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Lipid classes from tissue cultures of the moss Leptobryum pyriforme (Hedw.} Wils. were analyzed. In the

total lipid fraction, this species contained 20% arachidonic acid and about 7% eicosapentaenoic acid. The

distribution of these fatty acids showed a preference for the phospholipid fraction. In particular, the phos-

phatidylethanolamine fraction was enriched in arachidonic acid. The arachidonic acid content of Lepto-

bryum could be altered by transferring the cultures to different culture conditions. Mosses show high organic

mass production in tissue cultures in relatively simple media. The great potential of using mosses as sources
for the production of polyunsaturated fatty acids is evident.

Farty acid ~ Arachidonic acid Icosapentaenoic acid

1. INTRODUCTION

Mosses are known to produce lipids containing
high proportions of fatty acids with 20 carbon
atoms, having 4 or 5 double bonds [1—-3]. The oc-
currence of these polyunsaturated fatty acids con-
stitutes an outstanding compositional difference
between mosses and higher plants. It is known that
these fatty acids are constituents of membranes in
animal tissues which are essential for many
physiological processes [4]. Arachidonic acid
(20:4n6) is a biogenetic precursor of the
biologically active prostaglandins and leukotrienes
[5]. Recently, lipids which structurally resemble
prostaglandins could be detected in some moss
species [6]. Little effort has been made so far to
elucidate the function of 20:4 and 20: 5 fatty acids
in spore-producing plants. Mosses can reproduce
vegetatively with great ease, and show excellent

Abbreviations: MGDG, monogalactosyldiacylglycerols;
DGDG, digalactosyldiacylglycerols; SQDG, sulpho-
quinovosyldiacylglycerols; PG, phosphatidyliglycerols;
PI, phosphatidylinositols; PE, phosphatidylethanol-
amines; PC, phosphatidyicholines
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growth under distinct conditions, even in liguid
culture, Moss cells are regeneratively totipotent
and can produce a new plant {7]. The filamentous
moss protonemata of many species contain special
cells (tmemen), which facilitate the loosening of
the filaments into small units of 3-5 cells under
mechanical treatment such as shaking in a culture
medium,

Plant cell culture can be very useful for studying
the biosynthesis of lipids from exogenous precur-
sors and as sources for the production of various
compounds [8]. This paper presenis data which
demonstrate that mosses are very useful organisms
in terms of plant cell culture. They can be easily
manipulated, are stable, and show high organic
mass production in liquid culture. It should be
possible to use them as sources for the isolation of
biologically active lipids [9,10].

2. EXPERIMENTAL

2.1, Plant material and lipid extraction

A protonema culture of Leprobryum pyriforme
{Hedw.) Wils. was obtained from the bryophyte
collection of the Ceskoslovenske Akademic Ved.,
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Praha, Czechoslovakia (M 200, 2n strain). Pro-
tonemata were grown in a modified Bennecke
liquid medium in 300-ml Erlenmeyer flasks at a
constant temperature of 20°C, 2000 lux white light
(Osram TL 40W /25 fluorescent tubes), in a 16 h
light—8 h dark illumination regime. The medium
contained 82 gmol CaCl;-2H>0, 789 zmol KNO3,
1 mmol KH2PO,, 46 xmol MgSO, - TH,0, 7 xmol
FeCl; and 10 mmol glucose per 1; pH 5.8.

The protonemal cells were collected on a nylon
net, and treated with boiling isopropanol to avoid
lipid degradation by lipases. The suspension was
homogenized (50 mg dry wt) with purified quartz
sand in a mortar with a pestle. The homogenate
was extracted with chloroform:methanol (2:1,
v/v) following an established procedure [11]. The
crude lipid extract was evaporated to dryness, the
residue dissolved in hexane, and stored at —20°C.

2.2. Separation and identification of lipids

The hexane extract was fractionated by low-
pressure column chromatography on silicic acid
(column 10 mm diameter and 60 mm long, SIL-
LC, 325 mesh, Sigma) [12]. Silicic acid (1.5 g) in
hexane was slurried into the column. Samples of
about 10 mg lipids dissolved in hexane were ap-
plied to the column. The solvents were pumped
through at a rate of 60 ml/h.

Separation flow sheet:

Frac- ml Solvents (v/v) Lipids
tion eluted
1 14 hexane:diethyl ether (99:1)  carotenes
15  hexane:diethyl ether (4:1) triacyl-
glycerols
3 20 chloroform chlorophylls
4 12 acetone:chloroform (2:1) MGDG
5 13 acetone : methanol (29:1) DGDG
6 20 acetone : methanol (19:1) SQDG
(+DGDG,
trace)
7 12 acetone :methanol (2:1) PG+PI
8 9 methanol PE
9 23 methanol PC
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Further fractionation of fraction 7 (PG + PI):

7.1 10  chloroform:methanol (7:1) PG
7.2 6 chloroform:methanol (4:1) PG
7.3 3 chloroform:methanol (1:1) PI (+PG,
trace)
7.4 8 chloroform:methanol (1:4) PI

The identity and purity of acyl lipids were
checked by thin-layer chromatography (TLC) on
silica gel G with the following solvents: triacyl-
glycerols — n-heptane:diethyl ether:acetic acid
(75:25:4, v/v) [13]; glycolipids and phospholipids
- chloroform : methanol: acetic acid : water
(85:15:10:3, v/v) [14]. Pure reference substances
were cochromatographed for identification.

The indicators used were: triacylglycerols —
cupric acetate [15]; glycolipids — e-naphthol [16];
phospholipids — ninhydrin [17], and molybdenum
trioxide/sulphuric acid [18].

2.3. Fatty acid analyses

Acyl lipids were trans-esterified with 5% H,SOy4
in methanol (v/v) for 4 h at 80°C. Gas-liquid
chromatography (GLC) was used to analyze the
resulting methyl esters (DANI 3800 GLC equipped
with WCOT fused silica capillary column, 50 m x
0.23 mm i.d., flame ionization detector, FID). The
stationary phase was CP Sil88 (Chrompack, film
thickness 0.20 zm). Nitrogen was used as carrier
gas at a flow rate of 1.1 ml/min (split 1:100). The
column temperature was 200°C. Identification and
quantitative determination were carried out using
standards and GLC-MS coupling [19]. The data
shown are mean values of at least 3
determinations.

3. RESULTS AND DISCUSSION

Bryophytes are generally not damaged by fungi,
insects, and earthworms. Nevertheless, until
recently, the phytochemistry of the bryophytes has
been neglected (review [9,10]). This may be due, in
part, to difficulties in collecting large quantities of
pure material of certain species. The methods of
cell and tissue culture should reduce this problem.

Liquid culture is an excellent method for grow-
ing mosses in large batches [20]. Growth can be
manipulated in a wide range, as demonstrated in
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Fig.1. Influence of glucose on the organic mass

production of Leptobryum in liquid culture. The data

represent mean values + SD of 3 determinations. SD of

measurements carried out with the ~ glucose medium
were too small to fit in the graph.

fig.1. In studying stress physiology and moss
development, we usually cultivate the mosses
under conditions aimed at remaining below the
fastest growth rate. This procedure is preferred to
avoid the acceleration of senescence. There are
some possibilities to modulate growth, e.g. by in-
creasing the level of mineral components in the
medium, or the addition of organic substances,
such as glucose (fig.1) or amino acids. Liquid
cultures must be shaken in order to avoid stress
condition. If not shaken, normal growth and
development may be disturbed {21].

Table 1 lists the results of fatty acid analyses of
L. pyriforme. The high proportions of polyun-
saturated fatty acids are evident.

L. pyriforme constitutes a typical example of the
high stability of mosses propagated in tissue and
cell culture. This species has been in culture since
1921 [22], and since 1978 has been used in our
group as a standard species in sterile liquid culture.
During this time it was transferred to fresh
medium every 10 days. The fatty acid pattern of
the lipids did not change significantly for at least
3 years. The highest mol percentage of unsaturated
fatty acids is found in the phospholipid fractions
(table 1). This fraction shows the highest propor-
tion of arachidonic acid (39 mol%) esterified in
PE. The triacylglycerols and galactolipids contain
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Fig.2. Modulation of the arachidonic acid and

eicosapentaenoic acid contents of PE and PC after

transferring Leptobryum from normal growth condition
to a temperature of 1°C.

only one-third of the levels found in the
phospholipids.

A possibility of modulating the arachidonic acid
content is demonstrated in fig.2. The protonemata
were transferred from normal temperature to cold
conditions (1°C) for 14 days. During this time the
PE fraction showed a decrease in constituent
arachidonic acid accompanied by an increase in
eicosapentaenoic acid. This result indicates a close
biochemical correlation between both fatty acids.
The decrease of arachidonic acid occurred only in
the PC fraction. The proportions of eicosapen-
taenoic acid did not change in the cold.

One may hypothesize that arachidonic acid and
other polyunsaturated fatty acids which occur in
complex lipids of subcellular membranes may con-
tribute to the survival of moss tissues under ex-
treme ecological conditions [19,23]. Mosses can
overcome strong water stress, after years of
dryness, and can be reactivated by watering. We
have obtained evidence that modulation of lipid
metabolism is involved in adaptation to this stress
situation. This may also be true for temperature
stress, cold acclimatization, for which we
presented an example.
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Fatty acid patterns of lipid classes of the moss Leptobryum pyriforme

14:0 16:0 16:1 16:2 16:3 18:0 18:1 18:2 18:3 18:3 18:4 20:0 20:3 20:3 20:4 20:5 24:0
wb w3 w3 wb w3 wb w3

nmol/mg

dry wt tr 46.7 86 2.2 326 89 7.7 84 23 682 tr 1.3 33 tr 200 6.4 tr
mol% tr 21.2 39 1.0 148 41 35 38 10 310 tr 06 1.5 tr 9.1 29 tr
Triacylglycerols
nmol/mg

dry wt tr 106 1.0 - 0.8 36 38 24 04 47 tr 04 12 04 36 1.2 1tr
mol% tr 305 29 - 2.3 105 11.0 6.9 1.2 13.6 tr 1.1 34 0.8 104 35 tr
Glycolipids
nmol/mg

dry wt tr 169 3.0 2.2 317 41 1.3 24 0.7 522 tr 0.7 0.6 tr 50 23 -
mol% tr 136 24 1.8 256 33 1.0 19 0.6 42.1 tr 06 05 tr 40 19 -
Phospholipids
nmol/mg

dry wt tr 19.2 4.6 tr tr 1.2 26 36 1.1 11.2 tr tr 1.6 tr 11.3 29 04
mol% tr 314 7.5 tr tr 20 42 59 1.8 183 tr tr 26 tr 18.5 4.7 0.6
MGDG

(mol%) tr 3.8 09 23 371 34 08 14 0.6 419 1tr 0.6 tr tr 50 1.4 -
DGDG tr 16,1 0.8 1.4 167 3.7 tr 1.5 0.6 50.7 tr 06 08 tr 26 35 -
SQDG tr 41.1 94 tr 1.7 25 3.1 44 0.7 31.0 tr tr 0.7 tr 31 1.2 -
PG tr  30.8 23.9* tr tr 1.5 40 47 - 313 - tr tr - 1.6 tr -
PI tr 41.1 6.2 tr - 37 11.0 60 - 11.2 - 08 06 20 133 31 -
PE tr 234 22 - - 21 1.5 3.7 tr 6.9 -— 0.8 56 0.6 388 89 35
PC tr 32.1 1.0 - - 1.5 35 7.1 38 17.0 1.1 tr 33 tr 22,1 6.1 tr

2 Probably 16: 1w13t; tr (trace) 0.5 mol%
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