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Abstract. Estrogen induces oocytes development and vitellogenesis in crustacean by interacting with estrogen receptor (ER) 
subtypes. The objective of this research is to identify the nucleotide sequence of estrogen-related receptor in female Penaeus 
monodon broodstocks. The degenerate primers are designed from the nucleotide sequence of estrogen-related receptor of the 
other related species submitted in Genbank for RT-PCR reaction. The cDNA, which is extracted from the ovaries of P. monodon 
broodstock, is used as the template. The PCR products are cloned to identify the nucleotide sequence of estrogen-related 
receptor of P. monodon by comparing with the estrogen-related receptor submitted in the Genbank (blastX). Tissue distribution 
showed the postive prooducts in hemocyte, gills, ovary, intestine and pleopods of P. monodon broodstock. Size of PCR 
products is quite similar to the expected size (411 bp). However, the nucleotide sequences of the PCR product amplified from 
intestine and ovaries are similar to fascin in Anopheles darlingi (62% identity, e-value = 4e-33), Thrombospondin protein in P. 
monodon (79% identity, e-value = 2e-35), RING finger protein 10 in Zootermopsis nevadensis (41% identity, e-value = 4e-10), 
GTP- binding protein 10 in Zootermopsis nevadensis (53% identity, 2e-24 = e-value), Hypothetical protein YQA_12177 in 
Dendroctonus ponderosae (57% identity, e-value = 7e-37) and Bip in Litopenaeus vannamei, (94% identity, e-value = 5e-23) but 
do not found the similarity to the estrogen-related receptor in the other related species. The results of this research show that 
transcript might not be transcribed in P. monodon. Primer pairs of another estrogen receptor transcripts, such as estrogen 

receptor alpha (ER) and estrogen receptor beta (ER) will be further designed from the nucleotide sequences of the other 

related species submitted in Genbank and characterized in this economically important species. 
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1. Introduction 
 

In Malacostraca, estrogens have been detected in mud crab Scylla serrata (Warrier et al., 2001), freshwater 
prawn Macrobrachium rosenbergii (Ghosh and Ray, 1993) and mysis Neomysis japonica (Yang et al., 2012). 
Estrogens have been widely detected in hepatopancreas, brain, thoracic ganglion and gonadal tissues (Warrier et 
al., 2001; Zhu et al., 2003). The high level of estrogens in invertebrates was reported in ovaries, suggesting that 
ovary might be an estrogenic tissue or a target tissue of estrogen action (Lavado et al., 2006; Warrier et al., 2001). 
Moreover, oocytes and follicle cells play an important role in vitellogenesis of crustacean, and their development 
was regulated by sex steroid hormone (Matsumoto et al., 2008; Warrier et al., 2001). 

The nuclear estrogen receptors (ERs) and estrogen-related receptors (ERRs), steroid hormone receptors, which 
are transcription factors that directly binds to the estrogen responsive element and regulates the transactivation of 

estrogen target genes such as vitellogenin (Vg) (Matsumotol et al., 2007). In mysis Neomysis japonica, the ER 
was detect for the first time in oocytes, follicle cells and hepatopancreas cells by immunohistochemistry using a 

specific ER antibody (Yang et al., 2012). Nevertheless, receptors mediated the activity of estrogen and its 
derivatives have not been reported in penaeid shrimp. 

An initial step toward understanding molecular mechanisms of ovarian (and oocyte) maturation in P. monodon is 
the identification and characterization of reproduction-related genes that are differentially expressed during ovarian 
development of this economically important species. (Preechaphol et al., 2007) To investigate the possible of 
estrogen and their transcription factors during ovarian development, the nucleotide sequences of P. monodon 
nuclear estrogen receptors was characterized. Expression patterns of ERs and ERRs gene products in various 
tissues of P. monodon broodstock were examined. 
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2. Materials and Methods 

2.1 RNA extraction and cDNA synthesis 
Female adults were live-caught from the Andaman Sea (west of peninsular Thailand) and acclimated under the 
farm conditions for 2–3 days (N = 31). Ovaries were dissected out from intact adults and weighed. The ovarian 
developmental stages of wild P. monodon were classified into four stages according to gonadosomatic indices 
(GSI, ovarian weight/body weight × 100): <1.5, 2–4, 4–6 and N6% for stages I (previtellogenic ovaries), II 
(vitellogenic ovaries), III (early cortical rod ovaries) and IV (mature ovaries), respectively. For the eyestalk-ablated 
group, wild shrimp were acclimated for 7 days prior to unilateral eyestalk ablation. The reproductive maturation 
stages of ablated shrimp were visualized externally. Ovaries of eyestalk-ablated shrimp were collected to obtain 
mature ovaries. To determine effects of 17-β estradiol on ER expression, 14-month-old shrimp were fed 17β-
estradiol mixed diets (10 mg E2/kg of diets). Ovaries of shrimp were collected at 35 days of the experiment. For 
tissue distribution analysis, various tissues of wild female P. monodon were collected, immediately placed in liquid 
N2 and kept at −70 °C until needed. Total RNA were extracted by using TRI REAGENT

®
 (Molecular Research 

Center). mples is estimated by measuring the optical density at . The concentration od extracted RNA sa(260OD). 
The first strand cDNAs were synthesized using an ImProm- II

TM
 Reverse Transcription System Kit (Promega). 

 
2.2 Degenerate primers design 

The putative amino acid sequences alignment of estrogen-related receptor (ERR) was identified from Drosophila 
melanogaster (AF359420.1), Culex pipiens quinquefasciatus (DS232200.1), Apis mellifera (M_00116256.1), 
Polyrhachis vicina (EF474463.1), Scylla paramamosain Estampador (GU290313.1) and Teleogryllus emma 

(FJ770332.1( obtained from Genbank. While, the putative amino acid sequences of estrogen receptor alpha )ER( 
was identified from Octopus vulgaris (DQ533956.1). Degenerate primers were designed against conserved motifs 

of ERR and ER of related species using Primer Premier 5.0. (Table 1).  
 
2.3 RT-PCR and tissue distribution analysis 

Expression of ERR in ovaries and various tissues of female P. monodon broodstock were analysed by RT-PCR. 
RT-PCR was carried out in 25 ul reaction composing of 10 mM Tris-HCl, pH 8.8, 50 mM KCl, 0.1% Triton X-100, 
200 mM of each dNTP, 1.5 mM MgCl2, 0.2 µM of each primer, 1 unit of Dynazyme

TM
 DNA Polymerase 

(FINNZYMES).  The thermal profile for quantitative RT-PCR was 94°C for 3 minutes followed by 5 cycles of 94°C for 
30 seconds, 45°C for 30 seconds, 72°C for 1 minutes, followed by 35 cycles of 94°C for 30 seconds, 50°C for 30 
seconds, 72°C for 1 minutes and the final extension at 72 C for 7 minutes. Five microlittres of the amplification 
product was electrophoretically analyzed though 1.5-2.0% agarose gels, stained with ethidium bromide and 
visualized under a UV transilluminator. 
 
2.4 Cloning of RT-PCR products 

The desired RT-PCR fragments were isolated using NucleoSpin
®
 Gel and PCR Clean-up. The DNA fragments 

were ligated to pGEM
®
-T Easy vector  (Promega )  in a 10 l reaction volume and cloned into Escherichia coli 

JM109. Recombinant clones were selected by a lacZ′ system following standard protocols (Sambrook and Russel, 
2001) and randomly selected by colony PCR. Recombinant clones carrying desired DNA fragments were selected. 
Plasmid DNA was extracted and subjected to unidirectional sequencing. 
 

Table 1. Degenerate Primer sequences ERR and ER  and the expected size of the PCR products. 

Primer 
pairs 

Primer name sequence Product  
size 
(bp) 

Primer 
pairs 

Primer name sequence Product  
size 
(bp.) 

1 ERRDros F372 VWSBTgYgARgCKTgYAA 202 6 ERoctF1 ATgATCgATAAgCaggTAACAg 1467 

 ERRDros R573 ggHggNMggCARARRTAY   ERoctR1467 TCAAgTgCCCATTCCAATA  

2 ERRDros F372 VWSBTgYgARgCKTgYAA 433 7 ERoctF1 ATgATCgATAAgCaggTAACAg 616 

 ERRDros R782 YTgggCSAARCAgATHCC   ERoctR616 TCCTTTggCTACCTTTATTC  

3 ERRDros F372 VWSBTgYgARgCKTgYAA 422 8 ERoctF229 ACACCCACATCAACTACTCTg 388 

 ERRDros R793 RCAgATHCCDggMTTYABMR   ERoctR616 TCCTTTggCTACCTTTATTC  

4 ERRScyllaF TgTAAAgCCTTcTTTAAAAg 620 9 ERoctF229 ACACCCACATCAACTACTCTg 1239 

 ERRTemmaB2R TCCACAAASAgCTTRTTCAT   ERoctR1467 TCAAgTgCCCATTCCAATA  

5 ERRTemmaB1F TggTTggTgTCATCggCTgg 100     

 ERRTemmaB2R TCCACAAASAgCTTRTTCAT      
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3. Results and Discussion  

3.1 RT-PCR and tissue distribution analysis 
Expression of expected targets using primers as described in Table 1 in ovaries and other tissues of wild adults 

P. monodon was analyzed by RT-PCR. For ERRs, bands were obtained in ovaries for primer   
ERRDrossF37/ERRDrossR782 (400 bp and 500 bp) (Fig. 1A), ERRScyllaF/ERRTemmaB2R (620 bp) and 
ERRTemmaB1F/ERRTemmaB2R (150 bp) (Fig. 1B). Moreover, RT-PCR was performed in ovaries and various 
tissue of P. monodon broodstock using ERRDrosF372/ERRDrosR782 primer. The positive bands were detected in 
hemocyte, gills, ovary, intestine, pleopods and hepatopancreas (smaller size) of P. monodon broodstock (Fig. 2). 

 

For ER, positive bands were obtained in ovaries of eyestalk-ablated shrimp (~2000 bp), stage 2-4 ovaries 

(~2000 and 1300 bp) and stage 1-4 ovaries (~1500 bp) for primers ERoctF1/ERoctR616, 

ERoctF1/ERoctR1467 and ERoctF229/ERoctR1467, respectively (Fig. 3A, B and D). No positive bands were 

detected in RT-PCR result using ERoctF229/ERoctR616 primer (Fig. 3C).  
 
 

 
 

 
  
 

 
 
 

 
Fig. 1. A 1.5% ethidium bromide-stained agarose gel showing RT-PCR results using primers ERRF372/ERRR793 (Lane 1A), 

ERRF372/ERRR782 (lane 2A), ERRF372/ERRR573 (Lane 3A), ERRScyllaF/ERRTemmaB2R (Lane 1B) and ERRTemmaB1FERRTemmaB2R 
(Lane 2B) in ovaries of P. monodon. 

 
 
 

 
 

 
 

 

Fig.  2. A 1.5% ethidium bromide-stained agarose gel showing RT-PCR results using primers ERRDrosF372/ERRDrosR782 primer in the cDNA 
template from hemocytes (HC), gills (GL), epicuticle (EP), heart (HE), lymphoid organs (LO), ovaries (OV), hepatopancreas (HP), stomach (ST), 
intestine (IN), thoracic ganglion (TG), eyestalk (ES), antennal gland (AN) and pleopods (PL) of P. monodon. Lanes M is a 100 bp DNA marker. 
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Fig. 3. A 1.5% ethidium bromide-stained agarose gel showing RT-PCR results using primers ERoctF1/ERoctR616 (A), 

ERoctF1/ERoctR1476 (B), ERoctF229/ERoctR616 (C) and ERoctF229/ERoctR1467 (D)  transcripts in the cDNA template from ovaries 
of a female broodstock P. monodon at stage1 (I), stage2 (II), stage3 (III), stage4 (IV), eyestalk ablated (EA) and fed by 17β-estradiol mixed diets 

(ES). Lanes M is a 100 bp DNA marker. 

 
 

3.2 Isolation of the nucleotide sequences of estrogen receptor transcripts in P. monodon 
 The nucleotide sequence identities were determined by comparing each sequence with the sequences in the 
GenBank mirror site using the BLASTX program (Altschul et al., 1990; available at http://www.ncbi.nih.gov). The 
derives nucleotide sequence from ERR-primers were matched to Fascin (Anopheles darlingi, e-value 4e-33), 
Thrombospondin protein (Peneaus monodon, e-value 2e-35), RING finger protein 10 (Zootermopsis nevadensis, e-
value 4e-10), GTP- binding protein 10 (Zootermopsis nevadensis, e-value 2e-24), Hypothetical protein YQA_12177 
(Dendroctonus ponderosae, e-value 7e-37) and Bip (Litopenaeus vannamei, e-value 5e-23) (table 3). No 
nucleotide sequence has the closest similar sequence to the estrogen receptor transcripts in the other related 

species. Unfortunately, the nucleotide sequence of products by using ER primers was still under characterization. 
Although ERR homologues have been identified in a wide variety of mammals, they are still not well documented in 
invertebrates, especially Crustacean. A few ERR homolog genes were identified in the fruit fly, Drosophila 
melanogaster (Laudet 1997), the ant, Polyrhachis vicina (Ouyang et al., 2009) and the cricket, Teleogryllus emma 
(He et al., 2010). More research is needed to determine the precise role of estrogen receptor transcripts in P. 
monodon. 

 
Table 3. Summary of the nucleotide sequence blast results comparing with the nucleotide sequences submitted in Genbank. 

Primer pairs organs 
Product 

sizes 
(bp) 

BlastX 

Similar transcripts Species )% Identities. e-value,( 

ERRDrosF372 + ERRDrosR782  

Intestine 470 Fascin  Anopheles darlingi (62%, 4e-33) 

ovaries 471 Fascin Anopheles darlingi (60%, 4e-35) 

ovaries 333 Thrombospondin protein  Peneaus monodon  (79%, 2e-35) 

ovaries 289 RING finger protein 10  Zootermopsis nevadensis (41%, 4e-10) 

ovaries 365 GTP- binding protein 10  Zootermopsis nevadensis (53%, 2e-24) 

ovaries 470 Hypothetical protein YQA_12177  Dendroctonus ponderosae (57%, 7e-37) 

ERRTemmaB1F + ERRTemmaB2R  ovaries 163 Bip   Litopenaeus vannamei   (94%, 5e-23) 

 
4. Conclusions 

The nucleotide sequences of estrogen receptor in P. monodon were identified. No nucleotide sequence has the 
closest similar sequence to the estrogen receptor transcripts in the other related species. Primer pairs of estrogen 

receptor beta (ER) will be further designed from the nucleotide sequences of the other related species submitted 
in Genbank and characterized in this economically important species. Moreover, Immunocytochemistry will be 
identifying by localization of estrogen receptor protein in ovaries of P. monodon using anti-estrogen receptor PAb to 
confirmed existence of the protein in this economically important species. 
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