Pergamon

0031-9422(93)E0191-9

Phytochemistry, Vol. 36, No. 3, pp. 685-689, 1994
Copyright © 1994 Elsevier Science Ltd

Printed in Great Britain All rights reserved
0031-9422/94 $7.00+0.00

ACETYLENIC FATTY ACIDS OF THE DICRANACEAE

VALERY M. DEMBITSKY and TOMAS REZANKA*

Laboratory of Natural Products, Department of Organic Chemistry, The Hebrew University of Jerusalem, Jerusalem 91904 Israel;
*Institute of Microbiology, Videnska 1083, Prague 142 20, Czech Republic

(Received in revised form 9 November 1993)

Key Word Index—Dicranaceae; mosses; acetylenic fatty acids.

Abstract—Eight moss species of the family Dicranaceae were analysed for their fatty acid composition. They were
collected from different regions of Russia and all species contained acetylenic fatty acids. Fatty acids were examined by
GC-MS in total lipid extracts; 86 fatty acids were identified, including 27 saturated ones (both iso- and anteiso-). Three
acetylenic acids were identified among monoenoic (6a-18:1, 9a-18:1, 12a-18:1) and dienoic acids (6a,9¢-18:2,
9a,12¢c-18:2 and 9c,12a—18:2). Two more acetylenic acids were identified among the trienoic and tetraenoic fatty acids
(6a,9¢,12c~18:3, 8a,11c,14¢~20:3, 6a,9¢,12¢,15¢c-18:4 and 5a,8¢c,11c,14c-20:4).

INTRODUCTION

At present, many taxonomists are interested in the distri-
bution of secondary metabolites in plants. In many cases,
one is confronted with the problem of classifying the genus
or the species by classical morphological methods. More
than 700 acetylenic compounds from plants and primi-
tive animals are known [1-7] and the distribution of
these compounds has some chemotaxonomic relevance
[1,8]. There is evidence that this is also true for the
acetylenes of Bryophytes which have been identified ex-
clusively as long chain fatty acids with characteristic
locations of triple and double bonds. This feature has not
been found among acetylenes from other natural sources
[9-12]. Recently, Kohn et al. [13] have identified two
main acetylenic long-chain fatty acids in moss species
belonging to the Dicranales, namely, 9c,12¢,15c-
octadecatrien-6-ynoic and 9¢,12c-octadecadien-6-ynoic.
The present work reports the fatty acid composition of
some moss species from the family Dicranaceae and
continues our earlier study on Bryophyte lipids [12, 14].

RESULTS

All species in this study were available as fresh mater-
ial, but the moss species collected from northwestern
Russia, namely, Dicranum congestum, D. majus and one
from three species of D. polysetum were harvested to-
gether with moist soil substance and kept in the dark for
three months before lipid analysis. The other moss spe-
cies were extracted immediately after collection.

The GC-MS analysis of the total lipid extracts from
the mosses showed the domination of acetylenic acids in
species growing on sunlight. Among the identified fatty
acids we found 27 saturated acids ranging from C, to

C,s- We also observed the presence of prystanic,
phytanic, iso- and anteiso-acids. Among the saturated
acids, 16:0 (varying from 6.49 to 16.51%) and 18:0 (1.73
to 10.43%) were the major ones with contents over 1%
(Table 1). Considerable differences were found between
the saturated fatty acids from the sunlight and dark-
growing samples. Saturated fatty acids varied from 32.74
in D. bonjeanii to 12.70% in D. majus.

Among the monoenoic fatty acids, the major acids
were 16:1 (n-9), 16:1 (n-7) and 18:1 (n-9) (Table 2). We
have identified three isomers for 16:1, four isomers, in-
cluding iso- and anteiso-, for 17:1 and six isomers includ-
ing acetylenic acids for 18:1. The greatest amount of
monoenoic (over 40%) acids was found in D. polysetum.
Three acetylenic acids were identified amongst the mono-
enes, 6a-18:1, 9a-18:1 and 12a-18:1. High percentages
of acetylenic acids were detected in all moss species which
were extracted immediately after collection on a sunny
day (12.49, 10.65, 5.01, 12.34 and 8.99%). Moss species
growing for three months under dark conditions con-
tained only small percentages of monoenoic acetylenic
FAs (2.03, 2.0 and 1.91%, see Table 2).

From moss species growing in darkness, 10 dienoic, 12
trienoic and eight tetra- and pentaenoic acids were iden-
tified (Table 3). The major dienoic acids were 18:2 (n-6)
(varying from 0 to 10.85%) and all three acetylenic acids,
6a,9¢-18:2, 9a,12¢-18:2 and 9c,12a-18:2.

We have found considerable differences between the
acetylenic acids among mosses growing in darkness and
sunlight conditions. For example, D. polysetum which
was kept for three months in the darkness had 0.90% of
6a,9c,12c-18:3 acid, whereas D. polysetum (samples 1 and
3) collected in a sunny day had 3.48 and 9.42% of these
acids, respectively. The other dark-growing species exam-
ined yielded smaller percentages (1.09% in D. congestum
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Table 1. Saturated fatty acids of total lipids from mosses of the family Dicranaceae

D.boj D.con D.fra D.fla D.maj D. poly

Species

Collection places: 1 2 1 1 2 2 1 3
12:0 0.95 0.46 1.03 0.46 0.65 0.62 0.96 0.52
13:0 0.28 0.07 0.30 0.07 0.07 0.06 0.28 0.10
14:0 0.54 0.40 0.58 0.39 0.45 0.43 0.54 0.40
15:0 0.42 0.21 0.45 0.21 0.23 0.22 042 0.27
16:0 16.51 9.85 12,67 7.00 7.05 833 1429 6.49
17:0 0.81 0.4t 0.88 0.40 0.45 043 0.82 0.50
18:0 9.82 223 1043 2.84 1.73 230 9.87 243
19:0 0.14 0.18 0.15 0.17 0.20 0.19 0.14 0.20
20:0 0.68 0.23 0.73 0.22 0.22 0.21 0.68 0.39
21:0 0.42 0.04 0.45 0.04 0.04 0.04 0.42 0.10
22:0 0.28 0.08 0.30 0.08 0.10 0.09 0.28 0.12
23:0 0.14 0.04 0.15 0.04 0.07 0.07 0.14 0.09
24:0 0.28 0.06 0.30 0.06 0.04 0.04 0.28 0.10
25:0 0.14 0.01 0.15 0.01 0.01 0.0t 0.14 0.05
iso-12:0 0.28 0.03 0.30 0.04 0.03 0.03 0.28 0.08
iso-13:0 0.28 0.08 0.30 0.08 0.07 0.07 0.28 0.11
iso-14:0 0.42 0.24 045 0.24 0.24 0.23 0.42 0.26
iso-15:0 0.00 0.11 0.06 0.11 0.12 0.12 0.00 0.12
iso-16:0 0.02 0.16 0.00 0.16 0.12 0.12 0.00 0.10
iso-17:0 0.07 0.10 0.00 0.10 0.11 0.11 0.03 0.10
anteiso-13:0 0.14 0.10 0.15 0.10 0.10 0.09 0.14 0.15
anteiso-15:0 0.05 0.04 0.00 0.04 0.04 0.04 0.00 0.05
anteiso-17:0 0.07 0.02 0.00 0.02 0.01 0.01 0.02 0.03
anteiso-19:0 0.00 0.09 0.00 0.09 0.09 0.08 0.00 0.10
Pristanic 0.00 0.12 0.00 0.12 0.23 0.22 0.00 0.09
Phytanic 0.00 0.12 0.00 0.12 0.23 0.22 0.40 0.09
Total saturated 3274 1548 2983 1321 1270 1438 3083 13.04

Abbreviations: D. boj, D. bojeanii; D. con, D. congestum; D. fra, D. fragilifolium; D. maj,
D. majus; D. poly, D. polysetum; O. fla, Orthodicranum flagellare.

1. Southwestern Siberia.
2. Northwestern Europian Russia.
3. Zhuguli Natural Park (central Russia).

and 1.18% in D. majus) (Table 3). Two species, D. bon-
jeanii and D. fragilifolium did not contain these acids, but
they have high levels of 20:3 (n-6) (5.20 and 7.53%,
respectively) and 8a,11c,14c-20:3. We found high
amounts (ca 14%) of 18:3 (n-3) and 18:3 (n-6) in dark-
growing moss species only. The major tetraenoic acid in
the total lipids was 6a,9¢c,12c,15¢c-18:4.

DISCUSSION

Anderson et al. [9] isolated 9c,12¢,15¢c-octadecatrien-
6-ynoic acid from several moss species and showed that
this acid was present only in the triacylglycerol fraction.
Jamieson and Reid [11] have reported the presence of
9¢,12c-octadecadien-6-ynoic acid in the moss, Fontinalis
antipyretica, and Anderson et al. [15] found this acid and
its C,, homologue, 11c,14c-eicosadien-8-ynoic acid, in
the same moss species. Kohn et al. [16] identified a new
acetylenic, fatty acid as 9c-octadecen-6-ynoic acid from
the liverwort, Riccia fluitans.

Kohn et al. [13] have reported rather interesting re-
sults on the fatty acid composition of the acyl lipids of 38

moss species belonging to four families of the order
Dicranales. They found two acetylenic acids only, name-
ly, 9c,12c-octadecadienoic-6-ynoic and 9¢,12¢,15¢-oc-
tadecatrien-6-ynoic. In the Ditrichaceae and the Di-
cranaceae, numerous species were found to contain
acetylenic fatty acids esterified as triacylglycerols.
9¢,12¢,15¢c-Octadecatrien-6-ynoic acid was the major
component, often accounting for more than 80 moi%,
whereas 9c,12¢-octadecadien-6-ynoic acid was found in
small amounts of less than 5 mol%. In some genera, all
the species examined contained acetylenic compounds,
e.g. Dicranella and Dicranum, whereas in the genus Cam-
pylopus all five species tested lacked acetylenic com-
pounds. Two genera, Ditrichum and Dicranoweisia, were
found to have a non-homogeneous distribution of
acetylenic fatty acids. The same authors also made
a comparative study of fresh and non-fresh material.
Samples of C. strumiferum were extracted fresh, after dry
storage for three days and after a period of one year. It
was observed that the total triacylglycerol content de-
creased markedly on storage; this is probably due to the
polymerization and peroxidation of the lipids. Changes
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Table 2. Monoenoic fatty acids of total lipids from mosses of the family Dicranaceae

D.boj D.con D.fra D.fla D.maj D. poly

Species

Collection places: 1 2 1 1 2 2 1 3
12:1 (n-5) 0.42 0.30 0.45 0.29 0.42 0.40 0.42 0.34
13:1 (n-5) 0.28 0.15 0.30 0.14 0.15 0.14 0.28 0.30
14:1 (n-5) 0.54 0.37 0.58 0.37 0.42 0.40 0.54 0.50
15:1 (n-9) 0.00 0.11 0.00 0.11 0.12 0.12 0.00 0.20
15:1 (n-7) 0.42 0.37 045 0.37 0.39 0.37 0.42 0.12
16:1 (n-9) 1.63 2.32 1.77 229 3.76 3.62 1.64 5.81
16:1 (n-7) 1.09 1.16 1.19 1.14 0.91 0.87 1.10 2.10
trans-16:1 (n-13) 0.03 0.10 0.00 0.10 0.20 0.19 0.07 0.11
iso-17:1 (n-9) 0.28 0.17 0.30 0.17 0.16 0.15 0.28 0.20
anteiso-17:1 (n-9) 0.00 0.09 0.00 0.09 0.09 0.08 0.00 0.10
17:1 (n-9) 0.42 042 0.45 0.41 0.47 0.46 0.42 0.40
17:1 (n-7) 0.28 0.24 0.30 0.23 0.25 0.24 0.28 0.20
18:1 (n-11) 0.81 0.52 0.88 0.51 0.48 0.46 0.82 0.48
18:1 (n-9) 1478 1620 17.18 1832 1603 1634 21.29 8.37
18:1 (n-7) 0.28 0.51 0.30 0.50 0.45 043 0.28 0.38
6a—18:1a,b 3.67 0.68 399 0.67 0.67 0.64 3.69 3.01
9a-18:1a,b 3.66 0.95 1.05 0.94 093 0.89 3.46 4.19
12a-18:1bd 5.16 0.40 5.61 3.40 0.40 0.38 5.19 1.79
19:1 (n-8) 0.00 0.17 0.00 0.17 0.15 0.14 0.00 0.25
20:1 (n-11) 0.14 0.18 0.15 0.18 0.22 0.21 0.14 0.20
20:1 (n-9) 0.28 0.09 0.30 0.09 0.10 0.09 0.28 0.11
21:1 (n-8) 0.14 0.05 0.15 0.05 0.05 0.05 0.14 0.07
22:1 (n-11) 0.14 0.05 0.15 0.05 0.05 0.05 0.14 0.09
22:1 (n-9) 0.28 0.03 0.30 0.03 0.03 0.03 0.28 0.10
24:1 (n-11) 0.14 0.01 0.15 0.0t 0.01 0.01 0.14 0.03
24:1 (n-9) 0.14 0.01 0.15 0.01 0.01 0.01 0.14 0.00
26:1 (n-11) 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
26:1 (n-9) 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
Total monoenoic 3501 2509 3615 3066 2692 2677 4144 2945
Total acetylenic acids 12.49 203 1065 501 2.00 191 1234 8.99

a,b and d: See footnote on Table 3 for explanation.

in the composition of the fatty acids were not very strik-
ing. Thus, even after one year of storage, the character-
istic composition, with the dominant acetylenic acid,
9¢,12¢,15¢c-octadecatrien-6-ynoic, was retained.

Some investigators have studied the effects of temper-
ature, light [17-25], age [26, 27] and nitrogen starvation
[28] on the lipid and fatty acid compositions of some
Bryophytes. Karunen et al. [25] observed that decreasing
light intensity and decreasing daylength are the major
environmental factors limiting the accumulation of
triacylglycerol-containing acetylenic acids in the sub-
Arctic moss, Dicranum elongatum. We have also found
very similar data for moss species growing under dark
conditions. ’

Higher proportions (more than 60%) of homo-a-lin-
olenic acid [20:3 (n-3)] have been found in the total
lipids of brown and green parts of the gametophore of
two other moss species, Pogonatum urnigerum and Fis-
sidens adianthoides [29]. This acid (22.5%) was also iso-
lated from digalactosyldiacylglycerol only in Cynodon-
tium strumiferum (Dicranaceae) { 13]. Our examined moss
species, contained only a small percentage of 20:3 (n-3)
(from 0 to 0.32%). Phosphatidylethanolamine and phos-

phatidylcholine from the moss, Leptobryum pyriforme,
was shown to contain 5.6 and 3.3% of 20:3 (n-6), respec-
tively [30].

EXPERIMENTAL

Moss species. (1) Dicranum bojeanii De Not., (2) Dic-
ranum congestum Brid., (3) Dicranum fragilifolium Lindb.,
(4) Dicranum majus Sm., (5-7) Dicranum polysetum Sw., (8)
Orthodicranum flagellare (Hedw.) Loeske. Species 1,3,6
and 8 were collected from a forest near the Biological
Station of the Irkutsk State University ‘Bolshye Koty’
(southwestern part of Lake Baikal, Siberia) in August
1992. Species 2,4 and 5 were collected from a forest near
St Petersburg (northwestern Europian Russia) in July
1992. Moss 7 came from the Zhiguli Natural Park (near
Togliatti) in May 1992 (see also footnote Table 1). Fresh-
ly collected mosses were thoroughly cleansed of ex-
traneous matter and homogenized in a high-speed unit.
Mosses 2,4 and 5 were kept in the darkness for 3 months
before lipid extraction. Lipids were extracted and fatty
acids were analysed by GC-MS as described in refs [12,
14].
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Table 3. Polyenoic fatty acids of total lipids from mosses of the family Dicranaceae

D.boj D.con D.fra D.fla D.maj D. poly
Species
Collection places: 1 2 1 1 2 2 1 3
14:2 (n-5) 0.00 0.04 0.00 0.03 0.02 0.02 0.00 0.07
16:2 (n-4) 0.00 0.29 0.00 0.29 0.25 0.24 0.00 0.21
18:2 (n-6) 000 1085 6.85 9.50 10.72 10.54 5.05 4.83
18:2 (n-3) 5.02 0.54 0.00 0.54 0.67 0.65 0.00 0.80
9¢c,12a-18:2a,d 0.00 0.13 4.40 0.13 0.12 0.12 1.64 0.54
9a,12c-18:2b,d 4.05 0.16 1.77 0.16 0.16 0.15 2.05 0.71
6a,9c-18:2¢c,d 1.63 1.64 222 1.62 1.61 1.55 407 7.25
20:2 (n-6) 204 0.35 0.00 0.35 0.53 0.51 0.00 0.20
20:2 (n-3) 0.00 0.35 0.00 0.00 0.53 0.51 0.00 0.00
22:2 (n-6) 0.00 0.11 0.00 0.11 0.11 0.11 0.00 0.23
Total dienoic 12.74 1446 1574 1273 1472 1440 1281 1484
Acetylenic acids 5.68 1.93 8.39 191 1.89 1.82 7.76 8.50
16:3 (n-6) 0.00 0.43 0.00 042 0.44 0.43 0.00 0.40
16:3 (n-3) 0.00 0.38 0.00 0.37 0.33 0.32 0.00 0.40
18:3 (n-6) 1.92. 1482 1.86 551 1436 1499 245 235
18:3 (n-3) 586 17.29 4.16 844 18.11 1690 5.88 5.63
6a,9c,12c-18:3c,d 0.00 1.09 0.00 8.11 1.18 0.90 348 9.42
20:3 (n-9) 000 021 0.00 0.21 0.21 0.20 0.00 0.40
20:3 (n-6) 520 0.40 7.53 0.39 047 0.46 0.00 0.28
20:3 (n-3) 0.00 0.31 0.00 0.31 0.32 0.31 0.00 0.23
8a,11¢,14c-20:3c,d 1.33 0.17 0.85 0.17 0.17 0.16 0.50 0.77
22:3 (n-6) 0.00 0.17 0.00 0.16 0.19 0.18 0.00 0.45
22:3 (n-3) 0.00 0.10 0.00 0.10 0.11 0.11 0.00 0.23
24:3 (n-3) 000 007 0.00 0.07 0.03 0.03 0.00 0.17
Total trienoic 1431 3544 1440 2426 3592 3499 1231 2073
Acetylenic acids 133 1.26 0.85 8.28 1.35 1.06 398 10.19
16:4 (n-3) 0.00 0.75 0.00 0.74 0.88 0.85 0.00 0.57
18:4 (n-3) 0.00 222 0.00 2.19 2.67 2.57 0.00 0.59
6a,9c,12¢,15¢-18:4c,d 347 1.64 237 1198 1.47 1.51 1.74  16.08
20:4 (n-6) 0.00 1.78 0.00 1.76 1.88 1.81 0.00 2.63
20:4 (n-3) 0.00 044 000 040 041 0.39 0.00 0.16
5a,8¢,11c,14c-20:4b,d 1.73 0.33 1.51 0.33 0.32 0.31 0.87 1.46
22:4 (n-3) 0.00 0.20 0.00 0.19 0.10 0.09 0.00 0.10
20:5 (n-3) 0.00 1.57 0.00 1.55 201 1.93 0.00 0.37
Total tetra- and
pentaenoic acids 5.20 893 388 19.14 9.74 9.46 261 2196
Acetylenic acids 520 1.97 388 1231 1.79 1.82 261 17.54
Total of acetylenic acids 24.70 7.19* 2377 2751 7.03*  6.61* 26.69 4522

*Moss species kept in darkness for three months.

a Known in nature.
b Prepared only by synthesis.
¢ Known in some mosses and/or liverworts.

d Structure confirmed by GC-MS of trimethylsilyloxazolines after preseparation.

Acknowledgements—The authors thank Drs Olga
M. Afonina (Laboratory of Bryology and Lichenology,
Botanical Institute, St Petersburg) for assistance in col-
lecting and identification of mosses 2,4 and 5, Leonid V.
Bardunov (Laboratory of Bryology, The Siberian Insti-
tute of Physiology and Biochemistry of Plants, Irkutsk)
who collected and identified mosses 1,3,6 and 8, and
Michael V. Shustov (Laboratory of Phytocenology, Insti-
tute of Ecology, Togliatti) who identified moss 7.

REFERENCES

1. Sorensen, N. A. (1968) in Recent Advances in
Phytochemistry (Mabry, T. J, ed), pp. 187-227.

Appleton Centry Crofts, New York.

2. Bohlmann, F., Burkhardt, T. and Zdero, C. (1973)
Naturally Occurring Acetylenes. Academic Press,
New York.

3. Guella, G., Mancini, 1. and Pietra, F. (1987) Helv.

Chim. Acta 70, 1050.
. Schmidt, F. J. and Gopichand, Y. (1978) Tetrahedron
Letters 3637.

5. Quinn, R. J. and Tucker, D. J. (1985) Tetrahedron
Letters 1671. '

6. Hirsh, S, Carmely, S. and Kasnman, Y. (1987)
Tetrahedron 3257.

7. Patil, A. D., Kokke, W. C,, Cochran, S., Francis,



10.
1L

12

13.

14.

15.

16.

17.
18.

Acetylenic fatty acids of the Dicranaceae

T. A, Tomszek, T. and Westley, J. W. (1992) J. Nat.
Prod. 55, 1170.

. Anderson, W. H., Hawkins, J. M., Gellerman, J. L.

and Schlenk, H. (1974) J. Hattori Bot. Lab. 38, 99.

. Anderson, B., Anderson, W. H. Chipault, J. R,

Ellison, E. C., Fenton, S. T, Gellerman, J. L,
Hawkins, J. M. and Schlenk, H. (1974) Lipids 9, 506.
Jamieson, G. R. (1975) J. Chromatog. Sci. 13, 491.
Jamieson, G. R. and Reid, E. H. (1976) J. Chromatog.
128, 193.

Dembitsky, V. M., Rezanka, T., Bychek, I. A. and
Afonina, O. M. (1993) Phytochemistry 33, 1021.
Kohn, G., Demmerle, S., Vanderkerkhove, O,
Hartmann, E. and Beutelmann, P. (1987) Phytochem-
istry 26, 2271.

Dembitsky, V. M., Rezanka, T., Bychek, I. A. and
Afonina, O. M. (1993) Phytochemistry 33, 1009.
Anderson, W. H., Gellerman, J. L. and Schlenk, H.
(1975) Lipids 10, 501.

Kohn, G., Vierengel, A., Vandekerkhove, O. and
Hartmann, E. (1987) Phytochemistry 26, 2101.
Karunen, P. (1979) Physiol. Plant. 45, 197.

Aro, E.-M. and Karunen, P. (1979) Physiol. Plant. 45,
201.

19.
20.

21.
22,

23.
24,

25.
26.
27.
28.
29.

30.

689

Karunen, P. and Salin, M. (1982) Lindbergia 8, 35.
Koskimies-Soininen, K. and Nyberg, H. (1987)
Phytochemistry 26, 2213.

Grimsley, N. H., Grimsley, J. M. and Hartmann, E.
(1981) Phytochemistry 20, 1519.

Vanderkerkhove, O., Euler, R, Kohn, G. and
Hartmann, E. (1984) J. Hattori Bot. Lab. 56, 187.
Czeczuga, V. (1985) Phyton (Austria) 25, 113.
Hansen, C. E. and Rossi, P. (1991) Phytochemistry 30,
1837.

Karunen, P., Hakala, K. and Mikola, H. (1988)
Physiol. Plant. 73, 335.

Karunen, P., Mikola, H., Linko, R. and Euranto,
E. K. (1979) Can. J. Botany 57, 1335.

Koskimies, K. and Simola, L. K. (1980) Can. J.
Botany 58, 259.

Al-Hasan, R. H., Ka’wash, H. H. and Radwan, S. S.
(1991) Bryologist 94, 196.

Al-Hasan, R. H., El-Saadawi, W. L., Hantash, F. M.
and Radwan, S. S. (1991) Phytochemistry 30, 117.
Hartmann, E., Beutelmann, P., Vandekerkhove, O.,
Euler, R. and Kohn, G. (1986) FEBS Letters 198, 51.



