
Ph.vtochemistr~. 1975. Vol. 14. pp. 2X1-284. Pergamon Press Printed in England 

PARTIAL CHARACTERIZATION OF A PHENOLIC 
PIGMENT FROM SPOROCARPS OF 

PHELLINUS IGNIARIUS 

T. KENT KIRK, LINDA F. LORENZ and MICHAEL J. LARSEN 

Forest Products Laboratory, P.O. Box 5130, Madison. WI 53705, U.S.A.* 

(Received 28 April 1974) 

Key Word Index-Phellinus igniarius; Hymenomycetes; polyphcnol: hispidin 

Abstract-A dark brown phenolic polymer. isolated from mature sporocarps of Pk~~lirrus igrliurius (DC. ex Fr.) 
Qutl., is responsible for the darkening of sporocarp tissue when a drop of base is applied. The pigment is rich in 
aliphatic as well as phenolic hydroxyl groups. and also contains significant numbers of cdrboxyls and carbonyls. 
The presence of 3,4_dihydroxyphenyl moieties was documented by the identification of veratric and metahemi- 
pinic acids from oxidative degradation of methylated samples. Despite a 2”,, methoxyl content. the polymer con- 
tains no guaiacyl or syringyl moieties and therefore contains no lignin. It appears to be formed by the oxidative 
polymerization of a molecule containing a 3.4-dihydroxystyryl moiety. Hispidin was identified as its trimethyl 
ether in methylated extracts of pigmented mycelial mats of Plwlliuus ignitrrias grown in liquid culture. 

INTRODUCTION 

Chemical tests have been widely used in the study 
of fungi, although in most instances the underlying 
chemical phenomena are not understood, and, as 
a result, their subsequent taxonomic interpre- 
tations and applications remain points of conjec- 
ture and uncertainty. The purpose of this investi- 
gation was to examine in some detail the nature of 
one of these widely used chemotaxonomic criteria, 
namely the KOH test of xanthocroic Hymenomy- 
cetes, whose tissues darken noticeably when di- 
rectly exposed to aqueous alkali solutions. One of 
the most widely distributed species in which this 
reaction is demonstrable is Phellinus (Fames) 
igniarius, and it is the context tissues from sporo- 
phores of this species that were subjected to our 
analyses. 

RESULTS AND DISCUSSION 

Dioxane-water extracts of ground sporophores 
were dark brown, becoming almost black when 
made basic. Preliminary study indicated that a 
polymeric material in the extracts was responsible 
for the dark color with alkali. The pigment did not 
move from the origin on silica gel TLC plates, even 

* Maintained in cooperation with the University of Wiscon- 
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with polar solvents, and the bulk of it was excluded 
from Sephadex G-25 packed in dioxane-water 
(1: 1). Consequently the polymer was isolated by 
separating out the high molecular weight portion 
with a Sephadex G-25 gel column. Chromat- 
ography in this system also serves to remove 
sugars, soluble salts and other materials of low 
molecular weight [ 11. 

Analysis of the pigment gave: C, 55.5; H, 4.5; N, 
@7; 0, 36.4; ash, 2.0 and methoxyl, 1.9%. It was 
high in hydroxyl content (1.0 per MW of 100) of 
which half was phenolic. Carboxyl groups were 
also present, but were less abundant (0.1 per MW 
of 100). The spectrum of a weakly acidic solution 
had a peak at 375 nm; on basification the pigment 
exhibited enhanced absorption in the long wave- 
length region. A maximum absorbance at 520 nm 
was exhibited by the difference curve obtained by 
subtracting the two spectra. Reduction with 
NaBH, greatly diminished the UV-visible absorp- 
tion, and almost decolored the pigment; however, 
the polymer still became dark brown on addition 
of base. Methylated pigment was not darkened by 
base. 

The IR spectrum further confirmed the high hy- 
droxyl content (band centered at -3400 cm- ‘), 
and also supported the presence of carboxyl 
groups (C=O stretching band at _ 1695 cm-‘, 
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which persisted after NaBH, reduction, together 
with the absorbance due to carboxyl O--H strctch- 
ing in the 2906 3300 cm- ’ region [Z]). The exist- 
ence of considerable reducible carbonyl was indi- 
cated by a large decrease in the C=O stretching 
band in the 1650 cm-’ region on treatment with 
NaBH,. 

The PMR spectrum of the acetylated, methy- 
lated pigment had strong, broad peaks in both the 
aliphatic acetyl and phenolic acetyl regions (cen- 
tered at 61.13 and 62.30. respectiveI),; cf. Ref. [3]). 
Methyl ester and methoxyl protons gave a broad 
peak centered at (i3.7, and aromatic protons to a 
brbad absorption centered at 67.3. Reduction with 
NaBH, had little effect on the spectrum except to 
shift a small proportion of the aromatic protons 
upfield, which may indicate some aromatic pro- 
tons orfl~~ to z-carbonyl substituents [-?I. 
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Two major products were obtained on oxidative 
degradation of methylated samples: veratric acid 
(l), in a 3.1?, yield, and metahemipinic acid (2) in 
a 6.93;, yield. Only comparatively minor amounts 
of additional products were seen by GLC. Isohe- 
mipinic (3) and hemipinic acid (4) were not 
detected. Oxidative degradation of ethylated sam- 
ples yielded 2.6”,, of protocatechuic acid diethyl 
ether (5) and 6.7”; of an unidentified product, pre- 
sumably the ethyl analog of metahemipinic acid. 
i.e. 4,Sdiethoxyphthalic acid. Vanillic acid ethyl 
ether (6) and syringic acid ethyl ether (7) were not 
detected. 

Thus the extracted pigment is a phenolic 
polymer. and ionization of phenolic groups 
produces the extended chromophorcs responsible 
for the dark color with base-~ the positive KOH 
test. Further, the pigment is formed by the oxida- 
tive polymeriration of a molcculc containing the 
3.4-dihydroxyphenyl moiety. The polymerization 
of radicals formed by oxidation of phenols in bio- 
logical systems is well documented [4]. the most 
studied cast being the oxidative polymerization of 
p-hydro\i~,cinnam! I alcohols to form lignins [S]. 

When the material is methylated and then oxi- 
datively degraded. the major (aromatic) product is 
metahemipinic acid (2). showing that a major link- 
age is between an alkyl moiety and the 6-position 
of the 3.4-dihydroxyphen\,l portion. This linkage 
indicates that one important mesomeric form of 
the radical intermediate in biosynthesis is with the 
unpaired electron on an alk! 1 carbon atom. and in 
turn indicates that the pigment is formed by poly- 
merization of a molecule in which an alkyl radical 
is an important niesonier. naine1y one containing 
the 3.4-dihqdros!styr!,l moiety (8). Lignin forma- 
tion is similar. since p-h~droxycin~i~lrnyl alcohols 
contain the 4-hydroxystyryl moiety. 

A possible candidate for a precursor molecule is 
hispidin [4-hydroxq-h-(X4-dihydroxystyryl)-Z-pyr- 
one]. (9), which has been identified in fungi related 
to Phelli/~ iy/~krrius. vi/. I~7orwffr,s (Pol~ywms) Izis- 

pid~s (Bull. ex Fr.) Karst. and P/7~rcolu.s (Polypor~~s) 

scl7u.c~it7itrii (Fr.) Pat. [6.71. It has even been sug- 
gested [X] that hispidin is oxidized in maturing 
sporocarps of I77orw/zr.s /ri.spitl7rs to product a struc- 
tural polymer. Consoqucntly. we examined 
extracts of mature sporocarps and also of pig- 
mented mycelial mats of Plwllir7us igr7iwius for his- 
pidin. and identified the compound in the latter, 
but not in the former. Its absence in sporocarps is 
evidently due to its oxidative polymerization. 

While wc cannot conclude that our pigment is 
formed by the oxidative polymerization of hispi- 
din, several points arc in accord with this: (a) both 
pigment and hispidin arc produced by the 
organism; (1~) phenol-oxidizing enzymes, which 
would readily polymerize hispidin. are produced 
by Phdlir7us iyr7icwi7~s [S] ; (c) both hispidin and 
pigment contain the 3.4-dihydroxyphenyl moiety, 
and hispidin contains the 3,bdihydroxystyryl 
structure (8) that seems to be the salient portion of 
the pigment precursor: (d) both have similar ali- 
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phatic hydroxyl contents; (e) the elemental compo- 

sitions are consistent with the pigment being 

formed from hispidin (hispidin: C,3H ,005; pig- 

ment: Ci3H,,0,) (cf. lignins, Ref. [S]); and (f) hy- 
drolysis of the lactone function in some of the his- 
pidin moieties would account for the carboxyl 
groups found in the pigment. 

Molecules with 3,4_dihydroxystyryl moieties 
would be expected to polymerize very readily on 
oxidation, having many possibilities for radical 
coupling. Assuming that hispidin (or other 3,4- 
dihydroxystyryl-containing molecule) is the pre- 
cursor for the pigment, it is interesting that coup- 
ling of aryl radicals evidently occurred in the 6- 
position but not significantly in the 2- or 5-posi- 
tions. If coupling had occurred in the 2- or .%posi- 
tions, hemipinic acid (4) and isohemipinic acid (3) 
respectively, would have been formed on oxidative 
degradation after methylation. These products 
were not detected. This point was examined with 
a model polymer, made by oxidatively polymeriz- 
ing caffeic acid (lo), which contains the 3,4-dihyd- 
roxystyryl moiety. Like the fungal pigment, this 
synthetic polymer was dark brown and became 
nearly black with base. Also, the synthetic polymer 
yielded veratric (1) and metahemipinic acids (2) as 
major products on oxidative degradation after 
methylation (5.3 and 1.7’%; yields, respectively). 
This result indicates that oxidative coupling of a 
hispidin-like compound can occur preferentially in 
the 6-position and provides additional support for 
the hypothesis that the pigment is formed via the 
oxidative polymerization of a molecule containing 
the 3,4_dihydroxystyryl structure. The synthetic 
polymer differed from the natural pigment by the 
different relative proportions of veratric and meta- 
hemipinic acids, and, more importantly, in that 
isohemipinic (3) and hemipinic acid (4) were pro- 
duced. The relative proportions of products 1 and 
2 depend on the degree of oxidation during poly- 
merization (i.e. how much H,O, was used), but the 
formation of isohemipinic and hemipinic acids in 
addition to 1 and 2 indicates a fundamental differ- 
ence in the coupling reactions between caffeic acid 
and the precursor of the extracted pigment. 

The dark color of the fungal pigment, even with- 
out addition of base, probably reflects the presence 
of o-quinones and their condensation products. A 
substantial amount of carbonyl, which could be 
reduced by NaBH,, was indicated by IR studies, 

and is in accord with this. The 3,4-dihydroxy- 
phenyl moiety is readily oxidized to an o-quinone 
structure. 

Analogies have been drawn between fungal 
sporocarp components, and the lignins of higher 
plants [l&12]. While our data indicate that the 
pigment is a product of phenol oxidation, as are 
lignins, it is clear that it is not a lignin and contains 
no lignin component. Vanillic acid ethyl ether (4) 
and syringic acid ethyl ether (7) were not detected 
among the products of oxidative degradation of 
ethylated samples, as one or both are from lignins. 
Thus the guaiacyl (4-hydroxy-3-methoxyphenyl) 
and syringyl (3,5-dimethoxy-4-hydroxyphenyl) 
moieties, characteristic of lignins, are absent. Both 
types of structures have been found in sporocarps 
of lnonotus (Poriu) ohliquus (Pers.) Pilit [11,13], 
and our pigment had a small number of methoxyl 
groups (1.9%). The detection of guaiacyl and syr- 
ingyl moieties in these instances is apparently a 
function of the extraction of sterile forms of 1. obli- 
quus (and not the poroid sporocarps) which were 
probably contaminated with lignin-containing 
particulates. 

Although further research is needed to deter- 
mine whether or not our pigment is responsible for 
the positive KOH test in other major groups of 
xanthocroic Hymenomycetes, evidently it is Zn- 
onotus hispidus and Phaeolus schweinitzii, as well as 
Phellinus iyniarius. 

EXPERIMENTAL 

Sporocarps. Mature, air-dried sporocarps were taken from 
the collections of the Center for Forest Mycology Research, 
U.S.D.A., Forest Service, Madison, Wisconsin. 

Pigment isolation. 31 g of dry sporophore context tissue (~40 
mesh) was extracted with purified dioxaneeH,O, 1: 1 (400 ml) 
by shaking under N, for 40 hr. Insolubles were removed by cen- 
trifugation and solvents removed from the dark brown superna- 
tant by vacuum evaporation. This was redissolved in dioxane- 
H,O (1: 1). additional insolubles removed by centrifugation, 
and the solution was applied to the top of a 3.3 x 36 cm 
column of Sephadex G-25 packed in dioxane-H,O (1: 1). Elu- 
tion was with the same solvent at a flow rate of 12 ml/cm2/hr. 
The pigment was monitored at 375 nm, and also at 520 nm after 
addition of base to a diluted sample. In this gel system an 
excluded polymer (spruce milled wood lignin 1141) was eluted 
at 135 ml, 3.4-dimethoxybenzyl alcohol at230 &-and NaCl at 
36&440 ml. The material eluted in the volume 135-190 ml was 
combined and recovered by evaporation of solvents (I.5 g = 
504 of sporocarp). The acetylated pigment (100 mg) (Ac,@pyri- 
dine) containing a little pyridme, was dissolved in 2 ml dioxane 
containing 01 ml H;O, and added dropwise to 30 ml H,O. In- 
soluble material was collected by centrifugation, redissolved in 
dioxane and reprecipitated into H,O. Evaporation gave a 
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quantitative rleld (OAc = 29.7”,,). The acctqlated pigment was 
methylated by brief treatment of a dioxane HLO (19: I) solu- 
tion with CH,N, in EtZO. The pigment (200 mg) was methy- 
lated by treatment in ? ml HCONMeZ(DMF) uith cxccss 
CHLNz m DMF-ether at room temp. over an X-da! period. 
After removal of sol\cntx the residue was dissol\ed in 3 ml diou- 
ane Hz0 (19: 1 ). and added dropwise to 70 ml of dry Et20. 
Methylatcd pigment was recovered quantitatiLci\ by centrifu- 
gation and held under high vacuum at 50 o\criight (OMc = 
lR.3”,,). To reduce the pigment (100 mg), solid NaHH, (20 mg) 

was added to a vigorously stIrred solution 1n diokane H,O 
(1 : I) at 5 IO 4fter I hr the solulion was allowed to warm to 
I-oom temp. A hea\> foam that had formed gradualI> disap- 
peared. an addltronal IO mg NaBH, was added. and the solu- 
tion held for 12 lhr. The solution was then adjusted to pH 5 with 
acidic dlorane t-I,0 (I : 1) IN HC’I) and the reduced pigment 
liccd of halts b> passage through Sephadcu <i-/5. 

l)rq~otltrtr I‘? c~llrli~u~tl~~r~ritioil. OXidatl\c degradations 
IKMnO,. H,O,) of mcthqiatcd samplc$ of pigment Acre done 
using procedur-es dc\clopcd for lignins [ 14.151. Taco maior po- 
duct\. obtained togethel- \I ith much \maller amounts of scvcral 
other match tat\. wcrc identiticd as \cr;itrlc acid (I) and ,~1-hcmi- 
pinic acid (2). The) \\ci-c isolated as then methyl cstcrs from the 
reaction mi\tul-c 1~) preparati\c TL(‘(\ilica gci HF,,,. (“HC‘I,~). 
and identified bl comparisons with authentic samples b) TLC‘, 
GLC’ Ll4]. and h) PMR. Snnilar oxldatice degradation of ethy- 
lated ~;amplcz j 14.161 yielded protocatcchulc acid dicthql ether 
13). idcnt&!ti bq comparison with an authentic ample by GLC‘ 
[ I-I]. and an unidentiliecl product. prcsumabl! 4.5-dicthoxjph- 
thallc acid. Oni> nunor amount5 of other products Icontaining 
smglc aromatic nuclei) v.erc dctcctcd: \anilllc acid oth!l ctht.1 
(6) and syringic acid ethyl cthcr 17) M’CX not dctuctcd. 

dative degradation ot the Isolated material with KMnO, and 
HIOl [li] yielded veratric acid (1) (>40”,,). 

0~1doriw po/~,lrl~,~irutiorr of’cr!#iGc a%/ [IX]. 1.7 g cafieic acid 
and X0 mg horseradish peroxidasc were dissol\,ed in 400 ml of 
degassed phosphate buffer (0.01 M) at pH 6.0 (readjusted to pH 
6.0 with NaOH). This solution and -100 ml 13.6 mM solution 
of HZO? in dcgassed buffer \vere added simultaneously and 
scpurately to 200 ml of stirred degassed buffer containing 20 mg 
pcroxidase, over B 1%hr period with a proportioning pump. All 
solutions wcrc under N1 and the rcacrion vessel was kept dark. 
IO hr after tinal addition the soluhlc rcactlon mixture was freed 
of HZ0 b) vacuum evaporation. the residue was dissolved m 
dioxane H ,O (I: I I and filtered. Salts and low molecular weight 
materials were removed h! column chromatography using the 
same system used to purify, the pigment. The yield was about 
900 mg of pol!merlc material (esciuded from the Sephades G- 
25 gel). 

.-lc~k~~o~~‘/cd~e~t~c,r~/.s~~~We thank Dr. G. M. Hatfield for gener- 
ousl~ providing a sample of trimethllhispidin. 
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