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~mmary--Wc have d o ~ d  the human ~yr~d ~ r m ~ e  r~cep~r fll ~ThR fl) ~om ~e 
human bma~ ~ncex ~1  fine T47D using t ~  PCR t ~ h ~  A r~ombin~t b ~ u l o ~ s  
t r ~ s ~  v~tor p V L I ~ h T h R  fl w~ co~tm~cd and ~e  ~ l  ~n~h recaptor was exposed 
~ the ~ c t  ~ l  ~ne Spodopterafrugi~r~ (Sf9). A ~  l ~ l  5 x 1~ receptors ~e  c x p ~ s ~  
~ l  w~ch ~ a ~ t i o n  ~v~ of 2.5--4~ mg hThR fl~ of ~ c ~ m .  The expms~d 
hThR fl ~ s ~ a ~ d  a ~n~c da~ of b ~ n g  ~t~ ~r  ~ ~ th  ~ affi~t~ W ~ m  ~ot an~y~s 
using a p~ydon~ a ~  ~ t ~  that the m ~  wog~ ~ the ~culofims exposed 
recep~r ~ approx. 50 kD~ C m ~  ~ ~ t m ~  ~ hThR fl ~ l e d  ~ [ ~  ~ m e n t c d  
~ a 4 S ~ak  ~ a gly~rol gradi¢~. No ~ p t o r  ~ d  ~ ~ t e c t ~  ~ the ~topl~m ~ d i c ~  
Rs pro~r t ~ n ~ a f i o n  to the nuclear compa~mc~. An ~ c l e ~  ~ a ~  a 
p ~ o ~ c  ~ y ~  ~ r m ~ e  ~ s ~ e  ~¢rncnt ~ spec~cally ~ g ~ d  and ~ m ~  ~ a 
g e l ~ o ~ f i ~ f l  a ~  ~ ~e  p ~ e  of nuclear ex~act of Sf9 ~lls e x p ~ n g  hThR ft. The~ 
data su~e~ that hThR fl ~ p ~  ~ Sf9 ~ s  ~ ~ n ~ f l  a ~  &splays charac~fisfics 
f i a u ~ y  indi~n~ishable from tho~ of ~e  ~ d  ~rmone ~ p t o r  ~ h ~  e ~ e d  from 
mamm~hn ~ .  Furthermo~ the data h ~ c a ~  th~ the b ~ o f i m s  ~pr~sion ~s~m h 
a ~ q ~  for h r g e ~ e  W ~ u ~  ~ r~eptor ~ r  d ~  ~mctu~l and ~n~onal  studies. 

~TRODUCTION 

The thyroid hormone receptor (ThR) belongs 
to a family of soluble, intracellular receptors 
invoked in development, differentiation and 
regulation of  metabolic processes. ThR ~ a 
DNA binding proton that functions as a tran- 
scfipfion~ regulator of gene expresfion in a 
hormone-dependent manner. The transcriptional 
control ~ mediated by a cs-acfive sequence 
specific thyroid hormone response dement 
(TRE) which is present in a f in~e or multiple 
copies upstream of or within targ~ gene~ How- 
eveL the mechanism by which the receptor 
induces or represses the ~anscfiptionfl response 
of target genes to thyroid hormone ~ poorly 
understood. 

A~ members of the s~roid/ThR family have 
a f imi~r ~ructurfl  organ~ation composed of 
distinct dom~n~ Biochemical and mutafion~ 
anflyfis of these hormone receptors identified 

*To whom correspondence should be addressed. 

domMns ~sponfiMe ~ r  hormone Mnding 
DNA Mnding and ~ans-acfivation of gene 
expression, respectively [1-4]. The centrM re#on 
of 65-68 amino adds, wh~h ~ h~hiy conse~ed 
in the r~ceptor superfamily, forms two so,ai led 
"zinc f i nge r s "~ -~  oL r~heL ~ n ~ n d i n g  
structures [8] that medi~e the sequence spedfic 
~ r a c t i o n  of the rece~or with DNA. The ~ 
well charac~fized N-~rm~M dom~n ~ p r o ~  
a~y  ~ v ~ v e d  ~ motivation of trans-activafion 
whi~ ~ e  C - ~ r m ~  ~ o n  is ~ n c t i o n ~  
impo~ant ~ r  homone ~nding and dimer 
~rmat ion [4, ~ I~. 

S y n t h ~  hormones acting as agonis~ or an- 
~ g o ~ s  have been de~dbed ~ r  the miner~o- 
c o r t i c ~  ~ u c o c o ~ o ~ ,  ~ o g e ~  androgen 
and p r o g ~ r o n e  recep~rs [11, and r e ~ n c ~  
therein. Howeve~ no a n ~ g o ~  that interac~ 
with ~ e  ThR has yet been ~ e ~ e d .  In order 
~ design po~nf i~  ThR anmgo~sts ~ the t ~ -  
merit of hyper~ns~n and card~c arrhythm~ 
we have i ~ t ~ d  a program to determine the 
~ e - d i m e n ~ o n ~  ~D)  ~ru~ure of the human 
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thyroid hormone receptor fll (hThR~) and 
by 3D modelling ~enti~ and synthesize ThR 
an tago~s .  

De~rmination of the 3D structure of the 
ThR ~ flso of impo~ance for a more detailed 
unde~tan~ng of the structu~ of the receptor 
in relation to i~ in~racfion with DNA and 
hormone as we~ as ~s ~ r a c f i o n  with other 
~cepto~ or componen~ of the ~anscription~ 
mac~nery. 

Detailed structural studies of the ThR, 
including X-ray crygallograph~ have been 
p~vcn~d by the very small amount of ~ceptor 
protein that can be purified ~om tissues or 
h~a~s  of e~ablished cell fines expr~fing the 
recepto~ In order to expross ~rge amounts of 
the human ThR ~ R was thcrefo~ necessary to 
rake advantage of recombinant DNA techfiques 
and a suitab~ expresrion sy~em. In this report 
we de~fibe ~gh level exp~ssion of the f~l 
~ngth hThR ~ in Spodog~ra frug~erda (Sf~ 
cells uring the baculo~rus expression sys~m. 

EXPERIMENTAL 

Me~ods 

cDNA s~n~esis. Cytop~sm~ mRNA was 
ex~acted from approx. 1 × 1~ T47D ce~s in a 
buffer c o n t ~ n g  (10mM T~s pH 7.9; 150mM 
NaC]; 1.SmM MgC12 and 0.65% NP40~ 
A~er 10 min ~cubafion on ice the ~sa~ was 
~ a n s ~ e d  to an Eppendoff tube and the nuclei 
were pelleted. The supernatant was ex~ac~d 
twice with phenol-chloroform-isoamyl flcohol 
(1:1:24, Ev/v) and then pred~tatcd with 1 vol 
of ~opropanol. The RNA pell~ was ~ v e d  
~ dieth~pyrocarbonate treated ~stiHcd water 
and further purified on oligo(dT)ce~ose as 
described [1~. Fint  and second strand eDNA 
was synthesized .with a eDNA ~t  (Amersham) 
according to the recommendations of the 
supplie~ As primer for the first strand synthesis 
we used a hThR fl spe~fic oligonucleofide, 
complementary to the 3~end of the coding 
re ,on  of c-erb A [13], tailed with the recognition 
sequence for the regficfion of ¢ndonuc~ase 
ClaI ~ '  AGT~TCGATCTAATCCTCGAAC- 
ACTTCCAG Y). 

Ampl~cation by the polymerase cha~ reaction 
(PCR). In vitro amplification of the eDNA was 
performed ~ two s~ps. The Y hflfof the eDNA 
was amplified uring the o~gonucleotides Thrl 
(5~AGTGGTACCA TGGCAGAAAA TGG- 
CCTTACA-T) and Thr2 O'-CTTGGGC GTT 
GGTCGCCACA T-Y) as palmers and for 

T o ~  B ~  ~ ~ 

~ o n  of ~c ~ n d  ~e  pdm~s T~3 (5~ 
CAAAACTGTC ACCGAAGCC-Y) and ~ 
~'-AGTATCGATC TAATCCTCGA ~ Y )  
were ~ .  h e  ~ u ~ c e  ~ the p ~  ~ 2  and 
Th~ wen t ho r n  ~ such a way ~ t  t h~  flank~ 
the r e c o ~ n  ~quence ~ r  the ~ q u e  ~s~c-  
fion endonuc~ase ~ I L  wh~h w~ used ~ r  
reconst~cfion ~ the ~ m p ~  co,rig sequence 
~ r  hThR g F u r t h e ~ o ~  to r i m p ~  ~ o ~  ~ 
the ~ ~ c D N ~  the p ~ e ~  ~ 1  a ~  
Th~ were e x t ~ d ~  at thor ~ s ~ t ~  Y~nds 
~ t h  the r ~ o ~ n  sequence for the ~ s ~ o n  
eMonuclea~ ~ n I  and ClaI, ~ s ~ v e ~  
~ c  s~uenc~ ~ T h r l  and Th~ ( ~  a ~ v ~ .  
A d ~ o n ~ ,  ex~nrion of t ~  Thrl p~m~ ~ t h  
the rec~ni~on sequence for KpnL ~ e ~  
~ s ~ e ~  of the i~fiafion codon ~ T ~  and a 
chan~ of t ~  fi~t nucleo~e ~ t ~  ATG, 
~om an A to a G ~ d  ~ te r  ~ Thrl, s~ abovO 
~aces the i~fiafion c ~ o n  dose ~ a con~nsus 
"Koza~' ~ u e n c e  wh~h shou~ ~ a n c e  t ~  
e ~ e n c y  ~ tr~slafion [1~. 

PCR was ~ r f o ~  ~ t h  a ~ n e ~ p  reagent 
~ t  and T ~  p o ~ m ~ e  ~ E ~ e r  ~ m O  
a~or~ng to the r e c o m m ~ f i o n s  of t ~  su~ 
~ e ~  In each ~acfion 5 ~ ~ c D N A  ~ d  1 ~M 
of the r e s ~ e  pfime~ were ~ .  Anneafing 
of pfime~ was ~ r f o ~  at 52°C and each 
PCR was ~ n  ~ r  30 cyc~s. 

~ctor cons~uct~ns, h e  ~ vRro ~ p ~ e d  
ThR fl f ra~ents  were ~ a t e d  ~om a 1% ~ -  
arose ~ and ~ge~ed ~ t h  ~ l I ,  ~g~ed ~ T4 
DNA figa~ and then recto ~ t h  ClaI and ~ n I .  
F ~  len~h cDNA was then cloned ~tween ~e  
~ n I  and ClaI rites ~ p T ~ 3  19U ~ 
O ~ L K ~  ~ n ~  ~e ~ a s ~ d  ~%hThR ~ 

The r~om~nam ~am~r  vector ~ L I ~  
h ~ R  fl was c o n ~ c t e d  ~ ~ e ~ o n  ~ a 1A kb 
f r a ~ e m  e n c o ~  the hThR ~ Bdefl~ ~e  p ~  
~ d  p ~ h R f l  was d ~ d  ~ t h  ClaI, blunt- 
ended ~ t h  the ~ r ~  f r a ~ e ~  of DNA 
~ l ~ e r a s e  I ~ the p~sence ~ deoxynucleoside 
~ p h o ~ h ~  and t ~ n  ~gest~ ~ B ~ H I .  
T ~  ClaI and BamHI cDNA f r a ~ e ~  was 
pufi~d ~ o m  a 1% ~w-mdfing aorose ~ 
a ~  figated ~tween t ~  ~ l I I  a ~  S ~ I  fi~s 
of pVL1392 ~ n d y  Wofid~ ~ Dr M. D. 
S u m m ~ .  The ~ c ~  of the ~sdmm trans- 
~r  vector pVL139~hThRfl was vexed  by 
~ r i c f i o n  endonuc~a~ deava~. 

~ ~ o  ~ s c ~ t i o n  and translation. Caped 
mRNA ~ans~pts  wen ~ ne r a t ~  from the T7 
promo~r in the Oas~d ~ % h ~ R  ~ ~ t h  a 
T m n ~ r o ~  T ~t  ~ a c i ~ L K ~  ~ v~ro 
tranflafion was ~ r ~  ~ t h  a m b ~  ~ t i ~  
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cy~ lysa~ (Promega). A typical translation assay 
included 1 #g of ~ vitro synthe~zed mRNA, 
5 gCi ~ m ~ h i o n i n e  (Amersham) and 35 #1 of 
lysate in a tot~ volume of 50~1. The reaction 
was run for 60 rain at 30°C. Subsequent geps 
were as recommended by the supplier. The 
transhtion products were an~yzed on a 15% 
SDS-PAGE under denaturing conditions and 
exposed to film over~ght. 

Cell cu~ure and viral infection. Cells of Sf9 
were cultured at 27°C in TC 100 medium (Nord- 
vac) supplemen~d with 10% heat-inactiva~d 
~ t~  c~f  serum (Gibco BRL). Sf9 cells, grown 
in monolayer cultures, were infected with wild 
type (wO Autographa cal~ornica nuclear p~y- 
hedrosis firus (AcNPV) or recombinant AcNPV 
at a multip~city of 10. I n ~ e d  cells were 
harves~d 48-72 h post infection. 

Generation and isolation of recombinant virus. 
Plasmid pVL1392/Thr fl and wt AcNPV DNA 
were used to transfect semiconfluent Sf9 cells by 
the c~dum phosphate copreopitafion m~hod 
[1~. Virus-cont~ning medium was collected 96 h 
post ~ans~ction and used for plaque assays. 
After ~veral rounds of ~aque purification occlu- 
~on negative titus plaques were isolated. A 
number of plaque ~oh~s  were selec~d to i n ~  
Sf9 cells seeded in a 96 well plate. Fo~y-oght h 
post infection DNA was extracted ~om the 
cells as described [1~ and an~yzed by dobblot 
hybridization [1~. A purified 1.4 kb ~Pdabded 
hThR fl eDNA ~agment was used as a probe. 
Extrac~ ~om wt ~rus and u n i n ~ e d  Sf9 cells 
were used as consols. A single recombinant ~rus 
plaque was selected and amplified in Sf9 cdh as 
described [1~ for fu~her characterization. 

SDS-PAGE and Wes~rn b~t. Fo~y-dght h 
post infection cells were ~sed in 25 mM Tris, 
pH 7.& 10 mM EDTA and 0.7% SDS. Lysates 
Rom approg 50 x 1~ cells were run on a 10% 
SDS-PAGE and tither g~ned with a m~ture 
containing 40% MeOH, 10% acetic add and 
• 1% Coomas~e briSant blue (R250) or ~ec~o- 
blot~d to a niWocdl~ose membrane. The mem- 
brane was blocked with 10mM Td~ pH 8~, 
150 mM NaCI and ~ 1% Tween20 and incuba~d 
with a 1 : 500 dilution of rabbit anti-Thr fl anti- 
serum for 1 h at room ~mperature. The mem- 
brane was washed with TBS (10 mM Tfi~ pH 
8.0, 150 mM NaCI and 0.05% Tween20) and 
then incubated with a 1:7500 dilution of goat 
ant~rabbit antibody conjugated with ~kaline 
phosphatase (Promega). After ex~nsive was~ng 
~ TB~ bands were developed with an ~kaline 
phosphatase substrate solution. Equ~ amoun~ 
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of  lysates ~om wt infected and u~nfected Sf9 
cel~ were used as conWol~ 

Preparat~n of nuclei and crude extracts. Cel~ 
were scraped off the plate using a rubber police- 
man and suspended in cold buffer containing 
20 mM Tris, pH %~ 25 mM MgC~ and 250 mM 
sucrose. After centdfugafion at 300g for 10 rain 
the cells were taken up in the same buffer 
supplemented with 0.65% NP40 and incubated 
on ~e for 10 mira The nuclei were pel~ted by 
centdfugafion at 1000g and washed three times 
in buffer B (20 mM Td~ pH %~ 50 mM NaCI, 
2 mM EDTA, 1 mM DTT and 10% ~ycero~ 
(nuclear fraction). High salt ex~action of recep- 
tor from nuclei was carried out as described [1~. 

Ligand b~ding assays. Saturation dose assays 
were done by incubating the nuc~ar ~action 
with 10-2000 pM [~2~T3 in 200 ~1 buffer B in the 
ab~nce ~ot~ binding) or presence (nonspec-ific 
binding) of a 500-fold excess of nonradioactive 
Ta for 22 h at 4°C. The incubation was ~opped 
by pelleting the nuclei at 2000g for 6rain 
followed by two consecutive washes in PBS. The 
radioactivity was de,trained using a ~-counter 
[1277 gamma master (Pharmacia-Wallac)]. 
Speofic binding of ~2~I]Ta was ca~ulated by 
sub,acting nonspeofic from tot~ bindin~ 

The dissociation constant of the receptor for 
Ta was de~rmined by incubating ahquo~ of 
solubi~zed nuclear receptor or ~ vitro tranflated 
receptor in E400 buffer ~0 mM KPO~, pH 7.9, 
400raM KCI, l m M  MgC~, 0.5raM EDTA, 
1 mM DTT, 8% ~ycerol and core hi,ones (50 
~g/ml~ with varying concentrations (10-2000 
pM) of p~qT3 ± a 500-fold exce~ of nonra~o- 
active T3. The reaction mixture was incubated 
for 20-24 h at 4°C. Free figand was removed by 
chromatography on 2 ml Sephadex G25 columns 
[1~ (Pharmacia/LKB) and radioacti~ty was 
determined using a T-counter. Specific binding 
of ~ T 3  was c a l c u ~ d  by sub,acting non- 
spe~fic from tot~ ~ndin~ Ka was de~rmined 
by plotting spedfica~y bound hormone/free 
hormone vs spedficaHy bound hormon~ 

Protein concentration was de~rmined as 
pre~ously described [1~. 

G~cerol density gradient centr~ugation. 
Nuclear ex~act from Sf9 ce~s i n ~ e d  with 
recombinant ~rus was incubated with 1 nM 
[)~T~ in the presence or absence of a 100-fold 
excess of nonradioactive T~ at 4°C for 4 h. Free 
Hgand was removed by chromatography on 2 ml 
Sephadex G25 columns and the duate was 
layered on a 16-30% ~ycerol gra~ent in 20 mM 
Tri~ pH7.8, l m M  EDTA, 150raM NaCI, 
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1 mM DTT and ~su~n (100 #~ml~ Gradien~ 
were ~ n  at 4°C ~ an SW60Ti ~ to r  ~ a 
Beckman L-8 55 M ~ n t d ~  at 5~000 ~ m  to 
a pres~ cumu~fi~ centri~g~ effect (w~O of 
1.80 x 10~2~d~/s. Fract~ns of appro~ 150pl 
we~ c o l l ~ d  from the b ~ m  of the tube by 
~ a ~  flow. FoBow~g fractionafion, the bottom 
of the tube was cut off and a~ayed ~ r  rad~- 
~f i f i~.  ~C-labeled bovine ~rum ~bumin (4.4~ 
was used as a ~ m e ~ a t i o n  m~k~.  

Gel-mobility ~ ~say. A syn~etig douse 
~ n d e ~  p~indromic ~yro~  hormone r~pon~ 
dement TR~PAL [1~ (5'-CGATTCAGGT 
CATGACCTGA GAGCT-Y) was end-hbded 
with ~ d A T P  using the h r ~  fragme~ of 
DNA polymerase I to a ~ecific a c t i ~  of 
1 x 1~ cpm/pm~. Aliquo~ (con~i~ng ap~ox. 
45 fmol of ~e~fic [~2S~T~ ~n~ng f i ~  of s~u- 
bilized nuclear r~e~or  ~om Sf9 eels ~ e d  
with r~om~nam bae~ofirus or of ~ v~ro 

~ ~  

t m m ~ d  hThR ~ ( ~ l e d )  we~ i ~  
~ r  20 ~ n  at morn ~ m ~ r a t u ~  ~ buffer con- 
~ n g  20 mM HEPE~ pH 7.5, 80 mM KC1, 
1 mM spermidin~ I mM D'Fr, 4% ~ c o ~  
0.01% NP4~ l ~ # g  p~y(dI-C) ~ d  15fmol 
of ~Pda~led TR~PAL ~ a finfl ~ lume of 
25 #1. A 30-fold m ~  ~ c ~ s  ~ ~ n ~ d ~ e  
TRE-PAL ~ ~ a t ~  ~ g ~ u c l ~ f i d e  ~ ' ~  
GAGGGCAC AGCCCAGAGG G T A G A ~  
ACAG TGCTGGAGGC TG-C~GCTGC~T) 
w~  ~ d  ~ p ~  ~ a ~ s  ~ g e t ~ r  ~ the 
~ l a ~ l e d  TRE-PAL ~ specific ~ d  nonspedfic 
competing, respee~ely. ~ o ~ n - D N A  eom- 
~exes were ~par~ed at 4°C on 4% PAGE ~ 
22 mM Tfi~ 22 mM boric aod, ~5 mM EDTA 
and 0.01% N P ~  at 250~  In e o n ~  e x ~  
~ e n ~  ~ q u o ~  of nuclear extra~ ~om wt 
f i~s  ~ e d  or u ~ n f ~ d  ~ 9  ~ s  or un- 
~ r a m m e d  m ~ o ~  ~sa~ we~ u~d ~ ~e  
same pro~n con~mra~ns as t ~  exuacts ~om 

(A) 

~ 2 3 

kD 

9 7 - -  

6 9 - -  

4 6 - -  

(B) 

1,0 • 
30-- ~ . 

~,~, 

~ \ ~  

~OO 1' ' ' 2 0  3 0  4 0  ~ 

[~1] T 3 b~nd (pM) 

Fi~ 1. ~ ~tro ~n~esis of hThR fl and So,Chard an~y~s of ~ T ~  ~n~n~. (A) ~ ~i¢ro capI~d a~d 
syn~¢~ze~ mRNA was ~ans~tcd ~ ~bbit ~dculoc~ I ~  ~ ~¢ prcsc~ o£ ~ m e ~ o ~ e  as 
~ ~ E x ~ m ~ l .  ~ m c t ~ o ~ c  ~ proteins wcr¢ s u S j ~  ~ SD~PAGE (15%) u~der 
~ ~ndJ6oas and ba~ds wcr¢ ~su~=d wi~ aumradio~ap~. ~ n ~ w  prot~ M~ m~rk~ ~ 
u ~  as smnd~d~ ~ne ], positiv¢ ~mr~ ~r  ~ ~hro ~a~d~do~ (sup~lam~md 5~ the ~t); ~nc ~ 
~pdm~ r c t i c ~  l~ss~ ss a ~t~o]  ~or unsi f ted tra~I~tio~ ~ ¢  ~ mtic~yt¢ l~sat¢ p~med ~ 
~NA s ~ c ~  ~ citro ~om the plas~d p ~ ? ~ R  ~ b~ T? RNA pol~=r=~. ~ e  po~6o~ o~h~R ~ 
~ ~d~cat~ b~ ~ a~ow. (B) ~ ~tro ~ h~R ~ w~ ~ c u ~  ~ v ~ n B  co~tr~tJo~s of 
[=Z~T~ ~ ~c p ~  or =bscnc= of a~ cx~ss o~ ~o~ra~oact~c T~ ~ d ¢ ~  ~ ~x~dmcn~]. K4 was 
d e ~  by ~ h = r d  =n~ysJs of t~¢ ~ t~ f ioa  ~ d ~  ~ s ~  bound ho~oa~ ~ ~ 

ho~on~ ~ch p ~  ~ ~c m~n o~ 4 detc~inafio~s. 



hThR ~ e ~ s e d  

recom~nant ~ s  ~fccted cells or programm~ 
reti~loeyte ~ t ~  restc~ctively. 

R E S U L T S  

Clon~g of hThR ~ 

hThR~ was cloned ~om mRNA i s o ~ d  
from the human breast cancer ceil ~ne T47D. 
The PCR t~h~que was used to ampli~ the 
eDNA o ~ n e d  after the 1st and 2nd strand 
eDNA synthesis. A m ~ e d  DNA was ~d~ed  
and cloned into the tran~fiption vector pT7T3 
19U ~nerating the ~asmid pT%hThR ~ The 
struc~re and identification of the eDNA ~se~, 
verified by restriction enzyme cl~vage and DNA 
sequen~n~ demonstrated perfect homdogy to 
the p u b ~ e d  sequence of the human ~ e ~ A  fl 
[1 ~. Furthermo~, the open ~ading frame of the 
cloned eDNA, deduced from the DNA sequence, 

(A) 
~ 2 ~ 

k~97- ~ 

69-- 

46--  

30 m 

(B) 
1 ~ 3 

k~97 __ ~ 

6 9 - -  

4 6 ~  

3 0 - -  

Fig  Z Lysa~ of Sf9 eel~ subjected to SDS-PAGE 
and Western blot. Appro~ 50 x 10ac~Es we,ce ~smi and 
an~yzed on SDS-PAGE (10%) under ~dueing conditions 
and tither gained with Coomassie brilfiant blue (A) or 
dectrobloned to nitroco]ulose membrane and immuno- 
~ n e d  for hThRfl  (Bg (A and B) hne  1, extract of 
uninfected Sf9 coils; hne  L ex~act of coas ~fected with 
recombinant ~rum Mne 3, extract of wt ~rus infec~d cells. 

The arrow indicates the position of hThR g 
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comprised 456 amino aods w~ch ~ ~ agreement 
with the ThR dasfified as ~1 ~ 21]. Capped 
RNA ~anscfipt~ generated by T7 polymerase 
~ v~ro, w~e ~anfl~ed ~ a rab~t reficulocy~ 
lysa~ ~ the p~sence of [a~methionine. As 
shown ~ Fig. 1A the RNA ~ c ~ d  the syn- 
thetis of a protdn with M, ~ 50 kD~ which ~ ~ 
close agreement with the reported s~e of hThR fl 
(formerly ~ r r e d  to as ~erbAfl)[13,21]. In 
addifio~ hormone ~n~ng  assays we~ per- 
formed to de~rmine the a f t i ~  of the ~ vitro 
translated receptor for.Ta. Scatehard an~yfis of 
the ~n~ng  data ~ c a ~ d  an appa~nt Kd of 
30 pM (Fi b I B) w~ch ~ f i a u ~  identic~ to 
p ~ o u s l y  ~po~ed data [1~. 

Expresswn of hThR ~ ~ Sf  9 ceils 

High levd expres~on of fo~ign protons can 
be obtained ~ ~se~ ce~s by inserting the desired 
eDNA gene under the eontr~ of the baculofirus 
po~hedfin promo~r [15, 2~ 2~. A IA kb fra~ 
ment from pT7-hThR & contain~g the com- 
#e~  coding sequence of hThR ~ was inse~ed 
~to the ve~or pVL1392 resulting M the transfer 
vector pVL139~hThR ~ RecomMnant firu~ 
contai~ng the hThR ~ cDNA in place of the 
firm p~yhedrin gene, was genera~d by hom- 
~ogous reeom~nation a~er cotransfection of 
Sf9 cells with wt vkM DNA and the trans~r 
vector pVLI392/hThR ~ A single recombinant 
firus was ~oM~d after severM rounds of plaque 
purification. The p~sence of the hThR fl eDNA 
~quence was verified by do,Mot hybrid~afion. 
Inaction of Sf9 cells with ~comMnant firus 
~ s ~ d  M ~gh Mvd expres~on of the ThR 
48-72 h po~ ~ c t i o n  (Fig. 2A, B). The total 
number of Ta-spe~fic Mn~ng site~ c a ~ a ~ d  
~om saturation dose assays on the nuclear pellet, 
was 80-110 pmoUmg protein (data not shown), 
~presenfing 0A-~6% of totM protein or 
approx. 10-15 x l&recepto~/cell. No exp~w 
~on of receptor couM be detec~d ~ wt ~ e d  
or u ~ n ~ e d  Sf9 cells. 

Ligand aJ~nity 

Ligand Mn~ng assays and Scatchard #ots 
were carded out to de~rmine the T3 affi~ty of 
hThR fl exp~ssed ~ Sf9 celh. Scatchard anMy~s 
of T 3 Mn~ng assay~ performed on crude Mgh 
sMt p~parafions of solub~zed nuclei, p~nt  to 
a ~n#e class of Mn~ng ~tes for ~2SI]T3 with an 
apparent Kd of 105 pM (Fib ~ which ~ a slight~ 
~gher Ka than that obtMned for the ~ vitro 
tran~ated receptor (Fig. 1B). No specific Mnding 
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~ ~ ~2 ~ 
0,1" 

~ 1 ~  

~,e . 
1 0 ~ S~ 

[ ~ 1 ]  T~ ~ e ~  (pM) 

~ .  ~. ~ r e s e ~ { ~  ~ a r d  a n ~  of ~ o ~ u s  
express~ h~R ~ ~eparafion ~ crude e~raet and ~ 
~ n ~ o n  ~ ~e ~soo~on  consmm of t~  ~ p ~ r  ~r ~ 
was done as ~ d ~ d  ~ ~ d m e n ~ .  ~ p ~  ~ ~e 

mean ~ 4 dete~nations. 

of [nS~T 3 was d e ~ e d  ~ nuc~ar ex~ac~ ~om 
wt firus or u~nfected Sf9 ce~s (data not shown). 

G~cerd densi~ gradient cen~ugation 

Unlike most ~ e r ~ d  hormone receptor~ 
the l~5-dihydroxy-vitamin D~, refin~c add  
and ThRs are tightly bound to nuclear com- 
ponents ~ the ab~nce of hormone ~1, 2~ 2~. 
The bae~ofirus e x p ~ e d  hThRfl  was ~so 
shown to be assodated with nuclear com- 
ponents ~ Sf9 ce~s with undetectable receptor 
~vds ~ the c~osolic compa~ment as deter- 
mined by W ~ r n  ~o t  (data not shown). The 
[~'qT~ hbe~d  extract from nucl~ of Sf9 cell~ 

infec~d with recombinant ~rus, ~d imen~d  in 
the 4S r e , o n  of a 16-30% ~ycer~  gradient 
(Fig. 4). This demonstrates that both the intra- 
cellu~r localization as well as the sedimentation 
coeflident of the baculo~rus expre~ed hThR fl 
are ident~al to those of mammalian ThR ~ .  

DNA b~ding assay 

Nuc~ar extracts of Sf9 cells expres~ng 
hThR~ were incubated with the riP-labeled 
TRE-PAL [1 ~,  followed by e ~ r o p h o r e ~ s  in a 
nondenatufing gel. As shown in Fig. 5A 0ane ~,  
two protein-DNA eomp~xes migrating more 
~owly than the ~ee DNA were observed. These 
comp~xes were not d~ected when an i d e n t ~  
amount of nuclear extra~ from uninfected or wt 
¼rus i n ~ e d  Sf9 ce~s was incuba~d with the 
TRE-PAL (Fig. 5A, ~nes 1 and 2, respectively). 
This indicates that the appearance of the ob- 
~rved complexes was dependent on the presence 
of hThR fl in the nuclear extract of Sf9 edls 
i n ~ e d  with the recom~nant  firu~ When 
~mi~r  amounts of ~ vOro f fan~a~d hThR fl 
(as assessed by ~gand binding) were used in the 

~ 2 3 4 5 

~4S . 

~ -  

~ .  

g 
~ -  

@ ~ ~ ~ ~ ~ . ~  
o ~ 10 15 20 2s 

b~lom top 
F ~ n $  

~ 4. ~ i m e ~ o n  pro~e ~ h ~ R  fl exposed ~ S~ 
~U~ Cr~e nuclear exWaet ~ Sf9 ~ s  ~f~t~  ~th ~ms 
e~ressing h~R fl w~ ~ l e d  with ~I]T~ ~ the p ~ n ~  
~ )  or ~ e  ~ )  of a 1 ~  excess ~ nonra~oactNe 
~ .  After ~moval ~ ex~s a ~  the extra~ was ~ m d  
on a 1~30% ~ e r ~  gra~e~ and c e n ~ g ~  ~ 55 ,~  
~m m a pte~t ~ulative ~ n ~ g ~  eff~t ~ 1.80 tad%. 
~ae~ns we~ c ~ t ~  ~om the b ~ m  of ~ m~s ~d  
as~yed for r a d i o a ~ .  ~ C - ~ I ~  ~vine ~mm albu~n 

~4~  was u~d as an ~tem~ marke~ ~ 5 ~ ) - - ~ d  oppo~ 
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~ I ~ o M ~  sMR assa% ~ r m ~  of p m ~  
DNA eomplex~ w i ~  the same mobi~ty ~ t h o ~  
~ r m ~  ~ the p ~ n ~  ~ b a c ~ o v i r ~  ~ p r ~ d  
r ~ m r  was o b s e ~  (Fi~ 5 &  h n e  ~ .  T ~ s e  
p r o ~ D N A  ~mplexes  were not o ~ e ~  w i ~  
~ u n p r o ~ a m m ~  ~ i ~ c ~ e  ~ (~g .  5 ~  
l ~ e  ~ .  Thu~ t ~  ~ r m ~  of both p r o ~  
DNA complexes seems to be d e p e n ~  on t ~  

1 2 ~ 4 

presen~  of  e x p r ~ d  h T h R g  Furthermore, 
t h e ~  are no m ~ o r  ~ f f e ~ n ~ s  in ~ e  a p p a ~  
~ c e p ~ r - D N A  a t i i ~  or mobi l i~  of the 
retarded p r o t ~ n - D N A  com~ex~ ,  w h e ~  ~ e  
~ c e p ~ r  w ~  expr~sed in ~ s ~ t  ~1~ or ~ 
~fic~ocyte ~sate. At  the c o n ~ m f i o n  of 
hThR ~ used ~ 5  fmol) the two prote in-DNA 
c o m ~ e x ~  ~rmexi s ~ m  to represent approxi- 
m ~ d y  equfl amounts of h b e ~ d  TRE-PAL. 
Ti~afion with decreasing amoun~  of ~ceptor  
d e m o n s ~ a ~ d  that  ~ bwer  hThR ~ concen- 
~ a t i o ~  the ~ r m a t i o n  of the flower mi~a t ing  
p r o t ~ n - D N A  comp~x rep~sen~  ~ss amoun~  
of s~Red probe as comp~ed  to the h s t e r  
mi~a t ing  pro te in-DNA com~ex ~ a  not 
• ow~.  T ~ s  suggests that  comflex ~ r m a t i o n  
may ~ v d v e  the ~ n ~ n g  of m ~ t i p ~  ThR m ~ -  
ec~es to ~ e  response d e m e ~ .  In c o m p ~ o n  
expefime~s with u ~ a b e ~ d  o~gonudeotides, 
• e ~ rma t ion  o f b o ~  comp~xes co~d  be ~ 
ited by an ex~ss  of TRE-PAL but not by an 
excess of  an u n ~ h ~ d  oligonuc~otide (Fig. 5B, 
hnes  3 and 4, respectively), ~ d ~ a t i n g  the se- 
q u e n ~  ~e~f ic  nature of the ~ n ~ n g  of ~ e  
e x p r ~ d  hThR ~ to T R E - P A L  

~CUSSION 

~g. 5(~) 

~ 5. Formation of hThR ~ d e ~ t  pro~n-DNA 
~ m ~  and specific and nonspeci~ ~ m ~ t ~  ~ th  
u n l a ~ d  ~ d ~ t ~  (A) ~iquots (l~30#g ~ m ~  
~ o ~  ~ ~ t  ~om n ~  of ~ m f ~ d  or ~ ¼rus 
~ ~9 ~ or ~om ~1~ refuted ~ th  ~rus enco~ng 
hThR fl ~ ~om RNA primed or ~pfimed reticulate 
~mtg respeet~d~ was i ~  ~th  15 fred of ~ 
h ~ l ~  TR~PAL ~ d e s ~ d  ~ Ex~fimen~. Lane 1, un- 
~ f ~ t ~  Sf9 ~1~ hne Z wt fi~s ~ f ~ d  ~9 ~ s ;  ~ne 3, 
hThR # expressed ~ Sf9 cells; lane ~ unpdmed ret~fl~yte 
~ t g  hne 5, hThR fl synlhefiz~ ~ vitr~ (B) Specific ~ d  
nonspeeific com~t~on of ~e intera~on of b a c ~ o ~ s  ex- 
O~ssed hThR fl ~ TR~PAL was ~aly~d ~ incu~ti~ 
~e reeep~r (45 fmol) ~ th  UP-la~l~ TR~PAL (15 fred) 
m ~e presen~ or a~ence ~ a ~ - ~  mohr e x ~  ~ un- 
h ~ l ~  TRE-PAL ~pedfic ~m~tifio~ or unla~l~ un- 
~lat~ o~gonucl~fide ~onspeci~ ~mpetifio~. Lane 1, free 
pro~ (no receptor addS); la~ ~ aaP-la~l~ TRDPAL oily; 
hne 3, com~fifion with a 3 0 - ~  molar e x ~  ~ u n h ~ l ~  
TR~PA~ lane ~ com~tition ~ a 3 ~  m~ar ex~ss 

of u n ~  ~nuc leo t i~ .  

The repe~oi~  o[ expression ~stem8 a v ~ b l e  
for production of ~ re ign  gene products ~ ~rge. 
There a ~  ~ v ~  ~ a m ~  o~ b a ~ e ~ ,  m~m- 
malian and ~ t  ~ s ~ m s  ~ 7 - 2 ~  ~ have b ~ n  
s u c ~ f u l ~  u ~ d  ~ o ~ e r  to exp~ss ~com-  
~ n a n t  p r ~ d ~  at ~ r y  ~ g h  ~vds .  The best 
c h o i ~  of expres~on ~ s ~ m  ~ r  a p a ~  gene 
p rodu~  ~ ~ e ~  ~ m e f i m ~  diffic~t to make. 
H o w e ~  t h e ~  a ~  ~ r t ~ n  crimea that have an 
~fluence on ~ e  c h d ~  ~ ~ s ~ m  such as: ~ the 
p u ~ e  of ~ n g  ~ e  ~ n e  ~ o d u c t  ~ a Ugh 
~ v ~  ~ )  ~ e  ~ v d  of ~ o d u c t  ~ n e ~ d  and the 
percent ~ o b ~ c ~  a c t i ~  of p ~ d u ~ d  m~ef i~ ;  
and ~ ~ e  re la t i~  cost and e ~ s  ~ go ~om 
small sca~ to production sc~e. 

The b a c d o v i r ~  expresfion ~ g e m  h ~  turned 
out to be a ~ powerful ~ s t e m  ~ r  production 
of h ~ e  quantitie~ r a n ~ n g  ~om 1 to 600 mg/I, 
of ~ o b ~ c ~  active p ~ t e i ~  and has been 
demonstrated to be capab~ of ~ o p ~  pos t tmn~ 
lational modifications ~3,  3~ 31]. F u ~ h e r m o ~ ,  
the system ~ easy to s ~  up as su~enf ion  
c d t u ~  under serum f r ~  con~fions ~ with 
short production ~ n ~  2-3 days. Addit~nali% 
the b a c ~ o ~ r u s  sy~em has ~cently been ~ o w n  
to be a proper sys~m ~ r  ~oducf ion  of ~o -  
~ y  active human ~ u c o c o ~ d  receptor 
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~ .  For reasons s ta~d  above the baculo~rus 
expression system seemed to be the sy~em of 
choice for high ~ v d  expres$on of hThR g 

We have cloned hThR ~ ~om  the human 
b~as t  cancer cell ~ne T47D. The entire sequence 
of the eDNA was determined and showed 100% 
homology to the pub~sbed sequence of the 
human ~ e r b A ~  [1~, clarified as ~1 ~0,21]. 
The receptor expre~ed in Sf9 calls ~splayed 
charac~ristics ~ u a l l y  indistinguishab~ ~om  
those of ThR exffa~ed ~om  mammalian ce~g 
No receptor could be detected in the cytos~ 
~d~a t ing  its proper translocafion to the nuclear 
compa~ment  and the ~ceptor  migrated as a 
monomefic 4S peak on a ~ y c e r d  gradient. The 
receptor appeared h r g e ~  intact with no shoVeL 
degraded, fragments. The M ,  of the baculo~rus 
expre~ed receptor was ~mflar to that  of ThR 
~om rat fiver [1~ 3~  3~ and was in agreemem 
with the M~ p r e ~ e d  ~om  the ~ a n ~ a t i o n ~  
open reading ~ame of the hThR ~ cDNA. 

The apparent d i~odaf ion  constant for T~ of 
the ~ vitro ~ a n ~ a ~ d  receptor was somewhat 
lower than that  of the baculo~rus expre~ed 
receptor. This discrepancy could p o s ~ b ~  be due 
to post t ran~at ion~ modification(s) of receptor 
expressed in Sf9 ce~s as well as ~ r ~ r e n c e  
by other nuclear f a ~ o K ~  co~xt rac~d  with the 
thyroid receptor ~om  Sf9 cells. ~ m i h r  ~ffer- 
ences in figand ~ n ~ n g  characteristics b~ween 
~ vitro wan~ated receptor and receptor extrac- 
ted from celh have been reposed  ~ .  HoweveL 
a Ka of 105 pM for ThR in a crude nuc~ar  
extra~ ~ in good agreement w~h ~ r a t u r e  data 
on ThR ~ extracted ~om rat fiver [11, 1~. 

In the DNA ~nding  assays we d~ec~d  two 
retarded prote in-DNA comp~xes both when 
~ vitro genera~d as well as when b a c ~ o ~ r u s  
expressed receptor were used. T ~s  is ~ ~s-  
agreement with the data presen~d by Murray 
and Towle ~ who did not detect any thyroid 
receptor-DNA comp~x formation using ~ vRro 
synthesized receptor un~ss nuc~ar  extracts 
from liver were added. One po~ible explanation 
for this di~repancy might be that we used a 
perfect pal indrom~ TRE sequence which has 
been shown to have an increased affi~ty for the 
receptor as compared to the wt TRE found in 
the rat growth hormone gene[ l~ .  Another 
pos~bifity is of coupe  that there are qualitative 
differences between extracts used for ~ vitro 
t ran~ation and that the reticulocyte ~sate we 
have used cont~ns  accessory favors  that stab- 
ilize the DNA-receptor  comp~xes. In any cas~ 
we have shown that both the faster and the 

~ower migrating gel-shifted bands were depem 
dent on the pre~nce of hThR ~ and the f impl~t  
and most s t r~gh t~rward  ~ r p r e t a t i o n  we can 
make for the pre~nt ,  based on the dam we have, 
h ~ a t  the ~ w e ~  ~s ter  migrating band h a 
~ c e p ~ r - D N A  com~ex confisting of one recep- 
tor ~teract ing with the target sequen~ and that 
the upper band contorts two recaptorg 

The h ~ h  affinity of ~ e  ~ c e p ~ r  ~ r  T3 and ~s 
~quence spe~fic ~ n ~ n g  to ~ e  TRE conta i~ng 
oligonuc~ofide sugge~ ~ the Sf9 celh e x p ~  
a ~ n ~ n ~  hThR ~ and that the b a c ~ o ~ r u s  
exp~sfion sy~em ~ adequa~ for ~ e  
production of receptor ~ r  de~iled ~ r u ~ u r ~  
and funcfion~ smd~g Extrapolation of receptor 
exp~ssion ~vds  obt~ned ~ Petfi ~ s h ~  ~ hrge  
~ale  ~ r m e n ~ t i o n  of suspen~on cuRu~s of Sf9 
criB, wh~h  can eafi~ be grown to a density 
of 2-3 x 1~ cells/ml, wo~d  imp~  production 
of 2.5-3.8 mg hThR fl per fitre. Th~  ~ v d  of 
production m a k ~  ~ po~ible to obtain su~cient 
a m o u r s  of pu~fied ~ c e p ~ r  ~ r  X-ray c ~ s t a b  
bgraphy  and ~ r  m o ~  detailed fun~ional  s t u~  
~s ~garding ~s ~ m c f i o n  with DNA, o ~ e r  
~ceptors  and componenU of the t m n ~ r ~ t i o n ~  
m a c ~ n e ~ .  
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