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ABSTRACT

Column and thin-tayer chromatography revealed the presence of the following carotenoids
in the thalli of 21 fichen species from Illinvis: -, p-carotene, rubixanthin, -
cryptoxanthin, lutein, 3"-epilulcin, zcaxanthin, lycoxanthin, lycopene-5.6-epoxide, B-
carotene epoxide, f-carotene diepoxide, lutein cpoxide, antheraxanthin, violaxanthin,
mutatoxanthin, o-doradcexanthin, astaxanthin, ncoxanthin, and rhodoxanthin. The total
content of carotenoids ranged from 26.15 (Punctelia bolliana) o 106.21 g ¢! dy
weight (Phaeophyscia rubropulchiya).

INTRODUCTION

During the last 20 vears, considerable progress has been made in studies of the species
composition of lichens in [llinois (Skorepa & Snider 1967, Wicdman & Whiteside 1975,
McClain 1978, Skorepa 1970, 19734, 1973b, 1977, Wilhelm and Ladd 1985, Wilhelm
and Lampa 1987, McKnight et al. 1987, and Withclm & Parker 1988). In some of these
studies attention was paid, not only to the geographical distribution of the various
species, but also to their biology and the biochemical content of some lichen products
which are important factors in taxonomic rescarch, While reference has been made to the
organic acids, terpenes, anthraquinones, elc., none of these works addressed the presence
of carotcnoids. In view of the fact that in the chemotaxonomy of fungi (Valadon 1976)
and algae (Weber and Wettern 1980, Liaacn-Jensen 1989) the presence of carotenoids is
taken into consideration, we decided (o investigate the carotenoid content of the thalli of
Lichens from Illinois in order 1o find new data which would give a fuller picture of the
characteristics of this group of plants.






DISCUSSION

Of the findings in this study, the most noteworthy was that of the presence of $-carotene
diepoxide which was the predominant carotenoid in thalli of Phaeophyscia rubropuichra .
This 1s the first report of the presence of this carotenoid in lichens (Czeczuga 1988a).
Previously, it had been found in the anthers, filaments, and petals, as well as the fruit of
numerous species of flowering plants {(Goodwin 1980). The carotenoids rubixanthin, B-
carotene cpoxide and rhodoxanthin bave been found rarely in lichenized lungi,
Rubixanthin, among others, has been found in the thalli of the Cetraria lzevigata, From
the Kamchatka Peninsula (Czcoruga ef al. 1989a), whereas B-carotene epoxide has been
found in the thalli of Ramalina polliinaria, from Bulgaria (Czeczuga 1988b) and in
Nephroma arcticum, Solorina crocea, Sphaerophorus globosus, Thammolia vernicularis,
and Usned sulphurea from Austria (Czecruga & Olech 1990). Rhodoxanthin, among
others, was noted in the thalli of a few species of Parmelia (5.1.) from laly (Creczuga et
al. 1989b).

In this study, B-carotene and lutcin cpoxide were present in the thatli of all of the specics
evaluated. In general, it would appear that the genera and species of lichenized fungi have
suites of carotenoids in common, but that these common suilcs are by no means
exclusive to either genera or species and common carotenoids do not necessarily imply a
close relationship. The specimens of Parmelia sulcata and Peltigera canina examined in
ihis study, for example, had the same suite of carotenoids, even though the phycobiont of
Parmelia is green and that of Pefrigera is blue green,

The carotenoids common (0 (he seven species of Cladonia in this study were B-carotene
and lutein epoxide, and antheraxanthin, »caxanthin, and mutatoxanthin, though the latter
three were absent in iwo Cladonia specimens from Austria (Czeczuga & Olech 1990).
Where two Cladoniae from the Canary [slands (Czeczuga et al. 1988) were compared to
the seven Cladoniae from 1llinois, only B-carotene and lutein ¢poxide were in common.

The carotenoids commen to the three species of Physcia were f-carotene, lutein epoxide,
lutein, zeaxanthin, and violaxanthin. Peltigera caning from Illinois had six carotenoids in
common with P. horizontalis collected in Ircland (Czeczuga & Richardson 1989): B-
carotenc, lutein cpoxide, B-cryptoxanthin, lutein, antheraxanthin, and violaxanthin,
though only f-carotene, lutein epoxide, and violaxanthin were in common with two
species from Auvstria (Czeczuga & Olech 1990).

There is also variation with respect to carotenoid composition within a species.
Parmelia sulcata from Iinois, for cxample, contained the same four carotenoids found in
P, suleata collected in Finland (Czeczuga and Skutt 1988), but with P-carotene, lutein,
and antheraxanthin in addition, perbaps as accessory pigments,  [P-carotene, lutein
epoxide, lutein, antheraxanthin, and violaxanthin occurred in the thalli of four species of
Punctelia, a scgregate of Parmelia. In another segregale of Parmelia, the carotenoids -
carotene, lutein epoxide, lutein, 3'-cpilutein, antheraxanthin, vicolaxanthin, and
mutatoxanthin were all noted in the thalli of the two species of Flavoparmelia, but
zeaxanthin was absent from F, caperaia.

1t is apparent that much more survey work among the genera and specics, replicated by
analysis of specimens of the same species from different areas, must be done before it is
clear how important carotenoid analysis will be in lichen laxonomy. The Parmeliaceae,



as well as most other groups of lichenized fungi, is in an aclive state of generic
evaluation (Adler 1990). As gencra and subgeneric relationships are cxplored, it is
possible that carotenoid content might be of value in making these evaluations.
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Table 1. Investigated species of Illinois lichens

Species

Canopat#elfa texapa (Tuck.) Elix & Hale
Cladina subtenuis {(des Abb.) Hale & Culb.
Cladonia carolinians Schweln. ex Tuck.
Cladonia furcata (Huds.) Schrad.

tladonia grayvi G. K, Merr, ex Sandst,
¢ladonia robbinsii A. Fvana

Cladonia squamosa (Scop.) Hoffm.

Ccladonia gstrepsilis {(Ach.) ¥ainio
Flavoparmelin baltimorensis (Gyeln. ot Foriss) Hale
Flavoparmelia caperata {L.) Hale

Parmelia sulcata Tavl.

Peltigera canina {L.) Willd,

Phacophyscia rubropulchra (Degel.) Hoberg
Physcia adascendens {Fr.) H. Oliv.

Physcia willegrana Degel.

Physcin stellaris (L.) Nvl.

Punctelia bolliana (Mill.Arg.) Krog
Punictefia perreticulata {Ris.) Wilhelm et Ladd in ed.
Punctelia rudecta (Ach.) Krog

Punctelia subrudecta {Nyl.) Krog
Xanthoparmelia somloéngis (Gyeln.) Hale

Figure 1. A-N, + R, R, and Ry
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Table 2, List of the carotenoids and (heir distribution

Carotencid

a=tarntene
B-caroatene
rubixanthin
A-cryptoxanihin
lutein
i'-epilutein
zeaxanthin
Ivcoxanthin

W R B G ke

10
11
12
12
14
15
1%
17
18
19

f-caratane epoxide

lutein epoxide
antheraxanthin
violaxanthin
mutatoxanthin
a-deradexanthin
aataxanthin
neoxanthin
rhodexanthin

Lichen species
Canoparmelia texana
Cladina subtenuis
Cladonia carcliniana
Cladopia furcata
cladonia grayvi
Cladonia robbinsii
Cladonfia sguemosa
Cladonia strepsilis

lycopene-5,6-epoxide

A-carctene diepoxide

Flavoparmelia baltisorensis

Flavoparmelia vaperata

Farmelia syfcata
Peltigera canina

FPhaeophysrcia rubropulchra

Physzcin adscondens
Physcia millegrana
Physcia stellaris
Punctelia bolliana

Punctelia perreticulsta

Functelia rudecta
Functelia subrudecta

Xanthoparmelia somwloénsis

3,6,5" 8 -depony-5,6,5" 6" ~tetrahydro-p, B-carotene

(gtervisomeric}

5.5,5',5‘—diepoxy-5,6,5‘.6'-tetrahydro-ﬂ,B—carotene-S,3'—diol

5,E-Epoxy-s,?-dihydru-s.ﬁ,s,‘ﬁ'-tetrahydrn—ﬁ.B-cnrotene—a,s,a'-trinl
4',5'-didehydro-4,5"' ~retro-f, B-carotens-3,3' -dione

13 14 15 16 17 18 19

Siructure Somisystomatic name
(Figure 1)
A-R-B B.@-vuratene
B-R-B B, B-carotene
C=-R-D fi,pai-carolene-3-nl
B-R-D B, B-tarotene-3i-ol
D-R-E B,e-varctene-1,1"-dial
D-R-F A, %=-carotene-3,3'-dial
D-R-D B, R-caratene-3,3"-dinl
C-R-F psi,paj-carotense-16-ol
C-R-G 5,6-epoxy-5,6-dihydro-psi, psi-rarotene
E-R-H 3,6=apoxy-5,8-dihydro-0}, B-carotene
H-R-H
E-R-1 5.E-epoxy-5,6-dihydro-i, #-carotene-3,3"'-dicl
D-R-1 5,6-epoxy-5,6-dibhydro-0, B-carctens-3,3"'-diol
I-R-1
D-RI-K 5, 5-epoxy-5,8-dihydro-B,B-carotene-3,3" -dial
E-R-L 3,3’ -dihydroxy-A ,¢-carotene-4-one
L-R-L 3,3'-dihydroxy-0,N-carctene-4,4 ' -dione
I—Rl—H
N-R,-N
Carotencid
1 2 3 4 5 € 7 8 91011 12
x X x X X x X
x x N X X X X % x
x x XX X x
x x X X X x
x X % x x % x x
x X X x ¥ x X X
X X X X X X K X %
X X X x X X X K X
x X X X X X x X
X X X X ¥ x X X
X X % X X X x
X x X X ox x x
x X x x x % X x
K x X x x X X X
x x X x x x X x
X X X x x X % X ¥ x
X % X x % X h x X
X X X x x X x X
x x X X X X X
x X x nox X %
b X ox® x x X% x x

Ha jor Total
carct.{¥) /4
12 (4D.B) 44.5¢
12 31,7y 50.29
12 (30.9) 32.77
12 ¢33.2) 50.33
13 (35.6) 42.89
T {38.9) 41.42
T (36.4) 45.98
16 (26.9} 35.4%
15 ¢28.91 55.38
15 (27.4) 61.01
14 (22.9) 61.17
14 ¢38.87 £0.45
11 (48,2 106.21
12 (25.6) H5,04
15 f21.1y 43.62
14 (33.7) 33.47
16 (20,2 26.15
T {¥3.6y E0.25
12 (27.0y 36.38
15 (23.3) B85.98
LIz r25.4) 48,54



