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Pigmentation of 11 yellow and orange gilled taxa of Dermocybe from North 
America were investigated by means of thin layer chromatography. A comparison of 
pigment data showed more or less specific pigment patterns and six types of 
pigmentation within the species studied. The importance of pigmentation and 
chemical relationships to European Dermocybe species are discussed.
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A great variety of anthraquinonic pigments are found in the 
sporocarps of Dermocybe species. Their chemical properties and 
structures have been extensively studied (for review see Gill & 
Steglich, 1987), while their occurrence and distribution have proven 
useful in differentiating infrageneric taxa (Gabriel, 1965; Gruber, 
1970; Keller, 1982; Hoiland, 1983). The relevance of chemical 
characters for taxonomy is discussed by Moser (1985).

In an earlier study Keller & Ammirati (1983) reported a number 
of anthraquinone and anthraquinonoid pigments in red gilled species 
of Dermocybe, section Sanguineae. Furthermore, it was shown that 
strong chemotaxonomic relationships exist between European and 
North American Dermocybe spp. In view of the importance of the 
anthraquinonic pigments as taxonomic criteria in the systematics of 
Dermocybe, the present study was carried out to determine the 
pigments and pigment patterns of some of the yellow and orange 
gilled Dermocybe species in North America.

This paper is dedicated to Professor M. Moser on the occasion of his 
seventieth birthday.
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Material and methods

Several collections used in this study were made by the authors in 
the fall of 1980 in Oregon and Washington, USA. These and additional 
collections are listed in Tab. 1. Herbaria are indicated by the 
appropriate abbreviations from Index Herbariorum. The taxa treated 
in this paper are placed in the sections Dermocybe, Holoxanthae Mos. 
and Malicoriae Mos. (Moser, 1972).

Sample preparation and techniques of thin layer chromatography 
(TLC) of pigments are as described in Keller (1982) and Keller & 
Ammirati (1983) with minor modifications. Chromatography was 
done on precoated TLC plates (silica gel 60). Five solvent systems 
were employed to detect pigment patterns of each species. Further 
chromatographic data are given in Tab. 2. The developed 
chromatograms were dried and examined in daylight and UV light 
(365 nm). For further identification of pigments TLC plates were 
sprayed with reagents potassium hydroxide (5% in methanol) and 
magnesium acetate (5% in methanol).

Results

Chromatographic examination of sporocarps of yellow and 
orange gilled Dermocybe spp. from North America revealed the 
presence of a number of anthraquinone and anthraquinonoid 
pigments. The anthraquinone carboxylic acids endocrocin, 
dermolutein and dermorubin were identified with authentic reference 
samples, as well as the neutral anthraquinone derivatives emodin, 
emodin-glucoside, dermoglaucin, dermocybin and dermocybin- 
glucoside, and the dimeric dihydroanthracenone flavomannin-6,6’- 
dimethyl ether.

More than 20 pigments were distinguished on the chromatograms 
of the species investigated. The pigments and their chromatographic 
properties are listed in Tab. 3. With the exception of flavomannin- 
6,6’-dimethyl ether all pigments show a positive colour reaction with 
the reagent potassium hydroxide (and magnesium acetate), which 
suggests the anthraquinonic nature of the identified pigments as well 
as the unknown coloured compounds. It is also suggested from the 
chromatographic properties that many of the unknown pigments may 
be glycosides of the anthraquinones themselves. Furthermore, 
additional pigments have been detected chromatographically with 
weak intensities. Flavomannin-6,6’-dimethyl ether is always accom­
panied by two other pigments: the first is anhydroflavomannin-9,10- 
quinone-6,6’-dimethyl ether, which may be partly an artifact, the 
second is probably 7,7’-biphyscion which has been isolated as an 
artifact formed during storage and chromatography (Steglich & al.,

128

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.zobodat.at



co
lle

ct
io

n 
H

er
ba

ri
um

 
D

at
e 

of
 

Si
te

 o
f c

ol
le

ct
io

n 
C

ol
le

ct
or

no
. 

co
lle

ct
io

n

Q
Ph Ph Ph 111 11 11

'a ! ' y  'Ey
WWW 
O O

<tj <  co co 
d  d
d  d  -d  
o  o  wCD
M  M  t>
a  d

'w 'w r° 
CD CD O
£  £  a ̂ „  ci
o  6  ^  
O O £
Ph Ch CD o OfflW W 
CC (d r r f
S S  a

 ̂ «h Cgo a) "d 
A) A ! HHctf Ctf <-(
d d  £

C/3

o
u ^
QJ P  
M  O a) a; aiTT-' "> I  > SU bl*» U/

b  c j  b  t / i  d  d  d

CO CD

d a 
HO

< < cn co 
d d

< < co co 
d d

a o

CO O O  o  O  CO

r  i  ^  O o
* PQ

-U  U “ “ ^
M  M  
d  d

,0 a m w g a u

& &MM _
S S o o

Id  Id  U  U) w w , t
£  £  O O

-s
P r  cD cD

O O hr1 hbO U ^ ^W Ul
d  d  tb  Pb

« o  o

A) ’""I. A) A! w 
CD r t  t3 t 3 ^  ^  ,5  

d  d  Pi d  d  d  m  
w ¡b  §  §  Ph d  C>>ajSSoOcD<;  
^ l55 a) <d  iS  iS  c j C/D
o ^ d d ^ ^ o d

W W
d d

<  d
co 2O »

o I
«_ h. cd

« O

U 3 
d  d

d o

nd
CO 
d
CD <rj

y  CO
o  d

d b
d
CD

a a a a
< <  <  
pH pH Pb 

h-j h-i

cd cd
CD rd  T i

T i  cd cd 
b p C 
£  cd cd
3 u  o
°  S 8 o C C
'Ph .2 H
15  d  d  
d  O  O  

O  r r 
-  o  o  

o  O  O  
O d d  
H o  o  5 o o
g  f i 6
d  CO CO di .. ..d  D D 
o  A i A i 

CD CD
d dd

<J
y  CO
o  d

0) Kd £*“5
05 05 
CJ CJ 
cd cd

in S ^  q1 in Sh
^  p S d ^  ^
al -3 US "a!

d  ^ i-i cb d  d

<j <J
CO CO
d  d
d~ d~
O  O H
be bo <1 
y  y  CO!h Ph id
O O d

O U
A i A i 
o  o

<1 <J
CO CO
d  d  

. c c<1 o o 
CO M M  
d .g c 
¡-r Id  Id
D  in in  
O  cD CO

Id  d  d
12 O  O

§ i s

Eh h  U
y" y"  ̂

A i A ! .22 
cd co cd d  d %
T3 Td 
d  d

m  o  r i  dId O jd jd
O h n b  A

§  C

CD «

rW yo -  rd

^  -  
CD o
m  a
Ph d3 A i A i 
CD y  CD CDcD CD

CO CO U  PQ Ph hJ hJ

o  o  o  o  o

O )  0 5  0 5  
LO 0 5  CO

CM CM 
t-H t-H
CM CM

0 5  0 5  
* I>  C£5

o  o  o

CD CO CO

PQ PQ PQ C Q E h W P Q C Q P Q C Q PQ CQ E-t Eh Eh PQ PQ Eb e- i PQ PQ PQ

LCDCv I Ol  c o m r o c s i E S

o  o  oo co

sa
a 1a jp
I s  . 
5  w s
'5  «3 §
co d ^
o3 |3 a)
a ^ s  
a d
^  c
•HH G i  
V °dS  ̂e S N -5

•§ CO

1q aPh g 

w o
d «

6 g g § 
& S

3 3
JD i-O• S 3Cd Cd

O CJ 
-O -O
Cd Cd

O C3 
-O JD

=a .s . *-
a >̂
Ja s .a< -d Pi

Pb. b. >  pH

.o *- CO ^
Cd s-i C3

tP -d vP o o o
Cd Cd £ £_ _ _ CJ CJo o o o o

C3 CJs s "d d3
q q q  q q q q q q q q q  q q q q  q q q q q q

129

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.zobodat.at



Tab. 2. Chromatographic systems. Layer: precoated TLC plates silica gel 60 
(MERCK), thickness of layer 0.25 mm.

Chromatographic Solvent (v/v)
system

I benzene acetic acid (glacial) 2 1
II ethyl acetate methanol water 100 16.5 13.5
III toluene ethyl formate formic acid 160 40 1
VI toluene ethyl formate formic acid 50 40 10
VII ethyl acetate ethyl methyl ketone formic acid water 50 30 10 10

1972). Distribution of pigments and pigment patterns in the 
Dermocybe species investigated are shown in Tab. 4.

D. c r o c e  a, D. c r o c e a  v a r .  8 0 / 8  1, D. i n c o g n i t a .  
-  Chromatographic examination of these yellow gilled Dermocybes 
showed that flavomanin-6,6’-dimethyl ether is the major coloured 
compound. Endocrocin and dermolutein were detected with medium 
intensities. Dermorubin was observed only with weak intensity in D. 
crocea var. 80/81 but with medium to high intensities in the other 
taxa. Pigmentation of these species is similar to that of D. crocea 
found in Europe (Keller, 1982).

D. u l i g i n o  s a. -  Chromatographic examination of this species 
revealed a cinnamomea-type pigmentation. Flavomannin-6,6’- 
dimethyl ether and dermorubin were found to be the major pigments, 
whereas dermolutein and endocrocin were observed with lower 
intensities. There is no significant difference between pigment 
patterns of North American collections and those found in Europe 
(Gruber, 1970; Keller, 1982; Hoiland, 1983).

D. c i n n a m o m e a ,  D. s u b c r o c e o f o l i a ,  D. z a k i i .  -  
The major pigment of these orange gilled species has been identified 
as flavomannin-6,6’-dimethyl ether. Dermorubin has been detected as 
the major anthraquinone carboxylic acid, whereas endocrocin and 
dermolutein have been found with low to medium intensities. The 
pigment patterns are very similar between the taxa investigated and 
to those of specimens of D. cinnamomea collected in Europe (Gruber, 
1970; Keller, 1982; Hoiland, 1983).

D e r m o c y b e  t u b  a r i a .  -  The major pigments of this species 
have been identified as endocrocin and dermolutein as aglycones and 
possibly as glycosides. None or only small amounts of dermorubin 
have been detected. Dermoglaucin, possibly dermoglaucin-glycoside
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and flavomannin-6,6’-dimethyl ether were found with low to medium 
intensities. There is no significant difference between pigment 
patterns of North American specimens and those found in Europe 
[Keller, 1982 (= D. sphagneti)].

D. a u r  e i f o l i a  v a r .  h e s p e r i a .  -  Chromatographic 
examination of this Dermocybe revealed a special pigmentation. 
Flavomanin-6,6’-dimethyl ether is the major colouring principle. 
Endocrocin, dermolutein and dermorubin were found with medium 
intensities. Furthermore, emodin and an unknown pink pigment (Rf
0.31, System I) were readily detected with medium intensities. The 
latter compound was never observed on chromatograms of other 
species included in this study. These results are not in accordance 
with those from a pigment analysis of D. aureifolia var. aureifolia by 
Hoiland (1983). However, no flavomannin-6,6’-dimethyl ether or 
emodin were found by TLC in the type m aterial of this Dermocybe 
species.

D. m a l i c o r i a .  -  Emodin and emodin-glucoside are the 
predominant coloured compounds of this bright orange gilled 
Dermocybe species. Flavomannin-6,6’-dimethyl ether has been 
observed as a major pigment with intensities comparable to species of 
the cinnamomea-complex. Dermolutein has been detected with 
medium intensities whereas endocrocin and dermorubin are minor 
constituents. Furthermore, only low amounts of dermoglaucin were 
found. Similar pigment patterns have been reported for European 
collections of this species but dermoglaucin was not detected 
(Gruber, 1970; Keller, 1982; Hoiland, 1983).

D. i d a h o  e n s i s .  -  It is apparent from the chromatographic 
data that D. idahoensis is a very complex species. Flavomannin-6,6’- 
dimethyl ether, emodin, dermoglaucin and dermolutein are the major 
pigments of this species whereas dermocybin, endocrocin, dermo­
lutein and an unknown orange compound (Rf 0.39, System I) were 
observed with low or medium intensities. These results correspond 
with a pigment analysis of D. idahoensis by Hoiland (1983).

Discussion

Chromatographic examination of yellow and orange gilled 
Dermocybe species from North America reveals that a variety of 
anthraquinonic pigments are present in sporocarps of the species 
investigated. A comparison of pigmentation data shows that each
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species has a more or less specific pigment pattern. The resulting 
chemotaxonomic relationships of the species are shown in Tab. 5. Two 
supraspecific levels of pigmentation are found in the species 
investigated, which all contain flavomannin-6,6’-dimethyl ether and 
anthraquinone carboxylic acids. Another group comprises D. tubaria, 
D. aureifolia var. hesperia, D. malicoria and D. idahoensis, which 
contain neutral anthraquinone derivatives, whereas the remaining 
species form a second group lacking this type of pigment. These 
groups have direct relationships to established infrageneric categories 
of Dermocybe since the present taxonomic structure of this genus is 
strongly influenced by chemotaxonomic data.

The species lacking neutral anthraquinone pigments share a close 
chemical relationship and can only be separated into two subgroups 
depending on the intensity of dermorubin. In D. crocea var. 80/81 only 
small amounts of dermorubin have been detected. In the remaining 
taxa dermorubin is recorded with medium or high intensities as it is 
reported from European collections of D. crocea and D. cinnamomea 
(Keller, 1982; Hoiland, 1983). Although there is some gross morpho­
logical variation only relatively small differences are observed in 
pigment patterns between taxa of this subgroup.

Within the group of species that do contain neutral 
anthraquinonic derivatives somewhat more diversity in pigmentation 
can be recognized. The following four types of pigmentation have 
been distinguished depending on the occurrence of neutral 
anthraquinone derivatives. In D. tubaria dermoglaucin is the only 
neutral anthraquinone pigment that is reported to be a specific 
compound in European collections of this species [Gruber, 1970 (= D. 
palustris); Keller, 1982; Hoiland, 1983]. In D. aureifolia var. hesperia 
emodin has been detected in medium amounts. This is not in 
accordance with chromatographic data from a study by Hoiland 
(1983), where type specimens of D. aureifolia var. aureifolia collected 
from a different location lack emodin and even flavomannin-6,6’- 
dimethyl ether. D. aureifolia is not known from Europe. In D. malicoria 
emodin has been observed as the major pigment and is accompanied 
by dermoglaucin. This species shows a pigment pattern  that is very 
similar to those reported for Cortinarius sommerfeltii Hoil. found in 
Europe (Keller, 1982; Hoiland, 1983; Arnold & al., 1991). Emodin, but 
no dermoglaucin, was detected in European material of D. malicoria 
with similar intensities (Keller, 1982; Hoiland, 1983). Of the taxa 
studied D. idahoensis revealed one of the most interesting pigment 
patterns. The presence of the neutral anthraquinone derivatives 
emodin, dermoglaucin and dermocybin were found to be specific for 
this Dermocybe. No chemical counterpart from Europe is known to 
this unique orange-ochraceous gilled Dermocybe species.
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