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Abstract

Vertebrate sex steroids are ubiquitous and important bioactive mediators for many
physiological functions. Progesterone and 17f-estradiol have been detected in few crustaceans
and hypothesized that they are involved in the regulation of ovarian maturation. However, in the
freshwater crab, Oziothelphusa senex senex, the presences of 17B-estradiol and progesterone, as
well as their mechanism of action on ovarian maturation have not yet been investigated. In this
study, we not only report the presence of 17B-estradiol and progesterone in the haemolymph of
O. senex; and their levels were significantly higher during late vitellogenesis. Moreover, we
found that administration of these hormones increased ovarian index, oocyte diameter, and
ovarian vitellin levels in the crab. Additionally, the mRNA levels of ecdysteroid receptor and
retinoid receptor in hepatopancreas and ovary and vitellogenin mRNA levels in hepatopancreas
also increased after administration of progesterone and 17f-estradiol. In silico analysis revealed
interaction between vertebrate steroid hormones and ecdysteroid receptor. The ability of female
sex steroids to mimic the effects of ecdysteroid suggests that the vertebrate steroids may
represent another group of reproductive endocrines in crustaceans besides peptides (gonad

inhibiting/stimulating hormones), terpenoids (methyl farnesoate) and ecdysteroids.

Key words: 17-estradiol; Progesterone; Vitellogenin; Ovarian maturation; Oziothelphusa.
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1. Introduction

Steroids have been speculatively viewed as very ancient ‘bio-regulators’ which are
omnipresent throughout the biosphere and evolved prior to the appearance of eukaryotes', thus
the steroid structure is characteristic not only to steroid hormones, but also of a variety of
materials which occur in the natural environment. Their use as hormones is well established in
two phylogenetically unrelated lines: the arthropods, where ecdysteroids contribute to the
regulation of growth (molting) and reproduction®” and the vertebrates, where androgens and
estrogens regulate sexual characteristics and reproduction. Although androgens and estrogens are
highly characteristic of vertebrate endocrine system, they also occur in invertebrates and also in
plants.

Vertebrate steroids viz., pregnenolone, progesterone, 17a-hydroxyprogesterone, 17a-
hydroxypregnenolone, 6B-hydroxyprogesterone, 20a-hydroxyprogesterone, 17p-estradiol,
estrone, testosterone, etc, have also been discovered in the hepatopancreas, ovary and
haemolymph of several crustaceans.”'* Moreover the enzymes involved in steroid biosynthesis
especially 17B-hydroxysteroid dehydrogenase and 3B-hydroxysteroid dehydrogenase have also

15-21

been discovered in the tissues of several crustaceans. Exogenous administration of estradiol

and progesterone induced ovarian maturation in crabs, crayfishes and prawns*>*’ by stimulating

28-33

vitellogenin (Vg) synthesis®>* and secretion.”’” Indeed, a positive correlation between circulating

Vg levels and haemolymph progesterone and 17B-estradiol levels have been reported for crabs’

3237 and crayfish.*®

36 shrimps

Despite several reports on the occurrence of vertebrate steroid hormones and their
receptors in crustaceans’, their modes of action in crustaceans remain to be elucidated. The
present study reports the profiles of the two steroid hormones namely 17B-estradiol and
progesterone during vitellogenesis in the haemolymph of the fresh water edible crab,
Oziothelphusa senex senex. Furthermore, this study also examines the effect of exogenous
administration of these hormones on ovarian growth and vitellin levels. In addition, in silico
docking studies were conducted to explore the possible mechanism of action of vertebrate
steroids in crustaceans. Finally, mRNA levels of ecdysteroid receptor (EcR), retinoid receptor
(RXR), ecdysteroid responsive gene (E75) and vitellogenin in the tissues were determined after
administration of 17B-estradiol and progesterone. Knowledge on the precise role of vertebrate
steroid hormones on ovarian maturation and oocyte development could be used to develop
technology to induce the production of gametes and spawning of commercially important

crustaceans.
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2. Material and methods

2.1. Determination of the levels of 17B-estradiol and progesterone in the haemolymph of
previtellogenic and vitellogenic stage III crabs.

Sexually mature female crabs, O. senex, (NCBI Taxon ID: 324906) at various stages of
ovarian maturation, with average weight of 32-37 g were obtained from irrigation canals around
Tirupati (13° 36” N, 79° 21° E), India. Ovarian stages were determined according to Swetha et
al.* Further, morphological and histological description of the different stages of ovarian
development in the crab O. senex senex was presented as a supplementary data (Fig. S1; Table
S1). Crabs were acclimatized for 48 h before the haemolymph was collected for the
determination of 17B-estradiol and progesterone. The crabs were anesthetized on ice for 10 min
before the collection of haemolymph. Haemolymph was collected through the arthrodial
membrane of the coxa of the third pair of walking legs of the crab. To 1 ml of the haemolymph,
3 ml of diethyl ether was added. All the samples were vortexed for 30 s and kept for 2 min. The
samples were then plunged in liquid nitrogen for 2 min and the upper ether phase containing the
steroids was recovered. The residue was subjected to ether extraction for three more times to
extract the steroids completely. The extracts were pooled and evaporated to dryness at 40°C.
The extracts of haemolymph were used for estimation of 17-estradiol levels by competitive
chemiluminiscent enzyme immunoassay (CLEIA) using Immunolite 2000 Estradiol kit
(Diagnostic Products Corporation, Los Angeles, CA, USA). The sensitivity or detection limit of
the assay was 15 pg/ml. Progesterone was measured using the Progesterone EIA kit (Euro-
Diagnostica B.V, Armhem, The Netherlands) following manufacturer’s instructions. Samples
were analyzed in duplicate. The inter-assay variation was 5.4% and 6.0% for 17B-estradiol and
progesterone respectively. The sample size for determination of hormone level is relatively
small, since only limited numbers of previtellogenic stage and vitellogenic stage III crabs (out of
60 sexually mature crabs collected in three instances, 5 in each group) were obtainable in
collection.

2.2. In vivo effect of 17p-estradiol and progesterone on ovarian maturation
2.2.1. Collection and Maintenance of the animals

Intact mature female crabs (body weight 32-37 g) were collected from the rice fields and
irrigation canals around Tirupati and housed 6-8 per glass aquaria (length: width: height = 60:
30: 30 cm) with sufficient ambient medium (salinity: 0.5 ppt) and water was replaced daily.

Animals were maintained under controlled laboratory conditions (temperature 27 + 1°C and a
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light period of 12 h) for at least one week before beginning the experiments. During their
sojourn, the crabs were fed with sheep meat daily ad libitum.
2.2.2. Test chemicals

17B-estradiol and progesterone were purchased from Sigma Chemical Co. (St Louis,
MO). Structures of the test chemicals along with ecdysteroid are shown in Fig. 1.
2.2.3. Experimental design

Female crabs in pre-vitellogenic stage were randomly divided into four (4) groups of ten
crabs per group and the details of groups are as under:

Group 1: Control crabs, did not receive any treatment and were sacrificed on day 1 of
experiment.

Group 2: Crabs injected with 10 pl of castor oil on 1%, 7", 14™ and 21* day of experiment
at the base of the coxa of the third walking leg and served as concurrent control.

Group 3: Crabs injected with 17p-estradiol at a dose of 10~ mol/crab, in 10 pul volume on
15, 7% 14™ and 21%' day of experiment at the base of the coxa of the third walking leg.

Group 4: Crabs injected with and progesterone at a dose of 107’ mol/crab, in 10 pl
volume on 1%, 7, 14™ and 21%' day of experiment at the base of the coxa of the third walking leg.

The dose employed here falls within the physiological concentrations reported for
estradiol and progesterone in the haemolymph of the mud crab Scylla serrata’ and the prawn
Marsupenaeus japonicus®' and the crayfish Procambarus clarkii.>> The crabs were sacrificed
with ice anesthetization on day 28 of the experiment. The experiments were carried out in
accordance with the guidelines of the Committee for the Purpose of Control and Supervision on
Experiments on Animals* and approved by the Institutional Animal Ethical Committee, Sri
Venkateswara University, Tirupati (Regd. No. [AEC/No438/01/a/CPCSEA dt: 04.03.2002).
2.2.4. Determination of ovarian index, oocyte diameter and histological studies of ovary

The crabs from control and experimental groups were weighed and the ovaries were
excised, washed in crustacean saline™ blotted on filter paper and weighed wet to the nearest
milligram. The ovarian index was determined as described by Reddy et al.?

Left ovary was used for determination of vitellogenin levels (n=10) and right ovary was
used for histological studies (n=5) and mRNA isolation (n=5). The ovarian vitellogenin levels

1.% For histological studies, the ovaries were placed

were determined as described by Reddy et a
in Bouin’s fixative (picric acid:formaldehyde:acetic acid, 75:25:5) immediately after isolation. After
24 h, they were washed in water and dehydrated with ascending alcohol series. Dehydrated ovaries
were embedded in paraffin wax after clearing in xylene, sectioned transversely at 5 pm and stained

5
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with haematoxylin and counter stained with eosin®, The maximum and minimum diameters of up
to 50 randomly selected oocytes of each sectioned ovary were measured using an ocular micrometer
under a compound microscope (Olympus, Model-BX41TF HB, Japan) through the nucleus and the
mean diameter was calculated.
2.2.5. Isolation and determination of Vg levels

The detailed protocol of vitellin purification and antibody production was described
elsewhere™. The quality of isolated ovarian Vg was determined using discontinuous SDS-PAGE.
The ovarian vitellin content in each purified sample was estimated by Enzyme Linked Immuno
Sorbent Assay (ELISA). ELISA was performed on certified 96-well microtiter plate. Wells were
coated with 20 pL of dialyzed sample diluted in 1:10 ratio with coating buffer (carbonate buffer:
1.59 g sodium carbonate, 2.93 g sodium bicarbonate in 1000 ml distilled water, Diethyl dithio
carbomate (DIECA) 56 mg per 25 ml buffer). Blank values were obtained from wells coated
with coating buffer alone. The plate is covered with a lid and placed in a humid chamber at 37°C
for 2 h. After emptying, the plate was washed five times with 0.1 M PBS containing 0.05%
Tween 20, pH 7.2 (PBST). 200 uL of 1:1000 dilution of primary antibody (antibodies raised in
rabbits against Vg isolated from vitellogenic stage III ovary) in 0.1 M PBST with 2% polyvinyl
pyrrolidine, 0.2% ovalbumin (PBST-PO) is added to each well. The plate is covered with a lid
and placed in a humid chamber at 37°C for 2 h. After emptying, the plate was washed 5 times
with PBST. 200 pL of horseradish peroxidase (HRP) conjugated anti IgG antibody (1:1000
dilution with PBST-PO) was added to each plate and kept in dark for 1 h at 37°C. The plate was
washed 5 times with PBST, and 200 pL Tetra Methyl Benzidene (TMB in 0.015% hydrogen
peroxide) was added to each plate. The plate was kept in dark for 1 h at 37°C. The reaction was
stopped by adding 50 pL. of 1 M phosphoric acid per well. Absorbance was measured with
ELISA reader at 450 nm. Secondary antibody (anti IgG) conjugated with HRP was purchased
from Genei, Bangalore. All standards and samples measurement were performed in duplicate.

The robustness of the ELISA was assessed with the measurement of inter- and intra-assay
variation, where the variation of intra-assay was measured by adding the same concentration of
standard to one microtiter plate 12 times, and the inter-assay variation was measured by
comparing various dilutions of the standard added to 12 different microtiter plates. The detection
limit of the ELISA was calculated as the lowest standard with an absorbance at least three times
higher than the standard deviation of the first value that was significantly different from the
ELISA control wells. The data were analyzed with Kyplot (version 2.0). This software
determines the polynominal equation that best fits the standards. Vg-ELISA assay parameters

6
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such as the range of standard curves, dilution of antibodies, matrix effect, incubation time and
buffer, were investigated and optimized. After optimization of these parameters, a linear
response was observed in the range from 8.0 ng purified Vg to 1.0 pg (R* = 0.993). Sensitivity of
the ELISA was as little as 5.0 ng of Vg; intra-assay variation was 4% to 6 % (n = 12) and the
inter-assay variation was 9% to 10.6 % (n = 12). A typical standard curve using purified O. senex
Vg was presented in Fig. 2.
2.2.6. Expression of RXR, EcR, E75 and Vg levels

The levels of RXR, EcR and E75 mRNAs in hepatopancreas and ovary in the control and
experimental crabs were evaluated by semi quantitative RT-PCR, whereas Vg mRNA was
evaluated in hepatopancreas only. Total RNA was isolated from hepatopancreas (n=10) and
ovaries (n=5) using RNA isolation kit (Fermentas, Lithuania). Isolated RNA samples were
treated with DNase I (Fermentas, Lithuania) prior to cDNA synthesis. DNAse I treated samples
were heated for 3 min at 75°C to inactivate DNAse 1. The concentrations and purity of DNAse |
treated RNA samples were assessed by spectrophotometric measurements and agarose gel
electrophoresis respectively. DNAse I treated RNA was transcribed into first-strand cDNA using
a RevertAid first strand cDNA synthesis kit (Fermentas, Lithuania). RXR, EcR, E75, Vg and f-
actin were amplified from synthesized ¢cDNAs according to Girish et al.**. The details of
designing and synthesis of primers were described elsewhere®®. The expression levels of the
RXR, EcR, E75 and Vg mRNAs were normalized against S-actin.
2.3. Protein structure modeling and docking analysis

A search of the RCSB protein Data Bank confirmed that none of the crustacean EcR
crystal structures was publically available. Homology modelling and structural validation of
O. senex EcR ligand binding domain (LBD) (AGY56107.1) was carried out using SWISS
MODEL workspace and RAMPAGE ** using EcR LBD of Bovicola ovis (PDB ID: 40ZT)
as the template. Missing side chains from the finalized model was modeled by “Build/Check
and Repair” tool of the WHATIF web server
(http://swift.cmbi.ru.nl/servers/html/index.html). Finally, the model was verified by using the
Structural Analysis and Verification Server (SAVES), a meta-server having various programs
such as PROCHECK, WHATCHECK and VERIFY3D
(http://nihserver.mbi.ucla.edu/SAVES). To reveal the major differences among built
homology models and to assess their stability and reliability, the modeled structure was
further subjected to energy assessment and structural analysis using Atomic Non-Local

Environment Assessment (ANOLEA)".
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The constructed model was subjected to energy minimization by steepest descent, using
GROMOS96 43bl force field. The structures of ecdyteroid (CID: 5459840), estradiol (CID:
5757) and progesterone (CID: 5994) were downloaded from PubChem in SDF format and then
converted into PDB format using openbabel. Docking and interaction analysis of O. senex EcR
LBD were performed using PyRx virtual screening software™’. Lamarckian genetic algorithm
(numbers of run, 30; population size, 150; maximum number of energy evaluations, 25,000,000;
number of generations, 27,000; rate of gene mutation, 0.02; rate of cross over, 0.8) was used as a
search parameter. Ligand interactions with protein were visualised using Pymol®".

2.4. Sequence retrieval and sequence based homology and phylogeny

The representative protein sequences retrieved from NCBI protein database were
subjected to multiple sequence analysis using CLUSTALW with default settings. Estrogen
related receptor (ERR) from Scylla paramamosain (ADB43256.1) is selected since it is the only
ERR sequence available in genbank from crustaceans. EcR sequences from D. melanogaster, S.
paramamosian, O. senex senex and H. virescens (NP_724456.1; AFN08569.1, KF319123,
CAA70212.1 respectively) were taken for multiple sequence analysis, whereas EcR and ERR
from crustacean S. paramamosian (AFN08659.1, ADB43256.1 respectively); insect D.
melanogaster (NP_724456.1, NP_729340.1 respectively); estrogen receptor (ER) from mollusc
Mytilus edulis (BAF34366.2); reptile Crocodylus niloticus (BAE45626.1); bird Columba livia
(AFU48567.1); rodent Rattus norvegicus (CAA43411.1); human Homo sapiens (AEP43755.1)
were randomly selected and used for phylogenetic analysis.

2.5. Statistical analysis

Statistical analysis were performed by one-way analysis of variance (ANOVA) followed
by Tukey’s post-test using SPSS (student version 7.5, SPSS Inc., UK). Probability values of 0.05
or below were considered significant.

3. Results

3.1. Determination of 17B-estradiol and progesterone levels in the haemolymph of pre-
vitellogenic and vitellogenic stage I1I crabs

Progesterone and estrogen levels in the haemolymph of pre-vitellogenic females were
2.73 = 0.18 ng/ml and 27.89 + 6.52 pg/ml respectively. The circulatory levels of progesterone
and estrogen were significantly (p <0.05) higher in the haemolymph of vitellogenic stage III
females when compared to pre-vitellogenic levels (Table 1).

3.2. Effect of 17p-estradiol and progesterone on ovarian index and oocyte diameter
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The ovarian index and oocyte diameter in control and concurrent control crabs were 0.39
+ 0.01 (W/W %), 20.18 = 5.71 um and 0.382 + 0.02 (W/W %), and 21.13 + 4.21 pm,
respectively (Table 2). The ovarian index or oocyte diameter in both control and concurrent
control crabs were not significantly different in a 28-day experimental period. Administration of
17B-estradiol and progesterone resulted in a significant increase (p <0.001) in the ovarian index
and oocyte diameter in crabs when compared with control crabs. The ovarian index were 3.90
and 3.92, and oocyte diameters were 3.71 and 4.17 fold more in group 3 and group 4 crabs
respectively when compared with the controls.
3.3. Effect of 17p-estradiol and progesterone on ovarian Vg levels

The ovarian Vg levels were 0.069 = 0.003 and 0.07 + 0.004 mg/g tissue in the control and
concurrent control crabs. Vg levels in the ovaries of crabs administered with 17f3-estradiol and
progesterone were significantly (p <0.05) higher than the concurrent control group (Table 2).
3.4. Effect of 17p-estradiol and progesterone on histological changes in the ovaries

Transverse section of ovary from concurrent control females revealed that the ovaries
were in pre-vitellogenic stage with thick ovarian wall and centrally located germanium (Fig. 3A),
whereas the ovaries from 17f-estradiol and progesterone injected crabs were in vitellogenic
stage-III as evidenced by accumulation of yolk globules in the entire oocyte (Fig. 3B and 3C).
3.5. Effect of 17p-estradiol and progesterone on RXR, EcR, E75 and Vg mRNA levels in
hepatopancreas and ovary

Significant increase in RXR, EcR and E75 mRNAs was observed in hepatopancreas (Fig.
4) and ovary (Fig. 5) of experimental crabs when compared to concurrent controls. Vg mRNA
levels were detected in the hepatopancreas of both experimental groups but not in the
hepatopancreas of concurrent control crabs (Fig. 4).
3.6. Modelling and validation of LBD of EcR

3D model generated by SWISS Workspace is validated by using PROCHECK,
WHATCHECK and VERIFY3D. Ramachandran plot drawn through PROCHECK program
validated the model with 98% of the total residues in the allowed region and 2.0% in the
generously allowed region. None of the residues were located in the disallowed region
confirming that the protein backbone dihedral angles phi (®) and psi (¥) occupied reasonably
accurate positions in the selected 3D model.
3.7. Ecdysone, 17f-estradiol and progesterone interaction with EcR

Amino acids interacting with ecdysteroid, 17p-estradiol and progesterone were
presented in table 3 and Fig. 6. The binding affinity of progesterone (-10.5 kcal/mol) to

9
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simulated EcR-LBD was greater than 17p-estradiol (9.9 kcal/mol) whereas the binding
affinity of natural ligand, ecdysteroid (-10.6 kcal/mol) was comparable with the binding
affinity of progesterone. Progesterone and 17f-estradiol interact with Glul, Thr35, Arg72,
Gly87, Tyr97 and Asnl91 at the binding site of EcR-LBD, which are also involved in
binding of ecdysteroid (Fig. 6).

3.7. Phylogenetic analysis of EcR and ERR

To detect the regions of variability or conservation among EcR and ERR in the
arthropods, a multiple sequence alignment was performed. The phylogenetic analysis also
showed a clear demarcation between different groups and early branching of EcR protein (Fig.
7).

4. Discussion

The ovarian index, oocyte diameter and ovarian Vg levels increased significantly in crabs
injected with 17f-estradiol and progesterone. Considering the above and the fact that the 173-
estradiol and progesterone were detected in the haemolymph of the crabs and the levels of these
hormones increased during vitellogenesis, it seems likely that the ovarian growth and maturation
in the crab is under the control of steroid hormones.

It is well established that vertebrate steroids have been shown to induce significant
oocyte growth in several crustaceans.’**’**** A direct stimulatory effect of 17a-
hydroxyprogesterone and progesterone on ovarian growth and ovarian Vg synthesis in the
freshwater crab O. senex™ and freshwater crayfish Cherax albidus™ has been demonstrated.
Recently we have demonstrated that hepatopancreas, but not ovary is the source of Vg in the
crab O. senex.” Hepatopancreas explants of the shrimp Metapenaeus ensis incubated in vitro
with steroid hormones demonstrated that both 17p-estradiol and progesterone stimulated Vg
gene expression, although 17B-estradiol was more effective.”*

In the present study, though the levels of ovarian Vg and Vg mRNA levels in
hepatopancreas increased significantly in experimental crabs; and more pronounced in 17f3-
estradiol injected crabs when compared to progesterone injected crabs. Coccia et al.*® reported
that both 17B-estradiol and progesterone caused an increase in Vg expression, although co-
administration were not synergic in Cherax albidus and hypothesized that, progesterone induces
an increase of Vg synthesis while 17B-estradiol induces an increase of gene transcription and/or
stabilizes immature mRNA, regulating its translation.

To determine the mechanism of action of 17B-estradiol and progesterone, we performed

docking studies between EcR-LBD protein and 17B-estradiol and progesterone. It is evident from
10
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the present study that progesterone possesses comparable binding affinity when compared with
natural ligand, ecdsyteroid. From the data, it is also evident that 17B-estradiol and progesterone
interacts at the binding site of EcR-LBD similar to ecdysteroid. EcR-LBD amino acids
interacting with ecdysteroid observed in the present study are similar to those reported in
Metopograpsus messor>

Nagaraju et al.”® demonstrated that silencing of RXR results in decreased expression of
vitellogenin and hypothesised that RXR heterodimerizes with EcR to bring Vg expression in
Carcinus maenas. Further, direct evidence for heterodimerization of RXR and EcR in Uca
pugilator was demonstrated recently’’. Hopkins et al.” also showed that loading of MF onto
RXR facilitates binding of EcR to RXR. In the present study, increased co-expression of RXR,
E75, Vg with EcR in hepatopancreas shows inter-relation among these genes in bringing out
vitellogenesis. In O. senex, hepatopancreas is the exclusive site for vitellogenesis®. Increased
expression of EcR with RXR and E75 in ovary indicates their role in the regulation of other
functions (such as vitellogenin uptake, morphogenesis etc.). In the present study, increased
expression of EcR and its partner RXR along with its primary target £75 in the tissues of
experimental crabs indicates that vertebrate steroids may act through EcR.

Nuclear receptors are ancient ubiquitous proteins that have important functions in
regulating many aspects of metazoan physiology. Genetic and phylogenetic analyses suggest that

59-62 . -
similar to

vertebrate steroid receptors arose from a common ancestral gene in deuterostomes
an estrogen receptor 2. This supposition is supported by the fact that no androgen- or
progestin-like receptors have been found in invertebrates® though estrogen related receptor is
reported in the mollusc Aplysia californica®. Estrogen receptors have not been reported in
crustaceans, although nuclear receptors sharing high amino acid similarity with estrogen
receptors have been discovered in Drosophila®.

It is generally believed that sex steroid receptors have been lost in the lineage leading to
arthropods® since there is no ortholog of these genes in the genome of the insect, Drosophila
melanogaster64 and the amphipod Hyalella azteca®. Maglich et al.% identified estrogen related
receptor (ERR) in Drosophila which shares high amino acid sequence homology with human ER
but not ortholog. The ERR in D. melanogaster is considered as a pseudo gene.”” ERRs have not
been reported in any crustaceans except in the mud crab Scylla paramamosain (NCBI accession
number: ADB43256.1, direct submission). Kohler et al.* identified an estrogen receptor o
(ERa)-like protein in the amphipod, Gammarus fossarum but its regulation by estrogens and
involvement in estrogen signal transduction remains unclear. However, the ancient origin of

11
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estrogen signaling and the cited reports on physiological action of sex steroids in crustaceans
suggest that possibly some ecdysozoans have retained sex steroid receptors during their
evolution.

On the other hand, binding proteins for vertebrate steroids have been described in several
species, including nematodes, echinoderms, crustaceans, and molluscs®®”"' but are not coupled to
a biological response. The only steroid receptor present in arthropods, is ecdysteroid receptor,
which is also belong to a nuclear receptor clade that seem to have branched-off from the
common ancestral deuterosterome receptor protein’™'> from which the estrogen receptor
evolved. Accordingly we hypothesize that 17p-estradiol and progesterone may render their
action through EcR in crustaceans, a possible non-ER mediated signalling. The in silico docking
experiments of the present study also supported this hypothesis, revealing that EcR in arthropods
is not terminally evolved and retained its plasticity to accommodate the action of vertebrate
steroids viz., 17B-estradiol and progesterone.

5. Conclusion

The present study indicates that 17f3-estradiol and progesterone not only detected in the
haemolymph of crab and their levels elevated in circulation during vitellogenesis. Administration
of 17B-estradiol and progesterone induced vitellogenesis and also increased oocyte diameter,
ovarian index and ovarian vitellogenin levels. In silico studies revealed interaction between EcR
and sex steroids suggesting the mediation of EcR in inducing vitellogenesis. In support to this,
the mRNA levels of RXR, EcR, E75 and Vg in hepatopancreas and RXR, EcR and E75 in ovary
also increased after 17B-estradiol and progesterone administration. This also indicates the
involvement RXR and EcR in the regulating reproduction in crustaceans. Piecing these
evidences together, the present data demonstrate that 17(-estradiol and progesterone, well-
established steroid hormones with known importance in mammalian reproduction, are also
important molecules in signaling the ovarian maturation in crustaceans. Besides, this study
provides evidence to support the ancient origin of steroid hormonal regulation and suggests that
endocrine regulation of mammalian reproduction may be derived from primitive regulatory
pathways. It is obviously a successful system in an evolutionary sense, since arthropods appeared
on earth several hundred millions of years before mammals, and the ancestors of both groups

diverged at least 100 million years before that.
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Table 1: Levels of 17p-estradiol and progesterone in the haemolymph of the crab O. senex

during previtellogenic and vitellogenic stage I1I stages.

Hormone Pre-vitellogenic stage Vitellogenic stage 111

17B-estradiol (pg/mL) 27.89 +£6.52 134.23" + 17.37
(4.81)

Progesterone (ng/mL) 2.73+0.18 11.89" +2.34
(4.36)

Values are mean £+ SD (n=5)
Values in the parentheses are fold increase from pre-vitellogenic stage

*p <0.05
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Table 2: Effect of 17B-estardiol and progesterone on ovarian index, oocyte diameter and ovarian

vitellogenin levels in the crab during 28-day experimental period

Parameters Control Concurrent control Estradiol Progesterone
injected injected

Ovarian index 0.39 +0.01 0.38 +0.02 1.52°+0.4 1.53°+0.45
(W/W%) (0.98) (3.90) (3.92)
Oocyte diameter®  20.18 + 5.71 21.13+4.21 74.76" +6.76  84.20" +7.95
(m) (1.05) 3.71) (4.17)
Vg levels 0.069 + 0.003 0.070 £ 0.004 0.357°+0.004 0.188 +0.01
(mg/g tissue) (1.01) (5.17) (2.72)

Values are mean + SD of 10 individuals unless mentioned.
$ Values represent mean of 50 randomly selected oocytes of each sectioned ovary from 5 crabs.
Values in the parentheses are fold change from control.

*p <0.05
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Table 3: Interacting amino acids and binding affinities of modelled ligand binding domain of O.

senex EcR with ecdysteroid, 17f-estradiol and progesterone

Hormone Binding affinity Interacting amino acids

Ecdysteroid -10.6 Kcal/mol Glul, Thr35, Arg72, Gly87, Tyr97, Asn191
17pB-estradiol -9.9 Kcal/mol Glul, Tyr97

Progesterone -10.5 Kcal/mol Tyr97
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Figure captions
Structures of ecdysteroid (A), 17B-estardiol (B) and progesterone (C).
Standard curve of O. senex Vg ELISA. The details of ELISA were described in the text.

Transverse section of the ovary of control (A), concurrent control (B), 17B-estradiol (C)
or progesterone (D) injected crabs. Scale line = 100 pm for ‘A’ and ‘B’, 200 um for ‘C’
and ‘D’. ‘N’- nucleus, ‘G’- germanium, ‘YG’- yolk globule.

Effect of 17B-estardiol and progesterone on expressions of RXR, EcR, E75 and Vg in
hepatopancreas of O. senex. Bars are mean = S.D. of 5 crabs. Bars with “*’ differ

significantly from initial control and concurrent control at p <0.05.

Effect of 17B-estardiol and progesterone on expressions of RXR, EcR and E75 in ovaries
of O. senex. Bars are mean + S.D. of 5 crabs. Bars with “*’ differ significantly from

initial control and concurrent control at p <0.05.

Docking of ecdysteroid (red), 17p-estradiol (green) and progesterone (yellow) with ligand
binding domain of O. senex ecdysteroid receptor. All binding pocket amino acids were
represented. Hydrogen bonds between ligand and amino acids were represented in dotted

lines.

Phylogenetic tree of EcR, ERR and ER from selected organisms. AnSR: Ancestral steroid
receptor; EcR: Ecdysteroid receptor; ERR: Estrogen related receptor; ER: Estrogen

receptor.
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Transverse section of the ovary of control (A), concurrent control (B), 17B-estradiol (C) or progesterone (D)
injected crabs. Scale line = 100 ym for ‘A’ and ‘B’, 200 um for ‘C" and ‘D’. '‘N’- nucleus, ‘G’- germanium,
‘YG’- yolk globule.
211x160mm (96 x 96 DPI)
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Docking of ecdysteroid (red), 17B-estradiol (green) and progesterone (yellow) with ligand binding domain of
0. senex ecdysteroid receptor. All binding pocket amino acids were represented. Hydrogen bonds between
ligand and amino acids were represented in dotted lines.
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Phylogenetic tree of EcR, ERR and ER from selected organisms. AnSR: Ancestral steroid receptor; EcR:
Ecdysteroid receptor; ERR: Estrogen related receptor; ER: Estrogen receptor.
11x8mm (600 x 600 DPI)



