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ABSTRACT 

1. Carbonic anhydrase in the gills of the freshwater teleost, 
Etroplus raaculatus, was demonstrated to be influenced by transfer of the 
animal to saline media. 

2. Sudden and direct exposure of the fish to saline media resulted 
in a decrease of the enzyme activity. 

3. The enzyme activity was reduced gradually with progressive 
increase of the salinity after two months acclimation of the fish in the 
medium. 

4. It was concluded that reduced carbonic anhydrase activity of the 
gill on acclimation to higher salinities, is associated with CI- uptake but 
not Cl- excretion. 

INTRODUCTION 

TH~ occurrence of carbonic anhydrase in teleostean gill was demonstrated 
several times (Van Goor, 1948, review; Jozuka, 1967; Maren, 1967, review) 
and the physiological processes of gas exchange and electrolyte transport 
have been shown to depend on the activity of this enzyme (Maren, 1967, 
review). HCO3- CI- exchange was suggested to be the mechani.~m ope- 
rating chloride transport in teleost gill (Maetz and Garcia Romeu, 1964). 
In the present investigation carbonic anhydrase activity was measured in 
the gill epithelium of the euryhaline fish Etroplus maculatus, adapted to 
different salinities with the hope that it might throw some light on the 
possible relationship between the carbonic anhydrase activity and the 
chloride regulation. 
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MATERIAL AND ME'IHODS 
1. Animal 

The fish, Etroplus maculatus, were purchased from the State Fisheries 
Department, Tirupati, Andhra Pradesh and stocked in laboratory aquaria. 
They are fed daily with Hydrilla plant, boiled rice and bits of earthworm. 

2. Acclimation 
The fish were transferred to different salinities in two different ways. 

Experiment (1): The fish were upgraded through different salinities by 
keeping them for 1 hr. in each salinity. The mortality was high when the 
fish were brought to 100~ sea-water. Experiment (2): The fish were brought 
to higher salinities through intermediate salinities. They were kept for one 
week in each of intermediate salinities before they were transfered to the 
reported salinity. They were adapted to the reported medium for two 
months under normal condition of feeding. 

3. Enzyme Assay 
The carbonic anhydrase in the gills (100 mg wet weight) was purified 

by the method of Roughton and Booth (1946) and its activity was deter- 
mined by the veronal indicator method of Roughton and Booth as described 
by Waygood (1955). 

The enzyme was assayed in six different animals and the results were 
found to be consistent. 

4. Chloride Determination 
The chlorides in the medium and the blood of fish were titrated against 

standard Silver Nitrate potentiometrically, using Gallenkamp electro- 
metric microtitration apparatus. The blood was collected from the dis.. 
s~.cted fish with a heparinized glass capillary, through heart puncture. The 
blood from 3-4 specimens was pooled for the determination. All the dilu- 
tions of sea-water were made with tap-water, with sea-water of salinity of 
32"31~o. 

RESULTS 

The results of the first experiment were summarised in Table I. It is 
evident from the table that carbonic anhydrase activity is related to the 
chloride gradient. The enzyme activity decreased to about 1/3rd of the 
normal in redistilled-water medium. But it showed a 21~ increase in 25% 
sea-water which may be a result of  sudden exposure of the animal to a 
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new environment. This increase may be attributed to an overshoot res- 
ponse (Grainger, 1958). Transfer to other salinities resulted in the reduc- 
tion of the enzyme activity. The mode of transfer did not alter the 
blood chloride levels. 

The results of the second experiment were given in Table II. As is 
evident from this, the acclimation to higher salinities for two months 
brought a gradual decrease in the carbonic anhydrase activity of the gills. 
A maximum activity was recorded in freshwater medium and the minimum 
in full-strength sea-water. The blood chloride content was not altered by 
the medium of acclimation. 

D~SCUSSrON 

It has been shown by Pampapathi Rao (1958) that the freshwater 
teleost, Etroplus maculatus, can-tolerate transfer into undiluted and even 
concentrated sea-water without any apparent deleterious effects. The fish 
has a blood chloride concentration of 294 mM/L in its natural medium 
of freshwater which is quite high when compared to other freshwater fishes. 
Probably, this high concentration of the chlorides of blocd and tissues may 
be contributing to the eurysalinity of this fish (Parvatheswara Rao, 1965). 
Virabhadrachari (1961) demonstrated the "Chloride Cells" in the gills of 
E. maculatus adapted to sea-water and suggested that the gill is the extra- 
renal pathway of chloride excretion. He also suggested a reversal of 
physiological polarity of these "Chloride Cells" of the fish in freshwater, 
during acclimation to hyper-osmotic media. 

It was shown that the freshwater teleost takes up CI-/Na+ indepen- 
dently and these ions are exchanged with HCO3-/NH~ respectively (Krogh, 
1939; Garcia Romeu and Maetz, 1964; Maetz and Garcia Romeu, 1964). 
Flemister (1959) reported similar ion exchange mechanism in the gills of 
the crab, Ocypode albicans. Carbonic anhydrase activity is the incumbent 
of this ion exchange (Maetz and Garcia Romeu, 1964; Maren, 1967). 
Carbonic anhydrase inhibition produces significant plasma-chloride increase 
in the marine fish, Serranus (M'aetz, 1953) and a decrease in the fresh- 
water Perca (Maetz, 1956). 

The results of the present investigation (Table I) show that carbonic 
anhydrase activity is higher in the media when active chloride uptake is 
necessary. On sudden transfer t o  the 50~ sea-water which is nearly iso- 
ionic, there is nearly 49~ inhibition of carbonic anhydrase activity which 
is maintained still at relatively higher level in 75~ sea-water (i.e., 53~) and 
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in fall-strength sea-water (i.e., 57%). The low enzyme activity in distilled 
water may probably due to  the adverse effects. 

TABLE I 

Carbonic anhydrase activity in the gill o f  Etroplus maculatus subjected to 
sudden salinity stress for one hour 

Medium of stress 
Rate of enzymic C1- gradient % activity 

hydration of (blood ehl.-medium of 
CO~ (M/l/see.) chl.) raM/1 F.W. 

1. Distilled water .. 1.073 x 10 -5 +294 35 

2. Freshwater . .  3.04 x 10- ~ +280 100 

3. 25% sea-water . .  3.66 ×10 -6 +155 120 

4. 50% Sea-water .. 1.58 x l 0  -5 ÷ 30 51 

5. 75% Sea-water .. 1.45 × 10 -5 -- 95 47 

6. Full-strength sea-water 1.303 x 10 -5 --220 43 

Prolonged sojourn in different salinities (Table II) elicits essentially 
a similar kind of  response in the enzyme activity, in that the carbonic an- 

TABLE II 

Carbonic anhydrase activity in the gill o f  Etroplus maculatus on acclimation 
to different salinities for two months 

Chloride Rate of enzymic 
Medium of gradient hydration of % activity 
acclimation (blood chl.- carbon dioxide of 

medium chl.) (M/l/see.) F.W. 

1. Freshwater .. +280 3.04x 10- b 100 

2. 25% Sea-water .. + 155 2" 55 x 10 -5 84 

3. 50% Sea-water .. + 30 2.30x 10- s 76 

4. 7-5e/, Sea-water .. -- 95 1-94× 10 ~ 64 

5. 100~, Sea-water . .  --220 1.65x10 -6 55 
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hydrase activity decreases with progressive increase in salt concentrations of 
the acclimation media. The decrease is gradual and the enzyme activity 
in different salinities was observed to be slightly higher than those of the 
values obtained (Table I) on sudden direct transfer. 

The results (Tables I and II) clearly show that there exists a close 
relationship between the chloride balance and carbonic anhydrase activity• 
The higher enzyme activity in freshwater and 25~ sea,water appears to 
be linked to the chloride uptake mechanism. In higher salinities (75~ and 
100~o sea-water), which are hyper-ionic to the fish, it is the chloride exclu- 
sion that is more important and the lack of chloride uptake is reflected by 
the low enzyme activity. The low enzyme activity in higher salinities also 
indicates that carbonic anhydrasc activity is not related to the mechanism 
of chloride exclusion; but only associated with the chloride uptake. 
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