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Abstract

(1) A significant seasonal variation in the membrane fluidity (as sensed by DPH-fluorescence polarization), membrane
lipid components (phospholipid and neutral lipid), fatty acid composition of membrane phospholipid (phosphatidylcholine,
phosphatidylethanolamine and sphingomyelin), positional distribution of fatty acids at Sh-1 and Sh-2 position of
phosphatidyl-choline and -ethanolamine is noticed in the brain membranes (myelin, synaptosomes, and mitochondria) of a
tropica air breathing teleost, Clarias batrachus. (2) A ‘partiadl compensation’ of membrane fluidity during seasonal
adaptation is observed in myelin and mitochondria membrane fractions. Synaptosomes membrane fraction exhibits a
different response. Depletion (about 15—70%) of membrane lipid components (phospholipid, cholesterol, diacylglycerol and
triacylglycerol) per unit of membrane protein is the characteristic feature of summer adaptation. An increase (about
20-100%) in the level of oleic acid and decrease (about 20—60%) in the level of stearic acid are almost common featuresin
membrane phospholipid fractions of winter-adapted Clarias. (3) From the tissue slice experiment it is evident that there is
an activation of cellular phopholipase A, at lower growth temperature and of cellular phosphalipase A at higher growth
temperature and this suggests the reorganization of molecular architecture of the membrane during seasonal adaptation. (4)
Accumulation of oleic acid in Sh-1 position and polyunsaturated fatty acids in Sh-2 position of phophatidyl-choline and
-ethanolamine during winter indicates an increase in the concentration of 1-monoenoic, 2-polyenoic molecular species of
phospholipid in order to maintain the stability of membrane lipid bilayer.
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1. Introduction the rate of biochemica reactions and the structural
composition of the bio-molecules [1]. Perhaps the
most significant adaptation in poikilothermic animals
to changes in environmental or ambient temperature
is the regulation of membrane microviscosity or flu-
idity, which is known as homeoviscous adaptation.

* Corresponding author. Fax no. +91 832 224184. E-mail: This term was first coined by Sinensky [2] for Es-
rroy@unigoa.ernet.in cherichia coli grown at 15° and 43°C. Considering

In the absence of thermoregulation, the homeo-
static maintenance of physiological functions in poik-
ilothermic animals necessitates adjustments in both
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the fluid mosaic model of cell membrane [3], the
membrane lipid bilayer, which itself is very sensitive
to environmental perturbations, regulates the dynamic
state of membrane and thus monitoring the physio-
logical functions and all other membrane-associated
cellular activities. Although a parameter-like fluidity
may not be adequate to explain the role of membrane
lipid bilayer in maintaining proper membrane func-
tion, the concept of homeoviscous adaptation in its
broad context, viz., the regulation of membrane func-
tion by modulation of lipid composition, remains a
useful one [4].

Adaptation of membrane fatty acid composition
and the physical properties to temperature by fish
liver [5-8], lymphocytes [9], fish brain [10-13], fish
intestine [14], frog epidermal cells [15] and reptilian
brian [16] have been reported. The fatty acid compo-
sition of structural lipids is believed to be one of the
factors that controls membrane physical properties
and an inverse relationship between the content of
unsaturated fatty acids and temperature has been
reported for several poikilothermic organisms [17—
19]. The structural membrane lipid composition, both
the polar head group and non-polar fatty acyl chains
of phospholipids, is aso another important factor
regulating the membrane physical properties during
dtered therma environment [20-23]. Most of this
information is based on studies from cold and tem-
perate climates and there is a paucity of constructive
information on tropical and sub-tropical poikilo-
therms.

In Clarias batrachus, an air-breathing teleost of
equatorial and tropical climates, activity is reduced
during summer aestivation like that of winter hiberna-
tion [24]. The Indian air-breathing teleosts including
C. batrachus survive under the mud during long
periods of summer drought. Hence, it would be more
interesting to know about the mechanism of warm
adaptation with regards to membrane physical state
and the composition of the membrane lipid bilayer.
The objectives of the present paper are first to under-
stand the membrane lipid composition and the
micro-viscosity during summer (when the ambient
water temperature rises above 37°C with partial or
semi-partial summer drought) and winter (when the
ambient water temperature is about 16°C) and then to
explore the possible regulation of these parameters
during thermal adaptation of brain.

2. Materials and methods
2.1. Animals

The live fishes, Clarias batrachus, 100-150 g
size, were collected from the local supplier during
summer (ambient temperature 38° + 3°C) and winter
(ambient temperature 16° + 3°C). They were acclima-
tized for 5 to 6 days to laboratory conditions at
respective summer and winter temperature before
scarificing them. Besides, the fishes were also col-
lected during autumn (ambient temperature 28° +
3°0).

2.2. Fractionation of brain membranes

Different brain membranes (viz., myelin, synapto-
somes and mitochondria) were isolated and purified
as described earlier [12]. The purity of different
membrane fractions was determined by assaying of
specific marker enzymes such as acetylcholinesterase
(70% activity was recovered in synapotsomes) and
succinic dehydrogenase (65% activity was recovered
in mitochondria) or the quantity of cerebocides (85%
of tota cerebocide was recovered in myelin) as per
our earlier experience [12]. For each set of membrane
preparation the brains from 15 fishes were pooled.
The membranes were stored at — 80°C for measuring
the membrane microviscosity. Otherwise, they were
stored at —20°C prior to extraction of membrane
lipid on the following day.

2.3. Fluorescence polarization

The membrane fluidity was measured by measur-
ing the fluorescence polarization of 1,6-diphenyl
1,3,5-hexatriene as described previously [7,12]. The
different membrane fractions, about 200 wg of pro-
tein [25], were incubated in 3 ml of 0.05 M Tris-HCI
buffer (pH 7.2) containing 10 wl of diphenyl hexa
triene (1.0 mM in tetrahydrofurane) for 30 min at
room temperature (25°C) and measurements were
taken from 5° to 45°C at intervals of 2.5°C.

2.4. Qualitative and quantitative analysis of mem-
brane lipids

The totd lipid from each membrane fraction, a-
ready suspended in Tris-HCI buffer, was vigorously
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shaken for 5-6 h at room temperature with excess of
(1:10, v/v ratio) solvent chloroform and methanol
(2:1,v/v) and 1 mM BHT. The different lipid classes
(neutral, glyco and polar lipids) were separated and
isolated on hand-made silica gel-G (0.2 mm thick)
TLC plates using hexane and then acetone as solvent.
The glycolipid fraction was not further analyzed. The
neutral lipid fraction as well as polar lipid fraction
were further separated on silica gel TLC plates using
either hexane:diethylether:acetic acid (85:15:1.5, v /v)
or chloroform:methanol:water (65:25:5, v /v), respec-
tively, as the solvent system. The spots were exposed
to iodine vapour and identified using authentic (M /s,
Sigma Chemical Co.) standards. Each spot was quan-
tified spectrophotometrically by routine analytical
methods [26]. The triacylglycerol and diacylglycerol
by chromatropic acid reagent, total cholesterol by
ferric chloride reagent and phospholipid by ammo-
nium molybdate reagent were estimated and ex-
pressed as per unit of total protein. Some of the
phospholipid fractions were transmethylated to ana-
lyze the fatty acid profiles [12].

Besides, the phosphatidyl-choline and -ethanol-
amine fractions from the total brain phopholipid,
collected during summer and winter were digested
with phospholipase A ,, EC 3.1.1.4, (Snake Venom,
Naja naja, M /s, Sigma Chemical Co.) in order to
analyse the fatty acid profiles of Sh-1 and Sh-2
positions. [6].

2.5. Tissue labelling experiment

Activation of phospholipase, acyltransferase, fatty
acid synthetase, desaturase during thermal adaptation
to regulate the membrane lipid bilayer is reported for
severa cases [6,23,27]. In order to check for cellular
phospholipase activation, brain slices (500 mg, 1 mm
thickness from 6—7 fishes collected during autumn)
were incubated in 10 ml of Kreb's Ringer phosphate
buffer (pH 7.5), containing sodium sat of [1-
14Clpalmitic acid, 2 wCi, and or [1-3HJarachidonic
acid, 2 uCi, at room temperature for 1 h. The dlices
were washed thoroughly with 5 mM of sodium salt of
cold fatty acid to remove unreacted surface bound
fatty acids. The dices were further incubated in
Kreb's ringer phosphate buffer for another 3 h at 16°,
37°C and room temperature (25°C). A steady-state
incorporation of [1-**C]sodium acetate in the total
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Fig. 1. Effect of cycloheximide on the incorporation of [1-
14Clolycine into brain tissue protein of Clarias batrachus at 37°
and 16°C. The brain dlices (500 mg) were incubated with 2 w.Ci
of radiolabelled glycine and with different concentrations (0.02,
0.04, 0.06 pmol) of cycloheximide up to 3 h, in order to check
the inhibition of protein synthesis. There is no statistically signifi-
cant difference in the level of inhibition measured at 37°C (solid
symbols) and 16°C (open symbols) irrespective of the time (1 h,
circle symbols; 2 h, square symbols; and 3 h, rhombus symbols)
of incubation. Each value is the mean of four different sets of
experiment.

lipid and [1-'*C]glycine in the total protein of brain
tissue slices in this buffer medium was noticed 8 h (at
16°C) or 4 h (at 37°C). To prevent the synthesis of
any new protein during the thermal treatment of the
dlices, in a separate set of experiments we added 0.04
umol of cycloheximide before incubating the dlices
a different temperatures. In earlier studies, we ob-
served that at this concentration of cycloheximide the
incorporation of [1-*C]glycine into the brain tissue
protein was blocked by about 50% irrespective of
temperature and time of the incubation (Fig. 1). After
the incubation, the total lipids from the slices were
further separated into total phospholipid and total free
fatty acid fractions on hand-made silica gel-G plates
in order to determine the incorporation of labelled
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(fluidity) is as follows: mitochondria membrane > Fig. 2. The Van 't Hoff plots of DPH polarization value of
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a_nd mitochondrial membrapes from summer adapted mer (solid marks) and winter (open marks) adapted Clarias
f_|5h show about 10-35% higher (P < 0.01) polariza- batrachus. Each value is the mean of four different sets of
tion values, between 5° and 45°C, than those of the membrane preparations.

Table 1
Seasonal variation in brain membrane lipid components of Clarias batrachus
Myelin Synaptosomes Mitochondria

Winter Summer Winter Summer Winter Summer
Phospholipid 1357 + 30.27  912.64 + 22.35 828.18 + 20.18 883.00 + 243.37 368.71 + 18.25 232.67 + 13.37
Diacylglycerol 568 + 0.46 298+ 0.38 5.33+0.28 394+ 0.17 124+ 0.13 0.78 +0.12
Cholesterol 11.36 + 0.67 945+ 048 1374+ 0.52 11.58 + 0.45 3.24 +0.16 229+ 0.13
Triacylglycerol 346 +0.27 1.06 + 0.18 2544 0.18 172+ 0.15 0.99 + 0.23 0.29 + 0.08
Cholesteral /phospholipid ratio 837x107% 1035x10°® 1654x10"° 13.11x10°3 8.78 x 1073 9.84x 1073
Cardiolipin 1409+ 105 19454118 17164189 18244224 14.044+ 143  18.09+ 1.95
Phosphatidic acid 10.06 + 0.95 1051+0.88  12.06 + 0.98 7.66 + 0.69 925+ 0.72 7.88 + 0.67
Phosphatidylethanolamine 16.35+1.17 1750+1.08 1422+1.03 16.28+1.13 1557+121 1588+ 1.13
Phosphatidylserine + inositol 19.77 + 1.38 6.924+0.66 12404101 10.76 4+ 0.88 21114189 13724+ 112
Phosphatidylchline 15890+ 1.76 2848+216 1508+ 123 2896+ 2.16 1542+ 115 28.62+ 228
Sphingomyelin 1258+ 0.78 1012+ 0.64 12.80+0.80 10.02+ 0.46 9.38 + 0.68 538+ 0.28
Lysophosphatidylchloine 11.26 + 1.03 701+ 058 1428+ 112 10.03+0.54 15234137 10424+ 0.72

The different lipid components are expressed as nmol /g of membrane protein. The phospholipid fractions are expressed as percent
yield composition. All the data are the mean value of 4 different sets of membrane preparations with their standard error.
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winter adapted fish. There is no difference in the
polarization value of synaptosomal membrane of
summer and winter adapted fish measured at 25°C.
However, the same membrane from summer adapted
fish displays 15-20% higher (P < 0.01) polarization
values between 25° to 45°C and 15-20% lesser (P <
0.02) polarization values between 5° and 25°C com-
pared to the same membrane of winter adapted fish.

3.2. Characterization of membrane lipid bilayer

From Table 1 it is evident that the membrane lipid
bilayers are composed of phospholipid (232—-1357
nmol), cholesterol (2.0-14.0 nmol), diacylglycerol
(0.7-6.0 nmol) and triacylglycerol (0.2-3.5 nmol)
per g of membrane protein. There is a significant
reduction (P < 0.005-0.05) in the concentration of
al these lipid constituents, relative to protein in
summer adapted fish in comparison to winter adapted
fish except in phospholipids (per unit of protein) of
the synaptosomal membrane fraction and in choles-
terol (per unit of protein) of the myelin fraction.
Phosphatidylcholine is the most abundant phospho-
lipid in all membranes followed by phos-
phatidylethanolamine or cardiolipin. We failed to dis-
tinctly separate phosphatidyl-serine and -inositol un-
der our chromatographic conditions. Phosphatidyl-
choline is increased by almost 2-fold (P < 0.01)
without any change in the level of phos-
phatidylethanolamine in summer in al membranes
giving rise to a higher choline/ethanolamine ratio in
summer adapted fish. In summer adapted fish there is
an approximately 40% increase (P < 0.025 in the
concentration of cardiolipin in the myelin membrane
fraction at the expense of phosphatydyl-serine +
-inositol, and 35% decrease (P < 0.01) in the level of
phosphatic acid in the synaptosomal membrane frac-
tion. Moreover, there is a decrease in the proportion
of phosphatidyl-serine + -inositol of 65% in the
myelin (P < 0.01) and about 35% in the mitochon-
drial membrane, (P < 0.025) and about 20—40% de-
crease (P < 0.01-0.05) in the concentration of sphin-
gomyelin and lysophosphatidylcholine in all the
membranes investigated (Table 1).

In all membranes, the levels of 16:0, 18:1, 18:3,
and 20:5 in phosphatidylcholine show a seasonal
variation (P < 0.01-0.05). Statistically significant

changes (P < 0.01-0.05) in the level of 14:0 (in
synaptosomes and mitochondria); 18:0 (in myelin and
mitochondria); 22:2 and 22:5 (in myelin and synapto-
somes); 12:0, 18:2, 22:6 (in mitochondria); 22:4 (in
myelin); 20:1, 20:2, 20:4 (in synaptosomes) between
summer and winter adapted fishes are observed (Ta-
ble 2). In phosphatidylethanolamine, significant
changes (P < 0.01-0.05) in the levels of 14:0, 18:0,
18:1, 22:6 (in all membranes); 12:0, 16:1, 22:5 (in
myelin and synaptosomes); 18:2 (in synaptosomes
and mitochondria); 18:3 (in myelin); 20:5 (in mito-
chondria) are evident between winter and summer
(Table 2). The sphingomyelin fraction is character-
ized by significant changes (P < 0.01-0.05) in the
concentration of 16:0, 18:0, 18:1 (in al membranes);
12:0, 18:2, 20:5, 22:6 (in synaptosomes and mito-
chondria); 14:0 (in myelin and mitochondria); 20:1
(in myelin and synaptosomes); 18:3, 20:2, 22:5 (in
synaptosomes) during seasonal variation (Table 2).
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Fig. 3. Seasona variation of the fatty acid profiles in Sh-1 and
-2 position in brain phosphatidylethanolamines of Clarias
batrachus. The open bars represent the values (mean+ SEE. of
four samples) from the winter adapted fish and the solid bars
represent the values from the summer adapted fish.
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3.3. Positional distribution of fatty acids in phos-
phatidyl-ethanolamines and -cholines

In the Sn-1 position of phosphatidyl-ethanolamine
and -choline, saturated (14:0, 16:0, 18:0) and mo-
noenoic (16:1, 18:1, 20:1) fatty acids are dominating
(particularly in summer). Polyunsaturated fatty acids
appear in this position only during the winter season.
In S-2 position almost all fatty acids are represented
(Figs. 3 and 4). In S1 position of phos
phatidylethanolamine an elevated level (P < 0.01) of
14:0, 16:0, 18:0, 20:1 is observed in summer. Adapta
tion to winter brought about an accumulation of 18:1,
16:1, 18:2 (P < 0.025) and other polyunsaturated
fatty acids in the Sn-1 position of phos-
phatidylethanolamine. In summer adapted fish, S-2
position of phosphatidylethanolamine is characterized
by significant (P < 0.25) higher level of 14:0, 16:0,
16:1, 18:2 and accompanied by low level (P < 0.05)
of 18:1, 22:2, 22:4, 22:6 (Fig. 3). The -1 position
of phosphatidylcholine of summer fish is character-
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Fig. 4. Seasona variation of the fatty acid profiles in S1-1 and
-2 position in brain phosphatidylcholines of Clarias batrachus.
For the rest of the legends refer to Fig. 3.
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Fig. 5. The effect of temperature on the cellular phospholipase
activity in the brain of Clarias batrachus. A tissue labelling
experiment with [1-**Clpalmitic acid (see Section 2) in the
presence or absence of cycloheximide. The experiment has been
conducted at 16° (open bars), and at 37°C (shaded bars) over the
control, i.e.,, a 25°C (closed bars). The plotted values are the
mean of four sets of experiment + S.E.

ized by the significant increase (P < 0.01) in 14:0,
16:0, 18:0 and significant decrease (P < 0.01) in
18:1 and the absence of polyunsaturated fatty acids.
The -2 position of phosphatidylcholine from winter
adapted fish is marked by decreased level (P < 0.025)
of in 14:0, 16:0, 18:0, 18:2, 20:2, in contrast there is
a significant increase (P < 0.05) in 18:3, 20:5, 22:2,
22:6 fatty acids (Fig. 4).

3.4. Labelling experiment with 1-*4C 16:0 and 1-°H
20:4

While the counts (DPM /mg of tissue wt.) in the
total phospholipid fraction decreased at 37°C irre-
spective of the label, there is a significant decrease
(P<0.01) in the counts at 16°C with 1-*H 20:4
(Figs. 5 and 6). No significant change in the incorpo-
ration of 1-*C 16:0 is detected in the free fatty acid
fraction at 16°C, but the counts are significantly
increased (P < 0.025) with 1-3H 20:4 labelling at
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Fig. 6. The effect of temperature on the cellular phospholipase
activity in the brain of Clarias batrachus. A tissue labelling
experiment with [1-**Clarachidonic acid in the presence or ab-
sence of cycloheximide. For rest of the legends refer to Fig. 5.

both incubation temperatures (low and high). When
0.04 pmol of cycloheximide was used in the second
incubation medium maintained at 16° and 37°C to
prevent the synthesis of any new protein, a significant
decrease (P < 0.01) in the counts of phospholipid
fraction is observed only at 37°C with 1-3*H 20:4 and
at the same time the counts in free fatty acid fraction
increase significantly (P < 0.025) at this temperature
and this particular labelling experiment (Figs. 5 and
6).

4. Discussion

DPH fluorescence polarization has been exten-
sively used to estimate membrane microviscosity
[7,12,28]. Polarization values indicate the degree of
hinderance to the rotation of the DPH probe in the
matrix of membrane and thus it is an index of
membrane rigidity or fluidity. It is quite difficult to
define precisely the membrane fluidity or micro-

viscosity mainly due to the complexity of the mem-
brane lipid bilayer structure and its association with
several protein and sugar moieties. Whatever values
are obtained from DPH fluorescence polarization, it
is the mixture of motions, ranging from isomerization
within hydrocarbon chain, to wobbling and rotational
motions of an entire lipid molecule and the lateral
diffusion within the plane of membrane matrix [29].
However, in its broadest sense in which the term is
commonly used, membrane ‘ fluidity’ encompasses a
combination of both orienta as well as dynamic
properties of the constituents of membrane lipid bi-
layer.

It is clear from Table 1 that, although the phospho-
lipid molecules are the main constituents of mem-
brane lipid bilayer, other lipid molecules, like choles-
terol and to some extent the triacylglycerol and di-
acylglycerol, may aso contribute in maintaining the
membrane physical state. The presence of triacyl-
glycerols and diacylglycerols has not been reported
so far in these types of membranes. However, the
diacylglyceral is known as an intermediate product of
biosynthesis of phospholipid molecules and it is aso
the intermediate product during the inter-conversion
of several phospholipid molecules [30]. The first step
in the synthesis of amino phospholipidsis the hydrol-
ysis of phosphatidic acid (a parent phospholipid
molecule) to diacylglycerol. Phosphatidate phospho-
hydrolase, a membrane-bound enzyme, exhibits
nearly equal specific activities in all the subcellular
fractions of rat liver [31]. Furthermore, diacylglcerol
is an important messenger during signal transduction
[32].

The Van 't Hoff plots of apparent fluidity (DPH
polarization value) for mitochondrial and myelin
membrane fractions of Clarias batrachus (Fig. 2)
indicate a trandational shift to the left of the polariza-
tion curve in summer adapted fish. This ensures the
maintenance of membrane microviscosity at the high
environmental temperature. In other words, the tropi-
cal air breathing fish, Clarias, is capable of homeo-
viscous adaptation, ‘ partial compensation’ [33] of its
brain mitochondrial and myelin membrane as re-
ported for other teleosts [10-12,34]. It isintriguing to
note that the pattern of seasonal adaptation in brain
synaptosomal membrane is very different from that
of any other brain membrane (Fig. 2). It appears that
the synaptosomal membrane fraction of this tropical
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air breathing teleost is more capable of adapting to a
higher (25— 45°C) than a lower (5-25°C) thermal
regime. This indicates an ‘ inverse compensation’ [33]
of microviscosity during the winter season. It is
noteworthy in this connection that this fish cannot
survive at temperatures below 14°C athough it is
capable of adapting to a higher temperature such as
38°C.

The observed decrease in the ratio of individual
lipid components (per unit of protein) in summer
adapted Clarias batrachus (Table 1) might be due to
the utilization of lipid molecules to meet the demand
for energy to maintaining the normal physiological
processes. The cold adaptation is characterized by
‘bio-synthetically directed metabolic reorganization’
[1] and the warm adaptation is marked by a catabolic
reorganization of the biomolecules. Although the ap-
parent concentration of cholesterol (in terms of pro-
tein) is higher in winter (Table 1) in all membranes,
the ratio of cholesterol to phospholipid shows an
inverse relation to the temperature in myelin and
mitochondrial fractions. The cholesterol is known as
‘packing’ material in the phospholipid matrix and
contributes to the ordering of the membranes. In
some membranes, like muscle mitochondria and hep-
atic microsomal membranes of carp, the cholesterol
to phospho-lipid ratio increases at higher growth
temperature [35,36], but in some other membranes,
like the brain synaptic and myelin fraction of gold
fish, this ratio does not ater at higher temperature
[10,37].

Cold adaptation of membranes is generally associ-
ated with an increase in the relative concentration of
phosphatidyl-ethanolamine and less frequently, with a
reduction in the level of phosphatidyl-choline [38].
However, in the brain membranes of Indian (tropical)
air-breathing teleost, warm adaptation resulted in an
increase in the relative concentration of
phosphatidyl-choline with no change in the concen-
tration of phosphatidyl-ethanolamine. Reduction in
the levels of sphingomyelin, lysophosphatidylcholine,
phosphatidyl-serine + -inositol were also observed
(Table 1). Warm adaptation is generally characterized
by the increase in the relative proportion of ‘cylin-
drical’-shaped lipids, having large hydrophobic sur-
face volumes. In contrast, increase in the concentra-
tion of ‘inverted cone’ or ‘wedge-shaped’ lipid
molecules with small hydrophobic surface volume

are preferred during cold adaptation. The geometry of
lipid components determines the stability and phase
composition of the membranes which in turn helpsin
understanding and interpreting the consequences of
temperature-induced alteration in membrane lipid
composition [39,40]. Conically-shaped molecules eas-
ily form non-bilayer (H,) phases and it has been
proposed that for normal membrane function a pre-
cise balance between bilayer and non-bilayer forming
lipids is required [41]. The bilayer-non-bilayer transi-
tion temperature of phospholipid molecules contain-
ing monoenoic fatty acids in Sr-1 position and a
polyunsaturated fatty acid in Sh-2 position are lower
than those containing saturated fatty acids in position
-1 [42,43].

Seasonal variation of environmental temperature
triggers the processes aimed at restructuring the exist-
ing phopholipid molecules of the membrane. Rapid
retailoring of the existing phopholipid molecules dur-
ing thermal adaptation has been reported [6,44,45].
Activation of phospholipase(s) and acyltransferase
are one of the pre-requisites for such structural reor-
ganization of the phospholipids. Activation of phos-
pholipase A, in liver microsomes of trout [27] or
phospholipase A ; in carp liver [6] during cold adapta-
tion has been reported. In the present study we have
noticed that phospholipase A, is activated at higher
growth temperature and phospholipase A , is at lower
growth temperature in the brain of Clarias (Figs. 5
and 6). However, it is interesting to note that the
liberation of [1-3H]arachidonic acid at higher growth
temperature is not blocked by the cycloheximide
(Fig. 6).

The physical parameter, like surface area and ther-
motropic phase transition temperatures, of phospho-
lipid molecules containing polyunsaturated fatty acids
are rather close [46,47]. Similar or greater changes in
fatty acid composition of synaptosoma membranes
of gold fish [10], microsoma membrane of green
sunfish [11] and total phospholipidsin liver and brain
of Channa punctatus [7,12] as well as in the present
study resulted in only a partial compensation of
membrane fluidity. It is probable that alteration of
gross fatty acid compositions is only a reflection of
changes taking place at the structural level of mem-
brane and that restructuring of the existing phospho-
lipids is more important in this context. Figs. 2 and 3
suggest that some reorganization of molecular archi-
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tecture and molecular species composition of phos-
pholipids might have occurred during seasonal adap-
tation. 1-monoenoic, 2-polyenoic molecular species
are elevated as a result of cold adaptation in trout
liver microsomes [45] in the liver and brain of fish
[6,13,48], shrimps [17].
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