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ABSTRACT

Electrophoretic serum protein profile of female Laies calcarifer reveals appearance
of female specific protein during gonadotropic dependent stages of ovarian growth.
The protein is conspicuously absent in the serum of maturing males. The protein
stains positively for carbohydrate, lipids and calcium indicating it to be vitellogenin.
The vitellogenin band first appears in fish with maturing ovaries (stage 3} and
stain intense and sharp till stage 4. At stage 5 {ripe) the band appears diffused.
The protein is lacking in the serum profile of immature (stage 1), resting-
preparatory (stage 2) and spent (stage 6) as well as in maturing male fish, The
correlative pattern of vitellogenin band with ovarian maturation stages provides
evidence of single spawning in L calecarifer

Introduction

Lates calcarifer, a large sized centro-
pomid teleost inhabiting coastal, brack-
ish and freshwaters of the Indo-Pacific
region, is one among the valuable
resources for aquaculture for commer-
cial as well as sport fisheries in the
region. The fish occupies the list of
threatened Indian fishes (Mahanta ef
al., 1994) and does not contribute much
to the total fish landings except in
certain areas like Chilka Lake and
Hooghly-Matlah estuary (Kasim and
James, 1987). The necessity to develop
commercial calture of L. calcarifer has
been emphasised by aguacultutists due
to high consumer demand and price
coupled with fast growth and eurvha-
line nature of the fish (Bensam and
Nammalwar, 1991). The availabie

information and issues related to aguac-
ulture of L. calearifer in India have
been reviewed by James and Marichamy
(1987).

The L. calcarifer exhibits a complex
life history and is a protandric her-
maphrodite. (Moore 1979; Davis, 1987,
Lal, 1992; Guaigven et al., 1994).
Despite the fish being of commercial
gignificance and an interesting speci-
men for academic studies as well,
limited studies exist on aspects of
physiolegical changes associated with
reproductive cycle and gametogenesis
{Lal, 1992; Lal and Pandey, 1998). The
present study attempts to analyse the
eletrophoretetic profile of serum pro-
teing at different stages of maturation
and attempts to trace the presence of
female specific protein or vitellogenin,
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Vitellogenin, principal yolk precursor
protein has been demonstrated in the
serum of several teleosts (Hara et al,,
1987, Tyler et af, 1988, 1990, Rinchard
et al., 1997), even in estradiol - 178
treated immature fish. (Fujii et al.,
1987; Hara et al., 1987).

Vitellogenin is synthesised by hepa-
tocytes in non-mammallian vertebrates,
induced by estradiol-17B under gona-
dotropin influence. This protein is
directly released and transported via
blood from liver for incorporation in
developing oocytes (Wallace, 1985).
Changes in vitellogenin patterns, though
not absolute values, can be indicated
conveniently and reliably through elec-
trophoretic separation and estimation
of total calcium, alkali labile protein
bound phosphorous (Wallace and Jared,
1968, Rinchard et. al., 1997). Vitello-
genin is sequestered into developing
oocytes and uptake has been demon-
strated to be selective (Tyler et al,
1988, 1990}, In the ococyte, the precur-
sor protein undergoes structural con-
version and maturatin to form yolk
globules and is responsible for majority
of cocyte growth. (Wallace, 1985). The
relationship between vitellogenin and
egg yolk protein has been confirmed
immunologically (Fujii et al., 1987,
Hara et al., 1987). Yolk is essential for
sustanace of newly hatched fish larvae,

Teleosts not only exhibit wide spec-
trum of spawning strategies hut also
considerable plasticity (McEvoy and
McEvoy, 1992). This is reflected in
oocyte recruitment process too, related
to the pattern of physiological as well
as cytological events. In single spawn-
ers, dynamics and regulation of cocyte
development are simpler as the vitello-
genesis and maturation are sequential
in contrast with multiple spawners
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where the events persist simultaneously.
Rinchard et af. {1997) studied the alkali
labile protein phosphorous, in three
cyprinid fishes, a single spawner, Rutilus
rutilus, two multiple spawners, Alburnus
alburnus and Blicca bjoerkna and
found that the PPP profile differed not
only between sgingle and multiple
spawner but also between the two
multiple spawners. The present at-
tempt draws parallel between pattern
of FSP with available cytological evi-
dence in relation to overian maturation
of Lates calcarifer and discuses the
significance of such indices as predictive
tool.

Materials and methods

Live Lates calcarifer were obtained
from commercial catches made through
gill net, shore seine and hooks and line
fishing, The present work was carried
out as part of a larger programme on
reproduction in L. calearifer, covering
different aspects of biology and game-
togenesis, based on assessment of 923
specimens. For the study the blood was
drawn at collection site and transported
to laboratory over crushed ice. The
blood was allowed to clot at room
temperature and cerntrifuged for 20
min, at 3000 rpm. The separated serum
was stored at —20°C till analysis. The
maturity stage of gonad was assessed
macroscopically and confirmed through
histological examination (Lal, 1992).
After confirmation of maturity stage,
the samples from eight fishes for each
stage (stage 2 to 6 for females and 3,
4 for males) were analysed for electro-
phoretic profile of serum proteins.

The electrophoretic seperation was
carried out through disc polyacrylamide
(tube size 75 mm x 5 mm) as described
by SBubhashini and Ravindranath (1981),
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The final concentration of running gel
was 7% acrylamide and 2% hisacry-
lamide. The serum samples were mixed
with ice cold double distilled water in
the ratio 1:4 Sixty pl sample mixed
with forty pl tracking dye (1%
bromophenol blue in 10% sucrose). The
current supply was lma/tube till dye
reached upto spacer gel and 3 mA/tube
in running gel. The gels were visualised
for proteins, lipids and carbohydrates
using the staining method deseribed by
Subhashini and Ravindranath (1981).
To identify calcium binding proteins,
gels were treated with Alizarine red-S
(pH 6.5) for 10 min (Dahl, 1952,
described in Pearse, 1885). After
rinsing and destaining in distilled water
and acid alcohol (0.1% HCl in 95%
ethanol), gels were stored in 7% acetic
acid. The relative mobility (Rf) was
calculated for each band (distance
migrated by protein/distance migrated
by tracking dye).

Resulis

Electrophoretic profile of serum
proteins (Fig. 1) of female L. calcarifer,
reveals total 24 bands, Rf value
ranging from 0,009 to 0.969. The bands
exhibit wvarying thickness, staining
intensities as well as characteristics
(Table 1).

Comparision of the profile for differ-
ent stages of maturation (Fig. 1) detects
a strong protein band (no. 20) in Zone
1 appearing in maturing and mature
fish (stages 3 and 4). The band has low
Rf value (0.124). The band stain posi-
tively for carbohydrates, lipid as well as
caleium indicating the association of
these moeties with the protein. This
band is strikingly absent in the serum
profile of maturing and mature males
(stage 3 and 4), confirming it to be
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Fig. 1. A, Electrophoretic profile of serum proteins
corresponding to different stages of ovarian re-
crudescence in Lates calcarifer B. Comparison
of serum protein of stage III female and male
Lates calcarifer

female specific protein (FSP) or
vitellogenin. The serum profile of ripe
females (stage 5} reveal FSP band to be
diffused and of reduced intensity indi-
cating decline of vitellogenin levels. At
stage 6 (spent) and 2 (recovering
developing) the FSP band is not
visualised in the profile.

Discussion

The histelogy of L. calcarifer ovary
(Lal, 1992) provided the evidence re-
cruitment of ococytes te gonadotropin
dependent phase at stage 3 and devel-
opment continuing through stage 4 upto
stage 5, Stage 5 ovaries contain oocytes
with completed vitellogenic growth.
The occurrence of pinocytotic avtivity
near vitelline envelope has been ob-
served through electron microscopy.
This cytological evidence and concur-
rent presence of female specific protein



TaBLg 1. Details of protein fractions, their relative mobility (RF) values and their staining characteristics in the serum of female Lates calarifer
during different stages of maturity

Band Rf value Maturity stages

No. Stage 11 Stage 111 Stage IV Stage V Stage VI
Gen. Gly Lipe. Cal Gen. Gly Lipo. Cal Gen. Gly Lipo. Cal. Gen. Gly Lipo. Cal Gen. Gly. Lipo. Cal

Zone ITl (6-11 cm)

1. 0.969 XX - - - % - - - XX — - - *x - - - xx - - -
2. 0.926 x - - - x - - - ‘¥ - - - 5 - - < x <= - -
3. (.890 X - - - X — - - X - - - X - - x a—

4, (0.863 X - - - x - - -~ x - - - X - — - x - - -
5. 0.814 XXX XX XX XX X¥¥¥X XX XX XX Xxf¥ XX XX XX XXXX EX XX XX XXXX XX XX XX
6. 0.742 X — X - — X X - - - X -

7. 0.691 X - - - o - - xx - - xx - o - -

8. 0.631 X¥XX XX xx XX EXXX XX XX KX XXXX XX xx XX XYXX XX XX XX XEXX XX bia's XX
9, 0.583 b4 - - - x - - - x - - — x - — - x - - -
Zone I1 {3-6 ¢cm)

10. 0.532 x - - - ¥ - - - x - - 4 x4 ~ < x - - -
11. (.461 XXX XKXX XXXX XXX XXKX XXXX XEKX XEEX XXXX KEXK XXXX XEXAX XXXX XXKX X¥XX XXXX XXXX XXXX XEXXX XKXX
12, 0.390 XXXX XXXX - -~ EXX¥ X¥XX - -  XEXX XXX£ XXXX —  XYXX¥ XXXX - —  XRKX XZXX - —
13‘ 0.340 X e - - X - -_ - X — - - X - - -_ = - - —
14, 0.310 x - - - x - - - % - < - x4 < - x o—  - -
Zonel (0-3 cm)

15. 0.292 XXXX -~ XX XX XXX - XX XX EKXXX - xx XX XEXX - XX XX XXxx - bo's XX
16. 0.278 XXXX XX — -  XXXX XX - -~ XXXX XX - -  X¥XX XX - — XXXX XX - -
17. 0.246 X - - x - - - x - - X - - - x - - -
18. 0.207 x - - - x - - - x - - - X = - - x _ - -
19. 0.170 XXXX - XX - XKXX - *=x - XXX - xx - XXX - XX - EXEx - xx -
20. 0.124 - - - — XENX XXX XKXX XKXX XXX AXXA XXXX XXXX XX XX XX XX - — - -
21. 0.078 x - = - x - - - x - _ - % - - x - _
22. 0.039 x - - - x - - 4 x4 - 4 x4 4 -z - - -
23. 0.018 X et - - X - - —- X - - - x - — - by - -_ _—
24. 0.009 XXXX EXXX XXXX XXXX XXXX X¥XXX XKXX KXKXKX XXXX XAXX EXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXK XXXX

x = narrow & sharp bands; xx = broad & diffuse bands; xxxx = broad & intensely stained bands; — = ahsence of bands; Gen. = general proteins;
Gly. = glycoproteins; Lipo. = lypoproteins; Cal. = calcium bound proteins.
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in the serum with affinity for lipid,
carbohydrate and calcium stains indi-
cate oxogenous vitellogenesis. Vitello-
genin is a glycolipophospho protein
{Wallace, 1985} and binding with cal-
cium imparts solubility to the protein
during transport via blood (Follett and
Redshaw, 1974).

Reduced intensity of the FSP band
is serum profile of stage 5 females
relative to stage 3 and 4, indicates
decline in the level of vitellogenin in the
blecod. This observation is also sup-
ported by the decline in other indices of
serum vitellogenin levels viz. alkali
labile protein bound phosphorous and
calcium at stage 5, when the developing
oocytes have completed vitellogenic
growth (Lal, 1992). The low vitellogenin
level can be due to its incorporation in
the developing oocytes and absence of
any succeeding clutch to support. The
observation agrees well with the evi-
dence from the histology as well as
oocyte frequency profile regarding
existance of single synchronously devel-
oping group of vitellogenic oocytes, to be
shed in the single spawning (Lal, 1992).
In multiple spawners, like Misgrunus
anguillicaudatus, serum vitellogenin
has been obaerved to be at higher levels
in ripe females, while a group of cocytes
has already completed growth to sup-
port the succeeding clutch (Teranishi et
al., 1981). Rinchard et al. (1997) de-
tected low protein bound phosphorous
level before spawning season in single
spawner (Rutilus rutilus) and the high-
est level in two multiple spawners
(Alburnus albarnus and Blicea bjoerkna).
The two multiple spawners further
differed as vitellogenin progressively
declined in Alburnus alburnus but
remained high in  Blicca bjoerkna
throughout the spawning season.
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In view of this, L. calcarifer can be
concluded to be single spawner along
te Tuticorin coast in the Gulf of
Mannar. Patnaik and Jena (1976}
reported single spawning from Chilka
lake. Davis (1987) didn’t encounter any
evidence of multiple spawing in Gulf of
Carpentaria and Van Diemen Gulf,
However, L. calcarifer has been re-
ported to be multiple spawner in Papua
New Guinea and Queensland (Moore,
1982). Barlow (1981) reported that
smaller specimen (4 kg) released all the
eggs in one spawning but bigger fishes
are ntultiple spawners. Such variahili-
ties in reprodu-ctive strategies though
are wide spread among teleosts (review
McEvoy and McEvoy, 1992) may not be
desirable for commercial hatchery and
fishery management which need plan-
ning based on precise information.
Vitellogenin indicator profiles in combi-
nation with intraovarian oocytes si-
phoned through catheter can be predic-
tive tools useful in tracking the course
of maturation leading to single or
multiple spawning (Lal and Ponniah,
1998). These biopsy oocyte samples
have been demonstrated te present
representative information of the matu-
ration stage in L. calcarifer (Garcia,
1989). The techniques for biopsy as well
as vitellogenic indicators including elec-
trophoresis of FSP are simple. More-
over sampling can be done non invasively
without losing the precious broodstock.
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