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Abstract—Three lichen species from the order Lecanorales were examined for their fatty acids by capillary GC-MS.
Among the 70 fatty acids identified, 22 were saturated, including six iso-acids, two anteiso-acids, one pristanic acid and
one phytanic acid; their total amount varied from 10.6 to 26.8%. Twenty-four acids were monoenoic (14.9-24.4% five
including 25:1, 26:1, 28:1 and 30:1), dienoic (8.0-12.0%), eleven trienoic (21.3-33.9%) and eight were polyenoic
(8.6-41.1%). Lichen samples were also examined for total lipids and phospholipids. Total lipids varied from 13.4 to
30.7 mg g~ ! dry wt. The major phospholipid was phosphatidyicholine.

INTRODUCTION

Our previous studies concerned phospholipids {1] and
fatty acids [1-4] from lichen species collected in the
Volga river basin. Lipid composition of lichens from the
family Usneaceae have been reviewed in a limited number
of publications [5, 6] where mass spectrometric methods
were not used extensively [7]. Fatty acids and phospho-
lipids, examined by GC-MS and TLC, respectively, from
three lichen species belonging to the order Lecanorales,
are reported in the present paper.

RESULTS AND DISCUSSION

Tree-growing epiphytic species from the family
Usneaceae and rock-growing, epilytic species from the
family Lecanoraceae, were chosen for a comparative
examination of their fatty acid and phospholipid com-
positions. The GC-MS analysis of fatty acids in the three
species, revealed a high polyenoic content in Aspicilia
transbaicalica (41.1%, Table 1), but much lower amounts
of such acids in two Evernia species, viz. 27.4% in E.
mesomorpha and only 8.6% in E. prunastri. The amounts
of trienoic acids, however, were higher in the samples
from tree-growing species, 33.9% and 28.2%, compared
to 21.3% found in the rock-growing species. All three
species studied had almost identical dienoic acid con-
tents. Unusually long chain fatty acids, 25:1, 26:1, 28:1
and 30:1 were present only in the Evernia species. trans
16:1 (n-13), pristanic and phytanic acids were detected
and identified only in E. prunastri, where they constituted
equal amounts (0.1%). According to Dertien et al. (5], in
E. prunastri, collected in Holland, the respective amounts
of saturated, dienoic and trienoic acids were 13.0, 14.3
and 43.9%; acids with more than 20 carbon atoms
constituted as little as 7%. Our sample of E. prunastri
growing in the Volga river basin, contained 26.8% satur-
ated, 24.4% monoenoic, 12.0% dienoic, 28.2% trienoic
acids and 17.1% of acids with chains longer than C,o. The

major fatty acid reported by Beltman et al. [6] for
E. prunastri, also collected in Holland but three years
later, was 18:3 which comprised 57% of the total acids.
Such a broad variation of acids in the same species
collected at different sites and times, can probably be
attributed to the differences between the substrates where
the species had grown. Solberg [7] used mass spectro-
metric analyses for the identification of some fatty acids,
particularly, 16:0, 20:1, 20:2 and 20:4 from four lichen
species; he also identified a number of dicarboxylic acids,
hydroxy acids (2-OH 16:0, 2-OH 18:0, 2-OH 22:0, 2-OH
24:0 and 2-OH 24:1), as well as keto acids (5-keto 18:0,
5-keto 21:0 and 5-keto 23:0). Quantification of these
compounds was not attempted.

Lichens are symbiotic associations between cyano-
bacteria and fungi and it is of interest to know that
contributions are made by phyco- and mycobiont. Ac-
cording to Yamamoto and Vatanabe [8], who studied the
fatty acid composition of phycobionts in various species
of lichens, Trebouxia in Cladonia rangiferina and Usnea
diffracta contain mainly 16:0 (18.6 and 15%), 18:1 (40.5
and 29.1%) and 18:2 (27.3 and 27.7%) with small
amounts of arachidonic acid (2.2 and 1.6%). For a
number of cyanobacteria the above mentioned fatty
acids are the main ones, but for primitive red eukaryotic
algae that can be phycobionts of lichens polyunsaturated
fatty acids such as arachidonic and eicosapentacnoic are
found; their content in Porphydium sp. can reach 44% [9],
and in Porphyridium cruentum 53% [10].

Of interest also is the occurrence of branched-chain
fatty acids. Our recent studies of fatty acids of 25 species
of fungi belonging to the Basidiomycetes [11] using GC-
MS showed that this class of fungi is rich in iso- and
anteiso-fatty acids, the content of the former varying from
7 to 10%, the latter from 3 to 5%. Among dienoic,
trienoic and polyenoic acids in this class of fungi we have
identified only three acids: 18:2 (n-9) from 5 to 8%, 18:3
(n-6) from 0.3 to 4% and 18:3 (n-9) from 1 to 10%.
Among higher fungi polyunsaturated acids are rarely
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Table 1. Fatty acid composition in lichens from the order Table 1. (Continued)
Lecanorales
Usneaceae Lecanoraceae
Usneacese Lecanoracese Evernia Evernia Azspicilla
Evernia Evernia Aspicilla mesomorpha prunastri transbaicalica
mesomorpha prunastri transbaicalica
14:2 (n-5) —_ 0.46 020
is0-12:0 0.20 (1 x) 020 16:2 (n-4) 0 0.34 041
n-12:0 0.41 o 0.41 18:2 (n-6) 651 7.80 670
is0-13:0 020 — 020 20:2 (n-6) 030 034 0.20
is0-14:0 0.10 - 0.10 22:2 (n-6) 0.1 3.09 0.3
n-14:0 0.20 3.67 325
iso-15:0 0.10 1.49 0.51 Total diens (¥ <} 1203 7481
anteiso-15:0 0.10 0.80 o
n-15:0 030 034 020 16:3 (n-6) 328 0.46 132
is0-16:0 0.30 0.80 0.30 16:3 (n-3) 285 1.03 284
Pristanic — o1 —_ 18:3 (a-6) 041 1.49 091
»-16:0 325 482 6.50 18:3 (n-3) 13.% 21.32 1443
is0-17:0 020 034 0.30 20:3 (n-9) 0.20 023 081
anteiso-17:0 0.30 0.57 0.7t 20:3 (n-6) 0.10 0.69 0.10
Phytanic — o.11 —_ 20:3 (n-3) k¥ 1) 0.46 041
n-17:0 020 034 020 22:3 (n-6) 0.61 206 041
n-18:0 298 11.24 081 22:3 (n-3) 641 0.46 010
n19:0 — 023 010 24:3 (n-3) 1.63 —_ -
n-20:0 0.20 023 0.10 26:3 (»-3) 081 — —_—
n-22:0 0.20 0.23 al0
»23:0 - ol - Total triencs ny 2320 2133
»24:0 122 092 a.10
n26:0 020 al —_— 16:4 (o-3) i1s 149 328
18:4 (n-3) 499 252 640
Total 20:4 (n-6) 0.20 1.95 328
saturated 1063 2690 14.90 20:4 (n-3) 4.58 0.69 528
20:3 (n-3) 702 1.03 7.31
12:1 0.10 oll Q.10 22:4 (n-3) 37 023 on
13:1 030 — 0.30 22:5 (n-3) 298 0.46 640
14:1 (0-5) a.10 206 142 22:6 (n-3) 081 0. 854
15:1 (n-8) 041 0.3 081
15:1 (n-6) 0.7 046 041 Total tetra-,
16:1 (n-9) 418 206 031 penta- and
16:1 (n-7) 3.7 355 234 hexaenes 2236 [ 77 414
trans
16:1 (n-13) — 0.11 -—
17:1 (n-10) 0.10 0.57 0.10
17:1 (n-8) 0N 0.80 041
18:1 (n-11) 288 263 071
18:1 (n-9) 315 6.65 5.6 found, but among fungi belonging to the Phycomecetes
18:1 (0-7) 0.81 149 091 there have been found species where the content of
19:1 (n-8) 0.10 o1 — arachidonic acid varies from 2 to 27% [12, 13). There-
20:1 (n-11) 0.10 023 - fore, we can suppose that phycobionts contribute poly-
20:1 (n-9) 0.51 0.80 0.51 unsaturated acids and mycobionts branched-chain fatty
21:1 (n-8) 0.10 ol Q10 acids.
22:1 (n-11) 020 011 - Phospholipids of the lichen species presently studied,
22:1 (n-9) 0.10 1.49 020 have not been previously reported. According to our
24:1 (n-9) 091 0.6 Q10 results, total lipids, for the epiphytic species, constituted
25:1 (n-8) 0.3 0.1l — 16.5mg g~! dry wt, in E. mesomorpha and 134 mgg™*
26:1 (n-11) 0.30 - - dry wt in E. prunastri. The epilytic A. transbaicalica
28:1 0.10 —_ - contained 30.7mgg~! dry wt of total lipids (Table 2).
30:1 010 -_— - The studied species differed in their phospholipid com-
position. Phosphatidycholine in the Evernia species was
Total monoenes  20.00 ny 14n present in amounts of 59.4% and 58.3% of total phos-

pholipids, while in A. transbaicalica it constituted 33.3%
(Table 2). The contents of phosphatidylglycerol were
32.3%, in A. transbaicalica, 8.6%, in E. mesomorpha and
5.3%, in E. prunastri. The amount of phosphatidylserine
in the Evernia species was three times higher than that in
A. transbaicalica.
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Table 2. Phospholipid composition in lichens from the order

Lecanorales

Evernia Evernia Aspicilia

mesomorpha prunastri trasbaicalica
PC H41+13 583+12 333109
PG 67403 72404 102404
Pl 86108 531403 323108
PE 133105 147104 202109
PS 120103 145407 40102
PL 28 199 374
TL 16.52 1343 3067

PC, phosphatidyicholine; PG, phosphatidyiglycerol; P1, pho-
spatidylinositol; PE, phosphatidylethanol amine; PS, phosphati-
dylserine; PL, phospholipids, as a per cent of total lipids (TL),
mgg™' dry wt.

During our studies of lichen composition we have not
found unidentified polar lipids, but practically all lichens
had an unidentified lipid not containing phosphorus with
an R, value very close to that of diacylglyceryl trimethyl-
homoserine (DGTS). Quantity determination and identi-
fication of this lipid were not performed. It should be
noted that among fungi DGTS is reported [14-19]);
further analysis is required to distinguish between
DGTS and DGTA (diacyiglyceryl oxymethyl trimethyl
p-alanine).

Thus, the reported results clearly indicate differences in
fatty acid and phospholipid compositions between epi-
phytic and epilytic lichens. Of major importance, in this
context, is the presence of long-chain fatty acids
(C;5—Cjo) in the epiphytic species and their absence from
the epilytic ones. This difference may imply metabolic
particularities of fatty acids or ecological factors.

EXPERIMENTAL

Lichens were harvested in August 1990 in the Samarskaya
Luka nature reserve near Togliatti. Fr. collected lichens were
thoroughly cleansed of extraneous matter and only clean lichen
tissues were used for homogenization in a high-speed unit. Lipids
were extracied by the methods of refs {20, 21]; total lipids and
phospholipids were determined as described in refs [1, 22].

Me esters of fatty acids were prepd by alkaline hydrolysis and
reaction of free acids with BF,-MeOH [23]. The oxazolines
and/or their TMSi ethers were prepd by modifications of the
methods of refs [24, 25); S mg of dicyclohexylcarboiimide was
added 10 a soin of 5 mg fatty acids in 1 ml CH,Cl,. Afer stirring
(10 min) 5 mg 2-amino-2-methylpropanol was added (20°, 4 hr).
The evapd mixt. was dissolved in 1 ml Et,0 and treated with
0.5 ml SOQ1, (20°, 1 hr), washed with ice-cold H,O and eluted
through a column with dry Ns,SO, and silica gel. The cluate
was evapd, dissolved in pyridine and heated with trimethylsilyl
chloride (50°, 4 hr).

Me esters were identified using a fused silica capillary column
(60 m x 0.32 mm i.d. SPB-1, Supelco) with splitless injection and
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He as carrier gas. The oven temp. was progd from 100° to 320° at
4° min~". The ionization energy was 70 ¢V, electron multiplier
voltage 2.5 kV. TMSi ethers of oxazolines were identified under
conditions similar to those used for Me ester identification, the
only difference being that the column was progd from 150° to
330° at $°min~".
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