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Foreword

We are honoured and privileged to organize the 9" International Symposium on Reproductive
Physiology of Fish (ISRPF) in Kochi, India from August 9-14, 2011.We thank the International
Advisory Committee (IAC) of the 8" ISRPF, 2007, St. Malo, France for accepting our proposal
and entrusting us with the responsibility of organizing the 9" ISRPF in Kochi. We also express
our appreciation gratitude to the JAC members and other scientists for their active support,
advice and suggestions in planning and preparing the scientific program. The program includes 8
symposium sessions, covering both platform and poster presentations. The scientific sessions
cover areas of contemporary interests in fish reproductive physiology such as Reproductive
Neuroendocrinology, Sex determination and gonad differentiation, Reproductive cycles,
behavior and migration, Spermatogenesis, Folliculogenesis, Spawning, fertilization and early
embryogenesis, Endocrine disruptors and reproductive toxicology, and Fish biotechnology and
aquaculture. The detailed program is appended inter alia. The session on Spawning, fertilization
and early Embryogenesis has been introduced with the object of focusing research in this
direction. 190 abstracts were accepted for presentation, which include a keynote lecture, 8
plenary lectures, 49 platform presentations and 133 poster presentations. It is regretted that due
to time constraints, the scientific committee could not include as many abstracts as it desired in
the platform presentation category, without parallel sessions which has not been the convention
in the ISRPF meetings. Consequent upon the decision of the National Organizing Committee
(NOC) in consultation with the IAC, the abstracts are published as short papers in the form of the
Symposium Proceedings. It is also intended to publish selected abstracts in a Special Issue of
Fish Physiology and Biochemistry, Springer for which an agreement has been signed with the
Publisher.

We extend a warm and hearty welcome to all the participants at the symposium and to India.
The symposium venue Lulu International Convention Centre and Garden Hotels, Thrissur, in the
erstwhile Kochi Kingdom and now a district of Kerala, is enchanting. We hope you will enjoy
the stay and the excursion tour in and around Kochi.

We thank the members of the NOC and Local Organizing Committee for their untiring efforts
for the smooth conduct of the symposium. We are grateful to The Principal and Board of
Directors of the Madras Christian College for institutional facility and support of Head & faculty
members of Zoology Department. We owe to the Government agencies of UGC, CSIR, MoEF,
MoES, DBT, DST and ICAR and private agencies for financial support, which made us to
subsidize the expenses. The timely printing and publishing of the Symposium Proceedings by the
Indian Society for Education and Environment, Chennai is gratefully acknowledged. The
enthusiasm and energetic service of the students and research scholars at Department of Zoology,
Banaras Hindu University (Tapan Chourasia, Geeta Gautam, Rahul Singh, Arup Acharjee, Putul
Banerji) and Department of Zoology, Madras Christian College (Nirmal Magdalenal,
Gokulakrishnan, Madhu Magesh, Saravanan, Ramachandra Prabhu, Lynda Keren, Rose
Gregoria, Prakash) are admirable and acknowledged.
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40 YEARS OF RESEARCH ON THE “REPRODUCTIVE BRAIN” OF TELEOST FISHES

Olivier Kah

Neurogenesis and Estrogens, University of Rennes 1, Campus de BeaulieuRennes, France.
olivier.kah@univ-rennes1.fr

This year marks the 40" anniversary of the first
article ever published on the effects of a brain
hypothalamic factor on pituitary gonadotrophin in a
teleost fish, the carp [1]. Since this pioneer work, one
generation of researchers has written more than 1250
papers dedicated to various aspects of the brain control
over the reproductive axis of fish. What we have learnt is
that, overall, the neuroendocrine circuits controlling the
pituitary gonadotropic activity and the main molecular
actors involved in this control are highly conserved in
vertebrates, indicating that they are at least 450 million
years old and, probably, that many of these actors, if not
all, were inherited from invertebrates.

A first issue is to understand how the reproductive
brain develops and is sexualized in accordance with the
gonadal sex. While it is admitted in birds and mammals
that the brain of males and females are different, this
issue is poorly addressed in fish. It is probably due partly
to the fact that there are important species differences. In
general, it is admitted that the brain of fish exhibits a
high sexual plasticity as exemplified by the fact that
many species can change sex naturally or after hormonal
treatment. This indicates that the brain of fish is not
permanently sexualized as documented in other
vertebrate models. How this can be achieved is likely
linked to the fact that the brain of fish conserves
throughout life properties of the embryonic brain of
mammals, such as persistence of radial glia progenitors,
high neurogenic activity and elevated aromatase activity.
This probably allows sexual steroids to shape the brain
in a region and sex-specific manner through a
modulation of neurogenesis [2].

In terms of neuroendocrine control, the key player is
GnRH that is the most potent neurohormone on LH
release. Three GnRH genes are found in fish, the history
of which is still matter of active debates. GnRHI
neurons in the preoptic area express a decapeptide,
which varies from species to species and stimulates the
synthesis and release of FSH and LH. In some families,
GnRH1 seems to be replaced by GnRH3. However, there
is some evidence to suggest that some GnRH genes
could remain undiscovered in certain species, such as
salmon or zebrafish. Recently, GnRH2, a universal
ancestral GnRH variant was shown to act as a melatonin-
stimulating factor in the European sea bass through
direct projection in the pineal [3]. In sea bass, this new
role involves one of 5 GnRH-Rs, and this pineal receptor

is different from the one present in the pituitary. The
other GnRH-Rs are still in search of functions and
precise sites of expression. The GnRH system develops
during early stages of embryogenesis. In the sea bass and
other species, GnRH neurons and fibres reach their
respective final destination in adult much earlier than the
time of the first sexual maturation. This suggests that, as
in mammals, this system develops early and needs to be
activated at the time of puberty, which takes us to
kisspeptins.

With the discovery of kisspeptin, year 2003 has seen
a real revolution in the field of reproductive
neuroendocrinology and puberty control. In mammals,
kiss neurons are now acknowledged as essential
activators of the GnRH systems and considered as
integrators of metabolic, seasonal and hormonal signals.
Most fish species have conserved 2 copies of an
ancestral kiss gene, kissl and kiss2. However, the
expression of these two genes and their relative
importance in reproduction certainly varies from species
to species. The zebrafish is so far the only species in
which kiss expression has been deciphered at both the -
messenger and protein levels [4]. However, data in
medaka [5] and sea bass (Escobar et al., this meeting)
suggest that the use of kiss1 and kiss2 genes might vary
from species to species. The pituitary could also be a
source of kisspeptins as indicated in zebrafish and sea
bass. In any case, the role of kisspeptin on fish puberty
has not been firmly established so far and we need more
data regarding the roles of kisspeptins on GnRH neuron
activity.

Another key question concerns the brain targets of
hormones such as sex steroids, but also metabolic
hormones or melatonin, and their effects on the circuits
controlling reproduction. Although outstanding progress
has been made, notably in the localization of receptors,
we are far from understanding the respective roles of
these hormones. It seems now clear that estrogens do not
influence GnRH neurons directly. The possibility exists
that, similar to rodents, kiss neurons are targets for
estradiol as documented in zebrafish, medaka and sea
bass. Thus as in mammals, kiss neurones could forward
estrogen information‘to GnRH neurons. The functional
significance of ’the high aromatase expression found in
fish brain is still unclear and this makes it difficult to
understand  the roles of aromatizable v non

aromatizable androgens. In addition, recent data point ¢
0
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the fact that neurosteroids are produced de novo in the
brain of developing and adult fishes [6]. The roles of
these neurosteroids vs. peripheral steroids are still open
to speculation. Importantly, it was shown that
testosterone can be actively transformed, through 5o-
reductase and 3B-hydroxysteroid-deshydrogenase, into
the potent estrogenic androgen, 5 alpha-androstan-3
alpha,17 beta-diol [7]. This makes the situation very
complicated to fully understand the roles of androgens
vs. estrogens. Androgen receptors are widely distributed
in the brain of fish as well as nuclear and membrane
progesterone receptors (nPR). These nPR are up-
regulated by estradiol in both larvae and adults. To add
further complexity, we have evidence that radial glial
cells express membrane estrogen receptors. Whether
these correspond to the GPR30-expressing cells that we
have identified in zebrafish is under investigation.

Leptin and melatonin receptors are widely expressed
in the brain of fish. How exactly those signals are
processed and transformed into, reproductively relevant
information is not known. Preliminary data indicate that
kiss neurons are tightly related to leptin receptors and

Vol. 4 No. S 8 (August 2011)  ISSN: 0974- 6846

that their expression varies according to energy status.
Kiss neurons are thus likely to be direct targets for
leptin. On another hand, there is increasing indication
that melatonin influences kiss rieuron activities.

This lecture intends to provide a comprehensive and
integrated view of the current situation and to raise a
number of unsolved questions and bottlenecks in our
understanding and mastering of fish reproductive
physiology.

Unpublished data were obtained with the financial
support of the CNRS, the University of Rennes 1, the EU
Project LIFECYCLE (FP7-222719-1), the NEMO
project, the ANR NEED to O. Kah.
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SEX DIFFERENCES IN ESTROGEN AND ANDROGEN SIGNALING IN THE MEDAKA BRAIN
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Introduction:

Sex differences in the mammalian and avian brain are
organized early during development as a result of a
combination of hormonal and genetic events [1-3, 9].
This is an irreversible process, and thus the sex of the
brain is permanently fixed. In contrast, the phenotypic
sex of teleosts, including sex-specific reproductive
behavior, can be manipulated by treatment with
exogenous steroid hormones, even after reaching sexual
maturity [10]. Furthermore, quite a few teleost species
can spontaneously change their phenotypic sex in
response to social and physiological events, even in
adulthood [7]. These phenomena suggest that teleosts
have an unknown, unique mechanism of brain sexual
differentiation, which enables them to hold remarkable
sexual plasticity throughout their lifetime. To dissect the
molecular basis of sexual differentiation of the teleost
brain, we examined sex differences in estrogen and
androgen signaling in the brain of medaka Oryzias
latipes.

Methods:

We searched for genes differentially expressed
between the sexes in the medaka brain. One of the genes
identified in the screen was that encoding the brain-
predominant form of aromatase, the rate-limiting
enzyme in the conversion of androgen to estrogen [4-6,
8]. Since estrogen and androgen are known to exert
profound influences on sexual differentiation of the
mammalian and avian brain, the aromatase gene was
selected for further analysis of expression in the medaka
brain. We also examined sex differences in the
expression of nuclear receptors for estrogen and
androgen in the medaka brain to assess the possible
involvement of these receptors in sexual differentiation
of the teleost brain.

Results:

The medaka aromatase gene was found to be
expressed at higher levels in the female than male brain.
Estrogen and androgen receptors also exhibited sexual
dimorphism in the medaka brain, with each receptor
having a discrete pattern of sex-biased expression.
Detailed expression studies led to the identification of
sex-specific action sites of aromatase, estrogen, and
androgen in the medaka brain. We also found that the
expression of aromatase and estrogen and androgen

receptors in the medaka brain was not under the direct
control of sex chromosome genes but relies mostly, if
not solely, on steroid hormones.

Conclusion:

Sex differences in the expression of aromatase,
estrogen receptors, and androgen receptors in the brain
and their steroid-dependent regulatory system
supposedly contribute substantially to the mechanisms
underlying sexual differentiation and plasticity of the
teleost brain.
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Neurosteroidogenic enzymes and estrogen related gene
expressions were quantified by quantitative real-time
PCR (gPCR) and RT-PCR analyses. We also measured
brain aromatase activity by radiometric method and
brain steroid hormone levels (brain estradiol 17B, E2 and
testosterone, T) at different dah by enzyme immunoassay
(EIA). Further, we demonstrated the anatomical
localization of four key genes by in situ hybridization
(ISH), and immunohistochemistry (JHC) for Cyp19alb
using our grouper brain Cypl9alb specific antibody.
Effects of exogenous E2 on the mRNA expression of
steroidogenic genes were also reported.

Results and Discussion:

The brain is considered to be an important sex steroid
producing tissue in teleosts [2, 3]. RT-PCR and qPCR
analyses indicated that the mRNA expressions of
cypllal, hsd3bl and cypl7al were similarly increased
in the brain around the period of gonadal differentiation
(Fig. C). cypl9alb mRNA expression and.aromatase
activity showed significant increases in the forebrain at
110 dah (Fig. C and F). mRNAs for ERs (ERa, ERfI,
ERf2) and GPR30 but not AR, were significantly
increased at 110 dah (a time close to gonadal sex
differentiation) in the forebrain and midbrain (Fig. E).
Brain E2 levels, but not T, were increased in the
forebrain at 120 dah. Similarly, a synchronous peaked
expression of StAR, the key enzyme genes (cypllal,
hsd3bl, cypl7al and cypl9alb) and estrogen receptors
were reported at 4 months of black porgy [3]. Using ISH,
cypllal, hsd3bl and cypl7al genes were highly
expressed in several discrete brain regions with overall
similar expression pattern, and most of the hybridization
signal seems to correspond to the neuronal cells.
Whereas, expression of cyp/9alb studied by ISH and
IHC showed that most prominent expressions were

correspond to the radial glial cells (Fig. D). These data

well matched with that of zebrafish brain aromatase

studied by ISH and IHC. Exogenous E2 (1 pg/g BW)
induced significant effects on the steroidogenic enzymes
in the grouper brain.

Conclusion: :
Therefore, we identified a peak of functional

steroidogenic activity and estrogen signaling in the early
teleost brain. Moreover, pcna transcripts (a marker for
cell proliferation activity) were higher in the early brain
at 110-150 dah. The early expression of these genes
(including cyp19alb) and aromatase enzyme, concurrent
to gonadal sex differentiation, provide that these genes
are functional during early postnatal development and
gonadal sex differentiation, and have distinct
contribution to different aspects of sex hormone, but not
gender-related brain differention and/ or development.
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DISTRIBUTION

Hildahl J.!, Sandvik G.K., Lifjeld R.'?, Nagahama Y.%, Haug T.M.2, Okubo K.**, Weltzien F.A."*

1Norwegian School of Veterinary Science, Department of Basic Science and Aquatic Medicine, Weltzien Lab, PO
Box 8146 Dep, 0033, Oslo, Norway, e-mail: jon.hildahl@nvh.no, fax: +47 22597310
University of Oslo, Department of Molecular Biosciences, Oslo, Norway
3National Institute of Basic Biology, Division of Reproductive Biology, Okazaki, Japan
*University of Tokyo, Department of Aquatic Bioscience, Tokyo, Japan

Background:

Luteinizing hormone (LH) and follicle stimulating
hormone (FSH) are key regulators of vertebrate
reproduction. The differential regulation of these
hormones by pituitary gonadotrope cells, however, is
still poorly understood. Fish, in contrast to mammals,
have two distinct gonadotrope cell types, producing LH
and FSH, respectively, making teleosts a good model to
study the differential regulation of these hormones.
Japanese medaka (Oryzias latipes) is a powerful model
for fish reproductive physiology research, combining a
wealth of advanced biotechnological tools, genomic
resources, short generation time, a close phylogenetic
relationship to many important aquaculture species and a
well-defined sexual development. We have thus chosen
to use the medaka model for our research to characterize
the pituitary gonadotrope cells that produce and secrete
LH and FSH.

Methods:
To this aim we have developed a stable transgenic

line of medaka with the endogenous LH beta gene (/hb)
promotor driving green fluorescent protein (gfp)
expression by microinjection of a BAC construct with
hrGFP inserted downstream of the [hb promotor. This
line has been used to trace the developmental expression
of LH beta using fluorescent light and confocal
microscopy in whole larva and histological sections.
Additionally, gPCR and in situ hybridization have been
used to measure developmental and tissue specific gene

expression.

Results and Discussion: o
We demonstrate by in siru hybridization that [hb

mRNA and Gfp protein are co-localized in pituitaxy cells
of sexually mature medaka, and we have characterized

Proceedings of 9" International Symposium on Reproductive Physiology of Fish, Cochin, India.

the three dimensional distribution of LH gonadotrope
cells in the pituitary. QPCR analysis reveals that the /hb
gene is expressed early during development, already
after 24 hours post-fertilization (hpf), and Gfp protein
can first be detected by 32 hpf, approximately stage 20.
Gfp expression starts posterior of the eyes as paired
lateral clusters which then extend to the midline and
posteriorly. By 48 hpf, Gfp producing cells are dispersed
along the ventral surface of the larva, extending from
behind the otic vesicle to the metencephalon —
myelencephalon boundary in the developing hindbrain.
By 72 hpf, dispersed Gfp producing cells extend to the
mesencephalon — metencephalon boundary and a few
distinct cells are located at the posterior margin of the
eye. In situ hybridization of pituitary marker genes show
that Gfp producing cells are initially localized outside
the primordial pituitary and Gfp is first detected in the
developing pituitary by 2 weeks post-fertilization.
Confirmation of embryonic l/hb expression in extra-
pituitary Gfp-producing cells is currently underway to
validate a potentially novel developmental function for
LH.

Conclusion:
We have established a powerful model for
characterizing the developmental and reproductive

physiological regulation of LH gonadotropes. These data
lay the framework for future research into the function of
LH during early pituitary developmental studies. This
transgenic line also provides the technological basis for
further characterization of gonadotropes by cell specific
gene expression analysis, electrophysiological and
calcium imaging experiments (see abstract by
Stransdabo et al, this meeting).

| ':' ”-_

August S-14, 2011







Indian J. Sci. Technol., 9" ISRPF Issue

Expression profiles revealed a different pattern for
kiss IR than those of kissl, kiss2 and kiss2R.

In situ hybridization detected kissl and kiss2
neurons predominantly in the nucleus recessus lateralis
and the preoptic area. Our studies also showed that the
two kiss receptors are expressed in the same, or in close
contact to, positively stained GnRHI1 neurons in the
POA, thus indicating a direct effect of kisspeptin on
GnRH neurons. Significantly lower expression was
observed for kissI/kissIR compared to kiss2/kiss2R using
ISH and QRT-PCR.

Following exposure of hybrid females to short day or
long day regimes, only kiss2 transcript levels in the
brains increased, by 2.5 fold, in the short photoperiod
‘compared to the long photoperiod (Fig. 1).
Simultaneously, GnRHI mRNA levels increased in the
brains of the SD compared to LD exposed fish in
pubertal (May trial) but not in recrudescent females
(October trial). These results indicate that kiss2
expression is positively regulated by short photoperiod.
GnRH1 expression, however, might be affected by
additional factors like gonadal steroids, which are at
higher levels during recrudescence.

Kissl, kiss2, kiss2R and GnRHI transcript levels
were reduced in GDX mid-gonadal developmental male
striped bass treated with testosterone compared to GDX
males. In contrast, pubertal males responded to the
steroid replacement by upregulation of kiss! and kiss2.
No change was observed in juvenile and recrudescent
males. These results indicate that gonadal steroids affect
kiss] and kiss2 expression in a reproductive stage-
dependent manner. These effects are in agreement with
that of T on the HP axis, where steroids have a negative
effect at early to mid-gonadal developmental stages and
a positive effect in the pubertal stage.

<
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Conclusions:

Our study shows that both kisspeptin systems in
basses are involved in the regulation of the HPG axis.
Additionally, by showing that kisspeptin expression
responds to changes in light regime and in gonadal
steroids, this study supports the emerging hypothesis that
the kisspeptin system plays a mediating role in the
gonadal- and environmental-HPG axes. The effect of
these cues, however, is reproductive stage-dependent,

- which supports the notion that the kisspeptin system is a

central processing system for a variety of signals.
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NOVEL NEUROPEPTIDES INVOLVED IN THE CONTROL OF PUBERTY AND REPRODUCTION IN
FISH

Levavi-Sivan B., Biran J., Ben-Dor S., Palevitch O.

The Robert H. Smith Faculty of Agriculture, Food and Environment, Department of Animal Sciences, The Hebrew
University of Jerusalem, Rehovot 76100, Israel.
e-mail: sivan@agri.huji.ac.il Fax: +972-89489307.

Introduction:

The findings that inactivation of kisspeptin signaling,
because of mutations in the kisspeptin receptor, is
associated with hypogonadotropic hypogonadism and
absent or delayed puberty in man [1] stimulated the
many subsequent studies that together have led to a new
view of the neural control of GnRH release [2]. With this
in mind, the recent observations [3] that mutations of the
genes encoding neurokinin B (NKB) (TAC3) and its
receptor (TAC3R; NKBR) were also associated with
hypogonadotropic hypogonadism, is therefore of
considerable interest. In order to study the physiological
function(s) and evolutionary conservation of NKB, we
cloned tac3 and tac3 receptor cDNAs from several fish
species, including zebrafish.

Methods:

Zebrafish tac3a, tac3b, tac3Ra and tac3Rb were
cloned by synteny, according to Biran et al. [4]. A
phylogenetic tree of all the currently known vertebrate
neurokinin genes was generated with the neighbor-
joining method. Real-time PCR and receptor
transactivation assays were performed as previously
described [4].

Results and Discussion:

A comparison of the zebrafish protein coding
sequences of tac3 cDNAs with those of the human and
mouse TAC3 proteins showed identities of 23% and
24%, respectively. The phylogenetic tree showed that the
vertebrate neurokinin genes fall into two distinct lineage
groups. One lineage includes the mammalian and rodent
TACS3, and all the piscine Tac3 that were cloned in the
present study. The second lineage includes the
mammalian and fish tacl. Nonetheless, high identity was
found between different fish species, in the region
encoding the NKB; all shared the common C-terminal
sequence.

Many genes encoding the tachykinins have been
found to encode a precursor that produces more than one
tachykinin. However, in mammals TAC3 is unusual in
that it encodes only a single tachykinin — the NKB.
Interestingly, we have found that in zebrafish, exon 3 of
both tac3s encodes a well conserved additional
tachykinin. Furthermore, in silico analysis revealed that
this new tachykinin exists in all other fish species whose
genomes are known, and it was termed NKF. NKF also

possesses the common C-terminal sequence FVGLM,
known as the tachykinin signature.

Zftac3a-expressing neurons were localized in specific
brain nuclei that are known to be implicated in
reproduction, whereas zftac3b-expressing neurons were
more dispersed throughout the brain. Zebrafish tac3a -
but not fac3b — mRNA levels gradually increased during
the first few weeks of life, and peaked in fish with
ovaries containing mature oocytes or with testes
containing mature spermatozoa. Estrogen treatment of
mature fish causes increase in tac3a, kiss2 and kisslrb
expression in males, with no significant change in
females. .

Tac3Ra and tac3Rb transduce their activity via both
PKC/Ca** and PKA/cAMP pathways. Both tac3 receptor
types were very sensitive to amidation of their cognate
ligands.

Conclusion:

These results indicate that the NKB/NKBR system
may participate in puberty initiation in fish. Moreover,
this novel system may be involved, in parallel with the
kisspeptin system, in neuroendocrine regulation of
GnRH secretion.
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In general among vertebrates, sexual behavior is
governed by the sex-steroids produced by the central
nervous system and the peripheral organs, mainly
gonads. The general consensus among mammals is that
the estradiol-17p (E;) synthesized by CNS is essential
for masculinization of the brains in male embryos, while
E, has not been shown to have any such effect on the
feminization process in the female brains. However,
recent reports have started to reveal that E; has a role in
the feminization of the female brain also, though
postnatal unlike the male embryos. A recent study from
mice has shown that prepubertal E, is critical for the
display of the normal lordosis behavior in females.
Unlike mammals, no reports have given any evidence for
the organizational roles of E, in masculinization of the
male brain of fishes in general. There have been reports
on the role of E; in the feminization of the female brain
among fishes. Studies done using various fish models
have shown that the brains of fishes are highly plastic.
Administration of sex steroids can alter the sex-specific
behavioral patterns in fishes even after sexual
maturation. Using Japanese medaka as a model organism
we have investigated whether E, has a role in controlling
the female sexual behavior during adulthood. Japanese
medaka (Oryzias latipes) is a small teleost fish that
exhibits sexually dimorphic behavioral patterns during
mating in adulthood. Adult males perform the mating
dance in a stepwise manner in order to attract the
females and the steps include following, dancing,
crossing etc. On the contrary, females do not display any
particular mating behavior other than receptiveness.
Recently, we have shown that sexual differences become
established in medaka brain only at around 1-2 months
post hatching under the influence of gonadal hormones.
Therefore, we exposed the breeding females of medaka
to exemestane (EM), a steroidal inhibitor of aromatase to
block the production of E; in order to examine the role

of E; in feminization of the female brain in medaka. EM-
treated females began to exhibit male-specific sexual
behavior from the 5% day of treatment (dot) when they
were paired with sexually mature normal females. By 10
dot, a significant decrease was found in the levels of
estrogens like estrone (E;) and E, in the brain. Further,
we examined whether the changes in sexual behavior
was accompanied with local modulations in the brain
transcriptome by microarray analysis. A large number of
sex-specific genes were found to be modulated region-
specifically in the brain in response to the inhibition of
aromatase at 10 dot. One of these genes was the gene
coding for the brain form of aromatase in teleosts
namely, cypl9a2. Further analysis of cyp/9a2 by real-
time PCR and in situ hybridization revealed that its
transcription was positively regulated by levels of E; in
the brain and intriguingly, unlike mammals, transcripts
of cyp19a2 was more in the female brain than that of the
male brain. More interestingly, expression of cypl9a2
was found to be specific to the periventricular gray zone
of the optic tectum in females and the presence or
absence of these transcripts in this area was under the
direct control of E,

levels in the brain. Further investigation to find
whether ovarian estrogens had any role in the up
regulation of cypl9a2 in the female brain by
ovariectomy revealed that it was the levels of estrogens
in the ovary that was responsible for the increased levels
of cypl9a2 transcripts and thus, the estrogens in the
brain of the females in medaka. Further, the
ovariectomized females failed to display any male-
specific sexual behavior, suggesting that androgens
produced by the ovaries in the absence of E; should have
been responsible for the induction of male-specific
sexual behavior in EM-treated females. Our results
demonstrated that estrogens from the ovaries suppressed
male sexual behavior in the females of medaka through
direct up regulation of the transcription of cyp/9a2.
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Introduction:

The neuropeptide arginine vasotocin (AVT) has been
linked to reproductive plasticity in a variety of teleosts
with distinctive types of alternative phenotypes. The
manipulation of AVT levels affects behaviours that are
exhibited predominantly by animals of one phenotype,
such as courtship and aggression [1, 2]. AVT is
differentially expressed as a function of alternative
phenotypes modulating social behaviour in many fish
species [3].Cichlasoma dimerus is a cichlid species in
which males are found in one of two basic alternative
phenotypes that are linked to both social and
reproductive status. Non territorial (NT) males have dark
ground coloration and lack immediate access to
reproduction when compared with territorial (T) brightly
colored males, that actively defend a territory. The aim
of this study was to characterize the AVT system in
males of C. dimerus in relation to social status and
aggressive behaviour, with particular emphasis on the
various putative sites of action of AVT across the
hypothalamic-pituitary-gonads (HPG) axis, and its
effects on reproductive and social physiology.

Methods:

The location and distribution of AVT neurons within

C. dimerus’ brain was studied by immunohistochemistry.

Each AVT-ir soma was assigned to either the
parvocellular (pPOA), magnocellular (mPOA) or
gigantocellular  (gPOA)  preoptic area  (POA)

subpopulation based on neuroanatomical position,
somata morphology and size. To assess differences in
neural phenotype associated to social status, the size and
number of AVT-ir somata, and the size of AVT-ir
nucleus were measured in coronal sections. Cell numbers
from each cell group were determined by duplicate by
naked-eye observation. Cell and nucleus profile area
were computed from digital images by tracing the cell
somata's/nuclei’s profile with a digitizing pen.

To study the effect of AVT on pituitary LH and FSH
secretion, pituitaries were incubated for 24 h with AVT
(control, 0.1, 1 and 10 uM). Beta-FSH and beta-LH
presence in the culture media was semiquantified by
immunoblotting. To investigate the effect of AVT on
Festicular androgen release testicular fragments were
incubated with or without different AVT doses (control,

0.1, 1 and 50 mM). Androgen levels were measured by
RIA.So as to study AVT gene expression in different
organs, total RNA was isolated from the POA, head
kidney, trunk kidney, intestine, muscle, testes and liver.
RT-PCR was performed using specific primers for C.
dimerus AVT preprohormone.

Results and Discussion:

AVT-ir neurons were localized exclusively within the
POA. AVT-ir cells extended from behind the anterior
commissure to the posterior POA, above the optic
chiasm. Immunoreactivity was observed in all 3 POA
cell subpopulations: pPOA, mPOA and gPOA, lining the
border of the 3rd ventricle. Axons from pPOA cells,
targeted ventrally and away from the ventricle. The
greatest concentration of AVT-ir axons occurred within
the POA where fibers from mPOA and gPOA cells,
formed a dense preoptic-hypophyseal (PO-H) tract that
entered the pituitary trough the anterior and posterior
infundibular stalks. Within the pituitary, immunostaining
was observed mainly in the pars nervosa, proximal pars
distalis and pars intermedia. Some AVT-ir axons from
mPOA and gPOA cells targeted other brain regions.
AVT-ir fibers were observed in the dorsal sac of the
pineal complex, where AVT is believed to play a role in
the coordination between photoperiodic cues and
reproductive events. Thus, in C. dimerus mPOA cells
might be involved in the synthesis of AVT which mainly
acts as a neurohormone. In turn, the association between
AVT-ir nerve terminals with the adenohypophysis,
suggests a possible role as a moderating factor for
hormone release. Nonetheless, not all AVT-ir fibers
from the mPOA incorporated to the PO-H tract which
suggests that AVT may act as a neuromodulator,
possibly affecting sensory association pathways with
social relevance. T individuals had mPOA neurons 11%
larger compared with NT males. There were no
differences in cells/section number and nuclear area
between T and NT males for any of the 3 subpopulations
analyzed.In C. dimerus, AVT significantly increased
pituitary’s gonadotropin release and testicular androgen
synthesis in vitro. Beta-LH showed a triphasic response
to AVT increasing doses, while beta-FSH and androgen
responses were directly proportional. Androgens would
modify, reinforce and/or stabilize the neural circuits
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associated with behaviour typical of T males. Expression

and peptide synthesis was found in small cells from the

interstitial compartment of the testes, presumed to be

Leydig cells. Though many studies have informed AVT

expression on the testes of various vertebrates [4, 5], to

our knowledge this is the first report of AVT detection at

a cellular level in a teleost.

Conclusion:

In C. dimerus, the AVT system is highly complex
with multiple sites of action along the HPG axis. AVT
expression levels in mPOA cells are differentially
associated to the different social phenotypes in which
increased AVT expression, triggers behavioural and
physiological changes typical of T males, ensuring
access to territory and thus the possibility to reproduce.
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Introduction:

Negative impact Stress is considered to be the
physiological resultant of demands that exceed an
organism’s regulatory capacities. Response to stressors
is vitally important for normal response, allowing the
organism to avoid or cope with challenges to
homeostasis. Sex steroids actually have profound
influence on stress perception in the brain. Stress
manifests centrally in the nervous system, converging at
the hypothalamus and the final product of stress
hormone, cortisol is believed to contribute to the stress-
induced reproductive suppression during stress by
central actions on the pituitary or hypothalamus.
Suppression of reproductive hormones reduced gamete
viability and gonadal growth retardation. Therefore, the
aim of the present study was to test the hypothesis that
stress has a negative impact on reproduction. To address
this, we examined the differential expression pattern of
stress hormones (corticotrophin releasing hormone,
CRH; CRH-receptor, CRH-R; adrenocorticotropic
hormone, ACTH and beta-Na+/K+ ATPase, B-NKA)
and reproductive hormones (luteinizing hormone, LH;
follicle stimulating hormone, FSH; gonadotropin
releasing hormone, GnRHI, 2 and 3) in freshwater (FW)
and seawater (SW) acclimated tilapia in the forebrain,
midbrain, hypothalamus, pituitary and gill during salinity
stress.

Methods:

RT-PCR analysis was performed to find out the

mRNA expression of CRH, CRH-R, ACTH, B-NKA,

GnRH, LH, and FSH in the brain, pituitary and gill of
tilapia during salinity stress. In situ hybridization study
was also performed to localize the transcripts of
hypothalamic neuropeptide (CRH, GnRH1 and GnRH3)
in the tilapia brain, and immunolocalization also carried
out by using a-Na+/K+-ATPase (a-NKA) antibody to
differentiate the mitochondria rich cells in the gill at FW
and SW.

Results and Discussion:

The present results demonstrated that the intensity of
the band of CRH and CRH-R was strongly detected in
the forebrain, midbrain and hypothalamus of SW fish.
However, the mRNA expression of GnRH1 and GnRH3
was weak in the forebrain, midbrain and hypothalamus
of SW fish compared to their respective FW fish
(Fig.1A). In addition, there was no significant difference
observed in LH, FSH and ACTH in the pituitary,
whereas increased expression of CRH-R was found in
the SW fish (Fig. 1B). Stress increased the expression of
CRH, which led to a suppression of GnRH1 and GnRH3
in the hypothalamus. Similarly, the transcripts of gill
CRH [1], CRH-R, B-NKA [2] (Fig. 1C) and o-NKA
protein (Fig. 1D) were increased in the SW fish to
maintain the homeostasis and balance the acid-base
regulation. Furthermore, the CRH, GnRH1 and GnRH3
transcripts hybridization signals were detected in the
tilapia brain especially in the telencephalic ventricle
(TelV) (Fig. 2B, E and H) and preoptic area (POA) (Fig.
2C, F and I), which implied that the stress induce CRH
neuron and this may activate GnRH, which then

Fig.1. RT-PCR analysis of (A) CRH, CRH-R, GnRH1, GnRH2 and GnRH3 in the forebrain, midbrain and hypothalamus, (B)
LH, FSH, CRH-R and ACTH in the pituitary, (C) CRH, CRH-R and B-NKA in the gill and (D) 1mmunolocallzat10n of a-NKA

in the gill of FW (A and A’) and SW (B and B’) tilapia.
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gPCR will be planned.
Conclusion:

In conclusion, VT mRNA is expressed both in brain
and ovary. Brain showed higher level than ovary. Thus,
the study signifies differential role of VT gene in
regulating sexual behavior, spawning and reproduction at
molecular level.
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" Introduction:

The bluefin tuna (BFT, Thunnus thynnus), a large
pelagic fish with remarkably high commercial value, has
become an endangered species due to overfishing [1, 2].
Recently, significant progress on spawning induction in
captive BFT has been achieved providing the basis for
the species' domestication [3]. To further promote the
development of a self- sustained BFT aquaculture, we
investigated first sexual maturity in BFT reared from an
immature stage in captivity. Accordingly, our major
objectives were to evaluate: (i) maturational status of the
brain-pituitary-gonadal (BPG) axis, and (ii)
responsiveness of the BPG to exogenous hormones.
Special emphasis was given to characterize the
KiSS/GPR54 system that constitutes the trigger of
puberty onset, and the gonadotropins follicle stimulating
hormone (FSH) and luteinizing hormone (ILH) that act as
central regulators of gonadal development and gamete
maturation.

Methods:

In vivo studies - In a first trial (July, 2009), sexually
immature BFT juveniles (n=20) and sexually mature
individuals (n=19), were sampled during BFT natural
spawning season within the Mediterranean Sea. In a
second trial (June-July, 2010), sexually immature BFT
juveniles were treated with poly [ethylene-vinyl acetate]
(EVAc) implants containing KiSS-peptides (n=6). The
remaining fish (n=14) were used as untreated controls.
Three weeks post implantation all fish were sampled.
Morphometric parameters were recorded and the relat.ive
gonadosomatic index values were calculated. The f{rst
spiniform ray of the dorsal fin was removed to determine

the age of the fish, while brain, pituitary and gonad

tissues were removed and stored frozen until use for
gene expression and hormonal measurements.
Additionally, gonad slices were fixed in Bouin’s fixative
for histological analysis.

In vitro studies - Uniformly sized gonad fragments
derived from treated- or untreated BFT juveniles (trial 2)
were challenged (16 h) with graded doses of
recombinant BFT LH or FSH (LH and rFSH,
respectively) previously produced at IOLR-NCM using
the methylotrophic yeast Pichia pastoris expression
system. At the end of the experiment, media and tissues
were collected for further analyses. Gonadal sections
were subjected to immunohistochemical staining using
anti-proliferating cell nuclear antigen (PCNA).
Quantification of germ cell proliferation was performed
by measuring the surface of anti-PCNA positive germ
cells using the QWIN image analysis software.
Hormonal and gene expression analyses - Sex steroid
were extracted from gonadal tissue with diethyl ether. The
dry extract was assayed for 1l-ketotestosterone or
estradiol levels using the specific ELISAs. The LH levels
were measured in pituitary extract using an ELISA
modified for tuna species [4]. The pituitary FSH levels
were measured using our newly calibrated Immuno-Dot
Blot assay. Expression levels of target genes were
measured in relevant tissues employing the quantitative
real time PCR technique.

Results and Discussion:

The growth parameters recorded for the captive BFT
juveniles are consistent with the length-weight
relationship established for wild Mediterranean BFT
stocks. The histological analyses of the gonads indicate
advanced sexual maturation in BFT males compared to
females, yet it is not yet clear whether this phenomenon
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typifies wild stocks or is induced due to the culture
conditions. The hormone measurements show expression
and accumulation of both gonadotropins in the pituitaries
of immature and mature BFT. The pituitary LH content
increased concomitantly with the age of the fish,
exhibiting sex dimorphic patterns (i.e. 3-fold higher
levels in females) in adult but not in juvenile BFT. The
pituitary FSH levels, however, were elevated in 2Y
immature males and in fully mature adults. Comparable
to mammals [5], the intra-pituitary FSH/LH ratio was
found to be higher (>1) in sexually immature than in
maturing or pubertal BFT. Nevertheless, in the 3Y BFT
females, which were all immature, the onset of puberty
appears to require some other prerequisites, such as a
rise in the LH storage above a minimal threshold. Our in
vitro trials further demonstrated the capacity of rFSH
and to a lesser extent that of rLH to stimulate cell
proliferation in the immature ovarian and testicular
fragments. Both rFSH and rLH have failed to stimulate
steroidogenesis, yet pre-treatment with KiSS containing
EVAc implants (trial 2) appeared to potentiate FSH-
stimulated steroidogenesis in the immature testes.
Conclusions:

Our results highlight the importance of the intra-
pituitary FSH/LH ratio during the period of
peripubertal/pubertal transition. Similarly to what was
established for mammals, the fact that such ratio in
sexually immature BFT is higher than in pubertal stages
indicates that it may be used as an important endocrine
clinical marker in fish as well. Our in vivo and in vitro
studies further attest the growing notion that KiSS and

Vol.4 No.S 8 (August 2011) ISSN: 0974- 6846
FSH are critical regulators of the initiation of pubertal
development in general and of testis maturation in
particular.

Future studies testing the effects of captivity and

hormone-based treatments on precocious maturity at

relatively small body size are expected to facilitate the
handling in confined environments, and to greatly
improve the cost-efficiency of BFT farming.
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Introduction:

Due to the increasing importance of sea bass
(Dicentrarchus labrax) in the European aquaculture,
puberty control is the focus of intense research. While
the GnRH systems have been well described in this
species, little information regarding the kisspeptin
systems exists. Kisspeptins belong to a family of
peptides first identified for their capacity to inhibit tumor
metastasis through the receptor GPRS54 in mammals. It
has been largely demonstrated that the kisspeptin system
plays an essential role in the neuroendocrine control of
puberty and reproduction by stimulating the GnRH
neurons and subsequently releasing gonadotropin
hormones. Therefore, the kisspeptin system could be the
gatekeeper in the onset of reproduction on fish. In sea
bass two ligands and two receptors coded by different
genes have been identified and molecularly characterized

[1]. Additionally, several sex steroids including
cestradiol-173 have been well studied in sea bass and
clear evidence exists regarding these hormones play
during the period of reproduction. In sea bass, three
oestrogen receptors (ERs) have been characterized,
named as esrl (ERa), esr2a (ERB2) and esr2b (ERB1) [2,
3]. Here, we report the neuroanatomical distribution of
the cells expressing kiss] and kiss2 and their cognate
receptors in the brain of adult sea bass and their
relationship with the three oestrogens receptors by in situ
hybridization.

Methods:

Four brains of adult sea bass maintained under a
natural of photoperiod were perfused, embedded in
paraffin and transversally cut. Specific probes were
synthesized using Dig-RNA labeling Mix according to
[4]. The relationships between kisspeptin receptors and

Fig 1. Photomicrograph of kiss/ and kiss2 expressing cells in the brain of sea bass by in situ hybridization. (A) High number of
kiss] mRNA expressing cells in the habenular nucleus (Hd). (B) Cells located at the caudal lateral tuberal nucleus (NLT) above
the saccus vasculosus (VS). In (C-D) a high number of kiss2 mRNA expressing cells located above the nucleus of the lateral
recess (NRL) and a lower expression in cells of the ventral part of nucleus of the lateral recess (NRLv) in the hypothalamus.
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Introduction:

Teleost gonads have been demonstrated to be an
active source of sex (reproductive) pheromones having
releaser or primer functions. Steroid hormones,
prostaglandins and their metabolites have received
considerable attention in this regard. Etiocholanolone
glucuronide (EG) is a natural metabolite of
etiocholanolone generated in the liver by UDP gluconyl
transferase. Etiocholanolone (or 5-isoandrosterone) is a
metabolite of testosterone, classified as a ketosteroid; it
causes fever, immunostimulation and leukocytosis.
Glucuronidation is a means of excretion of toxic
substances, drugs or other substances that cannot be used
as an energy source. In teleosts, EG is secreted by males
(testis and seminal vesicle) and exerts pheromonal roles
via olfactory stimulation of females [1]. This steroid has
got pheromonal properties and is responsible for
regulation of spawning behavior and reproduction.
Vasotocin (VT) is the basic neurohypophysial
nonapeptide in nonmammalian vertebrates and is
involved in diverse functions like osmoregulation,
reproduction and behavior [2]. The administration of VT
has been shown to influence or modify
reproductive/seasonal behavioral activities (spawning,
courtship, egg laying, clasping and song production) in a
variety of vertebrates like fish, amphibians, reptiles and
birds [3, 4, 5]. The reproductive role of VT was
investigated in the catfish and ovarian steroids were
found to modulate VT secretion in vitro [6]. We,
therefore, hypothesize that pheromone exposure may

induce brain VT release and influence catfish
reproductive behavior. To test this hypothesis we
perfused female catfish with different concentrations of
EG and measured brain and plasma vasotocin levels.
Methods:

Female catfish Heteropneustes fossilis were
collected from local fish markets during spawning phase
(June - July) and acclimatized in laboratory conditions
for 48hr. After acclimatization, intact or olfactory organ-
ablated fish were perfused with different concentrations
of EG (107, 10%, 10® and 10™"° M) for 16 or 24 hr in a
static system at a flow rate of 4ml/hr, individually (n = 5
fish). EG was dissolved in 100ul of methanol and then
final concentrations were made in fish saline. After
blood plasma collection, the fish were sacrificed by
decapitation and brains along with pituitary were
removed and dropped into cold anhydrous acetone and
stored at -70°C. Brains and plasma were processed for
VT extraction and quantification by EIA kit (Bachem
Peninsula Laboratories, California, USA; Catalogue No.
S - 1239, EIAH - 8121). Data were presented as mean +
SEM and analyzed by one way ANOVA, followed by
Tukeys’ test.

Results and Discussion:

The perfusion of the olfactory organ-intact fish with
different concentrations of EG produced an overall
significant effect on brain and plasma VT levels (Fig. 1).
EG decreased brain VT levels significantly in a
concentration-dependent manner in comparison to the

Fig. 1. Effects of perfusion of different concentrations of etiocholanolone glucuronide on brain (A) and plasma (B) VT
levels during spawning phase
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control group but increased plasma VT levels at both 16
and 24 hr. In the olfactory organ-ablated fish, there was
no significant effect compared to the control group. The
results suggest that EG perfusion increases the release of
VT from the pituitary to the circulation causing a decline
in concentration in the brain and an increase in the
plasma. Thus, pheromonal stimulation can regulate VT
secretion and influence reproductive behavior in the
catfish. The pheromonal chemosensory system can
transmit social stimuli between conspecific individuals
that can induce reproductive behavior in the recipients,
in this case females. VT has been shown to stimulate the
synthesis of the MIS and induce ovulation in the catfish
at ovarian level. It has been reported that sensory organs
are the filters through which organisms determine the
context of their environment and respond accordingly.
Pheromones have diverse roles in modulating vertebrate
behavior [7]. Social stimuli often evoke stereotypical
behavioural responses in conspecifics, potentially by
activating endogenous neuropeptide systems, notably
those related to vasotocin (VT) and its mammalian
derivative, vasopressin (VP). These peptides influence a
variety of species-specific social behaviors across
vertebrates [8] and social stimuli can activate VT/VP
cells and drive release of the peptides in the brains of at
least some species.

Conclusion:

In conclusion, the present study demonstrates that
EG, as a putative pheromone can regulate VT function,
thereby, influencing reproductive behavior and spawning
activity in the catfish. This is the first report correlating
functional interplay between pheromonal and VT
systems.

)

Vol. 4 Ne. S 8 (August 2011) ISSN: 0974- 6846
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Introduction:

The reproductive process in teleosts is mainly
regulated by the hypothalamus-pituitary-gonad (HPG)
axis. As a primary factor in the axis, gonadotropin-
releasing hormone (GnRH) from the hypothalamus acts
at the pituitary to control the expression and release of
gonadotropins (GTHs), follicle-stimulating hormone
(FSH) and luteinizing hormone (LH), which in turn
regulate gonadal activities [1]. Growth hormone (GH),
another pituitary hormone, has also been demonstrated to
play an important role in reproduction, so has been
termed co-gonadotropin [2-4]. The timing of the
appearance of FSH and LH-expressing cells during
reproductive development appeared to be species-
specific. In most species studied such as the salmonids
[5, 6], gilthead seabream [7] and cichlids [8], the FSH
cells appeared earlier than LH cells. In the gilthead
seabream, both FSH and LH cells appeared prior to
sexual differentiation whereas in the cichlids, the LH
cells were detected at the onset of sex differentiation [7].
Both FSH and LH cells also appeared before sex
differentiation in the pejerry, while LH cells were
detected earlier than FSH cells [9]. Puberty is the period
in vertebrate life cycle that marks the transition from
sexual immaturity to maturity to enable the animal to
acquire adult reproductive function. As an important
point in vertebrate reproductive life, puberty has been
under extensive study in the past decades. Although it is
well accepted that the puberty onset requires an
increased pulsatile release of GnRH which in turn
activates GTHs, the two types of gonadotropins seem to
have different roles in controlling puberty in different
species. In mammals, the onset of puberty is associated
with an increase in the amplitude and frequency of LH
[10]. However, evidence in teleosts points to the
importance of FSH signaling in puberty onset.

Methods: )

The zebrafish were collected at different time points
of early development including 4, 6, 8, 10, 13, 16, 19,
22, 25, 28, 38, 48 and 53 days post fertilization (dpf).
The head of each fish including the brain and pituitary
was fixed in 4% paraformaldehyde at 4°C overnight for
the Fluorescent In Situ Hybridization (FISH), whereas
the bodies were fixed in Bouin’s solution at room
temperature overnight for histological examination of
gonadal developmental stage.

Results and discussion:

Using double-colored in situ hybridization, we
demonstrated that the expression of fshb was earlier than
Ihb  with its mRNA signal detectable (~2-3
cells/pituitary) shortly after hatching (4 dpf). Lhb
expression became detectable, albeit at very low level, at
the time of sex differentiation (~25 dpf). In female
zebrafish, the first morphological sign for puberty is the
first wave of follicle transition from the primary growth
(PG) to previtellogenic stage (PV), which is marked by
the appearance of cortical alveoli in the oocytes. Our
data showed that the expression of lhb was very low (~5-
6 cells/pituitary) before this transition but increased
dramatically during and after the transition. In contrast,
the expression of fshb was abundant before puberty with
only a slight increase during puberty onset. Interestingly,
the location of fshb-expressing cells changed
significantly during puberty from predominantly
peripheral to central location. As a control, the
expression of gh was abundant throughout prepubertal
and pubertal periods. Our result strongly suggests an
important role for LH at the puberty onset of female
zebrafish, similar to the situation in mammals, and its
expression could be a sign for puberty at the pituitary
level. However, the significance of location change of
FSH cells during this period will be interesting to
investigate. The increased expression of fshb and lhb at
puberty was also supported by real-time qPCR analysis.
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JIntroduction:
" In vertebrates, estrogen and androgen play central
roles in sexual differentiation of the brain [1, 2, 3, 7].

These steroid hormones control a variety of
physiological and  behavioral traits, including
neuroendocrine  hormone  secretion, reproductive

behavior, and aggression, in a sex-dependent manner.
Most of these effects depend on activation of nuclear
estrogen and androgen receptors (ER and AR) in the
brain. Since there are sex differences in the effects of
estrogen and androgen on some of these traits, ER and
AR are supposedly expressed in a sex-dependent manner
in the brain. In fact, sex differences in their expression
have been identified in several areas of mammalian and
avian brains that could underlie the differences in traits
[4, 5, 6]. In contrast, virtually nothing has been known
about sex differences in the expression of ER and AR in
the brain of teleost fishes. In the present study, therefore,
we investigated whether the expression of ER and AR is
sexually differentiated in the brain of medaka Oryzias
latipes.

Methods:

Sex differences in the expression of three ER and two
AR genes in the medaka brain was examined in relation
to several factors, including genetic sex, phenotypic sex,
and steroid hormone stimulation. We also identified the
brain nuclei that were the sources of sex differences in
the ER and AR expression.

Results:

Each of all five receptor genes in medaka was
differentially expressed between the sexes in specific
brain nuclei of the telencephalon, preoptic area, and
hypothalamus. The most conspicuous sex differences
could be seen in several nuclei of the ventral
telencephalon and dorsal preoptic area, where ER and
AR expression was prominent in females but almost
completely absent in males. It is thus highly likely that
these nuclei represent female-specific estrogen and
androgen target sites in the medaka brain. Subsequent
analysis revealed that the sex-dependent expression of
the medaka ER and AR was not under the direct control

of sex chromosomal genes. Instead, their expression

depended mostly on the stimulation by their ligands,

estrogen and androgen.

Conclusion:

Here we report sexually dimorphic expression
patterns of ER and AR in the medaka brain. Sex
differences in the expression of these genes are
supposedly responsible for some sex differences in
physiological and behavioral traits.
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GnRH and GAP (c¢fGnRH, cfGAP), chicken-Il GnRH
and GAP (cIIGnRH, cIIGAP), and GtHs antisera:
mummichog FSH and LH (fhFSH, fhLH), and visualized
with DAB (diaminobenzidine). Frozen samples were
used for molecular weight (MW) data and to confirm the
specificity of the immunostaining.

Results and Discussion:

The morphology of the adenohypophysis (AH) of S.
parahybae does not differ from the basic scheme found
in other teleosts [3]. Briefly, the AH is divided in three
anterior-posterior areas: rostral pars distalis (RPD),
proximal pars distalis (PPD) and pars intermedia (PI).
The neurohypophysis (NH) interdigitates into all regions
of the AH. Immunostaining method allowed to observe
only LH immunoreactive (-IR) cells (Fig. 1a). This lack
of immunoreaction (ir) for FSH could be attributed to the
protein conformation of catfish FSH, which does not
permit that this fhFSH antisera recognized the active
site. This result can be linked to the fact that the
molecular structure is more conserved, both in structure
and primary sequence, in fish LH than in FSH [3]. The
estimated MW was 18kda (FSH) and 19kda (LH) (Fig.
1b), results that are similar to the catfish Ictalurus
punctatus (20kda, FSH and 21kda, LH) [3]. Regarding
the GnRH, due to the colocalization of cfGnRH-cfGAP
and clIGnRH-cIIGAP we used GAP antisera instead of
GnRH antisera. Neurons immunostained with cfGAP
were found in the forebrain, extending to the antero-
posterior direction, from ventral telencephalon (VT) to
the caudal, mainly in ventral hypothalamus (VH). cfGAP
was strongly immunoreactive in VH fibers, pituitary
stalk (PS) and pituitary gland (Pt), mainly in PPD (Figs.
Ic, d, e, f). cIIGAP-immunoreactive cell bodies appeared
restricted to the anterior dorsal midbrain tegument area
(MBT), close to the ventricular surface. Small cfGAP
neurons were identified in the anterior region (i.e., VT)
compared with cfGAP neurons identified in the posterior
region (i.e., VH). This topography of GnRH neurons is

similar to the catfish Clarias gariepinus, that showed

two ¢fGnRH populations in ventral region (VT and VH),

and clIGnRH population in the MBT [4], and S.

parahybae seems to have the same distribution pattern.

Conclusion: ' -
This data provide an imporfant comparative

information for further investigations on the

reproduction in this Neotropical catfish. Furthermore,
these results can be useful tools to fulfill the proposal
scheme to understand the physiological basis of
reproductive dysfunction exhibited by many migratory
fish, when in captivity. Our data, together with the

findings previously described by Caneppele et al. [1],

who artificially induced S. parahybae to spawning,

contribute to the recovery of threatened species, using
biological information to predict and solve future
problems identified by conservationists.
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Introduction:

- Oxydoras sifontesi has an annual gonadal cycle
closely related to changes in the environmental
conditions of Venezuelan floodplain. In fish, melatonin
receptors have been detected in all of the different brain
areas. Physiological data have suggested an involvement
of melatonin in the synchronization of rhythmic
processes, including the annual cycle of reproduction
and behaviour. O. sifontesi presents an annual variation
in plasma melatonin concentration inversely related to
the annual gonadal maturation cycle [1], which suggest a
putative role for melatonin as the endocrine messenger
of daily and seasonal photic information to the
neuroendocrine system. On the other hand, it is well
known that gonadotropin releasing hormone (GnRH) is
involved in the hypothalamic control of reproduction in
fishes. However, there is currently little evidence
supporting a major role for melatonin in the control of
reproduction in teleost. In this work we aimed to localize
melatonin receptors and gonadotropin releasing hormone
(GnRH) producing neurons in the telencephalon and
diencephalon of O. sifontesi.

Methods:
Adults male and female O. sifontesi were sampled
from the Portuguesa River (Portuguesa State,

Venezuela). The brains were rapidly dissected after
decapitation of anaesthetized fish. Tissue was freeze in
dry ice and processed by cryostat sectioning for
autoradiography or previously fixed by intracardiac
perfusion  for  immunohistochemical  techniques.
Detection of melatonin receptors were realized by in
vitro autoradiography, using 2-[**1] iodomelatonin (I-
mel) as a radioligand. The analysis of immunoreactive
neurons to GnRH (GnRHir) was performed using anti-

LHRH antibody (Sigma).

Results and Discussion: .
Telencephalon: Melatonin receptors and GnRHir

were detected mainly in the dorsal and ventral
telencephalon of O. sifontesi. The ex}stence of both
melatonin receptors and GnRH producing hormones in
the same telencephalic areas, suggests that in 0 szfont-esz
both systems are associate, and that melatopm acts like
an inhibitor and/or stimulator GnRH production. .

Diencephalon: GnRHir was located in all nuclei of the
preoptic area, however, melatonin receptors were only

detected in the nucleus parvocellularis anterioris and
preopticus magnocellularis of O. sifontesi. The GnRHir
present in the preoptic area of O. sifontesi, as in other
vertebrates, may act like a hipophysiotropic factor [2].
Therefore, Falcon et al [3] have suggested that preoptic
area of fish may be a key point for the
photoneuroendocrine  regulation. In this sense,
melatonin, in O. sifontesi, may have a role in the
integration of the photoperiod information.
Hypothalamus: High density of GnRHir somas was
found in the following hypothalamic nuclei: anterioris
hipotalamis (NAH), difussus lobi inferioris (NDLI),
lateralis tuberis (NLT), anterioris tuberis (NAT),
diffusus torus lateralis (NDLT), posterioris tuberis
(NPT) and recessus posterioris (NRP). In teleosts, the
NLT has been described as the main area that
communicates directly with the pituitary gland [4].
Melatonin receptors were located in NAT, NDLT, NRL
and NLT. The presence of immunoreactive somas and
fibres and melatonin receptors in common areas of the
hypothalamus, suggests that in O. sifontesi both systems
may be associated and to act of direct form in the
modulation of the pituitary secretions.

Conclusion:

These findings agree with the concept that melatonin
has a role in the modulation of the production of GnRH
in this species like has been reported in various species
of teleosts.
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Introduction:

Due to decrease in natural population, European eel
(Anguilla anguilla) reproduction is becoming more and
more urgent. Detailed information about natural
reproduction is unknown, but first evidences indicate
depth-temperature changes during eel migration [1].
Previously, we have observed that a variable thermal
regime caused higher gonadotropin (FSHP, LHp)
expression, and higher E2 plasma levels compared to a
constant high temperature regime [2]. The present study
was aimed to test the effect of thermal regime on the
expression of genes related with reproduction.

Methods:

Female eels were hormonally induced to maturation
by CPE injection during 12 weeks. Three thermal groups
were assessed: T10, T15 (starting at 10 and 15 °C and
increasing along the hormonal treatment to 15 or 18 °C,
respectively) and T18 (constant 18 °C). Eight females
were sacrificed before the transfer to seawater (control
group); then, eels were acclimatized to seawater (1
week) and maintained one week more at 10, 15 or 18 °C
(T10, T15, T18 groups) before sacrifice 6 eels/group
(week 0). Also, 6 females were sacrificed after 4, 8 and
12 CPE injections. Brain expression of GnRH Receptor
1 (GnRH-R1), and Androgen Receptors (ARa, ARp)
were studied by qPCR, as well as pituitary GnRH-R1,
ARa, ARP, FSHP, and LHP expression. Ovarian
expression of ARa, ARPB, and Zona Radiata proteins
(ZR2 and ZR3) were also studied. ZR expression was
also studied in liver. Brain expression was studied in
olfactory bulbs (O.B.), telencephalon (Tel), and
mesencephalon-diencephalon (M-D). Plasma E2 levels
were measured by RIA. Developmental stages were
established by gonad histology.

Results and Discussion:

Two way ANOVA (thermal treatment and time)
showed that thermal regime affected significantly brain
ARP expression, pituitary ARP, FSHB, and LHB
expression, E2 plasma levels, GSI (Fig. 1A) and sex
development velocity. Sex development under T15
conditions was similar or even faster than that observed
at 18 °C (T18) until 8th week of hormonal treatment
(60% of T15 females were in mid-vitellogenesis vs 20%

in T18). Later on, T18 females developed faster,
reaching 83% late vitellogenic stage after 12 CPE
injections. That means that a 15 °C temperature does not
inhibit the sexual development, at least until mid-
vitellogenic stage.

After 4 injections, some mRNA (M-D ARa and AR,
pituitary ARP) expression increased with the
temperature, while others (pituitary and Tel GnRH-R1,
ovary aromatase) decreased with the temperature. After
8 injections, mid-temperatures (T15) originated higher
pituitary FSHP, LHp, aromatase and ARP expression
(Fig. 1B), as well as higher M-D ARa and AR
expression. After 12 injections, T18 originated higher
pituitary FSHB, LHB, ARPB and aromatase expression,
and lower E2 plasma levels. These higher expressions in
T15 at week 8 and in T18 at week 12 could be related to
the maturation stage, more advanced in T15 at week 8
(60% females in mid-vitellogenesis) and in T18 at week
12 (83% in late vitellogenesis). ZR2 liver expression
showed a different profile, being the highest in T10 at
weeks 8 and 12, coinciding with the temperature
increase in the T10 group from 10 to 15°C (Fig. 1C).

On other hand, ovarian ARa and P expression
increased with development in all the groups (data not
shown), supporting the crucial role of androgens on the
whole vitellogenesis in eels [3].

Conclusion:

Eels matured at constant 18 °C developed faster after
12 weeks of CPE treatment, but the higher expression of
some genes (GnRH-R1, FSHP, LHP, liver ZR2)
observed in groups under lower and variable thermal
regimes (T10, T15) could indicate that a slower egg
development was more appropriate for successful
maturation. In the case of liver ZR2 the lower expression
at high temperatures could be related with the fragility of
some batches of eggs obtained under captivity.
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maximum levels in winter, and then started to slightly

decrease, whereas kiss2r mRNA levels kept increasing
until they reached maximum values in the following
spring. In the hypothalamus, a similar pattern was
observed, i.e., low levels of both kiss2 and kiss2r in
males throughout except in winter, when a clear peak
was observed in males but only a progressive increase in
females. In the gonads, both kiss2 and kiss2r shared a
similar expression pattern, with maximum mRNA levels
in the winter, although no significant differences were
observed. Regarding the expression levels of
gonadotropin genes in the pituitary, [k in males peaked
in winter and fsh of females in the second spring. Non-
statistically significant changes were observed in fsh
mRNA levels in males and /2 mRNA levels in females.
In the gonads, mRNA levels of fshr and lhr remained
low during most part of the study, but were consistently
higher in winter. However, the inverse situation was
found with respect to the levels of mRNA for fsh and lh
observed in the pituitary, i.e., significant differences
were observed for fshr in the testis and lhr in the ovaries
(Fig. 1).

Conclusion:

Analysis of the temporal and spatial changes in
expression of kisspeptin, gonadotropins and their
respective receptors in the Senegalese sole during a full
reproductive cycle shows that, in males, kiss2 agrees
with what one would expect according to its proposed
role as a major regulator of the onset of repreduction.
However, in females the situation is not so clear, since
kiss2 and kiss2r expression was highest either before or
during the reproductive season. The origin and
physiological significance of these differences, which

Vol.4 No. S 8 (August 2011) ISSN: 0974- 6846

could also apply to other

investigation.
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Introduction:
Vasotocin (VT), a neurohypophysial hormone of non-
mammalian vertebrates is the ortholog of vasopressin
(VP) in the mammals. VT is released from the
neurohypophysis of teleost fish involved in the
regulation of various physiological processes such as
reproduction, behavior, osmoregulation, blood pressure,
cardiovascular regulation etc [9]. In mammalian species,
at least three subtypes of receptor for VP (Vla, V2,
V3/V1b) have been reported and characterized [8]. The
VP Vla receptor is mainly expressed in vascular smooth
muscle cells and hepatocytes [S], the V2 receptor is
expressed in the kidney, where it regulates water
reabsorption [4], and the V3/ V1b receptor is exclusively
located in the pituitary gland [2]. In birds and firebelly
newt (Cynops pyrrhogaster) three distinct VT receptors
have been identified [3]. VT receptors have been isolated
and described in several teleost fishes ranging from
flatfishes to trout [1]. There is still lack of information
related to VT receptor types, its presence, amino acid
structure identities and intracellular signal transduction
mechanisms in teleosts. In the present study, we cloned
and characterized VTla receptor gene in the catfish
Heteropneustes fossilis and seasonal and tissue specific
expression were studied.
Methods:

Adult female H. fossilis (40-50 g) were collected and
maintained in the laboratory for 48 h under natural
photoperiod and temperature to overcome stress due to
transportation and fed daily with goat liver ad libitum.
The fish were weighed and sacrificed by decapitation.
Brain, ovary, kidney, gill, liver and muscle were
dissected out from mature catfish and were stored in
RNA later solution (Ambion, Austin, Tx) at -80°C until
used. Total RNA was extracted using RNeasy for lipid
tissues (QIAGEN) mini kit and cDNA was synthesized
from Sug total RNA with oligo (dT) primers using
Revert Aid H-minus M-MuLV reverse transcriptase
(Fermentas, Life Sciences, USA) according to the
manufacturer’s instructions. Degenerate primers were
designed to match highly conserved regions of full-
length cDNA sequences available from NCBI databases
for VTla receptor (amphibian, fish, and mammal
sequences).The forward and reverse degenerate VTla

receptor primers were: 50-

GACCGATACATCGCTATCTGYCAYCCNYT-30 and
50-AAGGCTGGATGAAGTGASCCCARCARTC-3

(Amplicon size-192bp). The PCR product was further
purified using Hipura PCR product purification kit and
sequenced. Purified PCR products were cloned into the
PGEM-T Easy Vector (Promega) and sequencing was
done at Xcelris Labs Ltd. Bodakdev, Ahmedabad-
380054, India. Seasonal changes in VT1a expression in
brain and ovary were studied during different
reproductive phases: resting (January), preparatory
(April), pre-spawning (June), and spawning (July). Total
RNA was extracted and first strand cDNA synthesized as
described above. Semi-quantative RT-PCR was
performed using gene specific primers designed from the
partial sequence. Following are the forward and reverse

primer sequences 5°.
GACCGATACATCGCTATCTGTCACCCGCT-3" and
5’-AGGTTGGATGAAGTGAGCCCAGCAGTC-3’.

Primers for catfish b-actin gene, 5.

TGGCCGTGACCTGACTGAC-3’ (forward) and 5’-
CCTGCTCAAAGTCAAGAGCGAC-3’ (reverse), were
used as an internal control. The gel images were
analyzed by Alpha Ease FC software (Alpha Innotech
Corporation).

Resuits and Discussion:

The partial VT1a receptor gene sequence shown the
highest identity (82%) with cDNA sequence encoding
the Takifugu rubripes VT receptor (V1-B) gene complete
cds (accession no. AY027887.1).. Our result shows that
VTla transcript was express in all tissues like brain,
liver, gill, kidney, ovary and muscle but significant
changes were shown only in brain and ovary across the
reproductive phase. Densitometric analysis showed that
VTla expression was high in the brain than ovary. Brain
and ovarian VT1la mRNA showed significant seasonal
variations. In the brain, the transcript levels were
relatively higher in the resting and preparatory
(previtellogenic  stage) phases, but decreased
conspicuously in the pre-spawning phase (early post-
vitellogenic stage) and spawning phase (late post-
vitellogenic stage). On the other hand, VT1a expression
in the ovary was relatively low in both resting and
preparatory phases, but increased in the pre-spawning
and spawning phases giving the highest transcript levels.
All identified teleost VT receptors constitute a single VT
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THE CELL CONTEXT INFLUENCES RAINBOW TROUT GONADOTROPIN RECEPTORS’
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Introduction:

Vertebrate reproduction is tightly regulated by
glycoprotein hormones produced by the pituitary gland.
Two gonadotropins, FSH and LH are present in tetrapod
vertebrates and the duality of gonadotropins has become
an accepted principle also for fishes, the largest group of
vertebrates. The presence of two distinct gonadotropin
receptors (GtHRs) in a single fish species was confirmed
by the molecular cloning of two different cDNAs in
several fish species: salmon, catfish, zebrafish, sea bass,
eel and trout. The ligand selectivity of mammalian
GtHRs is well defined: FSHR and LHR bind their
respective ligands specifically and show little cross-
activation (0.01-0.1%). In contrast to the situation in
mammalian species, the bioactivity of fish gonadotropins
seems to be less well separated as a result of
promiscuous hormone-receptor interactions. Depending
on the species, hormones, and hormone concentrations
used, a promiscuous activation of one or the other fish
GtHRs was reported in functional studies using
mammalian cell lines expressing fish receptors. In
African catfish, recombinant ¢fFSH and cfLH activated
FSHR with a similar biopotency [1] whereas in amago
salmon, only FSH was able to activate FSHR. In
zebrafish, recombinant zfFSH stimulated only FSHR,
whereas recombinant zfLH stimulated both FSHR and
LHR [2]. In trout, gonadotropins purified from trout or
salmon npituitaries specifically activate their cognate
receptor [3]. In summary, data from studies using
different bioassays do not allow drawing general
conclusions on the responsiveness of the piscine
receptors to GtHs. In the present study, we report that the
apparent discrepancy in fish gonadotropin receptors
cross-selectivity originates mainly in the choice of the
cell line used for receptor expression, and also from the
heterologous or homologous origin of the hormones
tested. The COS-7 cell line led to a highly selective
responsiveness of the GtHRs whereas HEK cells show
strong cross-reactivity.

Methods:

Rainbow trout FSH and LH receptor expression
vectors were constructed using pcDNA3.1/V5-His-
TOPO expression vector (Invitrogen) and the GtHR
c¢DNA placed upstream from the polyadenylation site of

the bovine growth hormone gene and downstream the
cytomegalovirus (CMV) promoter. The HEK293/CREB-
Luc cells (Panomics), and COS -7 cells were used for
transient transfection assays. HEK293 cells were
cultured in presence of 0.2 % hygromycin B (50mg/ml)
in the DMEM culture medium in 24 well culture plate at
a density of 20000 cell/well for 96 hours. COS-7 cells
were cultured in a 24 well culture plate at a density of
70,000 cells/well for 24 hours. After that cells were
transfected with either pcDNA3.1/V5-His-FSHR or
pcDNA3.1/V5-His-LHR  (10ng/well). Cells were
stimulated with purified chinook FSH (cFSH), chinook
LH(cLH), recombinant zebrafish FSH (zfFSH),
recombinant zebrafish LH ( zfLH), human FSH (hFSH),
human LH (hLH) and human chorionic gonadotropin
(hCG) for six hours. Luciferase activity was measured
from 40ul lysates using the luciferase assay Kkit
(Promega). Cultures of testicular tissue explants were
carried out to analyse the effect of different salmonid
and non-salmonid hormones on 11-ketotestosterone (11-
KT) production.

Results and discussion:

Functional characteristics of trout GtHRs were
analysed in two different cell contexts: COS-7 and HEK -
293 cell lines. FSH receptor was efficiently activated by
both ¢FSH and cLLH in the HEK293 cell line and similar
inductions of FSHR were obtained at 800 ng/ml
(maximal fold induction of the luciferase reporter gene
was 6.4 with cFSH vs. 6.6 with cLH). The cLH potency
appeared to be lower, with an effective half-maximum
concentration (ECsy) equal to 349 ng/ml versus 111
ng/ml for cFSH. In contrast, in the COS-7 cell line, FSH
receptor was only activated by cFSH, with an effect
similar to that observed in HEK cells (5.9 fold induction
at 800 ng/ml and ECsp =133 ng/ml). These results reveal
that FSHR response to LH is strongly dependent on the
cell context.

LH receptor was mainly stimulated by cLH in both
HEK?293 and COS-7 cell lines. The maximal fold
induction was significantly higher in HEK293 cell
compared to COS-7 cell (x79 vs. x14). In addition, the
potency of cLH appeared almost twice higher in
HEK293 cells than in COS-7 cells, with an ECs, value of
5 ng/ml versus 9.8 ng/ml, respectively. This indicates
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steroidogenic enzymes in the brain of Labeo rohita. The
formation of neurosteroids in the brain was originally
demonstrated in mammals and subsequently in other
vertebrates, such as birds, amphibians and fish. Thus de
novo neurosteroidogenesis in the brain from cholesterol
is a conserved property of vertebrates [3]. This is the
first demonstration of steroidogenic enzyme gene
expression in the brain of L. rohita. Our studies on
steroidogenic protein and enzyme gene expression have
provided the opportunity to understand biosynthesis of
steroidogenic protein and enzymes in the brain of L.
rohita.
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Introduction:

The onset of sexual maturation marks an important
point in the reproductive life of a fish. Moreover,
precocious or delayed puberty can have profound
negative effects in fish farming and broodstock
management. Our knowledge about the molecular
processes involved in regulation of puberty in fish are
still fragmentary. To identify still unknown components
of puberty regulation, experimental model systems that
exhibit genetic defects or genetic polymorphisms
affecting the onset of sexual maturity provide useful
tools for further analyses. A prominent example is the
polymorphism in adult male body size in some species
of platyfish and swordtails of the genus Xiphophorus. A
single Mendelian locus (P) was shown to be responsible
for the observed polymorphism. P determines the onset
of sexual maturity of males and results, due to the fact
that males stop to grow after reaching puberty, in a
marked size polymorphism. Strikingly the different male
size classes show pronounced differences in behavior
and females prefer large over small males.

Results:

We show that a polymorphism of the melanocortin
receptor 4 (mc4r) comprising functional and non-signal
transducing versions and the copy number variation of
mc4r genes on the Y-chromosome underlie the
polymorphism of the P-locus. Non-functional copies of
mc4r that are only present in some males act as dominant
negative mutations and delay the onset of puberty
leading to the large phenotype. The co-expression of
dominant —negative receptor versions with wildtype
mc4r leads to a reduction of cAMP production and
decreased expression of mcdr effector genes. Copy
number variation, as a regulating mechanism, makes the
system extremely flexible and is responsible for the large
variety of phenotypes.

Conclusion:

Our analysis shows that a gene polymorphism of
mc4r is linked to size differences of adult males and
explains the molecular mechanisms maintaining
phenotypic variation. As mc4r is a critical component of
the hypothalamus-pituitary axis involved in regulation of
body weight and appetite, a novel link between the
physiological system controlling energy balance and the
regulation of reproduction becomes apparent.
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Background:

Kisspeptins have emerged as key modulator of
reproduction in mammals, through its regulation of
gonadotropin-releasing hormone (GnRH) neurons. Unlike
placental mammals, few teleosts express kissI and kiss2
[1]. Moreover, teleosts brain expresses multiple GnRH
forms. The chub mackerel show asynchronous type of
ovarian development, where a small percentage of first
clutch, late vitellogenic oocytes undergo final oocyte
maturation (FOM) and spawning with successive
progression of mid- and early vitellogenic oocytes. Our
previous study found that the chub mackerel brain
expresses kiss! and kiss2. Further, this species expresses
three GnRH forms (GnRH1 or seabream GnRH; GnRH2
or chicken GnRH-II; GnRH3 or salmon GnRH) and their
neuroanatomical distribution revealed that GnRHI1-
‘immunoreactive axonal fibers project mainly to the
anterior pituitary, where gonadotropic cells are localized
[3]. In the present study, to clarify whether multiple kiss
and GnRHI1 forms are involved in the regulation of
female spawning cycle, their mRNA expression profiles
in the brain as well as corresponding GnRH peptides in
the pituitary were analyzed.

Methods:

Chub mackerel females fail to undergo FOM and
ovulation spontaneously in the captivity. During the
natural spawning season (April-June), females (2-year-
old) with late - vitellogenic oocytes (600-650 pm in
diameter) were selected by ovarian biopsy and induced to
undergo FOM, ovulation, and spawning in 3-ton outdoor
concrete tanks. Induction protocol was based on sustained
release formulation of GnRH agonist (Des-Gly10, [D-Ala
6] LH-RH Ethylamide). The first spawning was observed
34-36 h post-injection, and subsequent daily spawning
occurred between 22.00 and 24.00 h. After one week, fish
sampling was performed at 13.00, 16.00, 20.00, and 6.00
h of the day, corresponding to different stages (n=4-6 for
each stage) of spawning cycle. SYBR Green quantitative
real-time PCR (qRT-PCR) and time-resolved
fluoroimmunoassay (TR-FIA) was used to analyze the
changes in kiss and gnrh mRNA levels in the whole brain
and GnRH peptides in the whole brain and pituitary,
respectively.

Results and Discussion:

Daily spawning activity in chub mackerel females

after one week of GnRH agonist administration suggests

Fig. 1. Expression profiles of kissl (A), kiss2 (B), and gnrhl (C) mRNAs in the brain and GnRH1 peptides in .the
pituitary (D) at different ovarian stages during the spawning cycle (LV, late vitellogenesis; GVM, germinal vesicle
migration; HY, hydration; OV, ovulation; POV, post-ovulation). Different letters above the bars represent significant

differences between stages.
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that the endogenous hormonal pathway of Brain-Pituitary-
Gonad (BPG) axis is involved in the regulation of
multiple spawning, without the influence of externally
administered GnRH agonist. Results show that brain kissI
and kiss2 mRNA levels fluctuates significantly (p<0.05)
during GVM and HY stages, respectively (Figs. 1A and
B). Similarly, brain GnRH1 peptide levels were highly
elevated during GVM and HY stages (Fig. 1D). In
contrast, pituitary GnRH1 peptide levels were elevated
throughout the spawning cycle (data not shown). These
results suggest that increased synthesis of brain GnRH1
peptides is responsible for sustained release of the
peptides in the pituitary and regulates pituitary GtH
synthesis and secretion during the spawning cycle.
Interestingly, an increase in kissl, kiss2, and gnrhl levels
was evident during the post-ovulation (POV) stage.
Histologically, females sampled at POV period (06.00 h),
showed the presence of 6- to 8-h old post-ovulatory
follicles in their ovarian tissue, which indicated that these
fish had undergone spawning on the previous night.
Moreover, during the POV period, it is most likely that
the standing stock of late vitellogenic oocytes in the ovary
is ready to undergo germinal-vesicle migration (GVM)
for the next spawning. So, we propose that an increased
level of kissl, kiss2, and GnRHI1 in the brain regulates
spawning cycle in female chub mackerel.

& )
o
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Conclusion:

The results of expression profiles suggest that kissl,
kiss2, and GnRH1 forms are involved in the regulation of
spawning cycle in female chub mackerel. Future studies
on circulating GtH levels will help to clarify the
significance of sustained GnRH release into the pituitary.
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Introduction:

Before kisspeptins became new players in the field of
reproductive biology, GnRH was acknowledged in all
vertebrates as the major initiator of the hormonal cascade
modulating the reproductive axis. Originally identified
as a metastasis suppressor in mammals [1], the KISS1
gene produces several peptides named kisspeptins
(kisspeptin -54, 14, 13, 10), which activate the KISS1
receptor (GPR54 or KISSR) previously known as an
orphan receptor [2]. Recent phylogenetical analyses
provided evidence that the number of kiss genes and kiss
receptors varies from one class of vertebrate to the other.
According to these studies [3] modern mammals have
only one KISS gene, monotrems have two, birds would
have none, reptiles have one, amphibians have three and
fishes have two KISS genes. Similarly, the number of
genes encoding GPR54 receptors (or Kissr) also varies
from one class to the other. With the aim to enlarge our
knowledge on organization and potential functions of
Kiss systems in relation to GPR54 receptors in non-
mammalian species, so far very poorly investigated, we
have focused our interest on the elucidation of these
systems in zebrafish, taken as model of study. Zebrafish
have two kiss genes, kissl and kiss2 and two Kkiss
receptors (GPR54), kiss1r and kiss2r.

Methods:

To be able to provide detailed information regarding
the organization of the Kissl and Kiss2 systems in
zebrafish brain we produced specific antibodies (raised
against the C-terminus of zebrafish preproKissl and
preproKiss2) that unambiguously distinguish zebrafish
preproKissl from preproKiss2. Immunohistochemical
analysis was fully confirmed by in situ hybridization and
transgenic approaches.

Results and Discussion:

Our findings show that kissl-expressing neurons are
only located in the habenular nucleus, while kiss2-
expressing neurons are found in the dorsal and ventral
hypothalamus. Kiss1-expressing cells project only to the

University, Seoul, Republic of Korea.

interpeduncular and raphe nuclei, and strongly expressed
the kiss1r receptor. In contrast, kiss2-expressing cells are
mostly present in the dorsal and ventral hypothalamus
and project widely into the subpallium, the preoptic area,
the thalamus, the ventral and caudal hypothalamus and
the mesencephalon. All these regions strongly expressed
the kiss2r messengers. In the pituitary gland, no
proKiss2- positive fibers were detected, while positive
cells were observed in the pars intermedia.

Furthermore, the potential relationships between Kiss
neurons and GnRH neurons have been investigated.
Briefly, Kiss2 fibers profusely innervate the ventral
forebrain and notably made close apposition with
GnRH3 neurons. Moreover, estrogen treatment of
juvenile fish with estradiol causes increase in kiss2 and
kiss2r expression.

Conclusion:

In addition of providing a successful strategy to
develop antibodies to kisspeptins, this study provides for
the first time detailed information on the organization of
two separate kisspeptin systems derived from
evolutionary-ancient kiss genes in the brain of a
vertebrate (see Figure 1 for a schematic representation).
These data will be discussed in relation with steroids,
melatonin and leptin signaling.
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Fig 1. Schematic representation of the organization of the Kissl and Kiss 2 systems in the brain of zebrafish. (Adapted from
[4D. Kiss 1 neurons are restricted to the habenula (Hb). They express also kisslr and project only into the interpeduncular
nucleus (IPN) and the raphe (SR). Kiss 2 neurons are located in the dorsal (Hd), lateral and ventral hypothalamus (Hv). These
neurons send extensive projections towards the subpallium, the entopeduncular nucleus (EN) the preoptic region (POA), the
thalamus, the ventral and caudal hypothalamus and the torus semicircularis (TS). In all these regions, kiss2r are widely
expressed. Kiss2 fibers make direct contacts with GnRH3 neurons that project to the pituitary. In contrast, no Kiss fibers were
seen in the pituitary (P), whereas Kiss2 positive cells are present in the pars intermedia. CC: Crista cerebellui; LX: -'agal lobe;
MO; medulla oblongata; OB: Olfactory bulb; OC: Optic chiasma; Pal: Palium; TeQ: optic tectum
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Introduction:

Vasotocin(VT) is the basic neurohypophysial
nonapeptide hormone in non-mammalian vertebrates
having the ring structure of oxytocin and side chain part
of Arg (8) — vasopressin and hence showing biological
activity of both vasopressin and oxytocin. Vasotocin is
involved in various functions like osmoregulation,
metabolism, reproduction and behavior [2]. The peptide
was characterized in catfish brain and ovary and showed
seasonal activity [6]. In the ovary VT is involved in
stimulating steroidogenesis, follicular maturation and
ovulation [7]. The role of catecholamines in the release
of vasopressin has been demonstrated in the past [3, 4].
McNeill ef al. [5] have described the interaction between
the monoamine - and neurophysin — containing
pathways. Studies in rat of the vasopressin response to
dopamine have yielded varied results (increase, decrease
or no effect). However, studies on the catecholaminergic
regulation of VT in lower vertebrates (teleosts) are
meagre. In teleosts, central catecholamines are involved
in the regulation of gonadotropin secretion. The
objective of the present study was to investigate the role
of catecholamines in VT secretion in the -catfish
Heteropneustes fossilis, since VT has a gonadotropin-
like role.

Methods:

Adult female catfish Heteropneustes fossilis were
collected from local fish markets during preparatory
(previtellogenic) phase and acclimatized in laboratory
conditions for 48hr. After acclimatization, the fish were
injected intraperitoneally with different concentrations of
a -methylparatyrosine (a-MPT; 25, 50, 100 and 250ug/g
BW), catecholamines — dopamine (DA), norepinephrine
(NE), epinephrine (E) (0.5, 1.0, 10 and 100ng/g BW) and
L-DOPA (0.5, 1.0, 10 and 100ng/g BW) alone or in
combination. After 24hr of the injection, blood samples
were taken by caudal puncture and plasma was
separated. The fish were sacrificed by decapitation and
brains along with pituitary were removed and dropped
into cold anhydrous acetone and stored at -70°C. Tissues
were processed for VT extraction and quantification by
an EIA kit (Bachem Peninsula Laboratories, California,
USA; Catalogue No. S- 1239, EIAH - 8121). Data were
presented as mean * SEM and analyzed by one way
ANOVA, followed by Tukeys’ test.

Results and Discussion:
In the present study the administration of L-DOPA,
DA, NE, E and B -MPT (an irreversible inhibitor of CA,
rate —limiting enzyme) produced overall significant
effects on brain and plasma VT levels (P<0.05). In the
brain and plasma L-DOPA and DA inhibited VT levels in
a concentration — dependent manner. Norepinephrine
exhibited biphasic effects, low dose (Ing/g BW)
stimulated and higher doses (10 and 100ng/g BW)
inhibited VT levels in a concentration — dependent
manner. Epinephrine stimulated VT levels in a
concentration — dependent manner in both brain and
plasma. a-MPT inhibited VT levels in a concentration —
dependent manner in both brain and plasma. The
administration of a-MPT (250ug/g BW), L-DOPA and
DA (10ng/g BW) significantly decreased the VT levels
in comparison to the control groups. The percentage
decrease was 78.43, 27.78, 22.27 in the brain and 89.05,
32.69 and 29.47 in the plasma, respectively. In the a -
MPT + L-DOPA and a-MPT + DA groups, the brain VT
level was significantly decreased compared to the a-
MPT, L-DOPA or DA groups, although the percentage
decrease was not significant in plasma. In the a-MPT +
L-DOPA + DA group, the VT level was decreased
further significantly. On the other hand, the
administration of NE and E (Sng/g BW) significantly
increased VT levels in comparison to the control groups.
The percentage increase was 31 and 46 in the brain and
16 and 32 in the plasma, respectively. In the a-MPT +
NE and o-MPT + E groups, the VT level was
significantly decreased compared to the NE or E alone
groups, but the level was significantly higher than a-
MPT alone group. In the a-MPT + NE + E group, the VT
level was significantly increased in comparison to the
control group, amine alone group or combination group.
Thus, the present study suggests that brain and plasma
VT levels (synthesis and release) are differentially
modulated by catecholamines, NE stimulating and DA
inhibiting. The physiological significance of the
inhibitory effect of DA has been reported by Baggio and
Ferrari [1] who demonstrated that DA could influence
water handling by the kidney and decrease Avp
CT%I;cefnutrrlittli(c))rrlxalln s?g;lrir}?clzsanl:;dergmng maximal diuresig
of the catechola

regulation of VT, however, needs further study minergic
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Conclusion:

In conclusion, the present data suggests that

catecholamines act differentially to modulate vasotocin

secretion in the catfish, as in mammals
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Introduction:

Medaka (Oryzias latipes) is a teleost fish that has an
XX/XY sex determination system. The sex determining
gene DMY, which is located on the Y chromosome, has
been identified in medaka [1]. Recently, we showed that
the XX medaka masculinized by high temperature or
cortisol treatment, and high temperature treatment
elevated whole-body levels of cortisol. These results
suggest that high temperature induces masculinization of
XX medaka through elevation of cortisol levels [2].
Cortisol is one of glucocorticoids produced by the
interrenal cells in fishes. Cortisol secretion is induced
through elevation of adrenocorticotropic hormone
(ACTH) levels by corticotrophin-releasing hormone
(CRH), which is secreted from hypothalamus [3].
However, the molecular mechanism which regulates
CRH secretion in hypothalamus remains unclear. In this
study, to elucidate the regulational mechanism of CRH
expression in medaka, we analyzed the expression
profiling of genes regulated by high temperature in the
hypothalamus using DNA microarray analysis.
Methods:

We used neurogenin3-GFP transgenic medaka line,
which expresses specifically GFP in the hypothalamus.
Medaka embryos were reared in ERM (17 mM NaCl, 0.4
mM KCl, 0.27 mM CaCl,;2H,0, 0.66 mM MgSO,, pH 7)
at 26°C or 33°C from 0 days post-fertilization (dpf) to 4
dpf. To investigate the expression profiling of genes
regulated by high temperature (33°C) in the
hypothalamus, we performed DNA microarray analysis
using mRNAs extracted from hypothalamic regions in 4-
dpf embryos. After that, we performed quantitative real-
time PCR analysis using SYBR Green I Master (Roche)
on a LightCycler 480 (Roche) to confirm the expression
patterns of genes isolated by DNA microarray.

Results:

As results, the expression of 2,512 genes was
increased more than twice by high temperature
treatment, and 65 genes, containing heat shock protein
70-kDa and heat shock protein 30-kDa, had a more than
ten-fold increase in their expressions. On the other hand,
the expression of 1,981 genes was decreased more than
twice by the treatment, and 58 genes, containing keratin
and choriolysin H, had a more than ten-fold decrease in
their expressions. The expression patterns of these genes
were similar to results by quantitative real-time PCR
analysis.

Conclusion:

In this study, we isolated many genes regulated by
high temperature in the hypothalamic regions of medaka
embryos. These results suggest that their genes isolated
here might regulate CRH expression in hypothalamus
under the high temperature treatment. In the future, we
will analyze the functions of these genes on the sexual
differentiation in medaka.
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September, almost 1.5 month earlier than S group
attaining full spermiogenesis in February. The highest
FSH plasma levels were observed in L fish which almost
doubled the FSH values of S fish at this time (p<0,05).
These high levels of FSH were linked to spermatogonial
proliferation and associated with the onset of
gametogénesis, as in other teleosts, [5]. A transient FSH
peak (p<0.05) was observed at mid December in L fish
coincident with increasing levels of LH suggesting a
possible collaborative role of both gonadotropins in
eliciting the 11KT surge observed at this time that in turn
would drive active spermatogenesis forward and meiosis
of germinal cells [2, 4,]. Finally, in L fish LH increased
from mid October onwards peaking in February
coinciding with full spermiation, revealing its prominent
role at late gametogenesis. In S fish levels of LH were
lower, started to increase one month later and peaked in
February but with about half of the value shown by L
fish at this date. In both groups 11-KT exhibited the
highest levels by middle of December although values of
L doubled those of S (p<0.05).

In L fish a transient but significant elevation of 11KT
was observed by the end of September coincident with
the highest levels of FSH observed at this date,
confirming the steroidogenic role of FSH in sea bass [6]
and its mediation in stimulating early stages of
spermatogenesis as previously suggested in other fish
[5]. Though small fish had similar endocrine profiles as
L fish, their amplitude were much lower being most
likely the reason why functional competence of the BPG
axis in former fish did not occur. Apparently fish size is
a permissive condition to guaranty full effectiveness of
the hormonal actions. The ELISA for sea bass FSH
showed a high degree of parallelism between the
standard curve and serially diluted plasma and pituitary
samples of this species. The assay has a high sensitivity
and reliability.
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differentiation in vertebrates. Based on quantitative real-
time PCR data, transcription levels of male-related genes
were  significantly  increased  after  testicular
differentiation (Fig. A)[1-4]. Transcription levels of
female-related genes (wnt4, Jfoxi2, and cypl9ala) had no
changes during testicular differentiation, but expressions
of female-related genes were significantly increased at
E2- and Al-stimulated ovarian differentiation (Fig. A)[1-
3]. These data showed that male/female-related genes
did correlate with testicular/ovarian differentiation and
d;velopment in black porgy. After gonadal
dffferentiation, male-related genes were continued to
highly express in the testicular tissue in 0*-, 1*- and 2*-
yr-old fish, and the expression was significantly
decreased in testicular tissue at female phase (Fig.
B)[1,4]. By contrast, female-related genes were weakly
expressed in ovarian tissue at male phase (0*-, 1"~ and
? -yr-old fish), and expression was significantly
Increased in ovarian tissue at female phase (testis-
removal sex change in 1*-yr-old fish and natural sex
change in 2*-yr-old fish) (Fig. B)[1-3], respectively.
hCG could regulate amh and amhr2 expression in
testicular tissue but not in ovarian tissue [4]. After hCG
injection, the responses of many genes were differential
between active and inactive gonadal tissues [4]. The data
suggest that the testicular/ovarian tissues in a single
bisexual gonad had differential responses to the
endogenous stimulation.

Conclusion:

Protandrous black porgy with predictably and
dramatically anatomical changes in the reproductive
system, thus making it is a unique model fish to study
sex differentiation and development. This study

s
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described the sequential expressions in certain male and
female related genes. According to the data from sex
change in the testis-removal fish, we suggest that
maintaining the male phase will inhibit sex change in the
bisexual gonad (Fig. B). This male phase maintenance
may be regulated by GnRH-GtH-gonadal dmrtl axis as
summarized in the Fig. C. Further, a transition in
functional sex from a male to female requires one or
more changes in the sex determination pathway to occur.
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was in consistence with the aromotase protein level, as
revealed by immunohisto-staining with tilapia aromatase
anti-sera. Foxl2 was found to be down regulated, while
Dmrtl was up-regulated gradually during the treatment
period. It is worth noting that the up-regulation of

Cypllbl, the key enzyme responsible for 11KT
production, was up-regulated only at the late treatment
period.

Conclusion:

Our data indicate that estrogen is not only critical for
the ovarian differentiation, but also for ovarian
maintenance, while androgen might be the consequence,
instead of being the reason for the Letrozole induced sex
reversal. Besides Sf-1, FoxI2, Dmrtl, numerous factors

Vol.4 No. S 8 (August 2011)  ISSN: 0974- 6846
were found to be critical for the sex determination and
sex reversal. The establishment of tilapia local blast
databases also enabled us to investigate the expression
profile of numerous genes in gonadal development. The
completion of the tilapia genome sequencing and gonad
transcriptome sequencing will surely promote the
elucidation of the molecular mechanism for tilapia sex
determination and differentiation.
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GROWTH AND SEX DIFFERENTIATION RELATIONSHIP IN THE EUROPEAN SEA BASS
(DICENTRARCHUS LABRAX)
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Introduction:

Phenotypic sex is the result of the processes of sex
determination (genetic or environmental) [1] and sex
differentiation [2], and is highly labile in fish, since in
several species it is affected by environmental factors
such as temperature, pH or density. The European sea
bass (Dicentrarchus labrax) is a gonochoristic species
where its polygenic sex determination mechanism [3] is
influenced by temperature [4]. Growth dimorphism is
present in teleost fish, but while in some species males
are the largest fish [5] in others, such as the European
sea bass, females are larger than males [3, 6, 7, 8]. A
correlation between growth and final sex has been found
in studies where size-grading of sea bass populations
applied at the early stages of development generated two
well differentiated populations: one female-dominant
population (the largest fish) and one male-dominant (the
smallest fish) [9]. It has been suggested that gonadal
differentiation is dependent on whether a certain size is
reached by a certain developmental time [10, 11],
suggesting that early growth is the factor controlling sex.
However, in fish it has been also observed that growth
can depend on phenotypic rather than genotypic sex [8,
12], which would suggest that the course of sex
differentiation determines early growth. The objective of
this study was to investigate these two alternative
possibilities in the European sea bass.

Methods:

European sea bass larvae were reared under standard
conditions. Fish were size-graded at ~4 cm into three
experimental groups based on growth (fast, F; medium,
M and slow, S). When fish were ~6.5 cm the M-group
was further subdivided in three groups: control, Estradiol
(E2)- and Fadrozole (Fz)-treated groups, whereas the F
and S groups were in turn subdivided into fast-fast (FF),
fast-slow (FS), slow-fast (SF) and slow-slow (SS) groups
based on subsequent forced growth rates achieved by
either ad libitum feeding or food restriction until 232 dph
(Fig. 1). Fish were periodically sampled and welght and
length determined. At 337 dph the sex ratio was
determined visually and histologically.

Results: .

Significant differences (P<0.05) between groups 1n
length and weight at 232 dph were observed according to
the regime experienced, i.c., FF >SF>FS>SS (Table 1).
Males predominated in the Ctrl group as is typical in

cultured sea bass. However, groups initially exposed to
fast growth (FF and FS) had the highest percentage of
females and a sex ratio significantly different (P<0.05)
from that of the Ctrl group. Groups initially exposed to
slow growth (SS and SF) had a sex ratio in between that
of the Ctrl group (P>0.05) and the FF and FS groups
(P<0.05). In addition, there was a relationship between
growth and sex ratios in the treated groups (Growth and
percent males: Ctrl = Fz > E2 (Table 1).

Conclusions:

Together, the results of this study suggest that sex
ratios not only are established well before the first signs
of sex differentiation but, importantly, that they are
essentially not affected by growth rates during the
period of gonadal differentiation. Further, due to the low
number of females in the Ctrl group we could not
compare the growth of Ctrl females with E2-treated
females. Nevertheless, the fact that right after the end of
the treatment E2-treated fish (~94% females) were
smaller than Ctrl fish (~2% females) indicates that sex
can also influence growth, although a deleterious effect

Figure 1. Growth and sex differentiation
experimental design (F, Fast; M, Medium; S,

Slow growth).

Standard length (cm)

Age (dpf)

Table 1. Weight and length of European sea bass at 232 dph
and sex ratios at 337 dph. Groups with different letters are
significantly different (P<0.05)

Length £ SEM | Weight + SEM | Male percent
FF 12,93+ 0,14 35,51+ 0,99 66,15°
FS | 10,89°+0,08 | 18,36°+0,34 61,19
Ctrl | 12,004+ 0,08 27,30°+ 0,53 97,83
Fz 11,93°+ 0,09 27,06° + 0,64 100°
E2 | 11,53°+0,41 | 23,11°+0,07 597°
SF | 11,18°+0,15 | 25,00 0,63 90,57
SS 9,39° + 0,09 12,93° + 0,23 92,19°
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The histological analysis of gonads collected from 22

animals at age 16 months showed that 55% sampled
fishes had undifferentiated gonads (Fig. 1 A) and 45%
had differentiated ovaries with early pre-vitellogenic
oocytes (Fig. 1 B). Four fish samples at the age 16
months had differentiated testes. This differs from data
reported for other sturgeon species in which the
differentiation occurs at 9 months [5].
Comparative expression in ovaries and testis of 16
months old showed a male up-regulation of 67 fold for
igfl (p<0.0001) and of more than 200 fold for dmrtl
(p<0.001), ar (p<0.001), Ih (p<0.001), cyp17 (p<0.001).
star was not dimorphic at this stage. This trend was also
observed when just differentiated testis was compared to
ovaries at stage ITI, except for sox9 and star that were
slightly over-expressed in females.

The undifferentiated gonads showed low level of
expression in all genes analyzed. For undifferentiated
gonads the trends of dmrtl, ar, Ih and cypl7 were
similar, with some fish showing high levels of
expression and the others very low expression level,
suggesting over expression in those probably undergoing
male differentiation. Among the genes selected the
transcription factor dmrtl seems to play a central and
conserved role in fish testis differentiation [6]. The
higher expression of this gene in Siberian sturgeon testis
suggests that the function of dmrtl appeared already in
this ancient fish and was conserved in teleost. Androgens
play essential roles in sex differentiation and sexual
maturation in vertebrates and their actions are mediated
through androgen receptors that seem important during
A. baerii testis differentiation. The sox9, a direct
downstream target of SRY in mammals [7], seems not to
play and essential role in testis development of
chondrostean fish. The steroid synthesis capacity seems
to be higher in just differentiated testis when compared
to ovaries, but more efforts must be made to conclude if
undifferentiated gonads are able to produce steroids.

Vol.4 No. S 8 (August 2011) ISSN: 0974- 6846

Conclusion:

Four genes (dmrtl, ar, lh, cypl7) can be considered
as potential markers of testis differentiation before we
can identify sex of Siberian sturgeon juveniles by the
testis morphology.
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GENE EXPRESSION PROFILING DURING GONADAL DIFFERENTIATION IN RAINBOW TROUT
(ONCORHYNCHUS MYKISS) USING A NEXT GENERATION SEQUENCING (NGS) APPROACH
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Introduction: expressed in differentiating gonads. To better

Knowledge on the molecular mechanisms of sex
determination and sex differentiation in fish is still
limited. Rainbow trout (Oncorhynchus mykiss) is an
economically important fish species and also one of the
most studied fish species with many experimental
advantage including the availability of all-male (XY)
and all-female (XX) genetic populations, a relatively
large body size and a slow development that makes
possible to sample embryonic gonads at the very
beginning of the sex differentiation process (around
hatching i.e., 30 days post fertilization (dpf)). In order to
better understand the molecular mechanisms of sex
determination and sex differentiation in fish, we used a
NGS approach to characterize gene expression profiles
during early gonadal sex differentiation in rainbow trout.
Methods:

Doubled-strand ¢DNA libraries were constructed
from pooled testis and from pooled ovarie sampled in
35 dpf rainbow trout embryos. These libraries were
sequenced using the Roche 454 Titanium technology and
the resulting sequences have been assembled and
mapped onto the existing rainbow trout transcriptome
from SIGENAE. Some of these transcripts were further
characterized during early gonadal development (from
28-70 dpf) using qPCR and whole mount in situ
hybridization (WISH)

Results and Discussion:

The sequencing yielded 350,638 reads from the ovary
library and 349,465 reads from the testis library.
Mapping of these sequences results in the identification
of 42,044 “transcripts” (bioinformatics contigs)

characterize sex dimorphic genes, we selected transcripts
(74 for ovary and 48 for testis) containing more than 30
total reads with at least a 2 fold change between sexes.
Among these selected transcripts, cypl9ala, a well
known key gene for ovarian differentiation [1], was
predominantly expressed in the ovary library (84 reads
and 5 reads in the testis library), demonstrating the
efficiency of the NGS approach. Among these
transcripts, we identified one previously uncharacterized
gene with a very restricted expression pattern in some
epithelial and somatic peri-germinal cells of the
differentiating testis. This gene was specifically
expressed in the testis at very early stages of gonadal
development, with no expression detected in the female
differentiating ovaries. These expression patterns suggest
that this novel gene plays important role in testis
development.

Conclusion:

The identification of novel testis specific genes in
rainbow trout demonstrates the interest of characterizing
gene expression profile in early gonadal development
using a NGS approach. Therefore, analyzing more of this
subset of sequence information will lead to a better
knowledge of the molecular mechanisms of sex
determination and sex differentiation in fish.
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Introduction:

Follistatin (Fst) is an inhibitor of some members of
the TGFpB family that was first identified in mammalian
ovary. This gene has been shown to be expressed in
granulosa cells and oocyte of mammalian and fish
species, and is involved in folliculogenesis and oocyte
development. In addition to these functions in ovarian
development, fst is also expressed in the mouse
embryonic ovary, and its inactivation induces partial
female-to-male sex reversal, suggesting that fs¢ plays a
significant role in early ovarian differentiation in
mammals. However, only little is known about its
potential role in early gonadal differentiation in teleost
fish.

Methods:

Rainbow trout (Oncorhynchus mykiss) is a teleost fish
with a strict male heterogametic sex determination
system (XX/XY). Genetic all-male (XY) and all-female
(XX) experimental populations can be produced in that
species, allowing the sex-specific characterization of the
early molecular events that occur before histological
differentiation of the gonads. We then used the rainbow
trout model to investigate the expression pattern of fst in
embryonic gonads by In Situ Hybridization and qPCR,
and to determine its regulation during sex differentiation
in fish.

Results and discussion:

Shortly after hatching that occurs around 30 days
post-fertilization (30 dpf), fst is already expressed in
female gonads in some clusters of somatic cells, whereas
no expression is detected in male gonads. Later, its
expression becomes restricted to some somatic cells

lining the future ovarian lamellae. This expression
pattern is very similar to what is observed for the
aromatase gene (cypl9ala) coding for a key
steroidogenic enzyme needed for ovarian differentiation
in fish. Given that cyp19ala is the earliest known gene
to be expressed in a sexually dimorphic fashion in
female gonads of rainbow trout, we compared fst and
cypl9ala expressions several days before hatching. Both
fst and cypl9ala expression begins around 26 dpf in
somatic cells, in a punctiform pattern throughout the
female gonads. Then, around hatching, this expression
becomes continuous throughout the gonads. These
results suggest that fs¢ is implicated along with cypi9ala
in the early steps of ovarian differentiation in teleost fish.
As fst expression is known to be induced by the Wnt/B-
Catenin pathway in mammals, we treated embryos in
vivo with IWR-1, an inhibitor of the Wnt pathway, and
we analysed by qPCR the effects of this treatment on fs¢
expression. We found that the IWR-1 treatment
decreases fst expression in female gonads, suggesting a
role of the Wnt/B-Catenin pathway in regulating
expression of fs¢ in rainbow trout.
Conclusion: .
These results demonstrate that follistatin is one of the
earliest markers of ovarian differentiation in rainbow
trout and its co-expression with cypl9ala suggests that
fst could be implicated along with cypl9ala in the
ovarian differentiation process. Furthermore, expression
of fst is downregulated by an inhibitor of the Wnt/B-
Catenin pathway, suggesting a wide conservation of fsz
regulation across vertebrates.

-
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Introduction:

Zebrafish is an important animal model
recommended by the Organisation for Economic Co-
operation and Development (OECD) for detecting and
assessing the effects of pollutants. In fish, sex
differentiation is often used to evaluate the effect of
endocrine disrupting chemicals (EDCs) as many of them
are known to alter gonadal differentiation.
Steroidogenesis has been shown to be highly sensitive to
hormonal perturbations and is also of importance for
natural fish gonadal differentiation. In zebrafish, there is
still however a lack of knowledge regarding the
steroidogenic  gene expression during gonadal
differentiation  leaving unexplored the precise
mechanism of action of EDCs on this physiological
process. To fulfill these gaps, we then investigated the
normal expression profiles of some selected genes
involved in steroidogenesis during early gonadal
development in zebrafish. This information will serve as
a basis to investigate the molecular mechanism of EDCs
on steroidogenic gene expression during early gonadal
development in zebrafish.

Methods:

Genes were selected for their well known implication
in steroidogenesis including steroid enzymes (cypl1b2
and cypl7al}), and a cholesterol mitochondrial transfer
protein (star). Expression patterns were characterized
using whole mount in situ hybridization in males and
females zebrafish sampled at different stages of

development (20, 30, 40 and 60 dpf or days post-
fertilization). Fish were fixed ovemight in 4%
paraformaldehyde in PBS and hybridizations were
performed with DIG-labeled probes on 10 different
fishes for each gene and developmental stage
investigated.

Results and discussion:

At the later stages of development (40 and 60 dpf),
star and cypllb2 were more expressed in male gonads
whereas cypl7al was more strongly expressed in female
gonads. At earlier stages (20 and 30 dpf) the precise
identification of the sex phenotype of the gonads was not
possible but similar differences were suspected as
labeling was only found in some gonads. Interestingly,
star and cypl1b2 displayed a rather similar expression
pattern characterized by small intermal clusters of
positive cells in male gonads and scattered positive cells
mostly located at the periphery of the female gonads. For
cypl7al a similar male expression pattern was recorded
but in female gonads expression was localized in the
cytoplasm of previtellogenetic oocytes.

Conclusion:

Our study confirm previous results showing that
some genes involved in steroidogenesis are differentially
expressed during early development between male and
female gonads. We will now extend this analysis to other
genes involved in steroidogenesis including for instance
amh, cypl9ala, cypllal, hsd3bl, foxi2a, nrObl, and
nr5alb. These precise gene expression patterns will set
grounds for future studies with an ecotoxicological
prospective.
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Introduction:

Gonadal soma derived factor (GSDF) is a teleost-
specific member of TGF-beta superfamily originally
isolated from gonads of rainbow trout (Oncorhynchus
mykiss), and known to promote proliferation of
primordial germ cells (PGCs) and spermatogonia[l].
Recently, it has been demonstrated that this molecule
plays a crucial role in early testicular differentiation of
medaka (Oryzias latipes)[2]. It has been suggested that
somatic cells play a leading role in gonadal sex
differentiation. However, there are no useful molecular
markers available to date for sex differentiation of
somatic cells in common carp Cyprinus carpio . In
this study, we cloned common carp GSDF cDNAs and

examined their expression profiles during
gonadogenesis.
Methods:

cDNA fragments were obtained from maturing testis
and ovary by RT-PCR using degenerate primers
designed for consensus sequences of known GSDFs. The
entire structure of GSDF cDNAs were determined by 5°-
and 3’-RACE. Their gene expressions were investigated
by semi-quantitative RT-PCR and in situ hybridization
(ISH) with colorimetric or fluorescent imaging.

Results and Discussion:

Two types of full-length GSDF cDNAs encoding 198
and 201 amino acids have been identified (designated as
KoiGSDF1 and 2). They were expressed dominantly in
the gonads and with the overall superiority of
KoiGSDF1. Localizations of their messages were

basically identical. In 4-month-old fish just after the
gonadal sex differentiation, GSDF mRNA intensively
expressed in the testicular somatic cells while somewhat
lower levels were also observed in the ovarian somatic
cells surrounding germ cells. In 16-month-old fish,
GSDF expression came to be restricted to the testicular
somatic cell surrounding spermatogonia. Meanwhile in
the ovary (at the early stage of oogenesis), a weak signal
was detected in the follicle layer of early-vitellogenic
oocytes while a significant level of expression was
observed in somatic cells at dorsal and ventral margins
in some case.

Conclusion:

These results suggest that GSDF supports not only
early step of spermatogenesis but also sex differentiation
and/or maintenance of sexual plasticity.
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treatment), followed by a moderate expression levels in
the remaining period, which was in consistence with the
aromotase protein level, as revealed by immunohisto-
staining with tilapia aromatase anti-sera. FoxI2 was
found to be down regulated, while Dmrtl was up-
regulated gradually during the treatment period. It is
worth noting that the un-regulation of Cypl1bl, the key
enzyme responsible for 11KT production, was up-
regulated only at the late treatment period. The

Vol.4 No. S 8 (August 2011) 1SSN: 0974- 6846
transcriptome analysis of the sex reversal process is still
in progress.

Conclusion:

Our data indicate that estrogen is not only critical for
the ovarian differentiation, but also for the maintenance
of the ovary, while androgen might be the consequence,
instead being the reason of the Letrozole induced sex
reversal.
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Introduction:

Physiological and environmental regulation of
sexual behavior (spawning behavior) has been
intensively studied in goldfish, Carassius auratus {1,
2]. Prior to spawning of goldfish, ovulated females
produce prostaglandin F,a (PG) in the ovary. This
PG triggers female spawning behavior (oviposition
act) by acting on the brain of the female. Meanwhile,
a portion of the PG produced by the ovulated females
is released into the water as a pheromone, and
stimulates the olfactory systems of males, eliciting
male spawning behavior (chasing and ejaculation
act) in sexually mature males. Thus, olfaction is
essential for the occurrence of sexual behavior in
male goldfish. However, the involvement of olfaction
in female sex behavior has not been examined in
goldfish. In the present study, we have examined
whether olfaction is involved in sexual behavior of
female goldfish by blocking female olfactory
pathways.

Methods:

Spawning behavior of male and female goldfish
was induced by injecting PG in non-ovulated female
goldfish [1]. The PG-injected females performed
female spawning behavior. The injected PG was
released into the water and induced male spawning
behavior. Obstruction of olfactory function was
conducted in two separate methods: nasal occlusion
with glue which blocked the reception of
olfactants in the olfactory epithelium, and
olfactory tract section (OTX) which blocked the
transmission of olfactory information from  the
olfactory bulbs to the telencephalon.

Results and Discussion:
Male spawning act was significantly reduced by

60.0£7.9, meantSE, 60
0.6£0.4, N=14,

nasal occlusion (control;
min test, N=12:
p<0.05) and OTX (Sham; 80.9+18.6, meantSE, 90

min test, N=15: OTX;16.3t8.3, N=18, p<0.05) in

males. These results confirm the importance of the
pheromone in male sex behavior in goldfish. In the
PG-injected females, nasal occlusion (control;

60.8+9.3, mean+SE, 60 min test, N=16:
occlusion; 00, N=9, p<0.05) significantly reduced

nasal occlusion;

nasal

female spawning act. This result indicates that
olfaction is also essential in females for the
occurrence of sex behavior although it is not

known whether there is a specific olfactant or a
pheromone from males that stimulates the females.
Interestingly, OTX females preformed spawning act
after PG injection although these fish could receive

no olfactory 137.7£11.5,

meantSE, 90 min test, N=17: OTX; 118.8+16.1,

N=19) The results of these experiments suggest the
existence of the following interaction between
olfaction and sexual behavior in females. The
olfactory input is essential for female sex behavior,
and when this input is interrupted, sex behavior is
inhibited by the neurons in the olfactory bulbs which
project fibers (mitral cells) to the telencephalon, a
control center of sexual behavior [3].Therefore,
even though information of the olfactory input is
blocked by OTX, females can perform sexual
behavior by the stimulation of PG because the
inhibitory system of mitral cells is removed.

Conclusion:

The results of present study showed the
involvement of olfaction in sexual behavior both in
male and female goldfish. Male goldfish sense
pheromones from ovulated females for the
promotion of sexual behavior, but in contrast, it is
not known whether female goldfish sense specific
olfactants for the initiation of behavior. The results
suggest that there is an inhibitory system of sexual
behavior in the olfactory bulbs of female goldfish.
This inhibitory system continues to function when
the olfaction is blocked by nasal occlusion, but
inhibition is ceased by an olfactory tract section.
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Introduction:

In poikilothermic vertebrates, sex determination is
sometimes influenced by temperature. Many studies of
teleost fish show that environmental factors such as pH,
density, and social factors also can change the sex ratio.
However, little is known about the molecular
mechanisms underlying environmental sex determination
in these species. More recently, in the Japanese flounder
(Paralichthys olivaceus), which exhibits temperature-
dependent sex determination (TSD), cortisol caused
female-to-male sex reversal [1]. These observations
suggest that cortisol may be involved in TSD of various
species.

Medaka (Oryzias latipes) is a small laboratory fish with
an XX/XY sex determination system. Recently, it was
reported that XX medaka can be sex-reversed into
phenotypic males by high water temperature (HT)
treatment during the sex differentiation period [2]. To
elucidate molecular mechanisms underlying TSD in
medaka, we investigated the effects of cortisol, HT and
metyrapone (2-methyl-1,2-di-3-pyridyl-1-propanone), an
inhibitor for 11B-hydroxylase which is involved in
cortisol synthesis, on sex differentiation in medaka.
Methods:

The FLFII medaka stock was used [3]. This stock
allows identification of genotypic sex by the appearance
of leucophores before the onset of sex differentiation.
Medaka embryos and larvae were reared in ERM (17
mM NaCl, 0.4 mM KCl, 0.27 mM CaCl,2H,0, 0.66 mM
MgSO,, pH 7) mixed with or without cortisol (Sigma-
Aldrich, Gillingham, UK) at 26°C from 0 days post-
fertilization (dpf) to 5 days post-hatching (dph). On the
other hand, HT experiment was carried out by rearing
them in ERM mixed with or without metyrapone
(Sigma-Aldrich) at 33°C from O dpf to 5 dph. After
treatments, these fishes were maintained up to adults at
26°C under a 14 h light and 10 h dark cycle. Steroid
hormones in five pooled fishes were extracted in diethyl
ether as described previously [4]. Cortisol levels were
measured using a cortisol EIA kit (Cayman Chemical,
Ann Arbor, MI) according to the manufacturer’s
instructions. The phenotypic sex of each adult fish was
determined by histological observation of gonads [5].

Results and Discussion:

HT causes elevation of whole-body levels of cortisol,
while metyrapone inhibits the elevation by HT treatment
during sexual differentiation of medaka

Whole-body levels of cortisol were measured by
enzyme-immunoassay at O dph in the FLFII medaka
larvae reared at 26°C and 33°C during gonadal sex
differentiation. At 0 dph, cortisol levels in the cortisol-
treated larvae reared at 26°C or untreated fishes reared at
33°C were significantly higher than those in the
untreated larvae reared at 26°C or metyrapone-treated
fishes reared at 33°C. This indicates that HT causes
elevation of cortisol level, whereas metyrapone inhibits
the elevation by HT treatment in the medaka larvae
during sex differentiation.

Cortisol causes female-to-male sex reversal and
metyrapone inhibits HT-induced masculinization of XX
medaka
To investigate whether cortisol induces masculinization
of XX medaka in a similar way to HT treatment, we
treated the FLFII medaka with or without cortisol at
26°C, or with or without metyrapone at 33°C from O dpf
to 5 dph. Histological observations at the adult stage
showed that both cortisol and 33°C treatments caused
female-to-male sex reversal and that the sex-reversed
XX fishes had typical testes. Moreover, masculinization
by 33°C treatment was completely counteracted by
administration of metyrapone. Therefore, we suggest that
masculinization of XX medaka by HT treatment may be
attributable to an elevation of cortisol level during
gonadal sex differentiation.

Conclusion:
This study has presented the first evidence of the

involvement of cortisol in TSD of the medaka. We have
demonstrated that cortisol causes female-to-male sex
reversal and that metyrapone inhibits HT-induced
masculinization of XX medaka. HT treatment caused
elevation of whole-body levels of cortisol, while
metyrapone suppressed the elevation by HT treatment
during sexual differentiation. Therefore, these findings
strongly suggest that the masculinization of XX medaka
induced by HT is mediated by the elevation of cortiso]
level.
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Introduction:

Zebrafish is a popular research organism however its
sex determination mechanism is still unknown. Recent
publications suggest that environmental factors have
minimal impact on zebrafish sex ratio.

Results and Discussion:

Using classical breeding experiment we found that
repeated single pair crossing produced broods of similar
sex ratio. On the other hand, sex ratio across families
were wide ranging (4.8% to 97.3% male). Further

examination by array comparative  genomic
hybridization using a custom-designed high density oligo
array in 4 families failed to find universal sex-linked
differences between the male and female genomes.
Conclusion:

Taken together, our study suggests that zebrafish sex
is genetically determined without differentiated sex
chromosomes. Therefore we hypothesize that several
autosomal factors might be involved in the sex
determination of zebrafish.
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Introduction:

The Nile tilapia is considered as a good experimental
animal for the sex determination and differentiation,
owing to its monosex offsprings availability and a short
(14 days) spawning period. Feral Southern catfish, an
endemic fish to China, has a sex ratio 1:1, while the fry
obtained by artificial propagation were all female, thus
making it a good experimental fish to be studied. It is
well demonstrated that estrogens play decisive role in the
ovarian differentiation of the teleosts. It has been
reported earlier that Wtl is involved in the mammalian
sex determination and differentiation via regulation of
Sry, Sox9, Amh and Cypl9al. Mice -carrying
homozygous knockout mutations of Wtl lack kidneys,
gonads and adrenal glands, and have defectively formed
heart and spleen. Mutation in Wtl changes the +KTS/-
KTS ratio and causes male to female sex reversal
(Frasier syndrome) in mice. However, +KTS and -KTS
ablated mice show clearly different phenotypes,
indicating distinct functions of the two splicing variants,
in particular, in the sex determination pathway. Although
Wtl duplication [designated as Wrla and Wrlb] were
found in different teleosts, but their role in early gonadal
development is poorly understood. To understand the
role of Wtl in fish sex determination/differentiation, the
two Wtl genes were cloned, both in tilapia and Southern
catfish, and the expression pattern in the developing
gonad and kidney was studied. The ability of Wtl in
transcriptional regulation of Cypl9ala and Dmrtl gene
expression was also investigated.

Methods:

All genetic female (XX) and male (XY) tilapia
(Oreochromis niloticus) were obtained by artificial
fertilization of eggs from normal females (XX) with
sperm from either sex-reversed males (XX) or super
males (YY), respectively. Southern catfish (Silurus
meridionalis), collected from Hechuang to Belbel
section of the Jialing River, was used for the experiment.
Gonads of adult tilapia and Southern catfish were
dissected and total RNA was extracted. Different
alternatively spliced isoforms (cDNAs) of Wtla and
Wtlb were cloned using RT-PCR and RACE. The body
(after the removal of the yolk sac, intestine, head and
tail) of the 3, 5, 20, 40 dah (days after hatching) fish and
the gonads of the 8 month old fish were fixed and

embedded in paraffin. Digoxigenin- labeled sense and
antisense probes of Wtla and Wt1b were used for in situ
hybridization which was performed as previously
described.

Approximately, 2kb promoter region of Cypl9ala
and Dmrtl were amplified from the tilapia genome and
cloned into pGL3-basic vector. Different isoforms of
Wtl a/b were cloned into pcDNA3.1 plasmid. pRL-TK
was used as an internal control plasmid. HEK293/TM4
cells were used for transcription analysis. Luciferase
assay was performed using Dual-Luciferase Reporter
Assay System (Promega) according to the
manufacturer’s instructions.

Results and Discussion:

Both the Wtla and Wrlb cDNAs were cloned from
tilapia and Southern catfish. 5 variants of Wtla and 3
variants of Wrlb were isolated from tilapia, which were
derived from alternative splicing within the ORFs,
including either a +KTS or —-KTS isoforms. Wtla of
tilapia and Southern catfish comprises an ORF of 1245
and 1257bp, encoding 415 and 419aa, respectively.
Tilapia Wtlb has a 1272bp ORF, encoding 424aa while
the Southern catfish Wt1b has a 1209bp ORF, encoding
402aa. Multiple alignment analysis revealed that Wtla
was more conserved than Wtlb, as it shared a higher
similarity to other teleosts (85-90%) as compared to
mammals (70%). On the contrary, Wtlb shared a
homology of 66% and 61% to other fishes and
mammals, respectively. However, Wtla and Wtlb of
both the species showed less homology (<70%) among
themselves. Phylogenetic analysis also revealed that fish
Wtla and Wtl1b clustered into two different clads, due to
the fish specific genome duplication.

In situ hybridization results showed that until 40dah,
Wtl homologues were found to express in the gonadal
somatic cells and pronephrons of the kidney. Wtla
showed higher expression in the XY gonad, while Wtlb
expression was found to be highest in both the XX and
XY gonad. Wtla and Wtlb expression was found to be
down regulated with the development from 3dah to
40dah. In adulthood, (8 months after hatching) Wtla/b
expression was concentrated in the theca and interstitial
cells of the ovary and Sertoli cells of the testis.
Interestingly, Wtlb expression was seen to be higher in
the testicular Sertoli cells that colocalizes with Dmrtl, a

Proceedings of 9™ International Symposium on Reproductive Physiology of Fish, Cochin, India.

August 9-14, 2011







Indian J. Sci. Technol., 9" ISRPF Issue

Vol.4 No. S 8 (August 2011) ISSN: 0974- 6846

SOME LIKE IT HOT: TEMPERATURE SELECTION DURING THE CRITICAL PERIOD OF
THERMOLABILE SEX DETERMINATION IN PEJERREY (ODONTESTHES BONARIENSIS)

Kaiga, J.", Striissmann, C.A.", Hattori, R.S.”, Oura, M.", Yokota, M."

"Graduate School of Marine Science and Technology, Tokyo University of Marine Science and Technology, 4-5-7
Konan, Minato, Tokyo, 108-8477, Japan. Tel/Fax +81-3-5463-0541 e-mail carlos @kaiyodai.ac.jp.
Institute of Biosciences, University of Sao Paulo, Brazil

Introduction:

Many fish species have thermolabile sex
determination (TSD) and the sex ratios of wild
populations may be influenced by the thermal conditions
during the reproductive season. The pejerrey
(Odontesthes bonariensis) is an Atherinopsid fish that
shows a remarkable level of TSD at environmentally
relevant temperatures [1]. Thus, gonadal sex is
determined between 1 and 5 weeks after hatching and
the frequency of males varies from 0% at temperatures
below 19°C to 100% at 29°C [2]. As a first step to model
the effects of temperature on the sex ratios of wild
populations and to clarify the adaptive significance of
TSD, we examined the thermal preference of pejerrey
larvae during the time of gonadal sex determination and
how sex ratios vary under a situation where larvae can
freely select the temperature.

Methods:

Newly hatched pejerrey larvae were stocked in a
horizontal thermal gradient consisting of five
interconnected aquaria kept at constant temperatures of
17, 20, 23, 26, and 29°C. Larvae were able to move
freely through the entire gradient. Similar amounts of
live food (Artemia nauplii) were delivered to each
aquarium three times a day regardless of the presence of
larvae. Larval behavior was monitored 24-hour/day for 5
weeks using overhead cameras and the number of larvae

and time spent at each temperature was calculated. Sex

ratios were analyzed at the end of the experiments by

light histology.

Results and Conclusion:

The behavioral analysis revealed a preference for
high, masculinizing temperatures (26-29°C) and the
resulting sex ratios were highly male-biased (80-100%).
We also observed a diurnal rhythm of temperature
selection, with fish preferring higher temperatures at
night compared to daytime. These results provide
important clues to understand the ecology of TSD for
this species and predict the sex ratios of wild populations
as a function of temperature. They could be also useful
for modeling the effects of global warming on pejerrey
resources.
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Introduction:

Fish and other aquatic products have been widely
recognized as a safe source of protein for the world’s
rapidly growing population, and aquaculture has become
one of fastest growing industries in China. The Nile tilapia
(Oreochromis niloticus) is one of the most important
species among the farmed fish (FAO 2007). The growth
rate of male individuals is significantly faster than that of
females after gonadal differentiation, and the average
weight of the 1-year-old male tilapia is about 30% higher
than that of the same-age female. Therefore, breeding and
culturing all-male population of the Nile tilapia is a good
way to rapidly increase yields. A major challenge in
commercial production of tilapia is to control reproduction,
as the fish often begins to breed before reaching the
marketable size. The traditional method to control
reproduction was to culture only phenotypic males
produced by hormonal sex reversal, artificial selection,
interspecific cross etc. However, all these manipulations
had some drawbacks. An effective method for producing all
genetic male tilapia (GMT) on a large scale is to cross
normal females (XX) with supermales (YY) broodstock. In
general, for GMT production, identification of the sex
specific molecular marker is the key point. To date, no sex-
specific markers have been found in tilapia, and therefore,
identification of the genotypic sex in the Nile tilapia
requires extensive progeny testing. The goal of this study
was to identify gender-related DNA markers in the Nile
tilapia by AFLP fingerprinting. Subsequently, these
markers were used to establish a molecular method to
distinguish gender in this species.

Methods:

The constructive strain of the Nile tilapia, Oreochromis
niloticus, was obtained from Prof. Nagahama (Laboratory
of Reproductive Biology, National Institute for Basic
Biology, Japan). Genomic DNA from no less than 5
individuals of XX, XY and YY tilapia were taken to
construct genomic DNA pools. The AFLP procedure used
for isolation of sex-specific markers was as described by
Vos et al. (1995) with minor modifications, 256 different
primer combinations in total were analyzed, with samples
electrophoresed on an BIO-RAD Sequi-Gen GT DNA
sequencer and gel analysis carried out using GeneScan.
Results and Discussion:

In our study, using bulked segregant analysis we
identified one male specific AFLP marker, named as NtY1
that showed a sex-specific pattern of segregation. After
sequence analysis, a different male specific SCAR marker

NtY2 and a female specific SCAR marker NtX1 were
designed. PCR combined with H.E. stained gonad section
examination were performed to further confirm the
accuracy using different SCAR markers for amplification
of the expected fragments from 131 individual (78
males, 53 females and 5 YY supermale genomic DNA).
The NtY1 and NtY?2 male specific fragment were amplified
in all 78 XY males and 5 YY supermale but only in 8 of the
58 XX females (94.1% overall efficiency). The NtX1
female specific fragment was amplified in all XY males
and XX females but not in 5 YY males (100% accuracy).
This finding has important implications for commercial
aquaculture, not only in shortening the breeding period and
improving the economic benefits, but is also conducive in
excluding the sex reversal in fish, induced by
environmental effects or autosomal factors. Access to sex-
specific molecular markers allowed a rapid detection
(selection) of genetic XX, XY and YY tilapia for the
establishment of mono-sex tilapia (XX, XY and YY)
production systems.

Conclusion:

Unisex cultivation is an important trend in the modern
fish breeding industry. In this study, we obtained two sex
specific markers, one is X specific and the other is Y
specific. Combined use of these two markers allowed us to
distinguish genetic XX, XY and YY tilapia, no matter it is
normal or sex reversed in phenotype. This is a critical step
for successful development of all male and supermale
tilapia system. Sex specific markers could also help us to
identify the sex chromosome and clone the sex determine
gene of the Nile tilapia, and deepen our understanding of
the molecular mechanism for fish sex determination and
differentiation.
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Introduction:

Male and female vertebrates, including teleost fishes,
exhibit differences in a variety of behavioral and
physiological traits, including reproductive behavior,
aggression, and endocrine secretion patterns. Several
types of neuroanatomical and neurochemical sex
differences have been identified in mammals and birds
that could underlie these functional differences [3, 5]. In
contrast, very little is known about sex differences in the
brain of teleosts. Teleosts should, however, provide
unique models for the study of sex differences and
sexual differentiation of the brain in that their brains
exhibit a considerable degree of sexual plasticity
throughout their lifetime [7]. To uncover the molecular
basis of sex differences in the teleost brain, we examined
sex differences in the expression of the brain-
predominant formm of aromatase, the rate-limiting
enzyme in the conversion of androgen to estrogen [2, 4,
6, 8], in the brain of medaka Oryzias latipes.

Methods:

We searched for genes exhibiting sexually dimorphic
patterns of expression in the medaka brain, and
identified the aromatase gene as being predominantly
expressed in females. Sex differences in its expression
were examined in relation to several factors, including
reproductive stages, genetic sex, phenotypic sex, and
gonadal steroids. We also determined which brain area
and cell type were the source of the sex difference in
aromatase expression.

Results:
A series of analyses revealed that aromatase

expression in the medaka brain was not under the direct
control of sex chromosome genes, but increased
secretion of estrogen from the ovary, but not from the
testis, after the onset of puberty led to higher expression
of aromatase in the female than male brain in a
reversible and transient manner. The medaka aromatase
was expressed throughout the ventricular zones in the
brain, where, in most regions, females have a greater
degree of expression compared to males. The most
prominent sex difference was observed in the optic
tectum, where expression was almost specific to females
only. We also found that contrary to what is known in

other teleost species, radial glial cells was not the source

of aromatase expression in the medaka brain.

Conclusion:

Since it is widely accepted, although not proven in
teleosts, that aromatase in the brain plays an important
role in sex differences and sexual differentiation of the
vertebrate brain [1, 6, 9], the reversible and transient
regulatory system for aromatase expression in medaka
may be able to account for the conspicuous sexual
plasticity of the teleost brain. Further studies are needed
to understand what determines the unique cell specificity
of aromatase expression in the medaka brain and what
physiological significance this will lead to.
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Introduction:

The involvement of androgens as early mediators of
testis differentiation in fish is still a matter of debate [1].
Larval gonadal size limits the possibility to establish
whether an early production of 11-oxigenated androgens
precedes testicular differentiation. In a previous study we
reported the expression of genes involved in androgen
synthesis (i.e. cyplla y la cypl1b) in larval trunks [2]
and the production of 11-ketotestosterone was reported
in larval trunks by EIA [3]. In this context the aim of the
present work was to study the androgen synthesis
_capacity of gonads and peritoneum of Odontesthes
bonariensis in larvae exposed to masculinizing
temperatures (29°C) before morphological differentiation
of the testis. First we validate the nature of androgens
produced by adult testis, liver and spleen and then we
studied the androgen production in larval gonads at
29°C.

Methods:

Pejerrey larvae were raise for 5 weeks at 29°C in
order to obtain a whole male population. At 5 that
moment, 100 fish were sampled and individually
immerse in ice-cold water until movement ceased. Due
to technological constrains in taking then apart, the
gonads and peritoneum were dissected together under
binocular microscope and pooled in ice cold L-15

medium. Adult testis at the onset of spermatogenesis,
spleen and liver were also obtained and placed on L-15
medium. Tissue samples were incubated for 18 hs in 500
puL of L-15 medium in the presence of tritium labeled
precursors. 17P was used for gonad and peritoneum, and
A4 for spleen and liver. The reaction was arrested by
ethanol addition to 80% followed by tissue
disaggregation using a glass-glass grinder. The
supernatant was evaporated under nitrogen until 20% its
original volume qws reached and then extracted three
times with dichloromethane (DM): methanol (M)
(9DM:1M). This fraction was re-suspended and applied
to a silica TLC plate, cleaned by a non-polar mobile
phase run and then resolved by using benzene acetone
(2:1). The resolved radioactive steroids were revealed by
autoradiography, the characteristic Rf computed and
radioactive zones isolated by scratching the silica
followed by extraction using three rounds of 9DM: 1M.
The bands extracts corresponding to 11-ketotestosterone
(11-KT) and 11B-hydroxyandrostenedione (11B-OHA4)
were separately analyzed by HPLC using a RP-C18
column and 0.5 mL fractions were obtained and their
radioactivity content determined by scintillation
counting. The 11B-OHA4 obtained from kidney extracts
was analyzed by co-crystallization to constant specific
activity.

Figure 1: Chromatogram is shown as a continuous line and the fraction radioactivity in bars. A: 11-KT co-eluting fraction from
the TLC resolved by RP-HPLC. B: For fractions 19-21 from A resolved by RP-HPLC.
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for the origin of ovarian cancer. Oogenesis proceeds
from germline stem cells to very early stages of oocytes
in the germinal cradles. Cystic division of amplifying
oogonia occurs in the cradles, which is evidenced by
imaging technique. The imaging also reveals that some
populations of oogonia are eliminated during the cystic
division.  All these observations indicated that a
germinal cradle is a very important place to ensure and
regulate reproduction according to both internal and
external environment. The sex of medaka is determined
genetically. However, some treatment, for example
causing the change of hormonal environment, exerts sex
reversal. In addition, it is indicated by other group that
germ cells are sexually reversible or bipotent. These
evidences suggest that the germinal cradles are also
important for regulation and maintenance of sex.
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NEUROPHYSIOLOGICAL MECHANISMS OF IMPRINTING AND HOMING MIGRATION IN SALMON
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Introduction:

Salmon have an amazing ability to migrate thousands
of kilometers from the open ocean to their natal stream
for reproduction after several years of oceanic feeding
migration. It is now widely accepted that specific factors
of the natal stream are imprinted to particular nervous
systems of juvenile salmon during downstream
migration and that adult salmon evoke these factors to
recognize the natal stream during upstream homing
migration.

Methods:

Three different research approaches from behavioral
to molecular biological studies have been applied to
clarify neurophysiological mechanisms of mysterious
salmon imprinting and homing migration using four
anadromous Pacific salmon (Oncorhynchus species;
pink, chum, sockeye, and masu salmon) migrating from
the North Pacific Ocean to Hokkaido, as well as
lacustrine sockeye and masu salmon in Lake Toya,
Hokkaido, where the lake serves as the model oceanic
system.

Results:

The first approach was behavioral research by means
of biotelemetry techniques. We tracked homing
migration of sensory function-disturbed lacustrine
sockeye and masu salmon in Lake Toya, and found that
both visual and olfactory cues were important for these
lacustrine salmon. The second approach was
endocrinological research on hormone profiles in the

brain-pituitary-gonadal axis of chum salmon migrating
from the Bering Sea to the spawning ground in
Hokkaido. Levels of two types of gonadotropin-releasing
hormone (sGnRH and cIIGnRH), two types of
gonadotropin (LH and FSH) in the pituitary, and gonadal
steroid hormones were measured by specific time-
resolved fluoroimmunoassay. We also carried out in
vitro brain slice experiment to clarify possible roles of
N-Methyl-D-Aspartate (NMDA) receptor on GnRH
functions. The third approach was molecular and
physiological research on olfactory functions that play a
crucial role in imprint and discrimination of the natal
stream odorant during downstream and upstream
migration, respectively. We cloned and characterized a
salmon olfactory system imprinting-related gene and
salmon odorant receptor genes. We also compared
whether dissolved free amino acid (DFAA) mixture of
their natal stream have attractive effects on upstream
selective movement among four Pacific salmon.
Conclusion:

These results demonstrate the navigation ability in
open water, the hormone profiles in the brain-pituitary-
gonadal axis, and the olfactory functions related with
imprinting and discriminating ability of natal stream
odorants in salmon. These recent findings are discussed
in relation to neurophysiological mechanisms of the
amazing imprinting and homing migration in
anadromous and lacustrine salmon.
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Introduction:

Wild caught sole held in captivity spawn sufficient
quality "and quantity for commercial culture whereas
cultured sole (G1 generation) held in the same conditions
spawn infrequently producing eggs of poor quality. The
correct sequence of reproductive behaviour or courtship
is a requirement in many species of fish for the
successful completion of spawning. The present study
examined the reproductive behaviour of wild and
cultured Senegalese sole and the potential for chemical
communication.

Methods:

In the present studies the reproductive behaviour of
groups of wild and G1 Senegalese sole was observed and
recorded with cameras and low intensity red light night
illumination. In the IEO Santander, two different tanks
(14,000 L with 29 fish: 14 females and 15 males) of wild
Senegalese sole that spawned frequently large volumes
(>100 ml floating eggs with >75% fertilisation) of
fertilised eggs were each observed for a period of eight
days. A series of different experiments with groups of
cultured G1 sole were observed: Exp. Nat: In el IEO
Santander a tank of Gl broodstock that spawned
infrequently but spontaneously were observed over a
period of two months. Exp. GnRH: Two tanks of ten sole
(five females and five males) were treated with a single
injection of 10 ug kg' GnRHa and observed during the
following week. Exp. hCG: Six tanks each with two
females and three males were set up. Females were
treated with 50 ug implant of GnRHa fish"‘and males
were given three different treatlments in duplicate, a) 50
pg implant of GnRHa fish™ (two tanks) b) thr.ee
injections of 1000 IU hCG (two tanks) and controls Wfth
no treatment (two tanks). Exp. PG: Six tanks each with
two females and three males were set up. In
experimental groups (four tanks), females and mflles
were treated with repeated injections of 5 pug kg Olf
GnRHa and after spawning started with 100 pg kg
PGF,,. Controls were not treated (two tanks). Finally in
the TEO Santander, two tanks of mixed stocks were

monitored and observed when spawning was obtained,
one tank contained 6 wild caught males and 10 G1 and
G2 females and a second tank contained 6 G| males and
10 wild females.

The olfactory potency of conspecific skin mucus,
urine and intestinal fluids was measured by the electro-
olfactogram. Skin mucus, urine and intestinal fluids were
collected from immature and mature G1 Senegalese sole.
Urine and intestinal fluids were filtered, fractionated (C-
18 extraction cartridge) and diluted [1]. The potency of
diluted filtrate and eluate was assessed by the electro-
olfactogram as has been described [2] and using juvenile
Senegalese sole.

Results:

The wild Senegalese sole were observed to spawn
eight times and on each occasion over 300 mL of
fertilised eggs were collected in the morning. The
associated reproductive behaviour was observed and
described and was divided into 3 periods that can be
briefly described as: 1) A period of intense activity
between a potential female spawner, males and amongst
males. 2) The female swims from the bottom of the tank
accompanied by a male. 3) The female and male swim in
synchrony at the water’s surface with the genital ducts
held closely together and release and fertilise the
gametes. In all the experiments with only cultured G1
sole broodstock the eggs that were collected did not
develop and appeared to not have been fertilised. No G|
females were observed to swim to the surface in the
company of a male. In Exp. Nat six spawns were
collected, in Exp. GnRH a total of five spawns of more
than 20 mL of eggs were collected, in Exp. hCG a total
of 31 spawns of more than 20 mL of eggs were collected
with a range of four to seven spawns per group and in
Exp. PG a total of 9 spawns of more than 20 mL. of eggs
were collected. These observations indicated that G]
Senegalese sole have a reproductive behavioural
dysfunction that resulted in the infrequent liberation of
ova that were not fertilised by the mature males and,
therefore, the eggs did not develop. The group of mixed
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stocks that contained wild males and G1 and G2 females
produced fertilised spawns and during a period of
observation of one month five spawns were collected of
which two contained fertilised eggs. Observations
confirmed that the on each night before a fertilised
spawn was collected a wild male and a captive breed
female successfully completed the reproductive
behaviour and spawned. No spawns were obtained from
G1 males and wild females. These observations suggest
that the behavioural problem associated with captivity
breed broodstock maybe in particular a problem with G1
males.Electro-olfactogram responses were significantly
higher to the eluate fraction from urine compared to
other fractions and all fractions from mucus and
intestinal fluids. The sensitivity to the eluate fraction
from urine could be ranked highest sensitivity to lowest:
mature female > mature male > immature female >
immature male. The eluate fraction contains non-polar
lipids which include the sterol lipids such as estrogens,
androgens (testosterone and androsterone), the
progestogens and prostaglandins.

Vol. 4 No. S 8 (August 2011)  ISSN: 0974- 6846

Conclusion:

Wild Senegalese sole have a complex reproductive
behaviour where pairs spawn together in synchrony and
which is similar to the spawning behaviour of other flat
fish. The cultured G1 Senegalese sole do not complete
the reproductive behaviour observed in wild broodstock
and eggs spawned were not fertilised. This behavioural
dysfunction may be in particular a G1 male problem as
captivity breed females spawned with wild males, but no
Gl male spawned with a wild female. The Gl
broodstock urine contained non-polar chemicals that act
as potent odorants, suggesting that chemical
communication may be important during spawning of
the sole
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Introduction:

The study of control of reproduction by sex
pheromones in fish is mostly restricted to behavioural
responses to sex cues. Our aim was to test whether male
Mozambique tilapia (Oreochromis mossambicus) urinary
pheromone modulates the steroidogenic - physiological -
control of female reproduction. This hypothesis was
addressed because: male tilapia can discern between
olfactory stimuli of pre-ovulated and post-ovulated
females [1]; male tilapia increase their urination rate in
the presence of ovulated females [2]; female tilapia
release eggs when exposed to male urine (unpublished).
To test this hypothesis we used a non-invasive method,
by measuring release of cortisol, testosterone, estradiol
and 17,20BP by pre-ovulated and post- ovulated tilapia
female into the water after exposure to pheromonal
stimulus (male urine). Moreover, blood and urine
samples were taken from the females at the end of the
experiment for measurement of steroid concentration and
plasma steroid binding properties to understand the
dynamics of steroid transport and release in this species.
Methods:

A pre- or post-ovulatory female was placed in a tank
with clean water (10 g fish.I'"). One litre of water was
taken at Oh, 1h, 2h and 6h after male urine exposure
(final dilution 1:10 000) or distilled water (control) and
replaced with 11 clean water. At the end of the
experiment (6h) urine and blood samples were taken.
Steroid extraction from water and biological fluids and
steroid quantification by radio-immuno assay (RIA)
were carried out according Huertas er al. [3]. All steroid
measurements were validated for recovery, specificity
and identity following the guidelines of Scott et al. [4].
To characterize steroid binding affinity, capacity and
specificity in female plasma, we followed the method of
Scott et al. [5]-

Results and Discussion:
The exposure to male urine dramatically affected the

release of 17,20BP to the water by female tilapia with a
rapid response within 1h of treatmf:nt. )The release rate of
free 17,20BP rose to 113424 pg.h kg~ fish after 1h. The
release rate remained significantly higher than controls
for both pre- and post-ovulatory females over 6h, and
higher in post-ovulatory than pre-ovulatory females. The
peaks of sulphated and Iglucloronidated 17,20BP were
6149 and 171+45 pgh kg  fish, respectively. The

release of both conjugated forms returned to control
values after 2h in all experimental groups. The release
rate of free cortisol and estradiol (E,) ranged from 5 to
98 pgh'kg' fish and 10 to 200 pg.h'kg’ fish
respectively over 6h period and was unaffected by
pheromone treatment or maturation state. Only E,
showed significantly higher release of conjugated vs
free. Free testosterone (T) release rate showed significant
differences between pre-ovulatory (36180 ng.h'kg’
fish) and post-ovulatory females (99423 ng.h''kg™ fish).
The increase of maturing inducing steroid 17,20BP after
pheromone treatment strongly suggests a
synchronization of spawning by inducing final
maturation of the eggs [6]. As the number of immature
follicles in post-ovulatory females is higher, this is
consistent with the higher release, and presumably
production, of 17,20BP in this group.

The steroid concentrations in plasma or urine after 6h
was unaffected by the treatment and only T was
significantly different between pre- and post-ovulatory
females. In plasma and urine, concentrations of 17,208P
(free and conjugated) were below 0.8 ng.ml". Plasma
had a specific binding protein for E; with high affinity
(14nM) and moderate capacity (54nM). The relative
binding affinity was E2 (100%) > T (35%) > 17,208 P
(3.3%) > F and conjugated forms (<1%).

Plasma sex steroid concentration is used as an
indicator of reproductive status in fish. However, their
concentrations in plasma are determined by the capacity
and specificity of transport by steroid binding proteins
(SBP). Thus, 17,20BP can be produced in significant
amounts in the gonads but, due to its low affinity for
SBP, it is rapidly metabolized and excreted (probably by
the gills [6]). This leads to low concentrations in body-
fluids but release rates as high as that of estradiol and
suggests point measurement in the water as the most
appropriate assay to evaluate changes.

Conclusion:

Urine from male tilapia contains a pheromone that
dramatically affects 17,20BP metabolism in conspecific
females, less than lh after exposure. This pheromonal
effect was only visible in non-invasive measurement of
steroids in the water and can only be understood after
evaluation of steroid binding proteins.
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Introduction:

The inter-populational variation in the reproductive

behaviour of the peacock blenny Salaria pavo,
particularly the influence of the ecologic environment,
was investigated in the present work. Two populations of
this species inhabiting contrasting environments were
studied: the Ria Formosa population, a coastal lagoon
with sandy/muddy substrate located in the south of
Portugal, and the Gulf of Trieste, an area presenting
rocky substrate located in the northern Adriatic sea.
This species presents high sexual dimorphism: males are
larger than females and exhibit conspicuous secondary
sex characters, like a head crest and anal gland, that
consists of modified rays of the anal fin. These
characters develop mainly in the breeding season. The
mating system is promiscuous, with exclusive male
parental care. In rocky shore populations, males nest in
crevices or holes in the rock and defend a courting
territory around the entrance of the nest where they
perform elaborate courtship displays, assuming a
bourgeois reproductive tactic. Females usually have a
passive role in courtship, responding with changes in
colouration and a few displays before they enter the nest
to spawn,

The Ria Formosa population, however, presents
severe changes to this pattern. In this coastal lagoon,
nesting substrates are scarce and the only adequate sites
to establish nests are bricks located in artificial reefs,
used by clam culturists to delimit their fields. During the
breeding season, nests are highly aggregated, rendering
the maintenance of the typical bourgeois territory
impossible. Sex-role reversal has been described for this
population, with females displaying intense and
elaborate courtship and males assuming an almost
passive role in courtship. In the Ria Formosa there is
also a high proportion of small parasitic males that
mimic female morphology and courtship, and try to
achieve parasitic fertilizations during sapwning episodes.
These alternative reproductive tactics are sequential and
males that assumed a parasitic tactic in one breeding
Season usually acquire a nest in the next season.

In the present study, some questions regarding the
emergence of these behavioural differences between
populations were addressed. The main hypothesis was
that the variations in the mating system should be due to

high behavioural plasticity under the influence of the

ecological environment, namely the abundance and

dispersion of nesting sites. More precisely, the following
questions were studied:

1. Are the sex-roles dynamic in this species and can
they be modulated through  experimental
manipulation of nest-site aggregation?

2. How does the mating system work in populations
inhabiting sites with different nest availability and
dispersion? Are there alternative reproductive
tactics in populations where nest-sites are abundant?

3. Are there morphological changes in females and
different male morphs between populations? What
are the endocrine correlates of such differences?

4. What are the differences in the neuroendocrine
regulation of reproductive behaviour between the
two populations?

Methods:

An integrative approach was used to address these
questions: transects (to quantify abundance and
dispersion of nest sites), behavioural observations in the
field and in the lab (to assess behavioural differences
between populations and the ecological factors
responsible for them), morphometry (to identify
correlates of sexual preference and condition-dependent
traits), radio-immuno assays and quantitative RT-PCRs
(to identify the underlying physiological factors in
control of reproductive behaviour).

Results and Discussion:

The results point to a high behavioural plasticity in
this species, with a strong influence of nest-site
abundance and dispersal in the modulation of the mating
system and reproductive behaviour. In fact, the
aggregation and scarcity of nest sites in Ria Formosa
apparently promote a strong competition for access to
nests sites, favouring larger males and probably
promoting the development of more pronounced
secondary sex characters as intra and intersexual
signalling. As only the largest males acquire nests, the
operational sex-ratio (number of mature females/ number
of males qualified to mate) will be biased towards
females, limiting their reproductive potential and causing
sex-role reversal. On the other hand, a large proportion
of sexually mature males cannot breed and the smallest
adopt alternative reproductive tactics.

: th .
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Although bourgeois males in the Gulf of Trieste are
smaller and have less developed secondary sex
characters than in Ria Formosa, they present relatively
larger gonads. It is probable that sperm competition is
higher in the Gulf of Trieste. This can be explained by
the longer periods outside of the nest that bourgeois
males from this population spend, increasing the chance
for nest-takeovers or stealing fertilizations by rivals.

The analysis of circulating levels of androgens
revealed higher concentrations of 11-keto-testosterone in
bourgeois males from Ria Formosa, suggesting on one
hand a correspondence between this hormone and the
development of secondary sex characters, and on the
other that androgens are highly sensitive to the social

S
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environment. The study on the aromatase enzyme, that
converts testosterone into estradiol and is involved in the
regulation of courtship and aggressive behaviours,
reveals a higher expression of this enzyme in the brains
of bourgeois males from Ria Formosa. A higher local
testosterone-estradiol conversion rate may be down-
regulating the aggressiveness and courtship in these
males, allowing them to cohabitate with neighbours.-
Conclusion: -

The data present in this work allow an. integrated
understanding of some of the mechanisms that regulate
behavioural plasticity in S. pavo, whose expression of
reproductive behaviours seem to be closely related to
ecological factors.
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REPRODUCTIVE BIOLOGY OF GIANT KOKOPU, GALAXIAS ARGENTEUS.

Wylie M. J., Closs G. P., Lokman P. M.

Department of Zoology, University of Otago, 340 Great King Street, Dunedin 9016, New Zealand. Fax +64-
34797584, e-mail: wylma731@student.otago.ac.nz

Introduction:

In New Zealand, the whitebait fishery is comprised of
five amphidromous species of crystalline juveniles that
belong to the genus Galaxias, a group of Southern
hemisphere Salmoniformes that have a marine larval
feeding phase. Whitebait is a seasonal and valuable
delicacy [6,7]. Progress towards the commercial
production of whitebait using G. maculatus, the most
abundant galaxiid species [7,9], has been slow due to
technical constraints (e.g. low fecundity and poor larval
survival). The giant kokopu (G. argenteus), is a
promising alternative, although it 1is considered
threatened [8]. Specimens over 40cm in length and 1 kg
in weight have been recorded [2], with a far greater
fecundity and egg diameter compared to G. maculatus
[8,11]. However, no observations of spawning or egg
deposition have been documented [5] and essentially
nothing is known about the reproductive physiology of
this fish. To fill these voids, oocyte diameters and
plasma levels of estradiol-17B (E;) were determined
from wild fish at monthly intervals throughout the
reproductive cycle until ovulation. Ovarian mRNA
levels of cathepsin D, a protein associated with yolk
processing in developing oocytes [3,4], were also
measured. In order to assess the potential of this fish for
cultivation, the same data were obtained from fish held
in captivity via repeated biopsies. The outcomes were
compared, and where possible, gametes collected from
wild and captive fish to obtain data on fertilization and
hatching rates following incubation of eggs at a range of
different salinities.

Methods:
Wild fish - Ovarian tissue was biopsied and blood

samples were collected from four to six wild fish (~300
g) at monthly intervals until ovulation. Captive fish - The
first group of wild-sampled fish were ‘transferred to a
holding facility and maintained under sunplate@ natural
photoperiod and water temperatures. Ovarian tissue was
repeatedly biopsied and blood samplgs were collected at
near-monthly intervals until ovulation. Subsequent to
sample collection, oocyte diameters _were measured
using light microscopy. Methacrylate resin sections were
stained with haematoxylin and eosin to de:termlne the
developmental stage of the oocytes. Cathepsin D mRNA
levels were quantified using real-time PCR and plasma
E, levels were measured using radioimmunoassay.
Artificial propagation - Mature fish were checked for
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ovulation daily. Stripped eggs were dry-fertilised with
milt from wild fish prior to activation of gametes in
water of different salinities (O ppt, 9 ppt, 15 ppt and 30
ppt). Water was subsequently drained from treatments
and eggs were incubated semi-dry at 10 + 1°C under
100% humidity. In an additional treatment, eggs were
fertilised and incubated fully submerged in local
dechlorinated tap water. Dead eggs were removed daily.
Hatch rates were calculated for each treatment.

Results and Discussion:

Oocyte growth started in December and continued in
wild fish until late June, when ovulated eggs could be
obtained. Levels of E, increased as vitellogenesis
progressed, followed by a dramatic reduction to
undetectable levels on completion of oocyte growth, a
pattern that is reminiscent of that in salmonids.
Messenger RNA levels for cathepsin D increased as
vitellogenesis progressed in giant kokopu. In contrast,
mRNA levels were highest at the onset of vitellogenesis
in gilthead sea bream (Sparus aurata) and rainbow trout
(Oncorhynchus mykiss) [3,4]. In captivity, fish also
reached the ovulatory stage, but it lagged wild fish by
more than six weeks, presumably reflecting the stresses
of repeated biopsy and a protozoan infection in March;
indeed, stress through the action of corticosteroids can
reduce immunocompetence and alter levels of hormones
[1]. High levels of cathepsin D seen during mid
vitellogenesis may similarly reflect fish illness, as over-
activity has been associated with poor-quality eggs [12].
Viable eggs were collected from both groups and
indications of compromised egg quality in captive fish
were further reinforced by low hatch rates (26%),
especially when compared to hatch rates of submerged
eggs from wild fish (71%). Regardless of salinity,
incubation of eggs under semi-dry conditions was
unsuccessful due to an unidentified disease.

Conclusion:

Oocyte growth and estradiol-17B plasma levels were
documented throughout the reproductive cycle of giant
kokopu until spontaneous ovulation in both wild and
captive fish. We conclude that captive fish ovulated and
produced viable eggs, but later in the season than fish
from the wild. Larvae only hatched from eggs fertilised
and fully submerged in fresh water until hatching, and
hatch rate was higher in eggs from wild fish than from
captive fish. In addition to the greater fecundity and
larger egg size of G. argenteus compared to G.
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~AROMATASE ACTIVITY OF BRAIN AND OVARY IN RELATION TO ANNUAL REPRODUCTIVE
CYCLE OF THE INDIAN CATFISH, HETEROPNEUSTES FOSSILIS

Aggarwal, N., Goswami, S.V., Sehgal, N.

Department of Zoology, University of Delhi, Delhi 110 007, India
E-mail address : neerja.agg @gmail.com

Introduction:

Aromatization of androgens by cytochrome P450
aromatase is the key step for the synthesis of estrogens.
Although cytochrome P450 aromatase is predominantly
expressed in brain and ovary, some other tissues such as
liver, kidney, adipose tissue and skin of fish also show
its presence. It occurs mainly in two isoforms, ovarian
and brain types, encoded by cypl9a and cyp19b,
respectively. Expression and activity of aromatase
cypl9a in the ovary regulates ovarian production of E,
during reproductive cycle of fish. In addition,
developmental or seasonal fluctuations in brain
aromatase activity are also observed in several teleosts,
suggesting its involvement in the control of reproductive
cycle. Moreover, the aromatase activity is maximum in
the brain areas associated with reproductive functions.
Estrogen synthesized from circulating substrate in these
areas binds to nuclear receptors and is therefore
physiologically important. In the present study an
attempt has been made to investigate changes in
aromatase activity in ovary and brain and their
relationship with circulating levels of E, and T at
different stages of reproductive cycle in the annually

Fig.1. Seasonal variations in ovarian aromatase activity
hypothalamic aromatase activity
(GS)) in the catfish H. fossilis.

(HAA) and gonadosomatic index

reproducing Indian catfish, Heteropneustes fossilis.
Methods:

The catfish, Heteropneustes fossilis were collected
every month from backwaters of river Yamuna and
acclimated to laboratory conditions (25°C; L:D::12:12)
for at least 7 days. At the time of sampling, female fishes
were anaesthetized and weighed to the nearest 0.5 gm.
Blood samples were collected from caudal artery and
processed for estimation of vitellogenin by alkali-labile
phosphorus method and steroid hormones (E, and T) by
radioimmunoassay [2]. The fishes were decapitated,
ovaries were removed and weighed for calculating GSI.
The brain was exposed and the hypothalamic region was
excised. A piece of ovarian tissue and brain
(hypothalamic region) were weighed to the nearest 0.1
mg and processed for estimation of aromatase activity
[1].

Results and Discussion:

Aromatase activity in hypothalamus of the female
catfish was detectable throughout the year and registered
two peaks during the annual ovarian cycle. The
hypothalamic aromatase activity starts increasing during
the preparatory period, along with increase in ovarian
weights. The increase in enzyme activity
continues till the spawning period; the activity
declines immediately after spawning in
September and October. The second peak of
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smaller magnitude was recorded in late post
spawning period (December-January) when the
photoperiod and temperature are low and the
fish is sexually quiescent. Aromatase activity in
the ovary was detectable only during the
preparatory and prespawning periods, the time
of the year when the production of ovarian
estrogen is needed in order to promote hepatic
synthesis of vitellogenin and its incorporation
in the growing oocytes. At the completion of
vitellogenesis, ovarian aromatase activity
declined sharply resulting in elevation of
plasma testosterone levels, which in turn could
be utilized as substrate by the hypothalamic
aromatase whose activity was highest in the
postvitellogenic catfish. The ovaries at this
stage are maintained in a viable state by a tonic
release of gonadotropins. Also at this stage of
reproductive cycle, the pituitary stores

(%)
Aromatase activity (fmoling wet tissue wt)

Proceedings of 9" International Symposium on Reproductive Physiology of Fish, Cochin, India.

August 9-14, 2011







Indian J. Sci. Technol., 9" ISRPF Issue

Vol.4 No. S 8 (August 2011)  ISSN: 0974- 6846

PLASMA SEX STEROID PROFILES IN MEAGRE (ARGYROSOMUS REGIUS)

Vallés, R.', Bayarri, M.J.%, Mafianés, E.” and Duncan, N.!
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977744138. e-mail: neil.duncan @irta.cat
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Introduction:

Meagre is a new species for Mediterranean
aquaculture and the reproduction is still relatively
unknown. The aim of this work is to obtain the profile of
sex steroids levels during one year and 8 months to gain
knowledge on the meagre reproductive system.
Methods:

A meagre broodstock (first generation, G1, in
captivity) of mean weight 6,79+0,19 kg was held in
IRTA, Sant Carles de la Rapita, Spain, under natural
photoperiod and temperature (min 12.8°C, max 23.7°C).
Every month, from February 2009 to November 2010,
fish were anesthetized with MS-222 (70 mg L) and a
blood sample of 1.5 mL collected. Plasma was obtained
by centrifugation (3000g, 15min, 4°C) and stored at -
80°C for steroid analysis. Levels of estradiol (E),
testosterone (T) and 11-ketotestosterone (11-KT) were
quantified by ELISA. Oocyte samples were obtained by
canulation biopsy and sperm samples by abdominal
pressure.

Results:
During the first year, female plasma levels of E,
were elevated during February and increased reaching

the maximum in April (0.54+0.09 ng ml"), which
coincided with the presence of vitellogenic oocytes in
the ovary. The E; plasma levels then returned to basal
levels in June. In the second year, the E, started to
increase in December and the highest levels were
observed in March (1.15£0.52 ng ml™). A similar pattern
was observed in plasma levels of 11-KT in males, during
the first year levels were significantly higher in February
(0.64+0.07 ng ml™") and decreased to a low in June. The
highest percentage of spermiating males was
encountered in April. In the second year, 11-KT began to
increase in November with the maximum in March
(0.2740.11 ng mI™") and decreased in May when 100% of
males had flowing sperm. Plasma levels of T in males
did not show significant differences over the sampling
period.

Conclusion:

In conclusion, this study provides the profiles of three
sex steroids that clearly identify the period of
gametogenesis (December — March) before the spawning
period (April-May).
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by, the Animal Ethics and Welfare Committee CEBEA,
(Comite de Etica e Bem-Estar Animal) of The Faculdade
de Ciéncias Agrdrias e Vetrindrias (FCAV), Unesp,
Jaboticabal, SP, Brazil. Ovarian samples (cranial, medial
and caudal regions) were collected and fixed in a
solution of 2.5% glutaraldehyde for 24 hours. The
material was embedded in paraplast, cut into 3-5 pum
thick sections, submitted to hematoxylin and eosin
staining. Histological sections were utilized to determine
the frequency of different oocyte types of each region.
All oocytes present in thirty fields (ten fields per region/
5x magnification) were considered. Previously, the
maximum diameter of vitelogenic oocyte was
established to determine the section thickness that avoids
counting the same oocyte twice. Data were subjected to
the test of homogeneity and normality. Statistical
differences between values obtained were detected by
ANOVA followed by Tukey’s test, using the computer
program SAS 9.1.

Results:

Analysis of frequency of the different oocyte types
(Fig. 1) showed that at the first sampling (Jul-Aug/09),
during winter all the regions had the same oocyte types
(pre-vitellogenic stage). Two months later (Sep-Oct/09),
at thc beginning of vitelogenic phase, data show that
caudal region is in a earlier process of maturation
compared with the other two regions and therefore, pre-
vitellogenic oocyte of cranial region progressively
increased up to the end of breeding season. On the third
sampling during summer, medial and caudal region
begins to show some atretic oocytes, at Jan-Feb/10
medial and caudal regions shows advanced stage of
atresia. At the last two samplings data show that all three
regions began to have similar aspects.

Conclusion:

The present results showed that during the beginning
of vitelogenic phase to the reproductive cycle end, spring
and summer, each region has its own profile. Thus, the
best way to obtain a sample that truly reflects the state of
the ovary is to collect at least three samples (cranial,
middle, caudal) and calculates the average.
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Introduction:

Among teleost fishes, alternative mating tactics are
commonly observed. Particularly in pair-spawning species
with external fertilization, social status is generally divided
into two types: the territorial dominant male, which
establishes its territory and courts females to perform pair-
spawning, and the sneaker, which have no territory of its
own but tries to release semen during pair-spawning of
other dominant males. In such species, it has been predicted
that the sneakers possess relatively larger testes compared
to the dominant males in order to overcome sperm
competition by increasing number of sperm. Data from
many species have proved the prediction [1].The dwarf
gourami, Colisa lalia, is known to be included among the
pair-spawning species [2, 3]. Males establish their
territories (bubble nest) under a floating plant to obtain
females and to care eggs. However, no research has
reported an occurrence of sneaking. During spawning, male
C. lalia exhibits a clasping behavior where the male bends
its body around a female under the nest. Since the testes are
situated in the vicinity of the fulcrum which is formed
when a male bends its body, male may emit semen by
squeezing out semen from the testes by bending its body. In
other words, the clasping behavior is necessary for emitting
semen, and subordinate males cannot emit semen probably
because of lacking situation to perform clasping behavior
[3).From this speculation and the fact that spawning is
taken place under the bubble nest, we assumed that the
reproductive condition concerning sperm production is
influenced by whether males establish territories or not. In
this study, we examined the influence of guarding territory
(nest) on reproductive activity of males.

Methods:

In order to examine the influence of social status on
the reproductive ability in males, three males were
forced to fight for territories in an aquarium. After three
weeks, their testes were removed to calculate
gonadosomatic indices (GSI), and were stained with
hematoxylin and eosin for microscopy after fixed in
paraffin to make serial sections (7um).

Results:

Reproductive status was divided into three classes:
the dominant male which established and kept the
territory under the floating nest, the second male which
located near the nest and occasionally attacked the
dominant male, and the third male which was unwarlike
and kept a distance with the other two males. A
significant difference was detected in GSI between the
initial control (males not involved in any experiments:

0.85+0.10, n=5) and the dominant (1.19+£0.07, n=5),
between the second (0.81%0.15, n=5) and dominant and
between the third (0.62+0.08, n=5) and dominant (Student-
Newman-Keuls’s test, P=0.007), indicating that the testes
of the dominant males enlarged while guarding their
territories, and those of males which failed to obtain
territory became smaller or did not change. In the testes of
all males examined, cysts at various stages of
spermatogenesis were observed and the lobule lumen was
filled with sperm. However, in the testes of the dominant
male, broken vacuous cysts, which represent frequent
occurrence of spermiaiton, were conspicuously observed
and each lumen was enlarged, compared to other status
males including the control group.

Discussion:

After forcing a three-week fight, testes of the dominant
males enlarged by guarding territory, whereas testes of
males which failed to obtain territory did not, and in
particular males situated on the third became smaller.
Histological observation revealed that sperm production of
the dominant males was more active compared to males of
other status, although spermatogenesis was confirmed in all
examined males. This means that dominancy
physiologically influences on sperm production. Social-
status dependent development of testes may reflect the
absence of sperm competition due to the lack of sneaking
by subordinate males.

Fourcelius (1957) reported that taking-over the dominance

between the dominant and the subordinate males frequently

occur under natural conditions [2]. Since dominancy affect
not only on sperm emission but also on reproductive
ability, the way to increase reproductive success in males of

C. lalia is not by alternative tactics (e.g. sneaking) but by

obtaining and keeping territory.

References:

[1]MONTGOMERIE, R., FITZPATRICK, J. L. 2009.
Testes, sperm, and sperm competition. In:
Reproductive Biology and Phylogeny of Fishes
(Agnathans and Bony Fishes) Vol. 8A. (ed. Jamieson,
B. G. M), pp 1-53, Science Publishers, Enfield, NH.

[2JFOURCELIUS, S. 1957. Studies of anabantid fishes.
I. A quantitative description of the reproductive
behavior in territorial species investigated under
laboratory conditions with special regard to Colisa
lalia. Zool. Bidr. Uppsala, 32: 93-597.

[3JHAYAKAWA, Y., KOBAYASHI, M. 2010.Clasping
behavior and the asymmetrically latitudinal structure
of the testes in the male dwarf gourami Colisa lalia
Ichthyol. Res., 57: 40-48. '

Proceedings of 9" International Symposium on Reproductive Physiology of Fish, Cochin, India.

August 9-14, 2011 \ ‘11@\’\
Lo













Indian J. Sci. Technol., 9" ISRPF Issue

body weight. Plasma levels of T and E, were not
affected by these diets (Table 2). The concentrations of
the estimated lipid fractions (data will be displayed at the
time of presentation) were quite correlative with the
present findings.
Discussion:

The influence of the dietary lipids on the female
Clarias batrachus was found to be season dependent.

Vol. 4 No. S 8 (August 2011) ISSN: 0974- 6846
Interestingly, change in the GSI had a correlation with
fluctuation in the plasma T and E, In addition,
temperature played a very crucial role in bringing out the
change in these parameters. Our study may have a great
significance in controlling the catfish production in
aquaculture programime.
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of spawning [2,3]. The spawning period seemed to be
shorter in F2 than in F1 broodstock (Fig. 1).

In F1 males, annual profiles of MIS were similar than
those observed in Flfemales, with highest levels in
spring and lower elevations in autumn. Peak levels of
MIS were observed in April-May of each year, being
significantly different from basal levels (August 2006)
only during the spring of 2006 (5 years old). F2 males
showed a similar profile, with significant peak levels of
MIS in May 2008 (3 years old) and March-April-May
2009. The annual profiles of T and 11-KT analysed in
previous studies [2, 3] were similar to those obtained for
MIS, as occurred in females. In general, levels of MIS
were higher in males than in females of both generations,
similarly to what has been previously described for wild
breeders [4].

Conclusion:

The levels and annual profiles of MIS found in F1
and F2 sole were similar, with major peaks during the
main spawning season (spring), and lower elevations
during the secondary spawning period (autumn). These
profiles were similar to those of T, 11-KT, E2 and VTG
previously described for these cultured generations. No
fertilized spawning were obtained from F1 or F2
breeders. Previous works by others [4] showed similar
hormonal profiles in wild broodstock, which do
reproduce normally in captivity. Thus, no differences
have been observed between the hormonal profiles of
wild, F1 and F2 sole breeders that could be associated to

)
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the observed differences in the reproductive performance

between wild and cultured sole generations.

Research funded by the Spanish Ministry of Science
and Innovation (MICIIN; AGL2006-13777-C03-01) and
JACUMAR (2009, III National plan for the cultivation
of sole).
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Introduction:

Estradiol-17B has been identified in the plasma of
many female teleost fishes and its role in the synthesis
and secretion of hepatic vitellogenic protein is well
established It has been reported that teleost gonadotropin
directly stimulated estradiol-17 production by early

vitellogenic ovarian follicles of amago salmon,
Oncorhynchus  rhodurus.The present study was
conducted to obtain scientific knowledge on the

relationship between seasonal pattern of plasma levels of
testosterone and estradiol-17f and their conjugated
forms (glucuronides and sulfates) in Cirrhinus mrigala
and also for further studies on the mechanisms
controlling steroidogenesis in this species. This is the
first investigation in any major carp Cirrhinus mrigala
(Ham.) showing the relationship between glucuronide
and sulfate sex steroid hormones measured by enzyme
linked immunoassay (ELISA) during annual
reproductive cycle.

Methods:

Adult experimental female fish of Cirrhinus mrigala
was collected during each phase from a pond cultured by
a fish former Banrahia Bagh, Gaura Badshahpur,
Jaunpur fish farm fish and was bled by caudal incision.
Blood was collected in heparinized glass culture tubes.
The blood was centrifuged at 4000 rpm for 15 minutes in
a refrigerated centrifuge at 4°C.The plasma was
separated and kept -20°C till further analysis of
conjugated and unconjugated steroids. The ovaries were
dissected out and gonadosomatic index (GSI) was
calculated as total gonad weight / Body weight x 100
Extraction of unconjugated and conjugated sex steroid
hormones was followed as per methods described [1].
Extraction of free, glucuronides and sulfate steroids was
assayed for various hormones by ELISA Kit.

Result and Discussion:

Plasma levels of TF were high during prespawning

phase and declined its level in the rest of phases. The

Fig; | Seasonal profile of Gonadosomatic index (GSI) and testosterone free (TF), testosterone glucuronide (TG), and testosterone sulfate (TS) during
different phase of annual reproductive cycle in fresh water female major carp, Cirrhinus mrigala (Ham.). Analysis of variance two way (ANOVA-TW); GSI,
Phase. F: 65535, P < 0.001, GSI, 99.35, < 0.001, Phase x GSI, F: 65535, < 0.001, Testosterone F: 21.25, P <0.001, Hormone, F: 142.87, P < 0.001, Phase x
Hormone, F: 8.86, P < 0.001
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OSMOREGULATORY, METABOLIC AND ENDOCRINE RESPONSES OF AIR-BREATHING FISH
(ANABAS TESTUDINEUS BLOCH) TO EXOGENOUS ESTRADIOL-178

Valsa S. Peter, M C Subhash Peter

Department of Zoology, University of Kerala, Kariavattom 695581, Thiruvananthapuram, Kerala, India e-mail:
subashpeter @yahoo.com

Introduction:

Estrogens have been shown to affect many
physiologic processes in many vertebrates including
fishes [1,2]. However, the exact role of estradiol-17f in
‘hydromineral and metabolic regulations in fish is less
studied in teleosts particularly in air-breathing fishes.
The phylogenetic importance of air-breathing fishes
demand a detailed examination of functional role of
estradiol-17p as this estrogen has shown more functional
diversity in homeothermous vertebrates which are
unique with their ability to utilize atmospheric oxygen.
Air-breathing as an advanced physiologic adaptation
makes these fish more vulnerable and it is probable that
these fishes rely on many hormones including estradiol-
17 to perform both fundamental and specific functions
during their survival in both water and land.

Methods:

The purpose of this study was, therefore, to test the
role of estradiol-17f in the regulation of water and
mineral balance and metabolic and endocrine status in
air-breathing fish, though this sex hormone has specific
reproductiye  functions. To achieve this goal,
experiments were designed and the osmotic competence
of major osmoregulatory and target organs were studied
in the air-breathing fish Anabas testudineus Bloch. We
quantified Na* K*-ATPase activity in these organs and
measured the major electrolytes such as [Na], [K], [Cl],
metabolites like glucose and lactate and hormones like
E,, Ts, T, and cortisol in the plasma. Appropriate
statistical methods (ANOVA with SNK tests) were
employed and tested the significance between test and
control fish groups.

Results and discussion:

Varied doses of estradiol-17p (E;) showed dose (2
and 5 pug g body wt) and time (24 and 96 h)-dependent
actions on the activity of Na*, K*- ATPase and the levels
of minerals and metabolites. A strong correlation
between plasma E; and Na® K*- ATPase activity was
found in the gills, a major osmoregulatory organ. Lliver
and ovary as target organs also responded to E,
treatment. This suggests that E; has a specific
osmoregulatory role in this air-breathing fish. The
pattern of metabolite and electrolytes in the plasma also
responded to E, treatment and this point to a coupled
action of E, with the indices of metabolic and
hydromineral regulations. The dynamics of thyroid
hormones and cortisol in Ep-treated fish indicates
correlations of E, with these hormones in the test
species.

Conclusion:

Overall, our data provide evidence that estradiol-17
has a fundamental role in and hydromineral and
metabolite homeostasis in air-breathing fish. The results
also support the hypothesis that the reproductive status
of fish contributes to the physiologic performance of
fish.
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EFFECT OF PHOTOPERIOD ON GONADOTROPIN (FSH AND LHB) REGULATION IN THE
DAMSELFISH, CHROMIS NOTATA
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Introduction:

Photoperiodic signals were important factors in
regulating rhythmic physiological and behavioural
events in teleosts. It is not fully understood how fishes
utilize environmental changes in order to exert
reproductive activity. The purpose of the present study is
to investigate the involvement of photoperiod in gonadal
development of the damselfish, Chromis notata,
inhabiting in Jeju, Korea.

Methods:

The fish were divided into three groups and reared
under three different artificial photoperiod regimes [short
day photoperiod (LD 10:12), long day photoperiod (LD
14:10), and control group (LD 12:12)] for 60 days at
natural water temperatures (range from 19 °C to 26 °C).
The gonadosomatic index (GSI) was calculated for each
fish. Pieces of the gonads were stained with
hematoxylin-eosin for light microscopic observation.
The pituitaries were dissected out from the fish brain for

analysis of FSHP and LHB mRNA expression by using a
real-time quantitative RT-PCR.
Results:

The fish rearing under LD 14:10 resulted in a
significant increase in the GSI and induction of
vitellogenic oocytes or spermatogenesis, whereas the
gonads of fish reared under LD 10:14 and LD 12:12
conditions were occupied by the immature oocytes or
spermatogonium.  Similar tendencies showed in
expression changes of FSHB and LHB mRNA levels
under different photoperiod regimes.

Conclusion:

The GSI and histological observation indicate that
LD 14:10 induces advancement of gonadal development.
Furthermore similar expression patterns of FSHP and
LHB mRNA under same photoperiod condition could be
explained as a photoperiodic effect on the hypothalamus-
hypophysis-gonad axis for the initiation and termination
of reproductive activity in certain fish in the temperate
region.
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INTRA-TESTICULAR NITRIC OXIDE REGULATES STEROIDOGENESIS IN FISH
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The entire reproductive events of fishes are
primarily controlled by hormones secreted from
hypothalmo-hypophysial-gonadal axis. Varieties of
neuro-peptides and neuro-secretions from the
hypothalamus stimulate pituitary to secrete tropic
hormones, gonadotropin (GtHs) in particular, which
induce the production of sex steroids like estrogens
and progestogens in female and androgens in male,
regulating ultimately the various reproductive
events. In past decade, researches in mammals,
however, have provided enough evidences that
some factors, produced locally in gonads, influence
the reproductive activity greatly. These local factors
not only control reproduction directly, but also
modulate the action of endocrine hormones
delivered to gonads from the hypothalmo-
hypophysial axis. Such factors include cytokines,
growth factors, regulatory peptides, reactive oxygen
and nitrogen species. These factors are synthesized
and released by a variety of testicular and ovarian
cells; such as Leydig, Sertoli, peritubular cells,
macrophages, granulosa cell, thecal cells and germ
cells, influencing steroidogenesis, follicular
development, germ cell maturation, ovulation and
many other reproductive processes. One of such
intra-gonadal factor is nitric oxide (NO). NO, a
highly versatile gaseous signaling molecule is
reported to regulate diverse physiological functions
such as secretion of hormones, immune response,
reproductive activity, etc. It is produced from L-
arginine by catalytic actions of one of the three
isoforms of nitric oxide synthase (NOS): neuronal

(nNOS), endothelial (eNOS) and inducible (iNOS)
in a variety of tissues. NO has been recognized as
an important inter- and intra-cellular modulator of
testicular steroidogenesis in higher vertebrates with
conflicting results.

Moreover, its role in regulation of testicular
steroidogenesis in ectothermic vertebrates is non-
existent. Understanding the role of NO in Leydig
cell steroidogenesis in teleost is highly essential, as
the NO is implicated in stress-response and fishes
are often subjected to variety of environmental and
chemical stressors leading to reproductive
dysfunction and gonadal steroidogenesis. Therefore,
attempts were made to examine whether testis,
particularly Leydig cells and testicular macrophages
of a fresh water catfish, Clarias batrachus produce
NO, if so, does it regulate its steroidogenesis
activity? Are Leydig cells sensitive to
exogenous/paracrine NO? What are the probable
endocrine factors that regulate testicular NO
production? Series of in vitro experiments
performed suggest that fish testis is equipped with
NOS system and is capable of producing NO and its
production is under endocrine inhibitory control.
Cellular sources of NO in the testis of the catfish are
numerous like germ cell, Leydig cell as well as
macrophages. Expression of NOS exhibits
seasonality and depends of reproductive status of
fish. Leydig cells are also highly sensitive to
chemical as well as biological NO (released by
macrophages). NO inhibits testosterone production
by Leydig cells in vitro.
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(indirectly, through an FSH inhibition, or directly, via a
short loop feed-back on steroidogenic enzymes).

5) Furthermore, a specific group of the regulated
transcripts probably take part in the morpho-functional
changes in the testis and sperm duct during spermiation
in trout. We found that sex steroids possibly control
these genes involved in the regulation of water
exchanges (agpl, agp4, vtl) and in proton and potassium
regulation in seminiferous tubules (cahz, vtl, slc26a4,
atplbl, lgil), and are therefore relevant concerning
sperm maturation and excretion.

Vol.4 No. S 8 (August 2011) ISSN: 0974- 6846

Conclusions:

We provide meaningful information on a large set of
transcripts implicated in the testicular somatic cell
response to gonadotropin and/or androgens. These
include growth factors, extra-cellular matrix components
and intracellular pathways which are potentially
involved in the mechanisms by which reproductive
hormones direct germ cell renewal or differentiation at
puberty, then sperm maturation and excretion at
spawning time in adult fish.
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yearling males to analyze the different and synergic
actions of these hormones on spermatogenesis. After
histological examination and gPCR expression analysis
we can conclude that FSH but not LH is able to trigger
spermatogenesis in sea bass, while LH potentiates the
actions of FSH allowing a further progression of the
spermatogenic process.

Conclusion:

The injection of the gonadotropin subunit genes into
sea bass muscle produced functional hormones and has
been used for basic studies on sea bass, revealing the
differential actions of FSH and LH in spermatogenesis.
Therefore, this approach represents a powerful tool for
basic studies on gene function and a promising
procedure for biotechnological applications.

Research supported by MICINN (AGL2008-02937),
GV (ACOMP/2010/083 and PROMETEO/2010/003)
and EU (LIFECYCLE, FP7-222719-1).
MJ.Mazénreceived a FPI fellowship from the Spanish
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Table 4. Effect of GH alone and along with H-89 on in vitro IGF-I production by Leydig cells of C. batrachus

Control GH GH+H89 GH GH+H89(10 GH(100ng /ml GH+H89
(1ng/ml) (1ng/ml,each) (10 ng/ml) ng/ml,each) (100 ng/ml,each)
IGF-1 | 4.13+.31 | 9.25+0.89 | 1.69+0.16b 15.53+1.04a 0.92+0.14b 13.96+0.90a 1.48+0.17b

Table 5. Effect of GH alone and along with lavendustin A (LA) on in vitro IGF-I production by Leydig cells of C. batrachus

Control GH GH+LA GH GH+ LA (10 | GH(100ng GH+LA(100
(1ng/ml) (1ng/ml each) | (10ng/ml ng/ml, each) | /ml, each) ng/ml,each)
IGF-1 4.13+.31 9.25+0.89 1.6940.16b 15.53+1.04a | 0.92+0.14b 13.96+0.90a | 1.48+0.17b

dose dependent manner substantiates this notion
further. Thus, it is likely that GH might have
stimulated Leydig cell steroidogenesis in the present
study by augmenting IGF-I production by Leydig
cells. Suppression of GH-induced IGF-I production
by Leydig cells of the catfish after the treatments
with SQ 22,536, H-89 and lavendustin A provides
convincing evidence that cAMP/PKA, and TK
signaling system are involved in GH action. The
receptor-coupled downstream intracellular signaling
system, which mediate the effect of GH on IGF-I
production by Leydig cells is not yet known.

Nevertheless, some report on intracellular
signaling system involved in signaling systems
involved in GH action on other tissues like ovary,
liver, etc., are available, which indirectly support
our findings.

Makarevich and Sirotkin [4] have reported that
GH involves cAMP/PKA and/or TK dependent
pathways in releasing IGF-I from the porcine
granulosa cells.

Conclusion:

Results clearly suggest that the steroidogenic
action of GH is indirect through genomic pathway
and is mediated through the Leydig cells produced—
IGF-I. GH appears to employ cAMP/PKA and
tyrosine kinase signaling pathways to induce IGF-I
production, as the adenylyl cyclase inhibitor, PKA

blocker and tyrosine inhibitor abolished the GH-

induced IGF-I production by Leydig cells.
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Introduction:

The egg-yolk of fishes is derived from a blood-
borne, female-specific precursor, vitellogenin (Vg),
which is synthesized in the liver under estrogenic
influence during periods of reproductive activity. This
protein is modified in the liver, secreted into blood and
transported to the ovary where it is incorporated by the
growing oocytes via specific receptor-mediated
endocytosis. More than one form of vitellogenin (VgA,
VgB and VgC) has been reported in teleosts. We have
reported earlier that murrel Vg exists as three charge
isomers in the blood [1]. In the present study we have
shown the existence of VgA and VgB in this fish
comparable to other teleosts and confirm the presence of
both the proteins at gene level. Further VgA and VgB
genes are expressed in liver when fishes are exposed to
estrogen under in vivo condition whereas only Vg B is
expressed by cultured hepatocytes.

Methods:

Fish were injected with E,, plasma was collected in
the presence of proteolytic inhibitors and processed for
isolating Vg by gel (filtration chromatography on
Ultrogel AcA-34 followed by FPLC on a strong anion
exchanger (UNO Q). One of the FPLC purified Vg
isomer was subjected to LCMS/MS for molecular
identification. Peptide sequences were matched with fish
Vg sequences database. Amino acid sequences and
nucleotide sequences were aligned using Clustal W
software. cDNA was amplified using primers for VgA
and VgB, and the amplicons were sequenced which were
subjected to bioinformatical analysis. Estradiol-treated
fish were bled and Vg was estimated by ELISA; total
RNA was extracted from liver, gill, kidney and ovary,
and processed for amplification of Vg gene by RT-PCR.
Hepatocytes were isolated and cultured. Monolayer of
cultured hepatocytes was exposed to estradiol; Vg was
quantified in the culture medium, total RNA was

Table 1: Primer sequences for amplification of Vitellogenin A and Vitellogenin B

extracted from all the treated hepatocytes and processed
for amplification of Vg gene.
Results and Discussion:

In order to assess the purity of Vg and ti isolate
charge isomers of Vg fractionated by gel filtration
chromatography on Ultrogel AcA 34, specific fractions
were further subjected to FPLC on a strong anion
exchanger, which separated the proteins on charge
differences. The Vg fraction resolved into two distinct
peaks eluting at 0.3 M and 0.32 M NaCl suggesting that
variants of vitellogenin have different charge
composition. The fraction eluting at 0.3 M NaCl was
electrophoresed under denaturing conditions, digested
with trypsin and processed for LC-MS/MS. The
sequences of peptide fragments of ‘B’ isomer of Vg
matched significantly with amino acid sequences of VgB
and Vg precursor derived from Melanogrammus
aegelefinus, Oryzias latipes, Cyprinus carpio,
Oreochromis aureus, Oncorhynchus mykiss, Pimphales
promelas, Sillago japonica and Fundulus heteroclitus.
The presence of VgA was also indicated with peptide
fragment of VgA from Melanogrammus aegelefinus,
Oncorhynchus mykiss and Sillago japonica. VgA
derived yolk proteins are cleaved into free amino acids
and play distinct roles with respect to oocyte maturation
and embryonic nutrition. Free amino acids appear to
increase the buoyancy and support early embryonic
development whereas a major part of VgB remained as a
large peptide and is probably used as an important
nutrient source at later stages of embryonic development
[2]. Channa punctatus lays pelagic eggs the precondition
for which is the presence of VgA.

First strand cDNA was synthesized by reverse
transcriptase. Primers were designed from the aligned
sequences for VgA and VgB (Table 1). These primers
were used to amplify single strand cDNA (Fig. 1) to
study expression patterns of VgA and VgB genes when
murrel hepatocytes were
exposed to estradiol in vivo

or in vitro conditions. This

study suggests that E, up-
regulates levels of Vg in

plasma or in culture medium

mRNA Primer Primer sequence
VgA Forward primer | 5> TGAGGAACATTGCAAAGAAGG 3’
Reverse primer | 5° ATTCCCTCAGTTCTCACTCC 3’
VgB Forward primer | 5’ AGTGAGAACAGAGGGAATCC 3’

in a dose dependent manner.
The VgA and VgB mRNA

Reverse primer

5’ TGTTCACGCCCATGACAGC 3’

Forward primer

5" ATGTCCAAGCTACTGTGACG 3’

levels in the liver of E,
treated murrel was analyzed

Reverse primer

5" TCGCCAACTTGAATCTCAACC 3’

by RT-PCR showed 4
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LIPID METABOLISM DURING EARLY OOGENESIS - WHAT CAN WE DEDUCE FROM
TRANSCRIPTOME ANALYSIS AND WHAT HAVE ANDROGENS GOT TO DO WITH IT?
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Introduction:

Fat content and composition have been correlated
with egg quality in a suite of teleosts. The eggs
primarily store triacylglycerides, phospholipids, steryl
esters and wax esters, and the relative importance of
each of these lipid classes is species-dependent [see 3].
The enzyme lipoprotein lipase (LPL) has been
implicated in lipid uptake in several fish species; in the
eel, LPL activity in the ovary increases from early
vitellogenesis (EV), peaks at midvitellogenesis and
decreases by the time the oocyte is fully grown [1]. LPL
may be responsible for over 70% of total triacylglyceride
(TAG) uptake [1], and uptake strongly hinges on TAG
being offered in association with lipoproteins [2]. There
is further robust evidence that 11-ketotestosterone
(11KT) can greatly enhance lipid uptake, at least in the
eel, in part by increasing LPL gene expression [1]. It
thus appears that 11KT controls at least some of the
phenotypic changes associated with progression of
previtellogenic (PV) to early vitellogenic stages, but
*“global effects” on the ovary remain to be clarified. The
use of Next Generation Sequencing (NGS) platforms is
ideally suited for this task. Therefore, in the present
study, we subjected ovarian tissue from PV and EV fish
to trans-criptomic analyses to obtain insights into the
importance of key pathways. We compared our findings
with those on 11KT-treated fish to assess what part of
the differences between PV and EV may be androgen-
mediated. Lastly, to validate the transcriptome data, we
conducted an in-house PCR array on ~25 genes involved
in fatty acid metabolism in the eel ovary and compared
the outcome with the transcriptome results.

Methods:

Wild PV and EV eels (Anguilla australis) were
caught and sampled within a few h after capture. Ovarian
tissue was collected, snap-frozen and stored at -70 °C
until use in routine quantitative PCR (qPCR) analysis. In
a subsequent year, ovarian tissue from one EV eel was
collected for NGS sequencing. Another cohort of PV
eels was collected and divided between two groups — one
group received slow-release 11KT implants, the other
vehicle. After two weeks, fish were euthanized and
ovarian tissue collected and stored. Tissue from one
control and one 11KT-treated fish was processed for
NGS and tissue from remaining animals was used for
gqPCR analysis. Sequencing was conducted on an

INlumina HiSeq 2000 by a sequencing contractor (BGI,
China) following double-stranded DNA synthesis from
total RNA template. Sequence information from all three
analyses (5 Gb) was used to construct contigs and
relative transcript abundance was subsequently estimated
from RKPM (reads per kilobase of sequence per million
reads) data provided by the sequencing contractor. We
arbitrarily accepted a two-fold difference in RKPM
value as significant and a 50%-99% increase (33-49%
decrease) as a trend, provided the sum of the RKPM
values was greater than 4 (i.e., evidence for a substantial
number of reads).

Results and Discussion:

Using PCR array, we did not identify any difference
between wild EV (gonadosomatic index, GSI = 3%) and
PV eels (GSI = 0.2%) for some of the target genes
associated with fatty acid metabolism (ongoing).
However, a notable effect was seen for mRNA levels of
monoacylglycerol (MAG) lipase, which were increased
in EV eels compared to PV eels. Similarly, MAG lipase
reads were more abundant in an EV ovarian
transcriptome than in that from an experimental PV
control (used as a proxy for a wild control). Transcript
levels of a further four enzymes increased in EV
compared to PV ovaries, and these enzymes were all
associated with either the hydrolysis of acylglycerides or
their synthesis — it is conceivable that the hydrolysis of
acylglycerides by lipoprotein lipase, diacyl glycerol
lipase and MAG lipase assists with the uptake of fatty
acids for subsequent re-esterification and storage into
acylglycerides and/or cholesterol esters (increased sterol
O-acyltransferase 1 mRNA levels). Concurrently,
mRNA levels of adipose triglyceride lipase and enzymes
involved in fatty acid oxidation or phospholipid
metabolism were reduced (two enzymes), or tended to be
reduced (six enzymes). By comparison, 11KT treatment
increased, or tended to increase mRNA levels for several
of the enzymes involved in acylglyceride metabolism
(cf. PV vs EV), but the reductions in transcript
abundance for genes involved in phospholipid
metabolism (c.f., PV vs EV) were not evident.
Conclusion:

Our transcriptome data give tentative insights into the
changes that occur in the growing eel oocyte as it
accumulates lipid during oogenesis. Thus, the oocyte
appears to activate a number of genes associated with
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GHRELIN AND KISSPEPTIN: TWO NOVEL ENDOCRINE MODULATORS OF OOCYTE
MATURATION IN FISH

Shepperd E, Kerzman K and Unniappan S.,

Laboratory of Integrative Neuroendocrinology, Department of Biology, York University, Toronto, Ontario M3J 1P3,
Canada. Fax: 1-416-736-5698; E-Mail: suraju@yorku.ca

Introduction:

Ghrelin is an orexigenic hormone that has been
proposed to link the hypothalamo-pituitary-gonadal axis,
thus integrating energy balance and reproduction in fish.
Ghrelin stimulates luteinizing hormone secretion in fish.
However, the role of ghrelin on gonadal physiology
remains poorly understood. Similarly, kisspeptin is
another recently discovered reproductive hormone and
appears to have many important regulatory roles in
mammals and non-mammalian vertebrates. Kisspeptin
and its receptor have been found to play a role in
regulating reproduction by acting locally in the gonads
of mammals. Kisspeptin has been identified in several
fishes and it was found to regulate reproduction by
influencing the hypothalamic and pituitary derived
reproductive hormones. However, whether kisspeptin
has a direct role in regulating gonadal functions is yet to
be determined. We hypothesized that both ghrelin and
kisspeptin acts directly on the ovary of fish to regulate
oocyte maturation. Our specific objectives were to
characterize the presence of ghrelin, ghrelin receptor,
kisspeptin and kisspeptin receptor in the ovary of
goldfish and zebrafish, and to study the direct effects of
ghrelin and kisspeptin on oocyte maturation in zebrafish.
Methods:

We used RT-PCR and fluorescence
immunohistochemistry to detect the expression of
mRNAs or proteins in the ovary, respectively.
Quantitative PCR was used for assessing mRNA
abundance in tissues. In vitro oocyte maturation assays
on freshly collected oocytes from zebrafish were used to
test the effects of ghrelin and kisspeptin on oocyte
maturation. All primers for PCRs were designed based
on native mRNA sequences. Mammalian antibodies
were used for immunolocalization of ghrelin, kisspeptin

and its receptr -

Results and i tiscussion:
We tound ghrelin and ghrelin receptor mRNA

expression in the ovaries of goldfish and zebrafish.
Ghrelin receptor mRNA expression in the ovary was

relatively lower during the sexually mature stages of
goldfish.  Ghrelin-like and ghrelin-receptor like
immunoreactvity was found in the follicle cells in
paraffin embedded cross sections of goldfish ovary.
These results suggest that the ghrelin system is present in
fish ovary and this peptide could contribute to the
regulation of ovarian physiology. In agreement with this,
we found that the incubation with native synthetic
ghrelin at 50ng/mL and 100ng/ml. concentrations
significantly inhibited zebrafish basal oocyte maturation
in vitro at 24 hours post-incubation. Ghrelin also
inhibited maturation inducing hormone (MIH)
stimulated oocyte maturation. This result indicates that
ghrelin has an inhibitory role in zebrafish oocyte
maturation. We also found kisspeptin and its receptor
expressed in goldfish and zebrafish ovaries, suggesting
its role in oocyte maturation. As expected, zebrafish
synthetic kisspeptin-10 (zfKP-10) at 10 ng/mL and 100
ng/mL acted directly on oocytes to induce its maturation
in vitro. In addition, zfKP-10 significantly increased
luteinizing hormone receptor, follicle stimulating
hormone receptor  and 20beta-hydroxysteroid
dehydrogenase mRNA expression in the oocytes. These
results clearly indicate a direct role for kisspeptin in
inducing oocyte maturation in zebrafish. It appears that
kisspeptin affects local regulators of gonadal physiology
to elicit its functions.

Conclusions:

Overall, our results provide several lines of
supportive data for the presence of ghrelin and Kisspetin
systems in the ovaries of both zebrafish and goldfish.
The presence of ghrelin and kisspeptin receptors in
oocytes clearly suggest direct actions of both peptides on
the gonadal tissue. While ghrelin has an inhibitory role
on zebrafish oocyte maturation in vitro, kisspeptin has a
prominent stimulatory role. It was also found that
kisspeptin affects oocyte maturation by influencing the
local effectors of ovarian functions. Collectively, our
results for the first time indicate a direct role for ghrelin
and kisspetin in the ovarian physiology of fish.
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V1 receptor antagonist deamino Pen', O-Me-Try?, Arg®
(10°M) and V2 receptor antagonist 1-adamantaneacetyl-
O-Et-D-Try’,Val*, Abu®, Arg™® (10°M). The oocyte
incubation protocol was that described by Singh and Joy
[5]. Oocytes were sampled at 8, 16 and 24 h and
processed for hfagplab gene expression by semi-
quantitative RT-PCR.

Results and Discussion:

The expression of hfagplab increased when the
ovarian follicles were incubated with VT or 17,20BP in
relation to the control groups. The expression was higher
after 16 h of incubation with VT and resulted in higher
transcript levels than with 17,20BP. At 24 h, the
expression decreased to the control levels. However,
when the follicles were incubated with both VT and
17,20BP no synergistic effect was found, rather the
expression was low and inverse with the time period,
suggesting an early saturation of the transcriptional
process by the combined stimulus. The V1 type receptor
antagonist did not inhibit the VT-induced hAfagplab gene
expression, rather this was enhanced at 8 h or was
unchanged at 16 and 24 h. (See Fig) In contrast, co-
incubation of VT with the V2 receptor antagonist
inhibited the induction of hfagplab expression by VT,
suggesting that the V2 type receptor may be involved in
the mechanism of VT-mediated oocyte hydration. Thus,
the V2 receptor may control the expression of HfAqplab
during oocyte hydration, similarly as it occurs for the
vasopressin-dependent mammalian AQP2 which is
regulated via the V2 type receptor. This finding
strengthens the hypothesis that although hfagplab
belongs structurally to the AQP1 subfamily of water
channels, it shows functional similarities with amphibian
AQP-h2 and Japanese quail and mammalian AQP2 [3].
The V1 type receptor, which activates the IP3-PKC

Vol.4 No.S 8 (August2011) ISSN: 0974- 6846

pathway, may not be directly involved in oocyte

hydration, or the stimulation of hfagplab gene

expression may be consequential to the suppression of
the IP3-PKC pathway triggering some yet unknown
mechanism.

Conclusion:

These present results indicate that VT stimulates
hfagplab gene expression in catfish ovarian follicles
through the V2 receptor type, being more effective than
17,20BP.
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VTG levels were found in the fish fed the HF diet
compared to fish fed the LF diet. The increasing levels
of steroid hormones were followed by increasing GSI
from September 2009, with a high peak at spawning in
February. GSIs were higher in the HF group than in the
LF group in the months of October 2009 to January
2010, although only significantly different in December
2009 (one-way ANOVA, P<0.03).

Conclusion:

In conclusion, an increased level of dietary lipid
given to Atlantic cod prior to and during maturation
stimulated steroidogenesis and increased the recruitment
of eggs, resulting in higher fecundity. Individual data for
calculation of potential fecundity will be ‘presented on
the conference.
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EFFECTS OF o-METHYLPARATYROSINE, A CATECHOLAMINE INHIBITOR ON OVARIAN
STEROID HORMONE LEVELS IN THE CATFISH HETEROPNEUSTES FOSSILIS
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Introduction:

In higher vertebrates like mammals, the ovary elicits
high catecholaminergic activity that originates either
from extrinsic sympathetic innervation or intrinsic
catecholaminergic system [1]. Ovarian innervation by
the autonomic nervous system (ANS) has been described
in a few teleosts and the innervations pattern shows
considerable species variation [2]. Recent, investigation
from our laboratory has demonstrated that the catfish
ovary is innervated by seven pairs of nerves, originating
from the paired sympathetic chain lying dorsal to the
posterior kidney. Further we demonstrated tyrosine
hydroxylase (TH, the rate limiting enzyme in
catecholamine synthesis) and catecholamine seasonal
activities in the ovary of the catfish during the annual
reproductive cycle [3, 4] implying a functional role in
ovarian gametogenesis and ovulation. Previous studies
have shown that steroid hormone secretion is regulated
by catecholamines [5]. However, investigations on the
direct role of catecholamines in regulating ovarian
steroid hormone levels are lacking. Since surgical
denervation of the ovary, like in mammals is difficult. A
pharmacological blocker to inhibit catecholaminergic
activity was employed to investigate the role of
catecholamines in ovarian function. The methylated
derivative of tyrosine, a-methyl paratyrosine (a-MPT) is
a competitive inhibitor of TH. This drug has been widely
used as a pharmacological tool to investigate the CA
metabolism [6]. In the present study, post vitellogenic
follicles were incubated in vitro with a-MPT and steroid
hormone levels were measured.

Materials and Methods:

The study was conducted during preparatory (March)
and prespawning (June) phases. The acclimatized fish
were sampled for the collection of ovaries, weighed and
transferred into a sterile petri dish containing freshly
cooled incubation medium. The ovary pieces (about 350
mg each) were rinsed and transferred to culture plates
containing 5ml medium each with a-MPT (250pg/ml),
L-DOPA (lpg/ml) and hCG (20IU/ml) alone or in co-
incubation. In co-incubation groups, ovaries were
preincubated with a-MPT (250pg/ml) for 3 hr and then
co-incubated with L-DOPA (1pug/ml), hCG (20IU/ml) or
L-DOPA+ hCG (1pg/ml+ 20IU/ml) at 22°C for 12 or 24
hr. All incubations were done in triplicate. The medium
was changed after every 4 hr and collected group-wise.

After completion of the incubation, the tissues along
with the incubation medium were collected separately
and processed for steroid measurement by
HPLC/ELISA, as described by Singh and Joy, [7].
Control groups (plain medium and medium containing
vehicle) were set up in parallel. Data were presented as
mean * SEM and analysed by two-way ANOVA,
followed by Newman Keuls’ test.

Results and Discussion:

In vitro incubations of ovarian pieces with a-MPT,
L-DOPA and hCG, alone or in co-incubation, produced
an overall significant effect on ovarian steroids. In the
preparatory phase, the incubation with a-MPT decreased
significantly both E, and P, in a time-dependent manner.
The incubations with L-DOPA and hCG significantly
increased both E, and P, in a duration- dependent
manner, and the effect was higher in the hCG group. In
co-incubation studies («-MPT + L-DOPA, o-MPT +
hCG and a-MPT+L-DOPA + hCG), L-DOPA or hCG
reversed the inhibitory effect of a-MPT and restored the
levels to that of the control or even higher but lower than
that of L-DOPA or hCG per se. In the preparatory phase
17-P and17, 20B- dihydroxy-progesterone were not
detectable. The incubations with L-DOPA and hCG
decreased E, significantly, the inhibition was higher at
24 hr The co-incubations with o-MPT reduced
significantly the inhibitory effect of L-DOPA or hCG,
and the response was higher in the 12 hr groups. a-MPT
decreased Py, 17-P and 17, 20B-dihydroxy-progesterone
levels in a time-dependent manner. The incubations with
L-DOPA and hCG increased significantly P, 17-P and
17, 20B-DP in a time- dependent manner. In the co-
incubation groups (a-MPT + L-DOPA, o-MPT + hCG
and a-MPT + L-DOPA + hCG), the inhibitory effect of
o-MPT was reversed and progestin levels increased
significantly but lower than that of the L-DOPA and
hCG groups. The increase was higher in the a-MPT + L-
DOPA + hCG group.

Conclusion:

Our investigation suggests that a-MPT and L-DOPA
modulated in vitro ovarian steroid hormone production,
influencing gametogenesis and ovulation and maturation
of oocytes.
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Introduction:

Pacific red snapper is distributed from Baja
California (Mexico) to Peru. It inhabits offshore waters
to at least 90 m depth (Allen and Robertson, 1994). In
Mexico, the Pacific red snapper is an important catch in
artisanal fisheries. Reproductive activity has been
evaluated at different localities in Mexico (Reyna-

Trujillo, 1993; Santamaria-Miranda, 1998; Lucano-
Ramirez, 2001) but little is known about its reproductive
physiology.

Methods:

Females were sampled monthly from April to
September by hook and line in the Bahia de la Paz, BCS,
Mex. Blood samples were taken immediately after
capture by caudal or cardiac puncture and centrifuged at
1500 g at 4°C. Plasma was stored with PMSF | mM at -
80°C (Maifian6és et al., 1994). Gonads were kept in
Davidson solution for 24-48 h and then transferred to 70
% ethanol and processed by conventional histological
methods. Gonadal maturation was assessed by
evaluating the proportion of oocytes at different
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developmental stages. Plasma vitellogenin (VTG) levels
were analysed using a newly developed specific ELISA
for L. peru VTG (Ramirez-Luna, unpublished resuits).
Plasma levels of estradiol (E2) and testosterone (T) were
determined by ELISA and cortisol (C) by radioinmuno
assay.

Results:

The gonadosomatic index (GSI), T, and VTG levels
were significantly high in July and correlated with
vitellogenic and postvitellogenic (GVB) females. In
May, July, and September, 50 % of the females were in
the vitellogenic stage while August and September were
characterized by the presence of vitellogenic and
postvitellogenic females. In these months, hydrated
oocytes and post ovulatory follicles (POF) were also
observed. The levels of E2 and cortisol in September
were significantly higher than that in April and May.
Conclusion:

These observations definitely characterized the
Pacific red snapper as a multiple spawner.
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ROLE OF KISSPEPTIN ON GONADAL MATURATION OF STRIPED MURREL, CHANNA STRIATUS
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Introduction:

The use of kisspeptin for gonadal maturation and
breeding of fish is more important in aquaculture
industry. To make an alternative of other inducing
agents, standardization of protocol for the use of
kisspeptin is very important. Kisspeptin, the peptide
products of the kiss- I gene were identified in 2001 as
natural ligands orphan G protein coupled receptor,
GPRSH. They include, among others, metastin and
kisspeptin — 10. In the last two years, kisspeptin have
been demonstrated as very potent stimulators of the
gonadotropic axis in a number of species and through
different routes of administration. In addition, the Kiss —
1 /GPR 4 system has been proven as an essential
gatekeeper of GnRH neurons involved in their activation
at puperty and their regulation by gonadal steroids. The
role of kisspeptin on gonadal maturation of Striped
Murrel, Channa Striatus was carried out in the present
study.

Methods:

Striped murrel, Channa striatus with body weight
ranging from 750 to 850 g were collected from culture
pond/rivers and then stocked in circular cement tanks
(4m in length, 2 m in diameter and 1.5m in length). The
fishes were maintained at ambient photoperiod (12L:
12D) and temperature that fluctuated from 29 and 32° C
and fed with cooked chicken meat. The male and female
fish were stocked in separate tanks. After
Acclamatization, the male and female fish were injected
with kisspeptin -10 at the concentration of 0.01 and 0.05
pg/gram body weight respectively. Before injection, the
fish were anaesthetised one by one in a 0.1% solution of
benzocaine. Following anesthesia the male and female
fish were injected with kisspeptin at different
concentration (0.01 pg/gram and 0.05 pg/gram body
weight). Monthly sampling of gonad from injected and

control fish were carried out to assess the matur ation.
Levels of testosterone in male and estradiol in female
fish serum were measured following enzyme linked
immunosorbent assay kit.

Result and discussion:

Gonadal development, Gonadosomatic Index (GSI),
histology and level of serum steroid hormones
(testosterone and estradiol) were observed in captive
striped Murrel (Channa striatus, Bloch) injected with
kisspeptin for the period of 4 months after injection.
Kisspeptin induced a significant increase in the GSI of
male and female fish. Histological examination of the
gonads of kisspeptin injected fish showed that numerous
oogonia were present in the ovary after one month of
kisspeptin injection which continued to develop into
vitellogenic oocytes in the fourth month. Higher level of
testosterone and estradiol was observed from the
kisspeptin injected fish compare to the control fish. At
the end of fourth month, the level of testosterone in the
treated male fish was higher than the control fish. The
estradiol level was high in treated female fish compare to
control fish. Among the two concentration of kisspeptin
tested, the concentration of 0.05 pg/gram body weight
influenced the high level of steroid hormone in both
male and female. Sethu selvaraj et al.(1), studied the
influence of kisspeptin on male and female chub
mackerel Scomber japonicas.In human and non-human
primate, human chorionic gonadotropin injection
stimulated Kissl expression in the ovary (2). These
findings in mammals suggested the possibilities of local
role of kisspeptins in the control of ovulation process.
The present study revealed the influence of kisspeptin on
the gonadal development in murrel, Channa striatus The
results of the present work can be used as a reference
study for controlled breeding and reproduction of
stripped Murrel, Channa striatus.

Table 1.Influence of Kisspeptin on the level of testosterone and estradiol in the male and female fish of Channa Striatus

| wt.) T2- Kisspeptine ( 0.05ug/g body wt.)
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Male* Female**
Duration Control T1 T2 Control T1 T2
I month 0.25+0.005 | 0.23+£0.003 | 0.25+0.003 689+13.22 680+16.59 726+13.56
II month 0.38+0.076 | 0.58%0.011 | 0.61+0.012 962+18.24 1013+19.23 3541+60.82
IIT month 0.6:0.012 | 0.72+0.014 | 1.0+0.018 1820+32.64 3604+71.23 5780492 61
IV month | 0.85+0.017 | 1.1240.022 | 1.5+£0.029 2450+41.22 3852469.04 7040492.36

* Not Significant T1- Kisspeptine ( 0.01ug/g body

**P<0.01 TI- Kisspeptine ( 0.01pg/g body wt.) T2-

Kisspeptine (0.05ug/g body wt.)

August 9-14, 2011




i . ;
Indian J. Sci. Technol., 9" ISRPF Issue [ g Vol. 4 No. S 8 (August 2011) ISSN: 0974- 6846

Conclusion: Yamaguchi , Akio Shimizu , Michiya Matsuyama. ,
The results confirm that kisspeptin played a major role 2010. Molecular characterization, tissue distribution,
in influencing the steroid hormone level in male and and mRNA expression profiles of two Kiss genes in
female Channa striatus. Among the two concentration the adult male and female chub mackerel (Scomber
tried, 0.05 pg/gram body weight influenced higher level japonicus) during different gonadal stages. General
of steroid hormones in both male and female fish. and Comparative Endocrinology 169 (2010) 28-38.
Further experiments should be carried out to confirm the  [2]Gaytén, F., Gaytan, M., Castellano, J.M., Romero,
correct dosage for influencing the gonadal maturation of M., Roa, J., Aparicio, B., Garrido, N.,S4nchez-
murrel, channa striatus. It could be possible to develop a Criado, J.E., Millar, R.P., Pellicer, A., Fraser, HM.,
new kisspeptin based hormone for influencing gonadal Tena- Sempere, M.,2009. KiSS-1 in the mammalian
maturation and breeding of finfishes. ovary: distribution of kisspeptin in human and
References: marmoset and alterations in KiSS-1 mRNA levels in
[1] Sethu Selvaraj , Hajime Kitano , Yoichiro Fujinaga , a rat model of ovulatory dysfunction. Am. J. Physiol.

Hirofumi Ohga , Michio Yoneda, Akihiko Endocrinol. Metab. 296, E520-E531.
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FUNCTION OF GONADOTROPINS IN ASYN CHRONOUS DEVELOPMENT OF OVARIAN FOLLICLES
IN THE WRASSE PSEUDOLABRUS SIEBOLDI

Kitano H.!, Takeshita M., Lee J.M.2, Kusakabe T.2, Yamaguchi A.!, and Matsuyama M.!
'Faculty of Agriculture, Kyushu University, Fukuoka 812-8581, Japan

Tel/Fax: +81 92 642 2888; E-mail: h-kitano @agr kyushu-u.ac.jp
*Graduate School of Bioresource and Bioenvironmental Sciences, Kyushu University, Fukuoka 812-8581, J apan

Introduction:

Asynchronous development of ovarian follicles, the
simultaneous progress of vitellogenesis and oocyte
maturation in the ovary, is a rational reproductive
strategy for achieving multiple spawning episodes in one
reproductive  season. The bambooleaf wrasse
Pseudolabrus sieboldi is a typical daily spawner in
which different developmental stages of ovarian follicles
are found in the ovary for daily egg production. We
previously reported that the expressions of both FSHp
and LHB mRNA show diurnal fluctuation in the female
pituitary, suggesting that ovarian follicles are likely to be
exposed to both FSH and LH regardless of their
developmental status [1]. Furthermore, we found that the
mRNA of the receptors for FSH (FSHR) and LH (LHR)
are highly expressed in the vitellogenic and
postvitellogenic follicles, respectively [2]. In the present
study, the recombinant gonadotropins of bambooleaf
wasse were produced by baculovirus in silkworm
Bombyx mori larvae. To reveal the mode of action of
FSH and LH in asynchronous development of ovarian
follicles, the steroidogenic potencies of the recombinant
gonadotropins in ovarian follicles at different
developmental stages were analyzed by in vitro
bioassay. Moreover, the potency to induce final oocyte
maturation was also evaluated.

Methods:

The single chain recombinant bambooleaf wrasse
FSH (r-bwFSH) and LH (r-bwLH) were constructed by
fusion of the nucleotide sequences encoding their
subunits and the GtHa subunit using spacer sequence in
Fig. 1. In vitro effects of r-bwFSH and r-bwLH on E2

synthesis in the vitellogenic and postvitellogenic follicles.
Asterisks represent significant differences from the control.

*
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which two N-glycosylation sites contained, respectively.
They were expressed in the silkworm system [3] and
purified using affinity column. The vitellogenic or
postvitellogenic ovarian follicles were isolated from
mature females (n = 5) using stainless mesh filters, and
80 follicles of them were incubated in 1 ml Leibovitz's
L-15 medium with (1-1000 ng/ml) or without r-bwFSH
or r-bwLH, respectively. The concentration of Estradiol-
17B (E2), 17,20B-dihydroxy-4-pregnen-3-one (17,20B-P)
and 17,20B,21-trihydroxy-4-pregnen-3-one (20B8-S) in
the culture media were determined by ELISA. These
steroids of interest were selected on the basis of the
steroidogenic pathways in the ovarian follicles during
vitellogenesis and final oocyte maturation [4]. The
percentage of germinal vesicle breakdown (GVBD) wasg
Fig. 2. In vitro effects of r-bwFSH and r-bwLH on 20B-S

synthesis in the vitellogenic and postvitellogenic follicles.
Asterisks represent significant differences from the control.
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Fig. 3. In vitro effects of r-bwFSH and r-bwLH on GVBD
in the postvitellogenic follicles. Asterisks represent
significant differences from the control.
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calculated to evaluate the potency of r-bwFSH or r-
bwLH on oocyte maturation.
Results and Discussion:

E2 synthesis was induced in the vitellogenic and
postvitellogenic follicles by both r-bwFSH and r-bwLH,
respectively (Fig. 1). 20B-S synthesis and GVBD were
specifically induced in postvitellogenic follicles by r-
bwLH in a dose dependent manner (Fig. 2 and 3).
Interestingly, 17,20B-P, which is a major maturation-
inducing hormone (MIH) in many teleosts, was not
induced by r-bwFSH and r-bwLH, indicating that
principal MIH in the present species is 20B-S. These
results suggest that the vitellogenesis is induced by both
FSH and LH. On the other hand, oocyte maturation is
evoked by LH only in the bambooleaf wrasse.
Furthermore, the present results imply that the
simultaneous advance of vitellogenesis and oocyte
maturation in the ovary of bambooleaf wrasse is defined
by the follicular stage-selective receptivity of two
gonadotropins. Since the FSHR mRNA is highly
expressed in vitellogenic follicles [2], E2 synthesis is
suggested to be regulated by FSH and cross-reactive LH
via FSHR. On the other hand, the LHR mRNA is
elevated in postvitellogenic follicles [2], oocyte
maturation followed by MIH synthesis is likely to be
facilitated specifically by LH via abundant LHR in
postvitellogenic follicles.

Conclusion:

In the bambooleaf wrasse, E2 synthesis was induced
in vitellogenic and postvitellogenic ovarian follicles by
both r-bwFSH and r-bwLH. On the other hand, 20B-S
synthesis and GVBD were specifically induced in the

Vol.4 No. S 8 (August 2011)  ISSN: 0974- 6846

postvitellogenic follicles by r-bwLH. Here we propose
that the asynchronous development of ovarian follicles
in the bambooleaf wrasse is regulated by 1) co-
regulation of vitellogenesis by FSH and LH via FSHR,
and 2) the postvitellogenic stage-selective induction of
the oocyte maturation by LH via LHR.
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ESTRADIOL INDUCED MECHANISMS REGULATING VITELLOGENIN (VG) AND CHORIOGENIN
SYNTHESIS AND EXPRESSION OF VG IN THE CULTURED HEPATOCYTES OF INDIAN
FRESHWATER MURREL CHANNA PUNCTATUS

Kumari Vandana Rani and Neeta Sehgal

Fish Endocrinology Laboratory, Department of Zoology, University of Delhi, Delhi 110007, India.

Introduction:

Vitellogenin (Vg) and Choriogenin (Chg) are female-
specific proteins, synthesized in the hepatocytes of
teleosts. Several in vivo studies have shown that it is
difficult to distinguish the primary effects of a
compound from those induced secondarily because liver
functions are under the influence of multiple endogenous
factors. Therefore, in vitro hepatocyte systems present a
better experimental model to investigate mechanism(s)
by which Vg and chg are synthesized. Primary cultures
of fish hepatocytes have been used to study hepatic
structure and function, viz. endocrine regulation, Vg
synthesis, hormone receptor expression, and toxicology.
The Vg and Chg induction in cultured fish hepatocytes is
clearly influenced by culture conditions (medium
composition, temperature etc.) and culture system
(hepatocyte monolayers, aggregates, liver slices etc.).
The main advantages of the hepatocyte Vg and Chg
assay are considered its ability to detect effects of
estrogenic metabolites, since hepatocytes in vitro remain
metabolically competent, and its ability to detect both
estrogenic and anti-estrogenic effects. The aim of the
present study was to understand the induction of Vg &
Chg by estradiol (E,) and expression of Vg genes.

Methods: ~

Hepatocytes were isolated following the method o
Rani er al.[1]. Hepatocytes were exposed to various
doses of E,, optimum dose was selected and used for rest
of experiments. Vg and Chg concentrations were
determined in culture medium using standardized
ELISAs [2] with few modifications. Cells exposed to a
constant dose of E, (500nM) in the presence of
actinomycin D (3 and 6pg/ml) or cycloheximide (10
pg/ml). After 48 hrs media were collected from all the
groups and processed for Vg and Chg estimation.
Statistical Significance was calculated in between
different doses of same treated groups by Mann-Whitney
Wilcoxon - test/student t-test; significance is given as
p<0.005. Vg was extracted from the medium by PAGE
and cut band was characterized by LC-MS/MS peptide
mapping. Total RNA was isolated by TRIzol method
from treated and hon treated hepatocytes and processed
for expression of Vg gene(s) by reverse transcription
PCR (RT-PCR). E; exposed hepatocytes were fixed and
processed for localization of Vg and-Chg in cytoplasm
by immunocytochemistry and for ultrastructural analysis
by TEM.

Fig. 2: Effect of Actinomycin D and Cycloheximide on vitellogenin and choriogenin levels in hepatocyte culture medium.
Freshly isolated cells were maintained for 48 hrs for monolayer formation. Thereafter they are treated with cycloheximide (B)
& different dose (3 and 6pg/ml) of Actinomycin D (A) alone or in combination with E; and media was collected after 48 hrs

and processed for ELISA. Values are expressed as Meant SEM.
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Fig.1 : Vitellogenin& Choriogenin levels in the culture medium
following treatment of hepatocytes with various doses of estradiol
(E,) for 48 h and vitellogenin was estimated in the medium by
ELISA.Values are expressed as Mean+ SEM.
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Results:

The ELISA estimations in medium collected from E;
treated cells showed the presence of Vg and Chg (Fig. 1).
Actinomycin D and cycloheximide, inhibitors of protein
synthesis, significantly reduced Ez-induced Vg and Chg
(Fig 2A,B). MALDI LC-MS/MS analysis revealed that
the hepatocytes secreted the Vg B form in the medium.
This was further confirmed by the homology search of
the PCR amplified Vg gene from the hepatocytes RNA.
The electron microscopy also showed distinguished
difference in the hepatocyte structure in the treated and

non-treated cells. Immunocytochemical localization

of induced Vg showed the color production in the

cell cytoplasm.

Discussion:

It has been established through this study that E,
exposed cells synthesize Vg. Inhibition of Vg
induction by Actinomycin D and Cycloheximide
evidently suggest involvement of genomic pathway in
Vg expression. Vg and Chg, exhibits various forms in
teleosts, viz Vg A, Vg B and Vg C and Chg H and
Chg L. LC-MS/MS and RT-PCR sequence analysis
revealed similarities of synthesized cultured Vg with
Vg B. Extensive increase in number of mitochondria,
enlargement of Golgi apparatus, proliferation of ER
arranged in parallel arrays and whorls are some of the
characteristic features of E, stimulated hepatocytes
which were evident in this study.

References

[1] RANI K. V., SEHGAL N., GOSWAMI S.V,,

OM PRAKASH. 2010. Relative potencies of
Natural estrogens on vitellogenin  and
choriogenin levels in the Indian freshwater
spotted snakehead, Channa  punctata: Invivo
and invitro studies. Fish Physiol. Biochem., 36:
587-595.

[2J0M PRAKASH, GOSWAMI S.V., SEHGAL N.
2007. Establishment of ELISA for murrel
vitellogenin and choriogenin, as biomarkers of
potential endocrine disruption. Comp. Biochem.
Physiol., C 146(4):540-551.

Proceedings of 9™ International Symposium on Reproductive Physiclogy of Fish, Cochin, India. August 9-14, 2011




Indian J. Sci. Technol., 9" ISRPF Issue

Vol. 4 No. S 8 {August 2011)  ISSN: 0974- 6846

EXPRESSION, TRANSCRIPTIONAL REGULATION AND POSSIBLE ROLES OF INSULIN-LIKE
GROWTH FACTORS IN GONADAL STEROIDOGENESIS IN TILAPIA
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" Introduction:

The insulin-like growth factors (igfs), igf-1, igf-2 and
a novel igf termed igf-3, are implicated in a wide variety
of physiological roles in teleost gonadal development.
Sexual differentiation occurs along with cell
proliferation and tissue growth, suggesting that growth
factors are involved in these physiological processes,
particularly igfs, which are recognized as exerting
certain actions on the gonadal development, sex
determination and differentiation.

Methods:

Animal- All genetic female (XX) and male XY)
tilapia (Oreochromis niloticus) were obtained by
artificial fertilization of eggs from normal females XX)
with sperms from either sex- .versed males (XX) or
super males (YY), respectively. Tilapias were reared in
0.5-ton tanks with re-circulating aerated fresh water at
26°C under natural photoperiod. Real-time PCR assay-
Gonads from 10, 20, 30, 40, 50, 60 and 70 days after
hatching (dah) were dissected. Total RNA was extracted
and cDNA was prepared for the real-time PCR. In situ
hybridization-Probes of both sense and antisense
digoxigenin (DIG)-labeled RNA strands of igf-/, igf-2
and igf-3 were transcribed in vitro, using the RNA
labeling kit. In situ hybridization was carried out as
follows: sections were deparaffinized, hydrated and
treated with proteinase K and then hybridized with the
probe at 60°C for 16~22hrs. The hybridization signals
were detected using alkaline phosphatase-conjugated
anti-DIG  antibody and NBT/BCIP. Cell culture,
transient transfections and luciferase assays- HEK293
cells were maintained in DMEM at 37°C. Cells were
transfected with the following plasmids: 1) 0.5ug of the
igf-1 (or igf-2, or igf-3) promoter cloned into the pGL3-
basic luciferase reporter vector; 2) 0.01-0.25ug of
pcDNA3.1 expression plasmid, containing the cDNAs
encoding tilapia Ad4BP/SF-1, Foxl2, Dmrtl, Daxl,
Dax2, CREBt and CREBo; 3) pRL-TK, at 100ng/well.
Firefly luciferase and Renilla luciferase readings were
obtained using the Dual-Luciferase Reporter {\ssay
System 48 hrs after transfection. In vitro incubqtton of
ovary fragments with Igf-3 recombinant protein- The
culture medium consisted of 1:1 (v:v) mixture of DMEM
and Ham's F-12 medium. The ovaries of tll'flpla were
dissected out and placed in a dish containing 5 ml
medium. Each ovary was dispersed into small fragments

and transferred into the 24-well plate. After 12 hrs
incubation, the igf-3 recombinant protein was added and
24 hrs later, the medium was centrifuged and the
sediments were collected. Total RNA was isolated from
the sediments using TRIzol Reagent.

Results:

Real-time PCR analysis revealed a similar expression
pattern of igf-1 and igf-3 in gonad, higher in ovary than
testis between 10 to 40 dah, followed by a lower
expression than testis from 50 to 70 dah, and ultimately
with a peak at 70 dah. Obviously higher level of igf-2
expression was found in the ovary than testis from 10 to
30 dah, while sharply decreased to similar expression
levels in both testis and ovary from 40 to 70 dah. In situ
hybridization using gonads from 10 to 180 dah
demonstrated that both igf-/ and igf-2 mRNAs were
detected in the primordial germ cells and somatic cells at
10 dah in both XX and XY gonads. igf-] and igf-2
mRNAs were also detected at 30 dah in female germ
cells, but not in male germ cells, in which both signal
were detected from as late as 50 dah. Later, igf-1 and igf-
2 were detected in spermatogonia and spermatocytes as
well as in Leydig cells of the testis and in the interstitial
cells of the ovary about 180 dah. In contrast, igf-3 was
found to be expressed only in the somatic cells and later
in granulosa cells of the ovary, and in the interstitial cells
of the testis. Promoter analysis using luciferase assays in
HEK?293 cells revealed that the igf-3 gene expression
was directly activated by Ad4BP/SF-1, and further
enhanced by FoxI2, Dax1 and Dax2. In contrast igf-2
gene transcription was repressed by Ad4BP/SF-1 and
FoxI2 but unaffected by Dax] and Dax2. Promoter
activity of igf-1 was activated by CREBt and CREBo but
was not influenced by Ad4BP/SF-1. All igfs promoter
activities were repressed by Dmrt]. Finally, Ad4BP/SF-
1 activated igf-3 transcriptional expression was
enhanced, igf-2 repressed while igf-1 not influenced with
simultaneous treatment of forskolin. /n vitro incubation
of ovary fragments were performed and igf-3
recombinant protein was added to the culture medium
after 12hrs. The fragments were collected, total RNA
was isolated and Real-time PCR was performed to
examine the expression levels of various transcription
factors and steroidogenic enzymes. FoxI2, Ad4BP/SF-1,
Cypl9ala, 3beta-HSD-I, 3beta-HSD-1I, P450scc and
P450C17, were up-regulated in a time- and dose-
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DIFFERENTIAL REGULATION OF GONADOTROPIN RECEPTORS (fshr AND lhcgr) BY ESTRADIOL IN
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Introduction:

Follicle-stimulating hormone (FSH) and luteinizing
hormone (LLH) are gonadotropins that control all major
events of gonadal function, including folliculogenesis,
steroidogenesis and ovulation in females. FSH and LH
signal through their cognate receptors, FSH receptor
(FSHR) and  LH/choriogonadotropin  receptor
(LHCGR), respectively, across vertebrates. Compared
to the information in mammals, very little is known
about these receptors in fish, especially the mechanisms
that control their expression. Using zebrafish as the
model, we have demonstrated that although both fshr
and lhcgr increase their expression during follicle
growth and maturation in the ovary, they exhibit
significant temporal difference with lhcgr expression
lagging behind that of fshr [1]. This raises an
interesting question: how are these two gonadotropin
receptors differentially controlled during
folliculogenesis? We, therefore, have initiated this
study to investigate the expression control of fshr and
lhcgr in the zebrafish ovary.

Methods:

A primary follicle cell culture was used in the
present study to investigate the regulation of fshr and
lhcgr by various hormones and their action mechanisms.
The expression levels of fshr and lhcgr were assessed
by extraction of total RNA from the treated cells
followed by reverse transcription and real-time qPCR.
To elucidate the signaling mechanism, we collected the
total protein from the treated cells to examine the
phosphorylation level of certain signaling molecules
with Western blot.

Results:
- Estradiol (E2), but not testosterone (T), significantly
and differentially up-regulated the expression of fshr
and lhcgr within 1 hour. Although E2 stimulated the
expression of both fshr and lhcgr, its effect on the
steady-state level of /hcgr mRNA was much higher (>
10-fold up-regulation) than that on fshr expression (~
0.5-fold increase). This regulatory effect could be
mimicked by E2 conjugated to bovine serum albumin
(E2-BSA). Additionally, nuclear estrogen receptor (ER)
antagonists (ICI 182,780) and transcription inhibitor
(actinomycin D) abolished this E2-induced up-
regulation while MEK inhibitor (U0126) greatly
hindered the action of E2. Further immunoblot
evidence confirmed that E2 rapidly induced
phosphorylation of MAPK in less than 20 minutes and
the activation of p38 MAPK could enhance the E2
action.

Conclusion:

We have provided the first evidence that E2 acts as a
potent endocrine hormone involved in the differential
expression of fshr and lhcgr in the zebrafish ovary. The
regulation occurs at the transcription level via the
nuclear ERs; however, these receptors appear to be
located on the plasma membrane. This study has
provided evidence for a novel action mechanism of E2
in the ovary of teleosts and the distinct mechanisms
controlling lhcgr expression in mammals and teleosts.
Reference:
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Introduction:

In fish the onset and consequent stimnulation of the
gametogenic process is produced by the gonadotropic
hormones, follicle-stimulating hormone (FSH) and
luteinizing hormone (LH). FSH action is accomplished
via the interaction with its specific receptor (FSHR)
which is a transmembrane G-protein-coupled receptor
localized in the granulosa cells. The mainstream pathway
used by FSHR to transduce the signal is the cAMP/PKA
route; however, alternative routes have been identified,
such as the mitogen-activated protein kinase (MAPK).
The extracellular signal-regulated kinases (ERKs)
belong to the family of MAPKs and are activated by
MEK1 and MEK?2, being probably the last one the
crosstalk between this signaling pathway and the
cAMP/PKA route. Results concerning ERK implication
in steroidogenesis and ERK activation through
cAMP/PKA are still contradictory. In fish, information
on the involvement of MAPK in the steroidogenic
process activated by gonadotropins is scarce. The present
work aimed to clarify the signaling pathways used by
FSH to induce steroid synthesis in sea bass.

Methods:

Sea bass ovary culture was performed as previously
described [1]. Approximately 20 mg of gonadal tissue
were pre-incubated with 0.25 ml of sea bass Ringer
solution (SBR) in 48-well plates for 30 min under

inhibitor PD98059. Next, tissues were stimulated with
sea bass recombinant FSH (scFSH) [2] or the
cAMP/PKA activator 8Br-cAMPs. After 20 hours,
culture medium was collected and levels of estradiol
(E2) and testosterone (T) were analyzed using specific
immunoassays [2, 3]. Tissue was collected and frozen
for RNA extraction with Trizol and quantitative real-
time PCR was performed after the cDNA synthesis.
Changes in mRNA transcripts for StAR (steroidogenic
acute regulatory protein), CYPI9A (aromatase), and 38-
hydroxysteroid-dehydrogenase (3SHSD) were evaluated
and corrected using ribosomal protein L-13a as a
housekeeping gene.

Results and Discussion:

E2 increased after treatment with scFSH or 8Br-
cAMPs, while the increase of T was only relevant under
8Br-cAMPs stimulation. In the presence of Rp-cAMPs
an important decrease in T levels was observed, however
in the case of E2, the reduction was detected only in
scFSH-treated ovaries, but not in the ones stimulated
with 8Br-cAMPs. Regarding gene expression, a strong
up-regulation in the levels of StAR and CYPI9A were
observed after the treatments with scFSH and 8Br-
cAMPs. In the case of the scFSH stimulated culture,
blocking the cAMP/PKA route generated a faint
reduction in the transcript levels of StAR, with no effects
on CYPI9A expression. In 8Br-cAMPs treatments, the
presence of Rp-cAMPs provoked a strong down-
regulation, in a dose-dependent manner, of both, StTAR

Fig.1. Effect of the cAMP analogue 8Br-cAMPs on the ovarian synthesis of E2 and T in the presence of cAMP/PKA inhibitor
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and CYPI19A transcripts. Rp-cAMPs did not reduce the
up-regulated levels of 38HSD generated by both, scFSH
and 8Br-cAMPs.

The MAPK inhibitor PD98059, either alone or in the
presence of FSH and 8Br-cAMPs, was able to reduce T
levels, having minor effect on E2 secretion. PD98059
blocked the increase of mRNA levels of StAR, CYPI9A
and 3BHSD generated by scFSH or 8Br-cAMPs
stimulation.

Conclusion:

The present study shows the involvement of the
cAMP/PKA route on sea bass steroidogenesis, in
agreement with findings in other species. By blocking
the cAMP/PKA pathway we determined that FSH uses
this pathway to up-regulate transcripts of some
steroidogenic enzymes such as StAR and CYPI9A,
therefore increasing the synthesis of E2 and T. In line
with other species [4], MAPKs also participates in the
regulation of steroidogenic enzyme activity. Blocking
the MAPK route shows that this pathway regulates
steroidogenic enzyme transcripts in a different way than
cAMP/PKA. Besides, the activity of MAPK seems to be
independent of the PKA route, as has been confirmed in
other species [5].Research supported by MICINN
(AGL2008-02937) and GV (ACOMP/2010/083 and
PROMETEO/2010/003). MJ. Mazén received a FPI
fellowship from the Spanish MICINN.
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Introduction:

Eggs of teleost fishes contain a substantial yolk mass,
which serves as a nutrition source (e.g., proteins and
lipids) for embryonic development and larval growth.
Various types of ovarian lipoprotein receptors, which
belong to the low-density lipoprotein receptor (LDLR)
gene family, may be involved in the process of ovarian
yolk formation. In teleosts, an ovarian lipoprotein
receptor that binds to and regulates uptake of, a major
yolk precursor, vitellogenin (vitellogenin receptor,
VgR), has been extensively characterized [1, 2, 3].
However, no additional receptors of the LDLR family
have been characterized in the ovary of teleosts. In order
to understand the physiological significance of multiple
ovarian receptors during teleost yolk formation, we
aimed to confirm the expression and localization of two
classical lipoprotein receptors (i.e., VgR and LDLR) in

developing ovarian follicles of cutthroat trout,
Oncorhynchus clarki.
Methods:

Molecular cloning of cDNAs encoding VgR and
LDLR was performed by RT-PCR and TA-cloning using
trout ovary cDNA as template. Recombinant receptor
proteins targeting the ligand binding domains of each
receptor were prepared for use as antigens to produce
specific polyclonal antibodies (a-rVgR and a-rLDLR).
Expressed recombinant receptor proteins were purified,
emulsified with Freund’s complete adjuvant, and
injected into rabbits. Using these antibodies, both
receptor proteins were detected by Western blot analyses
of ovarian membrane preparations, as well as by
immunohistochemistry of ovarian follicles. Localization
of each corresponding vgr and Idlr mRNA was

confirmed by in situ hybridization.

Results and discussion:

Two cDNAs were isolated and each appeared to
encode cither full-length VgR (2529 bp) or LDLR (262_5
bp) orthogues in the trout; predicted masses of their
translated products were ~93 kDa and ~96 kDa,
respectively. Phylogenetic analysis placed the trout VgR
and LDLR into two separate branches: the trout VgR

Proceedings of 9" International Symposium on Reproductive Physiology of Fish, Cochin, India.

peptide sequence clustered with other vertebrate
lipoprotein receptors with 8 ligand repeats (LR8 type
receptors; i.e., VgR or very low density lipoprotein
receptor, VLDLR), while the trout LDLR sequence
clustered with other vertebrate LR7 receptors (i.e.,
LDLR). The a-rVgR and a-rLDLR used in Western blot
analyses of ovarian membrane preparations detected
major bands with apparent masses of ~105 kDa and
~230 kDa, respectively. Immunohistochemistry using
these antibodies revealed that the receptors were
uniformly distributed throughout the ooplasm of early
perinucleolus stage oocytes. Both receptors appear to
migrate toward the oocyte periphery and become
localized near the oocyte membrane during the oil
droplet stage. In addition, in situ hybridization using
antisense probes for vgr and Idlr revealed a strong
signal, uniformly distributed in the ooplasm of
perinucleolus stage oocytes, which became barely
detectable in lipidic and vitellogenic stage oocytes.
Conclusion:

The present study confirmed the patterns of
expression and localization of two classical ovarian
lipoprotein receptor genes and proteins (i.e., VgR and
LDLR) throughout oogenesis of cutthroat trout.
Characterization of LDLR was conducted for the first
time in teleosts and patterns of LDLR expression and
localization appeared similar to those observed for VgR,
indicating possible functional similarities in terms of
ovarian yolk formation via receptor-mediated
endocytosis of lipoproteins (e.g., vitellogenin and/or
other plasma lipoproteins). The results also support a
“translocation-dependent” model for initiation of ovarian
receptor-mediated endocytosis. Although vgr and ldir
transcripts and their protein products are expressed
during early oogenesis (i.e., perinucleolus stage), the
VgR and LDLR likely begin to function only after they
localize near the oocyte membrane during the later
stages of oogenesis that are characterized by active
endocytosis (e.g., lipidic and vitellogenic stages).
Acknowledgment: This study was supported by JSPS
KAKENHI (#22380103: Grant-in-Aid for Scientific
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AND VITELLOGENINS IN INSHORE HAGFISH (EPTATRETUS BURGERI)
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Introduction:

Vitellogenin (Vg), the major precursor of egg yolk in
oviparous vertebrates, is typically synthesized by the
liver of maturing females in response to estradiol-17
(E2). E2 induces Vg gene expression through interaction
with one or more estrogen receptors (ERs) and E2/ER
complexes bind to specific estrogen response elements
(EREs) in the promoter regions of Vg genes [1].
Although the molecular mechanisms underlying E2-
dependent Vg gene expression have been well described
in teleosts and tetrapods, little is known about such
mechanisms in jawless hagfish, modern representatives
of the most primitive vertebrates. In this regard, we have
confirmed the duality Vg (ihVg) gene transcripts (ihvgl
and ihvg2) and the corresponding protein products of
inshore hagfish (Kunihiro Y., Hiramatsu N., and Hara A,
unpublished). The objectives of the present study were
to: (1) clone and characterize the cDNA encoding
inshore hagfish ER (ihER); (2) analyze the hepatic
mRNA expression of ihvgl, ihvg2 and iher in hagfish
captured from the wild; and (3)observe such gene
expressions following E2-administration.

Methods:

Inshore hagfish were caught near the Futaoi Island at
Shimonoseki city, Japan. A partial cDNA encoding the
C-terminal part of a putative ihER was cloned from
gravid female liver by rapid amplification of cDNA
ends. Serum E2 levels were quantified using Estradiol
EIA Kit and hepatic mRNA expression of ihvgl, ihvg2
and iher were quantifie! "y a quantitative real-time
reverse-transcription PCR (qRT-PCR) assay. For the
estrogen-administration experime “t, male and imature
hagfish were implanted with a subc itaneous silas'tlc tube
containing E2 dissolved in a solution of 50% dimethyl
sulfoxide (DMSO) in castor oil (10 or 100 pg /
individual). Control hagfish were implanted with 50%
DMSO/castor oil. Blood and liver tissues were §ampled
at O (initial), 14 and 28 days after implantation ?nd
serum E2 levels, as well as hepaticihvgl, ihvg2 and iher
mRNA levels, were quantified as described above.

Results and Discussion:

The obtained partial cDNA (1,685base pair) encoded
a polypeptide(439 amino acids, AA) with several
structural features typical of vertebrate ERs, including
nuclear receptor-characteristic domains C (partial), D, E,
and F. Two conserved motifs, the zinc-finger motif
(ZnF_C4 domain) in domain C (i.e., the DNA binding
domain) and the HOLI motif in domain E (i.e., the
ligand binding domain; LBD), also were identified in the
ihER protein encoded by this cDNA. The deduced AA
sequence of ihER was 62% identical to that of sea
lamprey ER (Petromyzon marinus; sIER). Percent
identity between ihER and slER was high in the LBD
(79.5%), whereas it was <49% when compared with
other vertebrate ERs. Phylogenetic analysis placed ihER
and sIER into a single clade, located at a position prior to
the vertebrate ERo and ER divergence. In wild-caught
inshore hagfish, hepatic ihvgl and ihvg2ZmRNA levels
exhibited a positive correlation with gonadosomatic
index (GSI), however they did not show any significant
correlation with hepatic iher mRNA levels nor serum E2
levels. In the estrogen-administration experiment, serum
E2 levels in male and immature hagfish treated with
100pg E2 (415~3,415pg/ml) were significantly higher
than that in control and wild hagfish including
vitellogenic females (19~327pg/ml). Expression levels
of both ihvgl and ihvg2 mRNAs appeared to increase in
response to E2 implantation, however induced levels
were approximately 15 times lower than that in wild-
caught vitellogenic females (GSI>0.5). Furthermore, no
differences were observed for iher mRNA expression
between all non-implanted wild-caught hagfish and E2-
administeredhagfish. These results indicate that E2 and
ihER may not be the only factors that induce ihVg
production in inshore hagfish, although we have
confirmed that each of the ihvg promoter sequences
possess several ERE-like domains and ERE half-sites
(Nishimiya et al., unpublished).
Conclusions:

In this study, a putative ER was cloned and
structurally characterized in inshore hagfish. Essential
motifs for Vg gene expression were identified in the
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promoter sequences of ihvgl and ihvg2, however
changes in levels of ihER and E2 exhibited relation to
neither reproductive status nor gender. Furthermore,
expression levels of ihvgl and ihvg2 following E2
induction were much lower than that found in naturally
vitellogenic females. These findings indicate that the
molecular mechanism(s) of Vg gene expression in
inshore hagfish might be regulated by other factors in

Vol.4 No. S 8 (August 2011) ISSN: 0974- 6846

addition to E2, unlike the typical induction mechanism

of vitellogenesis in other oviparous vertebrates.
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Introduction:

Vitellogenin (Vg) and Choriogenin (Chg) are the
precursor proteins of egg-yolk and egg-envelope
proteins. Vg & Chg are synthesized in liver in primarily
in liver under the influence of circulating estrogen
hormone and are deposited in and around the egg
| respectively. Vg & Chg are influenced by various
hormones and environmental factors. Present study has
been focused to understand the influence of
environmental factors like photoperiod, temperature,
estrogen hormones and support these findings through
experimentation.

Methods:

The steroid solutions were prepared in 50% alcohol
and the fishes were injected intramuscularly using 1-ml
tuberculin syringe fitted with 26-gauge needle for all the
studies. The control fishes in all the experiments were
injected intramuscularly with 50% alcohol. Fishes were
collected for 1 year on weekly basis, plasma samples
were collected, for estimation of by homologous ELISAs
and GSI was calculated. Experiments were carried out to
see the dose, time and temperature dependent induced
effect of estradiol-17p (E;) on Vg and Chg synthesis. All
the data were analyzed by student t-test using the Sigma
plot software. Control groups were compared with
experimental groups for both the proteins, Vg and Chg.
Results:

Annual studies and in vivo experiments revealed that
concentration of Chg in the plasma was always higher
that Vg at low doses (up to 10 pg/ml/100g body wt) and
at low temperature (15°C), whereas Vg levels were high
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at doses higher than 25 ug/ml/100g body wt) and higher
temperature (Fig 1A, Fig 2). Temporal study revealed
that plasma levels of Chg were higher at low dose of E;
(Fig1B) and at higher (data not shown).

Discussion:

An analysis of the annual reproductive cycle of the
female murrel, C. punctatus in the context of seasonal
variations in temperature and photoperiod reveals that
ovarian growth is initiated during Feb-Apr when both
photoperiod and temperature are showing gradual but
perceptible increase. Thereafter, gonads enlarge rapidly
due to yolk deposition in response to higher temperature
and longer photoperiod in nature. Maximal gonad size is
attained in June and maintained till the next set of
environmental cues, monsoon rains, which trigger
meiotic maturation, ovulation and spawning of the post-
vitellogenic oocytes.  Following spawning, ovaries
remain regressed throughout winter season. The
prevailing cool temperature and decreasing photoperiod
prevent the further development of the gonads
immediately after the completion of the first. The
importance of ambient temperature in promoting ovarian
recrudescence is evident in the present study.
Investigation on the annual reproductive cycle of the
murrel reveals that, Chg was detected in the blood earlier
in the year than Vg, suggesting that the egg-chorion is
formed very early during oogenesis. Lower temperature
and shorter photoperiod favour synthesis of Chg. A
physiological significance of this observation can be that
egg-chorion has to be formed before active incorporation
of heterosynthetic Vg during vitellogenesis.
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Fig 1: Effect of E, on induction of Vg & Chg; A=different doses, B= temporal response
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In the present study, a direct relationship was
observed between the dose of E, administered and
plasma levels of these two proteins. This study
further reveals that Chg synthesis is more sensitive
to E, than Vg. At lower dosages of E;, levels of Chg
in the plasma were higher than those of than Vg.
This observation may explain why Chg appears
earlier and at higher concentrations than Vg during
the annual reproductive cycle of the murrel. The
studies suggest that lower temperatures and
lower dose of E, promote Chg synthesis,
whereas higher temperatures and higher dose of
E, favour Vg production. This assumption is
supported by the results of our investigation on
the annual reproductive cycle of the murrel.
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Introduction:

In fish, like in other vertebrates, luteinizing hormone
(LH) is an essential hormone for the completion of
oocyte maturation. In salmonid fish (i.e., salmon and
trout), oocyte maturation is induced by LH through its
stimulation of the production of the maturation-inducing
steroid, 17a,20B-dihydroxy-4-pregnen-3-one (17,20B-P).
Specifically, LH stimulates the production of 17,20B8-P
through the production of its steroidal precursor 17a-
hydroxyprogesterone (17-OHP) as well as the expression
and activity of 20B-hydroxysteroid dehydrogenase (20p-
HSD), the enzyme responsible for the conversion of 17-
OHP to 17,20B-P. In mammals, several factors have
been reported to modulate the effects of LH on oocyte
maturation. For example, a strong body of evidence
suggests that tumor necrosis factor o (TNFa) could play
multiple physiological roles in the control of ovarian
function. In the present study, we have investigated the
possible involvement of TNFa in the regulation of
oocyte maturation in the brown trout (Salmo trutta).
Methods:

After dissection, brown trout ovaries were placed in
Hank’s balanced salt solution (HBSS) and individual
ovarian follicles were manually separated with forceps
from each ovary on ice, as previously described [1]. For
the in vitro induction of GVBD, brown trout follicles at
the preGVBD stage were incubated in HBSS containing
0.2% BSA (HBSS-BSA). Ten follicles were placed in
each well of a 6-well culture plate containing 4 ml of
HBSS-BSA in the absence or presence of the test
compounds for 48 h at 15°C with shaking. At the
termination of the incubation period the culture medium
was removed and stored at -20°C to determine the in
vitro production of 17a-hydroxyprogesterone (17-OHP)
and 17a,20B-dihydroxy-4-pregnen-3-one (17,20B-P). To
collect ovarian tissue for RNA extraction, preGVBD
follicles from each of a total of three females were
incubated (20 follicles/S ml in triplicate) in HBSS-BSA
in the absence or presence of test compounds, at 15°C
for 48 h with shaking. At the end of the incubation
period, the ovarian follicles were removed. Also, theca
and granulosa layers were manually dissected from

ovarian follicles after treatment with the test compounds,

as previously described [2]. Subsequently, ovarian

tissues were flash frozen in liquid nitrogen and stored at

-80°C until assayed.

Results and Discussion:

Our results show that in vitro treatment of brown
trout preovulatory follicles with coho salmon LH (sLH)
significantly increased oocyte maturation, as assessed by
germinal vesicle breakdown (GVBD), and this effect
was blocked by TAPI-1 (an inhibitor of TNFa
converting enzyme or TACE/ADAMI17). Furthermore,
treatment of trout preovulatory follicles with sLH
increased the expression of Tnfa. Interestingly,
recombinant trout TNFa (rtTNFa) significantly
increased the number of follicles undergoing GVBD.
Our results also show that the stimulatory effects of
rtTNFa on oocyte maturation were the result of the
direct involvement of rtTNFa in stimulating the
production of 17,20B-P as evidenced by the complete
blockage of sLH-stimulated production of both 17-OHP
and 17,208-P by TAPI-1 and by the direct effects of
rtTNFa in stimulating the production of 17,20B-P and
the expression of 20f-hsd. Interestingly, sLH and
rtTNFa also increased the ovarian expression of the LH
receptor (Lh-r).

Conclusion:

These results strongly suggest that TNFoa may
contribute to the regulation of oocyte maturation by LH
in trout.
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IndiaGrey mullet (Mugil cephalus) is one of the very
important marine teleosts suitable for farming in marine,
brackishwater and freshwater eco-systems. It is
extensively farmed in tropical and sub-tropical
conditions. The artificial propagation of grey mullet
though has been practised in some countries and in many
places it depends upon the natural recruitment. The
major constraint in the captive maturation and spawning
of grey mullet is a lack of adequate knowledge on the
hormonal profile of different stages of maturation to
understand the conditions for intervening and administer
exogenous hormone to accelerate ovulation and
spawning. In order to understand the profile of the
reproductive hormone, an attempt was made to analyze
the important reproductive hormones of grey mullet
female fish caught from the wild. Blood sample was
collected from a matured female (1.4 kg size) caught
from the inshore catch from Kovalam during the month
of November 2010. Serum was separated and the

reproductive hormones like testosterone, 17B- estradiol
and progesterone following chemiluminescence method.
Gonado-somatic  index (GSI), egg size and
histoarchitecture of the ovary were also analyzed.
Results of the analysis showed that in the matured
female the mean egg size is of 600+ 40 um (GSI-13.62).
The total testosterone was 39.81 mg/dl, 17B- estradiol
was 29.4 mg/dl and the progesterone level was 0.0015
mg/dl. The histoarchitecture showed the central location
of germinal vesicle, prominent distribution of yolk
granules in cytoplasm and movement of cortical alveoli
towards oocyte membrane indicating the late maturing
stage of oocytes in the analyzed fish. The observation of
the present investigation revealed that fishes having
oocyte around 600 pum is in advanced stage of maturity,
and fishes with this type of oocytes could be induced to
spawn under captivity with the administration of
gonadotropin hormone.
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Introduction:

In salmonid fishes, as in many other teleosts, high
amounts of neutral lipids (NLs) are accumulated in
ooplasm lipid droplets during oocyte growth; they are
later utilized as an energy resource by developing
embryos and larvae. However, little is known about the
origin of such lipids and the mechanisms underlying
their accumulation into oocytes. Triacylglycerol (TAG)-
rich lipoproteins, such as very low-density lipoprotein
(VLDL), are considered to be the primary carriers of the
NLs to the cell [1]. Lipoprotein lipase (LPL) is an
enzyme engaged in hydrolysis of TAG from VLDL and
chylomicron, and the free fatty acids (FAs) released
from TAG are transported into the cell through their
receptors and transporters [2]. Thus, we have proposed a
model for the oocyte lipidation as follows; VLDL are
metabolized by LPL outside of the oocyte and resulting
FAs then enter oocytes as a source for de novo
biosynthesis of NLs. In order to verify this model, we
cloned cDNAs encoding factors considered to be
involved in oocyte lipidation, and analyzed their
expression in ovary of the cutthroat trout, Oncorhynchus
clarki.

Methods:

c¢DNAs encoding two kinds of lipase, LPL and
endothelial lipase (EL), two membrane FA receptors
(e.g., FA translocases), cluster of differentiation 36
(CD36) and scavenger receptor class Bl (SR-B1), and
intercellular FA transporters, FA binding proteins
(FABPs), were isolated from the cutthroat trout ovary
using a polymerase chain reaction (PCR) based cloning
strategy. Expression of these mRNASs in various tissues
and in ovarian follicles was analyzed using simple
reverse  transcription-PCR  (RT-PCR), real-time
quantitative RT-PCR and in situ hybridization (ISH).
Results and Discussion:

Two types of cDNAs were obtained for both LPL
(LPL1 and LPL2) and EL (ELI and EL2). Both types of
LPL mRNA were highly expressed in lipid storage
tissues (e.g. adipose tissue, muscle and ovary) gnd
predominantly expressed in granulosa cells of ovarian
follicles. Ovarian LPL1 mRNA levels showed a
remarkable peak in April (oocyte lipid droplet stage) and
then decreased to low values sustained until November

(mid-vitellogenesis) and followed by a small peak in
LPL1 gene expression in December (late vitellogenesis).
LPL2 mRNA levels did not show pronounced changes.
In contrast, both ELs were highly expressed in ovary,
and their expression was mainly observed in oocytes.
Levels of both EL mRNAs were high in early
vitellogenesis and otherwise sustained at low values. ISH
analysis showed that both LPL mRNAs were strongly
expressed in ovarian somatic cells, especially granulosa
cells in pre-vitellogenic follicles, whereas expression of
both ELs was restricted to oocytes. These results suggest
that, in cutthroat trout, VLDL is metabolized by the
action of LPLs in the granulosa cell layer to generate
free FAs to be incorporated into growing oocytes. It has

been shown that EL has significantly higher
phospholipase activity than triglyceride activity [3] and,
thus, the ELs may act as phospholipases for

metabolizing polar lipids of vitellogenin-derived yolk
proteins in trout oocytes.

A partial CD36 cDNA and a full length SR-BI
cDNA were cloned from the trout ovary. CD36 mRNA
was widely expressed in various tissues including ovary
and, in ovarian follicles, its expression was found in both
somatic cells and oocytes. SR-BI mRNA was highly
expressed in ovary; the transcripts were highly expressed
in granulosa cells and moderately expressed in oocytes.
The expression of CD36 and SR-BI genes in oocytes
suggests that they play important roles in uptake of FAs
into oocytes.

Among 7 subtypes of FABP (FABPI, 2, 3, 6, 7, 10,
11) known to be present in teleost fishes [4], we found
that FABPI, 3, 7 and 11 were expressed in ovary. In RT-
PCR analysis of vitellogenic ovarian follicles, mRNAs
of FABPI, 3 and 11 were expressed in both somatic cells
and oocytes, whereas FABP7 mRNA was expressed very
weakly and only in oocytes. ISH analyses using pre-
vitellogenic ovary showed that FABPI mRNA was
strongly expressed in both somatic cells and oocytes,
whereas FABP3 mRNA was weakly expressed only in
somatic cells. Expression of FABP11 mRNA was strong
in somatic cells but weak in oocytes. However, strong
expression of FABP11 mRNA was found in the ooplasm
of atretic follicles. These results suggest that FABP1 and
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FABP11 are involved in FA transportation in the I References:

ooplasm of pre-vitellogenic ovarian follicles.
Conclusion:

In summary, we have cloned cDNAs encoding factors
likely to be involved in oocyte lipidation (lipid droplet
formation) from the ovary of cutthroat trout, and
analyzed their expression in ovarian follicles. Results of
the present study update our proposed model for oocyte
lipidation, as follows: 1) VLDL is metabolized by the
action of LPLs in the granulosa cell layer to generate
free FAs, 2) the FAs are incorporated into growing
oocytes through CD36 and/or SR-BI, 3) the FAs are then
transferred to endoplasmic reticulum (ER) by FABPI
and/or FABP11 in ooplasm, and 4) NLs are synthesized
from the FAs and lipid droplets are formed in the oocyte
ER [5].
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density lipoprotein receptor is correlated to ovarian
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Introduction:

Steroidogenic shift from estrogen (E2) production
during oocyte growth to 17alpha, 20beta-DP production
in the oocytes final maturation stage is a prerequisite
during reproductive cycle in teleosts. The dramatic
increase in the capacity of postvitellogenic follicles to
produce 17alpha, 20beta-DP is correlated with the down-
regulation of E2 producing steroidogenic enzymes, i.e.
P450c17-1 and aromatase, up-regulation of P450c17-II
and carbonyl reductase/20beta-hydroxysteroid
dehydrogenase. Vast investigation has been carried out
in fish steroidogenesis, however, the molecular
mechanism of steroidogenic shift controlling the
reproductive cycle is far from clear. In our present
studies, a novel 20beta-HSD (named as 20beta-HSD-II),
which showed high expression in the follicular cells
during oocyte maturation stages, was characterized in
tilapia.

Methods:

Animals- All genetic female (XX) and male (XY)
tilapia (Oreochromis niloticus) were obtained by
artificial fertilization of eggs from normal females (XX)
with sperm from either sex-reversed males (XX) or
super males (YY), respectively. Tilapias were reared in
0.5-ton tanks with re-circulating aerated fresh water at
26°C under natural photoperiod until use. Molecular
cloning- Partial sequence of tilapia 20beta-HSD-II was
obtained from the EST database. Subsequently four
primers were designed to amplify a full-length cDNA
sequence by 5’-rapid amplication of cDNA ends
(RACE) and 3’-RACE. Finally, two gene specific
primers were designed to amplify the full cDNA
sequence. RT-PCR- Total RNA was extracted, cDNA
was synthesized, and RT-PCR was carried out to check
the expression levels of tilapia 20beta-HSD-II in various
tissues. Positive and negative controls were set up with
plasmid DNA and water, respectively. A fragment of p-
actin was amplified (as internal control) from tilapia to
test the quality of the cDNAs used in the PCR. In situ
hybridization- The whole bodies of XX and XY fry at 2,
5, 11, 20, 60 day after hatching and gonads of adult
tilapia were fixed in 4% paraformaldehyde in 0.85XPBS
at 4°C to check the expression of 20B-HSD -I and -II in
the gonad by ISH. Similarly, gonads from regularly
spawning fish were sampled and fixed atd 1, 3, 5, 8, 10,

12, and 14 of the spawning cycle. Probes of sense and
antisense  digoxigenin-labeled RNA strands were
transcribed in vitro with an RNA labeling kit from
plasmid DNA containing ORFs of tilapia 20beta-HSD,
20beta-HSD-II.

Results and discussion:

The predicted amino acid sequences of 20beta-HSD-
II showed the highest homology to tilapia and medaka
20beta-HSD-I (80.2% and 78.9%, respectively), but
relatively low similarity to 20beta-HSD-I of human
(65.5%) and chicken (65.8%). Tissue distribution by RT-
PCR showed that 20beta-HSD-II was expressed in
various tissues including gill, liver, intestine, kidney,
muscle, ovary and testis. In siru hybridization (ISH)
analysis demonstrated that 20beta-HSD-II was expressed
in the follicular cells and cytoplasm of oocyte, as well as
in the interstitial cells in the testis. Additionally, the
expression of 20beta-HSD-II was also detected in both
the epithelial cells of intestine and interrenal cells of the
head kidney. However, the expression of 20beta-HSD-I
was only detected in the early vitellogenic oocytes. No
expression of 20beta-HSD-I could be detected in the
testis, intestine and head kidney by ISH.

Interestingly, two type of 20beta-HSDs displayed
distinct spatial and temporal expression profiles during
the reproductive cycle. 20beta-HSD-I, was exclusively
expressed in the previtellogenic ooctyes and no
expression was detected in the follicular layer cells.
Interestingly, the expression of 20beta-HSD-II was
dominantly expressed in the both theca cells and
granulosa cells from 4 day after spawning to 12 day after
spawning and was restricted to theca cells in degenerated
follicular cells after ovulation. The expression profiles
suggested that 20beta-HSD-II, but not 20beta-HSD-I,
might be involved in the production of 17alpha, 20beta-
DP.

Ontogenic expression by ISH showed that 20beta-
HSD-I was only detected in germ cells in the XX gonads
and no expression was found in the XY gonads.
Importantly, the expression of 20beta-HSD-II in both
somatic cells and germ cells was initiated from S5dah in
XX gonads, while it was delayed to 20dah in the XY
gonads. The ontogenic expression pattern revealed that
20beta-HSD-II might be responsible for 17alpha, 20beta
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Introduction:

Follicle-stimulating hormone (FSH), produced
primarily by the pituitary, is thought to play an important
role in regulating growth of the ovarian follicle in fishes.
However, little is known about FSH function at the level
of the ovary during early stages of oocyte growth, prior
to vitellogenesis [1,2]. Initially we identified ovarian
genes in coho salmon (Oncorhynchus kisutch) that were
differentially expressed during the transition from
primary to early secondary growth, a period when FSH
levels begin to increase in the blood [3]. Using a
candidate gene approach we then identified several FSH-
regulated ovarian genes in vitro during early secondary
oocyte growth, which included the gonadotropin
receptors, specific steroidogenesis-related mRNAs, and
cell survival, growth and differentiation factors [4].
Recently we used a global genomics approach known as
suppression subtractive hybridization (SSH) to identify
additional genes and cellular processes influenced by
FSH during early secondary oocyte growth. Since we
anticipated that many FSH-regulated genes would be
localized to the follicle cells surrounding the oocyte,
SSHs were conducted on mRNA from follicle/interstitial
cell enriched ovary preparations [5] as well as whole
follicles. Time-course and FSH concentration-response
experiments were conducted to characterize the
responsiveness of genes to FSH, and a steroid inhibitor
experiment was conducted to determine whether steroids
produced by the ovary in response to FSH mediate its
actions on ovarian gene expression,

Methods:

All experiments utilized mid to late cortical alveolus
stage ovarian follicles from 2-year old coho salmon
produced and reared in captivity. Clusters of ovarian
follicles were incubated in L-15 medium containing
coho salmon FSH (treatment) or in blank medium
(control) in time-course, concentration-response, and
steroidogenesis-inhibitor experiments. Incubation times
ranged from 0-72 h and FSH concentrations ranged from
5-500 ng of hormone per ml of medium. The
steroidogenesis inhibitor tested was aminoglutethimide,
which inhibits P450 aromatase and P450 side-chain
cleavage activity. After incubations, media samples were
collected for testosterone (T) and estradiol-17 beta (E2)

measurements, ovarian total RNA was isolated, and
transcript levels were determined by quantitative RT-
PCR. Messenger RNA was further isolated from follicles
cultured for 36h to construct four SSH libraries
comparing FSH-treated and control follicles. A total of
2,016 clones from the SSHs were sequenced and 1,774
sequences greater than 50 nucleotides were assembled
and analyzed to determine their identity. In situ
hybridizations were performed with cortical alveolus
stage follicles using gene-specific probes labeled with
digoxigenin,

Results and Discussion:

FSH treatment consistently increased ovarian
production of T and E2 in a concentration-dependent
manner. A variety of ovarian genes putatively regulated
by FSH were revealed by SSH. Quantitative PCR
validations showed that although some false positives
existed, a number of FSH-regulated genes had been
revealed. For example, a connexin gene (cx34.3) likely
involved in cell-to-cell communication was upregulated
16-fold by FSH, a cell survival factor, clusterin 1 (clul),
was upregulated 4-fold by FSH, and two genes likely
involved in cell differentiation and tissue remodeling,
fibronectin (fn) and decorin (dcn), were upregulated 3-
and 1.5-fold, respectively. In the SSH libraries for genes
suppressed by FSH treatment, connective tissue growth
factor (ctgf), a gene that decreases in mammalian
follicles as granulosa cells mature [6], was down-
regulated 3-fold and proliferating cell nuclear antigen
(pcna) was down-regulated 2-fold by FSH. The majority
of the FSH-regulated genes identified were found in the
follicle/interstitial cell enriched tissue libraries
suggesting that many genes regulated by FSH originate
from the somatic cells of the ovary and not the oocyte. In
support of this, we localized cx34.3 transcripts
exclusively to salmon granulosa cells. Additional
transcripts are currently being localized with ISH.
Lastly, our initial investigation into mechanisms of FSH
actions showed that FSH actions may be mediated by
steroids, as effects of FSH on cx34.3, fn, and ctgf were
completely blocked by the steroidogenesis inhibitor, or
FSH may act through non-steroid pathways as seen for
genes like steroidogenic acute regulatory protein (star)
and clul.
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Conclusion:

As evident by the rapid and significant increases in T
and E2 production and changes in specific
steroidogenesis-related genes, FSH clearly regulates
steroidogenesis during early secondary oocyte growth in
coho salmon. This work further demonstrates that FSH
regulates genes likely involved in cell communication,
differentiation and maturation, and tissue remodeling.
Actions of FSH on ovarian gene expression appear to be
via steroid and non-steroid pathways. Together these
findings suggest that FSH and steroids may induce
differentiation of follicle cells surrounding the growing
oocyte and remodeling of the ovarian follicle structure in
preparation for onset of vitellogenesis. The recent
development of coho salmon gonadotropin analogs will
facilitate upcoming in vivo studies of FSH function.
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Introduction:

Relatively few studies have examined the endocrine
control of pre-vitellogenic ovarian follicle development
in teleosts. Follicles of hypophysectomized teleosts can
develop to the late perinucleolar/early cortical alveolus
stage in the absence of the pituitary, suggesting that
pituitary gonadotropins are not mandatory for
completion of primary development of the follicle [1].
However, several lines of evidence suggest that sex
steroids regulate growth of pre-vitellogenic follicles.
Estradiol-17p (E2) stimulated development of cortical
alveolus stage ovarian follicles in hypophysectomized
goldfish, and several in vivo and in vitro studies on
anguillid eels provide strong evidence for a role of 11-
ketotesterone (11-KT) in the regulation of primary
ovarian follicle development [2]. Since female anguillid
eels display uniquely high blood levels of 11-KT at the
start of the migration to oceanic spawning sites [2],it is
not known if androgenic control of primary ovarian
follicle development is a general phenomenon. In this
study, we addressed the hypotheses that: 1) Androgens
regulate primary ovarian follicle development; 2) E2
stimulates development of cortical alveolus stage
follicles; and 3) plasma steroid levels reflect the roles of
androgens and estrogen during primary and early
secondary ovarian follicle development.

Methods:

In vitro experiments: Ovaries containing follicles at
the late (Balbiani bodies absent) perinucleolar and early
alveolus stages were removed from one year-old coho
salmon. Ovarian fragments were cultured for 7, 14 and
21 days without or with 0.03-30 ng/ml 11-KT, E2 or
testosterone (T), fixed, and processed for histology. The
circumference of oocytes sectioned through the center of
the nucleus was measured, and oocyte volume was
calculated. Abundance of cortical alveoli was
quantified. Further experiments examined whether
androgen (flutamide) or estrogen (tamoxifen) receptor
antagonists inhibited the growth response to steroids,
and a specific aromatase inhibitor (exemestane) was
used to determine if the effects of T were partially due to
its aromatization to E2. In vivo experiments: Females
with ovaries containing late perinucleolar or early
cortical alveolus stage oocytes were injected with
sustained release implants containing either 11-KT or

E2, and sampled after 10 and 20 days. Effects on follicle
size were determined as above, and plasma 11-KT and
E2 levels were measured by immunoassay.

Plasma sex steroid levels during ovarian follicle
development: Females were sampled at six stages:
chromatin nucleolar, early and late perinucleolar, early
and late cortical alveolus, and lipid droplet. Plasma 11-
KT, T and E2 levels were measured by immunoassay.
Results and Discussion:

In vitro experiments: Low concentrations of 11-KT
had significant growth-promoting effects on late
perinucleolar follicles in vitro, with maximum size
reached by 7 days of culture. Flutamide inhibited this
growth promoting effect. T, although causing a
significant increase in volume of late perinucleolar
follicles, was less effective that 11-KT. Blocking
aromatization to E2 enhanced the growth promoting
effect of T. E2 had no effect on growth of perinucleolar
follicles but by 21 days, E2-treated follicles displayed a
few cortical alveoli. At the early cortical alveolus stage,
11-KT increased follicle volume but there was no effect
on the abundance of cortical alveoli. E2 strongly
promoted growth and stimulated synthesis of cortical
alveoli, actions that were inhibited by tamoxifen. T had
modest growth-promoting effects and stimulated a
moderate increase in cortical alveoli abundance. These
results indicate that completion of primary follicle
growth is under androgenic control, while early
secondary growth (cortical alveolus stage) is
predominantly under the control of E2.

In vivo experiments: Modest increases in plasma 11-KT
resulted in a significant increase in volume of late
perinucleolar follicles by 10 days and in contrast to in
vitro treatment, induced the appearance of a few cortical
alveoli. E2 had no observable effect by day 10, but by
day 20 induced increases in volume similar to those
seem with 11-KT, and was also more effective than 11-
KT in stimulating cortical alveoli formation. By contrast,
in females with ovaries that contained early cortical
alveolus stage follicles at the time of implantation, E2
was much more effective than 11-KT in stimulating
follicle growth, and strikingly, the ooplasm of follicles
from E2-treated fish was filled with cortical alveoli.
These results are generally consistent with those from in
vivo experiments; but with more overlap between the
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stage-specific effects of steroids, likely due to steroids
actions on the brain and/or pituitary.Plasma sex steroid
levels during ovarian follicle development: Plasma
levels of T were constant during follicle development,
aside from a decrease at the early cortical alveolus stage.
E2 levels, consistent with previous studies [4] became
elevated at the early cortical alveolus stage. Although
we used 11-KT in experimental studies as a non-
aromatizable androgen without assumptions about levels
in vivo and its potential role in normal development, 11-
KT levels increased significantly at the late perinucleolar
stage, suggesting that this steroid participates in the
regulation of primary growth of follicles.

Conclusion:

These studies demonstrate the stage-specific effects
of androgens and E2 on development of late primary and
early secondary ovarian follicles of coho salmon. The
former appears to be under predominantly androgenic
control while the latter appears to be largely due to the
effects of E2. (This study was supported by grant 10S-
0949765 from NSF).

References: .

[1JLUBZENS, E., YOUNG, G., BOBE, J., CERDA J.
2010. Oogenesis in teleosts: how fish eggs are
formed. Gen. Comp. Endocrinol., 165: 367-389.

[2]JKHOO, K.H. 1979. The histochemistry and endocrine
control of vitellogenesis in goldfish ovaries. Can. J.
Zool., 57: 617-626.

[3JLOKMAN, P.M., GEORGE, K.N., DIVERS, S.L.,
ALGIE, M., YOUNG G. 2007. 11-Ketotestosterone
and IGF-I increase the size of previtellogenic oocytes
from shortfinned eel, Anguilla australis, in vitro.
Reproduction, 133: 955-967.

[4]CAMPBELL, B., DICKEY, J., BECKMAN,B,
YOUNG, G., PIERCE, A.,, FUKADA, H,
SWANSON, P. 2006. Previtellogenic oocyte growth
in salmon: relationships among body growth,
plasma insulin-like growth factor-1, estradiol-17B,
follicle-stimulating hormone and expression of
ovarian genes for insulin-like growth factors,
steroidogenic-acute regulatory protein and receptors
for  gonadotropins, growth  hormone, and
somatolactin. Biol. Reprod., 75: 34-44.

Proceedings of 9™ International Symposium on R« sroductive Physiology of Fish, Cochin, India.

August 9-14, 2011




. 7 M
indian J. Sci. Technol., 9" ISRPF Issue PO

3 Vol. 4 No. S 8 (August 2011)

ISSN: 0974- 6846

NME FAMILY AND DETERMINATION OF EGG QUALITY, NEW INSIGHTS FROM THE ZEBRAFISH
DANIO RERIO

Desvignes T.*°, Fauvel C.°, Fostier A.*, Bobe J.*
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Thomas.Desvignes @rennes.inra.fr
°Biology of Marine Organisms, IFREMER, Palavas-les-flots F-34250, France

Background:

Early development of fish relies on maternal gene
products (i.e. mRNA and proteins) stored into the oocyte
during oogenesis as the genome of the embryo does not
start to be transcriptionally active until the MZT
(Maternal-to-Zygotic Transition) that occurs during the
Mid-Blastula Transition (MBT). A previous genomic
analysis of fish eggs pointed out the Nme family as
being linked to the developmental potential of the egg in
Atlantic sea bass (Dicentrarchus labrax) [1]. The Nme
family is known to be involved in key
cellular processes such as cell proliferation
and differentiation. It has also been

Methods:

After an extensive characterization of the
evolutionary history of the Nme gene family in
metazoans with special attention for the vertebrates and
teleosts, the ten members of the gene family were
studied in a panel of eight zebrafish (Danio rerio) tissues
by real time PCR (QPCR). Transcripts showing a
predominant ovarian expression were subsequently
monitored throughout oogenesis and early development
by QPCR and in situ hybridization.Whenever possible,

Fig.1. Tissue expression of nme genes in zebrafish.

extensively studied in relationship with the s o4
metastatic potential of tumors in cancer
research [2]. In contrast, very little is known
about the role of the Nme family during early
development of non-mammalian vertebrate
species despite its known importance in
Drosophila development. The aim of the
present work was thus (i) to characterize the
Nme gene family in fish, (ii) to study the
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Fig.2. Nme gene family evolutionary history. 1R and 3R refer to the first and third round of whole genome duplication
respectively. CD stands for Cis-duplication of the corresponding gene. Redrawn from Desvignes et al 2009 and 2010.
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the corresponding protein products were studied by

Western Blot and immunostaining. Finally, knock-
down experiments directed against maternally-inherited
nme transcripts were carried out using injection of
antisense morpholino oligos (MOs) into the embryo at 1-
cell stage in order to study the functional implication of
the corresponding proteins in embryonic development.
Results and Discussion: .

First, the evolutionary characterization of the Nme
family revealed that among the 10 nme genes, 7 are
common to all vertebrates while the 3 othergenes
underwent independent duplication events in the teleost
and tetrapods radiations (Fig. 1) [3,4].

Interestingly, the tissue expression survey revealed
that the 10 nme genes are expressed in the zebrafish
gonads (Fig. 2).Whereas nme5 and nme8 are testis-
predominant, in agreement with existing data in
mammals [2], most of the 8 other genes are
predominantly expressed in the ovary [3]. Moreover,
oogenesis and early development expression survey
showed that 3 nme genes are maternally-inherited as
mRNAs in the zebrafish egg [5]. Another nme gene,
highly expressed during the first steps of oogenesis is
likely to be maternally-inherited in the egg as a protein.
Finally, knock-down experiments using MOs led to
lower embryonic survival during the first 24h of
development, important morphological defects, and
decreased hatching rates in injected embryos compared
to embryos injected with a negative control MO at the
same concentration.

Proceedings of 9" International Symposium on Reproductive Physiology of Fish, Cochin, india.

Conclusion:

In addition to the already documented implication of
Nme genes in key cellular processes for cell proliferation
and  differentiation, the present study clearly
demonstrates a predominant ovarian expression of
several nme genes for the first time in any vertebrate
species. Together the maternal profiles of several nme
genes and the results of the knock down study strongly
suggest an important role for oocyte developmental
competence in fish. Given the ancient origin of the
family in metazoans, a significant role of the Nme
family in reproductive process can also be anticipated in
the teleost lineage.
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of silverside broodstock (C. estor) under culture
conditions.
Methods:

Farmed two-years-old adult silversides (36.2+1.0g)
were fed with different dietary ARA level (3, 4 and 7%).
Each experimental group consisted in. three replicates
with 21 fish (12:2%) maintained under culture
conditions during 10 weeks. Adult fish were fed daily
with a mixed commercial pellet diet (2:1) and adult
artemia (A. franciscana) enriched during 18 hours with
ARA (3, 4 and 7%) using 1% of fish weight (grams).
Presence or absence of spawns was recorded daily in
order to evaluate quality of spawns in females and fatty
acids composition of eggs and gonadal tissues of both
sexes from neutral and polar lipids by gas
chromatography according with Palacios et al., 2007 [2].
At day 70, we obtained sperm samples of males in order
to evaluate sperm count (cel ml™") and samples of gonads
of both sexes for biochemical and histological analysis.
Finally, we evaluated PGE, content (pg mg™) using a
commercial assay of competitive enzymatic.

Results and Discussion:

Dietary ARA level did not affect survival or growth
of broodstock, but fish fed 7% ARA had higher lipid
accumulation in gonads than fish fed low ARA level
(3% and 4%). Females fed high ARA level (7%) had
larger spawns. Dietary ARA level did not affect sperm
count in males (cells ml™"). Spawners fed high ARA level
(7%) had better production parameters (fertilization,

Vol.4 No. S 8 (August 2011) ISSN: 0974- 6846

hatching, lipid droplet size and egg diameter). No

differences for PGE, content in gonads of males (37335

pg g’') or females (245+34 pg ) were found in relation

to ARA levels in diet (Table 1).

We found differences in ARA content (mg g') in the

neutral lipid fraction from gonads of both sexes, which

was affected by dietary ARA level (Fig. 1). ARA content
was stable in the phospholipids from gonads of both
sexes.

Conclusion:

These results indicate that silverside broodstock
could benefit from an ARA-enriched diet during the
reproductive period, since it can reverse some negative
effects of culture condition on spawn quality.
Nevertheless, it is necessary to evaluate specific ARA
requirement of both sexes, taking into account the omega
3/omega 6 ratio, and its effects on synthesis of other
eicosanoids.
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Background:

First discovered as a metastasis suppressor in breast
cancer and melanoma cell lines, kisspeptin with its
receptor has now emerged as one of the key players in
regulating reproduction through the brain-pituitary-
gonadal (BPG) -axis both in mammals and in fish. In
addition, recent studies in mammals also suggest that the
kiss system(s) may have several additional functions
both in the CNS and in peripheral organs. However,
besides its probable involvement in teleost reproduction,
knowledge about the possible pleiotropic function of kiss
is still lacking in teleosts.

Methods:

In the present study we have investigated the
involvement of kiss during embryonic development in
medaka (Oryzias latipes), using qPCR, in addition to
GripNA and Morpholino knockdown combined with
whole mount in situ hybridization.

Results and Discussion:

QPCR results suggest that the two kiss ligands in
addition to kissrl are maternally prepared. Kissrl
expression declines until 2-somite stage but is still
detectable throughout embryonic development. Both
kissl and kiss2 ligands have similar expression profiles
with a steady increase in expression from gastrulation to
2-somite stage followed by a decline and then a stable
but low expression from around 35-somite stage. Kissr2
expression, on the other hand, is detectable only from
gastrulation onwards with a sharp increase in expression
starting around 22-somite stage. Based on this early
expression, we hypothesized that kiss may have
important roles during early embryogenesis. To
investigate this, a series of knockdown assays were made
and validated for both kiss ligands and receptors.
Interestingly, moderate doses of kiss/ gripNA
knockdown (0.2 mM) resulted in early death, before
gastrulation, while we observed no effect using even

higher gripNA doses (1.9 mM) for kiss2 knockdown.
Reducing the kiss! gripNA concentration to 0.05 mM
made the embryos surpass gastrulation. However,
profound morphological malformation to the brain
region was observed, in particular to the forebrain region
including impaired eye development. These observations
were consistent with splice site knockdown of kiss I and
kiss2 using Morpholino. In addition, we obtained
comparable results knocking down the two kiss
receptors. Moderate doses of kissr! gripNA (0.2 mM)
knockdown caused early death, before gastrulation,
while the embryos died subsequently to gastrulation with
kissr2 gripNA (0.5 mM). Reducing the gripNA
concentration made the embryos, as following kissl
knockdown, surpass gastrulation but with severe
morphological malformation to the brain region,
including loss of eyes and forebrain deformities. Co-
injection of 5UTR modified kiss! with 0.1mM kissl
GripNA, a concentration inducing more severe
phenotype like lack of body development, rescued the
morphant phenotype. To further investigate these
morphological alterations after knockdown, we carried
out whole mount in situ hybridization using the two
marker genes dix2 and six3. Compared to wild type
embryos, we observed clear differences in expression
pattern for both marker genes following knockdown.
The observed differences were most pronounced from
day 3 post fertilization onwards.

Conclusion:

We have investigated the possible function of the kiss
systems during embryogenesis using medaka as a model.
Our results suggest a novel function of kiss during
embryogenesis. Based on the knockdown studies we
suggest that kiss play a pivotal role for survival and
proper development, in particular concerning forebrain
and eye development.
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GOLDFISH EMBRYO DEVELOPMENT AFTER SOMATIC CELL NUCLEAR TRANSFER IN NON-
ENUCLEATED OOCYTES: FIRST MITOSIS PROFILE, PLOIDY STATUS, AND GENETIC
CONFORMITY
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Introduction:

Nuclear transfer has the potential to become one
strategy for fish genetic resources management, by
allowing fish reconstruction from cryopreserved somatic
cells. Survival rates after nuclear transfer are still low
however [5], both because of biological and technical
constraints. Among them, the difficulty to enucleate the
recipient oocyte in &ish, together with the need to
alleviate some of the alterations associated with the
enucleation methods, led several authors to inject the
donor nucleus into non-enucleated oocytes [1,2,4].
Strikingly, diploid clones were produced which
exhibited genetic characteristics of the donor fish. The
group of Wakamatsu demonstrated moreover that
diploidized activated eggs were a good template for the
development of somatic cell nuclear transplants [6],
although the mechanism underlying a putative
spontaneous erasure of the maternal genome remains to
be explored. In a previous work, we developed a nuclear
transfer method in goldfish where the recipient oocytes
were at the metaphase II stage (non-activated) [3]. As
also proposed by [5] and in several works in mammals, a
metaphase I  recipient should improve the
reprogramming of the injected nucleus, by allowing
better cell cycle synchronization between the donor and
the recipient.

In the present work, we explored the development of
embryos reconstructed after somatic cell nuclear transfer
into non-enucleated non-activated oocytes in goldfish
(Carassius auratus). We assessed whether such recipient
could still allow spontaneous erasure of the maternal
genome, as observed when nuclear transfer is performed
on readily activated eggs [1,2,4]. We additionally
question here the origin of the development defects in
the reconstructed embryos.

Methods:

Nuclear transfer experiments were performed on
goldfish as described in [3] using cryopreserved caudal
fin cells as donor and non-enucleated non-activated
oocytes as recipient. Egg activation was delayed for 30
min after nucleus injection. After activation, the
reconstructed embryos developed in tap water at 20°C in
plastic Petri dishes. Relationship between the first
mitosis pattern and the survival rates over embryo
development was analyzed under macroscopic

magnification. The tubulin organization at the mid-
blastula stage (6 hpf) was analyzed using conventional
immunofluorescence labeling on whole embryos fixed in
methanol. A method was further set up to analyze cell
ploidy and microsatellite occurrence on very small
samples, so that the ploidy status and the genetic origin
of the embryos could be assessed on the same
individuals as early as at 24 hpf (15-18 somites stage).
More than 360 reconstructed embryos were analyzed in
this work.

Results and Discussion:

Of the entire developing embryo observed at the 2
cell stages (70.7 % of the injected oocytes), only 41%
displayed 2 neat blastomeres, homogeneous in size. In
these embryos, the first cell cycle was not significantly
longer than in the control fertilized embryos, and they all
reached the mid-blastula stage. Other embryos (40%) did
not go through a clear 2 cell stage although they kept
developing. At the 4 cell stage, they readily displayed 4
blastomeres more or less regular in size. The remaining
embryos (19%) either did not cleave before the 8 to 16
cell stage, or they had asymmetrical cleavages (odd
blastomere number). Strikingly, these delayed and
abnormal cleavages still produced live embryos at the
mid-blastula stage: only 4% of them died before this
stage. This indicates that abnormal cleavage did not
prevent development, which is consistent with the
absence of mitosis checkpoints before mid-blastula stage
in fish. Interestingly, chromatin and tubulin organization
at the mid-blastula stage was not significantly different
between reconstructed embryos and fertilized controls.
At 24 hpf, more than 68 % of the embryos normal at the
2 cell stages were still developing. Almost all the
embryos which reached the hatching stage belonged to
these initially normal embryos. Still, about 20% of the
embryos originating from abnormal early cleavages were
still developing at 24 hpf, but very few reached the
hatching stage.

Although the reconstructed embryos were produced
with non-enucleated oocytes, 44 % of them were
diploids and only 22 % were triploids. The others were
either haploids (13 %), aneuploids (20 %), or tetraploids
(1 %). Among the diploids, 54 % were true clones as
they displayed only the microsatellite sequences of the
donor fish. The other embryos were true hybrids as they
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STUDY OF THERMAL REGIME EFFECT ON EUROPEAN EEL (ANGUILLA ANGUILLA) MALE
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Introduction:

The European eel, Anguilla anguilla, is a teleost fish
with a peculiar life cycle. Prepubertal silver eels migrate
4-5000 km crossing the Atlantic ocean from European
coastal waters to their supposed spawning grounds in the
Sargasso sea, with water temperature around 19 °C. But
during this migration eels apparently swim at depths
between 200-1000 m and temperatures between 7-12°C,
at least during the first part of their oceanic travel [1]. It
seems probable that at the sea the gonad development
occurs at low temperatures, and the spawning at warmer
temperatures. Moreover, the influence of temperature on
eel maturation process has been evidenced during the
last years by the use of different thermal regimes during
hormonal inducing treatments [2, 3].

This study was carried out to verify the influence of
different thermal regimes on the reproductive
performance of European eel males during the
hormonally induced sexual maturation.

Methods:

A total of 317 adult male eels (mean body weight
1002 g; mean length 40+5cm) were randomly
distributed in six 200-L aquaria and submitted to three
thermal regimes: T10, 10 °C (first 6 weeks), 15 °C (next
3 weeks) and 20 °C (last 6 weeks); T15, 15 °C (first 6
weeks) and 20 °C (last 9 weeks); and T20, 20 °C during
the whole experimental period. Males were hormonally
treated for the induction of maturation and spermiation
with weekly intraperitoneal injections of hCG (1.5 IU g!
fish). Sperm samples were collected by gentle abdominal
pressure. Percentage of spermiating males and sperm
parameters as volume, density and motility (using ISAS®
system) were also weekly obtained.

Results and discussion:

T20 males began spermating at the 5™ week, whereas
those from T15 and T10 began later (6™ and 10" week,
respectively; Fig. 1A). This delay to initiate the
spermiation and the lower spermiating percentage
showed by T15 and T10 males are a result of a late
gonad development caused by the lower temperatures, as

occur in European eel females and other fish species
under low temperatures [2].

Sperm volume, density and motility are important
parameters related to sperm quality. In most species, the
success in fertilization is guaranteed with sperm of a
reasonable volume and concentration, as well as with a
high percentage of motile spermatozoa. In this study all
treatments caused, with different timings, a progressive
increase of sperm volume that resulted significantly
higher in some weeks for T20 males, that produced high
volume during a longer period (Fig. 1B). Sperm from
T20 fish also showed the highest spermatozoa
concentration during almost all the experimental period
(Fig. 10).

Sperm motility is the most used parameter to evaluate
sperm quality, and has been correlated with fertilization
rates in several fish species [4]. In this sense, sperm
samples from T20 fish showed higher motilities than
those of T15 and T10 in most of the samplings, with
significant differences between the 8" and 11™ weeks
(Fig. 1D). In conclusion, T20 treatment resulted as the
better method to obtain sperm of good quality.
Conclusions:

The results of this work indicate that thermal regime
affects the spermiating process, its timing, as well as the
sperm quantity and quality of European eel. Best results
were obtained when the males were maintained in water
at 20 °C during the whole process of hormonal induction,
and coincided with results reported in previous studies

with European eel males, hCG-treated at this
temperature [5].
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Figure 1. Semen quality parameters of European eel maintained under different water temperature regimes: A) Percentage of
spermiating males (%), B) Sperm volume (m! 100 g fish), C) Sperm concentration (10° cells m1™"), and D) Sperm motility (%
motile cells). Data are expressed as mean + SEM and different letters indicate significant differences between treatments in

every week of sampling.
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COMPARATIVE STUDY ON INDUCTION OF SPAWNING IN GOLDFISH (CARASSIUS AURATUS) BY
PROSTAGLANDINS & OTHER INDUCING AGENTS
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Introduction:

In view of the increasing demand both in domestic
and export markets especially for freshwater ornamental
fishes, if the culture is taken up scientifically and the
induced breeding technique is applied in ornamental
fishes for repeated (multiple) spawning, to reduce the
gap between two spawning periods and enhance
production, there is no doubt that it becomes a boon to
the national economy. Goldfish, Carassius auratus
(Linnaeus) one of the best aquarium fish world wide,
belongs to the family Cyprinidae and is closely related to
Indian major carps. Goldfish was bred by administering
human chorionic gonadotropin (HCG) in India first time
by Reddy er al. [3]. Prostaglandins (PGs) appear to be
involved in ovulation, male and female sexual
behaviour, gonadotropin (GtH) secretion and thus
considerably affect the reproductive physiology of fish
(Goetz, [2]; Stacey, [4]; Stacey and Goetz, [5]; Stacey et
al., [6]. No study is made by using natural prostaglandin
analogues for mass seed production of goldfish due to
their high cost, unstable nature, short shelf-life and
storage at —70°C. In view of this, in the present attempt
was made to evaluate the role of prostaglandins and their
analogues (natural as well as synthetic) as induced
breeding agents in goldfish, Carassius auratus.

Methods:

Mature goldfish brooders were procured from local
ornamental fish dealers during winter season. The male
and female brooders in the age group of 8-12 months
weighing 20-50 gm were properly selected for
experiments. Brooders were selected pair-wise. Each
selected pair was kept overnight in separate aquarium
(36" x 12" x 15") in 50 1 of dechlorinated water with

temperature 20-22 °C. Fabricated glass stands woven with
nylon mesh were kept at the bottom of aquarium to
protect the eggs from being eaten by their parents and
pairs were checked for ovulation after 24 h. Non-ovulated
females were further subjected to hormone treatment.
Prostaglandin- F,a (PGF.); Cloprostenol (Cayman
Chemicals, 690 Place Ann Arbor, MI 48108 USA), Iliren
(Tiaprost) Hoechst Roussel Vet. GmbHd-65203
Wiesbaden; Prosolvin (Luprostiol) Intervet, International
B.V.Boxmeer-Holland, Ovaprim (sGnRHA) Syndel
Laboratories, Vancouver, Canada.

Results and Discussion:

Of various prostaglandins ovulatory action of PGF,,
was found to be most effective both in vivo and in vitro
in variety of teleosts (Stacey and Goetz,[5]. Similar
results were obtained in the present study in which
natural PGF,, induced ovulation and spawning in
goldfish. Tiaprost and Cloprsotenol used in the present
study has been characterized as a veterinary luteolytic
prostaglandin which is 200 times more luteolytic than
natural PGF,, (Dukes et al., [1]).

Conclusion:

Results of the present study concluded that amongst
all the prostaglandins (natural & synthetic) used
Cloprostetenol and Tiaprost were found more sffective as
induced breeding agent in goldfish. If the presently
preferred technique of induced breeding is employed to
increase the production rate it is possible not only to meet
the domestic demand but also to enter the international
market which will fetch foreign exchange to our country.
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d Mean + SE | % Mean + SE| + SE
Female Male Female | Male

Control 22.16 #£3.99 | 28.23 +1.89 -- -- 18136.3636 55+2.88 55+2.88 Natural spawning
+ 16.

Ovaprim | 39.77 £12.90 | 3159 #1023 | 0.5u1 [ 0.125ul | 1000 75+2.88 78.33+4.40 Spawning after 10-12hr
+115.47 of injection

PGF,, 2929 +[.14 | 28.14 *3.63 lug 0.5ug | 200£17.32 | 20£1.15 Fungal Spawning after 10-12hr

infection of injection

Cloproste | 24.42£3.01 | 22.09 +1.29 iug [ 05pg | 2300 80£2.51% | 91.66 £1.66** | Spawning after 10-12hr

nol +104.08*** of injection

Tiaprost | 40.06 +1.54 | 31.66 £5.48 lug | O0ug | 333333 81.66 +1.66* | 91.66 +1.66** | Delayed spawning after
£166.67*** 72 hr of injection
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THE LINK BETWEEN BROODSTOCK STRESS AND OFFSPRING DEVELOPMENTAL POTENTIAL IN
ATLANTIC COD GADUS MORHUA L.

Kleppe, L.!, Karlsen, @.2, Edvardsen, R.B.!, Drivenes, 9., Natirio, S.%, Norberg, B.2, Taranger, G.L.,
Thorsen, A.', Kjesbu, O.S.), Andersson, E.}, Wargelius, A'.

! Institute of Marine Research, P. O. Box 1870 Nordnes, N-5817 Bergen, Norway. Phone: +47 55 23 85 00, Fax: +47
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? Institute of Marine Research, Austevoll Research Station, N-5392 Storebg, Norway.

Introduction:

A major challenge in the farming of Atlantic cod
(Gadus morhua L.) is to ensure a stable supply of high
quality eggs and embryos. While broodstock stress can
have detrimental effects on egg quality, less is known
about the wunderlying genetic processes that cause
embryos to develop abnormally. Maternally contributed
RNAs are essential for normal development of the
embryo. In this context broodstock stress may affect the
incorporation and/or stability of these transcripts and
therefore also may lead to abnormal development of the
embryo. The aim of this study was to investigate if
broodstock stress affects maternal RNA
incorporation/composition and stability, in eggs and
embryos, and whether this can be linked to embryonic
developmental potential in Atlantic cod.

Methods:

Female broodstock cod (n=30) were distributed into 2
tanks prior to spawning, and plasma samples were
collected monthly from December 2009 to the end of
spawning season (April-May 2010). To mimic
prespawning stress in female broodstock, cortisol-
treatment was initiated 3 weeks before expected peak
spawning. 10 fish were implanted in their body cavity
with osmotic pumps containing 15 ng/ml cortisol
(pumping rate 2.9 ul/hour for 3 weeks), and 10 fish were
implanted with vehicle only (sham controls). 10 fish
were kept as untreated controls. At peak spawning all
individuals were stripped and eggs were fertilized and
incubated until hatching. Samples were collected from
unfertilized eggs, 2-cell-stage, blastula and gastrula for
further analysis of hormones (testosterone (T), estrogen
(E2) and cortisol), gene expression analysis
(microarray), and egg/embryo quality parameters.
Results and discussion:

Plasma cortisol levels were low (< 3 ng/ml) in both
groups (cortisol-implanted and sham control) prior to

implantation of osmotic pumps. In the cortisol-implanted
fish a significant increase in plasma cortisol was
detected 3 weeks after implantation (mean 59.8+/-27.6
ng/ml) compared to sham controls (< 3 ng/ml). Hence,
the osmotic pumps containing cortisol significantly
increased cortisol-levels in implanted fish. In agreement
with previous reports in cod, plasma levels of E2
increased towards mid-spawning (mean 12.4+/-5.9 ng/ml
in March), and thereafter decreased towards the end of
the spawning season (mean 1.9+/-1.4 ng/ml at the end of
April/start of May). Plasma levels of T had mean values
of ~2-3 ng/ml with a marked decrease after mid-
spawning (mean 0.6 +/-0.4 ng/ml at end of April/start of
May). A slight but significant decrease in both plasma
E2 and plasma T was found in cortisol-implanted
individuals compared to sham controls. Offspring quality
in terms of fertilization rate, hatching rate and cell
division symmetry was highly variable between
individuals in both the cortisol-implanted group and the
sham control group, and no effect of cortisol was found.
It is possible that potential effects of cortisol on
embryonic development are subtle and may be detected
with microarray on the embryos. Another possible
explanation is that the window when cortisol-stress
affects maternal RNA incorporation is occurring at
another stage of oogenesis in cod.

Conclusion:

In this study we successfully elevated plasma cortisol
in Atlantic cod by implanting osmotic pumps containing
cortisol. No effects were found on the egg/embryo
quality parameters measured, however our ongoing
microarray-analysis may reveal possible effects in terms
of gene expression.
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Introduction:

In aquaculture the most important constraint for large
scale cultivation of several fish species is the non-
availability of quality seed of uniform size, and free of
diseases, parasites and pests at the time of stocking in
culture ponds. These strict requirements are seldom
fulfilled where the fingerlings are collected from the
wild conditions for culture. Further, the wild collected
broodstock are reared in captive conditions may not
receive appropriate environmental cues for gonad
maturation and spawning and these can cause
reproductive development to be arrested in late
vitellogenesis. For this reason hormonal administration
has been attempted for stimulating gamete maturation
[1]. Several synthetic ovulating agents in ready made
form containing GnRHa and dopamine antagonist such
as Ovatide, Ovopel, Dagin and Aquaspawn are
becoming very popular nowadays and found to be
efficient and successful spawning agents in different fish
species [2-6].

The spotted snakehead, Channa punctatus (Bloch,
1793), locally known as spotted murrel, is one among
the highly priced freshwater food fish species in India.
Over the last 10 years, its wild population has undergone
a steady decline due to fishing, loss of habitat,
introduction of alien species, disease, pollution, siltation,
poisoning, dynamite and destructive fishing. These
factors not only destroyed the breeding and feeding
grounds but also caused havoc to the biodiversity of this
important fishery. As a result, according to IUCN status
it has been listed among the 66 low-risk near-threatened
fish species in India [7]. The fish is well known for its
good taste, high protein content and fewer intramuscular
spines, high nutritive value, recuperative and medicinal
qualities, and is recommended as a diet during
convalescence [8].The lack of monsoons also often
limits the breeding and seed production. Hence to
overcome these problems, induced spawning is thought
to be the only alternative method for quality seed
production/supply. Therefore, the present study was
conducted to investigate the efficacy of a synthetic
GnRH, with a dopamine antagonist for the induction of
ovulation and the initiation of spawning in C. punctatus,

and to determine the minimum effective dose of
Ovaprim that could be used to spawn and produce seed
of the candidate fish species under a controlled captive
condition.
Methods:

In total 9 matured female and 18 male fish weight
ranging from 63 to 80g, were randomly selected for
three hormone dosages. Both male and female fishes in
each hormone dosage were administered a dose of 0.2,
0.4, and 0.6 mL of Ovaprim/kg body weight (BW)
respectively. Each breeding set consisted of two males
and one female. The hormone-administered fishes were
then placed in concrete cement tanks for spawning. After
spawning, eggs were collected from the breeding tank,
and the number of eggs spawned (spawning fecundity)
and rate of fertilization were calculated. Two hours post-
spawning, a total of 500 fertilized eggs from each
breeding set were collected and incubated in glass
aquaria to determine the incubation period and hatching
rate. The data obtained for mean number of eggs
spawned, fertilization rate, latency period, and hatching
rate from each hormone dose were analyzed using one-
way analysis of variance (ANOVA) to find significant
difference among the hormone doses and each treatment
mean were analysed by Duncan’s multiple range tests (P
= 0.05) using SPSS package Version.11.

Results and Discussion:

The spawning performance of C. punctatus induced
at different Ovaprim dosages are presented in Table 1.
Partial spawning was observed with a dose of 0.2 ml
Ovaprim/kg BW, and complete spawning was noticed in
the medium dose (0.4 ml of Ovaprim’kg BW) and high
dose (0.6 ml of Ovaprim /kg BW) administered fishes.
The latency period of C. punctatus ranged from 23.5 to
31.0 hrs at 29 + 1.5° C in the three doses tested. The
latency period was longer than those reported in H.
fossilis administered with Ovaprim [9] but it was similar
to those in C. striatus using Ovaprim [10] and in C.
striatus using Ovatide [11]. The highest number of eggs
spawned (p < 0.05) was recorded when the females were
injected with 0.4 ml of Ovaprim/kg body weight than
those injected with other doses. The highest fertilization
(97.6%) and hatching rates (96.3%) were also observed
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at the medium dose (P < 0.05). With regard to hatching
rates, no significant difference was noticed between the
medium and low doses of Ovaprim administered groups.

Values in each column followed the same superscript
are not statistically different (P > 0.05).

Conclusion:

From the study, it is evidenced that the synthetic
gonadotropin-releasing hormone with a dopamine
antagonist at the dose of 0.4 ml /kg BW could be used as
an appropriate spawning agent for successful breeding
and seed production of C. punctatus under captive
conditions.

Vol.4 No. S 8 (August2011) ISSN: 0974- 6846
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Table 1: Induced spawning of Charna punctatus using a synthetic hormone Qvaprim
Hormone dose . . Latency period | Total spawning | Fertilization Hatching rate
mL/kg BW Fish weight (g) (hours) fecundity rate s(%) (%)
0.2 72.41+£13.58° 29.10 +1.0° 2164+168" 83.3 £2.0° 91.3+2.5°
0.4 63.36+11.40° 24.5+0.5° 6538+154° 97.6+1.5° 96.3+1.5°
0.6 76.82+18.50° 26.04+2.5" 4318+214° 78.3+6.6" 84.3+5°
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TREATMENT WITH GnRHa IMPLANTS
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Introduction:

The meagre (Argyrosomus regius) is a new candidate
species for European aquaculture [1]. Though
broodstocks are maintained by many commercial
operations, this species does not spawn spontaneously in
captivity, necessitating the development of spawning
induction protocols. The present study reports on the
use of agonists of gonadotropin releasing hormone
(GnRHa) loaded in controlled-release implants for the
induction of oocyte maturation and spawning of meagre.
Both group spawnings and individual-female spawnings
were induced, in order to obtain accurate information on
the spawning kinetics and fecundity of this species.
Methods:

Three different spawning induction trials were
conducted between May and June 2009. Males and
females (n = 10, mean body weight + SD of 6.9 +1.9 Kg)
were implanted with EVAc GnRHa implants [2] at a
dose of approximately 50 pg Kg' body weight and
placed in 9000-1 tanks connected to overflow egg
collectors. In 2010, six individual females were placed
in separate 5000-1 tanks with two males each (mean
body weight of 8.2 + 2.2 Kg) during May and June.
From every spawning event, an egg sample was
collected for the estimation of fecundity and fertilization
success. Results were analyzed by ANOVA, followed
by Duncan’s New Multiple Range test (DNMR), at a
minimum significance of P<0.05.

Results:

Spawning was initiated 2 or 3 d after GnRHa
treatment. In the group spawnings, mean relative
fecundity spawn’ ranged from 24,300 to 49,900 eggs
Kg' female body weight and mean fertilization success
ranged from 85 to 87%. The number of spawns was

between 7 and 17 and mean total annual relative
fecundity was 365,000 = 107,000 eggs Kg"' year'. No
statistically significant difference was found in relative
fecundity or fertilization success between the three
different trials in 2009. In the individualized trials in
2010, the number of spawns per female ranged between
5 and 19, relative fecundity spawn™ ranged between
28,540 and 59,380 eggs Kg' and fertilization success
ranged between 85 to 95% (Table 1).

Relative fecundity was maximal on the second or
third spawn and then decreased gradually (Fig. 1). On
the contrary, fertilization percentage was high
throughout the spawning season. The majority of the
eggs (70%) were produced during the first four

Figure 1. Daily relative fecundity (x10 eggs Kg'' female
biomass) and fertilization success (%) of successive
spawnings of a single female meagre after GnRHa
implantation on June 3, 2010. The arrow refers to the day
of the implantation.
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Table 1. Number of spawns, relative fecundity spawn’, total annual relative fecundity and fertilization percentage of the two

spawning induction trials conducted in 2010.

tli(:nale °f | Date of implantation | Spawns Eggs/ Kg/ Spawn | Eggs/ Kg/ Season | Fertilization (%)
1 05/04/2010 5 33,625 168,127 89
2 05/04/2010 10 28,540 285,401 85
3 05/04/2010 6 59,381 356,286 87
4 06/03/2010 14 49,957 699,394 93
5 06/03/2010 10 52,207 522,066 95
6 06/03/2010 19 30,415 577,886 95
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spawning events. No

statistically significant difference was observed in daily
fecundity or fertilization success, either between
individual females or between different GnRHa
implantation dates.

Discussion:

The present study demonstrated that GnRHa implants
are very effective in inducing spawning in the meagre,
resulting in a large number of consecutive spawns,
promoting the asynchronous nature of oocyte maturation
of the species. No significant differences in egg
production or quality were observed between group and
individual spawnings, which is contrary to what is
observed in other fish, which often do not reproduce
well outside a large group [3]. Meagre can respond well
to hormonal induction from May to June with the same
effectiveness and egg quality, resulting in a mean annual
fecundity of approximately 410,000 eggs Kg"' and a
mean fertilization percentage of >75%. The results
obtained in the present study will be useful for the

broodstock management of meagre in commercial

operations, helping hatchery managers plan better and

more efficiently their production.
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Table 2. Survival (% + SD) of haploid and diploid androgenetic and control brook trout (Sf), Arctic char (Sa) and the hybrid (H)

embryos and larvae.

Androgenetic variant Eyed embryos Hatched larvae Swim-up larvae
control 2n - andro control 2n - andro control 2n - andro

Sf x Sf 92,82 15,98 86,25 2,13 86,25 1,63+0,04
+1,15 +0,85 +0,36 +0,11 +0,36

Hx Sf 94,80 35,86 91,48 6,77 91,48 6,1540,51
+1,27 +1,63 *2,90 +0,31 +2,90

Sa x Sf 76,71 0,21 68,12 0 68,12 0
+3,17 0,29 +4,57 +4,57

SfxH 94,88 19,05 93,13 4,68 93,13 3,17+0,13
+3,28 *1,67 +2,79 0,58 +2,79

HxH 94,45 39,25 90,66 16,80 90,66 14,1740,04
+1,58 +1,04 +1,24 +0,50 *1,24

Sax H 57,55 14,86 49,06 1,18 49,06 0,8840,38
+4,00 *1,10 +2,67 0,37 +2,67

Sfx Sa 75,47 9,96 71,49 0,18 71,49 0,18+0,10
+4,09 +1,39 +4,44 +0,10 +4,44

Hx Sa 76,55 19,68 72,27 0,64 72,27 0,2940,10
+0,53 +2,93 +0,54 +0,13 +0,54

Sax Sa 55,57 4,71 43,57 0,13 43,57 0
*1,56 +0,67 *1,51 +0,18 *1,51

Results of karyological research exhibited diploid
chromosome arm number equaled 84 in the androgenetic
brook trout and 82 and 84 in the androgenetic hybrids.
Apart from the doubled paternal chromosomes, remnants
of maternal nuclear DNA in form of chromosome
fragments intraindividually variable in number and size
were observed in most of the analyzed fish. The highest
numbers of X-ray induced chromosome fragments (0-
13) were observed in the androgenetic brook trout and
hybrids hatched from the hybrid eggs.
Conclusions:
1. The use of enucleated brook trout x Arctic char
hybrid eggs to restore DNA from the brook trout
sperm cells is possible.

2. It has not worked out very well in the case of
Arctic chars because:
2.1. quality of gametes matters! Even medium
quality gametes should be avoided when induce
androgenesis in fish.
2.2. even slight interspecies differences during
fish ontogeny must be taken into consideration
and androgenetic conditions adjusted.

3. High survival rates of androgenetic fish during
the first weeks after hatching do not assure high
survivability during next months of rearing.
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and LQ spawns. Among the large number of protein
spots highlighted for each spawn, 34 spots showed
statistical differences in abundance between spawns
representing HQ, MQ and LQ clusters. In total, twenty-
five proteins involved in 11 biological functions have
been identified. Identification and classification of these
proteins according to their biological functions and
spawns’ quality revealed several molecular mechanisms
specifically associated to reproductive performances.
Among highlighted molecular mechanisms, two appear
of particular interest. Firstly, HSP9 and HSP70 are
weakly expressed in LQ spawns compared to MQ and
HQ ones. They belong to the Heat Shock Proteins (HSP)
family among which one of the roles is to bind to the
centrosome, a protein complex regulating the mitotic
spindle formation during fertilization. Even if further
works are needed, a possible explanation of the
fertilization failure in LQ spawns could thus be due to

mitotic  spindle impairment. Another molecular
mechanism highlighted corresponds to the cellular
protection  against  oxidative  stress.  Indeed,

Peroxiredoxins (Prx) are involved in the degradation of
the Reactive Oxygen Species (ROS) which are
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deleterious for cells but are needed for several molecular
pathways. As Prx5 and Prx6 are highly expressed in MQ
oocytes, the ROS balance may thus be disrupted giving
rise to consequences later during the larval development.
Conclusion:

In conclusion, this work shows that, for Perca
Sfluviatilis, it is important to assess simultaneously larval
resistance, embryonic performances or deformities
apparitions to accurately evaluate reproductive
performances as they seem to be linked to independent
processes. However, few pre-fertilization variables,
predictive for reproduction success are associated to
these embryonic or larval performances. and could
constitute relevant predictive criteria. Moreover, the
proteomic analysis allowed identification of several
molecular mechanisms associated to the reproductive
performances in Perca fluviatilis. Further works are
needed to better characterize those cellular and
molecular mechanisms affecting the fish reproduction. In
future, proteins associated to these pathways could

constitute molecular markers reliable to predict
reproduction success and thus to improve fish
production.
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Background:

Feminisation of male fish as a consequence of
exposure to endocrine disrupting chemicals (EDCs) has
been demonstrated to occur in freshwater ecosystems
across the world and in some case the causative
chemicals have been identified. One of the most
extensive studies on feminisation of wild fish has been
on roach (Rutilus rutilus) living in English rivers where
exposure to wastewater treatment works (WWTW)
effluents (and the EDCs they contain) induces a range of
feminised phenotypes including intersex condition ( the
presence of developing eggs in the testis of males).
Intersex roach have been found at 86 % of the UK river
locations studied and in vitro data demonstrate that
severely feminised fish have lowered sperm quality.
Studies on fish in other river systems across the world
have found evidence for feminisation in wild populations
and in a range of different species. However, little is
known on the impact of feminisation on the subsequent
ability of those fish to breed, and essentially nothing is
known about the impacts at the level of the population
for any species studied. We have been conducting a
series of studies on roach and zebrafish (as laboratory
models with similar breeding systems to roach) to
investigate the effects of the feminised responses seen in
wild fish populations on their ability to breed, including
responses on breeding behaviours. In this presentation
we will provide recent data that provide some significant
advancing in addressing the population level effects
question of oestrogenic EDCs.

Methods:

We examined the ability of both intersex roach and
roach exposed throughout their lives to a WWTW
effluent to reproduce when competing with apparently
normal males in breeding populations. In the first study
roach from effluent-contaminated UK rivers were placed

in large tanks, and allowed to breed and after breeding,
the level of gonadal disruption, based on the number of
oocytes present in the testes, was determined for each
male. To assign parentage, both adult.fish and fry were
genotyped using variable DNA microsatellite loci, thus
enabling assessment of the abilities of intersex fish to
contribute to the next generation. In the second study, a
very similar approach was adopted with fish that had
been exposed throughout their lives to an oestrogenic
WWTW effluent under controlled conditions. Further
experiments have been conducted to investigate the
effects of some of the oestrogenic EDCs contained in
WwTW effluents on reproductive behaviour in zebrafish
and how this impacts on breeding outcome.

Results and Conclusions:

Intersex was found to significantly impair
reproductive success. For the most severely feminised
fish within each tank, there was a relative decrease of
76%. In the study where fish were exposed to a WWTW
effluent (full strength) throughout their lives, females
were not impacted in their ability to breed,  males
however were feminised completely and contained
ovaries. Some of these ‘sex-reversed’ males were able to
breed but only with a very low success rate. Exposure to
oestrogens was shown to affect behaviours in dominant
fish in zebrafish breeding colonies, impacting on
aggression and dominance hierarchies and parentage
outcome. If such effects occur in wild populations of
fish, this could have implications for the genetic
structure in populations. In conclusion, our findings
suggest that feminisation of male fish and effects of
environmental oestrogens on behaviour are likely to be
important determinants in reproductive performance and
success in wild fish populations living in some
freshwater environments.
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BISPHENOL A DEPOSITION IN EGGS LEADS TO DEVELOPMENTAL AND GROWTH DEFECTS IN
RAINBOW TROUT

Yijayan M. M., Birceanu O.

Department of Biology, University of Waterloo, Waterloo, Ontario, N2L 3G1, Canada

Bisphenol A (BPA), a monomer commonly used in
the manufacture of polycarbonate plastics and epoxy
resins, is widely distributed in the aquatic environment.
We recently detected its presence in local rivers in the
vicinity of municipal waste water effluent discharge
around the Waterloo region, Ontario, Canada. BPA is a
weak xenoestrogen in fish and studies have shown that
this chemical interacts with the estrogen receptor in fish.
This chemical also accumulates in lipid depots raising
the possibility that this xenobiotic may be maternally
transferred to embryos. However, the impact of maternal
transfer of BPA on development and growth in fish are
poorly understood.

We mimicked maternal transfer of BPA by exposing
rainbow trout (Oncorhynchus mykiss) oocytes to a range
of BPA concentrations (0, 0.3, 3, 30 and 300 pg/ml) for
three hours. The oocytes were fertilized and water
hardened and maintained in clean water thereafter.
Growth, development and stress performance of trout, as
well as mRNA abundances of several candidate genes
involved in growth, stress and reproduction were
monitored at specific time points during development.
These F1 fish were subsequently bred and the F2
generation embryos were also monitored for growth,
development and stress performance to determine

generational effects associated with BPA accumulation
in eggs.

BPA content in the embryo ranged from <5
ng/embryo at the lower concentrations of BPA exposure
to <50 ng/embryo and <400 ng/embryo at the two higher
concentrations, respectively. The BPA was quickly
cleared from the embryos and they were below detection
in all groups by 42 days post fertilization (dpf). Despite
the lack of BPA in the embryos, there were clear
developmental and growth effects that persisted for over
a year post fertilization. These growth effects of BPA
corresponded with a disruption of the somatotropic axis
function in trout. Also, the BPA deposition in oocytes
led to disruption of the acute cortisol stress axis function
and this was evident even after one and two years post
fertilization. The BPA effect on growth was also evident
in the F2 generation.

Taken together, maternal transfer of BPA impairs
growth and stress performances in trout that are long
lasting, including multigenerational. The talk will
highlight some of the molecular responses associated
with BPA enrichment of eggs and the possible mode of
action leading to the observed generational effects in

trout.
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ZEBRAFISH AS A MODEL FOR INVESTIGATING THE PHYSIOLOGICAL BASIS OF DOMINANCE
AND ITS DISRUPTION BY ENVIRONMENTAL CHEMICALS

Filby Amy L, Paull Gregory C, Searle Faye, Bartlett Emily J,Hickmore Tamsin FA, Tyler Charles R.

College of Life and Environmental Sciences, University of Exeter, Hatherly Laboratories, Prince of Wales Road,
Exeter, Devon EX4 4PS, United Kingdom.

Introduction:

The zebrafish (Danio rerio) is an emerging model for
studying social behaviour in fish, as well as an
established model in ecotoxicology. In this species,
dominance hierarchies are established in both sexes in
small groups, and dominant individuals have a greater
reproductive  success. The physiological basis of
dominance, and whether this may act as a target for
chemicals discharged into the environment, has however
yet to be characterized.

Methods:

We undertook a series of studies to determine the
physiological underpinnings of dominance, including its
neurological mechanisms. This knowledge was then
used to unravel possible mechanisms of effect of the
environmental oestrogen 170-ethinyloestradiol (EE;) on
social hierarchies in this species.

Results:

Comparing the physiology of dominant versus
subordinate  zebrafish, we found wide-ranging
differences, which varied temporally and between the
sexes. Dominants were larger in size than subordinates
and had both lower plasma cortisol and lower expression
of a suite of hypothalamo-pituitary-interrenal (HPI) axis
genes. Gene expression profiles in the spleen also
suggested differences in immune status between ranks.
In females, dominants had a larger gonad and showed
different patterns of germ cell development, but this was
not the case in males. Dominant males, however, had
higher levels of plasma 1lketo-testosterone (11-KT)
than subordinates. Targeted analyses of 40 genes
involved in aggression in the brain identified substantial

differences between ranks associated with phenotypic
differences in aggressiveness, which occurred mainly in
the hypothalamus and telencephalon. These results
implied regulatory control of aggression in dominant fish
by the hypothalamo-neurohypophysial-system (HNS),
serotonin, somatostatin, dopamine, HPI, hypothalamo-
pituitary-gonadal (HPG), and histamine pathways. These
proposed roles were supported by pharmacological
manipulations of various nodes within the axes.
Exposure to EE; (at 10 ng/L for 10 days) caused 50% of
dominant males to loose their dominant rank and show
reduced aggression, while the aggression of subordinate
males increased, and the consequences of these changes
in behaviour for reproductive success were assessed.
Differences in sex steroid gene expression, plasma 11-
KT, and brain gene expression present between ranks in
control fish were no longer present, or were reversed,
after exposure, suggesting possible mechanisms of effect

of EE, on fish behaviour.
Conclusion:
In = summary, we characterised wide-ranging

differences in physiology that develop in individual
zebrafish upon social hierarchy formation. This
information is important both for the development of this
species as a behavioural model and for understanding
behaviour in fish more widely. Oestrogens present in the
environment can affect key neurological systems
controlling aggression and physiological differences
associated with dominance in fish, and this can alter
social hierarchies and affect breeding outcomes with
implications for fish populations.
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EFFECTS OF BENZO[A]PYRENE ON THE EXPRESSION OF CYTOCHROME P4501A1, ESTROGEN
RECEPTOR B, MEMBRANE PROGESTIN RECEPTOR a, AND SEX STEROID LEVELS IN
CHAMELEON GOBY, TRIDENTIGER TRIGONOCEPHALUS

In Joon Hwang (1), Young Don Lee (2), Hyung Bae Kim (3), Hea Ja Baek (1)

(1) Department of Marine Biology, Pukyong National University, Busan 608-737, Korea, Fax: +82-51-6295931
email: fire-joon@hanmail.net
(2) Marine and Environmental Research Institute, Jeju, 695-814, Korea
(3) Department of Marine Bio-resources, Gangwon Provincial University, Gangnung 210-804, Korea

Introduction:

Polycyclic aromatic hydrocarbons (PAHs) are
ubiquitous environmental contaminants derived from
incomplete combustion and crude oil. Benzo[a]pyrene
(B[a]P), the representative PAHs, is typically associated
with toxicity, B[aJP also has been suggested as
endocrine  disrupter by  negatively  impacting
reproduction; decrease in egg output, estradiol-178 (E,)
and Vvitellogenin production. In this study, we
investigated the effects of B[a]P on ovarian maturation
of chameleon goby, Tridentiger trigonocephalus.

Methods:

Matured T. trigonocephalus were exposed to
waterborne B[a]P (0, 10 and 20 pg/L) for 30 days with
renewal rearing condition. After exposure, liver and
gonad were fixed, embedded and stained with
hematoxylin and eosin for histological observation.
Levels of steroids; testosterone (T), E, and 17,208-
dihydroxy-4-pregnen-3-one (17020BP) from ovary were
quantified by radioimmunoassay (RIA). As target genes
for B[a]P exposure, cytochrome P450 1A1 (CYP1Al)
and estrogen receptor Bl (ERB1) from liver and

Fig. 1. Effects of B[a]P on steroid production from ovary (A), relative expression levels of CYP1Al, ERB1 from liver and
mPRa from ovary (B) and testis (C). Values are mean+SE. Numbers indicated sample size. Data were analyzed using
Kruskal-Wallis test and the Bonferroni's adjusment. Asterisks show significant differences from controls (P < 0.05).
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INTERACTIVE EFFECTS OF INBREEDING AND EXPOSURE TO AN ENDOCRINE DISRUPTING
CHEMICAL ON LIFE HISTORY TRAITS IN FISH

Bickley LK', Brown AR'?, Le Page G'*Hosken DJ’, Hamilton P', Paull,GC', Owen SF?, and Tyler CR"

'University of Exeter, Hatherly Laboratory, Prince of Wales Road, Exeter, Devon, EX4 4PS, UK. Fax: +44(0)1392
, 723434 Email: L.K.Bickley @exeter.ac.uk.
e AstraZeneca, Brixham Environmental Laboratory, UK.
University of Exeter, Centre for the Environment and Conservation, UK.

Introduction:

The protection of wildlife populations is an implicit
goal in environmental risk assessment. It relies on the
meaningful extrapolation of data from ecotoxicological
studies based on model test organisms to predict
population level effects. Such model organisms are often
obtained from selectively bred laboratory strains with
reduced genetic variation [1]. Whilst this helps to ensure
responses are consistent between individuals it may not
be reflective of the potential responses of wildlife
populations. It has been argued that the use of outbred
strains may be more appropriate for ecotoxicology, since
they may better represent wild populations [2].

Inbreeding can have negative fitness consequences
for natural populations because it causes inbreeding
depression, and in some cases this reduced fitness has
been shown to be exacerbated under chemical stress
[3.4]. Indeed, the few reports available (all of which are
on invertebrates) have shown that inbreeding increases
the impacts of chemical exposure in laboratory
maintained animals.

A significant environmental pressure on wildlife
populations is exposure to chemicals discharged as a
consequence of anthropogenic activities, and one group
of chemicals causing widespread concern are endocrine
disrupting chemicals (EDCs). Exposure to EDCs is
associated with deleterious impacts on reproduction and
other aspects of health in a wide range of wildlife species
[5], and may also negatively impact on their population
dynamics [6,7,8]. Furthermore, EDCs have the potential
to lead to compounding (interactive) effects on inbred
populations, since reproductive fitness traits often show
most inbreeding depression.

The aim of this research project was to test the
hypothesis that inbred zebrafish (Danio rgrio) differ in
their susceptibility to the effects_ of chemical exposure
compared with outbred zebrafish (representing wild
populations). This was done via exposing hybrid WIK
laboratory  strain/Wild ~Bangladesh zebrafish  to
clotrimazole, a known EDC and priority hazardqus
substance [9] and assessing effects on various life
history traits, including reproductive competitiveness.

Proceedings of 9" International Symposium on Reproductive Physiology of Fish, Cochin, India.

Methods:

Controlled zebrafish matings were conducted to
generate inbred (theoretical inbreeding co-efficient
F=0.25) and outbred (F=0) family lines. Zebrafish were
exposed over a 96 day period (between 37 and 133 days
post hatch) to nominal clotrimazole concentrations of O,
5 and 50 pgL’. Various end points were recorded to
determine effects on somatic growth, sexual
differentiation and gonadal development. These
included: in vivo measurements to determine specific
growth rates; sexual differentiation and germ cell
development  assessed via  histology; plasma
concentrations of 11-ketotestosterone (11-kt); and the
expression of a number of key target genes assessed via
quantitative real-time PCR.

Following exposure to 5 pgL"' clotrimazole,
competitive breeding trials were conducted and measures
of reproductive output (number of eggs spawned and
embryo viability) and competitive fertilization success
were determined, the latter via paternity assessments of
the offspring using microsatellite genotyping.

Results:

Exposure of inbred and outbred zebrafish to 5 pgL™
clotrimazole had no effect on survival, growth or
gonadal development. However, exposure of both lines
to 50 pgL™' clotrimazole caused a male-biased sex ratio
compared with controls (87 % vs. 55 % and 92 % vs. 64
%, for inbred and outbreds, males vs. females,
respectively), advanced germ cell development, and
reduced plasma 11-kt concentrations. We also found
outbred males (but not inbred) exposed to the high level
of clotrimazole developed testis that were more than
twice the weight of control males. This corresponded
with an increase in the relative proportion of Leydig
cells, as well as maintenance of the expression of
gonadal aromatase (cypl9ala) and insulin-like growth
factor (igfl), both genes of which were significantly
down regulated in inbred males.

In competitive breeding trials, exposure of zebrafish
(inbred and outbred) to 5 pgL' clotrimazole had no
effect on fecundity, but significantly reduced embryo
viability in inbred (but not outbred) fish. However, this
reduction in viability was not observed when inbred and
outbred males were directly competing for fertilisation
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success within the same tank. Paternity analysis revealed
a trend towards a reduction in the proportion of embryos
sired by inbred exposed males compared to outbred
exposed males. Furthermore, irrespective of clotrimazole
exposure, plasma 11-kt concentrations were reduced in
inbred compared to outbred males.

Inbreeding depression coefficients indicate the
additional stress caused by exposure to clotrimazole
amplified the effects of inbreeding on embryo viability
(c = -1.4 and 24.0, for control and exposed fish
respectively) and a key male fitness component, siring
success (o = -12.8 and 21.3).

Conclusion:

This is one of the first studies reporting that effects of
exposure to an EDC (clotrimazole) on some traits
(including sexual development and reproductive success)
can differ between inbred and outbred animal strains.
We show that inbreeding may be an important

Vol.4 No. S 8 (August 2011) ISSN: 0974- 6846

consideration in ecotoxicology and that EDCs may

potentially affect inbred wild populations differently to

outbred wild populations. Our data indicate the

importance of better understanding interactions between

inbreeding and chemical exposure for environmental risk

assessment and protection of wildlife populations.
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4-NONYLPHENOL IMPAIRS OVARIAN RECRUDESCENCE AND INDUCES ATRESIA IN THE
CATFISH HETEROPNEUSTES FOSSILIS
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Introduction:

4-Nonylphenol (NP) is one of the most common
pollutants found in aquatic ecosystem arising, due to
anthropogenic activities (industrial effluents, discharges
from sewage treatment plants, waste water treatment
works and agricultural livestock run off) [4]. Recent
research has identified NP as the most important
degradation product of NPE (Nonylphenol ethoxylates)
because of its enhanced resistance to biodegradation,
toxicity, ability to bioaccumulate in aquatic organisms
[1]. Nonylphenol is estrogenic in various aquatic animals
[1, 6, 7]. Investigations in fish have shown that NP
causes elevated plasma vitellogenin and zona radiata
protein concentrations in both males and females, altered
gonadosomatic indices, changes in sex steroids and
follicular development and overall adverse effects on
gonadal histology [2, 3, 5]. In the present study, effects
of long term exposure of NP on ovarian recrudescence
and atresia in the catfish Heteropneustes fossilis were
demonstrated.
Methods:

4-Nonylphenol (99% pure) was purchased from
Acros Organics (Geel, Belgium). Other chemicals were
of analytical grade and purchased locally. NP was
dissolved in acetone and then diluted with water to
obtain the required concentrations 64pg/l (1/25" of
LCsp) and 160pg/1 (1/10lh of LCsp). During resting and
preparatory phases, acclimatized mature catfish were
divided into three groups of 40-50 fish each. One group
was Kkept as control and the other two were exposed to
NP at concentrations 64pug/l and 160ug/l. After 15, 30,
45 and 60 days, the fish were sacrificed; ovaries were
sampled and stored at -80°c. Sampled tissues were used
for steroid extraction. Estimation of steroid was done
with the help of specific ELISA or HPLC. Fish and
ovary weights were recorded for the calculation of
Gonadosomatic Index (g %). The ovaries of the control
and experimental catfish were fixed in Bouin’s fixative,
embedded in paraffin wax and cut into 7um sections.
Sections were stained with haematoxylin and eosin and
observed under microscope. Data were analysed by two
way ANOVA, followed by Newman-Keuls test.
Results and Discussion:

Overall significant changes in GSI were noticed
during exposure periods in both the concentration

groups. In the resting phase, in comparison to the initial
control significant change in the GSI was observed.
Although there was no significant change in the GSI
after 15, 30 and 60 days, it was significantly decreased
after 45 days of exposure at 64 and 160pg/l (p<0.05). In
the preparatory phase, NP exposure produced overall
significant effect in a concentration-dependent manner.
Low dose (64ug/) significantly increased the GSI after
15, 30 and 45 days and decreased it after 60 days.
Increase in GSI % might be caused by change in the
steroid levels. Exposure to NP (64 and 160pg/l) for 60
days had significant effects on the levels of ovarian
steroids (estradiol-17B, E, and testosterone, T), low dose
significantly increased the E, level after 15, 30 and 45
days exposure and decreased at 60 days in the resting
phase. On the other hand, high concentration
significantly decreased the E, level in a duration-
dependent manner after the exposure. In the preparatory
phase, there was a significant decrease in E, levels after
15, 30 and 60 days; however a significant increase in E,
level was observed at 45 day exposure in comparison to
the parallel control group. Testosterone level was
significantly elevated in both concentration groups after
60 day exposure in the resting phase. In the preparatory
phase, there was a significant decrease in testosterone
level throughout the exposure duration. Histological
examination of the ovary, in all treatments and through
duration revealed that NP exposure impaired gonadal
development throughout the reproductive season by
inducing atresia. In the resting phase there was a
significant increase in the atretic oocytes over the
exposure period, in a concentration-dependent manner,
its potency was low at 64ug/l and high at 160pg/l. Stage
I and stage II oocytes were seen in both resting and
preparatory phases. However, NP induced gonadal
development and stage III, IV and V oocytes were
observed after 15, 30 and 45 days of exposure,
respectively, suggesting that low dose of NP induces
oocyte maturation and ovulation thereby favoring
gonadal growth and maturation where as high
concentration slowed down gonadal growth and
maturation and increased the frequency of atretic oocytes
through prolonged exposure period. This study signifies
that NP can produce variations in key gonadal
steroidogenic and growth regulating pathways that may

. th )
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lead to
maturation.
Conclusion:

In conclusion, our investigation suggests that long
term exposure of NP impairs gonadal growth and
maturation and induces follicular atresia in the catfish in
a concentration-dependent manner.
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BISPHENOL A
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Introduction:

Bisphenol A (BPA) is widely used for production
of polymers such as polycarbonate [1, 2]. Its levels were
reported between 0.02-21 ug/L in river water [1]. BPA
is known as-an estrogen mimicking compound; but there
are a few evidence for its anti-androgenic activity
depending on dose and period of exposure [3]. Adverse
effects of BPA on intersex, vitellogenin (VTG) induction
and decrease of androgens and sperm quality have been
shown in some studies [1, 2, 3]. The main objectives of

the present study was to investigate modulations of gene.

expression in gonad and liver of male goldfish exposed
to environmentally relevant concentrations of BPA.
Methods:

Mature males of goldfish were exposed to BPA at
0.0, 0.2, 2, and 20 ug /L for 90 days during the spawning
season. Samples of liver and gonad were collected at
days 7, 15, 30, 60, and 90 after exposure. Expressions of
ER subtypes, AR, StAR and CYP19Awere analysed in
gonad. In liver, analysis of VTG, ER subtypes and AR
mRNA expression was performed. Total RNA was
extracted from each sample using TriZol Reagent
(Invitrogen). cDNA was synthesized from total RNA
using an oligo-d(T) anchor and M-MLV reverse
transcriptase (Invitrogen) according to the
manufacturer’s protocol. Quantitative Real-time PCR
(iCycler iQ Multicolour Real-time PCR Detection
System, Bio-Rad Labratories, Inc) was used for
evaluating gene expression level. Relative mRNA
expression from the control was used in statistical
analysis after testing homogeneity of variance and
normality of data.

Results:

Relative ER-betal expression in gonad was
significantly increased at 20 ug /L after 7 days, while its
expression in liver was increased at 2 ug/L after 60 days.
Relative ER-beta2 expression either in gonad or in liver
was increased at 20 ug/L after 60 days. Relative ER-
alpha was increased in liver or gonad at 2 or 20 ug/L
after 60 days, but the difference was not significant.
Significant increase of relative VTG mRNA expression
in liver was observed at 2 ug/L after 60 days exposure.
Relative AR mRNA expression in gonad showed
significant decrease at 0.2 and 2 ug/L after 7 and 15 days

exposure, but increased significantly at 2 ug/L after 90
days exposure. In liver, relative AR mRNA expression
did not change within the exposure period. Relative
StAR mRNA expression in gonad decreased at 0.2 and 2
ug/L. after 90 days exposure. Significant increase of
CYP19A was observed aft 20 ug/L after 60 days.
Discussion:

Our previous studies showed that BPA decreased
androgen (T and 11-KT) production at low
concentrations (0.5-1.5 ug/L) [4]. The observed decrease
of androgen production might be corresponding to low
cholesterol delivered into steroidogenesis pathway.
Because, relative StAR mRNA expression, which
deliver cholesterol to the inner mitochondrial membrane
to be converted to pregnenolone via P450scc, decreased
at low concentrations (0.2 and 2 ug/L) in the present
study. The present study also showed that BPA at 0.2
and 2 ug/L decreased the AR mRNA expression that is
an evidence for anti-androgenic activity of BPA through
AR-antagonist mode of action. However, further studies
are required to investigate whether LH involves in
regulating anti-androgenic mode of action of BPA.
Nelson and Habibi [5] found that ER-beta subtypes are
directly regulating VTG production. In addition, ER-beta
subtypes can enhance the VTG production through ER-
alpha subtype. The present study suggests that BPA at
high concentration induce VTG mRNA expression via
ER-beta subtypes, because ER-alpha did not show
significant increase. Our results also suggested estrogen
mimic action of BPA via CYP19A, which convert
androgens to estradiol. In the present study, we observed
increase of CYPI9A when the male goldfish was
exposed to 20 ug/L BPA.

Conclusion:

Modes of action of BPA depend on concentration and
exposure period. Anti-androgenic mode of action
appears at low concentrations through AR-antagonist,
but estrogenic activity appears at high concentrations
through ER-agonism.
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Introduction:

Agricultural impact on the associated ecosystem is
primarily diffused in nature. There are various potential
sources of stressors on fish such as physical disturbance
(e.g., suspended solids), organic enrichment (e.g., farm-
yard waste), toxic materials (e.g., pesticides) and
development activities (e.g., channel modification).
Munkittrick and McMaster [1] have developed and
applied an effects-based assessment approach that
involves measuring the accumulated environmental state
of the system to evaluate the impacts of multiple
stressors on fish populations. Environmental conditions,
which impaired growth and development or reproductive
success would become evident in populations and the
patterns of :indicator responses that depart from the
reference state is used to identify the candidate stressors
[2]. The intended use of biological criteria is to evaluate
the effects of agricultural non-point source pollutior on
fish performance integrity and ecological success. We
studied the usefulness of Garra ceylonensis (Family:
Cyprinidae) -an endemic, algivorous freshwater fish
species- as a biological indicator of agricultural pollution
in Sri Lanka.

Methods:

Replicate sampling sites in the Uma-oya were
selected from 3 catchment elevation levels (viz. upper,
middle and lower) representing an elevation gradient
design. The approximate land catchment area above each
level was 48, 98 and 740 km?2, respectively. All 12 sites
were considered deteriorated in the Uma-oya, due to
intensive exploitation for agriculture. A modified
subjective scale [3] on agricultural impacts was defined
for five criteria (area above under cultivation,
hydrological regime, stream connectivity, morphological
conditions, and nutrient organic inputs) and coded as 1=
high impact, 2= medium impact and 3= low impact. Four
altitudinal categories were defined: 1= sites >1,150 m;
2=>1,050 <1,150 m; 3=>950 <1,050 m; and 4= <950 m
above MSL. Two reference sites in the Knuckles streams
were 217 and 482 m above MSL. Despite different
elevation and reproductive seasonality of Garra spp., the
reference sites were considered surrogates for population
performance assessments, since acceptable reference
locations devoid of human impact within the Uma-oya
catchment could not be found. Samples sizes were

selected based on a priori power analysis. Only adult
specimens of females >8.5 ¢cm and males >7.0 ¢cm of
total length were captured. In the laboratory, voucher
specimens were measured for length (L) (0.1 ¢cm) and
weight (W) (£0.001 g) and dissected for gonad weight
(+0.001 g). Five clumps of post-vitellogenic egg masses
(preserved in 70% alcohol) were separated from 3
different regions (i.e., anterior, mid and posterior) along
the vertical direction, blotted-dried and measured for
weight (20.001 g) and counted. Diameters (um) of 10
eggs from each clump were measured under calibrated
microscope.

Results and Discussion:

Both contamination and elevation categories showed
significant differences (p<0.001) in fish size (L. and W)
and gonad size (GSI) in females. Interestingly, two
categories appear to be responsive in opposite directions
where significantly heavier and bigger fish were
associated with high contamination category (p<0.001)
and there was a significant size increase (in terms of
length and weight of female fish) at elevations below
1,050 m. Similarly, gonad sizes were reduced in the high
contamination category and were also reduced at low
elevations (p<0.001). The larger and heavier females had
significantly higher fecundity (number of eggs per
female) at high contamination sites. At high
contaminations, low GSIs were combined with large
body sizes, as compared with bigger and heavier females
below 1,050 m that had significantly (p<0.001) higher
fecundity than higher elevation females. It has been
hypothesised that larger body size in females could
ensure more accommodative capacity for increased egg
production [4]. Although, the regression of GSI and
body weight of pre-spawning females of G. ceylonensis
was highly significant among elevation categories
(ANOVA F=62.95, p<0.001, n=612), there was a
significant negative trend of fish weight (W) and GSI
(Pearson correlation -0.143, p<0.001) implying high
elevation females are trying to maximize reproductive
investment over lower elevation individuals. Or higher
elevation females may have earlier maturity and larger
gonadal investment in response to eutrophication and
increased food availability. Similarly, the largest and
heavier male fish were observed in high contamination
category (p<0.001) and there was a gradient response in
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Introduction:

Oestrogens are necessary for ovarian differentiation
in many vertebrates and they promote the growth and
differentiation of the adult female reproductive system.
The actions of oestrogens are mediated through ligand-
activated transcription factors, oestrogen receptors
(ERs). Globally, feminization responses in wild male
freshwater fish have been shown to be caused by
exposure to chemicals discharged into the environment
(natural and synthetic oestrogens, and oestrogen
mimics). Fish have been reported to show differences in
their responses and thus susceptibility to oestrogens, but
empirical studies that directly address this hypothesis are
lacking.

Methods:

The comparative responsiveness to natural and
synthetic oestrogens was assessed using in vitro ERa
activation assays in a range of fish widely used as test
(including, zebrafish, fathead minnow, medaka) and/or
environmental sentinel species (including, roach,
stickleback, carp). In vivo exposures to 17a-
ethinyloestradiol (EE2; nominal 2 and 10 ng/L) via the
water were also conducted for 7 fish species over a 7 day
period measuring hepatic vitellogenin (VTG) mRNA
induction as an ER-mediated response.

Results:

There were differences in the responses of the
different fish ERas to natural steroid oestrogens;
zebrafish ERa was most responsive and carp and
stickleback ERas were the least responsive. The
different fish ERas tested also showed differences in
their responsiveness to EE2 with the following
sensitivity order:  zebrafish>medaka>roach>fathead
minnow>carp> stickleback. VTG mRNA induction in
vivo occurred at an exposure of 2 ng EE2/L for male
rainbow trout and at 10 ng EE2/L for males of all other
species tested. The order of responsiveness for VTG
mRNA induction (level of induction) by EE2 was
rainbow trout>zebrafish>fathead minnow>medaka>
roach>stickleback >carp.

Conclusion:

Our data clearly show that there are species
differences in the ERa responsiveness (in vitro) to
natural and synthetic oestrogens and species differences
in the sensitivity and responsiveness to EE2 for VTG
mRNA induction. Overall, the in vitro responses via
ERa equated well with in vivo responses to EE2 in
different species showing in vitro screening of chemicals
using fish ERa is indicative of oestrogenic (VTG)
responses in vivo.
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Introduction:

Environmental chemicals of natural and synthetic
origin can interact with the endocrine system and alter
development and reproduction in wildlife [1] and
humans [2]. A wide range of chemicals were shown to
have an affinity for estrogen receptors from various
species. These contaminants also appear to influence the
endocrine system by altering enzymes that enable
hormone synthesis and hormone metabolism. The effects
of these endocrine disrupting chemicals have been
extensively reported in fish; they include inhibition of
gonad growth, reduction in the number and quality of
germ cells, feminisation and masculinisation [3]. In the
present investigation, an attempt has been made to study
the in vitro effects of bisphenol-A (BPA) and
butylhydroxy anisole (BHA) on the gonadal
steroidogenesis in an Indian major carp, Labeo rohita.
Methods:

Oocytes and testicular fragments were collected
during three stages of the gonadal development.
Incubations were performed with 3 ml of culture
medium containing steroid precursor progesterone for
about 24 h at 18°C. BPA and BHA at a concentration of
5 uM were added to the incubation medium. Steroids
synthesised in the incubation medium were extracted
with dichloromethane. Steroids were analysed and
quantified by High Performance Liquid
Chromatography.

Results and Discussion:

BPA and BHA show remarkable inhibitory effect on
ovarian and testicular steroidogenesis during all three
stages of the gonadal development. This inhibition of
steroid production by BPA and BHA is of both
physiological and toxicological significance. BPA was
found to be more estrogenic when compared to BHA.
The decreased E2 synthesis by the oocytes confirms that
BPA and *BHA have the potential to inhibit ovarian
aromatase, the enzyme that converts T to E2. The
stimulation of 17,20B-P synthesis by BPA in mature
oocytes confirms that BPA enhances the activity of 2083-
HSD (Fig. 1). BPA and BHA showed inhibitory effect
on androgen production by different stages of testicular
fragments. BPA significantly decreased T and 11-KT
production. The effect of BPA and BHA was not
significant on E2 production. Decreased T synthesis

observed in the present investigation confirms that BPA
and BHA have remarkable effect on 17B-HSD activity
(Fig. 2). Taken together, these results indicate that the
decreased steroid hormone biosynthesis observed in
Labeo rohita, following exposure to BPA and BHA, may
lead to reduction in reproductive capacity of the fish.
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Fig. 1. Effect of BPA and BHA on in vitro
steroid production by matured oocytes.
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Fig. 2. Effect of BPA and BHA on in vitro steroid
production by spawning testicular fragments.
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Introduction:

Cadmium is a non essential heavy metal and has been
listed in the “Black list” of European community.
Among the various heavy metal pollutants, cadmium
merits special attention due to its potential hazards to
aquatic biota as well as to human being. Cadmium alter
morphological,  physiological and  biochemical
parameters in fishes [1]. Such effects change digestive
enzyme activities [2], decreased immunity state and
efficiency of food assimilation [3]. The present report
was based on toxicity effects of cadmium sulphate on
biochemical property of brain-ovary of freshwater fish
Heteropneustes fossilis.

Methods:

The live fish Heteropneustes fossilis, of similar body
weight were acclimatized under normal photoperiod and
temperature. Feeding was stopped before 24 hr of
experiment. Fish were treated with different
concentrations of cadmium sulphate (10, 50, 100, 500
and 1000 mg/l) for 24 br to see its lethality and sub-
lethal concentration (50 mg/l) was used to see the

Table 1. Percent mortality of Heteropneustus fossilis after treatment of various
concentration of cadmium sulphate for 24 hr (number of animal per group, n=10).

duration effect. A control set was maintained side by
side for comparison. The fishes were sacrificed after
completion of concentration and duration studies and
dissected out the required tissues i.e. brain and ovary.
Protein and carbohydrate estimation in both the tissue
was done by the Lowery’s and Anthrone reagent method
respectively.

Results and Discussion:

Different concentrations of cadmium sulphate (mg/1)
altered the protein and carbohydrate level in brain-ovary
in different manner. With the increase of concentration
and fish mortality (Table 1), protein concentration in the
ovary was decreased while brain showed not much
significant variation (Figure 1A). But as for
carbohydrate concerned it showed fluctuations but with
high values as compared to the control group (Figure
1B) in 24 hr. This may be due to immediate extra energy
requirement of fish due to stress features (panting,
surface activity, high mucous secretion etc) [4]. Stress
caused by cadmium increased the glucose content in
blood, because of intensive glycogenolysis and the
synthesis of glucose from
extrahepatic tissue protein and

Concentration of cadmium sulphate (mg/1)

amino acid in many fishes [5].
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Figure 1: Effect of different concentration cadmium sulfate on brain and ovarian protein and carbohydrate level after 24 hr
duration (n=5). Superscripts showed significant difference among different groups (One way ANOVA followed by Newman

Keuls’ test).
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for duration effect study, there was a significant increase
in protein-carbohydrate content of brain-ovary with the
duration (Figure 2A,B). This might be an indicator of
environmental adaptation [4].

o
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Figure 2: Effect of sub-lethal cadmium sulfate (50 mg/l) on brain and ovarian protein and carbohydrate level after 0, 24,
48, 72, 96 hr intervals (n=5). Superscripts showed e significant difference among different groups (One way ANOVA

followed by Newman Keuls’ test).
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Conclusion:

The heavy metal caused deleterious effect on fishes
and altered the biochemical characteristics. In sub-
lethal, it may not be fatal for an individual organism but
it does affect the biochemical parameters resulting in
disturbance to whole community and tropic level of food
chain, ultimately the ecosystem.
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FISH GONADOTROPIN AGONISTS: APPLICATIONS IN ASSISTED REPRODUCTIVE
TECHNOLOGIES
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Introduction:

Over the years, hormonal approaches employing
GnRH, freshly ground pituitaries of reproductively
mature fish, and human chorionic gonadotropins, have
been used to overcome problems halting final stages of
gamete maturation and spawning [1]. Nevertheless, the
available therapeutic agents fall short of dealing with
induction of early stages of gonadal growth (i.e,
vitellogenesis and spermatogenesis). As a result, many
commercially important fish, exhibiting a complete
failure to undergo gametogenesis, are not at hand for
aquaculture uses, and their production is based merely
on fishery of wild stocks.

The pituitary gonadotropins (GtHs), FSH and LH are the
key regulators of ovarian and testicular function.
Therefore , much research efforts have focused so far on
developing heterologous eukaryotic systems (i.e., insect
cells, mammalian cell lines, and yeast) for the
production of fish recombinant GtHs [2]. These have
circumvented the need to purify the native hormones
from thousands of fish, and provided an important tool
for studying the differential functions of LH and FSH.
Recently, using yeast (Pichia pastoris) fermentation, our
group at IOLR-NCM scaled-up the production of
biologically active fish recombinant GtHs for therapeutic
purposes, providing fine-tuning agents for the regulation
of fish sexual maturity and reproduction.
Experimentation with fish LH agonists:

LH, also known as the maturation hormone, is the
main GtH responsible for stimulating events leading to
final oocyte maturation and ovulation in females and
spermiation in males. In an effort to establish fish LH
agonist for in vitro and in vivo experimentation, a
recombinant LH chimera, based on a translational fusion
of the sea bream (Sparus aurata) LH beta and alpha
subunits [rsbLH], was produced in the P. pastoris
expression system. The yeast culture has produced over
100 mg rsbLH per liter of culture supernatant, a quantity
that is about 1 to 2 orders of magnitude higher when
compared to yields reported for cognate systems [2]. The
produced rsbLH stimulated 'steroidogenesis in 'gonadal
fragments derived from sea bream as well as in those
derived from other Perciformes, including the European
seabass (Dicentrarchus Jabrax), and the grey mullet
(Mugil cephulus), pointing to its generic nature. Further
in vitro studies demonstrated that physiological rsbLH

levels (50-100 ng ml') increased the frequency of sea
bream oocytes undergoing germinal vesicle breakdown,
and significantly attenuated the occurrence of atresia
among the cultured oocytes. As it has been suggested for
the mammalian model, the atretic degeneration could be
suppressed directly by LH, or indirectly by paracrine
factors, from the somatic cells that mediate the LH
signals [3]. In vivo trials have demonstrated the
hormone's ability to induce spawning in fully mature
captive grey mullet, replacing our conventional
treatment of GnRH analogue combined with dopamine
antagonist [4]. :
Experimentation with fish FSH agonists:

In most vertebrates FSH has a dominant role in the
initiation of gametogenesis and regulation of gonadal
growth (i.e., spermatogenesis in males and follicle
growth in females). Thus far, therapeutic preparations of
FSH are available only for the treatment of human
infertility. Using the aforementioned yeast expression
system, we produced fish recombinant FSH chimera,
based on a translational fusion of the Atlantic bluefin
tuna (BFT, Thunnus thynnus) FSH beta and alpha
subunits [rbftFSH]. Despite the relatively low
evolutionary conservation of the FSH molecule among
the Perciform species [5], the rbftFSH succeeded to
stimulate steroidogenesis in gonadal fragments of
heterologous fish species such as sea bream, European
seabass, and grey mullet. Exposure of testicular
fragments of sexually immature BFT to graded doses of
rbftFSH resulted in a dose-dependent increase in the
diameter of the seminiferous lobules, and in the
proliferation of germ/somatic cells, as compared to
untreated controls. These results further confirm
previous notion that FSH is an important regulator of
spermatogonial proliferation [6]. In addition, our in vivo
experiments indicate that following injection. elevated
rbftFSH levels are sustained over 9 hours in the
circulation of the grey mullet. Furthermore, two
consecutive rbftFSH injections (150 ng rbftFSH per kg
in the grey mullet, spaced two weeks apart) at the onset
of the reproductive season (i.e. mid July), significantly
improve milt production, in terms of volume and
fluidity. This protocol is recently utilized in commercial
hatcheries in Israel for a scale-up production of mullet
fingerling.
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Conclusions:

Our work exemplifies the potential of fish GtH
agonists, in therapeutic application to alleviate
reproductive dysfunctions and expedite the onset of
puberty in captive fish. Future studies should focus on
optimizing the delivery system for sustained release of
GtHs. circumventing the need to use repeated injections,
which are labor intensive and stressful to the fish. Thus,
industrial production of clinical grade GtHs and
development of efficient delivery system(s) for their
administration are expected to be the two most relevant
improvements to be developed for an intensive
aquaculture industry that needs to fill the increasing
supply/demand gap for marine fishes.
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Aquaculture has become a savior at a stage when
production from capture fisheries in the country
witnessed almost stagnation. The overwhelming ten-fold
growth in just three decades i.e. from 0.37 million tonnes
in 1980 to 4.0 million tonnes at present, sharing 50% of
the total fish production of 8.0 million tonnes at present,
amply justifies the recognition of aquaculture as an
industry. While marine farming in the country is almost
at its nadir and the land-based coastal aquaculture sector
has been contributed by a single group, the shrimp, with
production levels hovering just around 0.1 million
tonnes, the freshwater aquaculture has been contributing
over 95% of the aquaculture production in terms of
quantity. The large-scale adoption of scientific carp
polyculture together with entrepreneurial initiatives and
financial investments has guided the sector to elevate it
from a backyard activity vibrant a commercial
enterprise.

Although the farming practice has witnessed
overwhelming growth in terms of geographical coverage
and intensification of farming practice, the three Indian
major carps, viz., catla, rohu and mrigal have been
continued to form major species group and contribute a
lion’s share. The introduction of exotic silver carp, grass
carp and common carp into the Indian major carp based
polyculture system even though added new dimensions
to the system owing to their compatibility and high
growth rates, they have remained as the second preferred
group due to low consumer preference. With the average
production under carp farming has been 5-6
tonnes/ha/year in progressive states like Andhra Pradesh,
West Bengal, Punjab and Haryana, and several farmers
even demonstrating impressive production levels of 8-
12 tonnes/ha/year, the sector shows the potential to boost
the average national pond productivity from the present
level of 2.5 tonnes/ha/yr to a modest level of 4.0
tonnes/ha/yr by 2020, thereby achieving the expected
contribution of 7.0 million tonnes from the sector by
then.

R&D efforts on species diversification over the years
although led to development of protocol for mass-scale
breeding and seed production of several indigenous
species, their commercial farming remained confined to
giant freshwater prawn, Macrobrachium rosenbergii and
to some extent the catfish, Clarias batrachus. Recent
years, however, has witnessed drastic reduction in
culture area of freshwater prawn with production
reduced from about 40,000 tonnes in 2005 to about
10,000 tonnes at present. ~ With availability of

technology of seed production and grow-out farming of
several medium and minor carps viz., Labeo fimbriatus,
L. gonius, L. calbasu, L. bata, Puntius sarana, etc.;
murrels Channa striatus and C. marulius; catfishes
Pangasius pangasius, Horabagras brachysoma and
Ompok bimaculatus and several other non-conventional
candidate species, recent years has observed
incorporation of several of these as components in
polyculture system. Exotic catfishes, Clarias gariepinus
and Pangasianodon hypophthalmus are some of the
recent illegal entrants in freshwater aquaculture,
although the latter has been legalized recently for its
farming. In spite of ban imposed by Government of
India, the farming of C. gariepinus has spread all across
the due to its high growth rate. Higher growth and
production potential of P. hypophthalmus have been
responsible for large-scale adoption of the species,
especially in Krishna-Godavari Delta of Andhra Pradesh.
Although the production of the species reached from
zero to about 0.6 million tonnes within a span of 4-5
years, unexpectedly it witnessed rather a sharp decline in
one year, i.e. 0.2 million tonnes at present, which
however was based on market demand.

Availability of required technological back up
coupled with critical inputs like seed at the doorsteps has
been the major factors for achieving consistent growth
rate of 6-7% per year by the sector over last three
decades. Further, availability of improved stocks,
balanced feed in the form of floating and sinking pellets,
formulations against common disease threats, and above all
sustained increase in demand for fish as preferred animal
protein have been able to take the sector forward. Current
research programmes on different aspects of freshwater
aquaculture, including domestication and standardization of
breeding and culture techniques of non-conventional
species, biofertilisation, genetic improvement of the
cultivable species, feed development for larvae and
grow-out stages, bioremediation, therapeutics and
vaccines against dreaded pathogens and above all
biotechnological interventions have to play a significant
role in sustainability of freshwater aquaculture in years
to come to overcome from the challenges of possible
water  scarcity for aquaculture, water quality
deterioration, increase in cost of critical inputs and also
competition from other sectors, and above all the climate
change. Aquaculture, therefore, need to shift its focus
from production to profits and further to production of
safe produce on a sustainable basis.
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Introduction:

Germ-cell transplantation has many applications in
the fields of biology and animal husbandry, including the
creation of broodstock systems, in which a target species
can be generated from xenogeneic surrogate parents [1].
We recently developed a germ cell-transplantation
system using rainbow trout spermatogonia (SG) [2]. In
this system, donor-derived SG were microinjected into
the body cavities of newly hatched embryos, which do
not have mature immune systems. The intra-peritoneally
transplanted SG migrated towards the recipient genital
ridges and were subsequently incorporated into them. In
male recipients, the transplanted SG underwent
spermatogenesis and eventually produced fully
functional sperm. In female recipients, the transplanted
SG underwent oogenesis and eventually produced fully
functional eggs. We further confirmed that the intra-
peritoneal transplantation of SG could be successfully
performed with recipients of different species [3]. To
date, however, the technique has been applied only to
freshwater species, which produce relatively large eggs.
If it could be applied to marine fish, which produce
small pelagic eggs, it could allow for commercially
valuable fish species, for which it is difficult to maintain
broodstock in captivity (such as bluefin tuna or giant
grouper), to be bred using surrogate species that are
easier to keep and mature faster (such as mackerel or
black-tipped grouper). Therefore, in this study, we aimed
to establish a germ cell transplantation system for marine
fishes.

Methods:
As materials, we used the nibe croaker (Nibea

mitsulurii) and yellow tail (Seriola quinqueradiata).
Donor testes were minced and incubated with 0.5%
trypsin in PBS for 2 h at 20°C to dissociate .the tissue.
The resulting testicular cells were labeled with the red
fluorescent membrane dye PKH26 in order to trace them
in the recipients. In the study with thc? nibe croaker,
transgenic croaker heterozygously carrymng a Gfp gene
driven by the rainbow trout Hsc7] promoter was uspd as
a donor. For recipients, 12 days post-fertilization triploid
croaker larvae (4 mm in total length) were used. Three
weeks after transplantation, the recipients were dissected

and the donor cell behavior was observed using PKH26
fluorescence as an indicator. In order to confirm germ-
line transmission of donor-derived haplotypes, progeny
tests were performed. Genomic DNA was extracted from
the resulting offspring and used for PCR against the Gfp
gene. For yellow tail, the experimental design was
similar to the nibe croaker experiments with a few
exceptions. First, wild-type non-transgenic yellow tail
was used as both the donor and recipient. Second, since
a triploidization method for this species has not been
established, we used fertile diploid recipients. Germ cell
transplantation was performed in 8 days post-
fertilization larvae (5 mm in total length). Donor-derived
offspring were identified by microsatellite markers.
Results and discussion:

In both the nibe croaker and yellow tail, donor
testicular cells showing PKH26 fluorescence were
incorporated into the genital ridges of the recipient fish
at 20 days post-transplantation. Further, in situ
hybridization with a vasa probe revealed that the
PKH26-positive cells incorporated into the recipient
genital ridges were germ cells. Although the triploid nibe
croaker produced only transparent milt containing
extremely small numbers of sperm with abnormal
morphology, two out of six recipients receiving
transgenic germ cells produced whitish milt containing
large numbers of sperm. PCR analyses of the milt using
Gfp gene primers revealed that the milt of the recipient
croaker contained Gfp-gene-positive sperm.
Furthermore, results of the progeny tests using the milt
showed that nearly half of the F1 individuals derived
from the triploid recipients possessed the Gfp gene.
Together with the fact that offspring produced by sperm
derived from triploid croaker could not hatch out and
eventually died, the resulting hatchlings obtained by the
progeny tests were all donor-derived. Their fertilization
and hatching rates were comparable to those of the
control fish. Furthermore, they grew up normally, and at
least their external morphology was normal. These
results suggested that by germ cell transplantation, the
fertility of triploid recipients was recovered and the
recipients produced functional donor-derived mature
gametes.
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Introduction:

The Japanese eel, Anguilla japonica, is an
economically important fish for Japanese food culture
and for Japanese freshwater fish aquaculturists and
scientists. The grilled eel dish called “kabayaki” is one
of the representative dishes of traditional Japanese food
culture. However, the decreases in eel resources and the
catches of glass eels as seedlings for aquaculture have
been a serious concern in recent years in both Europe
and East Asia. Thus, technical development to produce
eel seeds for artificial cultivation is strongly desired.
However, male and female eels are sexually immature
under normal cultivated conditions without hormonal
treatments. Moreover, silver eels that migrate down the
river are also immature. Sexually mature male and
females have never been obtained from the wild until
recently. Therefore, fundamental information on oocyte
maturation and ovulation has not been obtained from
naturally matured eels. Development for artificial
induction of maturation and seed production in the
Japanese eel started almost half a century ago. Finally,
leptocephalus larvae and glass eels have been produced
first in the world from artificially induced mature male
and female eels by elaborate and reasonable hormonal
treatments [1]. In 2010, “complete culture” system
(production of the next generation from broodstocks
which are reared from artificially reproduced eggs) has
been developed. In the presentation, basic knowledge of
mechanism of oocyte maturation and ovulation, and its
application to artificial induction of sexual maturation of
female eels will be introduced.

Methods:
Full-grown cultivated female eels were obtained by

intraperitoneal weekly injections of salmon pituitary
extracts (SPE) [2] or by implantation of a single SPE-
loaded osmotic pump with a long-term sustained
hormone-release  system  [3]. Ovarian fragments
containing immature full-grown oocytes or oocytes at
the migratory nucleus stage were taken from a small
puncture of abdomen. Matured oocytes and ovulated
eggs obtained by the standard methods mentioned
previously [2]. For in virro experiments, oocytes were
incubated with various hormones and chemicals in 24-
well culture plates containing 1ml of L-15 medium.

Results and Discussion:

After a relatively long period of growth (the
vitellogenic phase), oocytes undergo maturation,
accompanied by several maturational processes in the
cytoplasm (such as hydration, lipid coalescence, and
clearing of the ooplasm) and in the nucleus (such as
germinal vesicle breakdown (GVBD) followed by
ovulation. The eel oocytes underwent more than three-
fold increase in volume during maturation and ovulation
[4]. Wet and dry weight measurements indicated that
water accumulation during oocyte maturation is the
major factor contributing to the follicular diameter
increase. During these processes, the oocytes become
buoyant which is essential for their oceanic survival and
dispersal as well as for the initiation of early
embryogenesis. In vitro experiments using inhibitors of
aquaporin water permeability (HgCly), and yolk
proteolysis (bafilomycin Al), also indicate that
aquaporin facilitates water uptake by acting as a water
channel, and yolk proteolysis is essential for water influx
into oocytes via osmotic mechanisms. To elucidate the
molecular mechanisms underlying hydration during
oocyte maturation, we have cloned novel-water selective
aquaporin 1 (AQPIb) of the eel. In siru hybridization
studies with the eel agplbcRNA probe revealed intense
eel agplb signal in the oocytes at the perinucleolus stage
and the signals became faint during the process of oocyte
development. Light microscopic immunocytochemical
analysis of ovary revealed that the Japanese eel AQPIb
was first expressed in the cytoplasm around the yolk
globules of oocyte at the primary yolk globule stage and
became localized around the large membrane-limited
yolk masses which were formed by the fusion of yolk
globules during the oocyte maturation phase. These
results together indicate that AQPlb, which is
synthesized in the oocyte during the process of oocyte
growth, is essential for mediating water uptake into eel
oocytes during the final oocyte maturation phase. In
vitro experiments indicate that these hydration processes
were first induced in oocytes at the migratory nucleus
stage by the gonadotropin, LH, maybe via maturation-
inducing steroid, DHP produced in the ovarian follicle.
Recombinant eel LH but not FSH. which were produced
using a HEK 293 cellinduced a maturational
competence (the acquisition of sensitivity of the oocyte
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to respond to the MIS of oocytes) in a dose-dependent
manner. After acquisition of maturational competence,
LH but not FSH induced GVBD and ovulation in vitro.
SPE (or LH) did not induce in vitro GVBD and
ovulation in oocytes at the tertiary yolk globule stage
(below 700 pm in diameter) which were obtained from
female eels just before SPE injection. One day after
intraperitoneal SPE injection, oocytes at the migratory
nucleus stage approximately 800 um in diameter
underwent GVBD and ovulation in vitro in response to
SPE. Thereafter, oocyte over 800 um in diameter
became less sensitive to SPE afterwards. These results
indicate that oocytes acquire the ability to respond to
SPE at the migratory nucleus stage over 800 um in
diameter and furthermore SPE has an essential role for
investment and maintenance of the ability of oocytes to
respond to SPE. To induce ooccyte maturation and
ovulation artificially, the following hormonal treatments
have been developed from information obtained from in
vitro and in vivo experiments. Eels which have ovaries
containing oocytes at the migratory nucleus stage
(approximately 700-750 um in diameter) were injected
with SPE to induce oocyte hydration and maturational
competence. Eels having competent oocytes (850-900
pum) were injected again (a priming dose) with SPE to
induce and maintain maturational competence and
ability to respond to gonadotropin. Final treatments of
gonadotropin-releasing hormone analog (GnRHa) in
combination with SPE given 24 hr after SPE-priming
dose to female eels (900-950 pm in diameter) succeeded
in induction of spawning in a rearing tank with

o
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spermiated male eels injected with human chorionic
gonadotropin and OHP. Fertility and hatchability are
approximately 80% and 50%, respectively.

Conclusion:

Egg quality obtained from the female eels induced
by our hormonal treatment procedure is still not so high
and fluctuates among the samples used in this study.
Further studies are necessary to elucidate factors
associated with egg quality and also to improve our
procedures.
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Introduction:

Cryopreservation of fish sperm is an important tool
for conservation of biodiversity (gene banks of
autochthonous populations), efficient and selective
fertilization (maintaining genetic variability of brood
stocks for restocking), and for synchronization of
artificial reproduction [1]. However, cryopreservation
causes irreversible cell damage, resulting in a significant
reduction in viable spermatozoa. Multiple
nonphysiological processes, such as osmotic and
oxidative stress, are crucial factors in spermatozoa
cryodamage. Freezing of cells in suspension induces ice
nucleation in the extracellular space, creating an osmotic
gradient across the plasma membrane between the
initially isotonic intracellular solution and the freeze-
concentrated extracellular solution. Hence, we designed
a series of experiments using sperm of common carp
(Cyprinus carpio, L) as a model to understand the
effects of the application of different cryopreservation
protocols and to examine cryopreservation procedures
with respect to osmotic and oxidative stress in common
carp spermatozoa. In addition, the spermatozoa motility,
membrane integrity, and oxidative stress indicators as
well as response of sperm proteome were measured in
unfrozen sperm and after freeze/thaw processes.

Results and Discussion:

As a first step towards understanding the effect of
cryopreservation procedures on spermatozoa integrity
we examined osmotic and oxidative effects on common
carp spermatozoa motility; membrane integrity; levels of
thiobarbituric-acid-reactive substance (TBARS) and
carbonyl groups (CP); and the activity of superoxide
dismutase (SOD), glutathione reductase, and glutathione
peroxidase (GPx). Prior to experiment, the sperm was
diluted in diethyl sulfoxide (DMSO) and ethylene glycol
based (EG) extenders, followed by equilibration,
freezing, and thawing. Our results showed that
equilibration in DMSO extender resulted in a significant
reduction of spermatozoa motility, but spermatozoa
motility was induced in those spermatozoa following
dilution with saline buffer, which usually inhibits
undiluted spermatozoa motility. Spermatozoa velocity

and membrane integrity significantly decreased with
both extenders following freezing and thawing. No
significant difference in levels of TBARS or CP, or in
SOD activity, was seen in samples equilibrated with
either extender. Moreover, the freeze/thaw process
induced significantly higher levels of TBARS, CP, and
GPx activity, but did not affect the level of SOD.
Glutathione reductase activity was inhibited in samples
exposed to DMSO extender.

As a second step, we have also used several
proteomics methods to characterize the protein
components of common carp sperm and to verify
whether the cryopreservation procedure, applied to
common carp sperm, affected the protein profiles of
spermatozoa involved in the control of sperm functions.
Additionally, the protein profiles in the associated
seminal plasma were also investigated. Finally, the
effects of cryopreservation on spermatozoa motility,
fertilization, and ova hatching rate were also evaluated.
Our results noticed that, following cryopreservation,
spermatozoa velocity and motility were significantly
lower than in controls. The initial velocity of
cryopreserved spermatozoa (15 sec post activation) was
similar to that of fresh spermatozoa at 30 sec post-
activation, and the initial percent of motile
cryopreserved spermatozoa was approximately 40%, less
than that of fresh spermatozoa at 45 sec post activation.
Both fertilization and ova hatching rates using
cryopreserved spermatozoa were lower than the controls.
Moreover, investigation of sperm proteome showed that.
The number of protein spots detected on the 2DE gels
performed on fresh and cryopreserved spermatozoa
samples resulted in 187 and 178 spots, respectively. The
fourteen protein spots were significantly altered
following cryopreservation. Eleven of these were
identified: three as specific membrane proteins (N-
ethylmaleimide-sensitive  fusion protein  attachment
protein alpha, cofilin 2, and annexing A4) involved in
membrane trafficking, organization, and cell movement;
six as cytoplasmic enzymes (S-Adenosylhomocysteine
hydrolyses, Si:dkey-180p18.9  protein, lactate
dehydrogenate B, phosphoglycerate kinase 1,
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transaldolase 1, and esterase D/formylglutathione
hydrolyses) involved in cell metabolism, oxidoreductase
activity, and signal transduction; and two as transferrin
variant C and F.

Conclusions:

In conclusion, the results, together with reports of
mammal studies, confirmed that the rapid removal of
DMSO from spermatozoa resulted in a marked decline
in spermatozoa motility, whereas EG was associated
with less osmotic damage subsequent to rapid removal.
Both CPA effect and the freeze/thaw process can induce
oxidative stress in spermatozoa, and DMSO showed
more adverse effects than EG with respect to GR and
GPx activity. In addition, the antioxidant response of
spermatozoa is mainly due to the capacity of GPx to
counteract ROS stress of spermatozoa and minimize
cryopreservation damages. All data suggest that an
alternative CPA, such as EG, should be considered for
carp spermatozoa. Furthermore, proteomic analyses of

Vol.4 No. S 8 (August 2011) ISSN: 0974- 6846

common carp sperm revealed quantitative alterations in

protein expression in cryopreserved spermatozoa. The
observed downregulation of spermatozoa membrane
proteins and cytoplasmic enzymes, together with the
accumulation of transferrin in  cryopreserved
spermatozoa, could be the reason for the observed
decrease in spermatozoa velocity, motility, and lower
fertilization success as well as in ova hatching rate.
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Introduction:

Undifferentiated spermatogonial population consists
of stem and progenitor germ cells, which function to
provide the foundation for spermatogenesis. The stem
cell component, named spermatogonial stem cells
(8SCs), is capable of self-renewal and differentiation.
These unique attributes have made them a target for
novel technologies to enhance reproductive function in
males. First established in mammals, germ cells
transplantation is the only functional approach for
investigating SSCs biology. In this regard, recently we
established successful spermatogonial transplantation in
adult Nile tilapia that resulted in donor-derived offspring
[1]. In association with in vitro culture, SSCs
transplantation have the potential to enhance efficiency
of fish production and provide a novel approach to
continuously generate transgenic animals, allowing also
the preservation of genetic stocks of valuable or
endangered fish species. Isolation of SSCs is an essential
component for improving the efficiency of these
techniques; however, there are no specific molecular
markers for SSCs in any vertebrate species, including
fish. Therefore, in the current study we aimed to
investigate potential molecular markers, particularly
those already well established in higher vertebrates [2],
which could be properly used to phenotypically
characterize and isolate SSCs in the Nile tilapia.
Methods:

Adult tilapia (O. niloticus) testes were evaluated by
immunohistochemistry and immunofluorescence for the
presence of Vasa (germ cell specific marker), GFRa-1
and Notch-1 (undifferentiated spermatogonia surface
marker) receptors, and the transcription factor Oct-4
(POUSF1). Reactions were performed according to
standard protocols using immunoperoxidase technique
and fluorophore-conjugated secondary antibody. For
these purposes, the following primary antibodies and the
dilutions used were: polyclonal rabbit anti-human
DDX/MVH-Vasa (1:200; Abcam), polyclonal rabbit
anti-human Notch Homolog 1 (1:100; Lifespan
Bioscience), polyclonal goat anti-rat GFRa-1 (1:500;
Santa Cruz Biotechnology) and polyclonal rabbit anti-
human Oct-4 (1:200; Abcam). Additionally, western blot

analyses of protein expression were performed in order
to determine the specificity of the antibodies used. The
profile and percentage of positive testicular cells were
evaluated using flow cytometry (FACS). Using
immunomagnetic  separation (MACS) we also
investigated if some of the surface, marker(s) could be
used to enrich undifferentiated (SSCs) spermatogonia
population.
Results and Discussion:

The flow cytometry analyses showed that the GFRa-
1 positive cell fraction comprised approximately 9.5% +
0.9 (n=3 and three replicates from each fish) of the
selected testis cell population evaluatéd in adult tilapia,
whereas Notch-1 positive cells corresponded to 7%+0.8
of the selected testicular cells.. Immunohistochemistry
and immunofluorescence analysis revealed that GFRa-1
and Notch-1 expression is localized in the seminiferous
epithelium, exclusively in single type A spermatogonia
{presumptive SSCs). Sertoli cells,
differentiating/differentiated germ cells or interstitial
cells did not show any evident labeling for these
markers. The GFRa-1 and Notch-1 positive
spermatogonial cells were found preferentially at the
blind ending of the tilapia seminiferous tubules, near to
the tunica albuginea, where a high density of type A
undifferentiated  spermatogonia, characterized by
morphological criteria, were previously reported to be
located [3]. In addition, these GFRa-1+/Notch-1+ cells
showed intense immunoreactivity for anti-Vasa. Using
double staining for Notchl and GFRa-1, we observed
that less than one percent of testicular cells were double
positive for these markers, suggesting the presence of
phenotypically different SSCs populations. The
investigation of Oct-4 expression in tilapia testis showed
that only type A spermatogonia (presumptively primitive
SSCs), also exclusively located at the blind ending of the
seminiferous tubules, were positive for this pluripotent
marker. Preliminary FACS analyses using double
staining for Oct-4 and GFRa-1 showed that the Oct-4
positive cell fraction comprises approximately 6.2% of
total selected testicular cells. Interestingly, the entire
population of Oct-4 positive cells were also positive for
GFRo-1. Considering the promising results related to

. th . .
Proceedings of 9" International Symposium on Reproductive Physiology of Fish, Cochin, India.

August 9-14, 2011










&)
Indian J. Sci. Technol., 9" ISRPF Issue g Vol. 4 No. S 8 (August 2011) ISSN: 0974- 6846

Results and Discussions:
Table 1: Morphometric measurements analysis From the statistical analyses, the male and
female of A. perideraion were significantly different

Charastersiics Sex = P-vaine = (P<0.05) at BD (body depth), DALPD (direct
- = s 0505235 distance between the anterior edge of the upper lip
- 1;5 ;—:: P N and tl.le' posterior of the last dorsal fin), d (above eye

:}.; s A to origin of dorsal fin), e (above eye to origin of
HALAA _,, = bt pelvic fin), m (end of dorsal fin to end of anal fin), o
HAASC {', = 055558 (end of dorsal fin to end of caudal fin) and r (upper
HPTEC 4 s 0.7T19092 insertion of caudal fin to end of caudal fin). Table 1
HPABC T 22 024254 represents the results of the 15 morphometric
U s 22 measurements statistical analysis while Table 2
DALAY F 22 0. 511592

- as 2 ) represents the results of the 18 Truss network

DALAA > = Dassigs variables statistical analysis. The results of both
DACPC I = 2.83712s techniques showed that the functional female has
TALPA F zs 0.052340 greater size at the head and caudal peduncle area.
oaLED :; = 0033903 con The reason 01.1 why the head and caudal peduncl_e

A ] area of A. perideraion female are larger than male is
DADFD F 2= Q837Is . . .

A zs still a mystery since the functional role of both part
DALAD > = 0951814 in the sex determination and sex change mechanism
1¥CT) I 2 2175292 of A. perideraion are still unknown.
LFDE2 F 2= 0323199 Conclusions:

!

Amphiprion perideraion is sexually dimorphic at
TSy s fferente (A0 O0T): © Si=dwas: afferesce A=0 0%, 7 measurements (BD, DALPD, d, e, m, o and r) of its
body which occurred at the head and caudal peduncle

areas. The morphometric parameter BD was

Table 2: Truss network variables analysis significantly different between sexes (P < 0.05) while
DALPD was highly significant different between sexes

Parsmeters Sex N P-valoe Sig. .

. R - o 509 (P < 0.001). Based on Truss Network variables, 3
. 2 = o ss- variables d, e and o showed significant different
. ¥ = o1ss between sexes (P < 0.05) while m and r were highly
s ¥ e 001" . significant different between sexes (P < 0.001). Further
- ¥ 3 R . studies are recommended on the sexual determination
£ ¥ a o248 mechanism and differentiation process of A.
= ¥ T o -8s perideraion.
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Fisheries play an important role in providing nutritional
security for the growing population. The global fish
production is in the order of 142 million tones equally
contributed by capture and culture fisheries. The Indian
fish production is around 7 million tones both from
marine and inland sectors more or less equally. The
inland fish production is contributed mainly (80%) by
the aquaculture. Aquaculture of salt water fishes
however, is negligible in the Indian context. One of the
major constraints in the development of salt water fish
culture is the availability of quality seed in adequate
quantity at the appropriate time. Though significant
achievements have been made in India in the controlled
breeding and seed production of some of the important
candidate species suitable for farming like Asian Seabass
(Barramundi) (Lates calcarifer), Cobia (Rachycentron
canadum), Grey Mullet (Mugil cephalus), Pearlspot
(Etroplus suratensis), Groupers (Etroplus tauvina, E.
coides) and Ornamental Fish Spotted scat (Scatophagus

argus), comprehensive viable technologies are yet to be
developed. Technology for the captive broodstock
development and acceleration of maturation under
controlled conditions providing required parameters has
been standardized for some of the candidate species.
Protocols and procedures in the induction of spawning
through environmental manipulation and exogenous
hormonal administration have been successful.
Technologies for rearing the larvae and seed production
to a limited extent have also been standardized for some
species. Species like Asian Seabass has been

‘domesticated and viable technology for the year round

seed production is available. The importance of
maintaining quality broodstock for meeting the larval
requirement and establishment of National Broodstock
Facilities and fish hatcheries for the development of salt
water fish farming are discussed.

Proceedings of 9™ International Symposium on Raproductive Physiology of Fish, Cochin, India.

August 9-14, 2011







Indian J. Sci. Technol., 9" ISRPF Issue

Second mode (2) consists of stepwise decreasing the
osmolality of the activating medium. During this kind
of multiple activation the total duration of motility is
around 3 times longer if compared with activation by
sharp osmolality decrease. This phenomenon is based
on prolonged and slow ATP consumption during
several “waves” of motility arisen due to stepwise
environment osmolality decrease (fig.2) [2]. Third
mode (3) of multiple activation was observed in carp
and perch, when procedure of freeze - thawing itself
leads to spontaneous sperm motility activation and
endogenous ATP level decrease. Afterwards the sperm
could be reinitiated in hypotonic conditions. During this
useless activation spermatozoa lost the main part of

ATP but still able to be secondly activated and preserve

ability for fertilization [3].

Conclusion:

The phenomenon of multiple sperm activation could
be the base for the elaboration of the most optimal sperm
use because the prolongation of total sperm motility
duration potentially and more likely makes the
fertilization successful. Spontaneous sperm motility
activation during freeze-thawing should be taken into
uccount during cryopreserved sperm use. Finally,
conjunction the ability of sperm for multiple activation
and its cryopreservation could be at the base of multiple
sperm use for fertilization if there is a deficit of valuable
individuals’ sperm.
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Introduction:

It has been ascertained that climatic changes will
have a wide range of direct and indirect impacts on
aquatic ecosystem, capture fisheries, and aquaculture
with a great implications for fisheries-dependent
economies if not mitigated. Africa has been considered
more vulnerable to the effect of these changes than
developed countries due to capacity for adaptability and
weak economic power to tackle the problem. As
fisheries provide significant feed and seed inputs, the
impacts of climate change on them will also affect the
productivity and profitability of aquaculture operation.
Climatic changes could induce physiological stress on
cultured stock and causes metabolic disorder, which
would not only affect fish productivity but also increase
vulnerability to diseases, impose higher risks and reduce
returns to farmers. Fisheries and aquaculture provides an
important source of cash income for many poor
households, and serve as the main source of food for a
billion people worldwide, providing a valuable protein
complement to the starchy diet common among the
global poor, and essential fatty acid especially n- 3
PUFAs (DHA, EPA). This paper will examine the way
in which climatic changes affect fisheries and
aquaculture production, and recommend some measures.
Possible effect of climatic changes on fisheries and
aquaculture

Fisheries productivity: Global climatic changes are
suggested to potentially affect freshwater fisheries by
lowering productivity in wild fish populations and in
intensive aquaculture systems worldwide [4]. As fishes
are poikilotherms, drastic change in their surrounding
water temperature will influence their metabolic
processes, behavior, migration, growth, reproduction,
and survival [9]. Reproduction of fish is often highly
sensitive to fluctuations in temperature [5] and so
warming can have either a positive or negative effect on
egg production, depending on whether the target fish
species is close to its thermal optimum. The area and
structural complexity of the coral reefs, sea grasses and
mangroves that provide shelter and food for many
coastal fish species are likely to be altered by rising
water temperature, acidification of the ocean, changes in
sedimentation from new patterns of rainfall and rising
sea levels [8]. Recent declines in fish abundance in the
East African Rift Valley lakes have been linked with
climatic impacts on lake ecosystems [7]. Lake

Tanganyika, for example, has historically supported one
of the world’s most productive pelagic fisheries. A 30 to
50% decline in clupeid catch since the late 1970s has
been attributed partially to environmental factors,
because the lake had sustained high yields under similar
fishing pressure for the previous fifteen to twenty years,
although contrasting views have been expressed [10].
The decline in catch was accompanied by breakdown of
the previously strong seasonal patterns in catch,
suggesting decoupling from ecosystem processes driven
by the weakening of hydrodynamic patterns. These
changes in the pelagic fishery are consistent with a
lakewide shift in ecosystem functioning [7].
Aquaculture production:

Changes in climate have been reported to induce
both direct (e.g. through physical and physiological
processes) and indirect (e.g. through variations in
fishmeal supplies and trade issues) impacts on
aquaculture [2]. It was noted that the physical changes
related to climatic changes, i.e. in temperature, solar
radiation, current and wave actions, sea level rise, stress
due to oxygen deficit, and the frequency of extreme
events; will impact physiological, ecological and
operational (e.g. species and site selection, containment
technologies, etc.) processes. In a work conducted [1] on
the effects thermal tolerance and metabolic activity of
yellowtail catfish, Pangasius pangasius, it was reported
that fish show different behavioural responses to
temperature variation ranging from, restlessness, escape
attempts, unorganized swimming with an attempt to
jump out of the aquarium at temperature of between 39-
42 °C. However, rapid or dramatic increases in
temperature above normal maximum temperatures are
expected to have significant negative effects on overall
viability of some fish populations [6].

Conclusion: ‘ _
In general, responses to direct impacts of extreme

events on fisheries and its communities are likely to be
more effective if they are anticipatory, as part of long-
term integrated management planning. However,
preparation should commensurate with risk, as excessive
protective measures could themselves have negative
social and economic impacts [3]. Considering the
gravities of this issue, it is high time to discuss on
common platform with technocrat and bureaucrats for
framing a need-based policy, and strategy to mitigate the
stem causes due to climatic changes. There is need for
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collaboration among African scientist to cross fertilize
ideas and develop a workable strategy on how to
mitigate the effects on the continent. Also government at
all level should involve both privates sector and civil
society for effective implementation of any adopted
strategies, and educate the populace, rural and fishing
communities on the likely consequences of their action
on the planet earth,
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Introduction:

Since a research project for artificial production of
the Japanese eel, Anguilla japonica, was commenced in
the late 1960s, a continuing process of trial and error has
finally achieved the production of second-generation
larvae in 2010. However, quality of eggs obtained
through controlled maturation is still highly variable, and
the early survival rates of the larvae are usually
extremely low. The low egg quality may be caused by
abnormal oocyte development induced artificially by
salmon pituitary injections. To address this issue, we
began seeking wild maturing eels in their spawning area.
Methods:

On receiving a success in capturing post-spawning
Japanese eels with their gonads appeared to be
degenerated in 2008 [1, 2], a large-scale trawling survey
was conducted by four research cruises in the following
spring to summer, at the southern part of the West
Mariana Ridge. During a 2009 trawling survey, four
males and four females of the Japanese eel in spawning
condition and two mature males and one female of the
giant mottled eel (Anguilla marmorata) were caught [3].
Trawling surveys were also carried out in 2010, and one
female of A. marmorata in maturing condition was
captured. Total RNA was extracted from the ovaries of
A. japonica and A. marmorata. Oligo-dT primed cDNA
libraries were used for sequencing. Sequencing was
performed using Genetic Analyzer II (GAII, Illumina)
and 454 FLX Titanium (454FLX, Roche). Sequence
reads obtained by GAII were assembled by Velvet
assembler, then the GSII contigs and sequence reads
obtained by 454FLX were assembled together into

This ovary in the early to mid-vitellogenic stage was
used for sequencing. The third female had still ovulated
oocytes (eggs before spawning). The eggs seemed to be
over-ripened judging from the over-conflated oil droplet.
The electrophoresis profiles of the RNA extracted from
the eggs seemed to occur its fragmentation. A.
marmorata captured in 2010 had ovary in late-
vitellogenic stage with oocytes that occur transparent in
their peripheral region. The late-vitellogenic ovary was
not obtained in the wild A. japonica, therefore, A.
marmorata ovary was used for sequencing as a
reference. From A. japonica ovary in the early to mid-
vitellogenic stage, GAII single sequencing run produced
14,372,520 reads, with average length of 43 nucleotides.
These reads were assembled into 63,622 contigs, with
average 214 bases. A half-plate run of 454FLX
sequencing produced 320,429 reads, with average length
of 293 nucleotides. These reads were assembled into
98,310 contigs including 85,673 singlets, with average
length of 447 bases. The contigs constructed from GAII
sequences and sequence reads from 454FLX were
assembled together by TGICL clustering software. This
assemble produced 128,840 contigs, with average length
of 341 nucleotides (Table 1). From A. marmorata ovary
in the late-vitellogenic stage, GAII single sequencing run
produced 34,612,320 reads, with average length of 76
nucleotides. A half-plate run of 454FLX sequencing
produced 615,163 reads, with average length of 414
nucleotides. These reads were assembled into 91,691
contigs including 65,455 singlets (Table 2). An attempt
for cross mapping between A. japonica and A.
marmorata short sequence reads produced by GAII

contigs by using TGICL clustering

software. . Table 1 Sequence reads and contigs from A. japonica ovary

Results and discussion: . ' Number of | Average read | Number of Average
Two of three female _A' Japonica,t reads length contigs contig length

captured in the new moon night, were in a "z 14,372,520 | 43 63,622 Y

condition just after spawning. The ovaries 454FLX 326 42’9 203 98’31 0 a4

possessed clear post—ovul'flted follllees and GAIl = ’ . !

oocytes in early to mid-vitellogenic stage. 454FLX - - 128,840 341
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Table 2 Sequence reads and contigs from A. marmorata

ovary
Number of Average | Number Avefage
reads read of ) contig
length contigs length
GAIl 34,612,329 | 76 not yet not yet
454FLX | 615,163 414 91,691 not yet

resulted in 71 % and 62 % of GAII reads of A japonica
and A. marmorata could be mapped onto contigs of A.
japonica, respectively.

Conclusion:

EST database was constructed from wild matured A.
japonica and maturing A. marmorata ovaries by the aid
of two types of next generation sequencing. GAII
produced higher number of short sequence, in contrast,
454FLX produced longer sequences but in lower
number. Clustering of these sequence reads together
appeared to accelerate formation of contigs. The result
from that almost same percentage of GAII sequence
reads from A. japonica and A. marmorata could mapped
onto A. japonica contigs may indicates that A.
marmorata sequence reads can be used for transcriptome
analyses in A. japonica ovaries.
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Introduction:

The Swedish Arctic charr (Salvelinus alpinus)
breeding programme started in 1985, described in [1, 2].
A native strain of charr from Lake Hornavan in northern
Sweden (66° 14' N, 17° 300 E) was selected to form the
basis of this breeding programme. Since the start of the
programme no individuals of other origin have been
included and the strain has been kept at the Fisheries
Board Research station in Kilarne, central Sweden. The
result of 25 years of selective breeding is a fast-growing,
late-maturing fish with high pigment retention in the
fillet. However, the reproductive success is far from
satisfactory. Gamete quality is generally low with high
frequency of opaque eggs and watery sperm. The
spawning period is often prolonged and poorly
synchronised within and between sexes, leading to
increased handling and hence stress of the fish as well as
a more difficult stripping procedure. Fertilisation and
hatching rates are erratic and on average very low
compared to other salmonids in Scandinavian
aquaculture, typically between 30 and 70 percent. The
question is whether this problem derives from biological
features of the strain itself or from suboptimal holding
conditions. This was tested by rearing a split broodstock
at two separate facilities and comparing reproductive
success.

Methods:

Part of the 2005 generation Arctic charr from the
Swedish breeding programme was divided into two
replicates of equal family distribution. One group was
kept at the Kilarne station, the other was sent to a
commercial fish farm in Slussfors, 300 km further north.
The two groups were reared until sexual maturation at
age 3.5 and stripped at two locations. The Kilarne
broodstock was stripped on the site while the Slussfors
broodstock was transported to a hatchery 130 km further
south three weeks before the first fish was stripped.
After fertilisation the eggs from Slussfors were
transported back to Kilame and incubated under equal
conditions as their resident relatives. Environmental
conditions at the two facilities differ mainly in two
aspects: temperature and light. Both are supplied with
lake water of ambient temperature, but the location of

the Slussfors facility enables favourably lower summer
temperatures not exceeding 16°C while temperatures
may reach over 20°C in Kilarne. The fish are kept in

indoor tanks with artificial lighting at natural
photoperiod in Kilarne while Slussfors is an outdoor net
pen facility with natural light.

Results:

Differences were found between the groups in
synchronisation of spawning period and hatching rates.
The Kilarne group exhibited a prolonged stripping
procedure, 10 workdays extending just over a month at
temperatures between 6-10°C, while the Slussfors
stripping was completed in two sessions one week apart
at 3-5°C. Spawning also occurred earlier in Slussfors
than in Kilarne, October 9-15 and October 17 to
November 19 respectively. Survival of the eggs differed
significantly between the two groups, with hatching rates
of 0.62 + 0.22 and 0.38 + 0.20 for Slussfors and Kilarne,
respectively.

Conclusion:

There is a strong environmental factor to the low
reproductive success of the studied Arctic charr
broodstock. The high summer temperature in Kilarne
together with the poor synchronization of the ovulation
resulted in low egg quality. The hatching rates increased
nearly two fold with more favourable temperature and
light conditions in Slussfors, but were still below 70
percent which is considerably lower than other
salmonids. Salmon and rainbow trout typically have a
hatching rate of more than 90 percent under similar
conditions. There are other factors such as the effect of
handling stress and broodstock diets that need in-depth
investigation regarding the critical environmental factors
and holding conditions of the Arctic charr broodstock.
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Figure 2A). Moreover, plasma glucose level was higher
(P<0.05) in F4 (290+67 pg/ml) than in F1 (163+27
Mg/ml) due to a decrease over the time in the latter.
Lysozyme activity increased during the spawning time
and decreased afterwards (P<0.05, Figure 2B). The same
profile was observed for plasma total Ig in both
populations (data not shown). Spleen superoxide
production was lower in March and increased (P<0.0.5)
afterwards in both populations (Figure 2C). Differences
in stress status and immune compounds between the two
generations of breeders corroborate a recent report on
captive juvenile perch [4].

Conclusion:

Photo-thermal culture conditions (inducing gonad

maturation) or domestication level influence both stress
and immune indicators in Eurasian perch. Specifically,
some immune compounds were lowered during gonad
maturation or spawning processes, while other remained
unaffected. It seems likely that these changes are not
only related to variations in photo-thermal conditions but
also to an intrinsic trade- off between reproductive
processes and immune system. More investigations are
still needed to describe the relationship between the
reported changes in immune system and the increase in
disease incidence during the spawning season.
Figure 2: Changes in plasma cortisol (A), lysozyme
activity (B) and spleen superoxide production (C) in
Eurasian perch breeders at the end of gonad maturation,
during and after the spawning season. Values with
different letters are significantly different between
groups and over time (p<0.05).
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and 5.2% ARA of total fatty acid in diet, TFA, diet low,

medium and high respectively). Samples of mid intestine
and liver were collected for studies of fatty acyl

desaturase (D6FAD), elongase (ELOVLS), and
cyclooxygenase (COX2) gene expression.
Results:

Wild fish showed a significantly higher ARA
content than cultured fish. The testis in wild males had
7.8% ARA, a 5-fold higher content than cultured fish,
and a similar trend was observed in liver. Concurrently,
significant differences in EPA/ARA ratio were observed
with higher ratios in cultured fish. The RT-PCR tissue
distribution showed that COX2 was expressed mainly in
gills, testis, and oviduct. COX2 (Q-PCR) in the liver of
cultured fish had 13-fold lower expression than wild
fish. Levels of prostaglandins (PGF3a) in cultured fish
were high, especially in gills and kidney (Fig. 1). High
levels of ARA occurred together with relatively high
amounts of 22:4n-6 and 22:5n-6. The dietary experiment
showed that the expression of D6FAD and ELOVLS in
the liver showed differential nutritional regulation.
Levels of D6FAD and ELOVLS transcripts were
significantly higher in the liver of fish fed high levels of
ARA compared with the low group (control) (6.8-fold in
D6FAD), but differences in gene expression were only
observed in males (Fig 2). The same trend was observed

Vol.4 No. S 8 (August 2011)  ISSN: 0974- 6846

in the levels of COX2 transcript in response to dietary
ARA content (2.8-fold higher with high ARA).
Conclusion:

Wild Senegalese sole accumulated more ARA in
tissues and metabolised ARA to 22:4n-6 and possibly
22:5n-6 to a certain degree. An increase in dietary ARA
levels supplied to cultured sole produced a similar
accumulation and an increase in gene expression of
D6FAD and ELOVLS, although this regulation was only
observed in males. An increase in ARA dietary levels
also produced similar changes in COX2 expression
although in general wild fish show higher expression of
COX2 compared to cultured fish. Differences in
prostaglandin production were also observed and PGF3a
levels in blood were significantly higher than other PGs.
The differences in levels of ARA and its potential effects
on eicosanoid metabolic pathways will be discussed in
relation to differences in reproductive success between
wild and cultured sole.
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mentioned body parts in the sex determination and sex Conclusions:
change mechanism of A. ocellaris are still unknown. A. ocellaris shows a clear sexual dimorphism where 2
morphometric parameters, DALAV and DADPD were
significantly different (P<0.05) between the female and
Table 1: Morphometric measurements analysis male. For the Truss network variables, 7 variables, b, e,
f, h, 1, o and p showed a significant different (P<0.05)

Parameter: Sex N Sig. .
HALAA c . 10-9290 between the sexes. Further studies are recommended on
’ M 3t oo the sexual determination mechanism and differentiation
HAABC F 25 2.185188 . ;
<3 3 process of A. ocellaris.
MM 23
DALAV F 25 2.294240% References:
2% . . .
HPABC o 3z 0352217 [1]IBUSTON, P. 2003. Size and growth modification
21 3 i i
HPDEC 2 i 5361681 in clow_nﬁsh, sex change is not the qnly way these
A 2 e fish achieve dominance - they grow into the role.
BD o 1 2:0672 Brief communication- Nature,424:10 July 2003.
DALAA F 2 9.516582 [2]JLIEW, H. J. 2006. Spawning, development and
M 23 . ; -
DALPA F 2 9.589307 larva rearing of False Clownfish, Amphiprion
DALPD ¥ b 9.654197 ocellaris under captive conditions. M. Sc. thesis.
o b - ! : -
DALAD ! b 0681015 Instltutc? of Tropical Aquaculture, Universiti
At 25 . Malaysia Terengganu. 135p.
28 el » .. .
DADFD N J-036731 [3]REIST, J. D. 1985. An empirical evaluation of
DACPC fx 3 J.43546°0 several univariate methods that adjust for size
LEDF! F 23 2.242164 variation in morphometric variation. Can. J. Zool.,
\I >s rp
LFDF: F 25 9.145089 63: 1429-1439. o
r }__I s 0267168 [4]TURAN, C. 1999. A note on the examination of
M s - morphometric differentiation among fish
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=P<D 3% 259-263.

Table 2: Truss network variables analysis
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pronephric duct in the base of yolk extension region at
5t day after fertilization. The cluster of PGCs then
migrated to the posterior region of yolk extension. The
PGCs were later spread along the all yolk extension from
6" to 13" day (Fig. 2).

Spermatogonia could be an alternative of PGCs for
biotechnology. They were isolated from immature testes
of 2-4 years old sturgeon males, which did not produce
any spermatozoa. The testes was cut into small pieces
and incubated in 0.2% collagenase for 2 hours. The
obtained homogeneous suspension was filtered through
50 pum filter. The cell suspension was then sorted by
percoll gradient (10, 15, 20, 25, 30, 35, 40, 50 %) and
stained with antispermatogonia-specific antigen 1
originally made for Japanese eel by Kobayashi et al. [4]
combined with Anti-Rabbit IgG-FITC antibody. The
cells obtained from layer 10-30% of percoll solution
showed the specific fluorescent signal and shape of
spermatogonia. The layers below contained cells without
almost any signal with spermatocyte-like size (Fig. 3).

The isolated germ-line cells can be then
cryopreserved according to Okutsu et al. [5]. To make
germ-line chimeras, the PGCs or spermatogonia are
isolated from donor and transplanted into the host
embryos. The hosts become germ-line chimeras if the
transplanted cells successively migrate to genital
primordium and differentiate into functional gametes.
Donor genotypes can be then restored in the next
generation. Currently, the methodology is quite well
elaborated for teleost species, but almost nothing was
done on sturgeon. We suggest that the long generation
interval of sturgeon might be extremely shortened if

Vol.4 No. S 8 (August 2011) ISSN: 0974- 6846

species that mature earlier are used as the surrogate host

and produce donor gametes.
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CRYOPRESERVATION OF MALE GONAD OF CARPS, LABEO CALBASU AND LABEO ROHITA
FOR LONG TERM STORAGE AND ITS UTILIZATION IN AQUACULTURE
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Introduction:

Benefits to fisheries’ conservation programs include
the ability to maintain gene banks of species [1, 3, 4].
Cryopreservation of germ cells provides a relatively
inexpensive means for long-term storage of specific
selected genotypes that have special attributes for
aquaculture. Cryopreservation of sperm is considered a
for developing the
reproduction, for maintaining genetic variability of
fish brood stock and
programs [7]. Cryopreservation of sperm for many
species including teleosts and other finfish have been
relatively
successful. Here, we have attempted to cryopreserve the
whole excised testis of two carps, Labeo calbasu and
that would
propagation and conservation of fish species. This may
open up animal breeding programs with an additional
capability of establishing semen cryobanks.

valuable technique

developed and are

Labeo rohita

Methods:

Matured male fishes of Labeo calbasu and Labeo
rohita were humanely killed by anaesthsia (1-2 phenoxy
ethanol), matured testis were excised, and the weight of
the gonad and fish were recorded. Prior to this the male
fish were injected with GnRH hormone (Ovaprim) at a
rate of 0.4 ml / Kg body weight. The whole intact testes
were removed surgically in aseptic conditions for
cryoprcservation and sperm evaluation after thawing.
The GSI was calculated by the following formula, (GSI
= gonad weight/body weight X 100). Each testis was

Kausalyaganga, Bhubaneswar-751002, India.

e-mail: routray30 @yahoo.co.in

clamped with a cord clamp and
cryoprotectant

equilibrated in
sulfoxide (DMSO),

artificial

biological  conservation

simple and highly

help in the artificial

Results and Discussion:

Table 1. Testicular status, semen parameters and fertilization ability of spermatozoa of Labeo
calbasu and Labeo rohita before (control) and after thawing.

Labeo calbasu Labeo rohita
Control Cryopreserved | Control Cryopreserved
Parameters
Testis somatic index (TSD) | 1.8+0.28 1.72 £0.28 1.7+0.34 1.6 £0.42
Milt output (ml/ Kg body | 7.0+2.0 6.6 +1.25 62+20 6.0+1.25
weight)
Motility % 90 +5.8 85+6.8 90+5.8 83+ 6.8
Spermatocrit Value 85+6.0 82+40 80+ 6.0 79+45
Osmolality of seminal | 263 £ 6.0 259.255.5 263 +£6.0 266 + 4.5
MLmOsm/Kg) . i
Motility duration (sec) 92 £4.0 6+4.0 +4. 83+5.2
m % 90£52 76+5.2 90£2.38 75+ 46
L_/___—i
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individually
i.e., 10 % dimethyl

placed in centrifuge tubes and
cooled at arate of -15°C/ min until it attained -60 °C
[5] before plunging in to liquid nitrogen. After 1 week,
thawing was done in a water bath at 38+2°C for 3-4 min
following a modified method [2]. The
thawed testis was collected by
anterior lobes of each testis
motility and duration of spermatozoa after freezing was
recorded. Estimation of spermatozoa motility was started
immediately after dilution and the movement was
observed till 4 min. The motility was recorded in a
computer using computer aided motility software
(Biovis motility software, M/S Expert Vision Pvt. Ltd,
India). For fertilization of 10,000 eggs, 0.5 ml of fresh or
1.5ml cryopreserved sperm was used each time.
Fertilization rate was scored 6 hr after activation of
eggs with semen from different treatments and control
and normally developing embryos
were selected as fertilized ones.

semen from
squeezing out the

into a sterile tube. The

at morula stage

Fish are the most diverse and numerous groups of
vertebrates. Here it was observed that the whole and
intact gonad cryopreservation is possible in carps and the
spermatozoa can be utilized for in vitro fertilization of
oocytes under artificial propagation methods.  The
details of the testicular status and the semen parameters
before and after thawing are depicted in Table 1.

The testes of both the carps were bi-lobed having

sufficient testicular
lobule to hold
spermatozoa. Here, after
the cryopreservation,
fertilization was
successfully done with
more than 75 % in both
the species. In case of

emergency or
unforeseen situations
where the mortality of
brood fish 18
uncontrollable, this
method of
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cryopreserving the whole gonad of the male fish can be
used effectively. This is an essential tool for germplasm
conservation also. It is known that the GSI increases
with the approach of spawning season and recedes after
spawning or towards the end of the spawning season
since such changes have been reported in freshwater
teleosts [6]. Sometimes, asynchronous spawning also
damages the breeding programs and also during table
fish production male fishes are sacrificed for food
purposes where testis can be recovered and utilized for
artificial insemination purposes.
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Introduction:

Carp culture is an ancient aquaculture practice and
also is an important fisheries subsector in India. The
main goal of carp farming is for low input, low cost
production of protein food for domestic consumption
and cash income [1]. Sustainable and successful
freshwater carp culture on scientific basis principally
depends upon the use of adequate, economically viable
and environment friendly artificial feeds. Since the feed
costs vary between 40 to 60% of the total managerial
expenditure in carp culture system, provision of
artificial feed increases the fish growth and
production and results in higher growth rates and
yields. With a view to enhance growth, a study was
carried out to assess the impact of a soya based feed
additive, Nutripro Aqua on growth performance and
feed utilisation of fringed lipped carp, Labeo
fimbriatus an ideal candidate species for composite
fish culture.

Methods:

The culture experiment was conducted for a
period of 120 days in cement cisterns (size 5x4x1m)
without soil bottom. Fishes of uniform size were
stocked at the rate of 4/m”in each cisterns. There were
control and treatment for the experiment and it was
replicated thrice. Cisterns provided with a fishmeal
based pelleted feed having 40% protein was
considered as control and the cisterns offered with a
supplementary feed (40% protein) containing
Nutripro aqua was designated as treatments. Nutripro
aqua was incorporated into the supplementary feed at
three different concentrations viz, 8%, 9.5% and 11%.
Fishes were administered the experimental feed at a
rate of 5% of their body weight twice a day. The
quantity of feed to be given was readjusted after every
fort nightly sampling. Fishes were sampled once in
every 15 days. Feed conversion efficiency (FCE),
protein efficiency ratio (PER) and nutrient
digestibility were calculated as follows: Feed
conversion efficiency (%) = Wet weight gain (g) /
Feed consumed (g) x 100; Protein efficiency ratio (%)
= Wet weight gain (g) / Protein intake (g) x 100;
Apparent nutrient digestibility = Nutrient in feed -
Nutrient in excreta / Nutrient in feed x 100. The

Growth (g)

influence of Nutripro aqua on digestive enzyme
activities (amylase, protease and lipase) in the foregut,
midgut and hindgut of fishes were estimated. Total
activity = Enzyme unit / g tissue;

Specific activity = Enzyme unit / mg protein. DNA
and RNA contents in the muscle, liver and brain of the
experimental fishes were also estimated. One way
analysis of variance (ANOVA) was employed to find out
the statistical difference between control and treatment

Fig 1: Growth in weight of L.fimbriatus
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The amylase and lipase activity were highest in the
foregut region, while protease activity was higher
in midgut region. The highest carcass protein level
was recorded in 11% Nutripro-Aqua fed fish while
the lowest in control. Nutripro Aqua may induce
better growth resulting in protein accretion in the
body tissues which in turn is an indication of
enhanced protein svnthesis [4].

means.
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Results and discussion:

The fish fed with a diet containing 11% Nutripro-
Aqua exhibited significantly (p<0.01) superior growth
compared to other treatments and control (Fig 1 and
Table 1). Feed additives are reported to exhibit a
significant effect on fish growth and production [2].
Similar enhanced growth rate was also observed in catla
fingerlings when Nutripro aqua incorporated diet was
administered [3]. Feed conversion efficiency and
nutrient digestibility were high in the fishes fed with
Nutripro-Aqua at 11% and was low in control. The
increased nutrient digestibility observed under Nutripro
aqua diet may be a reason of the enhanced growth
exhibited by the fish in this treatment. RNA/DNA ratio
of fishes fed with Nutripro-Aqua showed significant
variation from control.

Conclusion:

The growth promoting effect of Nutripro aqua is
expressed through stimulation of appetite of fringed
lipped carp leading to enhance feed intake, high feed
conversion efficiency and improved nutrient
digestibility. The high RNA/DNA ratio observed in the
rapidly growing fishes suggests this hypothesis. It can be

Vol.4 No. S 8 (August 2011) ISSN: 0974- 6846

recommended that Nutripro aqua can be used as a viable
growth promoter in carp culture.
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[ Table 1: Growth, feed utilization, digestive enzyme activity and RNA/DNA ratio of L fimbriatus fed with different diets

Parameters Control 8% 9.5% 11%
M+ SD M+ SD M+ SD M+ SD

Initial length (cm) 2.40+0.22 2.40+0.22 2.40+0.22 2.40+0.22
Initial weight (g) 0.32+0.02 0.32+0.02 0.3240.02 0.32+0.02
Final length (cm)** 8.21°+0.32 10.20°+1.29 13.80°+0.34 14.20°+0.51
Final weight (g)** 11.13°+0.51 13.31°+1.73 19.87°+1.02 23.10°+0.71
S.G.R. (%) 3.0940.56 3.85+0.44 5.04+0.31 5.85+0.01
Survival (%) 80.00+4.00 80.00+4.00 82.00+6.00 80.00+4.00
Feed consumption (g) 21.11°+1.03 22.217+2.88 24.01°+1.89 25.79°+1.07
Feed con.efficiency** 18.19° £2.73 20.23" £3.07 22.11° +2.16 23.11°+2.75
Protein digestibility (%) 64.32+0.88 65.42+0.92 67.11£1.02 69.2140.86
App.lipid.diges. (%) 76.12+0.99 76.21+1.02 79.61£1.12 80.31+0.29
Dry matter (%)** 63.11°+2.03 64.21°+2.88 64.01°+1.89 66.79°+1.07
Protein in carcass (%)** 67.19°+2.73 68.23+3.07 70.11°42.16 71.11°42.75
Lipid in carcass (%)~ 3.21+0.71 3.3340.63 3.01+0.59 3.08+0.39

** P< 0.01; a,b,c,d. - Means with the same superscript do not differ from each other (Duncan's test)
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Introduction:

In 2005, a research program was launched to
evaluate the feasibility of developing a generic approach
of the domestication of finfish species that would be
helpful to promote the diversification of the production
in aquaculture. This program was focused on temperate
freshwater fish inhabiting chiefly Western Europe
because European inland aquaculture presents several
opportunities for diversification (e.g., Eurasian perch,
pikeperch, tench, burbot...) and enough reliable
information was expected to be available for numerous
species. The choice was made to focus on reproduction
because its control is a prerequisite for domesticating
new finfish species [1].

Methods:
An extensive literature search was performed based

chiefly on the Aquatic Sciences and Fisheries Abstracts
bibliographic database (ASFA). All reliable information
was entered into a new database entitled STOREFISH,
acronym for STrategies Of Reproduction in FISH [2].
Today, ca. 80% of the 4000 cells of the database have
been fulfilled based on the analysis of more than 2000
references.

Results and Discussion:

Based on this database, four different studies were
performed. First, the analysis of 29 reproductive traits
for 65 species resulted in an original typology that
differs significantly from all others proposed earlier [3].
From this typology, a rather regular continuum of ten
reproductive clusters emerged with two obvious
endpoints. Between two extremes, species could be
ordered chiefly according to temperature requirement,
spawning season and parental care. Because most
clusters are sufficiently homogeneous, it is reasonable to
think that extrapolations of biological and zootechnical
knowledge acquired on one species would be possible
between species belonging to the same cluster,
particularly concerning the environmental control of
reproductive cycles, and regulation of egg and larvae
quality. )

Then, two complementary studies were performed in
order to test some generalities often stated in the
scientific literature. The first study focused on the
possible relationships between oocyte diameter and
incubation temperature to incubation time [4]. A strong
relationship was found between incubation time (s, days)

and incubation temperature (7, °C): ¢ = 186.23e%1"" (2
= 0.87). A strong dependence of incubation time on
oocyte diameter (@, mm) and incubation temperature
was also found: logiet = 3.002 + 0.599 log,@ — 1.91
logio (T + 2) (r* = 0.87). However, @ and T are not
related implying that it is impossible to predict the
required 7, based only on @. Noteworthy, the equations
calculated for the freshwater species fitted badly
previous datasets of marine species, particularly due to
the lack of large eggs comparable to the eggs of some
salmonids(e.g. Salmo, Oncorhynchus, Salvelinus) in the
marine fish datasets. The second study aimed at
comparing the early-life stage strategies between 65
freshwater fish species and evaluating how trade-offs are
directed towards first feeding of larvae in spring and
summer [5]. ¢ and degree-days (°D) required to reach
hatching and mixed feeding were weakly related to @
and strongly to 7. These results are chiefly because
oocyte diameter and yolk reserves are weakly related
and temperature strongly increases tissue differentiation
rate, activity of hatching glands and embryo motility.
Besides, no link was found between larval size at
hatching and °D from hatching to mixed feeding and
between °D for incubation and °D from hatching to
mixed feeding. These last two results are chiefly because
the developmental stages at hatching and at the onset of
exogenous feeding are not fixed in ontogeny and are not
directly related to either larval size or degree-days for
incubation, but more probably are species-specific.
Whatever the spawning season, which can take place
virtually all year long, the different trade-offs at the early
life stages ensure that most larvae are first feeding
during spring, when food size and abundance are the
most appropriate.

Based on these two studies, it appeared clear that
freshwater and marine species display some differences,
particularly concerning the early life stages. A fourth
study was thus realized to both summarize the main
differences (e.g., freshwater fish species have generally
bigger eggs that are adhesive and larger larvae at
hatching than marine species) and highlight the possible
implications for aquaculture practices (e.g., procedures
for removing the stickiness of eggs, larval diets, onset of
cannibalism) [6].
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Introduction:

Different methodologies have been applied to
establish in vitro culture of embryonic stem (ES) cells
from vertebrates. Application of murine in virro
conditionS to non-murine mammals has achieved with
only partial success. Embryonic stem cells (IMC-ES)
derived from early blastula of Indian major carps (IMCs)
(Labeo rohita, Catla catla, Cirrhinus mrigala) need
specific physiological conditions for their long-term
propagation while maintaining their undifferentiated
status. The pluripotency of ES cells is largely affected by
the conditions provided viz., physical, chemical and
biological parameters during in vitro culture. In the
present  investigation we  standardized various
components (physical, biological and chemical) that are
responsible for derivation, proliferation, propagation and
maintenance of ES cells from the IMCs. Different
parameters viz., temperature, pH of media, osmolality,
amount of oxygen and carbon dioxide, combination of
media, concentration of fetal bovine serum, glucose,
growth factors and initial seeding density were analyzed.
The properties of the ES-cells were further investigated
by alkaline phosphatase (AP) activity, immunological
evidence and their differentiation.

Methods:

The  blastomeres collected from early blastule
embryos of L. rohita, C. catla, C. mrigala were cultured
in condition media composed of Leibovitz-15,
Dulbecco’s modified Eagle’s medium with 4-5 g 1™
glucose and Ham’s F12 (LDF) in 50:35:15 ratio and 5%
FBS. Additional components such as 15 mM HEPES [4-
(2-hydroxyethyl)-1-piperazine-ethane-sulphonic acid], 8

nM sodium selenite, 100uM B-mercaptoetanol, 1mM
sodium pyruvate, 1mM non-essential amino acid
(NEAA), 100 TU ml' penicillin, 0.lmg ml"

streptomycin, (Sigma, USA), 1 % FS and 1 % FEE.
Cultured ES cells were subjected to several physical

Proceedings of 9" international Symposium on Reproductive Physioiogy of Fish, Cochin, India.

(temperature, pH of medium, osmolality, % of oxygen
and % carbon dioxide), chemical (different combination
of medium, concentration of fetal bovine serum, addition
of growth factors) and biological (initial seeding density)
parameters that affect proliferation, propagation and
maintenance of IMC-ES like cell. Cryopreservation of
IMC-ES cells was done using 10 % DMSO (dimethyl
sulfoxide).

Results and discussion:

Embryonic stem cells derived from early embryos
hold strong potential application in several field of
biotechnology [5, 6]. Long-term propagation of stem
cells was achieved with partial success in a species-
specific condition to maintain the cellular niche [2, 3, 4].
Growth and propagation of primate and murine ES cells
need specific in vitro condition for their growth [1].

The present results revealed that creating an in vivo
environment in in vitro condition can cause suitable
growth and maintenance of cultured ES cells. Among the
investigated factors; temperature of 28 °C, pH 7.4;
osmolality 270 mOsm / Kg; 40 % oxygen tension, 5 %
carbon dioxide, 50:35:15 LDF combination, 10% FBS,
25 mM glucose, 10 ng/ ml of hLIF, 10 ng/ ml of bFGF,
1x10° cells/ml of initial seeding density facilitated the
IMC-ES cell growth and propagation up to 40 passages
without showing significant differentiation. These ES
cells showed extensive alkaline phosphatase activity,
positive SSEA-1 expression and differentiated into three
cell types of embryonic germ layers. The viability of
cryopreseved ES cells was estimated by trypan blue
assay and found to be more than 70 % viable with
colony forming ability.

The ES-like cells formed maximum colonies at a
seeding density of 1 X10° cells’ ™ as shown in Fig.1.
Similarly, proliferation of IMC-ES cells was noticed
maximum at 28 °C.
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As the following account is written ahead of the
symposium it is only based on the general program
and the presentation titles.

The organizers have wisely selected the session
topics that have been used traditionally in previous
ISRPF meetings, although in a different order.
Poster sessions, always presenting new and exciting
data, have been allotted ample time for meetings
and discussions with students and with the new
generation of young scientists. The list of titles and
addresses indicates a growing number of
participants from Korea, Malaysia, New Zealand
and especially from South American countries that
join the symposium in spite of the discouraging
distance.

In the reproductive neuroendocrinology session,
kisspeptins continue to play the leading role although
new neurohormones are emerging and their site and
function along the reproductive axis may open a new
front in neuroendocrine research. Steroids and steroidal
pheromones affect both circulating vasotocin, brain
catecholamines and fish behavior. Endocrine research is
no more restricted to small model fish like the goldfish,
medaka or zebrafish as hormones of large fish namely
Thunnus thynnus and Arapaima gigas are now on the
list.

A number of contemporary tools such as
transcriptome, next generation sequencing, microRNA
and AFLP have been mobilized in attempts to reveal the
mechanisms of sex determination, gonadal
differentiation or sex change, that are regulated by
genetic or external factors such as ambient temperature.

Fish as exothermal vertebrates experience seasonal
variations of reproductive parameters that ensure
spawning at the optimal season for the survival of their
breeding products. The session dealing with thege
temporal changes presents more examples of this
phenomenon together with attempts to reveal the
mechanism underlying these changes. _

Testicular physiology is represented in the symposium
by a review on chondrostean spermatozoa 'and
contributions on the possible effect of peptldes
belonging to the relaxin/insulin- like family on
spermatogenesis, and that of leptin on male early

maturation. In addition, new information is presented on
fish androgens, spermatogonial stem cells, and the use of
somatic gene transfer for studying the gonadotropic
regulation of spermatogenesis.

The session on ovarian physiology provides novel
information on lipid metabolism and oocyte
development, on ovarian lipoprotein receptors,
vitellogenesis, yolk proteolysis, and on molecular
regulation of aquaporins as related to oocyte hydration.

In the current symposium, the session on spawning
has expanded to include effects on gamete quality and
early embryogenesis, In addition, the session spans
reports on  various spawning-inducing agents,
gonadotropins and the acquisition of ovulatory
competence, and a proteomic approach to study the
molecular mechanisms operating in fish oocytes.

The contribution of the symposium to the issue of
environmental pollution is presented in the session on
reproductive toxicology and endocrine disruptors. The
main emphasis of the presentations is on estrogenic
pollution, including bisphenol A which interferes with
the normal function of both the testis and ovary.
Attempts are made to discover fast and reliable criteria
for the biological detection of estrogenic pollutants.
Pyrethroid insecticides commonly used in agriculture
and household disrupt too fish reproduction interfering
with steroid metabolism. Other environmental factors
such as long-term cyclic hypoxia or nutritional stress can
disrupt the normal reproductive process in fish.

Germ cells transplantation and spermatogonial stem
cells in teleosts or primordial gonocytes and
spermatogonia continue to lead the germ-cell studies in
the biotechnology session. Constructing ESR database
from the ovaries of eels maturing in the wild may prove
essential for future studies of eel puberty. The practical
aspect of biotechnology includes presentations on
classical spawning induction, sperm cryopreservation,
the effect of photo-thermal regime or dietary arachidonic
acid on domestication or gonadal dysfunction. In
addition, the session includes report on masculinization
in mullet and other endocrine manipulations related to
aquaculture.

This cursory overview of the program is only intended
to raise the reader's curiosity and to encourage the active
participation in the lectures and poster sessions.
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