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Characterization and Transcriptional Activity of a Vitamin D Receptor
Ortholog in the Ascidian Halocynthia roretzi

Jung Hwan Lee and Young Chang Sohn*
Department of Marine Molecular Biotechnology, Gangneung-Wonju National University, Gangneung 25457, Korea

In vertebrates, the vitamin D receptor (VDR), a member of the nuclear receptor superfamily, binds the biologically
active ligand 1a,25-(OH),-vitamin D, (1,25 D,). Nearly all vertebrates, including Agnatha, possess a VDR with high
ligand selectivity for 1,25 D, and related metabolites. Although a putative ancestral VDR gene is present in the ge-
nome of the chordate invertebrate Ciona intestinalis, the functional characteristics of marine invertebrate VDR are
still obscure. To elucidate the ascidian Halocynthia roretzi VDR (HrVDR), we cloned full-length HrVDR cDNA
and investigated the transcriptional activity of HrVDR in HEK293 cells. HrVDR consists of 1,680 nucleotides (559
amino acids [aa]), including a short N-terminal region (A/B domain; 26 aa), DNA-binding domain (C domain; 72
aa), hinge region (D domain; 272 aa), and C-terminal ligand-binding domain (E domain; 161 aa). The amino acid
sequence identity of Hr'VDR was greatest to that of C. intestinalis VDR (56%). In the luciferase reporter assays, the
transcriptional activity of HrVDR was not significantly increased by 1,25 D,, whereas the farnesoid X receptor ago-
nist GW4064 increased the transactivation of HrVDR. These results suggest the presence of a novel ligand for and a
distinct ligand-binding domain in ascidian VDR.

Key words: cDNA, Tunicate, Vitamin D receptor, Vitamin D responsive reporter gene, Halocynthia roretzi

*‘I = element, VDRE, PuGGT/GTCANNNPuGGT/GTCA)o| 2
gsto] |dighe] AAFHS HERdHTH(Sanchez-Martinez et
H|E}Y D 4=8-A(vitamin D receptor, VDR, NRI1I1)+= &%t al., 2006; Koszewski et al., 2010; Landry et al., 2011).

Tof| ofsf g/dste]= AARIARRD =84 superfamily] < 25559 VDR S| AH S-S A5 = b AF|zol=
gttt -8Al = 3243 Q1A Hcoactivator) X & A Q1<K co- T2E Ff5H= 10,25-(OH),-vitamin D, (calcitriol; 1,25 D,)
represson)ot FEAOE FAAY WHS 2UIh A5GA o} o Walelow AFeln B W Ak A 28 2
G EL2 EA2 Q] domain 25 5513 Q= N-Ut 2 A=A calcitriol 7= Ve HTHNorman et al., 2002).
HE BRZol WAAS 71 A/B domain, DNA-binding VDR $AAESL TGEE 25 OFAR 055, A Zo]H o
domain (DBD, C domain), hinge D domain, ligand-binding Qof| &= Fol5-5E HAlo|(Petromyzon marinus)ol| A E 54 E
domain (LBD, E domain) ¥ 32 1A/ ZAA| Q1A At H 9lch(Bouillon and Suda, 2014). @712 B9 2957 A=
9105 AL e F domain©.2 TAEE VDRE 2 slue] VDRGAAE 74471 9lon, &) 229 Fatahs
oh2 g A2 ARSI e o) = X -8R retinoid Xre-  HSIEF RAKA, 71, A, T8 )l A Aol T
ceptor, RXR)7} o] & o] A (heterodimer)E /35l 27+ E|olch AR AE o]F, Bol(Takifugu rubripes), ‘42| (Para-

27t=9F Zgkst 3 ujebdl D HHS- o 9 (vitamin D responsive lichthys olivaceus)= 5 %52 VDR +X A VDRa, VDRp)
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£ 7HA Ao & BarE o] Qlek(Suzuki et al., 2000; Maglich et
al., 2003). T2 =550 VDRI} -FASH| 20| VDRe, |
2] VDRp= 3 9Ie 22 X5 Holx|ut tfx 2 0 & Fof
VDRf= ol Ak A = o 7t op7ha], 250l M= AL I
E)2] ok= Zpo| o] Qlth(Suzuki et al., 2000; Maglich et al.,
2003).

7)%5-291 HIEHID (1,25 D)= AF2] 4B (UVB)©] 2]3] 7-de-
hydrocholesterol®] Fol]d AA o 7| ¥E & 5= X3} =
7)ol AW A FAdE 2oz B7he T 9)tBouillon
and Suda, 2014). T3} 1,25 D,+= UVB©| 2|3t DNA &4-&
aifel = 4= Sl Y E =Y ARl HeEde F4HT
(Holick, 2011). 31, s+ 5= 935+ 7 Y7 Ciona
intestinaliZ -6 2 55-22] VDRI} §-AFgE th=9] 3 4=8-4]
ARl BIefA|aL o] RS EF ol TET ASE
o4 7] ol gt ¥l o] ol A| = YITK(Yagi et al., 2003).
FARRE 7152 7H Ao & 274 Ciona VDR 23552
VDR 22 1,25 Do o5k AAR -2 vrehtA] ghotom 1
752 B34S A & Fol Qltk(Reschly et al., 2007).

2 Aol A= A FE= VDR f-Axke} Tl £4
= Tgst7] fIske], YA(-"4d o|, Halocynthia roretzi) VDR
9] full-length cDNA (HrVDR)E clonings|al -5 H 7| Ciona
VDR#} 317, a| % F+3 5= VDR opu| Al A Y} di4
4419 5442 domaing 2 5~5-= orthologS} Bl 4
3tk E3E, VDRE-luciferase reporter assayS A A5t Z
5559 VDR ¥ Ciona VDR} AgFgital ezl 27k
O3 HrVDR A =5 2ASHI T

Mz H A

RNA =& 2 cDNA gd

g712] VDR cDNA HrVDRE cloningd}7] 913, A &4
oA LUt YA 5 22AE A E35}] total RNAE ==
517] A7tA] -80°Coll 4745+ 2H, Qiagen RNeasy Mini kit
(Qiagen, Valencia, CA, USA)E AlE-3}9] total RNAE F+=

Table 1. Oligo primers for polymerase chain reaction

b

o)

o

31t SMART RACE (Rapid Amplification of the cDNA
Ends) ¢cDNA &4 kit (Clontech Lab, Mountain View, CA,
USA)E o]gsto] 2% 15 total RNA (0.5 pg)= 5
cDNAE sttt

Polymerase Chain Reaction (PCR)

Full-length HrVDRE cloningdl7] $3l], Magest (http://
magest.hge.jp/) databaseo] 55%/0] ¢l= VDR partial se-
quenceE BFO.2 HrVDR2 oligo primersS AA5F% )
(Table 1). 87 5-2] total RNAZ F-E| gHA4 8 cDNAE tem-
plateZ 3}o] 10X nTaq buffer 2 uL, ANTP mix, primer Z}2}
10 uM, nTaq DNA polymerase 0.2 uL (Enzynomics, Seoul,
Korea)E ARE-310] oF 20 uLZ PCRE =33} ct. PCR &
712 Pre-denaturing step=- 94°C 5%, denaturing step=- 94C
30%, annealing step= 55°C 30%, extension step= 72°C 1%,
post-extension step< 72T 722 Z 30 cycleS A3gt &
Z32%] DNA AH5-S 1% agarose gel 7] 952 AA|sto] &
QI8hicY.

RACE-PCR 24

Total cDNAZ template = 5}0] VDR 5" Ik} 3¢ Hgko
2 717}, 10X BD advantage 2 PCR buffer 2.5 uL, dNTP mix
(10 uM) 0.5 uL, 50X BD advantage 2 polymerase mix 0.5
uL, Universal Primer A Mix (UPM) (10X) 2.5 uL, forward
primer (MAhrVDR-F), reverse primer (MAhrVDR-R) (10
uM Z+7h) 0.5 uL, 5~-RACE CDS Primer A, 3-RACE CDS
Primer A (Clontech Lab) (Table 1)& ARSI & 25 uL&2 5’
RACE-PCR¥} 3" RACE-PCRS 483} L}. Pre-denaturing
step 94°C 3+, denaturing step 94°C 30%, annealing step 72°C
25 5 cycle 2133t 5], ThA| denaturing step 94°C 303, anneal-
ing step 70C 30%, annealing step 68 C 30%, extension step
72°C 25 25 cycle A8 Th2, post-extension step 72°C 75
HhS-5HAh. & 35 cycle 242} A gstal S35 DNAARE S
1% agarose gel 2 7] %% 243513}

Primer Direction Sequence (5" — 3) Application
MA-hrVDR-F F ACTTCAGCCATAAAGAATTCG 1st strand cDNA PCR
MA-hrVDR-R R TGTACTGATTCAATTCCTGATC 1st strand cDNA PCR
MA-hrVDR-F1 F CACCCAAGTCTTCGAAGTCCACTGGATC RACE-PCR

MA-hrVDR-R1 R CTGCTGCAGACGCCTTCATCTTTCGC RACE-PCR
HrvVDR(Xho 1) F GCCTCGAGATGAAAACCGTAGGTCGAAC Expression plasmid construction
HrVDR(Xba I) F GCTC TAGATTAGTTGTTGACTTCCAGTATA Expression plasmid construction

UPM F/IR

CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT RACE-PCR

F, Forward; R, Reverse; UPM, Universal Primer A Mix
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Sequence 24

ZZ% PCRAHES pGEM-T easy vector (Promega, Madi-
son, WI, USA)ef| A43}aL, Escherichia coli XL1-blue com-
petent cell®] transformation A% T}. Alkaline lysis miniprep
S ARgto] 2h2¢] Tl 4Rl plasmid DNA 5% $-
59 3 ko Sanger 917142 B4 o B4 o
2|3}% th(Solgent, Daejeon, Korea). +4% 5" RACE ¥ 3’
RACE clone=2] 971442 NCBI BLAST search program,
NCBI ORF (Open Reading Frame) Finder2} NCBI Con-
served Domain Search (CD Search) program .2 2-215}%
t}. o} At A Q H] = CLUSTAL W 2 MultAlin multiple
sequence alignment program=- A-8-51o] F-4131¢] ), 22} 7
E4+= MrBayes (Huelsenbeck et al., 2001)2] Bayesian '
% AHgstol AsIgh
Plasmid A&

HrVDR cDNA9| ©hell g §1o] BLoj5 Z3£517] 913t primer
set (Hr'VDR-F, Hr'VDR-R; Table 1)E A #|5}2L conventional
PCR Yo 2 F2351¢ 0, pcDNA3-HA-NLS expression
vector (Maeng et al., 2012a)°] 4FI5tar Aol wet E.coli
XL1-blue competent cello]] transformationd}1Z plasmid DNA
£ 3319tk HrVDR cDNA7} 4191 ¥ plasmid DNAS- Xho
I, Xba I Algta s ] st AFQ)H insertE ERIgH &, T7 4
SP6 primerE ©]-8-5lo] 5" U 3" H}gFO & Sanger GV E &
A v o 7 BLAS1SI tH(Solgent, Daejeon, Korea).

Luciferase reporter assay 24

AE 24A17F Aol £33 human embryonic kidney -3
°] HEK293 Al|3£(5 % 104)9]l HrVDR, HrRXR, human RXR
(hRXR), human steroid receptor coactivator (hSRC1) (Maeng
et al, 2012b) X Adtheha o|FH wpdorie Algwt
2 human VDR #&-8- vector (hWDR), osteocalcin promoter
¢ VDREZ A4 %H VDRE-luciferase reporter (VDRE-
Luc) (Kim et al., 2009), B-galactosidase &8 pRSV-B-gal
vector (Maeng et al., 2012a)E Lipofectamine™ 2000 (Invi-
trogen, Grand Island, NY, USA)2.2 transfectiond} T} 34
7k 0] 10% FBSS} 1% FAAIS mgehs A2 meksrs]
t}. 10,25-(OH),-vitamin D, (1,25 D), 7-dehydrocholesterol
(7DHC), Cholecalciferol (CHOLC), Ergocalciferol (vitamin
D,), 25-hydroxyvitamin D, [25(OH)D;], 6-formylindolo [3,2-
b]carbazole (FICZ), fanesoid X receptor agonist (GW4064),
benzoic derivative retinoic acid (AM580), 9-cis retinoic acid
(9-cis RA) (Sigma-Aldrich)E EtOHo]| 8]4]5}o] %] 2]3}al 24
A7 B¢k 37°C, CO, 5% incubatorol v FsHATE Al ZulF
Y Z-9] EtOH F=1= 0.1%0]5F= FAI5F L 24A417E%, 1X
cell lysis reagent (Promega)2 AH&5to] Al EES &3) Al7|aL,

AT 1] B =YES BASH] fIsto] B-galactosidase
assay buffer (200 mM sodium phosphate buffer pH 7.3, 2
mM MgCL, 100 mM (-galactosidase (98%), 1.33 mg/mL
O-nitrophenyl-B-D-galactopyranoside (OPNG)E A &]3}
ST 405 nmoJ| 4| B-galactosidased] A4S AR O,
luciferase assay buffer (IM KH,PO, pH 7.8, 0.5 M MgCl,
0.1 M ATP, 10 mM luciferin)@} luminometer (Berthold Co.,
Wildbad, Germany)& A8-5}¢] luciferase reportere] A=
£ 2745190} HrVDR ¥J|9] ghald wel e shelst] slal
o] HA-epitopeE 21418= monoclonal 12}&A|(mouse anti-
HA, H9658, Sigma-Aldrich, St. Louis, MO, USA), goat 2%}
34| (anti-mouse IgG-HRP, sc2005, Santa Cruz Biotech., Dal-
las, TX, USA)E Z1Z} 5,0001] 3]4]5}o] Ay ol whe} western
immunoblot-S A A5} T

2 I

HrVDRS 5 3lebil 9l cDNA A4 d71482 5" 4
3’ RACE HH o 2 912 ¢DNA AH=2 NCBI ORF Finder2}
Conserved Domain Search (CD Search) program, CLUST-
AL W ¥ MultAlin multiple sequence alignment program-S-
ARgsto] B3t HrVDR full-length ¢DNA&= & 559
amino acids (aa)E &35kl 12 1680 nucleotides (nt)
O] 1A H} 149 nt®] 5" B S| F.9], 1633 nto] 3" v
2oz AE & 3462 nt2 5] A tH(GenBank Accession
no. KT988062). N-Z+H2E] A/B domain 26 aa, DBD 77 aa,
hinge domain 161 aa, LBD 161 aaZ2 /& o] glom th=
#3552 hinge domain®] H]3}¢] 71 £4-& H3Ick(Fig. 1).
HrVDRZ thE F&=2] VDRI A5/ Hlask = w, ol
ot ko) o] /& A C. intestinalis®] VDR-b E}I=} 714
=2 E S HE /ITHS6%) (Table 2). ¥]5 OHE 25+
20| VDRI A41219] 454, LBDFO1o) A5 AL 1l
SOIAR(31-35%), DBDYS] AHEAS vlind ooy
(62-63%) (Table 2) A| 2] ] 217]7} Sl R9jo] & Mz
o] QIt}(Fig. 1). Bayesian softwares AH8-6to] EAAE+E

Table 2. Amino acid sequence identities with Halocynthia roretzi
VDR, HrVDR

Orthologous  Entire coding DNA-binding Ligand-binding

genes region (%)  domain (%) domain (%)
Ciona VDR-b 56 71 69
human VDR 32 63 34
mouse VDR 34 63 34
lizard VDR 32 63 34
Xenopus VDR 31 62 34

medaka VDR 33 63 35
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1 <<
HrVDR MKT VGRTGVSLSR LRQDSPEDEG KTKDKICVVC GDIATGTHFA AMT
CionaVDR-b MHFG
humanVDR MEAMARST SLPDPG-DFD GDRATGFHFN 2
mouseVDR MEAMAAST SLPDPG-DFD GDRATGFHFN A
lizardVDR MSLFONPWEL YQPSIPNDLD TEMEIVAPCP PFPDPASDFD DKATGFHEN Al
XenopusVDR MEFMAATT SIADTDMEFD GDKATGFHEN E
medakaVDR MESITVTT SVVGPD-EFD GDKATGFHEN A GSCN ITKDNRRHCQ
CONSENSUS . vt ver tvenvinean aeeiiiiaan e S P ic.vc gd.atg.HF. A F#..C. InK.NRKHC( la. GMns.1I$s# E
131 260
HrVDR RTNREKRALM RLKKEQEEID QREKIFELSP QPIVOMTPED KCLIKMLLDC HYSSYDFSYE DYETFRGRQH IAPPNVEEIK TSHVTLAWLM ANTEEDLSRP QEEKPRKSAS KVRSSSKKDN KVEHPKRAKD
CionaVDR-b RMNREKSGSK Q-----=-==-= —=--=---- P QA-TRMTMDE KLLVKTLLKG HRDSYDFAYV EYDTFRGREP GSNDGQQEI- --- NTENPN----
humanVDR LKRKEEEALK D- SLRPKLSEEQ QRIIAILLDA HHKTYDPTYS DFCQFRPPVR VNDGG----= —========= —=——=———-= —oom—mmmo HPSRPNSRHT
mouseVDR MKRKEEEALK D- SLRPKLSEEQ QHITAILLDA HHKTYDPTYA DFRDFRPPIR YSPRP----T
lizardVDR MKRKEEEALK E- SLKPKLLEEQ QRIIDILLEA HKKTYDPTYS DFNQFRPPVR SR MKSRSSSIMT
XenopusVDR NKRKSEEALK E SMRPKISDEQ QKMIDILLEA HRKTFDTTYS DFNKFRPPVR FR RITRSSSVHT
medakaVDR MKRKEEEAAR E- AMRPRLNEEQ ARITSSLVEA HHKTYDASYS DFSRFRPPVR =DGPV===== ========== —mmmmmmmoo oo oo TR SASRAASLHS
Consensus ronrek.alk ...iiiiiis caiaaaann P q....mt.## k.1!'k.L1.. H..s%*Df.Y. #5. ..e.p.....
261 <<390
HrVDR EGVCSSSNNS PVECCDLSDT FGSLEGVSQP PVVQODGAVG RQSVAQDSFY SDSSASMPSR HNIRLGDQEL NQYKCDMADQ AATRMMFEDS KDTLADSGVD SLLYLQGLFM NQGLMDEKMH SLFQHFCDIM
CionaVDR-b -GLDAAT--- AVE AQSTTEDS-- -LLFQHFLPI YPFSFDPKAK QLFQHFCDIM
humanVDR PSFSGDSSSS C--—--=--== —=---——--- ———- SDHCIT SSDMMDSSSF SNL - - -DLSEEDSDD PSVTLELSQL SMLPHLADLV
mouseVDR SLDMMEPASF STM-====== ========== —mmm—mmom mmmmmooo o -DLNEEGSDD PSVTLDLSPL SMLPHLADLV
lizardVDR SSSSPEPKMF SNL - -- -ELSDDSDES ASMSIDLSHL SMLPHLADLV
XenopusVDR SPDSSEHGFF S -LFGQ--FEY SSMGGKSGEL SMLPHIADLV
medakaVDR ESVDTKMNFS SLL -MMYQDGVNS PDSSEEDTKL SMLPHLADLV
Consensus gs..edsf. S....iiiir ai... L PO Mevie vennnnnns .1l.9..1.. ...s.d.k.. s$fqHfcDim
391 << Ligand-Binding Domain (LBD) >>520
HrVDR TWGIKKVIEF_CKCIPEFQE SYFAFASDGN KYM--SDKFQ YSPEDFLOAG ASTEFVDQYT NVHMRMRKMK LKVEEICLI OKRIAQALR
CionaVDR-b TWGIRKVIDY CKGIPQF KYM--SDKFQ Y GNKEFVEKYN SLHIRMRKMK LQVEEICLL! CVANTLQ
humanVDR SYSTQKVIGF AKMIPGFRDL SWTCGNQD 5 HSLELIEPLI KFQVGLKKLN LHEEEHVLLM A TQDRLSNTLQ
mouseVDR SYSTQKVIGF AKMIPGFRDL SSAIEVIM SWDCGSQDYK Y. 5 HTLELIEPLI KFQVGLKKLN LHEEEHVLLM A TODRLSNTLQ
lizardVDR SYSIQKVIGF AKMIPGFKDL SSAIEVIMLR S SWTCGSNDFK 5 HSLDLLEPLV KFQISLKKLN LH. IODHLSGILO
XenopusVDR SYSTQKIIGF AKMIPGFRDL IAEDQIALLK SSVIEVIMLR S DDM SWTCGSEDFK Y 5 HNMELLEPLV KFQVGLKKLD LHEE RLSSTLQ
medakaVDR SYSIOKVIGF AKMIPGFRDL TAEDQOIALLK SSAIEIIMLR SNQSFSLEDM SWSCGGPDFK Y 5 HTLELLEPLV KFQVGLKKLN LHEE LODRLSEALQ
Consensus twgl.K!I.% cK.IP.F.#L s.vDQI.LLr ggclEmlvLR SyfaFs.#.n kym..sdk%q ..#fv#.y. ..h.r$rkSk L.vEEicLL. alvl . mQdr.a..Lg
521 <<~ LBD >> 590
HrVDR AYEYTNKDPE K-==-- ACVI YSELLLLLPV LRTINVLFSN TILTLK-DDI NEDDINPLIL EVNN
CionaVDR-b AYEYTHKPPN ESSFLOARTM YCELLLILPI LRTINMLFAQ NIMSLK-QT- NEKDMNPLI
humanVDR TYIRCRHPPP G----- YAKMIQKLAD LNEEHSK QYRCLSFQPE
mouseVDR TYIRCRHPPP G- YAKMIQKLAD LRSLNEEHSK QYRSLSFQPE
AnolisVDR TYILCRHPPP G- YPKMIQKLAD LRSLNEEHSK QYRCLSFLPE EV
XenopusVDR TYILCKHPPP G- YAKMIQKLAD LRSLNEEHSK QYRSISFLPE EV.
medakaVDR AYIRVNHP-- G- YAKMIQKLAD LRSLNEEHSK QYRSLSFQPE 3 EV
Consensus aYeyt.kpp. ...... ar.. Y.e$ll.Lp. LRtiN.lfs. .i.slk.q.. ne.d.nPLil EVnn......

Fig. 1. Amino acid sequence alignment of VDR proteins. Multalin program (Corpet 1988) was used to generate a multiple alignment
with VDRs: Halocynthia roretzi H'VDR, (GenBank Accession no. KT988062), Ciona intestinalis CionaVDR-b (NP_001037831.1), hu-
man VDR (J03258.1), mouse VDR (BAA06737.1), Anolis carolinensis lizard VDR (XP_008101719), Xenopus laevis XenopusVDR
(NP_001079288.1), and Oryzias latipes medakaVDR (NP_001121988.1). The DNA-binding domain (DBD) and ligand-binding domain
(LBD) were predicted by NCBI domain architecture analysis program. Highly conserved amino acid sequences are shown in the consensus

sequence.

24451 A7} HriVDRE 1531 A% 20| DRI}
2)of| 9125} C1ona VDR-b E}9]7} 317 75 VDR 18-S
FAJ}L S oF 4+ A3tk (Fig. 2).

Luciferase reporter assay S A A|5}7] o] ¢4 HEK293A]| 3o
transfection' HA-HrVDR & # €] 7} & &]=%] HA epit-
ope I & ©]-8-3F western immunoblot B S22 ARSI T
of|AFst vpe} Zho] oF 70 kDa H-2of] HrVDR © vi==2 7
=503, 5Y317 vehicle vectorg transfectiongl Al 3Z o] Al
= W=7 ke A] ¢hg o] hVDR =3 Al Zof A= F 60
kDa F-*of| UFEFTH(Fig. 3A).

VDRE-luc reporters ©]-8-3t luciferase assay o 4]+ positive
control hVDRS- =13+ HEK293 AJ3zof At 2-41% ulefql
D, (1,25 Dol of3) 2AEHgo] M, T2 HEhD, A
] 7DHC, CHOLC, 25(0H)D, 2 4= u|e}ql D,o] o]gt 2
/32 Ho|A| kAL, HrVDR-E A3lof| o] 85 HE 2ftEo
OFSITH(Fig. 3B). H=5E0] VDRE RXR
J—} heterodlmerg FAste] Hofete] AAEAS Ve F

A 01R7| Hofs)r] w0l (Sanchez-Martinez et al., 2006),
HrRXR, hRXR ¥ hSRC1%< transfectiond}il HAREA] S &
7HR 0 2 ZARSFITH HrVDR/HrRXR, HrVDR/hRXR trans—
fection A3zl 1,25 D, 9 9-cis RA Z| 2] Jsf #3}7} Gl
A9k, 224 1A} hSRCl—J cotransfection-2 AAFEHA]S- -[T_J
A o g Z7MX#chFig. 3C; P<0.05). 3HH, 1% %= 2] FICZ %
AMS580 A 2] o] &Jsf Ciona VDR HAH o] F-7}Hel A3 <1+t
7} 91910, 5 2 (Reschly et al., 2007), B2 T%%(1-5 uM)
2 3 2t=E A elste] 5UskA VDRE reporter assayS
AAsHI T 7L 23 HrVDR-2 1,25 D,, FICZ, AM580°] 25t
TN/ LHERA] kAT, a2 2] GW4064 (5 uM) A
2lo] s Ar/d o] F7FsF3Ith(Fig. 4; P<0.05).

o
Lol A= A VDR Y5 ssl= full-length cDNA
(HrVDR)E clonings}a! 4% A Ciona VDR ¥ 2 35-52]
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HrVDR
CionaVDR-b
humanVDR
mouseVDR
lizard VDR
XenopusVDR
medakaVDR
HrERR

—

0.2

Fig. 2. A phylogenic tree for VDR proteins. Phylogenetic tree con-
struction was generated with MrBayes software and the reliability
of the tree was assessed by bootstrapping using 10,000 bootstrap
replications. The abbreviated amino acid sequence names for
VDRs are noted in Fig. 1. Estrogen receptor-related receptor of
Halocynthia roretzi, H'ERR, was used as outgroup.

3| orthologE3} B 1 2A5}¢i T}, 3 HrVDRY} 2 sh=
2t EE 2AFSH7] flate] BlEk D, W83 VDRE reporter
AR Bl ohergt wigkdl D, e 3lgkES ©]-8-5kef HrVDR
A = ekE 46k & dte 7355 VDR
e gAY gl 75 Ae o Badt Fa3t 7|2 AR 2 A
2-8d Ao H7E

VDR §-AA= QI7E, upe-A, & =upl, Xenopus 5 t3E
Al HEsEo e o SF EASHAIRE, SA(Oryzias
latipes), ‘H ], Fol T =0l A Sl o3 VDRa,
VDR F+ F-577} EA1¢HcH(Suzuki et al., 2000; Maglich et al.,
2003; Howarth et al., 2008). 1 ¢15Lo]| 4] 7] HrVDR 4] o}
o] leqt A DS 2R A, Ao ZAE C. intesti-
nalis®] VDR-b subtypet 7H4 F-AFH 2 02 &3] o o]
£ 5 o] FUTH TR Aago] 3 AL vriela 9)
3, WAle) Tk S48 superfamily §7412 ZAFE )
o] &J5}H, estrogen receptor-related receptor (ERR), farnesoid
X receptor (FXR), liver X receptor (LXR) ¥ RXR-2 splicing
variant7} 218 A% 9lou}, 717 g S R0] SR 2
Stok(Park et al., 2009; Maeng et al., 2012a, 2012b; Raslan et
al., 2013). webAl, Hr'VDRS Z3sto] WA o] 42452
Z17}0] e 240l of3) e 3HElo] g 715A40] Eri.

o2 25529 VDR @2 o] a4 22l 7|5 domaing=
7H5He] 1 9l DBD &l LBD %°Jo] gfto] HrvDRo) o
o} W] Lok ul, chazk obul b o] Wo]7h e 4
2918 oF %= I3tk V1% NCBI Blast 24 23} 53529
7Vi AR BAFEA VDR SRS o] FAE oA T, B 28
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Fig. 3. Transcriptional activity of Hr'VDR. (A) HEK293 cells in a
24-well plate were transfected with HA-HrVDR expression vector
(100 ng) and cultured for 48 h. Total cell lysates were resolved by
12% SDS-PAGE and blotted with the HA primary antibody and
HRP-conjugated secondary antibody. The maternal vehicle vector
and HA-hVDR expression vector were used for controls. (B-C)
The vehicle vector, Hr'VDR, hVDR, hRXR and hSRCI expres-
sion vectors (100 ng each) were transfected into HEK293 cells in
24-well plates, along with the VDRE-Luc reporter (100 ng) and
[-galactosidase expression vector (pRSV-f-gal; 100 ng). After 24
h of transfection, the cells were incubated in the presence of the
indicated ligands (107 M each) or the same amount of EtOH for 18
h. All cells were lysed, and the luciferase activities were measured
and normalized against the 3-galactosidase expression as an inter-
nal control. The relative luciferase activity represent the meantSE
of four separate transfections expressed as a relative light unit
(RLU). Statistical changes were determined by the Student’s t test
(two-tailed). *, P<0.05.
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VDRE-Luc

[ vector
Il HrVDR

RLU/B-galactosidase

1 5 1 5 1 5 1 5 uM
EtOH 125D, FICZ GW4064 AM580

Fig. 4. Transcriptional activation of HrVDR by FXR agonist
GW4064. Vehicle and HrVDR expression vectors were transfected
into HEK-293 cells as indicated. Treatment of ligands, luciferase
reporter assays and statistical analysis are same with Fig. 3.

Z3l Holo] LBDO| Wo|7} wWekal S-AF & C. intestinalis®)
VDR LBD %7} 69%2] AHEA4ol #3kaksic. whehal, vl
£}l D7} 2l7hEQ] M3 EEe] VDRI 28 of4] 0 2 Tih
VDR LBD?| %= g-o]3}A Bletrl D7} gt A o2&+ =
A ok=t} A2} C. intestinalis 84| LBD & 217t
9] 3 orthologE W] w3t AFEAlS 38-78%¢1 H- 11
&} HrVDRO| ofn|icAl A574(34%)S A S4-8A4l5
Fo|A 7 -2 & 4= Qlth(Park et al., 2009; Maeng et al.,
2012a, 2012b; Raslan et al., 2013). $+H, DBD % ¢Joj| 4 DNA
Aol A F 0l 122 A& A zine finger 25 FATH=4
7H] A|2H|Ql site= W= FEEOIA wif- F HEEIL §lo]
A VDREE 236t G482 A G ool 2ddshe= 592 3L
= Ao= wodH 3%, s FE= YA VDRo| ¢
915 4 4] VDR I=AF HoloF ZARIRFZ A O] 7)o 2
H SAxIE A ol A7} 7| e Tk

23559 VDR¥} #A|gH o] At ol & Kol= HrVDR
4 C. intestinalis®] LBD % ¢}, 12|31 1,25 D, 7} Ciona VDR
t= 2 A 2-8-51HA] ohgtthe ¢15- AK(Reschly etal., 2007)
+ "7 HrVDR®] HIEYI D, H|O|&/& ol &= Al leh A
A& 1,25 D= =8 7L A4A1Q1 7DHC, CHOLC, 25(0H)D,
A A E/d Blebdl D,of| o3t AAREHY A] TAFER] ol o
A ZA1=HrVDRE] Y44 2|7+ 9 agonisti= =243 217
o|ct. 3HH, FXR 2]7F=2l GW40645 B4 135 %=91 5 uM
= #e|5 A7} HrVDR] oFg AR o] ekt .o sjok
FARED DR A58 A9 27hE Mege 2 el A
F58 g Ale] SRS BT B Aol WS Alxjel
1 ek Ad 2 WA FXR 9 LXRE 212+2] 2] 5%-5 agonist
2 92| 7 GWA4064 2 GW39659] 2J3t HALEH o] Ko o
QYth(Maeng et al., 2012a, Raslan et al., 2013). A3t v} 7+
o], 1= & FICZ Y AMS580E A 2|5t 4% Ciona VDRE] A

AF2HA o] oFs1A| #HakEl AT (Reschly et al., 2007)2}F T %2 .
2 HrVDRE AAREHo] Ho|] 939lth. o Ciona VDRE]
LBDe}E opn|leibA| G 2to] 7} AAIgH F-E Rhstar §lom
u'dH VDR 2|7H= 2 agonist] thFAIS AJARSEAL Qlek. &
%, 1,25 D°F FARE 25557 BIEVIDA 9 2tE &4
2 HrVDRZ ¢taffinity S A= F7H4 %] 47 Has A
o ApaET

Al AL

o] =2 ZHE UL o7 |5k (20126%) 2 B R
(E3)0) A 0.2 FFATAIT) 2| LS ot 537l 7|2
ATAA A(2015RIDIATA01060673).
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