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Abstract

Exceptional thermal stability of parvalbumins has been employed to follow the ontogeny of
parvalbumin isoforms in air-breathing catfish H. fossilis. Out of three isoforms separable by
polyacrylamide gel electrophoresis, isoform 11l occurs ubiquitously from unfertilized ova to adult-
hood. Expression of isoform Il coincides with the appearance of somites, whereas isoform | that
occurs in trace amounts is detectable only after the formation of a sufficient number of somites
and their persistent contraction after hatching. The results thus suggest that isoforms | and Il
are exclusively skeletal muscle parvalbumins.

Introduction

Parvalbumin, one of the calcium-binding proteins, is abundant in the
skeletal muscle of lower vertebrates including fishes (Gerday 1988) and con-
sidered homologous to light chains of myosin (Collins 1976). Published evi-
dence indicates that multiplicity of parvalbumin isoforms as a biochemical
genetic marker may prove valuable in fish resource management. For in-
stance, polychromic species of genus Symphodus were sorted out with the
help of parvalbumin isotypes (Focant et al. 1990), and cichlid species could
be biochemically identified at the species level (Focant et al. 1994). Simi-
larly, subspecies level genetic polymorphism has been recorded in sea
bream (Taniguchi et al. 1982) and tench (Bobak and Slechta 1988). Employ-
ing parvalbumin polymorphism, Huriaux et al. (1992) demonstrated greater
diversity in Asian barbel as compared to its European counterpart. Besides,
in order to define its role, physicochemical characterization and phylogenetic
interrelationships have also been studied in several fish species. Electro-
phoretic patterns in these cases exhibit species specific multiplicity as well
as independence from nongenetic variables (Bobak and Slechta 1988, Focant
et al. 1988, Focant and Vandewalle 1991). To establish a functional corre-
spondence with different muscle types, the intraspecies structural variants
of isoforms are receiving increasing attention (Huriaux et al. 1990, 1992).
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However, for a better understanding of the morphofunctional aspect of
parvalbumins, it is important that studies on intraspecific multiplicity should
also be extended to isotypes in noncontractile tissues where these proteins oc-
cur in trace amounts (Gosselin-Rey 1974, Hamoir 1974, Hamoir et al. 1980).
Tissue specificities have long been explained on the basis of temporal ex-
pression during differentiation. As for the fishes, ontogeny of parvalbumin and
its correlationship with tissue differentiation has not been extensively studied,
possibly due to the lack of a suitable simple technique to permit localization in
heterogeneous tissues extracts. Focant et al. (1992) and Huriaux et al. (1997)
have employed immunohistochemical reactivity and electrospray ionization
mass spectroscopy as the likely approaches to work out the ontogeny of
parvalbumin isoforms in barbel (Barbus barbus L.) that revealed a definite
correlation with muscle morphogenesis. As a simple alternative, we have ex-
plored the use of relative thermostability and electrophoretic comigration of
these proteins to follow the ontogenic schedule of expression of isoforms in air-
breathing catfish, H. fossilis (Bloch). This fish is ideally suitable for induced
breeding under laboratory conditions and is being used in this study as a
model to biochemically investigate the various aspects of its ontogeny.

Materials and Methods
Procurement and maintenance of the adult catfish

Mature specimens of catfish, H. fossilis (body weight: 60 to 100 g) were
obtained from the local fish market at Aligarh during the breeding season
(July to August). They were kept in glass aquaria (23 x 10 x 12") containing
dechlorinated tap water and acclimated to laboratory conditions for about one
week prior to initiation of experiments. They were fed ad libitum daily with
Hindlever laboratory animal feed (Hindustan Lever Limited, Delhi, India).
Water in the aquaria was replaced daily with equilibrated tap water.

Procurement of developmental stages

Catfish H. fossilis in various developmental stages (unfertilized egg, fer-
tilized egg, morula, prehatching, and post-hatching) were obtained for a large
number of specimens for two consecutive breeding seasons by artificial induc-
tion of spawning following the hypophysation method (Ramaswami and
Sundararaj 1956). Various developmental stages are depicted in figure 1. The
samples of various developmental stages were stored at —20°C until analyzed.

Preparation of muscle and larval extracts

White skeletal muscle from the anterio-dorsal region of the body was dis-
sected out to free it of lateral line red muscles. Muscles as well as egg and
whole embryonic stages were homogenized in 4 to 5 volumes of 50 mM Tris-
HCI buffer of pH 7.5 and centrifuged at 10,000 rpm for 20 min. All proce-
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dures were carried out at 2 to 5°C unless otherwise mentioned. Clear super-
natants were subjected to electrophoresis (either directly or after heat dena-
turation) following the procedure of either Laemmli (1970) or Bobak and
Slechta (1988) using 12.5 or 15% polyacrylamide gels, since larval extracts did
not give better resolution on the gels of lower concentrations. As stated in the
caption of figure 3, heat stable soluble fractions of egg and early larval stages
had to be loaded several times more than the advanced stages due to trace
amount of parvalbumin like protein in them. Protein bands were visualized by
staining with coomassie brilliant blue. To confirm the parvalbumin nature of
the proteins, heat denatured fractions concentrated by acetone fractionation
(55 to 80%) were also run under identical electrophoretic conditions. Glycerol
at a final concentration of 20% was added to store the sample at -20°C.

Thermal denaturation and acetone fractionation

Clear supernatants were incubated at 70°C for 30 min and after cool-
ing down to room temperature, the precipitate was centrifuged at 4°C and
10,000 rpm. Since incubation of the extract, as such results in the appear-
ance of a couple of additional bands that are noncomigratory with adult
parvalbumin isotypes, the extract, in subsequent studies, was first subjected
to acetone fractionation in a range of 55 to 80% as recommended for
parvalbumins according to the procedure of Bhushana Rao et al. (1969).
The same procedure was used to concentrate supernatants of larval extracts
following the heat treatment. Traces of acetone from the precipitate were
removed using vacuum evaporation while the dry pellet was dissolved in 50
mM Tris-HCI buffer (pH 7.5). The samples were extensively dialysed in
benzoylated dialysis tubes. This procedure eliminated most of the back-
ground. That these properties as well as exceptional thermostability are
typical of parvalbumins are elaborated under the section on discussion.

Fig. 1. Various developmental stages of
H. fossilis. (a) unfertilized egg, x 30 (b)
fertilized egg, x 35 (c) morula stage with
compact mass of blastomeres, x 25 (d)
prehatched larva occupying the entire
perivitelline space, x 40 (e) newly
hatched larva with laterally compressed
body, x 30.
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Results

Developmental stages

The eggs of the catfish were spherical, either green or brown and demer-
sal. Differentiation between unfertilized (Fig. 1a) and fertilized (Fig. 1b) eggs
was not possible until the process of cell division had initiated. Morula stage
(Fig.1c) that was reached about two and a half hours post-fertilization was
characterized by the presence of a compact mass of blastomeres without any
increase in diameter. Shortly prior to hatching (Fig. 1d), almost the entire
perivitelline space was occupied by the embryo. Hatching that was initiated 28
to 30 h post-fertilization was marked by frequent twitching movements of the
embryo followed by violent jerky movements resulting in the rupture of the
membrane and emergence of larva. The newly hatched larva (Fig. 1e) was
transparent with laterally compressed body and a large almost round dark
green yolk-sac. About 26 to 28 myomeres could be counted at this stage. The
newly-hatched larva did not show much activity in the beginning but showed
greater darting movements in the later stages of development.

Patterns of parvalbumin in adult and different developmental
stages

Typical electrophoretic patterns of sarcoplasmic extract of dorsal muscle
from four parents (two males and two females) used in the breeding experi-
ments are shown in figure 2. This pattern reveals no significant individual
variation; three major and five minor bands are detectable (lanes 5 to 8).
However, following heat denaturation, only three bands persist - two major
and one minor, detected after considerable overloading (lanes 1 to 4). These
bands are recognized as parvalbumins as their electrophoretic comigrants
appear with a consistency similar to acetone fractions (55 to 88%). Among
the bands identified as parvalbumins, isoform 11l exists in the highest con-
centration followed by isoform Il, while isoform | exists only in trace
amounts. In the patterns of muscle extracts of adult fish, the band with the
slowest mobility among the thick bands is not parvalbumin since it resolves
into as many as three minor bands in low concentration gels exhibiting
polymorphism (Pandey and Hasnain 1994). Electrophoretic patterns of ex-
tracts of selected developmental stages depicting major events related to
parvalbumin expression are shown in figure 3 (lanes 3 to 8). Sometimes,
considerable background smearing existed if whole extracts were heat dena-
tured. Background smearing could be substantially reduced if extracts of vari-
ous stages were first fractionated with acetone, incubated at 70°C for 30 min
and soluble fractions thus obtained were subjected to electrophoresis. Even
after this treatment, a little amount of denatured protein was still in a soluble
state, that stacks in electropherograms as the band of slowest mobility just
below the origin. The transition was followed up to post-hatching stage. For
comparison, the representative lanes have been flanked by the typical pat-
terns of the dorsal muscle extract (lanes 9 and 10) and parvalbumins purified
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by thermal treatment were run under identical conditions (lanes 1 and 2). The
correspondence of various isoforms with the comigrating bands reveals that
parvalbumin I11 occurs ubiquitously from ova to adult stage. Band sharing
comigration with isoform Il exhibits temporal expression as its appearance coin-
cides with the differentiation into somites (lane 6) that intensifies during the sub-
sequent process of development. Trace amount occurrence of parvalbumin | makes
any prediction in the extracts difficult. The obscurity may be due to lower sensitiv-
ity of the stain or the absence of crisp resolution in this region of the gel.

Discussion

Multiple forms of parvalbumin show considerable variation both in num-
ber as well as in the relative electrophoretic mobilities in the muscles of differ-
ent species of lower vertebrates. For example, in carp (C. carpio) white
muscle, four main components (11, 111, 1Va and IVb) are present (Gosselin-Rey
et al. 1978) whereas in eel (Anguilla anguilla) skeletal muscle only three com-
ponents (I, 111 and V) (Dubois and Gerday 1990) have been identified. In
some other species, only one component is present, such as component IV in
muskellunge (Esox masquinongy), component Ill in large mouth bass
(Micropterus salmoides), component Il in bar (Morone labrax) and in chub
(Luciscus cephalus) (Bhushana Rao and Gerday 1973). In contrast, in muscles
of mammals, including man, only a single isotype of parvalbumin has been so
far detected (Heizmann 1984). The present study on the catfish H. fossilis
skeletal muscle shows the presence of three components, I, 11 and I, with
component 111 being present in largest amount, followed by component Il
while only traces of component | could be observed following polyacrylamide
gel electrophoresis and visualization by staining with coomassie brilliant blue.
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Fig. 3. Electrophoretic patterns of thermally
treated and acetone fractionated parvalbumin
isoforms of H. fossilis. Lanes 1 - 2: skeletal muscle
+ of the adult; 3-unfertilized egg; 4-fertilized egg;
T ~ 5-morula stage; 6-prehatching stage; 7 - 8-post-

Fig. 2. Typical electrophoretic patterns of the
whole muscle extracts (lanes 5 - 8) and heat
resistant fractions (lanes 1 - 4) of four H. fossilis
brooders. Bands designated as parvalbumin
isoforms I, 11 and |1l consistently appear in all
adults (see Fig. 3, lanes 1- 2; 9 - 10 for clearer
appearance of isoform | band).

hatching stage. Lanes 9 - 10 are whole muscle
extractsof the adult. In lanes 3, 4 - 5 respectively,
20, 10 & 5 times the volume of the sample volume
used for lane 6 were loaded. I-Ill, assigned
numericals for parvalbumin isoforms in the order
of decreasing electrophoretic mobilities.
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A recent study on H. fossilis (Hasnain et al. 1999) reveals that all three
thermostable bands that have been identified as parvalbumins in the adult
fish stack as a single band of ~12 KD in SDS-PAGE, the value assigned to
parvalbumins in the documented literature (Huriaux et al. 1997). The above
study also shows that the three bands marked as parvalbumin I-111 promi-
nently appear in PAGE patterns of soluble fraction of heat treated muscle ex-
tracts with other trace bands as shown in figures 2 and 3. Significantly, even
these trace bands would not appear if acetone fraction (taken here as
parvalbumins) was subjected to heat treatment before electrophoresis. This
report thus, established beyond doubt that in so far as H. fossilis is concerned,
acetone fractionation-cum-heat treatment yields parvalbumins of remarkable
purity. Parvalbumin-like nature of these bands is further corroborated by the
criteria such as acetone fractionation in the range typical of parvalbumins,
solubility even after treatment with this organic reagent, compatible thermo-
stability, electrophoretic comigration with adult parvalbumin isotypes, presence
of a gradient concordant with the course of muscle development and reproduc-
ibility of results for two consecutive breeding seasons.

Our results demonstrate that parvalbumin isoforms in H. fossilis
are expressed according to an ontogenic schedule and the exceptional
thermostability of these proteins can be employed as a simple technique
to qualitatively follow the developmental changes. The polyacrylamide
gel electrophoresis of the extracts of various developmental stages (un-
fertilized egg, fertilized egg, morula, prehatching and post-hatching) of
the catfish reveals that an electrophoretic equivalent of component IllI,
being the most prominent and present in the largest concentration in
the muscle of adult catfish, is present even in an unfertilized egg. The
ontogenic expressions involve both enhanced expression of the preexist-
ing isoform 11l and the temporal expression of isoform Il. The presence
of parvalbumin-like protein in ova of fish has not so far been reported.
We have, however, detected the presence of this band (isoform II1) ap-
plying the above mentioned criteria. Isoform 111, therefore, apparently
may not be entirely associated with the modulation of muscle contrac-
tion because it is present even in the unfertilized egg. However,
parvalbumin Il in the catfish seems to be involved in the above process
as its appearance coincides with muscle differentiation and contraction.
The findings about parvalbumin Il is in line with the observations
available on fish parvalbumin ontogeny (Focant et al. 1992) and frog
(Schwartz and Kay 1988). Since parvalbumin isotypes have different dis-
tributions depending on muscle type (Focant and Vandewalle 1991) and
may also exist in other nonmuscle tissue (Gosselin-Rey 1974; Hamoir et
al. 1980), we have confirmed the invariable presence of three isotypes in
the whole advanced larvae beyond hatching, pointing to a delayed ex-
pression of parvalbumin | or its raised level due to increase in the
guantity of tissue where it exists, as the larvae grow. This supports the
idea of asynchronous synthesis of various parvalbumin isotypes. The
delayed expression of isoform I may presumably be correlated with the
innervation schedule of differentiating muscle fibers and bundles
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(Kulberg et al. 1977). These observations clearly suggest that parvalbumins
in the catfish are expressed in the very early stage of development (unfer-
tilized egg) and significant qualitative and quantitative changes follow as
development proceeds.

The present study also demonstrates a positive correlation between the
guantitative intensity of parvalbumin component in adult and the timing of
their appearance during the developmental stages. For instance, component
111 which is most intense in adult first appears during the developmental
stages and becomes progressively more prominent while component | which
is the least intense even in adult appears last in preadult stages. This may
possibly be associated with some functional significance of these components
that becomes more important at specific times during development.

There is no parvalbumin 1V in H. fossilis. The thick band of slowest
mobility on the basis of applied criteria is not parvalbumin. Under modified
electrophoretic conditions it resolves into 1 to 3 bands in some of the other
stocks, exhibiting isoloci polymorphism (Pandey and Hashain 1994) which is
indicative of its enzyme nature.
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