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Abstract-The fruit bodies of 97 species of wood-rotting fungi, mainly of Polyporaceae and related families, were 
examined for the distribution of triterpenes and sterols. Triterpene acids of lanostane group were detected exclus- 
ively from the fungi causing brown-rot of woods, while sterols were found to occur commonly in both brown-rot 
and white-rot fungi. The most abundant sterol was found to be ergosta-7,22-dien-3fi-ol. The presence and absence 
of the triterpene acids is discussed from the point of view of fungal phylogeny. 

INTRODUCTION 

Fungi belonging to the Polyporaceae of Basidio- 
mycetes are known as the source of tetracyclic tri- 
terpenes of the lanostane group [l, 21 and more 
than thirty compounds, especially of CaO or C3* 
carboxylic acid such as trametenolic acid (1) and 
eburicoic acid (2), have been isolated. Although 
lanosterol (3) and cycloartenol (4), have been 
shown to be the intermediates for the biosynthesis 
of sterols from squalene in animals and fungi and 
in higher plants respectively [3, 43, the occurrence 
of other triterpenoids of the lanostane and the 
related groups are known only from a few sour- 
ces [S, 61. The wide occurrence of the triterpene 
acids of this type in Basidiomycetes is noteworthy 
and contrasts to the presence of a limited number 
of fusidane and protostane derivatives in a few 
Ascomycetes [2,7]. 

Fruit bodies of 97 species of wood-rotting fungi, 
mostly collected in Japan, were examined in this 
study. The ethereal extracts were examined in- 
itially for the presence of sterols and triterpenoids 
by TLC and GLC. When the presence of the triter- 
pene carboxylic acids was apparent, the extracts 
were divided into hexane-soluble and hexane-inso- 
luble fractions. The ether extract or the hexane-sol- 
uble fraction was used for the analysis of sterols 
and the hexane-insoluble fraction for that of the 
triterpene acids. 

In previous papers we reported the isolation and 
characterization of the triterpenoids from Poria 
cocos [S, 91, Echinodontium tsugicola [lo], and 
nine other species [ 111. In this paper, the distribu- 
tion of tetracyclic triterpenes of the lanostane 
group and of sterols in about one hundred species 
of wood-rotting fungi of Polyporaceae and related 

.__ 
4x7 

families is reported and the relationship of the two 
types of wood-rotting fungi, brown-rot and white- 
rot, is discussed. 

RESULTS 

Steroids were identified by GLC, MS and, occa- 
sionally, combined gas-liquid chromatography- 
mass spectroscopy (GC-MS) of their trimethylsilyl 
ethers as in Fig. 1 and Table 1. 

The major sterol of higher fungi has been 
assumed to be ergosterol (5). However, reliable 
identification by modern methods has been carried 
out in limited cases [l, 2, 123. Our survey revealed 
that the major sterols widely occurring in the 
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42 R: H Polyporenic acid A 
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-OCCH,COOH,-OCCH,CO,Me 
-OCCH,C(OH) MeCH,CO# 
-OCCH2C(OH) MeCH2C02Me 

45 Cholesterol 

HO 

46 24-Methylenecholesterol 

m/e 

Fig. I. (a) Gas chromatogram of the trimethylsilyl ethers of 
sterols from Tametes palisoti: (b) MS of Fraction A in (a): (c) 
MS of Fraction B in (a). LKB gas chromatograph-mass 
spectrometer; column, I’x OV-I on chromosorb W, 2 m. 3 mm; 
detecter, total ion current; F. H. temp., 300’; column temp.. 

250’; sep. temp., 280”. 

higher fungi are the rri-, di-, or mono-ene of a CZs- 
sterol (M+ at m/e 468,470, 472, respectively in the 
MS). The C, s-triene was identified with ergosterol 
(5) by the characteristic UV spectra [13] and by 
GLC comparison with an authentic sample. The 
Cz,-diene, the major sterol in most of fungi, was 
assumed to be ergosta-7,22-dien-3P-ol (5,6-dihyd- 
roergosterol) (6) from the mass spectral character- 

istics [14]; i.e. the fragment ions at m/e 345 (frag- 
ment d in Table 1) and m/e 255 (fragment e) indi- 
cated the presence of one of double bond both in 

the nucleus and in the side chain: the characteristic 
ions corresponding to A5 and A24(28) sterols were 
absent, and the ions at m/e 318 (fragment h) and 
m/e 229 (fragment i) suggested the presence of the 
nuclear double bond at 7-position [ 14161. The 
C,,-monoene was the minor component and was 
assumed to be ergost-7-en-3/I-ol (7) from the frag- 
mentation pattern. Comparison of GLC and MS 
with authentic samples established the identifica- 
tion of these compounds. 

Ergosta-7,22-dien-3/I-01(6) is the major sterol in 
the Polyporaceae and related families. Ergosterol 
(5) is usually as a minor constituent along with 
ergost-7-en-3/j-ol (fungisterol) (,7), but is the major 
sterol in Formitopsis pinicola, Grifola umhellata, 
Lentinus lepideus and Poria cocos (Table 2). 

The hexane-insoluble fraction, mainly consisting 
of triterpene carboxylic acids was treated with dia- 
zomethane and analysed by TLC and GLC (Table 
3). In some cases GC-MS spectroscopy and isola- 
tion followed by identification by spectral methods 
was carried out. The details have been given in a 
previous paper [ 111. Using these methods we have 
identified eight triterpene carboxylic acids (1, 2, 8- 
13) and one trimethylsterol (14) as known com- 
pounds and 3b-hydroxylanosta-7,9( 11),24-trien- 
21-oic acid [9] (15) seven echinodol derivati- 
ves [lo] (1622) and 12,&hydroxycarboxyacetyl- 
quercinic acid [l l] (23) as new compounds. The 
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‘Table 1. Relatlvc retention times in gas chrstnntograph! and 
_____ 

Relative retention times* 
Gns chromatographic svstem 

Stcrol trimcthqlsil)l ether 4 
___- ___- 

cyo4tcrol 15) 2.01 
(2.23): 

crgo\t;l-7.22-dicn-2/i-ol (6) 2.69 
(2.28) 

2rgost-7-cn-.~/~-ol (7) 

cholesterol (45) 

2% I 
(2.27) 
3.61 

(2.77) 
7.70. 3 I2 

(Z-78 ‘.6?) ,- - 
2.70. 3, I 2 

(2.X Xl) 
2.70. 3.12 

(2.2. Xl) 

3.3 
(449) 

2.72. 3- IO 

34?. 
(5.16) 

?+lX 
(1Gi) 
269 

(3.08) 
245. 3, I5 

(4.15. 4,961 
1.65. 3. I 5 

(3.15. 4.97) 

ix0 (79) 

77s 

375(31) 

455 380 
457 

* Relative to cholestane: A: I.5 m x 03 cm glass column, OV-I l.S”,, at 30 NL 45 ml min. choleatane 4.05 min: R: I.5 m x 
0.3 cm plaa~ column. OV-I 7 1.5”,, at 260 N, 60 ml min. cholcstane .560 min: C: I.5 m x 0.3 cm $a~ column. Ql+;-I 1.5”,, at 710 
N, X0 ml min. cholcstnnc 3.65 min. 

i- Relative trctcntion tlmr of the free sterol. 

occurrence of triterpenes is limited to about 20 
species but the amounts of these compounds are 
generally rather high compared with those of the 
sterols (Table 2). The procedures used may miss tri- 
terpenoids occurring as glycosides but, as f& as WC 
are aware only one such compound has so far been 
reported [X4]. Recently. acid conjugates of the tri- 
terpenoids have been isolated [34. 541 and we have 
dctectcd two of these (13. 23) using our methods. 

The metabolites of Basidiomycetes have been in- 
vestigated widely and the chemistry of the fungal 
triterpenes has been well established 151. Recently. 
the chcmotaxonomg of Basidiomycetes using 
metabolites such as amino acids, pigments, urea. 
and amines [ 17 191 and the fungal phylogeny 
from chemical. metabolic and enzymatic points of 
view [JO] have also been discussed. Since tritcr- 
pene carboxylic acids with lanostane skeleton 

occur rather widely in the Polyporaccac and 
related higher fungi but are rare in other plants. 
they might be considcrcd as chemical markers in 
the chemotaxonom\ of the higher fungi. 

Almost all species in Polyporaceac and related 
families of Aphyllophoralcs (Basidiomycetes) are 
wood-rotting fungi. which are classified into two 
types: white-rot fungi (lignin decomposers) and 
brown-rot fungi (ccllulosc decomposers): their 
characteristics are sholvn in Table 4 [II]. In the 
speciescxamined in this stud). 76 arc white-rot fungi 
and 31 species are brown-rot tyiles. In the latter. 19 
species contained triterpene acids. the only excep- 
tions being Pharnlus SCIZMV~I~~~~~~ and P~~170~~01.- 
rllusf’lzqrns. Both these species are taxonomicallq 
closely related and rather unique among the Poly- 
poraceae causing brown-rot. On the other hand. 

all of the 76 species of white-rot fungi contained 
none of the acids in detectable amounts. However. 
three species (Eclzinotfolfrizrr~~ tsuyico/a [IO]. E. tiw 

toriurn [32] and F~.sc~po/~i~~ ohliquu 13. 241) 
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fragment ions in MS of sterol trimethylsilyl ethers 

491 

C 

Mass spectrum (m/e)3 (relative intensity. “4) 
d e f g h i j k 1 

363 (100) 253 (33) 211(31) 227 (9) 251(12) 

365 (22) 345 (33) 255 (89) 303 (16) 213 (36) 318(28) 229 (59) 343 (64) 253 (28) 

367 (38) 345 (27) 255 (92) 303 (12) 213(54) 31X(7) 229 (38) 343 (23) 253(15) 

365 (20) 255 (20) 213 (29) 253 (29) 296 (59) 

363 253 211 227 251 

363 (100) 343 (6) 253 (60) 21 l(42) 227 (24) 25 1 (40) 

365 345 255 303 213 318 229 343 253 
361 
365 255 213 229 253 
367 
365 255 303 213 318 229 253 
367 
365(16) 345 (32) 255 (100) 303 (10) 213 (36) 318(24) 229 (54) 343 (69) 253 (30) 
361(22) 345(11) 255 (93) 303(11) 213 (47) 318 (5) 229 (38) 343(11) 253 (8) 

i; M+ : Molecular ion. a: M-15, b: M-ROH, c: M-15-ROH, d: M-side chain, e: M-side chain-ROH. f: M-side chain-42, g: M-side 
chain-42-ROH, h: M-side chain-27, i: M-side chain-27-RO, i: M-side chain-2H. k: M-side chain-?H-ROH, 1: M-X4-ROH (R = tri- 
methylsilyl or acetyl). 

5 Acetate for the mass spectrum data. 
I/ GC-M S data in Fig. 1. 

belonging to the white-rot fungi produce triter- 
penoids lacking the carboxyl group. Twenty-five 
species reported in the literature as sources of tri- 
terpene acids [l, 2,5,25] belong to the brown-rot 
fungi, while four species Polyporus hispidus [26] 
(Znonotus hispidus), Polyporus benzoinus [27] (Ish- 
noderma resinosum), Fomes hartigii [28] (Phellinus 
hartigii) and Polyporus sanguineus [29] (Pycno- 
porus sunguineus) belong to the white-rot fungi. 
Our results showed, however, that none of these 
fungi collected in Japan contained triterpene acids. 

Nobles [30] proposed that the production of an 
extracellular oxidase which is characteristic for 
white-rot fungi, should be taken as an important 
key in the taxonomy of Polyporaceae since the 
brown-rot fungi do not produce the enzyme. At 
this stage we cannot explain the meaning of the 
presence of the triterpene acids on biogenetic 
grounds but our findings add one more example 
of the difference in metabolisni of the two types of 
wood-rotting fungi of the Aphyllophorales. 

EXPERIMENTAL 

Muterials. The fruit-bodies (in some cases sclerotia) of fungi 
were collected mostly in Japan as shown in Table 2 and identi- 
fied by one of us (K. A.). 

Extraction und ,separation. Fruit-bodies including context and 
trama or sclerotia (5-20 g) were air-dried, crushed and extracted 
with Et20 for a week at room temp. The extracts were exam- 
ined first for the presence of triterpenes and steroids by TLC 
and GLC. When they showed the presence of the triterpene 
acids, the extracts were divided into hexane-soluble and -insolu- 
ble parts. For sterols and trimethylsterols, the ethereal extract 
or the hexane-soluble part of the extract was separated by pre- 
parative TLC and the sterol fraction was collected and used for 
the analyses by TLC and GLC. For triterpene acids, the hex- 
ane-insoluble part of the extract was treated with ethereal- 
CH2N2, chromatographed on alumina or silica-gel columns, or 
silica-gel TLC plates, and used for further identification. In 
some cases, full isolation in the crystalline state was carried out. 
Further details and modification of the separation procedure of 
the acids were given in the preceding paper [I I]. 

n.intet/zyl.sil~latio,?. Triterpene or sterol in tetrahydrofuran 
was treated with RSTFA (bis-trimethyl silyl trifluoroacetamide) 
and allowed to stand for IO min at room temp. For GLC and 
GC-MS analyses. the reaction mixtures was used, while for MS 
analysis, the trimethylsilyl ether was purified by preparative 
TLC before application. 
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Table 2 (mud.) 
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Tsugasaruno- 
koshlkakr 

Place ;Ind Com- Compound 
date “I El,0 pounds Method of knoan an 

Familyt Type: Colleclloll c\t ,“,,, Idcntlfied ldcnt,flcatl”n Il1crdtlll.e 
- 

Fo,u/~p.~i., pimcolo 
(Swartr ex Fr.) Karst. [33] 
~Pol~porus pmcola Fr. [2X. 40. 451 
~O,,?i I ,“r,rc*lu [42]) 
Fuwqxvio ol~l~q~o 
(Pcrs. ex Fr.) A”shima$ 
(liw,wru\ ohl,yw (Pen ) 
PII [24], Por~a ohlupo Bres 1231) 
(;a,l”&rnul upplar,ntum 
(Pcr?.l Pal. 1431 ,I;urw\ 
~ppionut~, 1447. El/i‘,,,yw 
uppkrnuir, (Blum. ct Nets ex Fr.) 
Kunec 1311) 
ti ,,,vmca ,,,,i z (Fr.) Pat.: 

P B Hraniwa. 
Iwate 
July 1969 

10~x6 5 GLC. MS 5 [33. 421 6. 7. 32. 
8. (12) IR. NMR 33 140, 451. 8, 

G~oPo,~,!.I~u,~~ ohwrwern 
(Bull. cx Fr , Kant. [I I] 

Kuroganeman- 
nentake 

Kogelrokaigaratdke 

Nloiamltake 

Kikalgaratake 

(;. wiururn (Swart7 cx Hwohanokikaigara- 
Fr.) Murr. [I I] take 

G. rrohtw,n (Pen. cx Fr.) 
Murr. (Lrrrxr, 
wuhru [47. 481. Daedrcku 
rrahra 1491) 
Glowpour, ornorph,,., (Fr , 
(‘km et Shcu 

Kichnmcntake 

Urahenrfdke P 

I,dimxk~rraa wsirrosunr 
(Schrad. cx Fr.) Kant 
(Pol>lm,, hrn;n,mr\ 
(Wdhl.) Fr 1271, 
Llwr,p”ru.s ruiplweU, 
(Bull. ex Fr.) Bond. ct 
Smg 
Pol,~,,“rus rulphuwus 
(Bull) Fr [45. S&52] 
L.w,,jxw,r.\ aulphrrreus (Bull. 
ex Fr ) Bond et Sing. 
vdr ,n,ma~Us (Jungh.) Imar. [3l]) 
Lauriliu sukurwn (Burt) 
Kotl ct Pour. 
Lcrtrima Icptdru~ Fr. [I I] 

Kdba-anatakc P 

Kofuk>sdrun”- 
koshikake 

Chorelmaltake 

Okahochdtdke 

Akarometake 

Shlhdltake 

Y”S”“lSd~Ull”- 

koshlkake 
I’whnahihd~take 

Yakrkogetake 

Kawausotake 

Rakkotake 

Yanitake 

Masutake 

Kaseurokotdke- 
modok, 

MUtSU”,l 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

HV 

HYm 

HY~ 

W Nayoro. 
Hokkaiho 
July 1970 

W Yoga. Toyko 
May 1967 

W PdlUU 

B Yoga. 
Tokyo 
May I970 

B Hlrogawdra. 
Yamanash, 
Sept. 1969 

B Tcshlo. 
Hokkaid” 

July 1970 
B MarUI?UmU. 

Gunma 
Oct. 1969 

B MUrU”U”ld. 
Gunma 
May 1970 

W Yoga. 
Tokyo 
Oct. 1967 

W Sounky”. 
Hokka& 

W Odagahara. 
NUra 
Aug. 1971 

W Kinkasan. 
Miyagl 
Nov. 1969 

W Asukawa. 

Tokyo 
w Kmkasdn 

Mlyagl 
Nov. I969 

W Hetsuka. 
Kdgoshmd 

W Hirogawara. 
Yamdndshi 
Sept. 1969 

W New Guinea 
W Masutoml. 

Yamanashi 
Aug. 1965 

W Kikosumi. 
Cl&d 
Nov. 1969 

W Okutamd. 
Tokyo 
Nov. 1969 

W Daisen. 
TOttOrI 
Oct. 1971 

B Okutdma. 
Tokyo 
May 1969 

W North-East 
Chma 

B Sendai 
Mlyagl 
Sept. I972 

0.52 14 IR. NMR. 
MS 

09x 6, 1 GLC 

1.67 

IbIX I. 2 CiLC, IR 
6 GLC 

9.11 

3.02 

I IR. NMR 
6. 1 GLC 

1. 2 GLC, IR 
6. 7 GLC 

3 73 

247 

I. 2 GLC. IR 
6. 7 GLC 

I. 2 GLC. IR 
6. 7 GLC. MS 

50 6 GLC 

I-09 

4.75 

5 GLC. MS 

5.28 

22.84 

0.38 

O-70 6 GLC 

0.59 6. 7 GLC 

0.76 
2-19 

0.70 

0.31 

035 6. 7 GLC 

0.35 I. 2 
6 

GLC. IR, 
NMR, MS 

GLC 

2-54 

1.x 5 GLC, MS 
I. 2 GLC, IR 

NMR. MS 
GC-MS 

34 128, 40..451, 
2[4?] 
3. 14 

p3.241 

51311. 
35.36 [43]. 
6.28 [44] 

1[41,46]. 
5, 37, 38. 
391461 

1, 38 147, 491, 5, 
40 [4X,491. 
6.41 [48] 

5 LX31 

2 1261 

I2 [27] 

I 1521. 
2 [SO 521 

5 131. 511. 
6 1451.40 [Sl] 
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Table 2 (conrrl.) 

Com- Compound 
Et,0 pounds Method of known in 

ext (” ) I/ ,dentified ldentificatmn le?rature 

6 GLC 

6. 7 GLC 
f I ,. 2. GLC. IR 

9 

6. 7 GLC 

6. 7 GLC 

6. 7 CLC. MS 
GC MS 

6 GLC 

6 GLC 

I GLC. IR 
NMR 

5 [37] 

* Synonym used in the previous work. 
t P: Polyporaceae, Hyd: Hydnaceae. F: Fistulinaceae. Hym: Hymenochaetaceae, S: Stereaceae. T: Tricholomataceae. M: Meru- 

liaceae, V: Veluticepsaceae. 
:: W: white-rot. B: brown-rot. 
C Sclerotia. 
1 The absence of triterpene carboxylic acid was confirmed. However. analysis of the ethereal fraction has not been carried out 

due to the scarcity of the material or the complexity of the extracts. 
’ The taxonomical situation of the species is doubtful. 

Table 3. R, Values and relative retention times of triterpene acid methyl esters 

Methyl ester RI 
* Relative retention time? 

Pinicolic acid A (34) 0.85 4.50 
Pachymic acid (11) 0.70 II.22 
Carbomethoxyacetylquercinic acid (25) 0.67 9.61 
Polyporenic acid C (12) 0.63 644 
Quercinic acid (24) 0.62 8.53 
Eburicoic acid (2) 0.62 4.89 
~~rXTKa3IO~iC acid (1) 0.60 4.42 
3r-Acetoxylanosta-8,24-dien-2l-oic acid (8) 0.60 4.78 
3/%Hydroxylanosta-7.9( I1),24-trien-2l-oic acid (15) 0.58 
Tumulosic acid (9) 0.36 6.92 
Sulphrenic acid (40) 0.35 8.78 
12/GHydroxycarboxyacetylquercinic acid (23) 0.27 
Ergosterol(5) 0.52 

*: On silica gel H, solvent system, hexaneeAcOEt (4: I), detected by vanillin-phosphoric acid. 
-1 Relative to cholestane, I.5 m x 0.3 cm glass column. OV-I 1.5% at 260”. N2 50 ml/min, cholestane 3.60 min. 
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Table 4. Characters of brown-rot and whltc-rot fungi [ 1 I 1 
___---. 

Type 

I___-.._ 

Brow n-rot 

White-rot 

Morphology 

Mono- or di- 
mitic h~phal 
sytem 

BLl\idloSporc 
mosti> smooth 
rurfacc 
D- ot- tri- 
mitlc hyphal 
\! stem 

Ornamentation 
of spore surface 

Sexual compatibility 

Bipolar 

Tctrapolar 

Otlicr metabolic 
>! stems 

Oxalic acid 
metabolism 

Amyloidit! of 
basldlosporc 
~olllc’tllllss 
prcscnt 

Tlliri /rr~u c,/~,,c,,flrrroc/~ccp/~!,. Silica-gel H or HFZ 54 was used 
with hrxane- AcOEt (i 1 : I) and CHCl,~MeOH (5 I : I) as soi- 
vents: detection was bk heating after spraying \anillin-phos- 

phoric acid (Table 3). 
Gtrs ~/~~,,r,lirtr)(/i’~~/~/~!. was carrlcd out using 1.5”,, OV-I on Shi- 

malitc M’. l.i”,, OV-17 on Shimalite W and 1.5”,, QF-I on 
Chromosorh W columns at 2l& 30 on a Hitachi F6-D gas 
chromatogr;rph 
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C‘. Musgrabe and Prof. Sir Derek Barton for the donatlon of the 
authentic samples and for the mformation on mass spectral 
date. lhc authors are indebted to Dr. N. Ikekaxa and Prof. H. 
Agcta for their help in spectral determinations and to Mr. M. 
Satakc. of this Inctltutc. for his help in collrctlon of the fungus 
matcruls. 
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