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Molecular Genetic Characterization and Analysis of Glucocorticoid
Receptor Expression in the Big-belly Seahorse
Hippocampus abdominalis
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Glucocorticoids (GCs) are steroid hormones regulated through responses to stress to maintain diverse metabolic and
homeostatic functions. GCs act on the glucocorticoid receptor (GR), a member of the nuclear receptor family. This
study identified and characterized the GR gene from the big-belly seahorse Hippocampus abdominalis designating
it HaGR. The open reading frame of the HaGR ¢cDNA was 2,346 bp in length, encoding a 782-amino-acid polypep-
tide with a theoretical isoelectric point of 6.26 and predicted molecular mass of 86.8 kDa. Nuclear receptors share
a common structural organization, comprising an N-terminal transactivation domain, DNA-binding domain, and
C-terminal ligand-binding domain. The tissue-specific mRNA expression profile of HaGR was analyzed in healthy
seahorses using a qPCR technique. HaGR mRNA was expressed ubiquitously in all of the tissues examined, with
the highest expression levels in kidney, intestine, stomach, and gill tissues. The mRNA expression in response to im-
mune challenge with lipopolysaccharide (LPS), polyinosinic:polycytidylic acid (poly 1:C), Edwardsiella tarda, and
Streptococcus iniae revealed that it is inducible in response to pathogen infection. These results suggest that HaGR is
involved in the immune response of the big-belly seahorse.
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N B A 555 2 €5 0] =(glucocorticoid)Q] W& ZZIA 71T,
SFIAAEE Fo| Bz AHAGR O R AL 9 A5 T
sith FEIFAZE|Fo|= 48 (glucocorticoid receptor)2}

SEH Ak vpofel Ak=ofl tishe] b= A 2] vl S0l 2|

Hhgoltk(Selye, 1973). o= AAet 2ARE, W9, o dw AUV ORA 4 Ee G 2AE 2B L fPsio]
A A2 oot 2B aclef lgHof glow], BARE YA L frAlsteE S8 4TS ri(Mommsen et

AEH A7} o] Fo nX= ol tfet @ A4vF B ES) al., 1999). U x| Q] Fere Z71A]7]aL, HA Aol A=

t}(Barton and Iwama, 1991; Gamperl et al., 1994; Reid et al.,
1998; Tort, 2011). 2EH 27} SFAG Al A= #4] ]
ANFT 2R vE% = 2 (corticotrophin-releasing hormone,
CRH)o| 3}pA|ollA] KAl 5] A x}=3F 2 2 (adrenocortico-
tropic hormone, ACTH)S- £H|A|7] 1, ACTH:= 7HAIA| 320

s B Ak AAE dAeh 1 A3} GSHE =]
G o), ARl EZFI AR 9 L2k x}e] Hhd o] oA E o
3} 9= 28-S LleERHTH(Cato and Wade, 1996; De Bosscher
et al., 2000). gt ofuj 2} ¢ 7A| 322k Na*, K*-ATPase 2+
o] rodsf o] &k AR A, AT MAlS JA|gH=
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= thokst Al A 7]5-2 4313t (Mommsen et al., 1999).
FRATET0E 488 dfeis FTRRE 0=
S gA QIERA 484, JAERA 84, ZaA AR
TEA 1L -2 9 S EE 484 9] 3 57 & N-terminal trans-
activation domain (NTD), DNA binding-domain (DBD), C-
terminal ligand binding domain (LBD)¢] 352421 =W ¢l=
2 7ML glom, the TS B AL £HS Tk 22
FFEE|Fo| =} AdFelA] 9-& 79 heat shock protein 90
(hsp90), hsp70, hsp50} 7+ Abuf| & chal At Ag}sto] Az
Aol 2Astchrt, 223 =E 0| =9 AshH GR/hsp &
A7HEE E o] 2RI 2E|Fo|= FEA7FH ko & o] F
skl 3 Qte = Soi7t 2RI A2 E|Fo|E 8= gluco-
corticoid-responsive elements (GREs)@} AglsliA] &3t -4
2}o] HARE 243K Lee and Park, 2008; Nicolaides, 2010).

S5 IZ2E|F0|E 84| = rainbow trout (Oncorhynchus
mykiss) (Colombe et al., 2000), tilapia (Oreochromis mos-
sambicus) (Tagawa et al., 1997), gilthead seabream (Sparus
aurata) (Acerete et al., 2007), Japanese flounder (Paralichthys
olivaceus) (Tokuda et al., 1999) 5-2] ¢]5F-0l| 4] cDNA £4-S
g8 gA1R0] Tzt E4o] wraizct.

vl 2| sljuk(Hippocampus abdominalis)= 3|0t ol A%
2 ojF o2 FI7A|a17]E(Syngnathifromes), A1377]3H(Syn-
gnathidac)] 4510 Lofe} Srfaelo] A 443k}, mels &
Ea} 27k o], 1) 7)o ot B2 4 glom), 5
o] &g HEdh= 570l Utk ofAloF S Al oA = SHefAl =
AR ZES mok g o 17|71 ot 44 A 717} o9
< ofFo|th(Lourie et al., 2004). SPA|TF 2 E7E T2, A4
A w2 Qlsf A 7 2A s svte] e s 5
A 5= A= Here = A FA o] AlA E gl ek(Koldewey and
Martin-Smith, 2010). o|9] FEHE, &, F=rof| A= supet
Ao] A= 5| 91 31(Woods, 2007), & AlF=oll A &= siute] £+
&2 o] A58 tH(Shin et al., 2011).

shmko] aFajell ) thaph WA Aol WAlsiLE obal7iA
SSEE i Areto] mhA ] Fjtew sfute] AEH A Wk
I Ao thgt A-7F FEsih wheba] 2 Ao A= thek
e AEY A A= T HY Aol 23S vh5eo] B g sui(A.
abdominalis) 2533 2 E|Fo| = 4~8-4|(HaGR) Ao &
Bt Ee Ao =M sute] HAA A et ol E =
o] 314} ik,

=z H HE
HaGR (Hippocampus abdominalis Glucocorticoid
Receptor)?| EXIEAN

454 GS FLX sequencing technique (Roche 454 Life science,
USA)S ARgsto] Blflzjajul cDNA AJE2A glofefuo] A
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£ =310tk HaGR2| ¢cDNAS} ofu]iit 92 BLAST
(http://www.ncbi.nlm.nih.gov/blast/)2} Expert Protein Analy-
sis System (http://www.expasy.org/)& ©|-8slo] EA514
a1, Simple Modular Architecture Research Tool (SMART)
(http://smart.embl-heidelberg.de/)2 ©|-8-3}%] Domains 2}
215}t EMBOSS Needle (http://www.ebi.ac.uk/Tools/psa/
emboss_needle/)2 pairwise sequence alignmentE =3§35}%
S, ClustalW2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/)
2 multiple sequence alignment& 5} t}. 752y e4 B4
2 MEGA 5.59] neighbour-joinging (NJ) method ©. =2 5,000
9] bootstrap ¥Hg5to] Al g5 13T

Algiof 2 2g A

A= AlF=A] Al Bdo] SHAE (CCORA, http:/www.
ccora.cony/) of| 4] Bl efsjutE ALeste] 15247 32+ 1 psu,
18 £2C oA AIAX] 3 A F o] ARE-313Tt.

ool WY AEHAE F=7]9]9] t = (phosphate buffered
saline), LPS (1.25 ug/uL), Poly I:C (1.5 ng/uL), Edwardsiella
tarda (5 x 10° CFU/uL), Streptococcus iniae (1 x 10° CFU/uL)
£ Zhz e sfiut 30uk2]of 100 uLA 57 Wf F=AlsEAT.

7]
AE2], RNA =& 2 cDNA &
chRl 22]0f 4 ©] HaGRE| 'I&l 3
ko] 12| Artsiol AT 5 24
Wysto] WgomiE BolyEg o
op7m], 41, A, Tk A, T 9, v, 9, e, g, o
FrU)L ssto] Eelstint. HAdado] mE HaGRo| ¥
 Wsks BAIs}) Js PBSES Eake mojxi A FAL 5
3,6, 12,24, 48, 72 A 7tajc} ZF 252 SulE] 9] SulE &
33tol 44 2242 Belsieon, A9 0§51 714 BE
24 & oA A LR AT T80 00| Halich, v s}
7} 22 9] total RNA+= RNAIso plus (Takara, Japan)E A5}
o] #5197, RNAS| 55 42 Polu] gJste] 1.5% of
Zt2 270 A7) 953 R e, 5=+ uDrop Plate (Thermo
Scientific, USA)& AFE-5}o] 260 nmof|l A 2435k} 1 of
2 ZF AE2] 2.5 ng® RNAZ PrimeScript 1% strand cDNA
Synthesis kit (TaKaRa)E A8-5}9] cDNAE- $Hd35}1%i T

2 sholslz} A7t
Ea(4C, 3,000 g, 10
WL, L) 2 (s,
75)1—
:

)

b

HaGR&] 2 9FARS- Real Time System TP800 Thermal
Cycler Dice™ (TaKaRa)E ©]-835}0] quantitative real-time
PCR (qPCR)Z A5ttt vl e]sfjut2] ribosomal protein
S7 (Accession no. KP780177)% reference gene &2 &-8-3}
A1 forward (5-GCGGGAAGCATGTGGTCTTCATT-3)
2} reverse (5-ACTCCTGGGTCGCTTCTGCTTATT-3)9]
oligonucleotide primer= 5£3}¢itl. HaGRE| ¢cDNA o
S ZZ317] Y38 AM-H oligonucleotide primer= HaGR-F
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(5-TATGGCGAGTCCACCACGATTCA-3")¢} HaGR-R
(5- GCTTCGTCCGAACACACCAAACA-3)o|t}. 7 %]
© 2 HE 345 cDNAL qPCRS 5-8317] I3t 3 o2 A}
251901, gPCRL SYBR Premix Ex Taq 2X (TaKaRa)2
ARg8Fe] 95T oA 30271 1 cycle, 95TCollA] 5%, 58°C oA
102, 72°C ol A 2022 45 cycle, 95T oAl 152, 60°C o)l A] 30
Z,95CoAA 15%3F 1 cycle RH3-81931, 7 952 31 HHE
S3skelet.

EXx BM

= L T

ZF A9}t 251 Alo]+= SPSS Version 18 program (IBM,
America)Z ©]-8-51¢] one-way ANOVAE A AJ$t & Duncan's
multiple range test=2 P<0.05 ==l A 5-21/3-& A3

Zn o %

ol LEg| 20 Agste] thefet g Kol 1L &
sy FE I A2 E|Fo| = 9] W& o|H(Chrousos, 1998; Bar-
ton, 2002), o]Alo] =gAe} Aotsto] F1t thAl, o1} 4F
29} 27, 90 7)) 2 7HIH 02 G FTHMCCOR-
MICK, 1995; Bonga, 1997).

H Lo A= HaGR cDNA (Accession no. KJ756323)&
548D, 43 A 242 Sashelch HaGRE 782
7R 9] o A B 5Sh= 2,346 bp2] open reading frame
(ORF)2 4550, ofuleAte] 2428 86.8 kDa, 541
62602 2L SFAIA2E| F0| = -gA| 2 =
O] L% o] 4] NTD:= transactivation domain®! activation func-
tion-1 (AF-1yS 742 1 9131 e7h=9} 2] % 0 2 S sheicy.
DBD: 8} 522 4-&3Jof 4] 71 BET 5912 47)2] cyste-

ine Zt7] o]l Ee{Rte] of At vE-3-6}= 271 9] zinc finger”} A
5l GREs 2} &= 574 DNAQ| A|f2of #2151t} DBD
¢} LBD Atolofli= hinge 917} EAot=H] ol:= +24 {5
3 7HA AL §lof shto] =847} th et GREsS} A Rtst e &
o}l LBD= 7P & =Rl &2 AF-25 236t 27t <l
A, -8A 2] o] A, o= HF 52 7] 5= " TTH(Nico-
laides et al., 2010). HaGR ¢cDNAS} o}u|l=Al A]HA B4
3}, DNA-binding £-°]4& UEY+= AGGTCA motif’} &<l

3L, 416-4961 ofu| Ak 8 S 2 284 o EAsh=
C4 zinc fingero|™, 570-734% o} 1Ak LBDH tHFig. 1).

HaGR ofu|=ARS Th2 of%£9] GRY} H| L EX4(pairwise
alignment)s}$S o}, 5 LA} F-AH3-2 European flounder©]]
A 7HF =90, red drumI}= 77.3%, princess of burundi
2= 76.9%, Nile tilapia®l+= 76.8%, European seabass@}=
76.5%2] G-AMIS H K Table 1).

Multiple sequence alignment A3} HaGRo{| 4] s}l C4
zinc finger domainof| 4] 2% 471 9] cysteine 2+7] CH°, C*2,
C#6, C¥E 91519 a1, o2 51u+2] C4 zine finger domain ©f]
AT 471 9] cysteine ZE7] CH4, CH0, CH0, C#3-& Btolsl 4= Q1 9]
C(Fig. 2). HaGR clofst o253 Asubislo 2 7t
¥ 22 cluster kol x|k FAF E 2F-Foh= AT Ty
o120 7 Aej7t Hol thE clustero]] 9125k ch(Fig. 3).

HaGRe| 22 w3le4 2312 Fig 4o Uepfoic). o2
o|Fo SFIIAEEFo|E FEA= oprtu|, A, HIA, M,
e ZFEE ohekRt 22 oA W H kAl B E] ¢l=d|(San-
dor et al., 1984; Lee et al, 1992; Vazzana et al., 2008), HaGR
AA| 22 HE Zol= UAATE = A of| A i Q|ehA| W
Axolch. A2eiRol Welzlael 4gelA HaGRo) wlo]

Table 1. Percent identities and similarities of HaGR gene with glucocorticoid receptor genes from other species

Common name Scientific name Accession number Identity (%) Similarity (%)
European flounder Platichthys flesus AEX56588.1 70.0 78.9
Red drum Sciaenops ocellatus ADI48099.1 68.3 77.3
European seabass Dicentrarchus labrax AAS48459.1 67.9 76.5
Princess of burundi Neolamprologus brichardi XP_006785026.1 67.4 76.9
Nile tilapia Oreochromis niloticus XP_003446987.1 67.3 76.8
Atlantic salmon Salmo salar ACS91455.1 51.8 62.3
Zebrafish Danio rerio NP_001018547.2 47.6 61.7
Asiatic ricefish Oryzias latipes NP_001156605.1 48.3 60.7
Chicken Gallus gallus NP_001032915.1 448 57.1
Wild boar Sus scrofa NP_001008481.1 42.8 55.2
Human Homo sapiens CAJ65924 .1 42.0 55.1
House mouse Mus musculus NP_032199.3 411 54.5
African clawed frog Xenopus laevis NP_001081531.1 42.0 54.4
Brown rat Rattus norvegicus NP_036708.2 40.6 52.7
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1 ATGGACCAGGGCATCTTGAAGTGCAACAGTAATCAAGACGACTCCCTGACATTCATAGAGTTGGGAACCAGAGAATGCAAAGAGGCAGCT
MDQGILZ KCNSNQDDSTLTT FTIETLTZGTRETCIEKEAA 30
91 GACACCACTGCTTCCCTGCTCTGCGCGCTCCACCCCATTTCCCCAAATGGGGGAGGAACCAAAGACCAGCTGGAGCCCGGAATCCTCCTC
bTTASLLCALHPIGSPNGGGTTI KTDQLETPSGTITLTL 60
181 GACTCCCACCAGCAGCGTCAGGCCCTGTTCGAAGGGTCGAACACAAATGATCAGAAAATGGTCAGAATAGAGAAACGGCAGCAGGATGTC
DSHQQRQALFEGSNTNDIQEKMVRTIETZ KTE R~QQTDYV 90
271 GGCGTGTTTAACATTGAGGAGGATTTGGCGCTGCTGAGCCAAAATATTGCCGATCTGGACAACGTGTCCTCGTCTGTCATCAGCACCTCC
G VFNTITEEDLALLSQNTITADLDNYVSSSVISTS 120
361  GTCCTGGGAAACCTTCCTCTTCCTGACCTTTTCCCCCAGCACATCAAACAGGAAGTAGACTTCTCCCTGGATAAAGAATTGGGATCTTAC
viGGNLPLPDLFPQHTII KA QEVDFSLDI KETLTGSY 150
451 GGAGGACTTCCCTCCGCAACTTCCTGCGATTTGACAGGCGGCACTCGCCTGATTGAAGACAGTGAGCTTTGGAAAGACCTGGACCTTCCG
¢GGLPSATSCDLTGGTRLTIEDSETLWEKDTLTDTLP 180
541  GGATCCCTGCCAGAGATCAGCGACTTTGAGCTGGATTCCGAAGTGGCTCACTTGGATAACATCCTGCACGACGACGGCAGACTTGCCGGA
GSLPETSDFETLDSEVAHLDNTILIHDDGRTILASG 210
631  GGCTTGCCAAAAGCTATGCAAGTGCTAACGGGCAATGGCGGGAACTGTTATGCTAATGGCACCGGCCAGCAGCATCATAACGTGCTCCAC
GLPKAMQVLTGNGGNT CYANGTGQQQHHNVLH 240
721  CCTCCTCACCAGCAGCATCACCTTCTTCAGCACCAAGTTCACCCCCAGCATCAGCAGCCCGCATCCCTTCTCTCAAGCGTCATCATCAAA
PPHQQHHLLAQHQVY HPQHQQPASTLLSSVITIHK 270
811  GAAGAGGACCGCGACAATCCTTTCGCCCACATCCGTACTCCCAGTATGGTCAAGCAGGAGAAGCAGGAGCCTGTGTTCTGCCAGGCACAG
EEDRDNPFAHIRTPSMVKQEI K QEPVFCQARQQ 300
901  TGCCTCCAGGGAGGCATGGGTTCGGTTCATTTAGGAGCCCCGATGTCCTCGTCGATGAGCGTGGACGCGGCTGGCTATCGTTGCAGAACC
CLQGGMGSVHLGAPMSSSMSVDAAGYRTC CRT 330
991  AACGCGCCCTCCACTATGGGTCAACAACCCCGGAAGCCCTTTGCCATGCACTCAAACCTGTCCTCATTGGGAGAGAGCTGGATGCGAGGG
NAPSTMGQQPRKPFAMHSNLSSLGESTWMRGEG 360
1081  GACGGGTATGGCGAGTCCACCACGATTCAAAGGACTAACGATGGGCTCCCCAACACGTCGATGTTGATGTCATACCCGCTCAGCTTCTCC
DGYGESTTTIQRTNDGLPNTSMLMSYPLSTFS 390
1171 AGCGCAACACCCAGAGCAGGAGCAGACCCCAACAGTTCTGTCGTGCCGGGTCAATCGAAACCCAACGGGCAGACCCACAAAGTGTGTTTG
SATPRAGADPNSSVVPGQSKPNGQTHIKVYCTL 420
1261  GTGTGTTCGGACGAAGCCTCCGGATGCCACTACGGGGTGGTAACGTGCGGCAGCTGCAAGGTTTTCTTCAAGAGGGCCGTGGAAGGATGG
vVCcCSDEASGCHYGVVTCGSCKVYFFEKRAVETGTW 450
1351  AGAGCACGACAAAAGAGCGATGGCCAGCACAACTACCTGTGCGCAGGAAGGAACGACTGCATCATCGATAAGATCCGCAGGAAAAACTGT
RARQEKSDGQOQHNYTLCAGRNDT CTITTITDIEKTTRTRIEKNTCEC 480
1441 CCAGCCTGCCGCTTCCGCAAATGCCTTCAGGCAGGAATGAATTTGGAAGCGAGGAAGAACAAGAAACTGAAGAGGAGAGAGCATCAGAGC
PACRFEFRTEKCL®@AGMNTLTEARE KNI KT KTLIEKZ RREIHA QS 510
1531  GTCCGAGCGCTGGAGCCCGCCGTCCCCTCCATGCCCGTGGCGGTCATCCCCGCCTGCATGCCCCAGTTGGTGCCCGCCATGCTGTCGGTG
VRALEPAVPSMPVAVIPACMPQLVPAMLSYV 540
1621  CTCCAGGCCATCGAGCCCGAGATCATCTACTCGGGCTACGACGGAACGCTGCCCGACACGTCGTCGCGCCTGATGAGCACGCTCAACAAG
LQRATEPETITITITYSGYDGTLPDTSSRLMSTTLNEK 570
1711 CTCGGGGGGCAG CTCGGCCGTCAAGTGGGCCAAGTCGCTGCCAGGCTTCCGTAACCTGCACCTGGACGACCAGATGACATTG
L &€ 6 O @ W 5 B A& W K Y AKS L PERFRNILIELDWDEMN T 600
1801  TTGCAGTGCTCGTGGCTCTTCCTCATGTCCTTCAGTCTGGGCTGGAGGTCGTACAAGCAGTGCAACGGGAGCATGCTCTGCTTCGCCCCC
L 6 S8 Wi LIRS LEGEWRBESEYREOLENEGES NLLCOCE AT 630
1891 GACCTCGTCATCAACCAAGAACGGATGAAGCTTCCCTACATGACGGAGCAGTGCGAGCAGATGCTGAAGATCTGCACGGAGTTTGTGCGT
o L W oo N @ ook ML R T EEECEENLKTGETE P Y 660
1981 CTGGAGGTGTCCTACGACGAGTACCTGTGCATGAAAGTACTGCTGCTTCTCAGCACAGTGCCGAAAGACGGGCTAAAGAGTCAGGCGGTG
L L L o L L ) IS B ) S LR 690
2071 TTCGACGAGATCCGCATGACGTACATCAAAGAACTGGGAAAAGCCATCGTCAAGCGAGAGGAGAACACCAGCCAGAACTGGCAACGCTTC
P DB XL RMT Y TR EDLERAILIUVRREIEYTS @NWE R 720
2161  TACCAGCTGACTAAGCTACTGGACTCCATGCAGGGGATGGTAGAGGATCTCCTCCACATTTGCTTCTACACATTCATGAACAAGACGCTG
YyqeLTKLLDSMQGMYEDTLTLUHTITCTFTYTTFMNEKTIL 750
2251  AGTGTGGAGTTCCCCGAGATGCTGGCGGAGATCATCACCAACCAGATACCAAAAGTCAAAGACGGCAGCGTCAAGCAGCTCCTCTTTCAT
S VEFPEMLAETITITNQTIPIKVKDS GSVKQLTLTFH 780
2341 CAGAAGTGA
Q K=

Fig. 1. The cDNA sequence and deduced amino acid sequence of HaGR from Hippocampus abdominalis. The nucleotides are numbered on
the left margin and amino acids are on the right margin. The stop codon is indicated by asterisk (*). C4 zinc finger is underlined and ligand
binding domain is be noted by a grey background. A short motif responsible for DNA-binding in a box.



Zinc finger domain

-l

Big belly seahorse LMSYPLSFSSATPRAGADPNSSVVPGQSKPNGQTEk n DEASGCHYGVV = vV 441
Zebrafish -ASLCFSKNFSSSPYSRPEDSTATSSAGGKTG-THK n FDEASGCHYGVL FHCKV 411
Asiatic ricefish -EAFSSSPNSASFASSTSRSEGGTPTSTGKTG-THK n FDEASGCHYGVL LYCKV 444
Nile tilapia LAPFSVGFSSSSPREGE-ISSSVVPAQSKTSGQTHK n DEASGCHYGVV F4ckv 464
princess of Burundi LAPFSVGFSGSSPREGE-1SSSVVPAQSKTSGOTHKICLcpDEASGCHYGVVIchdcky 463
Red drum LASFSVSFAGSSPRAGD-TSSPMVPVQSKPSGQSHK n DEASGCHYGVV Fgckv 462
European seabass VAAFSVSFSSSSPRAGE-TSSSVVPVQSKPSGQTHK n DEASGCHYGVV FQcKv 480
European flounder MAAFSANFCSSSPRAGE-TSSSAAAGOSKPSGOTHKICL DEASGCHYGVVICEYckv 470
Atlantic salmon --SFPVGFSSPTARPEA SGSTSSAKPSGPTHKICL DEASGCHYGVLICEHckvV 406
Wild boar RSVFSNGYSSPGMRPDV--SSPPSSSS-AATGPPPKICLVICEDEASGCHYGVLICEYCKV 450
Human RTVFSNGYSSPSMRPDV-—-3SPPSSSSTATTGPPPKICLVICFDEASGCHYGVLTCEICKY 419
Brown rat RSVFSNGYSSPGMRPDV--SSPPSSSS-AATGPPPKICLVCEDEASGCHYGVLICEYCKY 463
House mouse RSVFSNGYSSPGMRPDV--SSPPSSSS-TATGPPPKICLVCEDEASGCHYGVLTCEYCKY 461
Chicken RPAFSNGYSSPGLRSDV--SSSPSTTS-ATAGPPPKICLVICEDEASGCHYGVLICEYCKY 440
African clawed frog RSVFSNGYSSPGIRSDA--SPSPSTSS-TSTGPPRPKICLVCEDEASGCHYGVLTCEdcky 444

i i K K kTR ATk Ak ARk Kk ok g AT AT

>

Big belly seahorse FFKRAVEGWRARQKSDGQHNY IDKIRRKNCP. FRKCLOQAGMNLEARKNK 501
Zebrafish —-QHNY IDKIRRKNC FRKCLMAGMNLEARKSK 462
Asiatic ricefish —QHNY IDKIRRKNC FRKCLMAGMNLEARKTK 495
Nile tilapia FFKRAVEGWRARQNTDGQHNY IDKIRRENCEF. FRKCLQAGMNLEARKNK 524
Princess of Burundi FFKRAVEGWRARQNTDGQOHNY IDKIRRKNC FRKCLOAGMNLEARKNK 523
Red drum FFKRAVEGWRARQNTDGOHNY IDKIRREKNCE. FRKCLOAGMNLEARKNK 522
European seabass FFKRAVEGWRARQNTDGQHNY IDKIRRKNCP. FRKCLQAGMNLEARKNK 540
European flounder FFKRAVEGWRARQNTDGQHNY IDKIRRKNCE. FRKCLQAGMNLEARKNK 530
Atlantic salmon FFKRAVEG-——————~— IDKIRRKNCPACRFRKCLOAGMNLEARKNK 457
Wild boar FFKRAVEG-- IDKIRRKNCE. YRKCLOAGMNLEARKTK 501
Human FFKRAVEG— IDKIRRKNCPACRYRKCLOAGMNLEARKTK 470
brownrat FEKRAVEG=- IDKIRRKNCE YRKCLQAGMNLEARKTK 514
House mouse FFKRAVEG-- IDKIRRKNCE. YRKCLOAGMNLEARKTK 512
Chicken FFKRAVEG-— IDKIRRKNCP. YRKCLOAGMNLEARKTK 491
African clawed frog FFKRAVEG-———-———— IDKIRRKNCF. YRKCLOAGMNLEARKTK 495

P I A A e A
Big belly seahorse KLKRREHQSVRALEPAVP-—---SMPVAVIPACMPQLVPAMLSVLQAIEPEITIYSGYDGT 556
zebrafish SKARQAGKVIQQQOSIPERNLPPLPEARALVPKPMPQLVPTMLSLLKAIEPDTLYAGYDST 522
Asiatic ricefish KLNRLKG-—CQONSNPPEMIPSPPVEARSLVPKCMPOQLVPTMLSLLKAIEPDTLYAGYDST 553
Nile tilapia KLIKMKVHRAGASEPTIS ~NMPVPVVPRSMPQLVPTMLSILKAIEPEITIYSGYDST 579
Princess of Burundi KLTKMKVHRAGASEPTIS —~NMPVEVVPRSMPQLVPTMLSILKAIEPEIIYSGYDST 578
Red drum KLIEE----PPGSSQPIN —~NMPVPVIPKCMPQLVPTMLSMLKAIEPEVIYSGYDST 573
European seabass KLIKMKVQRPSGSSEPIS NMPVPVIPRCMPQLVPTMLSVLKAIEPEIIYSGYDST 595
European flounder KLTIKMKVQRPPGAAEPIS —SMPVSVIPR-MPQLVPTMLSVLKAIEPEVIYSGYDST 584
Atlantic salmon KLIRLKGQQTPMEPSPPPP--ARRRACDVIPKSMPQLVPTMLSCSKPSSRRPIYSGYDST 515
Wild boar KKIKGIQQATTGVSQETS-=--ENSANKTIVPATLPQLTPTLVSLLEVIEPEVLYAGYDSS 558
Human KKIKGIQQATTGVSQETS ENPGNKTIVPATLPQLTPTLVSLLEVIEPEVLYAGYDSS 527
Brown rat KKIKGIQQATAGVSQDTS ENP-NKTIVPAALPQLTPTLVSLLEVIEPEVLYAGYDSS 570
House mouse KKIKGIQQATAGVSQDTS ENA-NKTIVPAALPQLTPTLVSLLEVIEPEVLYAGYDSS 568
Chicken KKIKGIQOTTATGTREAA-—-EAAGNKSVVPASLPQLTPTLVSLLEVIEPEVLYSGYDST 548
African clawed frog KKIKGIQQSTTATARESP ETSMTRTLVPASVAQLTPTLISLLEVIEPEVLYSGYDSS 552

. Cxiwae s
Big belly seahorse LPDTSSRLMSTLNKLGGQQVISAVKWAKSLPGFRNLHLDDOMTLLQCSWLFLMSFSLGWR 616
Zebrafish IPDTSVRLMTTLNRLGGRQVISAVKWAKALPGFRNLHLDDOQMTLLQCSWLFIMSFGLGWR 582
Asiatic ricefish LPDTSTRLMTSLNRLGGRQVISAVKWAKALPGFRNLHLDDOQMTLLQCSWLFLMTFGLGWR 613
Nile tilapia LPDTSSRLMSTLNRLGGQQVVSAVKWAKSLPGFRNLHLDDQMTLLQCSWLFLMSFSLGWR 639
Princess of Burundi LPDTSSRLMSTLNRLGGQQVVSAVKWAKSLPGFRNLHLDDOMTLLQCSWLFLMSFSLGWR 638
Red drum LPDTSSRLMTTLNRLGGQQVISAVKWAKSLPGFRNLHLDDOQMTLLQCSWLFLMSFSLGWR 633
European seabass LPDTSSWLMTTLNRLGGQQVISAVKWAKSLPGFRNLHLDDOMTLLOQCSWLFLMSFSLGWR 655
European flounder LPDTSTRLMTTLNRLGGQQVISAVKWAKSLPGFRNLHLDDOMTLLQCSWLFLMSFSLGWR 644
Atlantic salmon IPDTSTRLMTTLNRLGGQQVVSAVKWAKSLPGFRNLHLDDOMTLLQCSWLFLMSFGLGWR 575
Wild boar IPDSTWRIMTALNMLGGROVIAAVKWAKAIPGFRNLHLDDOMTLLQYSWMFLMVFALGWR 618
Human VEDSTWRIMTTLNMLGGRQVIAAVKWAKAIPGFRNLHLDDOMTLLQYSWMFLMAFALGWR 587
Brown rat VPDSAWRIMTTLNMLGGRQVIAAVKWAKAIPGFRNLHLDDOMTLLQYSWMFLMAFALGWR 630
House mouse VPDSAWRIMTTLNMLGGRQVIAAVKWAKAIPGFRNLHLDDOMTLLQYSWMFLMAFALGWR 628
Chicken LPDSSWRIMSTLNMLGGROVVAAVKWAKAIPGFRNLHLDDOMTLLQYSWMFLMAFALGWR 608
African clawed frog IPDTTRRLMSSLNMLGGRQVVSAVRWAKAI PGFRNLHLDDOMTLLQYSWMFLMVFALGWR 612

s

Ligand -binding domain

. ¥ .
Big belly seahorse SYKQCNGSMLCFAPDLVINQERMKLPYMTEQCEQMLKICTEFVRLEVSYDEYLCMKVLLL 676
Zebrafish SYQHCNGNMLCFAPDLVINEERMKLPYMSDQCEQMLKISNEFVRLQVSTEEYLCMKVLLL 642
Asiatic ricefish SYQQCNGNMLCFAPDLVVNEERMKLPFMADQFEQMLKISNEFVRLOVSHEEYLCMKVLLL 673
Nile tilapia SYEQCNGSMLCFAPDLVINKDRMKLPFMTDQCEQMLKICNEFVRLOQVSYEEYLCMKVLLL 699
Princess of Burundi SYEQCNGSMLCFAPDLVINKDRMKLPFMTDOCEQOMLKICNEFVRLOVSYEEYLCMKVLLL 698
Red drum SYEQCNGSMLCFAPDLVINEERMKLPFMTDQCEQMLKICNEFVRLOQVSYDEYLCMKVLLL 693
European seabass SYEQCNGSMLCFAPDLVINKERMKLPFMTDQCEQMLKICNEFVRLOQVSYDEYLCMKVLLL 715
European flounder SYEQCNGNMLCFAPDLYINQERMKLPFMNDQCEQMLKICNEFVRLOVS YDEYLCMKVLLL 704
Atlantic salmon SYQQCNGGMLCFAPDLVINDERMKLPYMTDQCEQMLKISTEFVRLOQVSYDEYLCMKVLLL 635
Wild boar SYRQSSASLLCFAPDLVINEQRMALPCMYDOCRHMLYVSSELORLOQVSYEEYLCMKTLLL 678
Human SYRQSSANLLCFAPDLIINEQRMTLPCMYDQCKHMLYVSSELHRLOVSYEEYLCMKTLLL 647
Brown rat SYRQSSGNLLCFAPDLIINEQRMSLPCMYDQCKHMLFVSSELQRLOQVSYEEYLCMKTLLL 690
House mouse SYRQASGNLLCFAPDLIINEQRMTLPCMYDQCKHMLFISTELQRLQVSYEEYLCMKTLLL 688
Chicken SYKQSNGNLLCFAPDLIINEQRMNLPCMYEQCKHMLMVARELSRLOQVSYEEYLCMKTLLL 668
African clawed frog SYKQTNGSILYFAPDLVITEDRMHLPFMQERCQEMLKIAGEMSSLQISYDEYLCMKVLLL 672

P Dk kkk L sk Kk ok na LRk 1L K1 Kpsk shakekk kK
Big belly seahorse LSTVPKDGLKSQAVFDEIRMTYIKELGKAIVKREENTSONWQRFYQLTKLLDSMOGMVED 736
zebrafish LNTVPKDGLKSQSVFDELRMSYIKELGKAIVKREENSSQNWQRFYQLTKLLDSMHDLVGG 702
Asiatic ricefish LSTVPKDGLKSQAVFDELRMSY IKELGKAIVKREENSSONWORFYQLTKLLDSMHEMAGG 733
Nile tilapia LSTVPKDGLKSQAVFDEIRMTY IKELGKAIVKREENPSQNWORFYQLTKLLDSMQEMVEG 759
Princess of Burundi LSTVPKDGLKSQAVFDEIRMTY IKELGKAIVKREENPSQONWORFYOLTKLLDSMOEMVEG 758
Red drum LSTVPKDGLKSQAVFDEIRMTYIKELGKAIVKREENASQNWQRFYQLTKLLDSMQEMVES 753
European seabass LSTVPKDGLKSQAVFDEIRMTYIKELGKAIVKREENASQNWQRFYQLTKLLDSMQEMVES 775
European flounder LSTVPKDGLKSQAVFDEIRMTY IKELGKAIVEKREENASQNWORFYQLTKLLDSMQEMVEG 764
Atlantic salmon LSTVPKDGLKSQAVFDEIRMTYIKELGKAIVKREENSSQNWQRFYQLTKLLDSMQEMVGG 695
Wild boar LSSVPKDGLKSQELFDEIRMTYIKELGKAIVKREGNSSQNWORFYQLTKLLDSMHDVVEN 738
Human LSSVPKDGLKSQELFDEIRMTYIKELGKAIVKREGNSSQNWQRFYQLTKLLDSMHEVVEN 707
Brown rat LSSVPKEGLKSQELFDEIRMTYIKELGKAIVKREGNSSQNWORFYQLTKLLDSMHEVVEN 750
House mouse LSSVPKEGLKSQELFDEIRMTYIKELGKAIVKREGNSSONWQORFYQLTKLLDSMHDVVEN 748
Chicken LSTIPKEGLKSQTLFEEIRMTYIKELGKAIVKREGNSSQNWQRFYQLTKLLDSMHDVVEN 728

Fig. 2. Multiple sequence alignment of the deduced amino acid sequences of HaGR with its homologues and glucocorticoid receptor of other
species. The amino acids numbers are shown at the right margin. The amino acids identical to the sea horse sequence are indicated by an
asterisk (*), and the absent amino acids are indicated by dashes (-). Cysteine (Cys) residues in zinc finger motif are in boxes.
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Fig. 3. Phylogenetic re-construction tree of glucocorticoid receptor constructed with MEGA 5.5. The bootstrap confidence values shown at

the nodes of the tree are based on 5,000 bootstrap replications.
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Fig. 4. Tissue-expression of HaGR mRNA determined by qPCR.
Big-belly seahorse Hippocampus abdominalis ribosomal protein
S7 was used as a reference gene. The relative mRNA level was
compared with skin expression. Data are presented as mean values
(n=3) with error bars representing SD.
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Fig. 5. Analysis of HaGR mRNA expression in kidney upon syn-
thetic immunostimulants (LPS and Poly I:C) (A) and live bacterial
pathogen (Edwardsiella tarda and Streptococcus iniae) (B) chal-
lenges as determined by the SYBR Green qPCR assay. The rela-
tive expression was calculated by the 2-“¢T method by using big-
belly seahorse Hippocampus abdominalis ribosomal protein S7
as the reference gene with respect to corresponding PBS-injected
controls at each time point. Vertical bars represent the mean SDs
(n=3); *P<0.05.
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