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ABSTRACT 

Among the Basidiomycetes the species of the genus Coprinus have black spores and 
hymenia that, at maturity, are transformed through autodigestion into a black or inky 
fluid that drops from the pileus and blackens the soil beneath the fruiting structures. 
The melanins from three different species of Coprinus have been characterized by 
spectroscopic techniques, including cross-polarization, magic-angle spinning carbon -13 
nuclear magnetic resonance, and che mi cal and thermal degradations. The aliphatic 
moiety of these melanins is made up of fatty acids, polysaccharides, and proteins, and 
the aromatic part includes alkylbenzenes, alkylphenols, hydroxytoluenes, and more 
complex polycyclic aromatic hydrocarbons. It is very likely that the melanins of the 
Basidiomycetes, as represented by Coprinus species, contribute to soil humus formation. 

INTRODUCTION 

Many organisms, including fungi, actinomy
cetes, and a few bacteria, synthesize dark poly
mers. They excrete these into the growth media 
or incorporate them into cells or spores. The 
polymers resemble soil humic acids in many 
chemical characteristics, such as elemental com
position, resistance to decomposition in soil, 
amino acids released upon hydrolysis, phenols 
recovered by'degradative methods and low boil
ing points produced by pyrolysis (Martin et al. 
1972; Saiz-Jimenez et al. 1979). 

In recent years, the contribution of micro
scopic fungí to soil humus formation has been 
extensively investigated (Martin et al. 1972; 
Martin et al. 1974; Haider et al. 1975; Saiz
Jimenez et 'al. 1975)~ However, the possible im
portance of BasidioÍnycetes in this process has 
been neglected. 

Among the Basidiomycetes, the species of the 
genus Coprinus have black spores and hymenia 
that through autodigestion, at maturity, are 
transformed into a black or inky fluid that drops 
from the pileus and blackens the soil beneath 
the fruiting structures; it may in this manner be 
incorporated into the soil humus. 

The purpose of this paper is to characterize 
the melanins of different Coprinus species and 
discuss their possible contribution to soil humus 
formation. 

MATERlALS AND METHODS 

Coprinus atramentarius basidiocarps were col
lected at the U niversity Park of Madrid, Spain, 
where the fungus was growing on Populus pyr
amidalis roots. Coprinus comatus basidiocarps 
were collected near Salamanca, Spain, along the 
border of a road. Coprinus micaceus fruiting 
structures were collected at Braunschweig, Ger
many, from a forest turf. The melanins were 
extracted from the hymenia by grinding with 
alumina 305 (Sigma) and extraction with 0.5 N 
NaOH solution. The mixture was filtered, and 
the extracts were centrifuged at 10000 g. The 
supernatant was acidified to pH 1.5 with 1 N 
HCI, and the melanin precipitates were re
covered by centrifugation at 5000 g. The mela
nins were redissolved in 0.1 N NaOH and cen
trifuged at 10 000 g to eliminate cellular debris. 
The supernatant was again acidified with HCI, 
and the precipitate was washed several times 
with 0.1 N HCI until the washings were color
less, dialyzed against distilled water until free of 
CI-, and dried at 60·C. 

The elemental analyses were performed by 
the Organic Chemistry Institute of Barcelona, 
Spain. Al! the determinations were expressed on 
a dry, ash-free basis. Infrared spectra were re
corded on a Perkin-Elmer 377 instrument, using 
the KBr technique. Electron spin resonance 
(ESR) measurements were made by a Varian E-



3 spectrometer as reported by Riffaldi and 
Schnitzer (1972), but employing a nominal op
erating frequency of 9.39 GHz. 

A "C nuclear magnetic resonance (NMR) 
spectrum for the melanin was obtained by the 
cross·polarization and magic-angle spinning 
(CPMAS) technique, whieh has been deseribed 
elsewhere (Miknis et al. 1979; Maeiel et al. 1979; 
Hatcher et al. 1981 a,b) . The speetrum was 
obtained on a Nicolet NT 150 at a speetrometer 
frequency of 37.74 MHz using 1 ms eross-polar
ization time and 1 s cycle time per sean. Ap
proximately 50000 seans were obtained. Aro
maticity of the melanin was ealeulated by inte
grating peak areas assigned to aromatic carbons 
(110 to 160 ppm) and normalizing to total area. 

:r'he procedure for 6 N HCI hydrolysis has 
been described (Saiz-Jimenez et al. 1975). Alkali 
fusion was carried out by the method of Piatelli 
et al. (1965). The ether extracts were chromat
o.-raphed on TLC as described by Saiz-Jimenez 
et al. (1975). The compounds were identified by 
cochromatography with 'known compounds and 
by color reactions with diazotized sulfanilic acid, 
fast blue B salt, and Erhlich reagents. The py
rolysis-mass spectrometry procedures have been 

I dl!scl~ibE,d in previous papers (Haider et al. 1977; 
Saiz-Jimenez et al. 1979). The permanganate 

t Ollirulticm procedure was reported by Martin and 
(1978). The reaction producta 

extracted with methyl ethyl ketone, re
l methylated and purified by alu mina column us-

toluene-ethyl acetate1:1 as eluent. The re
~)vel,ed extract was evaporated to dryness, re
IIisso,lve,d in methanol, and analyzed by direct 

nje,~ticm into a gas chromatograph-mass spec
computer system (Hewlett Packard 

5992 B), using an SP-2250 column pro
~anlmE,d isothermically at 150·C for 5 min and 

from ,150 to 270·C at arate of4·C/min. 
identity of the compounds was confirmed 

- ~"'uU'1> the mass spectrum and by computer
'- -uU"1> ¡j file of known spectra. No quantita

data are reported beca use accuracy cannot 
ensured with the method employed (Martin 
al. 1981). . , 

RESULTS 

Coprinus melanins have properties si mi
other fungal melanins. They are insoluble 

dilute acids, and such organic solvents 
acetone, ehloroform, and ethanol. They are 

partially soluble in eold NaOH and soluble in 
hot NaOH solutions. 

Elemental analyses 

The C eontents of fungal rnelanins have been 
reported to vary from 49.1 to 62.9% (Sehnitzer 
et al. 1973; Saiz-Jimenez 1975). The C eontents 
of untreated Coprinus melanins were within this 
range and varied from 54.7 to 59.2% (Table 1). 

After 6 N Hel hydrolysis, the C eontents of the 
Coprinus melanins increased and were higher 
than most values reported for other melanins 
(60.7 to 65.1 %). The N contenta of fungal mel
anins range from about 1 to 11 % and depend 
upon the species, the N source, and the quantity 
of available N in the growth medium. The Co
prinus melanins contained 7 to 8.2% N. Losses 
of N upon acid hydrolysis ranged from 47 to 
74% and weight losses from 61 to 67%. N eon
tents of the hydrolyzable fractions were caleu
lated according to Ishiwatari (1977) and varied 
from 9 to 17%, which is similar to that of pro
teins (14 to 19%). The hydrolysis ofnonprotein
aceous substances, such as polysaccharides, 
would aecount for the slightIy lower N values. 
The atomic H/C ratios of untreated and hydro
Iyzed Coprinus melanins ranged from 1.4 to 1.7, 
which, aecording to van Krevelen (1950), indi
cates that from 55 to 75% ofthe C atoms are in 
aliphatie formo 

1 nfrared spectra 

The infrared spectra of Coprinus melanins 
show a broad band at 3390 em- l (H-bonded OH), 
well-defined groups of strong bands at 2950, 
2920, and 2850 cm-l (aliphatic CH), a shoulder 
at 1710 em- l (C=Q of COOH), broad bands at 
1650 cm- l (aromatic C=C and/or amide 1) and 
1520 cm-l (amide II), a medium band at 1450 
em- l and a shoulder at 1390 cm- l (C-CHa), 
shoulders at 1225, 1140, and 1100 em- l (CO and 
OH of aleohols), ti broad band centered at 1030 
cm-l (CO of polysáeeharides), and shoulders at 
910 em- l '(aromatie CH and/or aliphatie CH) 
and 720 em-l (aeyclie CH2 ). The 6 N HCI hy
drqlysis eaused sorne drastie ehanges in the spee
tra, mainly a strong deerease of the bands at 
3390 and 1650 em- l

, a deerease of the band at 
1030 em- l , and the disappearanee ofthe band at 
1520 cm-l. Bands at 2950, 2920, and 2850 em- l 

were intensified. A very important feature of the 
infrared speetra of the Coprinus melanins was 



~ the indication of high amounts of aliphatic 
~<- ~ • _ 'O!J.O ..,. c- c- structures . 
~ • o ;:.. ~ c- <lO ..,. 
?O-
*-'¡: ESR spectra 
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...::::: c'e;; The spectra of the Coprinus melanins consist .~ o 2:- c- <lO .... ~.~ 
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<D <D <D of single, symmetricallines devoid of hyperfine 
.. Q- >. 

. , 
<1 tI'_ ,..c:: splitting, which indicate that the free radicals 

are extremely complex in structure (Riffaldi and 
.o ~~-.:r: Schnitzer 1972). The spin concentrations of the ............ 

'\" ü 
untreated Coprinus melanins varied from 0.7 to 

'" " "-... 1.6 X 1O!7 spinslg (Table 2) and are of the same " ;¡: 
.9 - C-<D<D order of magnitude as those obtained for other .., .. 
.~ .....i ...... .....i fungal melanins. However, the free radical con-
~ tents of the hydrolyzed melanins were from 6 to 
." c: 31 times greater than those of the untreated 
" .; "''''0 melanins and higher than those fungal mela-

.S .o o:ic-ic::--i 

" .... '" '" nins, soil fulvic acids, and most of the humic ... 
• !,/ o acids reported by Riffaldi and Schnitzer (1972) . 
E The g values of soil fulvic and humic acids o - '" '" <lO " .. ~crid and fungal melanins have been reported to vary 
o '" '" "" from 2.0028 to 2.0040 (Riffaldi and Schnitzer ...... 
:r: 
.¡i 1972; Senesi and Schnitzer 1978). The g values 

c: ° "" c-
of Coprinus melanins were within this range ano 

.9 .o c-.icQC"5 varied from 2.0035 to 2.0040. However, the line 
'" E widths of these melanins ranged from 4.21 to .... 

11 ril 
z 6.30 and were higher than most values obtained N 

...:1 .o p:¡ ¡: .. <D"'O for humic substances. 
-< 
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5 Alkali fusion 
:r: Alkali fusion of the Coprinus melanins yielded 
Z .o 00"''''' oót--=t-= 
<D from 11 to 13 compounds, of which 8 were com-
." 

:I: mon to al! three samples'. None' of the com-c: 
" pounds gave coral pink to magenta color with ." 
~ .. ..,.<lO'" Erhlich's reagent; indicating the absence.of in-
" 00 t-=,r:-: 
~ doles and pyrroles among the degi:adationprod-;:; .; 
" ucts. Five phenols, catechol, and salycilic, p-

'C> 
'ál ,., 

hydroxybenzoic, protocatechuic, and 3,5-dihy-., ..,.""00 -O 
'" .o aicócó ~ 

droxybenzoic acids were identified. Al! these '" "O .o <::>"'''' ,., 
2 .o have been obtained upon alkali fusion of other 

"O 

" Ü 'ü fungal melanins (Piatelli et al. 1965; Nicolaus 
.8 " ~ 1968). 'C: 

'" c- "" 
., 

'" .. ci-.:rtci "" E ""<lO"" " ~ .D Pyrolysis-mass spectra ¡.:¡ 
o; .;;; Figure la shows the pyrolysis-mass spectrum ,., 

,~ -O of the Coprinus atramentarius melanin, as rep-~ ... "O 

" 
,., resentative for this group of melanins. The rnost 

;:; :J :J .o 
"O prominent peaks were related to nitrogen-con-

• E .... ~ 'ü 
~ " " " " taining compounds, cornmonly observed during c. '- E.~ ., 
E 'O 8 E ~ pyrolysis of proteins (Meuzelaar et al. 1974). .. .3 rn :J :J :J ., They were a series of pyrroles (miz 67, 81, 95), 

" " " 
..a 

'¡:: '¡: '¡: ..; pyridines (miz 79, 93, 107), and indoles (miz g.g.g. • 
ouu 117, 131, 145), as well as an ammonia peak at 



TABLE 2 
ESR data for Coprinus melaninso 

Samples 
Spins/g, x 10 " 

a b 

Coprinus atramentarius 0.7 7.8 
Coprinus comatus 1.4 8.1 
Coprinus micaceus 1.6 49.0 

o a, before acid hydrolysis; b, after acid hydrolysis. 

miz 17. A further prominent series of homolo
gous ions at miz 68 (furan), 82 (methylfuran), 
96 (furfural or dimethylfuran), 98 (furfuryl al
cohol), and their partly alkylated derivatives at 
miz 112 and 126, as well as peaks at miz 114 
and 128 (related to pentose and deoxyhexose, 
respectively), are evidence of complex polysac
charides in the molecule. Fragments from amino 
sugars appeared to be relatively important, as 
indicated by the series of peaks at miz 32, 43, 
59,73,85,97, 109, 125, 137, and 151, which were 
the most prominent peaks in the spectrum from 
pure chitin (Meuzelaar et al. 1974). Peaks at mi 
z 34 (SHz), 48 (CHaSH), 62 (CzH.SH), and 64 
(SOz) showed the existence of sulfur-containing 
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g Values Line widlh, gauss 

a b a b 

2.0040 2.0035 5.47 5.04 
2.0038 2.0035 5.45 4.21 
2.0040 2.0036 5.88 6.30 

compounds. Alkenes were indicated by promi
nent peaks at miz 28,42,56, 70, and 84 (ethene, 
propene, butene, pentene, hexene). They were 
probably derived from aliphatic hydrocarbons, 
as evidenced by the fragment series at miz 43, 
57, 71, and 85. Aromatic fragments were noted 
from peaks at miz 78 (benzene), 92 (toluene), 
104 (styrene), 106 (Cz-alkylbenzene), 120 (Ca-
alkylbenzene), and 134 (C.-alkylbenzene). Also 
phenols were present with peaks at miz 94 
(phenol), 108 (cresol), 122 (Cz-alkylphenol), and 
136 (Ca-alkylphenol). Weak signals at miz 124 
(dihydroxytoluene) and 138 (trihydroxytoluene) 
were noted. 

Figure lb shows the spectrum from the 6 N 

A. UNTREATED 
MELANIN 

'l7 
117 .. 101 

140 150 

B. HYDROLYZED 
MELANIN .. 

MIZ 
FIG. 1. a. Pyrolysis-mass spectrum ofuntreated Coprinus atramentarius melanin. b. Pyrolysis-mass spectrum 

óf 6 N HC1-hydrolyzed Coprinus atramentarius melanin. 



HCI-hydrolyzed Coprinus atramentarius mela
nin_ Compared with the untreated sample, the 
acid-hydrolyzed residue gave strong peaks for 
pyrroles, pyridines, furans, alkenes, benzenoid, 
and phenolic compounds_ Conversely, the inten
sity of the indole and complex polysaccharide 
peaks decreased_ 

Permanganate oxidation 

The oxidation products obtained from the hy
drolyzed and methylated melanin from Coprinus 
micaceus are listed in Table 3_ Because they 
were methylated prior to the gas chromato
graphic separations, it is likely that most of the 
COOH and OH groups occurred in the initial 
material as carboxyl and phenolic hydroxyls, 
rather than as esters and ethers_ The most abun
dant compounds isolated from the melanins 
were a homologous series of straight chain fatty 
acids ranging from C'2 to C2., with dominance 
of the n-C'6' n-C,., and n-C20 fatty acids, as well 
as a series of saturated branched (iso and an
teiso) fatty aeíds ranging from C,. to C22- Several 
components of the series of monounsaturated 
fatty acids, probably in the same range, were 
identified as minor compounds_ They were 
poorly separated from their saturated counter
parts on the column used, as also reported by 
Boon et aL (1975). In addition, aliphatic dicar
boxylic acids. were found, the most abundant 
being adipic acid. Benzenecarboxylic acids, di
alkylphthalates, and methylpyrazo1carboxylic 
acids were present in small quantities. 

CPMAS 13C NMR spectra 

The CPMAS l3C spectra of humic substances 
have peaks in the aliphatic (O to 50 ppm) and 
aromatic (110 to 160 ppm) regions (Hatcher et 
aL 1981a,b) similar.to the CPMAS spectrum of 
the Coprinus micaceus melanin (Fig. 2), .whose 
prominent signals can be assigned to specific 
carbons. Thus, the sharp peak at 30 ppm is 
characteristic of methylene carbons in long
chain hydrocarbons (Lindeman and Adams 
1971), and the shoulder at 15 ppm indicates the 
presence of methyl carbons. Model compounds 
like fatty acids (Johnson and Jankowski 1972) 
show peaks of methyl carbons at 14 ppm, peaks 
of methylene carbons between 23 and 34 ppm, 
and a peak of carboxyl carbons at 180 ppm. The 
agreement between carbon signals in fatty aeíds 

- . -

TABLE 3 
Identi/ied compounds produced by the oxidation 01 

hydrolyzed and methylated eoprinus micaceus 
melanin 

n-el' to n-e" fatty acid methy! esters 
n-el' to n-e" unsaturated fatty acid methy! esters 
Branched (iso and anteiso) e" to e" fatty acid methy! 

esters 
Dimethy! adipate 
Dimethy! pime!ate 
Dimethy! undecane 1, 11 dioate 
Dimethy! tridecane 1, 13 dioate 
Dimethy! tetradecane 1, 14 dioate 
Dibuty! phtha!ate 
Di-(2-ethy!hexyl) phtha!ate 
Benzenedicarboxylic acid dimethy! ester 
Benzenetricarboxylic acid trimethy! ester 
Dimethoxybenzenetricarboxylic acid trimethy! ester 
Benzenetetracarboxylic acid tetramethy! ester 
Dimethoxybenzenetetracarboxylic acid tetramethy! 

ester 
Methoxybenzenepentacarboxylic acid pentamethy! es-

ter 
Benzenehexacarboxy!ic acid hexamethy! ester 
2-Methy! pyrazo! (3)-carboxylic acid methyl ester 
2-Methy! pyrazo! (3,4)-dicarboxylic acid dimethyl es-

ter 

acids and dicarboxylic aliphatic acids consti
tuted the bulk of the permanganate oxidation 

, products offer further support for assigning the 
signals between Oto 50 ppm and about 178 ppm 
(COOH)in the melanin spectrum to fatty acid 
carbons. 

Oxygen- and nitrogen-substituted aliphatic 
carbons resonate between 50 and 110 ppm. Be
cause the nitro gen content of the melanin is low 
(7%) compared with the oxygen content 
(30.5%), contributions from N-substituted ali
phatic carbons are expected toO be smalL Thus, 
the discrete peak at 56 ppm is probably that of 
methoxyl carbons. Polysaccharides (e.g_, cellu
lose) show an intense peak at about 75 ppm that 
is associated with resonances of the nos. 2, 3, 
and 5 carbons. Further peaks at about 66, 86 to 
90, and 106 ppm are assigned to the nos. 6, 4, 
and 1 carbons, respectively (Atalla et aL 1980; 
Bartuska et aL 1980). The peaks at about 61,74, 
85, and 103 ppm in the melanin spectrum agree 
well with those of cellulose. Because the complex 
polysaccharide pattern has been observed in the 
pyrolysis-mass spectra, and because evidence of . . . 
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FIG. 2. CPMAS 13C NMR spectrum of Coprinus 
micaceus melanin. 

ppm could be assigned to polysaccharide car
bons. Further, the 13C NMR spectrum of cellu
lose (Miknis et al. 1979) is the same as that 
obfuined for the Coprinus melanin < in that re
glOn. 

Hatcher et al. (1980, 1981a,b) reported that 
unsubstituted and alkyl-substituted aromatic 
carbons resonate between 120 and 130 ppm in 
humic substances, and that a peak at about 150 
ppm is related to oxygen-substituted aromatic 
carbons of phenols. Alkylbenzenes are typical 
components that would yield resonances at 130 
ppm. Alkylbenzenes and alkylphenols have also 
been identified as pyrolysis producta, as have 
benzenecarboxylic and phenolic acids as per
manganate oxidation products from the Copri
nus melanins. 

The Coprinus micaceus melanin NMR spec
trum shows 18% of carboxyl carbons, 15% of 
aromatic carbons, 27% of polysaccharide car-

bons, 3% of methoxyl carbons, and 38% of ali
phatic (fatty acids) carbons. 

DISCUSSJON 

The Coprinus melanins appear to be complex 
polymers in which the aliphatic structures pre
dominate over the aroma tic ones, as shown by 
the HjC atomic ratios, weight losses upon 6 N 
HCI hydrolysis, products released upon perman
ganate oxidation, and infrared, pyrolysis-mass, 
and CPMAS l3C NMR spectra. Important com
ponents of the molecule are polysaccharide (in
cluding chitin) and fatty acid materials. These 
substances may be chemical!y bound to the ar
omatic portion or they may have be en extracted 
with the melanins from the cel! wal!s by NaOH 
solutions. Many of the fungal melanins studied 
by Meuzelaar et al. (1974, 1977) and Saiz-Ji
menez et al. (1979) also contained considerable 
amounts of proteins, polysaccharides, and ali
phatic materials. Hydrolysis (6 N HC!) reduced 
the N content ofthe Coprinus melanins and also 
the polysaccharide components. However, the 
pyrolysis-mass spectrum of the residue shows 
that nitrogeneous compounds are still presento 
Because fungal melanins contain N that is not 
hydrolyzed to amino acid, it has been postulated 
that some amino groups of proteins are cova
lently bonded to the benzenoid nucleus to give 
linkages that resist acid hydrolysis (Haider et 
al. 1975). Therefore, it seems possible that the 
N-containing fragments in the pyrogram of the 
hydrolyzed melanin arose from free amino 
groups in dibasic amino acids or terminal amino 
acids of the protein chain bonded to the phenolic 
rings or both (Saiz-Jimenez et al. 1979). Fur
thermore, it has been noted that acid hydrolysis 
of chitin yields melanoidins, a black polymer 
formed by condensation of amino sugars, which 
might be responsible for the presence of some of 
the nitrogeneous fragmenta in the pyrogram of 
the acid-hydrolyzed melanin .. 

As early as 1954, Commoner et al. observed 
that melanins contained stable free radicals. 
The origin and role of the unpaired electrons in 
melanins seem to be related to some biological 
properties, e.g., radiation protectioÍl < (Swartz 
1972). In the Coprinus melanins an increase in 
free radicals has been found upon acid hydroly
sis, which suggests that the treatment is able to 
produce sorne new free radical s, either by the 
releas e of hydrolyzable materials or by the for
rnation of secondary free radicals brourrht about 

" 



browning reactions. In fact, it has been 
that in strong acid conditions, melano

can be formed. Chitin subjected to 6 N 
hydrolysis produces a melanoidin with a g 
of 2.0034, a free radical concentration of 

X lO" spinslg, and a line width of 4.63. Due 
high polysaccharide (including chitin) and 

content of these melanins, it is highly .. 
rooamy that some of the additional free radi-

measured in the hydrolyzed melanins could 
from the new browning reaction structures. 
the basis of alkali fusion products, Nico

(1978) proposed a chemical distinction be
eumelanins (animal melanins) of the in-

type, arising from the enzymic oxidation of 
and allomelanins (plant, fungi, and 

melanins) formed by the enzymic oxi
of nitrogen-free precursors, such as phe

Some of the aromatic portions of Coprinus 
é1arlins consist of alkylbenzenes, alkylphenols, 

hydroxytoluenes, as demonstrated by pyrol
!is-lrnalSS spectrometry. This is further corrob

by the fragments released by permanga-
oridation. The presence of índoles and 

as structural units could not be dis
by alkali fusion degradation. However, 

'". existence of pyrroles, pyridines, and indoles 
therrnal degradation fragments is not ín dis
reemEmt with the alkali fusion results, because 

heterocyclic nitrogen compoimds are com
reaction products, originating during the 

of proteins and amina' acids (Martin et 
and consequently cannot be definitely 

garcjed as s6:uctural units of" the Coprinus 

prese~¿e .. of different ben~énecarboxylic 
phenolic acids among the oxidation prod
of the Coprinus melanin suggests that the 

Jlyrnerhas a complex aromatic moiety. This is 
imems·trated by the presence of benzenetetra-, 

and hexacarboxylic acids,. which may 
either from dimethylnaphthalene, na

,tnl¡Cene, or pyrene building blocks (Hayes and 
1978) and even more condensed aromatic 

;ru,;tures or alkyl-substituted benzene rings. 
existence of polycyclic aromatic hydrocar

in fungal melanins had already been 
out by Nicolaus (1968). Further, the 

benzenecarboxylic acids 
the presence of phenolic hydroxyls in 

aromatic rings. AIso, substituted pyrazoles 
identified as degradation products. These 

-··"VU.uus. as reported by Spiteller (1981), arise 

from a 1,3 dipolar addition of diazomethane to 
unsaturated compounds. 

Hayatsu et aL (1981) have reported that 
buffer-controlled permanganate oxidation of 
coals yields mainly aliphatic dicarboxylic acids 
ranging from C. to CIS' From nonbuffered oxi
dations, although short-chain dicarboxylic acids 
(C. to Cs) w.ere found in significant amounts, 
long-chain dicarboxylic acids were considerably 
depleted, because they are further oxidized to 
more stable short-chain dicarboxylic acids and 
CO •. After 1 h of nonbuffered alkaline perman
ganate oxidation of nonane-l,9-dicarboxylic 
acid, only 14% of the starting acid was re
covered, whereas for hexadecane-l,16-dicarbox
ylic acid, the remaining products amounted to 
only 4 %, mainly consisting of Cs to Cl3 aliphatic 
dicarboxylic acids with a small amount of the 
original compound. 

The oxidation procedure employed ín this 
work is close to the buffer-controlled oxidation 
of Hayatsu et aL (1981) and has been shown 
previously (Martín and Saiz-Jimenez 1978) to 
produce a great amount of short- and long-chain 
aliphatic compounds (alkanes, fatty acids, 
methyl ethyl ketones, and aliphatic dicarboxylic 
acida). Thedifferences between' both methods 
are in the 'buffer employed and the oridation 
time, which obviously must be higher for coals. 
From the results, it can be assumed that in the 
present oxidative conditions there is no exten
sive degradation of the' aliphatic dicarboxylic 
acids derived from the Coprinus melanin. 

It is well known that fungal structures contain 
neutral and polar complex lipids (straight-chain 
saturated and unsaturated fatty acids, tryglicer
ides; sterols, natural methyl esters of long-chain 
fatty acids, etc.), as reported by Laseter et al. 
(1968), Weete et al. (1970), Mumma et al. (1971), 
Fisher et aL (1972), ando Gunasekaran et al. 
(1972). Furthermore, basidiomycete . mycelia, 
fruiting bodies, and certain pigmented surfaces 
are rich in lipid components, amongwhich oleic 
and linoleic acids are the most abundant (Shaw 
1967; Holtz and Schisler 1971). The presence of 
adipic acid as one of the most prominent com
pounds among the oxidation products is in 
agreement with the results of these investiga
tors, because permanganate oxidation of oleic 
and linoleic acids will give rise to this aliphatic 
dicarboxylic acid. 

Permanganate oxidation of soil humic acids 
yields fatty acids as major products with the n-



n-C,s chain lengths dominant (Schnitzer 
,j{lIlUC' 1974; Griffith and Schnitzer 1976, 

et al. 1981). The distribution of 
acids and the fact that n-C,. and n-C,s 

constitute a very large percentage of 
indicate a microbial origin for the bulk 

acids isolated from soil humic acids. 
,ermClre. the lipid fraction of composted 

refuse, as well as the humic fraction, 
similar composition. Dead and living 

may constitute 25% of the 
of these composts (Gonzalez-Vila et al. 

substances and fungal melanins are 
complex organic materials, and a wide 

of different types of aliphatic carbons 
Ligttt-c:nam, branched, cyclic, etc.) and aro

carbons (unsubstituted, substituted, con
etc.) are expected to contribute to the 

spectra. F or this reason, spectra often are 
of much fine structure. Recently, 
13C NMR techniques have been applied 

samples of humic fractions (Hatcher et 
1981a, b). They demonstrated the use

of the cross-polarization technique for 
structural analyses of humic 

acids by showing that aromatic car
signals can be distinguished clearly from 

carboxyl, ~ther, methoxyl; and aliphatic 
and that carbon aromaticity can be 
quantitatively. Aromaticíty of the Co

melanilÍ. agrees well with the percentage 
atoms in aromatic form deduced from 

ato:mlC H/e ratio. Further, the 13e NMR 
"su.pport the conclusions that have already 

drawn from other degradative methods. 
as reportad by Miknis et al. (1979), 

¡mlPOltru~ce is that the NMR measurements 
made directly and 'nondestructively on un

samples and provide valuable informa-
on the carbon distribution between aro
and nonároÍnatic structures in the sample. 

l:lasidliOlnyce1;es' comprise the second largest 
of fungí, with some 13 000 species, and to 

:Oelon,g most of the large and conspicuous 
found in fieldS and woods. Basidiomy

that occur i~' grasslands, forest litter, and 
may contribute to soil humus formation. 

following groups may be defined 

fungi, which live in close as
with higher plants, Tan et al. (1978) 

ireiDort<>,1 the formation of black polymers 
aci'dlike compounds) in the culture 

medium of Pisolithus tinctorius, a fungus liv
ing symbiotically with pine trees in a soil 
environment rich in humus. 
Wood rotting fungi, which decompose cellu
lose and liguin. The lignins undergo drastic 
changes, in that most of the larger lignin 
fragments continue to decompose over time 
and the smaller units become stabilized in the 
soil to a greater degree by linkage into micro
bial melanins or complex humic acid mole
cules (Martin and Haider 1980). Further, cer
tain wood-destroying basidiomycetes produce 
humic acid-type substances in the fruiting 
structures. The attack on lignin gives rise to 
either aromatic precursors, which are con
verted into specific metabolic products (e.g., 
hispidin), or lignin breakdown compounds. In 
both cases, their polymerization by pheno
lases produces dark polymers confined to the 
sporophore. This process has been observed 
in Phellinus igniarius (Kirk et al. 1975), In
onotus hispidus, and Poria obliqua (Bu'Lock 
1967). 
Agaricales, in which the fruiting body is an 
ephemeral structure usually lasting only a few 
days, whereas the mycelium, living on organic 
matter in the soil, may last for years. The 
Iysed fruiting bodies constitute a pool of or
ganic materials (e.g.,' polysaccharides, pro
teins, lipids) that stimulate the soíl microflora 
activity and the buíldirlg of microbial humus. 
Furthermore, fairy rings, 'common in wood
lands, grasslands, and hiwns, are the result of 
the activity of soíl-inhabitingfungi, mainly 
Agaricales. Thesefungi co'ntribute to soíl or
ganic matter accumulation because the older 
mycelia die as the colony grows outward, and 
the soil beneflts from the lysis of microbial 
tissues. '. ' 

Among the Basidiomycetes (Agaricales), the 
genera Coprinus; Psatyrelúi,· and Paneolus are 
cosmopolitan. Many species inhabit the drug of 
herbivorous and' dead plant( remains, including 
dead wood. They appear to be secondary invad
ers in the process of rotting wood, and their 
fungal cell components, including melanins, 
contribute to soil organic matter. In fact, it has 
been shown that resistant components of de
composed plant materials under attack and 
newly synthesized microbial tissues both enrich 
th.e organic matter of the soil and tend to be 
distributed in all three humic fractions, humic 
and fulvic acids and humín (Wagner 1968). 



Although the Coprinus melanins are higher 
fatty acids, polysaccharides, and proteins 

8n sorne fungal melanins and soil humic acids, 
eir general chemical properties and the frag
ents or components released by oxidative and 
rolytic degradation procedures are similar, 
d it would be difficult to differentiate them 
m soil humic polyrners by these procedures. 
is very likely that the dar k pigments or mel
ins of the Basidiomycetes, as represented by 
'Prinus species contribute to soil humus for 
tion. 
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