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Specific proteolytic enzyme activity and ultrastructure
of the anterior part of the intestine of Catla catla lar-
vae were studied during ontogenesis. Specific prote-
olytic activity of larvae cultured under three feeding
schemes of live-food, refrigerated-plankton food and
starvation showed that the enzyme activity increased
along with age regardless of feeding conditions. There
was no significant difference in enzyme activity between
larvae fed live-plankton and refrigerated-plankton
during the initial 9 days, but it became significantly
(P <0.001) higher in the former than the latter from
day-10 onwards. Highest activity was observed in the
26-day larvae of live-food treatment (0.987 + 0.02 mg
of tyrosine/mg of protein/h). In the starvation treat-
ment, activity was significantly lower throughout the
culture period. Ultrastructure study of the digestive
system also supported the results of quantitative esti-
mation. Microvilli, microfilament bundles and secre-
tory granules showed progressive changes along with
age. Age-related changes in the diversity and quantity
of digestive enzymes appear to represent evolutionary
adaptations to the different natural diets and nutri-
tional requirements of distinct life-history stages.

THE digestive system and its physiological consequence
in fish larvae seems to be a key parameter to understand
basic aspects of larval nutrition. A comprehensive ana-
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lysis of ontogenetic changes occurring during the early
life stages of fish is essential for the design of adequate
larval rearing and feeding strategies and for the formu-
lation of dry diets'. Information on the relative digestive
enzyme activities during early ontogenesis should ensure
that the fish culturist develops proper feeding strategies
for a particular species. It is known that age and/or stage
of development significantly influences the digestive
enzyme activity in different species® *.

Indian major carp, Catla catla (catla) is the most imp-
ortant commercial fish in India. It has a high market
demand. High larval mortality of this species under nur-
sery conditions is the result of its dependence on live-
food”!. The intestinal tract of fish larvae is much more
simply organized and shorter than that of the adults'’.
This may explain the generally carnivorous feeding habit
of fish larvae, even those of herbivorous species’.

Although several descriptive reports are available on
the morphology and anatomy of the digestive system of
adult Indian major carps'®* ', little work'>'® has been
done on the early ontogenetic changes of the digestive
enzymes of Indian major carp larvae and no work has
been reported on their ultrastructure till now. The aims of
the present investigation were quantitative estimation of
proteolytic enzyme in the digestive system and the ultra-
structure study of the anterior part of the intestine of
Catla catla along with ontogenetic development.

Catla larvae (3-days post hatch) were procured from a
fish farm having induced breeding facility. Larvae were
cultured (500/151 aquarium) under closed recirculating
system for 26 days. The average standard length and
weight of 4-day-post hatch larvae were 6.3 + 0.21 mm and
0.79 + 0.01 mg, respectively. Larvae were cultured under
three different feeding schemes of (1) exogenous intro-
duction of live-food, (2) exogenous introduction of refri-
gerated-plankton food and (3) starvation. Three replicates
were maintained for each feeding scheme. Qualitative
estimation of plankton showed the dominance of Cerio-
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daphnia spp. (90%) followed by Moina spp. (5%), Brachi-
onus spp. (4%) and very little amount of phytoplankton.
In the first group, live-food was directly given into the
fish culture unit, whereas in the second group, live-
plankton was kept in the refrigerator for 12 h at 4°C and
then it was distributed in tanks. In the third group, no food
was given to the larvae.

Temperature and pH of water ranged from 25.5 to
27.0°C and 7.87 to 8.0, respectively, throughout the cul-
ture period. Dissolved oxygen level was maintained above
5 mg/1 with the help of aerators.

Proteolytic enzyme activity was measured from 5-day-
post hatch larvae and was continued until 26-days post
hatch, except the starvation group where total mortality
was noticed at 17-days post hatch. Larvae were sampled
at 08.00 h before morning feeding. Dissections under
microscope were conducted on a glass plate maintained at
0°C. Digestive tracts of 10 larvae formed a group and
three replicates were used for each feeding treatment.
Digestive tracts were homogenized in 5 volumes (v/w) of
ice-cold distilled water and were centrifuged at 4°C at
10,000 x g. The supernatants were taken for analysis.

Proteolytic enzyme activity was measured using de-
natured casein (1%) substrate'”'®. The reaction mixture
consisted of 1 ml of substrate solution, 1 ml of 0.1 M
phosphate buffer (pH 7.6), 1 ml of calcium chloride and
1 ml of crude enzyme extract. Digestion was stopped after
1 h of incubation with 3 ml 5% TCA solution. After
10 min, the precipitate was removed by centrifugation and
one portion of the supernatant was mixed with 5 ml of
Lowry reagent. The mixture was stained with diluted Fo-
lin—Ciocalteu reagent and optical density was measured at
650 nm. The results were calculated from a standard
curve in mg tyrosine. Protein was estimated by a standard
method'®. The results are given in mg of liberated tyrosine
per mg of dissolved protein per h at 37°C as the specific
activity.

Results of proteolytic activity were given as means
+ SEM (replicates-3, each replicate composed of 10 lar-
vae) and were analysed by one-way ANOVA. The level of
significance was accepted at P < 0.05.

For transmission electron microscopy (TEM), larvae
fed with live-food were sacrificed on day 8, 10, 17 and
27. Alimentary canals of fish larvae were fixed in 2.5%
glutaraldehyde in 0.1 M phosphate buffer for 3 to 4 h,
then postfixed in 1% OsO, for 1 h. They were then de-
hydrated in graded acetone series and were embedded in
araldite. Ultrathin sections (60 to 90 nm) were stained
with uranyl acetate and lead citrate and observed with a
Philips EM 300TEM.

Specific proteolytic activity of 5-day-post hatch catla
larvae fed with live-food was 0.022 + 0.002 mg of tyro-
sine/mg of protein/h. Specific enzyme activity increased
along with age (Figure 1). The rate of increase was not
higher (0.022 + 0.002 to 0.03 + 0.005 mg of tyrosine/mg
of protein/h) during S5th to 9th-day growing period,
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whereas it doubled (0.065 + 0.003 mg of tyrosine/mg of
protein/h) on day-10. There was a 10-fold increase in
proteolytic enzyme activity in 17-day-old larvae (0.306
+0.02 mg of tyrosine mg of protein/h) than 8-day-old
larvae (0.03 +0.005 mg of tyrosine/mg of protein/h).
Highest specific activity (0.987 + 0.02 mg of tyrosine
mg of protein/h) was observed on day-26 of larval rearing.

Specific proteolytic activity of larvae fed with refri-
gerated-plankton also increased along with age. Maximum
activity was observed on day-26 (0.430+0.01 mg of
tyrosine/mg of protein/h). Though there was no significant
difference in enzyme activity between larvae fed with
live-plankton and refrigerated-plankton until 9-day-post
hatch, it became significantly (£ < 0.001) higher in the
former than in the latter from day-10 onwards.

Specific proteolytic activity in starved larvae was
significantly lower (P <0.001) than those of the other
two feeding treatments from the beginning of the study
(Figurel). Enzyme activity in starved larvae also increased
along with ontogenetic development. In the starved group,
the rate of increase from day-5 (0.008 + 0.002 mg of tyro-
sine/mg of protein/h) to day-17 (0.023 +£0.005 mg of
tyrosine/mg of protein/h) was only 3-fold, whereas during
this period the rate of increments were 8-fold and 11-fold
in refrigerated-plankton and live-plankton fed larvae, res-
pectively.

The ultrastructural study of the anterior part of
the intestine also supported the results of the quantitative
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Figure 1. Ontogenic changes in proteolytic enzyme activity during 26

days culture period of Catla catla larvae.
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