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Abstract

Distribution of retinal specific esterases were studied in 13 freshwater fish species
belong-ing to the orders Siluriformes, Channiformes, Atheriniformes and Perciformes by thin
layer poly-acrylamide gel electrophoresis. The inhibitor sensitivity of the enzymes towards
paraoxon, pCMB and eserine was used to classify the individual zones of esterases.



Introduction

Retina of teleostean fishes has attracted the attention of comparative bio-
chemists and geneticists because of the presence of a unique
lactatedhydrogenase isozyme, the C4-isozyme (Markert et al. 1975; Whitt 1984;
Rao et al. 1989). On a comparative basis, studies on distribution of other en-
zymes, especially of esterases, in this tissue are scanty. Esterases are a com-
plex group of enzymes catalyzing the hydrolysis of carboxylic acid esters.
These enzymes are ubiquitous in nature and are thought to be products of
several polymorphic loci (Masters and Holmes 1975). Epigenetic modifications
introduce further complexity to the multiple forms of these enzymes (Bellen et
al. 1984). Within the fish groups, the enzymes have been used to characterize
the tissue-specific and species-specific variations existing in enzyme forms
(Holmes et al. 1968; Metcalf et al. 1972; Hart and Cook 1976; Verma and
Frankel 1980; Haritos and Salamastrakis 1982; Reddy and Lakshimpathi 1988;
Lakshimpathi and Reddy 1989). Most of these studies were made on tissues
such as liver, intestine, skeletal muscle and brain. Few reports are available on
the esterase patterns of whole homogenates of the eyes of fish. Ahuja et al.
(1977) compared the esterase patterns of two xiphophorine fish species.
Shaklee et al. (1974), Champion and Whitt (1976), and Hart and Cook (1977)
compared the esterase patterns of developing embryos with those of adult tis-
sues. Eye was one of the tissues examined by these authors. None of these
studies were made on isolated retinas. Results obtained on the electrophoretic
patterns of esterases of isolated retinas of 13 freshwater fish species belonging
to four different orders are presented in this paper.
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Materials and Methods

Fish were collected from ponds located within a radius of 40 km of
Kakatiya University, Warangal, India. The fish were immobilized on ice, their
eyeballs were cut open on ice-jacketed petri dishes, and the retinal layer along
with the pigment epithelium was carefully removed. Retinas isolated from at
least 10 eyeballs were blotted free of the attached fluids, weighed quickly to
the nearest milligram, and homogenized (10%) in 0.01 M Tris-HCI buffer (pH
7.5), vortexed for one minute and centrifuged at 2,000 rpm in a clinical centri-
fuge at room temperature (30 + 2°C). The supernatants were mixed with
equal volumes of 20% sucrose containing 0.01% bromophenol blue as the
tracking dye. Esterase patterns were separated on thin layer (1.5 mm thick)
polyacrylamide gels (7.5%, 14 x 14 cm). The gel mixture was prepared accord-
ing to the procedures of Clarke (1964). Gelling was allowed for 45 minutes and
the samples were loaded directly onto the separating gel, overlaid with elec-
trode buffer, and the gel plates were connected to the electrophoretic tank.
Tris (0.05 M) glycine {0.38 M) buffer (pH 8.3) was used as the gel buffer. The
same buffer diluted (1:9) with distilled water was used as the electrode buffer.
A constant current of 20 mA for the first 15 minutes, followed by 40 mA for the
rest of the run was supplied during electrophoresis. The electrophoretic run
was terminated when the {racking dye reached a distance of 12 cm from the
origin. Esterases were visualized on the gels by adopting the staining proce-
dures of Holmes and Masters (1967) and as described by Lakshmipathi and
Reddy (1989). Physostigmine (104 M) pCMB (para chloromercuribenzoate 103
M) and paradxon (0,0 diethyl-[4-nitrophenyl] phosphate, 2 x 107 M) were used
for inhibitor sensitivity studies. The gels were preincubated in the buffer con-
taining the above concentrations of inhibitors for half an hour, then they were
stained for esterase activity with 1-naphthyl acetate as the substrate. The inhibi-
tors in concentrations that were used for preincubation were added to the
stain buffer to prevent reversal of inhibitory action of the compounds.

Results

Results obtained on the electrophoretic patterns of esterases are pre-
sented in Fig. 1. The relative mobilities of individual esterase zones and their
classification is given in Table 1. Naphthyl-1-acetate was used as a substrate to
score the activity of non-specific esterases on gels, Based on the sensitivity of
individual zones towards the inhibitors, paraoxon, pCMB and physostigmine,
these non-specific esterases were further classified. Zones which were inhib-
ited by paraoxon were classified as caboxylesterases (CE), zones inhibited by
paraoxon and physostigmine were classified as choline esterases {ChE), zones
inhibited by all the three inhibitors were (CHsp) choline esterase-like enzymes,
and esterases ER were the zones which were not affected by any of the three
inhibitors. A detailed method of classification of esterases in fishes was given
in earlier studies from this laboratory {(Reddy and Lakshmipathi 1988;
Lakshmipathi and Reddy 1989, 1990).
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Fig. L. Esterase patterns of retinal tissue of 13 freshwater fishes.

Siluriformes: 1. Mystus vittatus, 2. Clarias bairachus, 3. Heteropneustes fossilis.

Atheriniformes: 4. Strongylura strongylura

Channiformes: 5. Channa maruiius, 6. Channa orientalis, 7. Channa punctatus,
8. Channa striatus

Perciformes: 9. Chanda nama, 10. Etroplus maculatus, 11, Oreocfromis
rmossambicus, 12. Glossogobius giuris and 13. Coiisa fasciatus.

0=0rigin, + = Anode, ¥ = Direction of current flow

A summary of the results presented in Fig. 1 and Table 1 indicate that,
except for Channa striatus which had only one zone and Colisa fasciata which
had four zones, fishes belonging to Siluriformes, Atheriniformes and
Channiformes had two zones, and those of Perciformes had three zones.
Oreochromis, the tilapia, had only two zones among the Perciforrns. Electro-
phoretic mobilities of the zones indicate that fishes belonging to Channiformes
had fast-moving zones (Rm > 0.54) while those of Siluriformes had slow-mov-
ing zones (Rm 0.27-0.47). Fishes belonging to Perciformes and Atheriniformes
had zones of intermediate mobilities (Rm 0.32-0.54). Among the types of es-
terases found in different fishes, carboxylesterases are the predominant en-
zymes in almost all the fishes examined. These enzymes were not noticed in
one fish, Heferopneustes fossilis. Cholinesterase (ChE) and cholinesterase-like
enzymes were noticed in Channiformes, Siluriformes and in two fishes,
Glassogobius and Colisa of Perciformes. Carboxylesterases are the only en-
zymes found in Strongylura and in three of the five fishes of Perciformes. ER
esterases were noticed in two of the three species, Mystus and Heteropneustes
of Siluriformes. Comparative study of the distribution of individual zones indi-
cates that there is not a single zone found common in all the fishes. Within in-
dividual groups, Perciformes exhibited one zone (Rm 0.38) which had similar
electrophoretic mobility in four of the five species. Since it was inhibited by the
organophosphate compound (Paraoxon), it is a carboxylesterase in all the four
fishes. Similarly, one zone (Rmn 0.73) exhibited the same electrophoretic mobhil-
ity in three species of Channiformes, but in Channa marulius, the zone was
weak and disappeared in the presence of all the inhibitors. In C. punctatus and
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C. orientalis, the zone is a carboxylesterase. None of the zones were found to
be common in the fishes belonging to Siluriformes. The patterns presented
indicate that the fast-moving zones in Channiformes distinguish the group from
others. Similarly, the presence of three zones of intermediate mobility and the
presence of carboxylesterases distinguish Perciformes from other groups.
Among the Perciformes fishes, only Colisa exhibits variation from others in
having four zones on the zymogram, three of which are Cholinesterase-like en-
zymes. Glossogobius is the only other fish which exhibited the presence of
slow-moving cholinesterase.

Discussion

Earlier reports on eye-specific esterases in adults (Ahuja et al. 1977) as
well as in embryos of fishes (Shaklee et al. 1974; Champion and Whitt 1976;
Hart and Cook 1977) indicate the presence of two to three zones of esterases
on the electrophoretic zymogram. Only carboxylesterases were reported in the
eyes of xiphophorine fishes (Ahuja et al. 1977). Hart and Cook (1977), how-
ever, reported the presence of a cholinesterase during the differentiation of
retinal epithelium in Brachydanio species. Eye-specific esterases found in adult
fish of Erimyzon sucetta (Shaklee et al. 1974) and Lepomis cyanellus (Cham-
pion and Whitt 1976) were reported to appear in the homogenates of embryos
during the differentiation of retinal epithelium. Our studies on the isolated reti-
nas of fishes have indicated the presence of one to four zones of esterases on
electrophoretic zymogram. The arrangement of the fishes in different groups
presented in Table 1 is in accordance with the scheme adopted by Jayaram
(1981). There seems to be some difference of opinion in the systematic posi-
tions of Channiformes, Atheriniformes and Perciformes. Jayaram followed the
classification of Greenwood et al. (1966) in arranging Channiformes as a sepa-
rate order between Gasterosteiformes and Synbranchiformes considering them
as Preperciformes. Nelson (1984) placed Channiformes as one of the subor-
ders of Preperciformes, Channoidei. The five fishes studied under Perciformes
in the present investigation were grouped into three separate suborders.
Chanda nama, Etroplus maculatus and Oreochromis mossambicus were
placed under suborder percoidei. Glossogobius was placed in suborder
Goboidei, and Colisa was placed in suborder Anabontoidei. Anabontoidei along
with Channiformes were considered to be the early offshoots of Perciformes.
Strongylura was placed under order Atheriniformes and super order
Atherinomorpha, which was given the rank equal to that of Acanthopterygii by
Greenwood et al. (1966). Nelson (1984) followed the classification of Rosen
and Patterson (1969) in arranging Atherinomorpha as one of the series under
superorder Acanthopterygii. The pattern of esterases of the five Perciformes
fishes indicates that the three placed under suborder Percoidei exhibit similari-
ties in having zones, which are all carboxylesterases and have intermediate
mobilities. Similar patterns were noticed in Strongylura. Presence of a slow-
moving cholinesterase in Glossogobius distinguishes this fish from other
Perciformes. Colisa exhibits a distinct pattern in having two cholinesterases
and one CHsp esterase and one carboxylesterase. With the exception of
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Channa striatus, which has only one zone of carboxylesterase in its retina, all
other fishes in Channiformes had one zone of Cholinesterase. The fishes are
distinct in having fast-moving zones. The esterase patterns of the fishes exam-
ined alone are insufficient to comment upon their taxonomic divisions. A de-
tailed survey on the genetic polymorphisms of these enzymes vis-a-vis studies
on other enzyme loci are required to present a credible discussion on the
taxonomic positions of these fishes. Nevertheless, the enzyme patterns indi-
cated broad similarities in fishes arranged in specific groups and differed from
the patterns of fishes whose taxonomic position is under debate.

The exact physiological roles of esterases and the natural substrates uti-
lized by these enzymes in different tissues are not clearly understood. Within
retinal tissue, retinols deesterified from their esters are oxidized and are bound
to species-specific opsins (Wald 1967; Tsin and Santos 1985). Upon exposure to
light, retinols are released from opsins and are reesterified and stored in pig-
ment epithelium (Tsin 1986). Retinyl esters, thus, play a vital role in the bio-
chemistry of vision. It can be suggested that esterases may have an important
role in the hydrolysis and storage of retinylesters. The cyclic GMP phosphodi-
esterase was shown to be extractable in low ionic strength media and plays
an important role in visual excitation of retina (Chabre 1985). Rod outer seg-
ment contains several proteins, interacting and participating in the visual cycle
(Chabre 1985). These proteins include the transducins, kinases, rim-proteins
and enzymes. Several non-enzymatic proteins like egasyn (Medda and Swank
1985), metmyoglobins (Breslow and Gurd 1962) and lipoproteins (Kaminisky
and Dubois 1972; Whitmore and Gilbert 1972) are reported to be involved in
esterolytic activity. It is possible that some of the membrane proteins present in
rod cells may be involved in esterolytic activity. Esterification of retinols liber-
ated from rhodopsins on photoexcitation was demonstrated to take place in
the pigment epithelium (Tsin 1986).
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