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A new hirsutane derivative, phellodonic acid (1), has been isolated from fermentations of 
Phellodon melaleucus strain 87113. Its structure was elucidated by spectroscopic methods. The 
compound exhibits antibiotic activities towards bacteria and fungi. 1 is the first bioactive 
metabolite from cultures of a species belonging to the family Thelephoraceae.

Introduction

The genus Phellodon belongs to the hydnaceous 
Basidiomycetes and is included within the family 
Thelephoraceae. Eight species have been described 
to occur in the A siatic-A ustralian region by M aas 
G eesteranus [2], U p to now  no biologically active 
com pounds have been described from the genus. 
In the following we wish to  report the ferm enta­
tion, isolation, structure elucidation and biological 
evaluation o f a new antib io tic  from  Phellodon me­
laleucus.

Materials and Methods
Phellodon melaleucus strain TA 87113

M ycelial cultures o f Phellodon melaleucus (Sw. 
ap. Fr. ex Fr.) P. K arst, strain  TA 87113 were ob­
tained from  a spore p rin t o f a fruiting body collect­
ed at the H artz  M ountains, Tasm ania, in 1987. 
Voucher specimen and  mycelial cultures are depo­
sited a t the Lehrbereich Biotechnologie, U niversi­
tät K aiserslautern.
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Fermentation

F or m aintenance on agar slants and  subm erged 
cultivation, the strain  was grow n in Y M G  m edium  
com posed o f (g/1): glucose 4, m alt extract 10, yeast 
extract 4. The pH  was adjusted to  5.5 before auto- 
claving. Ferm entations were carried ou t in a Bio- 
lafitte C-6 appara tus containing 20 1 o f Y M G  me­
dium  with ag itation  (180 rpm ) and aeration (3.2 1/ 
min) at 24 °C. The inoculum  was 400 ml o f a well 
grown culture in the same medium . A ntibacterial 
activity (Bacillus brevis) was determ ined by plate 
diffusion assay using 10 |il aliquots o f concentrat­
ed (100-fold) ethyl acetate extracts o f the culture 
fluid.

Isolation o f  phellodonic acid  (1)

A fter nine days o f  ferm entation the mycelia 
were separated by filtration  and  discarded. The 
culture filtrate (17 1) was then acidified to pH  4 
and applied to  a colum n (6 x 30 cm) containing 
M itsubishi H P 21 resin and  washed with 5 1 of 
water. Phellodonic acid was eluted from  the col­
umn with 3 1 o f acetone. A fter evaporation o f the 
acetone the antibiotic was extracted from  the re­
sidual aqueous phase with two times 750 ml of 
ethyl acetate. The crude product (1.8 g) obtained 
after rem oval o f the solvent was purified by 
M PLC on silicic acid [Sigma SIL A 200, colum n
2.5 x 25 cm, elution w ith cy c lo h ex an e-E tO A c- 
EtO H  (85:15:1)] yielding 360 mg o f an enriched 
product. F inal purification was achieved by H PLC
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on LiChro Gel PS 1 (M erck, 10 (im) using 2-pro- 
panol as eluant. Yield: 37 mg o f 1.

Physico-chemical properties o f  phellodonic acid (I)

Colourless oil, soluble in m ethanol, acetone, 
chloroform , dichlorom ethane, cyclohexane and 
toluene, R{ 0.82 [to lu en e -ace to n e -E tO A c  
(70:30:1)], R{ 0.88 [ to lu en e -H C O ?E t-H C O ,H  
(10:5:3)], [a]D18 -1 1 4  (c 1.67, CHC13); UV 
(M eCN) Xmdx 234 nm (log e 3.80); CD  (M eCN): 
[0]235 1 1.32 x 10 \ [0 ]243 0, [0]->49 -5 .6 6  x 103, [0 ]287 
0, [0 ]353 -16 .63  x 103, [0 ]364 -  15.81 x 103; IR  
(KBr) c m '1 3500 (m), 2945 (st), 2930 (sst), 2870 
(m), 2855 (m), 1740 (sh), 1735 (sst), 1640 (m), 1570 
(m), 1465 (m), 1390 (m), 1295 (st), 1285 (st), 1250 
(st), 1235 (st), 1170 (st), 1100 (st), 1070 (m), 1015 
(m), 1020 (m), 945 (w), 930 (w), 735 (w), 700 (w); 
'H  and 13C N M R  spectra see Table I; H R -M S 
(70 eV; DI 180 C): m /z  (relative intensity, % ) 
404.2225 (0.7, M +, calcd for C23H 320 6 404.2199),
262 (3.1, C 15H ]80 4), 261 (12.0, C 15H 170 4), 260 
(61.5, C „ H 160 4), 245 (4.8, C 14H 130 4), 232 (8.6, 
C 14H 160 3), 231 (8.3, C 14H 150 3), 216 (19.5, 
C 14H 160 ,) ,  215 (100, C 14H 150 7), 214 (11.0, 
C 14H 140 2), 204 (6.8, C 13H 160 2), 203 (24.7, 
C 13H l50 2), 127 (13.0, C 8H 160 ,) ,  57 (61.0); FAB -

MS: m /z  427 (M + N a +), 405 (M  + H +), 387 (M + -  
OH).

Biological assays

The assays for antim icrobial activity were per­
formed as described previously [3]. Chlorella vul­
garis was grown under the condition described by 
Noll [4], The cytotoxicity o f 1 against cells o f the 
ascitic form of Ehrlich carcinom a (ECA, mouse), 
L 1210 (mouse), BHK 21 (ham ster), and H eLa S3 
cells (hum an) was measured as described previous­
ly [5], The effect o f 1 on the incorporation  o f 
[14C]thymidine, [14C]uridine, and [l4C]leucine into 
D N A , RN A , and proteins in L 1210 cells was 
measured as described previously for ECA cells 
[6]. The incorporations of radiolabelled precursors 
into the corresponding m acrom olecules were de­
termined as described in [7].

Results and Discussion
Fermentation and isolation

A typical ferm entation diagram  is shown in 
Fig. 1. The appearance of antibiotic activity starts 
early in the growth phase o f the producer. The
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Fig. 1. Fermentation of Phellodon melaleucus.
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highest antibiotic content in the culture was 
reached after 9 days. After all chromatographic 
steps 2.18 mg/1 of pure phellodonic acid (1) was 
obtained.

Structure elucidation

Phellodonic acid (1) exhibits a UV maximum at 
234 nm and IR  absorptions at 1735 and 1640 cm-1 
which indicate the presence o f an a,ß-unsaturated 
carbonyl system. The El and FAB+ mass spectra 
reveal the molecular ion [M +] at m/z 404 corre­
sponding to the molecular formula The 
fragmentation pattern showed subsequent losses 
from the molecular ion of 144 (loss o f octanoic 
acid) and of 44 (loss of C 0 2) leading to the base 
peak at m/z 215. This indicates the presence of an 
octanoic acid moiety esterified with a sesquiter- 
penoid hydroxy acid C 15H I60 4.

The ’H and 13C NM R spectra (Table I) confirm 
this conclusion and point to a close structural rela­
tionship between phellodonic acid and the hir- 
sutane derivatives complicatic acid (2) [8, 9] and 
hypnophilin (3) [9]. Thus, a comparison with the 
13C NM R spectra of these antibiotics indicates 
that ring A is also present in phellodonic acid. This 
is corroborated by the characteristic long range 
coupling [V (H,H) <  1 Hz] o f the epoxide proton

at 5 3.43 with proton Ha of the exo-methylene 
group at 5 5.35 [9, 10]. An analysis of the remain­
ing 'H  and 13C NM R signals leads to structure 1 
for phellodonic acid which is supported by 
•H -'H -C O SY  and COLOC experiments [11].

^ C C ^ H

I. Ö2C(CH2).C H3

2, R1 = C 02H, R2 =H
3, R’ =CH3> R2 =  OH

In the 'H  NM R the doublet at 5 5.80 can be a t­
tributed to the proton at C-l carrying the octanoic 
acid residue. Its coupling constant V  = 7 Hz is in 
accord with a /ra«5-relationship to the angular 
proton in 2-position [9]. This is confirmed by the 
difference NOE spectrum which indicates a cis-re­
lationship for 1-H and M e-14. Further NOEs, in­
dicated in Fig. 2, allow the assessment of the rela­
tive stereochemistry for phellodonic acid. Thus, ir­
radiation of the angular 9-H enhances the signals 
of 2-H, M e-13 and 6-H (weakly) which must there­
fore by positioned at the same side of the molecule. 
The carboxyl group at C -ll is therefore trans-

Table I. 'H and 13C N M R  data o f  phellodonic acid (1) (400 and 100.6 M H z, 
respectively, 5-values; 'H N M R  in CDC13, l3C N M R  in C6D 6 with T M S as 
internal standard).

Ha 8 M ultiplicity Cb 8 C 8

1-H 5.80 d , / = 7  H z C -l 77.77 C -l' 172.68
2-H 2 .1 9 —2 .32c m C-2 54.20 C-2' 34.26

C-3 46.15 C-3' 25.27
C-4 152.86 C-4' 29.29d
C-5 196.77 C-5' 29.24d

6-H 3.43 s (br) C-6 60.77 C -6' 31.98
C-l 75.86 C-7' 22.96

8-H 1 .9 0 -2 .1 8 m C-8 30.16 C -8' 14.29
9-H 2.87 m C-9 35.93

10-H 1 .9 0 -2 .1 8 m C-10 43.67
C - l l 54.13
C -l 2 181.52

13-H 1 .1 4 -1 .3 1 ° C -l 3 16.78
14-H 1.40 s C -l 4 17.52
15-Ha 5.35 s (br) C-15 121.03
15-H b 6.05 s

a 2'-H: 8 2 .1 9 -2 .3 2  m c; 3'-H: 5 1.55, ‘■pentet” ; 4'-H , 5'-H, 6'-H, 7'-H: 8 1 .1 4 -
1.31, m ;  ö -H: ö u .sö  t, J  =  t o  H z .  

b Assignm ents confirm ed by C ,H -correlation  experim ents. 
c Signals obscured. 
d Signals m ay be interchanged.



548 M . Stadler et al. ■ P hellodonic Acid from  Phellodon melaleucus
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Fig. 2. N O E s observed in the 'H N M R  o f  phellodonic  
acid (1).

oriented with respect to the neighbouring octanoyl- 
oxy residue.

The absolute configuration of phellodonic acid 
given in the formula is assigned by the close agree­
ment of its CD spectrum with that of complicatic 
acid (2) and hypnophilin (3) [9]. All three com­
pounds exhibit a negative Cotton effect near 
370 nm and a positive Cotton effect near 235 nm. 
It is interesting to note that a 1 a-octanoyloxy resi­
due is also present in the hirsutane derivative 
coriolin B (4) [12]. Phellodonic acid differs from 
the known hirsutane carboxylic acids complicatic 
acid (2) and hirsutic acid C (5) [13] in its configura­
tion at C-l 1.

OH

Table II. Antim icrobial and algicidal activities o f  1 in the 
serial dilution assay. The m inim al inhibitory concentra­
tions (M IC) were evaluated after 24 h incubation.

Organism M IC [|ig/ml]

Bacteria:

Acinetobacter calcoaceticus 25
Bacillus brevis 2
Bacillus subtilis 5
Escherichia coli K 12 100
Micrococcus luteus 10
Staphylococcus aureus 10
Proteus vulgaris 10
Pseudomonas fluorescens >100

Yeasts:

Candida albicans 25
Nadsonia fulvescens 25
Nematospora coryli 10
Rhodotorula glutinis 100
Saccharomyces cerevisiae a  S 288 c 25
Saccharomyces cerevisiae is 1 10

Algae:

Chlorella vulgaris 25

Table III. Antifungal activities o f  1 in the plate diffusion
assay.

Organism D iam eter o f  inhibition zone [mm]
100 |ig /paper disc (0  6 m m)

Mucor miehei 35
Paecilomyces variotii 32
Penicillium notatum 33
Ustilago nuda 37

Phellodon melaleucus —

-  = no inhibition zone.

Biological activities

The antimicrobial activities of phellodonic acid 
are summarized in Tables II and III. 1 exhibits 
rather strong inhibitory activities towards bacte­
ria, yeasts, filamentous fungi and the alga Chlorel­
la vulgaris. Interestingly, the producing strain is 
not sensitive to high concentrations of its own 
antibiotic (100|ig/disc in the plate diffusion as­
say). 1 is a highly cytotoxic compound (Table IV). 
At concentrations from 2 -1 0  |ig/ml lysis of all cell 
lines tested was observed. The incorporation of the 
radioactive precursors thymidine, uridine, and leu­
cine into trichloroacetic acid-precipitable material 
(DNA, RNA, proteins) was reduced 50% by 1 \xgj

Table IV. C ytotoxic effects o f  1.

Cell line IC 100* [Hg/ml]

B H K 21 5
ECA 5
L 1210 2
HeLa S3 10

* 100% inhibition o f  growth.

ml of 1 (Fig. 3). Phellodonic acid contains a highly 
reactive exomethylene group adjacent to a carbon­
yl function which readily reacts with thiols like 
cysteine forming an adduct which is completely de­
void of antibiotic and cytotoxic activities. In sum-
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Fig. 3. Effects o f  1 on the incorporation o f  labelled pre­
cursors into D N A , R N A , and proteins o f  L 1210 cells in 
percent o f  the controls w ithout antibiotic. Controls, in­
corporation into TC A -precipitable material: 
[I4C]thym idine, 4123 cpm; [14C]uridine, 7209 cpm; 
[14C]leucine, 14121 cpm .

mary, the biological activities of 1 closely resemble 
those of the related hirsutane derivatives hypno- 
philin (3), pleurotellol, pleurotellic acid, and com- 
plicatic acid (2) [9],
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