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Background




Sex-determining/ -differentiation

 In fish, the sex-determining mechanisms
are diverse and often different even in
closely related species (Tanaka et al., 2007)

— Sex-determining gene: dmy gene in medaka

« However, the genes involved In fish sex
differentiation are quite conserved
throughout the species and even across

the different groups of vertebrates (Munger
et al., 2009; Piferrer, 2011)




In teleosts, reproductive process
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Gonadotropins

FSH (Follicle stimulating hormone) Is
Involved In the Initiation of gametogenesis
and the regulation of gonadal growth. The
level in the blood increase during early
oocyte development and stimulate the
synthesis of T, which is then aromatized
Into E2 (Cyr and Eales, 1996)

LH (Luteinizing hormone) regulates gonadal
maturation and spermiation/ovulation
(Mateos et al., 2002).




Steroid hormones

e 17B-estradiol(E,) and testosterone influence
reproduction and development, including
gonadal sex determination, sex differentiation,
and sexual behavior.

e They are involved in the feedback control of
the reproductive cycle in the HPG axis.

e Steroid hormone are synthesized via
steroidogenesis.
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Diagram depicting genes involved in sex differentiation in a typical
teleosts (Leet et al. (2011) J. Appl. Toxicol. 31:379-398)




Endocrine disrupting chemicals
(EDCs)

* The effect of EDCs have been an
emerging Issue in environmental
pollution.

— An exogenous substance of mixture that
alters functions of the endocrine system
and consequently causes adverse effects
IN an intact organisms, or Iits progeny, or
subpopulations (WHO, 2002)




Mechanisms of Action of EDCs

* In most teleosts, gonads retain bipotentiality even
after gonadal differentiation (Devlin and Nagahama,
2002).

« Thus, exogenous hormones have the potential to
cause sex reversal and disrupt reproductive
processes even after sex differentiation has occurred.

e The biochemical pathway underlying fish
reproduction, in particular, the key enzymes involved
In steroidogenesis would be a potential target for
EDCs




Reproductive effect of EDCs

Iable 4 le 4 (cominued)
Reproductive effzets, ranked from most common to least comme. * in fish exposed in the laboratory to single’ DCs praduchve effect HIC expesare Species References
Reproductive effect EDC cexposure Spew. References ersex gonads estradiol carp Gimeno et al., 1998b
..i'__ Reduced cgg production estradiol medaka Patyna ct al. ~tal.. 7 ethynylestradiol medaka Meatealfe at al | 2001: Seki er al._ 2002
| (or live young)! 002 estrone medaka Metealie etal., 2001 =
estriol medaka Meatealfe 2t al, 2001
Cathead minnew Egrmi OI octylphenol medaka Gray et a’., 1999
cthynylestradiol st y fosmanol A medaka Metealfe ot al,, 2001
wstasterone medaka Koger et al., 2000
law. I I lahyl tStOSterone, methyltestosterone zcbrafish Om et al., 2002
sand o, R estradiol medaka Karg et al., 2002
nonylphenol lathead minne, nonyl phmol . bl q)hmolA ethynylestradiol zebralish Segner et al., 2003
methoxychlor fathead minp: . ! fathead minnow Pawlowski et al., 2004
bisphenol A h | w | ¥y o - DRSStk
ethynylestradiol, p,p’- DDE
Decrease
n characte -
Medaka » Reduced egg production
Skewed sex ratic” 98; Kozer et al.. 200

Fathead minnow e ® Skewed sex ratio

a reduee
holz and Guizeit, 2000

Zebrafish, carp,  Reduced male GSI

Delayed s

guppies, goldfish, H » Decreased sexual behavior

Rainbow trout, e Intersex gonads
Sand goby ~w« * Reduced egg fertility

cal, 1926 J

Reduced male Gon
Index (GSIi

orctal, 1998
non, sobling et al, 1926 Physical deformiu.
octylpheno: Jobling et al, 1996 octylphenol medaka Gray el a.., 1999
pentylphenol carp Gireno et al., 19985 Alered plasma steroid nonylphenol rainbow lrout Schwaiger el al.. 2002
bisphenol A fathcad minnow Sohani ct al, 2001 hormane concentrations’ methexychlor fathead minnow Ankley 2t al. 2001
Decreased sexual behavior estradiol medaka Oshima et al., 2003 Reduced female Gonadosomate  bispherol A fathead minnow Schom et zl.. 2001
in males goldiish Bjerselius et al., 2001 ndex (GS1) vinclezo in Makynen et al , 20010
guppies Bayley ctel,, 1999 Females with male sexunal methyltestostzrone tathead minnow Ankley =t al., 2001
cthynylestradiol zebrafsh Segner et al., 2003 characteristics
sand goby Robinson et al., 2003
octylphenol medaka Gray et al., (999 Sunerseript indicstes that twe effects had identical mnkn?g
puppis Bayley et «l, 1999 “ Ranking determined by summing the rumber of EDCs that caused the effect with the number of species exhibiting the effect.

bisphenol A cebralish Segner etal, 2003
vinclozolin suppies Bavley et «l., 2002
flutamide guppics ay 2002

[ntersex gomads estradiol micduka qmm“c .' jl‘j.(l;:?:(:\;ug;r el al., 2000; M I I IS a d C h I C h eSte r (2005) SCI . TOtaI E nVI ro n . 343: 1 34




Table 1 Summary of some studies on fish gonadal development using genomic approaches

Genomic approaches

Species common name Monosex  Stage Method Verification References

Guppy No Adults 454 titanium PCR and RNA-seq Fraser et al. (2011)
Largemouth bass No Adults GS-20 and microarray qPCR Garcia-Reyero et al. (2008)
Rainbow trout Yes Juvenile Macroarray, microarray qPCR Baron et al. (2007, 2008)
Senegalese sole No Adult female Microarray ISH and qPCR Tingaud-Sequeira et al. (2009)
Sturgeon No Juvenile and adults 454 GS Hale et al. (2009)

Sturgeon No Adults 454 GS and titanium qPCR Hale et al. (2010)

Nile tilapia Yes Larvae and fry gPCR Ijiri et al. (2008)

Nile tilapia Yes Adult Cell transfections, transgenics EMSA, ISH Wang et al. (2010)
Pejerrey No Juveniles Microarray qPCR Fernandino et al. (2011)
Platyfish No Adults 454 titanium qPCR Zhang et al. (2011)
Zebrafish Transgenic Fry Transgenics IHC, histology fang et al. (2007)
Zebrafish No Adults Microarrays ISH and qPCR Sreenivasan et al. (2008)
Zebrafish No Adults Microarrays qPCR Small et al. (2009)

454 titanium and 454 GS are commercial products from Roche

EMSA electrophoretic mobility shift assay, GS-20 generation sequencing, /HC immunohistochemistry, ISH in situ hybridization, ¢PCR real-time

quantitative PCR

Piferrer et al. (2012) Mar. Biotechnol. 14:591-604




Model species
_Kryptolebias marmoratus

 The mangrove killifish; synonym Rivulus
marmoratus (Poey, 1880), order
Cyprinodontiformes, family Rivulidae

 The only known internally self-fertilizing,
protogynous hermaphroditic vertebrate In
the world

a) Hermophrodite
b) Secondary male



Comparative Biochemistry and Physiology, Part D 6 (2011) 244-255

Contents lists available at ScienceDirect

Comparative Biochemistry and Physiology, Part D

journal homepage: www.elsevier.com/locate/cbpd

Analysis of expressed sequence tags from the liver and ovary of the euryhaline
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|. EDCs modulate expression of two distinct
cytochrome P450 aromatase genes

differently in gender types of the

hermaphroditic fish Kryptolebias marmoratus
(Lee et al., 2006. BBRC 345: 894-903)




Cypl9 gene

The cypl9 gene is highly conserved throughout the
vertebrate phylum, human, mouse, rat, cow, birds like
chicken, zebra finch, reptile and fishes

In mammals, with the exception of pig, there is a single
cypl9 gene with multiple tissue-specific promoters.

In teleost fishes, at least two separate and distinct cypl19
loci: cypl9a (predominantly gonad form) and cypl19b
(predominantly brain form) encode structurally and
functionally different aromatase isoforms.

CYP19b is involved in the neural differentiation, survival,
morphology and sexual behavior, while CYP19a is
Involved in sexual differentiation and oocyte growth.




Tissue distribution
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Developmental expression of
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Expression of cypl9 genes
after exposure to EDCs
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expression of gonadotropin
subunit genes In the

hermaphroditic fish, Kryptolebias

marmaoratus

(Rhee et al., 2010. Comp. Biochem. Physiol. C 152:
456-466)




Gonadotropins

e Gonadotropins (GTHSs) constitute a a:f3
heterodimer consisting of a common a subunit
and the follicle-stimulating hormone 3 (FSH-J3,
GTHI) and luteinizing hormone B (LH-B, GTHII).

 They belong to the heterodimeric glycoprotein
hormone family and are secreted in pituitary
during reproductive development.




Phylogenetic relationship
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Developmental expression
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Time — course effect of BPA
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lll. Bisphenol A modulates
expression of sex differentiation

genes In the self-fertilizing fish,

Kryptolebias marmoratus
(Rhee et al., 2011. Aquatic Toxicol. 104: 218-229)




Sex differentiation — related
_Jenes
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Effect of BPA
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Time-dependent effect of BPA
_in juvenile fish _
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Summary

« BPA may modulates the expression of sex
differentiation and steroidogenesis pathway
genes.

Differentially expressed genes in response to
BPA may be potential biomarkers for risk
assessment of EDCs exposure in aquatic
environment.

e This study would provide a better
understanding on molecular mechanisms of
BPA exposure in the hermaphroditic fish, K.
marmoratus.




