and 
frustulosin (3) have been reported from cultures of the basidiomycete Xylobolus (Stereum) 

frustulatusl",10). They differ from siccayne only by the presence of a one-carbon unit at the hydroqui-
none moiety. Both compounds were found active against Staphylococcus aureus, Bacillus mycoides

and Bacillus subtilis at a concentration of 16 ppm 
and against several fungal species at somewhat 
higher concentrations. They were also mode-
rately active against Vibrio cholera and V. 
cholera phage14). Other acetylenic substances 
containing an aromatic ring are the antifungal 
and antitumor antibiotics from Peniophora 
affinisli7 and the antibacterial and antifungal 

peniophorins B (4) and A (5)187.
   Simple prenylated hydroquinone derivatives have been isolated recently from the marine urochordate 

Aplidium. These substances act as anticancer and antimutagenic agents"). Radioprotective and 
cancer-protective activities have also been found for geranylhydroquinone2°) which is a constituent 

of higher plants (genera Phagnalon21) and PhaceliaY27) as well as of Aplidium. The evaluation of the 

presumed in vivo anticancer properties of siccayne is still under investigation. 
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