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Abstract--Two moss species and one liverwort were examined for their fatty acids by capillary GC-MS in neutral,
glyco- and phospholipid fractions. The neutral and phospholipid fractions from Marchantia polymorpha yielded
22.65% and 8.47% acetylenic acids, respectively, among which some unusual, rarely occurring acetylenic acids were
found.ie. 8a,11,14-20:3,6a,9,12,15-18:4 and 5a,8,11,14-20:4. The quantities of total, neutral, phospho- and glycolipids
were also estimated. Quantitative determination of a polar lipid not containing phosphorus with an R value very close
to that of diacylglycerotrimethylhomoserine was performed.

INTRODUCTION

A considerable body of information is available on the
total fatty acid composition of Bryophytes, but there are
only a few detailed analyses of their lipid composition.
The most abundant fatty acids of Bryophytes are also
common to most other organisms. Typical for many
bryophytes, however, is a high content of acetylenic
[1-7], arachidonic and eicosapentaenoic acids [1, 8-12],
compounds which are not found very abundantly in the
rest of the plant kingdom.

Our previous studies on liptds from mosses growing in
the Volga river basin [7] have shown that bryophytes are
organisms with a very interesting lipid chemistry. The
present paper reports on analysis of polar lipids and fatty
actds from three more Bryophytes sampled in the Volga
river basin.

RESULTS AND DISCUSSION

The lipid composition of the liverwort and the two
mosses is shown in Table 1. Total lipids vary from 23.2 in
Brachythecium sp. to 68 mgg~! dry wt in Atrichum
angustatum. Glycolipids make up more than half of the
total lipids in A. angustatum whilst the quantities of
phospholipids are half those of glycolipids in all species.

Among polar lipid classes only seven phospholipids
were found; they were PG, PE, LPE, PS, PI, PC, X and
one non-phosphorus containing lipid with an R, corres-
ponding to DGTS. All the examined species yielded this

*Author to whom correspondence should be addressed.

polar lipid when subjected to two-dimensional TLC on
silica gel. The results of the phospholipid fraction analysis
are given in Table 2. PC varied from 18.3% in Mar-
chantia polymorpha to 36% in Brachythecium sp. and was
the major phospholipid. It was of a special interest to find
DGTS in all Bryophyte samples, DGTS varying from
13.8% in Brachythecium sp. to 20.8% in A. angustatum.
DGTS has been reported in some microalgae [13-21],
marine green algae [22, 23], phytoflagellates [24], ferns
[25] and Protozoa [26]. Sato and Furuya [27, 28] have
also described the distribution of this compound in
selected species of vascular and green plants.

GC-MS analysis of the neutral lipid fraction from the
Bryophytes showed the domination of acetylenic fatty
acids in the liverwort M. polymorpha (Table 3). The three
acetylenic acids were identified amongst the monoenes,
6a-18:1, 9a-18:1, and 12a-18:1, and three amongst the
dienes, 6a,9-18:2, 9a,12-18:2 and 9,12a-18:2. Acetylenic
acids in the polyenoic acid fraction comprised 11.09%.
The moss species yielded much smaller percentages. High

Table 1. Lipid composition of some Bryophytes

Species TL NL GL PL

Atrichum angustatum 68.0 18.58  56.59 2483
Brachythecium sp. 232 37.72 4072 2756
Marchantia polymorpha 63.6 40.66  44.19 1485

Abbreviations: TL, total lipids; mg g™ ' dry wt; NL, neutral
lipids; GL, glycolipids; PL, phospholipids. NL, GL and PL are
given as percentages of TLs.
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Table 2. Distribution of phospholipids and polar lipid DGTS in some Bryophytes

Species PG PC PE P1+LPE PS X DGTS

Atrichum angustatum 200406 223+04 173405 99403 6.1+03 36+0.1 208+14
Brachythecium sp. 20.7+0.7 360x08 150£04 7.0+0.3 36+03 39+02 13.8+1.2
Marchantia polymorpha 155+0.5 183+04 183405 11.3+06 11.7405 55403 153+1.3

Abbreviations: PG, phosphatidylglycerol; PC, phosphatidylcholine; PI, phosphatidylinositol; PE, phosphatidyl-
ethanolamine; LPE, lyso-PE; PS, phosphatidylserine; PI + LPE, the sum of PI and LPE; DGTS, diacylglycerotri-
methylhomoserine (amount determined by method of ref. [42], P content calculated on PE basis); X, phosphorus-

containing unidentified polar lipid.

amounts (4.88 and 8.89%) of 18:2 and 18:3 acetylenic
acids were noteworthy in M. polymorpha.

The glycolipid fraction had unsaturation at levels
above 82% (Table 4). However, the contents of arachi-
donic and eicosapentaenoic acids were not high at §% in
M. polymorpha, 7% in Brachythecium sp. and 4% in A.
angustatum. Acetylenic acids were not detected in this
fraction.

The phospholipid fraction (Table 5) was found to con-
tain the greatest variety of iso- and anteiso- acids. The
summed content of arachidonic and eicosapentaenoic
acids in the phospholipid fraction was somewhat higher
than that in the neutral or glycolipid ones and reached
15% in M. polymorpha. All the above mentioned un-
saturated acids are given as the summed contents of their
respective isomers. Hansen and Rossi [12] studied 25

Table 3. Fatty acid composition of neutral lipid fractions

M. Brachy-
polymorpha  thecium sp.  A. angustatum

12:0 0.52 0.71 1.13
13:0 0.08 0.11 0.33
14:0 0.17 0.24 0.33
15:0 0.60 0.82 0.63
16:0 10.03 16.34 18.16
17:0 0.66 0.90 0.96
18:0 355 5.75 8.62
19:0 0.25 0.19 0.43
20:0 043 0.71 1.34
21:0 0.78 0.27

22:0 0.23 2.00 -

23:0 0.49 0.27 0.70
24:0 0.14 0.19 0.70
25:0 0.35 047 0.48
26:0 0.60 0.82 0.46
iso-12:0 0.08 0.11 0.33
iso-13:0 0.17 0.24 0.33
is0-14:0 0.31 043 0.48
iso-15:0 0.14 0.19 0.33
is0-16:0 0.08 0.11 —

iso-17:0 0.14 027 0.21
anteiso-13:0 0.17 024 0.15
anteiso-15:0 043 0.58 0.48
anteiso-17:0 0.06 0.1t 0.10
anteiso-19:0 0.14 0.08 0.27
Pristanic 0.06 0.08 —

Phytanic — 0.08 0.21

moss species for the presence 20:4 and 20:S acids. Six
species belonging to the families Brachytheciaceae and
Hypnaceae contained the highest levels of these poly-
unsaturated acids (from 23 to 47%). The marine green
seaweeds Cladophora albida [29], C. sericea [30], C.
fragile [31], Entoromorpha intestinalis [32], E. clathrata
[33] and Ulva rigida [30] accumulate from 14 to 45% of
20:4 and 20:5 acids in their total fatty acids. Several
mosses such as Bryum bicolor, Hylocomium splendens,
Mpnium cuspidatum, M. medium, Plagiothecium laetum and
Pleurozium schreberi contain 20:4 and 20:5 acids as
major fatty acids [9, 34-37].

We did not find acetylenic acids in either the glyco- or
phospholipid fractions of the mosses, but found them in
the phospholipid fraction (8.47%) in the liverwort (Tab-
les 4 and 5). The fatty acid patterns of some moss species

Table 3. Continued

Saturated 20.66 3231 37.16
Iso- 0.92 1.35 1.68
Anteiso- 0.80 1.01 1.00
12:1 (n-5) 0.31 043 0.48
13:1 (n-5) 0.52 0.71 1.13
14:1 (n-5) 0.17 0.24 0.15
15:1 (n-9) 0.58 0.79 0.63
15:1 (n-7) 0.17 0.24 -
16:1 (n-9) 1.47 8.07 8.94
16:1 (n-7) 2.40 4.13 3.00
iso-17:1 (n-9) 0.31 0.47 0.43
anteiso-17:1 (n-9) 0.14 0.39 0.53
17:1 (n-9) 0.60 0.82 0.48
17:1 (n-7) 0.37 0.50 0.33
18:1 (n-11) 0.98 1.92 1.39
18:1 (n-9) 6.22 20.13 19.12
18:1 (n-7) 095 1.02 0.76
6a-18:1*§ 1.85 - -
9a-18:1*§ 2.57 —
12a-18: 11§ 2.26

19:1 (n-8) 0.31 0.27 0.33
20:1 (n-11) 0.23 0.47 0.70
20:1 (n-9) 0.14 0.11 0.27
21:1 (n-8) 0.14 0.19 0.70
22:1 (n-11) 0.52 0.55

22:1 (n-9) 0.12 0.32 0.96
24:1 (n-11) 0.08 0.16 0.27
24:1 (n-9) 0.08 0.08 0.21
25:1 (n-9) 0.17 0.24

26:1 (n-11) 0.31 043
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Table 3. Continued Table 4. Fatty acid composition of glycolipid fractions
M. Brachy- M. Brachy-
polymorpha  thecium sp.  A. angustatum polymorpha  thecium sp.  A. angustatum
Monoenoic 2397 42.68 4081 gfg g-gg 8'3; 0.94
Acetylenic 6.88 — — : . . —
14:0 0.10 0.10 0.05
14:2 (n-5) 025 035 033 15:0 0.56 055 058
16:2 (n-4) 0.54 0.11 — oo e o o
18:2 (n-6) 7.88 13.50 11.09 e 306 o e
18:2 (n-3) 0.66 137 027 }g:g oo o o
6a.9-18:2 1§ 445 0.24 — 0.0 028 ols oo
9,12a-18:2*§ 0.35 — 0.63 o Pt ot re
9a,12-18: 24§ 0.08 0.08 — 7.0 . oo -
20:2 (n-6) 0.25 0.11 — : - : —
22: (n-6) 115 o B 23:0 0.50 0.59 0.39
- 24:0 0.10 0.02 0.09
Dienoic 15.61 1576 12.32 ;gfg gii 8?; 8-22
Acetylenic 4.88 0.32 0.63 o0 : : -
iso-12:0 0.02 0.02 —
16:3 (06 0.66 B - iso-13:0 0.10 0.10 0.05
o3 223; 069 B - is0-14:0 0.40 0.39 0.63
18:3 (n-6) 9.42 158 2.68 o oo o.08 005
18:3 (n-3) 1094 2.63 573 150-15: - : —
6a.9,12-18: 3§ 8.89 291 o iso-17:0 0.16 0.16 0.16
2073’ (n-9) - 0.35 _ - anteiso-13:0 0.14 0.14 0.10
20-3 (n-6) 0.49 B B anteiso-15:0 0.34 033 0.26
2043 (n-3) 0,08 _ 08 anteiso-17:0 0.04 0.04 —
8a ~] 1,14-20:318§ 0.08 o . anteiso-19:0 0.14 — 0.05
22:3 ’(n_é) RS 0.43 B - Pristanic 0.06 0.06 0.05
24:3 (n-3) 017 0.35 . Phytanic 0.16 045 042
}ﬁ;fj :22 ;gé _ _ Saturated 18.86 1570 17.73
629.12,15-18:41§ 043 178 0.81 Iso- 0.82 0.81 0.89
20:4 (n-6) 0.66 o o Anteiso- 0.52 0.51 041
4 (n- 08 — 021
ig_z E:g; 8_66 B o 12:1 (n-5) 0.40 0.39 0.63
205 (1{.3) ' 017 . N 14:1 (n-5) 0.14 0.14 0.10
‘ ) 15:1 (n-9) 0.53 0.51 0.52
Polyenoic 39.76 925 9.71 o ("';) N 2~;§ gég
Acetylenic 11.09 469 0.81 +1(n-9) : ~ :
16:1 (n-7) 1.78 201 275
The sum of } trans-16:1 (n-13) 0.14 0.14 0.37
S ' 501 144 is0-17:1 (n-9) 0.24 0.23 0.16
acetylenic acids 2265 0 anteiso-17:1 (n-9)  0.14 0.14 0.10
*Known in nature. 17:1 (n-9) 0.61 0.59 0.63

tPrepared only by synthesis. 17:1 (n-7) 0.34 0.33 031

K . 18:1 (n-11) 0.74 1.19 0.87

{Known in some mosses and/or liverworts, see text. 18:1 (n-9) 597 1097 9.7
SStruct firmed by GC-MS or trimethyl- lines after s : : :

r:selrl;ialtlifoencon rme y or trimethyl-oxazoll 18:1 (n_7) 0.80 0.94 0.94

presep : 19:1 (n-8) 0.28 0.10 0.13

are characterized by the presence of acetylenic acids gg; En';)l) 8?8 g:g gf;
. . . : n- 3 . 3

which are, as far as is known, restricted to the acylglycer- 21:1 (n-8) 0.10 0.02 005

ols [1, 2, 5]. Some compounds which have been identified »

: 11 (n-11) 0.62 0.80 1.05
include 62,9-18:2 from Riccia fluitans [6] and Fontinalis 5., (n-9) 0.02 0.10 0.08
antipyretica [3], 6a-18:1, 9a-18:1, 12a-18:1, 6a,9,12- 24-1 (n-11) 0.06 0.10 0.08
18:3, 62,9,12,15-18:4, 8a,11,14-20:3 and 5a,8,11,14-20:4  24:1 (n-9) 0.02 0.06 0.03
from other mosses [2, 3, 7, 38]. 25:1 (n-9) 0.18 0.18 0.16
26:1 (n-11) 0.26 0.25 0.10

EXPERIMENTAL 26:1 (n-9) 0.15 0.16 042

Marchantia polymorpha L., A. angustatum (Brid.) Bryol.
eur. and Brachythecium sp. were sampled in May 1992 in

PHYTO 33:5-F
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Table 4. Continued Table 5. Fatty acid composition of phospholipid fractions
M. Brachy- M. Brachy-
polymorpha  thecium sp.  A. angustatum polymorpha  thecium sp.  A. angustatum
Monoenoic 17.03 25.06 25.84 12:0 0.76 085 0.63
13:0 0.06 0.06 0.12
14:2 (n-5) 0.20 020 0.16 14:0 0.10 0.10 0.20
16:2 (n-4) 0.48 047 0.26 15:0 0.46 042 0.63
18:2 (n-6) 841 886 8.96 16:0 8.02 8.83 13.88
18:2 (n-3) 0.85 0.98 0.94 - 17:0 0.48 0.53 0.72
20:2 (n-6) 0.53 0.64 0.81 18:0 2.56 6.1 375
323 (0e6) 491 -~ 0.50 19:0 0.18 0.14 037
20:0 0.28 0.51 0.75
Dienoic 14.68 11.15 11.63 21:0 0.28 0.48 0.67
22:0 0.15 0.82 -
16:3 (n-6) 0.69 0.66 0.58 23:0 0.25 0.24
16:3 (n-3) 062 0.60 0.37 24:0 0.12 0.14 0.35
18:3 (n-6) 11.40 0.90 7.39 25:0 0.25 0.27 0.37
18:3 (n-3) 1547 16.48 17.30 26:0 0.36 041 0.60
20:3 (n-9) 0.34 1.03 0.63 i50-12:0 0.06 0.06 0.12
20:3 (n-6) 0.50 0.59 0.39 iso-13:0 0.10 0.10 0.20
20:3 (n-3) 0.06 0.0 0.08 iso-14:0 0.46 031 035
22:3 (n-6) 285 211 4.66 fso—lS:O 0.10 0.10 0.18
22:3 (n-3) 0.72 1.19 0.60 i50-16:0 = — 007
24:3 (n-3) 0.18 033 0.29 i50-17:0 0.10 0.17 023
16:4 (n-3) 118 115 1.26 anteiso-13:0 0.10 0.10 0.18
18:4 (n-3) 3.46 240 270 anteiso-lS:O 0.25 0.27 045
20:4 (1’1-6) 7.76 6.81 4.12 anteiso-17:0 — 0.04 0.10
20:4 (n-3) 0.02 0.74 0.03 anteiso-19:0 0.06 0.06 0.25
22:4 (n-3) 242 681 4.12 Pristanic 0.03 - 0.05
20:5 (n-3) 1.96 6.19 0.29 Phytanic 0.25 0.06 0.10
Polyenoic 4963 48.18 44.81 Saturated 15.82 22.10 27.32
Iso- 0.82 0.94 1.15
Anteiso- 0.41 047 0.98
12:1 (n-5) 0.46 0.51 0.35
13:1 (n-5) 0.76 0.85 0.63
14:1 (n-5) 0.10 0.10 0.18
the Zhigpli nature reserve near Togliatti. Freshly collec- gi :g?; 8‘1‘(3) 8;‘3 g?g
ted specimens were thoroughly cleansed of extraneous 16:1 (n-9) 4.02 523 485
matter and homogenized in a high-speed unit. 16:1 (n-7) 0.68 3.56 307
The extraction of lipids, their analyses and quantific-  trans-16:1 (n-13) 0.21 _
ation and the identification of individual phospholipid iso-17:1 (n-9) 0.15 020 0.37
classes are described elsewhere [7, 22, 39]. The total lipid  anteiso-17:1 (n-9)  0.06 0.24 0.37
extract was sepd on a silica gel column according to the 17:1 (n-9) 0.46 0.51 0.60
method of ref. [40] into neutral, glyco- and phospholipid 17:1 (n-7) 0.25 0.27 0.37
frs. PLs were isolated by silica gel TLC using the following lsfl (n-11) 0.46 124 1.20
solvents [7, 22]: system 1: CHCl,-MeOH-C,H,-NH,OH :g; 223; - 152 he
(65:30:10:6), system 2: CHCl;-MeOH-C4HsMe,CO- 6a-18: 1% 0.88 o
HOAC—HZO (703010541) 9a-18: 1*§ 0.57 _ .
DGTS was checked chromatographically by com- 17,.1g- 148 0.30 — _
parison with that isolated from the microphytic alga 19:1 (n-8) 0.10 0.20 042
Nephrochloris salina [41]. DGTS and PE were deter- 20:1 (n-11) 0.21 0.38 0.47
mined according to the method of ref. [42] using DGTS  20:1 (n-9) 0.12 0.14 0.15
and PE as standards. When carrying out qualitative 21:1(n-8) 0.12 0.14 0.35
determination of phospholipids as well DGTS and PE  22:1(n-11) 0.40 092 045
3-5 parallel determinations were made. 2231 (n-9) 0.10 031 040
Fatty acids as trimethylsilyl-oxazoline derivatives were ij : 2:;)1 ) g:gg g(l)g 3(1)3

prepd and analysed by capillary GC-MS as described 25:1 (n-9) 0.10 010 0.15
elsewhere (the data shown in Tables 3—5 were obtained 26;1 (n-11) 0:06 0:06 0:22
from 3 experiments) [7, 43]. 26:1 (n-9) 0.24 0.27



Table 5. Continued
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M. Brachy-

polymorpha  thecium sp.  A. angustatum
Monoenoic 17.00 3227 2773
Acetylenic 1.75 —
14:2 (n-5) 0.15 0.17 0.28
16:2 (n-4) 0.15 0.54 0.47
18:2 (n-6) 6.73 7.05 10.18
18:2 (n-3) 0.58 0.65 0.70
6a,9-18:21§ 4.70 - —-
9,12a-18:2*§ 0.36
9a,12-18:2%§ 0.06 —
20:2 (n-6) 0.51 0.48 0.23
22:2 (n-6) 6.10 0.34 2.50
Dienoic 19.34 9.50 14.36
Acetylenic 5.12 -
16:3 (n-6) 0.33 0.83 0.58
16:3 (n-3) 1.29 0.79 0.60
18:3 (n-6) 8.50 1.24 8.49
18:3 (n-3) 14.31 12.99 9.93
6a,9,12-18:31§ 0.54 —
20:3 (n-9) 0.15 0.65 0.30
20:3 (n-6) 0.25 0.42 0.42
20:3 (n-3) 0.06 0.10 0.15
8a,11,14-20:31§ 0.06 0.06 -
22:3 (n-6) 1.44 448 237
22:3 (n-3) 0.28 0.48 0.67
24:3 (n-3) 0.10 0.27 0.15
16:4 (n-3) 0.73 0.82 0.88
18:4 (n-3) 2.25 1.26 267
6a,9,12,15-18:4%§ 0.46 — —
20:4 (n-6) 10.34 3.38 1.58
20:4 (n-3) 0.06 1.24 0.07
5a,8,11,14-20:4+§ 0.54 — —
22:4 (n-3) 1.77 3.38 1.58
20:5 (n-3) 4.38 401 0.15
Polyenoic 47.84 36.40 30.59
Acetylenic 1.60 - -
Sum of
acetylenic acids 8.47 —

*Known in nature.

tPrepared only by synthesis.

+tKnown in some mosses and/or liverworts, sce text.

§Structure confirmed by GC-MS of trimethyl-oxazolines after

preseparation.
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