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(Peters) duriag acute exposure and acclimation to sublethal
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Abstract. Freshwater fish Tilapia mossambica (Peters) were exposed to sublethal
alkaline water (pH 9'0) and the branchial protein metabolism was. studied on acute
exposure and acclimatlon. Branchial tissue had elevated structural and soluble
protein fractions on acclimation which was correlated towards the gill hypertrophy.
Proteolytic activity of the tissue was elevated on both acute exposure and acclimation. A/O ratio which forms a measure of ammonia formed per unit O~
consumption was lesser on acclimation and hence mobilization of tissue free
ammonia towards glutamine formation was suggested. The metabolic marlalations have been correlated towards the positive survival value of the lish in
alkaline waters.
Keywords. pH acclimation; branchial metabolism ; structural proteins; soluble
proteins ; glutamine ; A/O ratio.

1. Introduction

Fish encounters abnormal pH levels of freshwater due to several factors like
environmental pollution, addition of industrial effluents, hot springs, volcanic
lakes, mine drainage and geological pattern of natural changes (McKee and
Wolf 1963 ; Beamish 1972 ; Cairns et al 1972 ; Dovland et al1976 ; Oden 1976 ;
Dillon et at 1978). These pH changes affect wild fish populations in many freshwater lakes, streams and rivers (Anderson et al 1971 ; Beamish and Harvey
1972; Jensen and Snekvik 1972; Almer et at 1974 ; Schofield 1975; Karuppasamy 1979).
Studies on fish in altered pH media have been undertaken regarding tolerance
levels (Bandt 1936; Trarna 1954; Carter 1964; Jordan and Lloyd 1964 ;
Beamish 1972; Daye and Garside 1975), O2 consumption (Packer and Dunson
1972; Krishna Murthy et at 1980) survival and development of embryos and
histopathological changes of tissues (Daye and Garside 1976, 1980a, b) and physiological aspects (Packer and Dunson 1970, 1972; Lievestad and Muniz 1976).
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However there has been little information on tissue metabolism of fish exposed.
and acclimated to alkaline media. Our previous studies revealed that the pHs
10·5 and 3·5 were lethal limits to the fish Tilapia mossambica (Krishna Murthy
et at 1980) and tissue metabolism was drastically altered (Bhaskara Haranath
et at 1978).
The animals develop compensatory changes in tissue metabolism under stress
conditions (Precht 1958 ; Kanungo and Prosser 1959; Das and Prosser 1967;
Govindappa and Rajabai 1976). Hence it was felt desirable to understand the
possible tissue metabolic modulations during acute exposure and acclimation to
sublethal alkaline waters. Since the branchial tissue participates in immediate
ionic regulations, it will be worthwhile to study the metabolic changes of this
tissue under induced alkaline stress.
2. Materials and methods
Freshwater fish, T. mossambica (Peters) of 10 ± 1 g weight, were acclimatized
in glass aquaria with flowing dechlorinated water to the laboratory conditions
(25 0 C, pH 7·0 ± 0·2; and light period of 12 hr). The fish were fed with formulated diet of commercial fish pellets. The test fish were exposed to extreme sublethal alkaline pH medium (pH 9) which was prepared by adding 10-1 N NaOH
as suggested by Krishna Murthy et at (1980) and the pH was checked with pH
meter (Elico model LI-lO Hyd.).
The fish were divided into three groups. viz., controls, acute exposed and acclimated. The control fish was maintained in normal tap water at pH 7 ± 0·2
and the second and third groups of fish were exposed to pH 9 ± 0·1 for one day
(acute exposed) and for 15 days (acclimated) (Krishna Murthy et al 1980). The
fish were sacrificed separately, the gill was isolated, rapidly chilled and employed
for biochemical analysis.
Total, soluble and structural proteins were estimated by the method of Lowry
et at (1951) and protease activity (neutral) and free amino acid levels by the
method of Moore and Stein (1954). The rate of tissue respiration was measured
using the conventional Warburg constant volume respirometric apparatus (Umbreit
et at 1959). Glutamate dehydrogenase (B.C. 1· 4·1. 3) activity was estimated by
the method of Lee and Lardy (1965) as modified by Reddanna and Govindappa
(1979). Free ammonia, urea and glutamine levels were estimated by the methods
described by Bergmeyer (1965), Natelson (1971) and Colowick and Kaplon
(1957) respectively. A/a ratios were calculated by dividing free ammonia
contents with tissue O2 consumption.
3. Results
Data are presented in tables 1 and 2. On acute exposure to sublethal alkaline
medium the branchial tissue had depleted total protein (TP) content (table 1).
The soluble protein (SP) fraction was considerably elevated while structural
protein (StP) was depleted. Protease activity was highly elevated with significant
increase in free amino acid content. The ratios of soluble proteins to structural
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Table 1. Levels of total, soluble and structural proteins, free amino acid content,
protease activtty and ratios of SP/TP. StP/TP, SPjStP in the branchial tissue of
control, acute exposed and acclimated fish.

Parameter (mg/gJ wet wt) Control

Total proteins (TP)

94' so
±8'21
-11'24
P <0-001

Soluble proteins (SP)

32'15
±2-85

83'97
±6'4
~17'92

43'10
±3-84

62'45
±4'86
- 31-56
P <0-001

Protease p.mol
tyrosine/mg
protcin/hr

0-0064
±0-00071

Free amino acids

17-91
±1-84

40'87
±4'21

SP/StP

69'43
±5'62
+11-18
P <0-01

0-039
±0-0028
+509'4
P <0-001

0-024
±0'G016
+275
P <0-001

25-2
±2-32

0- 311{)

34'65
±3'85
+92-91
P <0'001

O·5]
+50'20

StP/TP

42'12
±4'18
+31-01
P <0-001

+40-93
P <0-001

SPjTP

111' 55
±8'95
P <0-001

+34'06
P <0'001

Structural proteins (St?)

Acclimated

Acute exposed

0'66

0'49
-25'86

o- 515

0'38
+18'81

-

0'62
6'09

1'055
+105'28

+]7'74

0'606

The values are mean of 6 observations ; Mean ± S.D.; + and - indicate per cent increase
and decrease respectively on the control values. P denotes statistical significance.

proteins (SP/StP) and soluble proteins to total proteins (SP/TP) were higher and
StP/TP was lesser than controls. The tissue oxygen consumption was considerably
high (table 2). A/a ratio was slightly lesser and GDH activity was highly inhibited. Free ammonia and urea contents had non-significant changes while
glutamine content was depleted. However, on acclimation, the levels of total,
soluble and structural proteins were significantly elevated. Tissue protease was
activated and free amino acid content WaS elevated. The SP/TP and SP/StP
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Table 2. Levels of O 2 consumption, ammonia/O, ratio, glutamate dehydrogenase,
free ammonia, urea and glutamine and ratios of urea/ammonia, glutamine/
ammonia in the branchial tissue of control, acute exposed and acclimated fish.

Parameter

Tissue oxygen
consumption
~ 1 of 02/g.wt.fhr
A/O r..tio

Control

309'15
±25'12

397'96
±29'85

0'0082

0'0077

0'')29
±O'OOI

0-012
±0'(01

2'55
±0'35

4'15
±O'18

Glutamine
I-' moles/g, wt,

113'83
±10'25

Urea/Ammonia
Glutamine/Ammonia

0'033
±0'Q02
+13'79
p<O'OOl
3'11
±0'34

2'65
±0'28
+21'%
p<O'OI

+ 3'94
NS

Urea
JL moles/g, wt,

0'('055
- 32·gS

6'1

-58'62
P <0'001

Free ammonia
I-' moles/g. wt.

324'05
±26'52
+ 4'82
NS

+28'73
P <0'001
-

GDH
f.I. lIlole of formazanj
mg protein/hr

Acclimated

Acute exposed

4'11
±0'25
1'44
NS
96'57
±2'19
- 8'83
P <0'00]

2'81
±0'14
- 25'86
P <0'001
134'24
±13']2
+26'74
P <0'0]

l ' 612

1'486

-39'33

+ 8'51
44-64

43']6

37'87
-15'23

0'904

-

3'33

Each value i5 mean of 6 observations; Moan ± S.D.; + and - indicate per cent increase
and decrease respectively from controls. P denotes statistical significance and 'NS' is nonsigniflcent.

ratios were considerably higher while that of StP/TP were lower than controls.
Tissue oxygen consumption had non-significant change with low A/a ratio as
compared to control. GDH activity level was elevated. While the free ammonia
and glutamine levels were significantly increased, urea content was depleted,
The ~rea/ammonia ratio was considerably lesser than the control value!
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4. Discussion

The branchial protein metabolism showed differential pattern during acute
exposure and acclimation to sublethal alkaline waters.
Acute exposure of fish to sublethal alkaline waters depleted total protein content
of the gill. In view of highly elevated protease activity, depleted protein content
in the tissue can be envisaged. However, soluble protein fraction was elevated
while the structural protein fraction was depleted, suggesting possible alterations
in the solubility properties of the proteins in the tissue. Higher SP/TP and SPI
StP ratios indicate that the soluble protein fraction was elevated, probably a
prerequisite for proteolysis in the tissue. Consequently, the structural proteins
of the tissue depleted suggesting proteolysis at structural level of organization of
gill. These observations agree with earlier reports where high tissue proteolysis
was recorded in liver and muscles of fish exposed to alkaline waters (Bhaskara
Haranath et al 1978) and histopathological changes in tissues of fish exposed to
extreme pH of the medium (Daye and Garside 1976). Since protease activity was
high, the tissue free amino acid content increased considerably. The oxygen
consumption was elevated with lesser A/a ratio suggesting possible suppression
of oxidations of protein components in the tissue. In view of the highly inhibited GDH activity, which forms an index of amino acid oxidations, the decreased
mobilization of amino acids into oxidations can be envisaged. Consequently,
free ammonia and urea levels had non-significant change from the controls.
However, on acclimation the branchial total protein content was significantly
elevated suggesting the onset of either enhanced protein biosynthetic mechanisms,
or decreased proteolysis in the tissue. Since protease activity was also elevated,
increased protein content might be due to stepped-up protein biosynthesis, with
active turnover of tissue protein". In the light of widely reported mucification
and hypertrophy of the branchial tissue in altered pH media (Daye and Garside
1980b) active protein synthesis can be visualised. Since both soluble and structural
protein fractions were elevated, accumulation of proteins at structural and dynamic
levels of organization of gill can be expected. Free amino acid content was
elevated, which may be due to increased proteolysis.
Tissue oxygen consumption had non-singificant change, while A/a ratio was
far lower than the control, suggesting lesser. mobilization of protein components
into oxidations or mobilization of ammonia into other components. However,
GDH activity was considerably elevated indicating the involvement of amino
acids in oxidative reactions. Free ammonia content was increased due to high
oxidative deamination reactions in the tissue. Glutamine content was considerably
high with decrease in urea, suggesting the mobilization of tissue ammonia towards
the formation of glutamine, which may be responsible fOF the lower A/a ratio.
In general it can be concluded that the branchial tissue, on acclimation in sublethal alkaline waters, accumulates proteins leading to hypertrophy of the tissue
which might provide positive survival value for the fish in imposed alkaline stress.
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