
The homologies of each domain were determined by EMBOSS needle program.

Some EcRs used are explained in Fig.1B and the additional EcRs used for homology

comparison include: MjEcRA from Marsupenaeus japonicus (AB295492), TcEcRA

from Tribolium castaneum (AM295015), AmEcRA from Apis mellifera

(NM_001098215), MsEcRA from Manduca sexta (U49246), MsEcRB1 (U19812),

DmEcRB1 from Drosophila melanogaster (M74078).The C domain (DBD) and E

domain (LBD) showed high identities with other EcRs. In the DBD, scorpion,

cockroach and flour beetle showed 100% identities with AsEcRA. The LBD showed

higher identities with other arachnida, scorpion and soft tick.

Materials and Methods

Isolation of the Ecdysteroid Receptor and Retinoid X Receptor 
from the Spider Agelena silvatica

Yoshiko Honda, Mari Horigane, DeMar Taylor
(Graduate School of Life and Environmental Sciences, University of Tsukuba, Tsukuba, Japan)

Protein

Ecdysteroids 
Cytoplasm

EcR USP (RXR)

EcRE

mRNA

Target gene

Nucleus

EcR: 

Ecdysone Receptor

RXR : Retinoid X Receptor

USP : Ultraspiracle

EcRE : 

Ecdysone Response 

Elements

Introduction

A/B C E/FDN C

1000

Human LXR

MjEcR

BmEcR

MsEcR

AaEcR

DmEcR

UpEcR

AsEcR

0.1

LaEcR

AamEcR

OmEcR

LmEcR

AmEcR

TcEcR

BgEcR

1000

1000

1000

858

1000

949

829 786

998

956415

Shistosome RXR

DmUSP

MsUSP

Heartworm RXR

AsRXR

OmRXR

LaRXR

DmagRXR

TcUSP

BgRXR-L

BgRXR-S

LmRXR

Snail RXR

0.1

551

974

UpRXR
MjRXR

1000

Human 

RXR

Zeblafish 

RXRAscidian RXR

828654

1000

1000

801

593

999

707

942

699
1000

% Identity (similarity) of each domain

Amino acids A/B C D E

LaEcRA Scorpion 40 (50) 100 (100) 55 (69) 89 (94)

OmEcRA Tick 42 (53) 99 (100) 56 (69) 84 (91)

UpEcR Crab 36 (48) 97 (100) 43 (61) 66 (80)

MjEcRA Prawn 22 (30) 96 (100) 32 (37) 57 (73)

BgEcRA Orthoptera 26 (31) 100 (100) 56 (66) 66 (80)

TcEcRA Coleoptera 19 (31) 100 (100) 55 (61) 69 (80)

AmEcRA Hymenoptera 30 (38) 99 (100) 43 (51) 70 (80)

MsEcRA
Lepidoptera

35 (44)
89  (97) 33 (44) 58 (71)

MsEcRB1 27 (38)

DmEcRA
Diptera

30 (38)
88  (96) 38 (50) 61 (77)

DmEcRB1 36 (47)

% Identity (similarity) of each domain 

Amino acids A/B C D E

LaRXR Scorpion 37 (53) 93 (96) 80 (95) 74 (85)

OmRXR Tick 38 (51) 94 (99) 86 (91) 61 (75)

UpRXR Crab 31 (47) 94 (99) 55 (77) 57 (69)

MjRXR Prawn 43 (55) 96 (97) 42 (63) 66 (80)

BgRXR-S Orthoptera 33 (42) 97 (100) 82 (91) 66 (80)

TcUSP Coleoptera 37 (45) 97 (100) 73 (86) 58 (76)

AmUSP Hymenoptera 35 (43) 96 (100) 77 (91) 66 (81)

MsUSP Lepidoptera 58 (62) 94 (99) 65 (77) 41 (60)

DmUSP Diptera 33 (48) 94 (97) 46 (64) 40 (58)

HsRXR alfa Human 27 (36) 85 (97) 82 (96) 66 (81)

AsEcRA

AsRXR

AsActin 5C

0 2 3 81 4 5 76 9 10 0

3rd instar 4th instar

Days

Conclusion

EcR

RXR

174 66 21971AsEcR N C

A/B DBD D LBD

94 67 22322AsRXR N C

A/B DBD D LBD

A

Table 1. Homology of AsEcRA compaired with other EcRs

Table 2. Homology of AsRXR compaired with other RXRs and USPs

C

A

B

AsRXR     1:MAD--VDRIAEFSEDDSSEFFPESTAVNNTLSNSSV-SNGAS-SLSSS----GISSTVSSS---------FANSAFSSIHSNSYAQLSSQSQNPPSPQYPANHPLCGSKH  93 

LaRXR     1:.YK--KE.PKLSVTALLCGNHNSP.--.W.T.PVLG-HYT..SLGPT.LSNE.ATLVT..Q-T-QPQFT--G.HNSFLTP.G--------------H-..P....S....  86 

OmRXR     1:.YK--KEXPKLSVTALLYGTSGPPP.PVW.SV--VT-.LSPTYHG.GGSVNG.STAVS..L-QPQSSFPGLLGTSAYAPS-GQQQ.QQ.GG.LSGGR-..P....S.... 102 

UpRXR     1:.IMIKKEKPVMSVSSIIHGSQQRA----W.PGLDIGM.GSLDRQSPL.V-APDTV.LL.PAPSFSTANGGP.SPSI.TPPFTIGSSNTTGLSTS..Q-..PS...S.... 104 

BgRXR-L   1:.EG--SE.V.GL.L.SNLPISSMEPQSPLDMKPDTA-.LLG.G.F.PT----.GGGPN.PG-S-------.SIGHS.-VL...TGSSQ.KGSSGS..-..P....S....  93 

DmUSP     1:.DNCDQ.ASF----RL.HIKEEVK--PDISQ-LNDSNNSSF.PKAE.PVPFMQAM.M.HVLPGSNSASSNNNSAGDAQMAQAPNSAGG.AAAAVQQQY-.P....S.... 102 

*     .                                                   .                                       .*..***.****  

AsRXR    94:LCSICGDRASGKHYGVYSCEGCKGFFKRTVRKDLSYACREERNCIIDKRQRNRCQYCRYQKCLSMGMKREA-----VQEERQRNRERSEN-EVESTSNIQGDISID---- 193 

LaRXR    87:..A...............................T.......T.T..................M.......LFVSA.......TKD.N..-.......F.S.MP.E---- 191 

OmRXR   103:..................................T.....D...V...................C......-----.......TK..G..-......SG.AEMP..---- 202 

UpRXR   105:..................................T.......S.T..................T.......V-----......TKGDKGDGDT..SCGAIS.MP.A---- 205 

BgRXR-L  94:........................................DK.............................-----.......TK..DQ.-......SLHT.MPVE---- 193 

DmUSP   103:..................................T.....N......................TC......VQEERQRGA.NAAGRL.ASGGGS.GPGSV.GS.SQGGGG 212 

**.*******************************.***** . * ******************  ******      ...*....        .*       ..        

AsRXR   194:--RILEAELWMDAKKE-PD--------------------------------------V-----------TNICQVADQQLYQLVEWAKHIPHFNDLPLEDRTILLKSGWN 251 

LaRXR   192:--.......YIEP.RD-DSD-------------------PD--H---------------K------DPVA....A..H...........V...T....D.QMV...A... 256 

OmRXR   203:--.......RVEP.A.-DLEVNA----LPSR--GAPAPQPV--HRLP-FVPQVKPADLTM-P-PEKDPV.....A..R..H............TE......MV...A... 298 

UpRXR   206:--S.R....SV.PID.-QPLDQGV-R-LQVP--LAPPDSEK--CSFT-LPFHPVSEV--SCANPLQDVVS....A..RH.V............T...I..QVV...A... 303 

BgRXR-L 194:--......KRVEC.S.-QQVEFE----LRCW--N---RKVD--A-WR-R----RA-ELNGVG-PKS-AV.....ATNK..F............TT...S.QVL..RA... 280 

DmUSP   213:GGGVSGG-MGSGNGSDDFMT-NSVSRDFSIERIIEAEQRAETQCGDRALTFLRVGPYSTVQPDYKGA-VSAL...VNK..F.M..Y.RMM...AQV..D.QV....AA.I 319 

. ...                                                            . ..**.   .* *.**.*.. ***. .*. *.  **...*.  

AsRXR   252:ELLIAS--------------------------FCHKSVSVKDGIV-LASGTIVHRNSAHNAGVGTIFDRLLSELVNKMREMKMDKTELGCLKAIILFNPEAKHLKSTQEV 334 

LaRXR   257:.....A--------------------------.S.R.ID......-....L........G.........V.T...A.....N.........R..V.......G...VTH. 339 

OmRXR   299:.....A--------------------------.S.R.MX......-..T.LV.Q.H...S....A....V.T...A....LR..R......R..V......RG.RCSAQ. 381 

UpRXR   304:......--------------------------.S.R.MG.E....-..T.LVI..S...Q....A....V.....A..K...I........RS.V....D..G.NCVND. 386 

BgRXR-L 281:.....A--------------------------.S.R..E......-..T.LT.......Q....A....V.T...A...............RSV.....DVRG...S... 363 

DmUSP   320:.....NVAWCSIVSLDDGGAGGGGGGLGHDGS.ERR.PGLQPQQLF.NQSFSY.....IK...SA....I....SV..KRLNL.RR..S.......Y..DIRGI..RA.I 429 

*****                           *...*  . .... *. ..  .* **. ***..****.* **..** .   * .**.**. . *.**   ..     .  

AsRXR   335:TNLRDKVYTALEEYCKQMYPQQNGRFPKLLLRLPALRSIGLKCLEHLFFFKLIGNTPIDAFLISMLETRSDT                                       406 

LaRXR   340:E...ER..S...D..R.N.FD.P...A...........................D....N..M....ASDG                                        410 

OmRXR   382:EA..ER..A...DH.R.Q..E.P...A...........................D....N..L....AP..S                                       453 

UpRXR   387:EI..E...A.....TRTT..DEP...A..................Y..L.....D..L.SY.MK..VDNPN.SVTPPTS                                465 

BgRXR-L 364:EL..E...A.....TRTT..DEP...A.......S....S.....Y....R....V...E..ME...SP.SDA                                      436 

DmUSP   430:EMC.E...AC.D.H.RLEH.GDD...AQ...........S...QD...L.RITSDR.LEELFLEQ..APPPPGLAMKLE                                508 

. .*. **..*.   .  .. .***..******.**** ***.. ** * .... * .  .  .*.              

AsEcRA   1:MNMMLEEVVGRLL-TKSGTVA-SISSFAVRPSWP-VSESSLHRPVPSPPDSKPF--SLKMLPNGLRGGG--GQE-----SPP--ALSPN-LP-SVVKVEPRNLSSP---- 90 

LaEcRA   1:.EYARAPLA-H.T-.YTNNNN-.SN-YGMK.VML-S.-.-.RISEA.SGGG----------A--VA-----.HA-----...--.....-..-.I......-.P..CLNN  76 

OmEcRA   1:.DADSLRQQTQGK-PRQSNHQ-YR.TLVSVQPPQPLRC--ASHGA.NGLLYLATEGPMPPGLR.DA..ALA..A-----...--.....-..-.I......LP-..CVSS  96 

UpEcR    1:.AKV.ATA-RVDGMFVL.-S--GVATL---NLSTMGD..-----------CSEVSS.SPLTSP.ALSP----PA-----LVS--VGV----------SV-GMSPPTSLAS  70 

BgEcRA   1:.DLKH.IIYRVG----G.-GGGGAGTIMKAGLGGLGGGGASGNCLSEELLLSSVKTEPRVHSPCDPNT---APA-----T.G--VDLGHH.T-.SATATSGVTP.GSGGG  94 

DmEcRA   1:.LTTSGQQQSKQKLSTLPSHILLQQQL.ASAGPSSSVSL.PSSSAALTLHVASANGGARETTSAAAVKDKLRPTPTAIKIE.MPDVISVGTVAGGSS.ATVVAPAATTTS 110

*                                                                        .                             .        

AsEcRA  91:-C----D--------AFS---P--PPGKKVRH-----EWL-PSP-PS--LDSLSPPPTLRNN--N---GLSPTS---SYDAYCSTKD-KD-ELSPPSSVMNGCY----D- 158 

LaEcRA  77:NLDQSVNHNVISNGN.Y.-------.N.RI.QE-D-GT.I-...-SQMSMG.I....MVNGHSMMVNN....V.MVS...P.SPKG--.E-DM.....G.....GV--.S 170 

OmEcRA  97:AD----------GGM.Y.---.--SK-RI-.QD-DAGS.I-A..-G.QL--......L.NGTANSSNN....A.CSS-..T.SPRGPC.E-.M..S.G-V..Y.VD--SF 179 

UpEcR   71:SDIGEV.LD--FWDL-----------------D--LNSPS-.----PHG-MASVAST--NALLL.PRAVA..SDTSSLS---------GRDDM.....LS.FGADS--YG 140 

BgEcRA  95:SAATTPNGGSLFSGITS.---N--K-RP-RPDD-WLSSPS-.GSAGPLPPLTP..G.PGHPYTVISNGYS..M.SGSYDP-.SPNGKLGRED...Q..LNGHSFDG--CD 192 

DmEcRA 111:NKPNSTAAPSTSAAA.NGHLVLVPNKRPRLDVTEDWMSTPS.GSV..SAP-P...S.GSQ.HSY.MSN.YASPMSAG...P.SP.GKTGRDD...S..LN-.-.SANESC 217 

.   .           .. .             ..    .    ... .  . ** *.              

AsEcRA 159:FDKKKK--GPAPRQQEELCLVCGDRASGYHYNALTCEGCKGFFRRSITKNAVYQCKYGNNCEIDMYMRRKCQECRLKKCLSVGMRPECVVPEYQCAIKRETKKAQKDKDK 266 

LaEcRA 171:YEA...K-..T.........................................................................................S.RV..E..R 279 

OmEcRA 180:G.A...K-.....................................................D......................................S........R 288 

UpEcR  141:DL...-K-..I...................................................M.................N...........S..QV...Q...RD-... 247 

BgEcRA 193:AK..--K-........................................................................................V..KE......... 299 

DmEcRA 218:-.A..SKK.....V................................V..S...C..F.RA..M.................A...........N...M..RE.....E... 326 

*. . ** **.********************************.**.***.**.*..*. ***************** *********** **. **  *.... **   

AsEcRA 267:PNSTTRDSGSDK--------KE-KPVGS-----------PAN-G-GVPQ-PK------A-ISKAQE-ELISRLVVFQEEYESPSEEDFKKITAFPLGDSEEDSLKRFQHI 345 

LaEcRA 280:.Q...K..PCLEI-------..E.---------------.S-------E-LN------P-LRTE..-DV.NK..F..Q.F..................T........... 351 

OmEcRA 289:.......A.PLTPGSAGG-GR.SGSGSDEEKK-------.II-V-AMTG-V.------P-L.AS..-D..NK..YY.Q.F.......M..T.P.........NQR..... 379 

UpEcR  248:TYPSLGS-----PIAEDK-AAPIS..-.KDMS-------A.----PRLN-V.------P-LTRE..-...NT..YY...F.Q.T.A.V...RFNFD-GEDTSDMR-.R.. 328 

BgEcRA 300:.....NG.----P---EV-VMMKE-T.TK-VE-------.EK-L-PTVNGV.------P-V.PE..-...T...Y..N...Q.....L.R..NQ.TEGEDQSD..-.R.. 381 

DmEcRA 327:MTTSPSSQHGGNGSLASGGGQDFVKKEILDLMTCEPPQHATIPLLPDEILA.CQARNIPSLTYN-QLAV.YK.IWY.DG..Q.....LRR.MSQ.DENESQTDVS-.R.. 434 

.      . .   ..   *  *.  * . * *.*.* . .   .           * **  

AsEcRA 346:TEITILTVQLIVEFSKRVPGFDTLSREDQITLLKACSSEVMMLRTARKYDIKTDSIVFANNQPYTRENYRSACMGDSADSIFHFCRNMCVLKVDNAEYALLTAIVIFSER 455

LaEcRA 352:........................L...............................................S..E...A......K..LM................... 461

OmEcRA 380:........................L...................G.....V...............D.....SV.....AL.R...K..Q.R.................. 489

UpEcR  329:..M.............QL...A..Q...................A..R..A.......G..Y...QAS.AL.GL.E..EIL.R...SL.KM..........A..A..... 438

BgEcRA 382:..............A..L....K.L.....A...........F.M..R..VNS...L.........DS.SL.GL.ETIEDMLR...Q.YAM.................D. 491

DmEcRA 435:..............A.GL.A.TKIPQ..................M..R..HSS...F....RS...DS.KM.G.A.NIEDLL....Q.FSM....V............D. 544

**.*********** *  *.*  . .****.***********.* ** **   *** *.** .**.  *  *  .        *** .  ..***.*****.**.*** *  

AsEcRA 456:PALLEPKKVEKIQEFYIETLRAYISTNRPPGKNY---FARLLSTLVELRTLGNMNSELCFSLKVQNKKLPAFLEEIWDIQQ                              533 

LaEcRA 462:.C.M.SS...A......D.....VDNH.V.....---......I.T........................P..A......E                              539 

OmEcRA 490:.C.VD.H...R...Y......M.SENH.......---........T.........A.M............P..A.......                              567 

UpEcR  439:.N.K.L.....L..I.L.A.KS.VENR.L.RS.MV--..K..NI.T.......I...M....TLK..R..P..A....VSGY                             518 

BgEcRA 492:.S.I.GW.......I.L.A.K..VDNR.R.RSGTI--..K...V.T.......Q...M.....LK..E..P..A....LTP                              570 

DmEcRA 545:.G.EKAQL..A..SY..D...I..LNRHCGDSMSLVFY.K...I.T.......Q.A.M.....LK.R...K.......VHAIPPSVQSHLQITQEENERLERAERMRASV 654

* *    .** .*. *   *  *  . . . .* **. *.******* * *.****.  *. **.**.****                                  
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For growth and development, arthropods must repeat several molts that involve complicated process such as new cuticle synthesis, old cuticle resolution and apolysis. These processes are mainly regulated by ecdysteroids

and juvenile hormone. A model for the regulation of gene transcription by ecdysteroids and the ecdysone receptor (EcR) has been developed in insects (Fig. 3). EcR becomes functional for ligand binding and DNA binding by

forming a heterodimer with ultraspiracle (USP). Some primitive insects and other arthropods use RXR instead of USP. EcR and USP or RXR have been identified in insects, crustaceans, ticks and scorpions. These reports

indicate the basic mechanisms involving ecdysteroids and their transcriptional factors are common among arthropods. However, some differences occur in the receptors for each arthropod group. Spiders are well known, but

there are only a few reports on the endocrinology of spiders, and EcR and RXR have not been identified from spiders despite identification in closely related orders such as the Acari and Scorpionida. Therefore, we isolated

AsEcR and AsRXR from the spider Agelena silvatica and compared these receptors with EcRs and USPs or RXRs from other animals to determine the role of ecdysteroids in the regulation of molting of spiders and to better

understand the evolution and functions of EcR and RXR in arthropods. As far as we know, this is the first report of hormone receptors from spiders.

Fig. 3. Model of gene up regulation by ecdysteroids and related

transcription factors. Ecdysteroids trigger growth and developmental events

in arthropods by binding to a heterodimer of the two nuclear receptors, EcR

and USP (higher insects) or RXR (primitive insects, crustaceans, ticks and

scorpions) in target cells. The ecdysteroid/EcR/USP(RXR) complex also

regulates the transcription of early genes by binding to the Ecdysone

Response Elements in the upstream region of the promoter sequence of

target genes.

Fig. 4. Model of nuclear receptor sequence domains. Nuclear receptors are

divided to five domains based on functions. The N terminal A/B domain

functions in transcriptional activation and EcR isoforms possess different

A/B domains. The central C domain is the DNA binding domain (DBD) and

includes two zinc fingers to recognize specific sequences in the upstream

region of target genes. The D domain functions as a hinge for the C and

E/F domains. The E domain is the ligand binding domain (LBD) constructed

from 10-12 α-helices that forms a hydrophobic ligand-binding pocket. The

DBD and LBD are highly conserved in all nuclear receptors.

Fig. 5. Expression pattern of AsEcRA and AsRXR, AsActin5C mRNAs. The

3rd instar nymphs were sampled 0 to 10 days and the day after the molt to

the 4th instar. The experiment was repeated three times using different

individuals. AsActin 5C used as a control was also determined in this study

(data not shown). AsEcRA and AsRXR were constantly expressed every

day before molting and after molting.The homologies of each domain were determined by EMBOSS needle program.

The RXRs and USPs used are explained in Fig. 2B and also include: MjRXR from

Marsupenaeus japonicus (AB295493), TcUSP from Tribolium castaneum

(NM_001114294), AmUSP from Apis mellifera (NM_001011634), MsUSP from

Manduca sexta (MSU44837), DmUSP from Drosophila melanogaster

(NM_057433) .The C domain (DBD) and E domain (LBD) showed high identities

with all other sequences. The DBD showed high identities with other arthropods.

The LBD showed high identities with RXRs including the Human RXR, but low

identities with USPs.

Fig. 6. Phylogeny of arthropods.

Spider belong to Chelicerata

different to crustaceans or insects.

Fig. 7. A nymph of Agelena

silvatica. All specimens used in

this study were collected from the

University of Tsukuba campus,

Tsukuba, Japan.
Materials
Spiders are classified as Arachnida, which also includes ticks and

scorpions. Spiders make webs from spider silk to capture terrestrial

arthopods for food. Spiders are gaining attention as natural

enemies for environmentally friendly biocontrol agents in agriculture.

Agelena silvatica was selected for this study because ecdysteroid

titers were previously determined from Coelotes terrestris and

Tegenaria atrica species in the same family (Trabalon et al., 1992),

and A. silvatica is very common in Japan so could be easily colleted

on the University of Tsukuba Campus. A. silvatica constructs a large

random web sheet on camellia and other plants. The adult female

reaches about 17 mm in length and the male about 14 mm. We

collected egg sacs of this species and used the eggs or nymphs

that emerged from the egg sacs.

Methods
RNA was extracted from eggs of A. silvatica, degenerate primers

were designed based on scorpion EcRs and RXRs. RACE was

used to determine the full length of cDNA. Expression analysis was

carried out by RT-PCR on 3rd instar nymphs.
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① AsEcR and AsRXR sequences were identified and shown to have the characteristics conserved in nuclear receptors. 

② The DBD and LBD of both AsEcR and AsRXR showed high identities with ticks and scorpions.

These results suggest that AsEcR and AsRXR function as nuclear receptors for the regulation of molting in spiders as seen in 

other arthropods. 

The phylogenetic trees and identities of the LBD indicate the ligand response of arachnid EcR and RXR may differ from insects.

Fig. 2. (A) Schematic of isolated AsRXR. AsRXR has the conserved structure of nuclear

receptors. Numbers show the amino acids for each domain. (B) Amino acid alignment of

AsRXR with other arthropods RXRs and USPs. Other RXR and USP genes include: LaEcR

from Liocheles australasiae (AB297930), OmRXR from Ornithodoros moubata (AB353290),

UpRXR from Uca pugilator (AF032983), BgRXR-L from Blattella germanica (AJ854490) and

DmUSP from Drosophila melanogaster (NM_057433). The pink box indicates the DNA binding

domain and the blue box the ligand binding domain. Dots indicate the same amino acid as the

sequence above. (C) Phylogenetic tree of the Ligand Binding Domain of RXRs and USPs.

AsRXR is included in the Arachnida group and widely separated from USPs.

Fig. 1. (A) Schematic of isolated AsEcR. AsEcR has the conserved nuclear receptor structure.

Numbers show the amino acids for each domain. (B) Amino acid alignment of AsEcRA with

other arthropod EcRs. EcR genes for alignment include: LaEcR from Liocheles australasiae

(AB297929), OmEcRA from Ornithodoros moubata (AB191193), UpEcR from Uca pugilator

(AF034086), BgEcRA from Blattella germanica (AM039690) and DmEcRA from Drosophila

melanogaster (S63761). The green box indicates specific A box nucleotide sequence

characteristic of the EcRA isoform. The pink box indicates the DNA binding domain and the

blue box the ligand binding domain. Dots indicate the same amino acid as the sequence above.

(C) Phylogenetic tree of the Ligand Binding Domain for EcRs. AsEcR is included in the

Arachnida group.
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