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ABSTRACT

In Drosophila., the steroid hormone ecdysone triggers the key regulatory
cascades controlling the coordinated change in the developmental pathway of
molting and metamorphosis. Ecdysone action is mediated by heterodimer consisting
of the ecdysone receptor (EcR) and ultraspiracle proteins (Usp). The heterodimers
of these proteins bind to ecdysone response element and modulate gene
transcription,

In this study, the transcripts of functional ecdysone receptors at the various
developmental stages and individual tissues were analyzed by using conventional
and competitive RT-PCR. The transcripts of usp and EcR isoforms were detected
throughout all the developmental stages. The usp transcripts were detected with
nearly equal amount at all developmental stages. EcR isoforms were also
expressed simultaneously with usp at all developmental stages. The expression of
EcR-A was maintained in a high level during the embryvogenesis, decreased
during the larval stages, and increased again after the prepupal stage. EcR-BI1
was expressed with higher level during larval stages comparing to EcR-A. These
results suggest that the functional ecdysone receptors are ubiquitous throughout
Drosophila life cycle, but their expression level is regulated according to the
specific developmental stage.

Also, the expression patterns of each EcR isoforms in the late 3rd instar larval
tissues showed that EcR-A was specific in the imaginal tissues and EcR-B was
specific in the larval tissues. These results suggest that differential combination
between ecdysone isoforms and Usp control the developmental pathway in
different tissues. The transcripts of the functional ecdysone receptors were
quantified by competitive RT-PCR. The ratios of usp and EcR transcripts were
different each other at the various stages. This results suggests that other
receptos, which are interacted with usp or EcR, modulate the tissue-specific

ecdysone response.

Key word: Drosophila, ecdysone receptor. ultraspiracle. RT-PCR
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A4 F2¥Q steroids, retinoids, thyroid 3%
(nuclear hormone receptor superfamilviol #8hi= & =0 Ao nH £
A AE B3 71T AP & 23@ (Mangelsdorf et al, 1995). #Z 2 587
120 wFol 2 % DNA-binding domain¥t ligand®l A%t} dimerization® 71% &
zbi= wFo] @ ¥ carboxyl Zwe] Atk (Evans, 1988). DNA-binding domain& 4
2 2359 DNA-binding ¥ a5 ¥ F 709 zine finger motif= T4 E o
9l i, ligand-binding domain& ligand7t Z#3t% receptord HAMA sHFels o]
A7)z BaAHQ switch&Z ol 9 gk Adzhsa Aok (Berg, 1989 Klug and
Schwade, 1995). B3 22 42452 hormone response element (HRE)ZHi 2=
21d DNA Mol Ao @4, ligand-dependentd Aoz HHF A Wd
o gAsAY Aoz gAY 71eE FHTT} (Beato, 1992).

w2tz 3ke]o] A 20-hyvdroxvecdvsone (20-HE)2 @39} wejzt ol FF 3 4«
27 z2eo BAAZE A= AlEAtoltt (Ashburner et al., 1974 Ashburner
and Richards., 1976 Riddiford et al., 1985). Z32lol M ecdysone® Z*-8-2 nuclear
hormone receptor® YU ecdvsone receptor (EcR)el ol w7}t (Koelle et al.
1991). EcR A= 3E2% 9] isoform?l EcR-A, EcR-Bl. EcR-B2%& ot % 3}shH,
o]=& TEH DNA-binding domain® hormone-binding domain& 7tA™ M2 &
N-terminal regionol &l ¥Erh (Segraves, 1988: Koelle et al. 191). EcR-A%
EcR-B1& M % t& promotord]l 23] AALEY, EcR-BI3t+ EcR-B2i= altemnative
splicingell 218 A At (Talbot et al., 1993).

ultraspiracle g A=} 2% (Usple Z2BeolA Bog  orphan recepors o] &tz
Y& %89  retinoid X receptor (RXR)$% DNA-binding domain® &6,
ligand-binding domain®] 46% A E9| ojulxit FFAHE e (Oro er al. 190
Thomas et al. 1993). RXR2 homolog¢! Uspiz RXRel #A3&hi= retinoic acid
receptor (RAR), vitamin D3 receptor (VDR), thyroid hormone receptor (TR,

it
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peroxisome proliferator-activator receptor (PPAR)2}% heterodimer& & 4§ &Th (Yao
et al.. 1992). usp= FAHoZ 18 §5 ot 799 organization® &&= 3F5F
9 HAEAMo|Z ol R3] X FMH A 20F-ol 4 Frhi keid Urk ol ¥
e A (usp/H)NHd A7 £AH 28 KF (usp/Y)E 71 (spiraclelo] it t



o)1= whd ol germline clone (usp/usp)g 7H gk3lel A A7 embrvo (usp/Y)R= 9
w 5.2 gwlm ¥%2o] abdominal segmento| ventral defect® XUt} (Perrimon et
al.. 1985 1 Oro et al., 1992). usp germline mutant cloneS & AL£§ A-tol o3tH
embrvogenesisis A4 8t71 AAsA 1= maternal  usp 71%0] Q7" At
(Perrimon et al.. 1985 : Oro et al., 1992), ©& yspi= sl15 chorion 47 WwEg Z
5™ (Shea et al.. 1990 : Khoury Christinosan et al., 1992), retinal morphogenesis
9} female reproductionol 5 71%-& @tk (Oro et al, 1992).

EcRES Usp® heterodimers 3 A3l ofgt ecdvsone®} ZA3ta|A ecdysone response
clement (EcRE)SH 237838 4 gith (Oro et al., 1990; Yao et al. 1992; Yao et
al. 1993). 3252} EcR isoform %7t Uspst oA & g A3te] EcREsol ZA#3
2 9lt} (Koelle, 1992: Yao et al., 1992; Thomas et al., 1993). Ecdysone titere 24
HA| A thkstn B waE ®olFEth (Riddiford, 1993). wakA, Usp® EcR
isoformZ¢] wrgel] wE vhg wd 2HE  ecdysonel] gHzA E5 715 &
el oz ezi"tt (Koelle et al., 1991 Robinow et al, 1992 Talbot et al.,
1993).

zube] AN pYF e dehe ecdysone® & 717& ol#idt7] 9
M= ecdyvsoned] 28 wi7ish= 7153 ecdysone receptor Baae §Hx Id
of e WEE Aol Wasd B Ay A 4 RNA A% 713 RT-PCR
(Reverse Transcription Polymerase Chain Reaction)® 7% RT-PCR (competitive
RT-PCR) W& Argstad zate] 2awAe b3 224 usp®t EcR9 WA
Ae BA3YY.



WA o] AEE 2]z Canton-S AEoy, sEiEwlA (1LY cormnmeal 64
g, wheat meal 10 g, sucrose 25 g, dry veast 18 g, agar 15 g, propionic acid 2.5
mh7 50y iz AFgHel A 257, 70%2 &, Z18]al 32 124 7k -light, 124]
Ib-dark 7oA ALK

z} vk Al 71 A) Z3= Ashburner®t Tompson (1978)2] ¥bHel we} F#3 et al, 7
%9 & 2A5L F7] 3% HF S Ringer's &43toll A a%-sto] F3stdet & 3%l
2 i AP i FA FAG F, RNAF- 7172 ~70To 2asbadvt

2. RNA ¢

2+ bl A7) BE9 total RNAY= RNAgents Total RNA Isolation System
(Promega)& Ab&3ste] Fedtda, #3534 AA =49 total RNAF= Micro-Scale
Total RNA Separator Kit (Clontech)& AF&3A U Huet et al. (1993)8] el wet
21319t Microtubed] denaturing solution {4.0 MGuaninium thiocyanate, 25 mM
sodium citrate (pH 7.0), 0.5% sodium N-laurovlsarcosine, 0.1 M 2-mercaptoethanol}
12 mle 28 5 o7)e) z A2 F 01 g¥ Y3 Adre o) ¥H 4 &%
DS wEste] MEE At RNA &5 Hall of &t e wHsied §, 2
M sodium acetete (pH 4.0) 200 w& Y31 Z &3%3tal, phenol @ chloroform :
isoamyl alcohol (25 @ 24 : NE FZHog o] 33 F 15HF AL wAdA
t} 10000x g 4CZZANA QAR e RS 2H2HA M2 microtubel
713, F#9 Isopropanols Wil -20TeolA 1243 59 RNAE HHA#HTH
10,000 g, 4TolA 1583 AP st =" RNAE 22 F A7) 500 @l
denaturing solution® %o} M@=, FF9) Isopropanols Bol o] AHE ¥y
3ok thAl AR 3te] RNA pellets 22 §F, ice-cold 75% ethanols A # 313
t}. RNA pellet2 4204 1587 AzxA7] ¥ DEPC (diethyl pryocarbonate) # &l
A ZFFF 3o -70C B#3Urt. RNA A 260nme] 355 FHsto] A
et o, A260/A280nme] Bl &o] 1.7-20 BN e 2= RNAE cDNA §FAdl



A8 )
3. Primer 119t

RT-PCRell Ab&%¥ primer sets oln] ®H3g Ao sequences HiLdH
cG+C> BHaro] 50%ol 4 tAE Al aerstgith 1obEl primers DNA International
Ine. (USA)el o=kl gAdstart. Eciiel primert: EcR isoformell o] A<l
sequence?t  common  regionol B3k sequence®  FE8he] Qe
competitive RT-PCRE $18hA uspst EcR®] composite primers §7d3ted target
(usp, Fclt) &014%] Mgy MIMIC DNA7F 2%€ se)2 PCR MIMIC DNAS &
A3/ 918k Abgstadet. A8 ¥l primer?] sequences: Table 1o VERHR R, FE3
Arel primer$] X ¢} PCR AbE ] A7]5= Figure 1ol vER AT

4. PCR MIMIC DNA

PCR MIMIC DNAY*> PCR MIMIC Construction Kit (Clontech)% ol &3 &1l
Fa oL ARAE Figure 20 debdidg A v-erbBel BamH 1/EcoR 1 &3
(574bp)S uspet EcRel composite primers& o] %3t PCRE F#atdtt. PCR 3
2o 5 g 104 PCR reaction buffer, 4 pb 10x dNTP mix (ZF 10 mM), 4 ud
v-erbB fragment (2 ng), 1 g€ upstream composite primer (7} 20 M), 04 uf Taq
DNA polymerase (5 U/p)$ #F %37k 50 w7t e 3 FFrE Yrtstd
4 8)5tolt. PCRE denature ¥4 & 94T A 4527y, anneal #FAL 50TCelA 45%
7V, extend A T2TCAAM 4533 ste] & 20 cycles FasHATH 12} PCR H3-4t
LoE 5 W 16% agarose gel A 7|43t 458bp z7]19) PCR A% (Figure 3A)E
stolatqirt. 12k PCR AHe S Fdoz 3o uspst EcR E0]49] primers 7HA 1L
oo Z2E 9 S AAEgt R WA PCR e 2 We ZFHF 200 Wz M
% 8 ME PCRAME 2 g 7 WA 3% ahg o] template® A& AT F HA T
£ mee 10 w0 104 PCR reaction buffer, 8 wt 10 dANTP mix, 2 gl primary
PCR reaction dilution, 2 g¢ gene specific (usp, Ecl?) primer (Z} 20xM), 06 ut
Tag DNA polymerase (5 U/p)& 3% F#T% 2 2y8100 g B3 1%
PCR Mo zAd £A8A 25 cycle AA&Ach PCR A& 1.6% agarose geloll 4
A 7]d%3sle]  458bp2l competitor DNAZ #astgrt (Figure 3B). 23 PCR AR
oo}zl MIMIC DNAT CHROMA SPIN+TE-100 column (Clontech)& AbEEe &
F A s

PCR MIMIC DNA Agg ojn ¢ 91+ marker DNASl %43 PCR MIMIC



DNAH #H7]g%3 F band9 70“2;-"* Hliﬂ8}°1 A arzld v} (Figure 4). DNA size

marker (6 X174 DNA fragment)®t PCR MIMIC DNAE table 29} o] 3 &
16% agarose geloll A1 #7196 3to] band Z =it Hluste] thg ol o) X atétal
t},

(size of ¢ X174 DNA fragment)(amount of ¢ X174 DNA)

% ng/ut ~
(sum of all ¢ X174 DNA fragment)(vol. of MIMIC loaded on gel)

75‘% ] PCR MIMIC DNA+ MIMIC Dilution Solution (10gg/ml ultrapure glvcogen)
©.5 100 attomole/pl =l Al 3 24138ke] competitive RT-PCR £ 2o A}-&3}¢] v}

5. RT-PCR
1) ¢cDNA 34

cDNA= wAawAY FE3 33 fF2AdA FdF otal RNAE  AHE8o
Advantage RT-for-PCR Kit (Clontech)©.2 §tA &ttt 2 pg9) RNAS DEPC # 2
¥ W5 3o otal volumes 125 w Al 84 &te} 1.0 w2l oligo(dT)primer (18mer)
woy 70T oA 28 7F annealing® ¥ 4.0 09 5% reaction buffer, 1.0 w°] dNTP
mix (2} 10 mM), 0.5 ¢l RNase inhibitor, 1.0 z0€ MMLYV reverse transcriptase&
go], 42°Col A 1A ZHFoE RS IU) ¥hg 3 94T oA 58 7tEeto] cDNAFHA
S WA, 80 e DEPC HAF ZH+= HEF 93 100 wsA sl4ste PCR
ubg-of] Al&EH .

e

2) Competitive RT-PCR

Competitive RT-PCRE +&3t7] iaia 3415l MIMIC stock DNAH 10w #
(ten—fold) 31413kl (10 attomole/st - 10 attomole/ut; M1-M6) 12+ PCR-& 33t
o} uspet EcR9 c¢DNA #3837 & % PCR MIMIC dilutiong ZA3tATH
PCR < A#E #7339 dilution stocks thA] 28 A (two-fold) F&5H 34 stock
9 wtHo] 23 PCRS £3¢ 3 1.6% agarose gel 719 E3to] uspot EcR AAMH
A3l Gr}. Competitive PCR 9+394& 2 uf cPNA, 2 u¢ MIMIC DNA, 5 ¢ 10
PCR reaction buffer, 25 8 MgClz, 4 u¢ ANTP mix, 1 @ primer (EcR, usp). 0.4
@ Tag DNA polymerase2 £33 ¥ HF RH7t 50 o I95F FHFE H7sA
t}, PCRE 94TolA 45%3+ denature, 60TCNA 45%3t anneal, 72TCelx 2877

0

N



extend 2722 F 35 cveled 334}
3) Conventional RT-PCR
Conventional RT-PCR2 5 w2 ¢DNAE F¥ o2 319, 5 w9 10X PCR buffer,

25 ute] MgCls, 4 w9 dNTP mix, 1 p09] primer (EcR, usp), 0.4 9 Tag DNA

polvmerases H#E 50 w ¥EHA THTE 25 §F FAT
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o 49

: 1Kb
(A)

o 4 469 bp(519 bp)

usp

2Kb
(B) _E_——‘\

-2 L o 707 bp

EcR
(C) B1 80 Kb
b
EcR common region(663 bp)
EcR—A(633 bp)

EcR—B1(720 bp)

EcR—B2(336 bp)
=g

Figure 1. Gene structure and RT—PCR strategy. For each gene. transcribed regions are depicted as box
segments positioned on the genomic DNA. Coding regions are shown as solid boxes, non—transiated
regions as open box segments. The positions of PCR primers are shown by arrow heads together with
the size of the corresponding PCR products. (A) Ribosomal proteins p49 (O' Connel and Rosbash,
1984). (B) usp (ultraspiracie. Henrich et a., 1990), (C) EcR (the ecdysone receptor gene: Koelle et al..

1991).




Prepare PCR MIMIC

Design and synthesize gene—specific
and composite primers

l

Perform 1° PCR amplication

with composite primers

|

Perform 2° PCR amplication with
5 and 3' gene-specific primers

1 Prepare target sequence
(Purify PCR MIMIC on CHROMA SPIN
‘ . : Isolate RNA
[ column and estimate yield

1 l

Make preliminary ten—fold serial

o Synthesize 1%'—strand cDNA
dilutions of PCR MIMIC

N 7

Add portion of each PCR MIMIC
dilution to 1*—strand cONA samples

{

Perform PCR and electrophorese

products on an agarose gel

{

Make fine—tuned two—fold serial i
dilutions of PCR MIMIC starting i
with a selected ten—fold dilution i

l

Add dilution to cDNA, perform PCR, and
electrophorese on an agarose gel

{

MIMIC dilution 1:1 with target identifies
the amount of target DNA in PCR sample

—

Figure2. OQutline for constructing a PCR MIMIC and competitive PCR.

_g_



1,353

1,078
872
603 P>

4
o4

118
72

<€ 458bp

Figure 3. Agarose gel electrophoretic patterns of PCR product
used for competitor DNA construction. (A) Primary PCR product
with composite primer. DNA marker(M) was ¢X174/Hae I
digested DNA. Lane 1 and 2 were PCR products of 458 bp size,
amplified with composite primer of usp and EcR. (B) Secondary
PCR product with gene-specific primer. Lane 1 and 2 were PCR
products produced by using usp specific primer. Lane 3 and 4
were PCR products produced by using EcR specific primer.
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< 458bp

Figure 4. Agarose gel electrophoresis used for quantification of competitor
DNA. Lane 1, 2, and 3 were various dilutions of ¢$X174/Hac Il digested
DNA, with concentraton of 100 ng, 200 ng, 400 ng Lane 4 and 5 were
dilution of competitor DNA of usp and EcR.
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1. 2 21718 7] 5 AHQ) ecdvsone receptor?] WHE G

vt zabale] wAvAe @i 715l ecdysone receptor complex®l WHE Ok*c}-f?_,—
ob7] YA, BE urAl AV Al =RE total RNAE ®eldtel RT-PCRE&
A}, RT-PCRE F3zti=d 2dolM uspdE AQg zF dAa= 2.9 9 pre—mRI\Aﬂ
DNAol 9j&l A4 == PCR AH¥3 THEEF intronrtele] |71 EE 7HAL
primers: 3l¢tat el (Figure 1). Ribosomal protein 49 (rpd®iz 35 ¥FAA] 7] ol A
23 wds 7] oo, RNA 219 RT-PCR¥ Aol x5 AF&3t gt
rl}49-‘* ZAbE E uRAA 7)ol A Ao} e sFEos wEsow, 2v|7p vt
= Z209] pand’} &A=, 519p=E 719 bandi= genomic DNA7F F%5 3o
'y, 4b()bpi'/l o] bandt= ¢cDNA7} &% ZHo|th (Figure 5A). usp AAFF = K- v
A Aj7lold AZE QI (Figure 5B), EcR isoforms HAl 2E %A A7l A uspst
g AbabA wraAsA Tt (Figure 5C, D). EcR-Ai= embryvogenesis' &t #2 F 0.5
wEo] §AHI, §5 Aveli= aHTrE WEy) Al7lel gA] Fhskdch el
EcR-BI® EcR-A°l W@ 43 vtz f#3A7dA o & fFEox wdsd
=3

2. 7t =AM 71% A< ecdysone receptor®] W FA

r{m

thepat A S 7% A ecdysone receptord] W YL BAE] A T
zatele] 38 fE2ure 7 2AFH A F2AAM FF RNAF A&
RT-PCRE 4838 At} uspi= 248 25 2204 vl&gd FEos Hds AL §
7] 38 §24]719] Z+ A 59 EcR isoforme %&-& z} ZAmbry thit el
&g JelAth (Figure 6, Table 3). 33 3 XAl A brain ventral ganglion. wing
disc, 181 eye disc= EcR-A7} ®A 2@ A (Figure 6A, B, C). salivary
gland®} epidermisol Mi= EcR-Bl°] &4 #dHA} (Figure 6D, E). dutHox 4
M Y7124 imaginal 2A S M= EcR-A7y EcR-BIRth t) et wrdsl whd
o], % ZAEMNYE EcR-Blol EcR-ARTH %A #HAHAJrh 183 EcR-B2w
brain ventral ganglion, wing disc, salivary gland, epidermisol A #@sdtt A

-

_13_
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z Ao M2 EcR isoforme WHRFAS BW ovaryis EcR-A7 & F7oz Wi
51913 (Figure 6F), testisol A= EcR-A$t EcR-BIo) A9 & 39 wdFLS
el WA EcR-B23= A& 52 &kl (Figure 6G).

3. Competitive RT-PCRell 913 usp®t EcR AN A&

wragA) 7] 9F zF 2 Aol A 715 MQl ecdysone receptor E&AH 9] FANES FAE
7] Y&l M usp common region® EcR primerg A48 competitive RT-PCR&
283ttt (Figure 9). usp HAH = embryorl 7] (Figure 7A), 3% #3% %7 3
o] wing disc, brain ventral gangligon, gutel A %74 2@ =Y (Figure 7B, D), 4
ol M= ovarvel A A L@ AT (Figure 7). 21213, EcR AARH S EAo A=
common region® primerE A48 7] wW#ol 3%F EcR isoform 277 HE A
ettt EcR HAbae] 2&e 279 embryoAl”] (Figure 8A), 3% &% %719 =
29l fat body. salivary glandel 4l (Figure 8C, D), A= ovarvel A =4 23
99t} (Figure 8E). £3], salivary gland®t gutl 9] EcRE usp Btk EA 2dH
2t (Figure 9).
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EM(12-14)
1L

Yellow pupa
Black pupa
Male

2L
3L
Prepupa

Female

§%
SIS
==
w w

3L late

1: 519bp
469bp

(B)

“* 633bp

<€ 720bp

Figure 5. Developmental profiles of each transcripts of functional
ecdysone receptor using conventional RT-PCR assay. Each column was
derived from the RNA of all developmental stage animals analyzed for
rp49(A). usp(B). EcR-A(C). EcR-BI(D). RT-PCR products(20 «l of a 50
w0 reaction) were separated on 1.6% agarose gels and photographed after
ethidium bromide staining. rp49 transcripts are used as control for RNA
extraction and RT-PCR. )
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Figure 7. Agarose gel profile of competitive RT-PCR for wsp  transcript
quantification The relative amouts of wusp product(the upper 632bp band} and
competitor product(the lower 438bp band) in each sample were compared. After
the first titration of ten-fold dilutions(M1-M6: 10, 1. 10' 10, 10"
10 ‘attomoles)of competitor DNA, target product were compared in serial fine—fold
dilutions(2M1-2M6), Concentration of  the two-fold serial dilution 15 given in
brackets(for example, in case of M3 dilution, 2M1 was the concentration of 5+ 10 '
attomoles/?). usp transcripts were detected with high level at early and late
embrvogenesis(A), and wing disc, brain ventral ganglion(B) and gut(D) of late 3rd
instar larval tissues, and ovary(E) of adult tissue. EM, embrvo: WD, wing disc:
BV, brain ventral ganglion: FIB, fat body: SG, salivary glandi GT. guti MT,
malphigian tube; TE, testis; OV, ovary.
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Figure 8. Agarose gel profile of competitive RT-PCR for FEcR? transcript
quantification. The relative amounts of EcR product(the upper 663bp band) and
competitor product(the lower 458bp band) in each sample were compared. PCR
product titration were followed the same procedure described in the usp transcripts
quantification.  FcR  transcripts  were  detected  with high  level at  early
embryvogenesis(A), and salivary gland and gut(D) of late 3rd instar larval tissues,
and ovary(I) of adult tissue. EM. embrvo: WD. wing disc: BV. brain ventral
ganglion: FB, fat body: SG. salivary gland: GT, gut: MT, malphigian tube: TE,

testis; OV, ovary.
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zaale] grAEA A Holn 6atdl(embryo, 3¢HAIS] #-F A7), prepupa, pupa) ]
ecdysone pulse7} Fztet) by Ao A X = ecdvsone peakis wiwFAl 4 it
;ici &= AlRrzp HEks gtk fF9 z)F wbAle] vtElLlis ecdyvsone peakis Zbd] 9]

o AlEgt (Riddiford, 1993). 3% F&%7]e 3 # 5= ecdysone pulseis
puparium #HA & APEgch FFEAGEE 27 WA 7] el ZAFs o os ¥
531, imaginal Al¥ HEHE52 Az or F3Hr}t (Riddiford, 1993: Thummel.
1995). 2tz WA s S #53 &35 gAvdEs 2E Jd2 dg
7Ngd A bR HefETh #Htoli= A A hormoneol ol ¢ ME v HEZ A9}
A Sol Ml M EEG g xHshi=A]o gk Aol W

Ecdysone®] #&-2 EcR3 Uspitel &A= heterodimerel 2}8] ufzis] 7] -l
Zabeg] AR A V] 5 A ecdvsone receptor?] #©E $AHS RT-PCR ¥H-S 9]
g3lol  BAsAt. wspt EcRe 2V HAAVAM @S uspis
embrvogenesis A 7], B3 2y Hul7] A7 Alwle] R owa Avje 7o) ¢
2 o wrEE=d|, o]t usp’t vpdst vEA Al 7)ol A pleiotrophic gt V168 gt
=od el A S} (Oro et al, 1992 Henrich et al. 1994: Kim et al, 1995).

=3 EcR isoform& usp7b W &= BE 7o HE At 72} isoform o)
WEE B, EcR-A%: embryvogenesisol A & 4ol WS F A KF AV
Qe HAEthrt Al prepupatl 7]°ﬂ Z7skr}. wrdol EcR-BI2 EcR-A°) H]
Ay FEAV] Eotell ¥2 FFEon WYY (Figure 3). o9F #& A= LR
2 28 life cycled T3l BHASA LHHAR 15 HE FES
WA 7)ol M Ay e g F 3? 18 <hAlgt} (Koelle er al.. 1991: Talbot et al. 1993).
EcR isoform®] o]gl 2% &L Usp? EcR isofom7tel Agtel 2] 14 5]i= 7]
‘¢ A9 ecdysone receptor HIFAZE AA VO] @ H5E WA FRS xde
ZAog AzZhH),

Ecdysone pulse’} ##sli= 33 {F%7] ZAo)A wing disc, brain ventral
ganglion, eve discst= FEcR-A7} %& F&#oz &y v, salivary gland$}
epidermisi= EcR-Blo] % F#20.2 #&dL A} (Figure 6). o181 A= imaginal
ZA& EcR-A7t Z8HA wd=H= wtdol, EcR-BIL % XAoA 734 28y
& Yehdth o7& EcR 5ol¥d monoclonal antibodyoll ¢]& ZAxie}l Atz

FO

SolHal
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(Talbot et al.. 1993), _—é‘]oﬂ U—]-il HAALE WEe gli= Hog Al Ecl o] Hubis
EcR isoformo] %A} 5ot Mol Mz =

A8 shAg frefar, uw‘“} A= AR 2 3
At o] A& EcR isoform®] #@ gt wlis] Bd 3% F

ol Al isoformxte] Agtel ¢ola] 7|5 A ecdysone receptor® AT F JASE B
ol#td. AAFZAQ ovarvellM EcR-A7t & oz W

EciR-A° 7163 B3 qhzle] Ao #og Aoz Azbzv, Hojgh 3
Eci-B29] 2td ¢4, EcR-B2+= imaginal %=2|%] brain ventral ganglion®} wing
disc. +FZ 492 salivary gland® epidermisol A &t WM EckR-B29 1&E
& EcR-Bi13 the#d 2™ EcR-B2¢9 Usptel & Alsl 7153 ecdvsone receptor
= EA-EO A 7% sk Ao AzhEh

b A7 ZAE, 7% A ecdvsone receptor ¥3HAo] A H]S-S competitive
RT-PCRE 8ate] AaFatdvh uspel A2 2719 $719] embrvo, 3% &34
°] wing disc, brain ventral ganglion, gut°ll A, el A Ao ovarvel M w2 g8
o7 WA EcRE embryvo 7], 38 #5324 salivary gland®} gutell 4,

2 il AAe ovarvell A %A E’%?“;E]E’i‘:}. %27] embrvorl7]eli= usp$t FEcRol #&
frron My i, o] Usp®t EcRel %% 34 heterodimer®] Aol 71938
9] ”l gl 23 salivary gland@t gutoll 3= EcRel uspel wl&] %2 ¢=Fo s wa
=l ol e o]ty A Sl EcR receptor?] EHol#HQ w#EHo . EcR Bl w2 &

ol wrE -9l Ao g Azt A ovarvol A usp®t FcRel & 'éx_“iﬂ% Usp7t
oFzlol A Aol yhojdhi= Z It Tl EcRE® ovarv°l gl o]k .52 Aty
th usp®t EcR9 AARH 2l o] tpz A YEhviz AL 7153 ecdysone receptor‘ﬂl
9] &8t ecdvsone #&o] EcR %& Usp$t heterodlmer—f A% 4 A= U E receptor
o od A Fdol B o AMzbHEUE HEo Al 9$tWE, Drosophila
hormone receptor 38(DHR 38)0] Usp® heterodimers & A3t EcR#% A W34, in
vitro®t  cell cultureol A EcR-Usp ol&#9] A& Wity A" At
(Sutherland et al., 1993). =3t Seven-up(Svp)E in vitro®t in vivool Usp-based
M3E AAet (Zelhof et al., 1995). o] F A 71522l ecdysone receptor®] 14 8
¢l Uspet FLRO] heterodlmer HAslx] EatA oz, AR ecdysone

>_v_
k

‘?} 8 2HEY F IS .7 AztE Y} Ecdysone titreo] w3tell oz} i 33 o
sholdbi= o 2] nuclear receptorEo] FH 2ol w3 x|a gt} e g o2 receptort

1% ecdysone receptor$}e] A& FAFO.ZM ecdysoned] o M35 7} oA
vhorg A8 UehiAg weor duhy Ardch
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et zage ] AHEo= ZTZEQ ecdysoned ©¥ o HegAHo A BAHEE
A= Awbxp AG sth Ecdysone® H8&&  ecdysone receptor (EcR)#t
ultraspiracle HWA(Usp)ztel FAY olgAldl o& wiidct o5 oA =
ecdvsone response element (EcRE)e] Agsle] faztel #AlE 2430 & A4
i owrgalzl 9zt ZAA 715 A2 ecdysone receptor AR O WA FAAE
RT-PCR#} competitor DNAE A}88 competitive RT-PCR % & o] &3ta] &48f
At

g Al 2o web usp9t EcRE FAQ atoli= A uE BE A7jelA HE s
c12lv EcR isoformse] @A Azl wel g8 F4E R F, EcR-As=
embryvoAl 71ol Z7tEtA il §EA 7 Ol gasta tha] #Hdl7| Al 7]el F7he wbE,
EcR-BI& EcR-Aol W&l §%A71d of ¥ #7058 LdHY 38 5 =74
ol 4 EcR isoform¥el W& F4e Bu AiyzAdos LA imaginal FHELS
EcR-A7} 7stAl 2@d9 wid §% 2258 EcR-B7F 73HA #@ddn ol 2
sH= EeR isoform& A 718 Aol F QA A, FHH LS GERAY,
gz Ao Eo0]H EcR-B isoforme #&-2 FEcR-B. isoform (53 EcR-Bl)o]
GE2xAo EHalof vhddE Ao Algdrd Competitive RT-PCR oz A
3 usp®t EcROl @ &2 zz vttt g2 Yebdrh olefd A= Uspit EcR
b AEAed 4 i e FEA50] 7153 ecdysone receptor®] A& Wl
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