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Phospholipid and fatty acid compositions of the 
endemic amphipod crustacean Issycogammarus bergi 
from the brackish mountain lake Issyk-Kul 
(Tian Shan, Middle Asia) 
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Lipid and phospholipid compositions of endemic gammurids, belonging to the subphylum Crustacea 
lssyeogammarus bergi was studied. The fatty acid composition of total lipids, neutral, glyco- and 
phnspholipid fractions were investigated by capillary gas chromatography-mass spectrometry. 
Ninety-four fatty acids were identified: 26 saturated (both iso-, anteiso- and cycio-), 31 monoenoic, 
11 dienoic, and 26 polyenoic (including 10 trienoic, eight tetraenoic, six pentaenoic and two hexnenoic). 
Among polyenoic fatty acids high percentages of three main acids 18:3n-6, 18:3n-3 and 20:4n-6 in 
phospholipid and glycoUpid fractions were identified; high percentages of 16:3n-6 and 16:4n-1 among 
total lipids were also identified. A number of unusual polyunsaturated fatty acids, such as c-9-17:0, 
c-9-19:0, 24:4n-6, 24:5n-6 and 24:6n-3 acids, were found. 
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Introduction 

In Central Asia four mountain systems, includ- 
ing Tian Shan, may be distinguished, according 
to the period during which the most intensive 
folding took place. The Tian Shan was regarded 
formerly as a system of folded mountains 
which were formed during the Tertiary period, 
and was considered to be of  the alpine 
type. Traces of the glacial epoch are less in 
evidence in the Tian Shan than in the Alps. The 
Tian Shan has few lakes. Conspicuous among 
them is Issyk-Kul, a large and brackish moun- 
tain lake which is bordered on the north and 
south by the snow-clad chains of Tian Shan 
(Berg, 1950). 
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Issyk-Kul is one of  the largest mountain lakes 
in the world. It lies in a hollow between the 
Kungei Ala Tau mountain range in the north 
and the Terskei Ala Tau in the south, rising to 
more than 5000 m above sea level. Issyk-Kul is 
one of the deepest lakes in Middle Asia. Its 
maximum depth is 702 m; more than 63% of  the 
lake bottom is 100 m deep. The surface of the 
lake itself lies at 1624 m. The lake basin, of  
tectonic origin, has probably existed since the 
end of the Paleozoic era. Thus, it is one of  the 
oldest lakes in Middle Asia (Berg, 1950; 
Matveyev, 1935). 

The lake water is well mixed by the strong 
winds of the Issyk-Kul hollow. Earthquakes, 
which are frequent in the mountains of  Middle 
Asia, cause temporary but sharp oscillations 
(seiches) of the surface of  the lake. 

Temperatures are very stable; in summer, the 
upper 10-15 m of  the pelagic zone are warmed 
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to 15-20°C. From 15 to 25 m, there is a clear-cut 
thermocline (metalimnion), the temperature 
dropping sharply to 6-10°C. Since its tempera- 
ture does not drop below 2.75°C, the lake does 
not freeze in winter. The water of the lake has 
a fairly high salt content (up to 5.80 g/k water) 
(Matveyev, 1935); that is, approximately half as 
much salt as the waters of the Aral Sea. Despite 
the sharp temperature stratification and the 
depth of the lake, the chemical content of 
the water is remarkably uniform at all depths. 
The predominating ions, CI (24.1%) and SO, 
(23.8%), make the water undrinkable. In ad- 
dition, limestone is precipitated in the lake. Its 
presence in the water is also indicated by the 
luxuriant stonewort vegetation on the bottom. 
The bottom fauna are poor. Little is known 
of the bottom fauna save that they contain 
the interesting endemic amphipod crustacean 
Issycogammarus bergi. 

Considering the above details it may be 
of interest to investigate the lipid com- 
positions of the endemic gammarids which in- 
habit such brackish water. The lipid compo- 
sition of Issycogammarus bergi has not been 
studied. 

At present, marine amphipod lipids have been 
studied rather intensively with respect to some 
interesting components such as polyunsaturated 
fatty acids (Lee, 1975; Morris et al., 1982; 
Paradis and Ackman, 1966a, b; Takahashi and 
Yamada, 1976; Clarke et al., 1985), phospho- 
lipids (Dembitsky, 1979; Dembitsky and 
Vaskovsky, 1976; Vaskovsky, 1989), wax esters 
(Kayama et al., 1976; Lee, 1974, 1975; Sargent 
and Lee, 1975; Takahashi and Yamada, 1976), 
sterols and fatty acids (Fricke and Oehlen- 
schlager, 1988) which are abundant in this 
order. 

Although the lipid composition of marine 
crustaceans (Joseph, 1989) is well documented, 
there is only a limited amount of information on 
the lipid composition of the amphipods living 
in salty water. Recently, we studied lipid com- 
position of the Baikalian endemic freshwater 
amphipods (Dembitsky et al., 1994). 

The present paper deals with the detailed 
study of fatty acid and lipid compositions of 
endemic gammarids living in the brackish 
mountain Lake Issyk-Kul. 

Table !. Lipid composition of gammarid 

Lipid fractions lssycogammarus bergi 

Neutral lipids (NL) 68.4 
Glyeolipids (GL) 12.4 
Phospholipids (PL) 19.2 
Total lipids (TL) 9.5 
% dry mass 

NL, GL and PL as percentages of total lipids. 

Table 2. Phospholipid composition of I. bergi 

(% of total lipid 
Pbospholipid phosphorus) 

Pbosphatidylethanolamine (PE) 
Phosphatidalethanolamine (PEP) 

(plasmaiogen form) 
Phosphatidylserine (PS) 8.5 + 0.4 
The sum of amino-containing 

phospholipids 31.2 
Phosphatidylcholine (PC) 38.0 + 0.9 
Phosphatidalcholine (PCP) 7.1 + 0.4 

(plasmalogen form) 
Sphingomyelin (SPH) 7.8 + 0.5 
The sum of choline-containing 

phospholipids 52.9 
Phosphatidylinositol (Pl) 7.4 + 0.3 
Diphosphatidylglycerol (DPG) 8.5 + 0.5 

11.9+0.6 
10.8 + 0.7 

Material and Methods 

Collection o f  samples 

Issycogammarus bergi M., belonging to the 
phylum Arthropoda, subphylum Crustacea, 
class Malacostraca, order Amphipoda, were 
sampled in the south-western part of Lake 
Issyk-Kul near Kadzhi Baj village (Kirgizstan 
Republic) in August 1992, at depths of 
0.5-1.0 m. The animals were put in flasks in a 

Table 3. Saturated fatty acids of 1. bergi 

Fatty acids TL NL GL PL 

13:0 
14:0 
15:0 
16:0 
17:0 
18:0 
19:0 
20:0 
22:0 
24:0 

i-13:0 
i-14:0 
i-15:0 
i-16:0 
i-17:0 
i-18:0 
i-19:0 

ai-13:0 
ai-15:0 
ai-17:0 
ai-19:0 

c-9-17:0 
c-9-19:0 

4,8,12-tfiMe-13:0 
Pristanic 
Phytanic 

0.03 0.19 0 . 0 3  0.00 
1.01 6.68 1.22 0.82 
0.08 0.44 0 . 1 5  0.12 
8.51 16.22 4.08 3.27 
0.14 0.99 0.09 0.05 
4.92 8.46 0 . 7 2  0.60 
0.30 1.46 0.15 0.22 
0.06 1.98 0.37 0.19 
0.13 4.79 0.20 0.16 
1.14 0.24 0 . 1 3  0.40 
0.04 0.01 0.00 0.00 
0.03 0.16 0.02 0.01 
0.03 0.34 0.04 0.10 
0.06 0.35 0.00 0.00 
0.01 0.05 0.00 0.00 
0.36 0.63 0.07 0.05 
0.05 0.48 0.04 0.06 
0.03 0.06 0.01 0.00 
0.02 0.48 0.03 0.05 
0.07 0.08 0.01 0.36 
0.16 0.59 0.07 0.07 
0.02 0.76 0.17 0.04 
0.01 0.22 0.01 0.44 
0.42 0 . 8 3  0.14 0.09 
0.40 0.24 0.02 0.07 
0.26 0.69 0.02 0.25 

The sum of saturated 
The sum of/so- 
The sum of anteiso- 
The sum of cyclo- 

18.29 47.42 7.79 7.42 
0.58 2.02 0.17 0.22 
0.28 1.21 0.12 0.48 
0.03 0.98 O. 18 0.48 
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Fig. 1. Distribution of saturated (Sat) [including both /so- (Iso), anteiso- (Aiso) and cyclo- (Cyc)], 
monoenoic, dienoic and polyenoic [including trienoic (Tri), tetraenoic fret), pentaenoic (Pen) and 
hexaenoic (Hex)] fatty acids into different lipid fractions (neutral, glyco- and phospho-) and into total 

lipids isolated from endemic amphipod Issycogammarus bergi. 
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mixture of chloroform and methanol at the site 
of collection and transported to the laboratory. 

Lipid analysis 

The species were treated immediately in the 
laboratory, as described previously (Dembitsky 
et al., 1993). Lipids were extracted, separated by 
column and thin-layer chromatography, as de- 
scribed elsewhere (Dembitsky et al., 1993). A 
plasmalogen form of phospholipids was de- 
tected by method of Dembitsky (1988). 

Fatty acids ME esters were analysed by 
capillary gas-liquid chromagraphy-mass spec- 
trometry using a Shimadzu QP-1000 instrument 
as described previously (Dembitsky et al., 1993). 

Results and Discussion 

The zooplankton of the open lake is 
monotonous, with Diaptomus salinus markedly 
predominating. The Issyk-Kulian faunae are 
poor. They include oligochaetes, small midge 
larvae and, nearer the shores, Valvata. The 
amphipods Rivulogammarus ocellatus and 
lssycogammarus bergi (living in Issyk-Kul only) 
are endemic to the mountain lakes of Middle 
Asia. Numerous bottom crustaceans (ostracods 
and cyclopods) are also encountered. The 
species predominating in their zooplankton are 
the rotifers Synchaeta oblonga and Polyarthre 
trigla. Crustaceans include Cyclopus vicinus and 
a very small number of Daphnia hyalina (Zhadin 
and Gerd, 1963). 

The general lipid compositions from the L 
bergi are given in Table 1. According to our 
results, TL in L bergi amount to 9.5% of dry 
mass, phospholipids amount to 9.2%, and the 

major lipids, NL, make up 68.4%. In the exam- 
ined gammarids, the major phospholipid classes 

Table 4. Monoenoic fatty acids of 1. bergi 

Fatty acids TL NL GL PL 

14:1n-7 0.16 0 . 2 3  0.44 0.49 
14:1n-5 0.01 0.35 0.53 0.63 
16:1n-9 5.30 14.43 12.84 12.69 
16:1n-7 2.61 1.11 0.93 1.03 
16:In-5 0.16 0.32 0.38 0.45 
17:1n-8 0.22 0.14 0.15 0.19 
17: I b 0.03 0.03 0.03 0.29 
18:1n-13 0.28 0.07 0.19 0.16 
18:ln-ll 2.86 0 . 3 3  0.57 0.43 
18:1n-9 10.34 21.87 11.15 4.21 
18:1n-7 0.23 0.92 0.78 0.71 
18:1n-5 0.26 0.16 0.13 0.09 
19:lb 0.08 0.01 0.01 0.17 
19:lb 0.03 0.00 0.01 0.14 
19:1n-8 0.17 0.00 0.09 0.05 
19:1c 0.03 0.13 0.12 0.11 
20:1n-15 0.24 0.22 0.23 0.25 
20:1n-13 i.00 0.08 0.63 0.55 
20:ln-ll  0.33 0.12 0.21 0.26 
20:1n-9 0.07 0.35 0.77 1.72 
20:1n-7 0.16 0.00 0.05 0.04 
21:lb 0.11 0.00 0.00 0.60 
21 : I n-9 0.35 0.08 0.58 0.37 
22:1n-15 0.24 0.11 0.19 0.25 
22:1n-13 0.08 0.07 0.34 0.29 
22:1n-11 0.31 0.03 0.23 0.51 
22:1n-9 0.31 0.04 0 . 2 7  0.33 
22:1n-7 0.07 0.79 0.41 0.29 
23:1c 0.00 0.00 0.17 0.01 
23:1n-9 0.02 0.11 0.19 0.10 
24:1n-9 0.06 1.17 1.05 0.54 
The sum of monoenoic 26.12 43.27 33.67 27.95 

a. Identified only on the basis retention time and mass  
spectrum of methyl ester. 

b. Fatty acids probably with cyclopropanoic ring(s). 
c. Unknown position of double bond(s), identified by reten- 

t ion time and value of molecular ion of methyl ester. 
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Table 5. Dienoic fatty acids of I. bergi 

Fatty acids TL NL GL PL 

16:2n-4 0.77 0 .00 0.28 0.38 
18:2n-9 4.51 2.01 11.04 8.94 
18:2n-6 1.59 0.11 0.16 0.80 
18:2b 0.12 0 .00  0 .00 0.12 
18:2b 0.35 0.01 0.02 0.38 

5,11-20:2 0.13 0.00 0.21 0.32 
5,13-20: 2 0.08 0 .00 0 .25 0.09 

20:2n-9 0.20 0 .00 0.46 0.53 
20:2n-6 0.38 0 .00 0 .19 0.14 

7,13-22:2 0.19 0 .00 0.10 0.12 
7,15-22:2 0.00 0.45 0.38 0.18 
The sum of dienoic 8.32 2.58 13.09 12.00 

b. See footnote in Table 4 for explanation. 

were choline-containing lipids which consti- 
tuted, in gammarids, 52.9% of  the total 
phospholipids (Table 2). PC, the major phos- 
pholipid class, was found to form 38%, and 
their plasmalogens to form 7. 1% of total phos- 
pholipids. PE is second major phospholipid at 
22.7*/0, inclusive of the plasmalogen form. The 
studied species were found to possess SPH in 
amounts up to 7.8%. SPH is widespread among 
marine (Vaskovsky, 1989) and freshwater 
amphipods (Dembitsky et al., 1994). A high 
percentage of plasmalogen was found for fresh- 
water amphipods (47.6% in PE and 5.7% in 
PC). 

Table 6. Polyenoic fatty acids of I. bergi 

Fatty acids TL NL GL PL 

16:3n-4 0.98 0.00 0 .24 0.57 
16:3n-6 2.22 0.00 1.19 2.19 
18:3n-6 17.17 2.93 10.18 8.94 
18:3n-3 10.14 3.72 10.28 12.01 
20:3n-9 0.59 0.00 0.41 0.41 

5,11,14-20:3 0.23 0 .00  0 .54 0.66 
20:3n-6 0.42 0 .00  0.09 0.12 
20:3n-3 1.11 0.00 0.33 0.51 
22:3n-9 0.09 0 .00  0.07 0.55 
22:3n-6 0.27 0 .00  0 .76 0.24 
16:4n-1 1.22 0.00 !.13 0.92 
18:4n-3 0.81 0.00 0.14 0.19 
20:4n-6 4.22 0.08 14.99 19.92 

5,11,14,17-20:4 0.52 0 .00  0 .60 0.72 
20:4n-3 0.54 0 .00  0.19 0.24 
22:4n-6 0.24 0.00 0.13 0.10 
22:4n-3 0.77 0 .00  0.22 0.57 
24:4n-6 0.55 0 .00  0.39 0.58 
18:5n-3 0.30 0 .00  0.35 0.52 
20:5n-3 0.26 0 .00 0.08 0.14 
21:5n-3 0.16 0.00 0.01 0.01 
22:5n-6 0.21 0.00 0.11 0.15 
22: 5n-3 1.47 0.00 2.07 1.47 
24:5n-6 1.61 0.00 0.31 0.24 
22:6n-3 0.38 0 .00 0 .26  0.15 
24:6n-3 0.79 0 .00 0.38 0.51 

T h e  s u m  of polyenoic 47.27 6.73 45.45 52.63 
The s u m  of trienoic 33.22 6.65 24.09 26.20 
T h e  sum of tetraenoic 8.87 0.08 17.79 23.24 
The s u m  of pentaenoic 4.01 - -  2.93 2.53 
The sum of hexaenoic I. 17 - -  0.64 0.66 

The fatty acid composition of the freshwater 
amphipod species examined by capillary 
G C - M S  is shown in Tables 3-6. We identified 
94 fatty acids, including 26 saturated. The 
proportion of saturated fatty acids in the 
examined species varied from 7.4 in phospho- 
lipid fractions, to 47.42% in neutral fractions, 
of  total fatty acids (Table 3). The major 
saturated acids were 14:0, 16:0, 18:0 and 
24:0 of TL. Among saturated fatty acids 
were high percentages of  cycloacids (0.98%), 
iso-  (2.02%), and ante iso-  (I .21%) in neutral 
fractions. Distribution of  the different fatty 
acids among lipid fractions are shown in 
Fig. I. 

Most of  the acids identified in the course of  
the present study were monoenoic, ranging from 
14:1 to 24:1n-9. Cjs, C20 and C22 acids were 
represented by five isomers of  each; 19:1 acids 
were also represented by four isomers, and 16:! 
was represented by three isomers (n-5), (n-7) 
and (n-9). A wide range (31 acids from C~4 to 
C24) of  monoenoic acids was detected in 
amounts of  generally less than I%.  Several 
acids, 16:1n-9, 16:1n-7, 18 : ln - I I ,  18:1n-9 and 
20:1n-13, were present in amounts exceeding 
1%, and were characteristic of  the studied 
species (Table 4). 

Eleven fatty acids were identified as dienoic 
acids, among which were non-methylene-inter- 
rupted (NMI) acids: 5,11-20:2, 7,13-20:2, 
7,13-22:2 and 7,15-22:2, in amounts less than 
0.2% (Table 5). 

Trienoic, tetra-, penta- and hexaenoic com- 
pounds are the most abundant fatty acids in the 
examined species (26 acids), including 10 
trienoic (33.22%), eight tetraenoic (8.87%), 
pentaenoic (4.01%) and two hexaenoic (1.17%) 
acids in total lipids. A high percentage of arachi- 
donic acid was found in phospholipid (19.92%) 
and glycolipid (14.99%) fractions (Table 6). 
Among polyenoic fatty acids in neutral fraction 
were found three acids only, namely: 18:3n-6 
(2.93%), 18 : 3n-3 (3.72%) and 20:4n-6 (0.08%). 
The contents of  major fatty acids in neutral, 
glyco- and phospholipid fractions are shown in 
Fig. 2. 

The invertebrates live in brackish water and 
have an interesting composition of  fatty acids, 
which differs from those of freshwater or marine 
species. Thus, we recently examined some 
Caspian invertebrates, including two crustacean 
species living in brackish water, namely the crab 
Rhi thropanopeus  harrissi  and the crayfish A s t a -  
cus leptodactylus  eichwaldi  (Dembitsky et al., 
1993). The crab and the crayfish both con- 
tained a small amount  of  20:5n-3 (0.23 and 
0.34%), and 3.02 and 4.06% arachidonic 
acids, respectively. Marine amphipods were 
usually found to contain a high level of  
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Fig. 2. The quantitative content of main fatty acids identified from different lipid fractions and total lipids 
of endemic amphipod Issycogammarus bergi. Saturated fatty acids: 14:0, 16:0 and 18:0. Monocnoic fatty 
acids: 16:1 n-9 (I 6: A), 16: I n-7 (l 6: B), and 18 : I n-9 (18 : A). Dienoic fatty acids: 18: 2n-9 (l 8 : B). Polyenoic 

fatty acids: 16:3n-6 (16:C), 16:4n-I (16:D), 18:3n-6 (18:C), 18:3n-3 (18:D), and 20:4n-6 (20:A). 
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eicosapentaenoic acid. The Antarct ic  amphipod  
Thermisto gaudichaudii contains an extreme 
content  o f  20:5n-3 (21.1%) and 22:6n-3 
(15.9%) in total fatty acids (Fricke and 
Oehlenschlager, 1988). Some mid-water oceanic 
crustaceans Gnathophausia sp., Acanthepyra 
purpurea and Nematobrachion sexspinosus con- 
tain a very high content  o f  22:6  (32.5, 51.4 and 
32.4%, respectively) in phospholipids (Morris  
and Sargent, 1973). Other  freshwater (Morris, 
1984) and marine crustaceans also contain high 
levels o f  eicosapentaenoic acid (Lee, 1974, 
1975; Castell, 1981; Clarke et al., 1985; Joseph, 
1989; Webster and Lovell, 1991), and docosa-  
hexaenoic acid (Morris,  1984; Taghon,  1988; 
Morris  and Sargent, 1973; Lee, 1975; Fricke 
and Oehlenschalager,  1988). 

Morris  et al. (1982) reported interesting 
data  for the acclimated freshwater amphipod  
Gammarus duebeni to seawater. The level o f  
eicosapentaenoic acid increases f rom 6% 
(field controls) to 23% (100% seawater, 60 
days acclimated) in the gill phospholipids;  
and decreases to 6.7% (100% seawater, 66 
days) after acclimation o f  the animals to differ- 
ent salinities. Changes  in the apparent  per- 
meability to water occur in a number  o f  
euryhaline species o f  crustaceans on transfer 
f rom one salinity to another  (Smith, 1967; 
Corneil, 1973; Bolt et al., 1980; Dawson  et al., 
1984). 

Based on the present results, it may  be 
concluded that endemic gammarids  living in 
brackish water have interesting composi t ions o f  
fatty acids which differ f rom those o f  both their 
freshwater and marine relatives. 
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