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ABSTRACT: The fatty acid composition of three freshwater
sponges— Ephydatia syriaca, Nudospongilla sp., and Cor-
tispongilla barroisi—were studied. Twenty principal fatty acids,
and unusually high levels of eicosatetraenoic (5,8,11,14-20:4
up to 10.1% of the total acid mixture), eicosapentaenoic
(5,8,11,14,17-20:5 up to 11.6%), and docosahexaenoic acids
(4,7,10,13,16,19-22:6 up to 11.8%) were detected. The only
demospongic acid found was 5,9,17-hexacosatrienoic acid
(1.8-3.7%).
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At the present time, a definite opinion has been formed con-
cerning the unique nature of sponge biomembranes (1).
Sponges can be regarded as live fossils of the contemporary
animal world due to the fact that they have undergone practi-
cally no evolutionary development, i.e., their present repre-
sentatives probably remain at the evolutionary level of their
remote precursors (2). Sponge lipids differ markedly in their
chemical and biochemical properties from lipids obtained
from other living organisms (1). Rare lipids, including fatty
acids, have been identified in marine sponges, mostly long-
chain fatty acids (C,,—C,) of straight, branched, and bromi-
nated structure (3). Because these acids were isolated for the
first time from marine sponges, they are often called “demo-
spongic acids” (1). The total content of demospongic acids
can reach up to 80% in some marine sponge species (3,4), and
a major part of them is found in individual phospholipid
classes (1,3). There is limited information on whether fresh-
water sponges contain demospongic acids (5-12).

In this work we report a study of the fatty acid composi-
tion of three freshwater sponges, which were collected in an
expedition to the Jordan river, Lake Hula, and the Sea of
Galilee, Palestine.

MATERIALS AND METHODS
Sampling and lipid analyses. The freshwater sponge Ephyda-
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tia syriaca was collected in August 1993, in the spring of the
Jordan river (Banias, near Mountain Hermon); the freshwater
sponge Nudospongilla sp. was collected in May 1994, in Lake
Hula; and the freshwater sponge Cortispongilla barroisi was
collected in July 1994, in the Sea of Galilee (Lake Tiberias,
Lake Kinneret, Palestine). All sponges were washed in water,
carefully cleaned of all debris, and cut into small pieces. Im-
mediate lipid extraction after collection was done as de-
scribed elsewhere (9).

Gas chromatographic/mass spectrometric analyses of fatty
acid methyl esters. High-resolution mass spectrometry was
done using a MAT 90 magnetic sector mass spectrometer
(Finnigan, San Jose, CA) in the electron ionization mode. Gas
chromatography/mass spectrometry of fatty acid mixture was
done using a Finnegan 1020 B single-state quadrupole gas
chromatography/mass spectrometry instrument in the elec-
tron ionization mode. Injection temperature (splitless injec-
tion) was 100°C, and a fused-silica capillary column (Supel-
cowax 10; 60 m x 0.25 mm i.d., 0.25 pm film thickness; Su-
pelco, Bellefonte, PA) was used. The temperature program
was as follows: 100°C for 1 min, than increased at 20°C/min
to 180°C and at 2°C/min to 280°C, which was maintained for
1 min. The carrier gas was helium at a linear velocity of 60
cm s!. All spectra were scanned within the range m/z
70-450.

RESULTS AND DISCUSSION

The fatty acid compositions of three sponge species are pre-
sented in Table 1. Twenty principal fatty acids were detected
in the sponge total lipids. All the principal fatty acids identi-
fied are “classical” acids which are found in invertebrates
(13). Only one demospongic acid, namely 5,9,17-26:3 (from
1.8 to 3.7%) was found in all sponge species. Over the last
two decades it has been established that the majority of ma-
rine sponges contain trace amounts of both 20:4/20:5 and/or
22:6 fatty acids (3,14-30). Both isomers of eicosatetraenoic
acid were found in some freshwater sponges ranging in
amount from 1.4 to 11.8% (5-7,10-12) and in marine sponges
ranging from 0.2 to 18.3% (16,31-49) (see Table 2). Higher
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TABLE 1
Principal Fatty Acids of the Freshwater Sponge

Ephydatia  Nudospongilla Cortispongilla
Fatty acids syriaca sp. barroisi
14:0 3.2 1.8 2.3
16:0 8.5 10.6 9.4
18:0 4.5 5.1 39
20:0 1.6 1.8 2.1
Saturated 17.8 19.3 17.7
7-16:1 1.1 1.2 1.5
9-16:1 5.5 6.2 7.3
9-18:1 7.7 8.9 . 9.4
11-18:1 2.1 2.2 2.1
11-20:1 1.4 1.4 1.9
11-22:1 1.5 1.6 1.5
Monoenoic 19.3 21.5 23.7
6,9-18:2 5.7 5.8 6.6
9,12-18:2 5.4 6.4 5.3
12,15-18:2 2.2 2.4 2.5
Dienoic 13.3 14.6 14.4
6,9,12-18:3 3.0 3.6 3.8
9,12,15-18:3 9.7 9.6 10.6
5,9,17-26:3 3.6 3.7 1.8
Trienoic 16.3 16.9 16.2
6,9,12,15-18:4 1.7 0.7 0.6
5,8,11,14-20:4 10.1 9.5 9.5
5,8,11,14,17-20:5 9.7 9.5 11.6
4,7,10,13,16,19-22:6 11.8 8.0 6.3
Sum 333 27.0 27.4

amounts were found in Phakellia aruensis, 12.5% (40); Ecty-
oplasia ferox, 14.1% (35); and in Spheciospongi confoeder-
ata, 18.3% (47).

Eicosapentaenoic acid was found in some marine sponges
(see Table 2) and larger amounts were detected in freshwater
sponges (up to 17.2% (10). Docosahexaenoic acid was the
major lipid component in the marine sponge Microciona pro-
lifera, varying from 15.4 to 25.4% of total lipids (43,45-47).
Freshwater sponges usually contained this acid in amounts
which ranged from 0.8 to 4.1% (Table 2). In the present study,
unusually high levels of eicosatetraenoic, eicosapentaenoic,
and docosahexaenoic acids were found in all freshwater
sponges (Table 1). The percentage of total lipids formed by
these three fatty acids as detected in E. syriaca was 31.5%; in
Nudospongilla sp., 26.3%; and in C. barroisi, 26.8%. Weiss-
mann et al. (43) reported that a high level of 22:6 fatty acid
was found in two phospholipids of the marine sponge M. pro-
lifera, namely in phosphatidylcholine (52%) and in phospha-
tidylinositol (29%). The authors indicated that the high level
of 22:6 acid could be the result of differences in the local en-
vironment of the samples collected, and appeared to be re-
lated to a role for this fatty acid in stimulus-response cou-
pling in these cells.

More interesting data could be associated with 5,9,17-26:3
fatty acid, which was found to be the major demospongic
fatty acid in some Palestinian freshwater sponges. According
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TABLE 2

Comparative Distribution of Eicosatetraenoic, Eicosapentaenoic

and Docosahexaenoic Fatty Acids in Total Lipids of Some Freshwater
and Marine Sponge Species (class Demospongiae)

Abundance (wt%)

Sponge species 20:4%  20:5%  22:6°  References

Freshwater species
Baicalospoggia bacilifera 43 9.4 0.8 6
B. bacilifera 2.6 1.8 4.1 11
B. baicalensis 2.7 12.2 0.5 10
B. intermedia 5.9 7.1 4.1 6
B. intermedia 3.2 2.0 29 11
B. intermedia (green) 1.4 4.5 0.4 10
B. intermedia (grey) 1.3 5.7 0.3 10
Ephydatia fluviatilis 11.8 — — 7
Euspongilla lacustris 3.7 — — 9
Lubomirskia abietina 5.2 7.8 2.0 5
L. baicalensis 3.9 6.9 0.9 5
L. baicalensis 1.9 1.7 29 12
L. fusifera 3.5 6.0 1.2 5
Swartschewskia bacilifera 3.4 7.6 0.7 10
S. papyracea 4.6 10.1 3.0 6
S. papyracea 4.9 17.2 1.5 10

Marine species
Adocia cinerea 3.9 6.9 4.6 31
Agelas sp. 3.3 — — 32
Amphimedon viridis 3.5¢ 1.44 0.7 49
Aplysia archeri 6.9 — — 16
Chondrosia remiformis 3.0 — — 34
Cornacuspongia gen. sp. 1.5 59 0.3 31
Dysidea fragilis 43 2.9 29 38
D. herbacea — 20 1.0 40
Ectyoplasia ferox 14.1 — — 35
Halichondria panicea 4.0 5.6 4.2 44
Homaxinella subdola 0.4 8.6 1.2 31
Hymeniacidon sanguinea 2.7 3.8 0.1 39
Hymeniacidonidae gen. sp.  9.59 — — 42
Microciona prolifera 4.7 — 25.4¢ 46
M. prolifera 6.2 — 18.9¢ 46
M. prolifera 209 399 2249 43
M. prolifera 4.3 — 15.4 47
M. prolifera 1.2 3.6 15.4 45
Mycale laevis 4.7 — — 33
Myrmekioderma styx 2.0 — — 34
Myxilla incrustans 3.8 13.3 5.9 31
Ophithaspongia pennata 3.9 1.5 0.2 31
Petrosia pellasarca 1.0 — — 36
Petrosia sp. 3.3 — 1.8 37
Phakellia aruensis 1258 2.48 5.48 40
P. cribrosa 0.2 1.9 2.5 31
Phyllospongia papyracea — 0.1 1.2 40
Pseudaxinyssa sp. 0.5 03 0.3 40
Rhopaloeides odorabile 058  — 0.28 40
Reniera sp. — — 6.0 48
Spheciospongi confoederata 18.3 — — 47
Suberites domuncula 3.4 4.2 3.9 31
Tylodesma aff. rosca 3.4 4.8 4.5 31

“Two isomers, namely 5,8,11,14-20:4 and 6,9,12,15-20:4. b5 =
5,8,11,14,17-20:5. €22:6 = 4,7,10,13,16,19-22:6. Total phospholipids.
“Collected in July. ICollected in December. 8Without cyanobacteria.

to Hahn er al. (7) and Dembitsky et al. (9), who studied the
fatty acid total content of the freshwater sponges E. fluviatilis
and Euspongilla lacustris, only 5,9,19-26:3 acid was 14.9%
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of the total fatty acid methyl esters (phosphatidylethanol-
amine, 19.8%; and phosphatidylserine, 14.8%) and 10.3%
(phospholipid fraction, 20.9%), respectively, in these two
species.

Previous gas chromatography/mass spectrometry analyses
of the fatty acid levels in three freshwater sponges from Lake
Baikal (11,12) indicated that 5,9,17-26:3 acid is the major
demospongic fatty acid. Prior and current data show the prin-
cipal biosynthetic sequence that seems to be operative in the
freshwater sponge species. The biosynthetic pathway of the
5,9,17-26:3 acid is predominant.

The results presented in this work are of interest because
they clearly demonstrate that three polyunsaturated fatty
acids—eicosatetraenoic, eicosapentaenoic and docosa-
hexaenoic—and the demospongic acid 5,9,17-26:3 are the
principal fatty acids in freshwater sponges. Further work is in
progress toward elucidating the structure of some unusual
minor fatty acids.
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