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The accumulation of volatile metabolites in liquid cultures of the basidiomycete G loeophyllum  
odoratum  CBS 444.61 was studied after cultivation on defined synthetic liquid culture medium  
containing glucose (2% ), asparagine (0.15% ), and mineral salts. The com position o f the steam  
volatile compounds differed distinctly from that obtained with another, previously investigated 
strain o f this species. Two major constituents, the bicyclic sesquiterpene alcohol drimenol and a 
linalool derivative, 3,7-dimethyl-3-hydroxy-6-octenic acid methyl ester, could be identified by 
mass spectral data and ‘H and 13C NM R spectroscopy. Besides several m onoterpene alcohols, 
other minor constituents were r/wzs-linalool oxide and l-octen-3-ol. 3,7-Dimethyl-3-hydroxy-6- 
octenic acid methyl ester is described for the first time as a natural product.

Introduction

The fruit-bodies of various basidiomycetes p ro ­
duce characteristic odours that are frequently m en­
tioned  in species descriptions and that are som etim es 
useful as taxonom ic m arkers. G loeophyllum  
odora tu m  (W ulfen ex F r.) Imazeki [syn. O sm oporus  
odora tu s  (W ulfen ex Fr.) Singer] is a w ood-inhabit- 
ing species causing brown-rot on conifers. Its fruit- 
bodies p roduce a pleasant scent resem bling anise or 
fennel [1], o th e r authors have described it as “strong, 
p leasan t, like hay or anise” [2]. M alt agar and liquid 
cultures o f G. odoratum  em it also a fruity odour [3, 
4], D uring the ir studies on odoriferous substances 
from  fungi, Halim  and Collins identified several 
m ono terpene alcohols (citronellol, nerol, and 
geraniol) and two constituents with an arom atic 
structure (m ethyl phenylacetate and methyl p -  
m ethoxyphenylacetate) from G. odoratum  L 6330
[4]. These results were later confirm ed identifying
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additionally anisaldehyde [5], In the present com ­
m unication, we describe the isolation and identifica­
tion of volatile fragrance com pounds from another 
strain , G. odora tu m  CBS 444.61, with a distinctly 
d ifferent spectrum  of these m etabolic products.

Material and Methods

G loeoph yllu m  odora tu m  CBS 444.61 was obtained 
from  C en traa lbureau  voor Schim m elcultures (CBS), 
B aarn  (NL).

A fter mycelium inoculation, the basidiom ycete 
was cultivated on a defined synthetic liquid culture 
m edium  containing glucose (2% ), asparagine 
(0 .15% ), and m ineral salts [6]. The volatile m etabo­
lites w ere determ ined  after 19, 28, 42, 55 and 88 
days. In each case, they were ob ta ined  from  10 cul­
tures (grown in 250 ml E rlenm eyer flasks containing 
50 ml of culture b ro th) by circulation steam  distilla­
tion [7] in 2 ml pen tane. F or structure elucidation, 
100 cultures (5 1) w ere grown under the same culture 
conditions and harvested  after 42 days. M ycelia were 
dried  at 80 °C to constant weight.
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Steam distillates were fu rther analysed by G LC 
and GC/M S. G LC  analyses w ere perform ed using a 
Perkin-E lm er F 22 gas chrom atograph equipped  with 
a glass capillary W G  11 colum n (22 m x  0.33 mm
i.d .) , a flame ionization detector (F ID ; range 1; a t­
tenuation  1:4; split 1:30), and a com puting in tegrator 
(PE  M -l). O perating  conditions: linear tem peratu re  
program  80—200 °C, 2 °C/min; in jector, 180 °C; de­
tector, 180 °C; carrier gas, N 2 at 1 ml/m in; injection 
volum e: 1.0 |il.

MS analyses were carried out on a V arian M A T 
111 (G N O M ) mass spectrom eter (80 eV) using a 3 m 
packed Carbow ax 20 M (3% ) colum n and various 
isotherm al conditions or a therm al program  as d e­
scribed above. High resolution (7500) mass spec­
trom etry  was perform ed on a V arian M A T  MS 311A 
instrum ent (70 eV) with PFK  as a reference sub­
stance.

For further structure elucidation of the m ajor con­
stituents, pen tane was evaporated  after drying with 
sodium  sulfate, and the residue was separated  with 
preparative TLC (Si-60, M erck). The m obile phase 
was n -hexane:e thy laceta te  8 :2 .

N M R  spectra were recorded on B ruker A M  300 in 
CDC13. Tetram ethylsilane (TM S) was the internal 
standard  for 'H  and the solvent signal (6 =  77.05) for 
13C. IR  spectra were recorded on a P erk in-E lm er PE 
297 infrared spectrom eter. O ptical ro tation  was 
m easured on a P erkin-E lm er PE  241 po larim eter.

Q uantities of volatile constituents were calculated 
gaschrom atographically via an internal standard (6- 
m ethyl-5-hepten-2-one) using FID-specific substance 
factors.

Results and Discussion

The fruit-bodies of the brow n-rot fungus 
G loeoph yllu m  odoratum  (W ulfen ex Fr.) Im azeki 
(A phyllophorales; Basidiom ycotina) produce a 
p leasant anise- or fennel-like odour on natural sub­
strates. Strain G. odoratum  CBS 444.61 was culti­
vated on a defined synthetic glucose-asparagine-m in- 
eral salt liquid medium  [6] for 88 days. U nder these 
conditions, the fungus form ed white mycelial m ats 
becom ing yellowish after 3 to 4 weeks of cultivation 
tim e. M ycelium weights and accum ulation of volatile 
m etabolites were determ ined five tim es (19, 28, 42, 
55 and 88 days) during the culture period (Fig. 1). 
The m axim um  mycelium weight was obtained after 
42 culture days, the maximum accum ulation of vol- 
atiles after 55 days, however, there was a decrease in 
constituents with lower m olecular weight after tha t 
tim e. For fu rther structure elucidation, 6 weeks old 
cultures (5 1) producing a pleasant sweet odour w ith 
a m ushroom -like note were analysed.

Fig. 2 shows the gas chrom atogram  of the steam  
distillate of 6 weeks old cultures consisting of about 
50 com ponents. M ost of these are trace com pounds

culture ag e

Fig. 1. Mycelium dry weights and amounts of volatiles in 
liquid cultures of G. odoratum  CBS 444.61 during a culture 
period of 8 8  days grown on a glucose-asparagine-mineral 
salt medium. O------ O Mycelium weights; • -------•  vol­
atiles.

* Total yields of volatiles are estim ated on the basis of the major constituents (approx. 90%).
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Fig. 2. Gas chromatogram of the volatiles in 6  weeks old cultures o f G. odoratum  CBS 444.61. For gaschromatographic 
conditions see under Material and Methods.

with a quo ta of less than 0.5% . The percentage of the 
m ajo r constituents is given in Table I. P redom inant 
com pound is the bicyclic sesquiterpene alcohol 
drim enol (49; 20.42 mg/1; 55.8% ). Mass spectra of 
this constituent were in good agreem ent with the lit­
e ra tu re  spectrum  [8], 'H  and 13C N M R  spectra 
agreed well with data published by A asen et al. [9] 
for drim enol. Com parison with authentic m aterial 
confirm ed our results. Recently, drim enol has also 
been isolated from  other basidiomycetes [10, 11].

A  second m ajor com ponent, com pound 36 
(10.19 mg/1; 22 .5% ), was separated  by preparative 
TLC. The N M R  spectrum  showed an AB system 
of two protons with a coupling constant of 16 Hz 
which is characteristic of a gem inal coupling near a 
carbonyl function. The IR  spectrum  (in CHC13) re ­
vealed an absorption at 1740 cm -1, so the carbonyl 
function was identified as an ester. ]H  and 13C N M R 
spectra (Table II) w ere only in agreem ent with struc­
ture 36 which was supported  by com parison with

Table I. Composition of major volatile m etabolites from 6  weeks old cultures of G. odoratum  CBS 444.61 grown on a 
glucose-asparagine-mineral salt medium.

Peak-No. Compound % of GLC  
peak area

mg/1 culture 
medium

16 l-octen-3-ol 4.3 1.71
17 rrarcs-linalool oxide 0.4 0.15
2 0 linalool 2 . 2 0.84
23 not identified 0.7
29 citronellol 1 . 2 0.47
32 geraniol 2 . 2 0.84
36 3,7-dimethyl-3-hydroxy-6-octenic acid methyl ester 22.5 10.19
40 C 15H 24O 0 . 6 0 . 2 0
49 drimenol 55.8 20.42
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Table II. ‘H NM R and 13C NM R data of 3,7-dimethyl-3- 
hydroxy-6 -octenic acid methyl ester (36; 300 MHz resp. 
75.5 MHz, CDC13, TMS internal Standard).

H 6 , multi­
plicity

J [Hz] C 6 , multi­
plicity

2 2.55 d 2 .2 ' =  16 1 173.4 s
2 ' 2.46 d 5,6 =  7 2 44.8 t
4 1.54 m 5',6 = 7 3 71.0 s
4' 1.59 m 4 41.9 t
5

2.06 m
5 22.7 t

5' 6 124.1 d
6 5.11 t 7 131.8 s
8 1 . 6 8  s (br) 8 25.7 q
9 1.62 s (br) 9 17.6 q

1 0 1.26 s 1 0 26.7 q
OCH 3 3.73 s OCH, 51.7 q

data of related  com pounds. The mass spectrum  
(Fig. 3) shows no parent peak due to  loss of H 20 ,  
but m lz  182 [ M - H 20 ] + (34% ); base peak is m lz  109 
[ M - H 20 - C H 2—C O O C H 3]+. H igh resolution mass 
spectrom etry gave for [M —H 20 ] + 182.13086 (calc. 
182.13067). The sign of the optical ro tation  [a(c =  
0.5, CHCI3) =  + 3 .3° (589 nm ); + 3 .6°  (578 nm ); 
+ 3.7° (546 nm ); + 5 .4°  (436 nm ); + 8 .8° (365 nm)] 
agreed with derivatives of m evalonic acid and points 
to a 3d-configuration  [12]. To our know ledge, this is 
the first description of 3,7-dim ethyl-3-hydroxy-6- 
octenic acid methyl ester, a linalool derivative, as a 
natural product.

As m inor m etabolites, several m onoterpenes 
could be identified by com parison of their MS spec­
tra  with literature data [13, 14] o r authentic reference 
substances: trans-linalool oxide (17; 0.15 mg/1; 
0 .4% ), linalool (20; 0.84 mg/1; 2 .2% ), citronellol (29;

0.47 mg/1; 1.2% ), and geraniol (32; 0.84 mg/1; 2 .2% ). 
C itronellol and geraniol have already been isolated 
from  G. odoratum  L 6330 [4, 5], A nother related 
m onoterpene alcohol, nerol, could not be detected in 
the distillates of our strain. A further m etabolite. 
l-octen-3-ol (16; 1.71 mg/1; 4 .3% ) has a m ushroom ­
like flavour and has been shown to be an ubiquitous 
fungal constituent [15].

Using culture m edia with altered composition (glu­
cose replaced by fructose; asparagine replaced by 
leucine or isoleucine) the spectrum  of volatiles was 
sim ilar to the above. H owever, when asparagine was 
replaced by 0.15%  phenylalanine, we found addi­
tionally several com pounds with an arom atic struc­
ture (2-phenylethanol, 3-phenylpropanol, methyl 2- 
phenylacetate). O ur results confirm  that even closely 
rela ted  fungal strains are not only able to produce 
volatiles in som etim es distinctly different yields, but 
tha t, m oreover, they may also differ in regard to a 
strain-dependent production of individual com po­
nents [16].
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