
Nuclear Receptors: A Brief 
Overview
1 Introduction

Unlike	
   receptors	
   found	
   on	
   the	
   cell	
   surface,	
  
members	
   of	
   the	
   nuclear	
   hormone	
   receptor	
   (NR)	
   superfamily	
  
are	
   restricted	
   to	
   metazoan	
   organisms	
   such	
   as	
   nematodes,	
  
insects,	
   and	
   vertebrates.	
   These	
   proteins	
   are	
   intracellular	
  
transcrip@on	
   factors	
   that	
   directly	
  regulate	
  gene	
   expression	
   in	
  
response	
  to	
   lipophilic	
  molecules. 	
  They	
  affect	
   a	
  wide	
  variety	
  of	
  
func@ons,	
   including	
   faDy	
   acid	
   metabolism, 	
   reproduc@ve	
  
development,	
  and	
   detoxifica@on	
   of	
   foreign	
   substances.	
  Many	
  
of	
   the	
   NRs	
   act	
   as	
   ligand-­‐inducible	
   transcrip@on	
   factors,	
  
responding	
   to	
   endogenous	
   and	
   exogenous	
   chemicals.	
  
However,	
  the	
  vast	
  majority	
  of	
  known	
  receptors	
  do	
  not	
  have	
  an	
  
iden@fiable	
   physiologically	
   relevant	
   ligand,	
   and	
   are	
   deemed	
  
orphan	
   receptors.	
   To	
   date,	
   over	
   300	
   NRs	
   have	
   been	
   cloned,	
  
although	
  there	
  are	
  only	
  48	
  members	
  of	
  the	
  family	
  in	
   humans.	
  	
  
Early	
   classifica@on	
   of	
   these	
   receptors	
   was	
   based	
   on	
   ligands,	
  
DNA	
  binding	
  proper@es	
  or	
  other	
   func@onal	
  characteriza@on.	
  A	
  
more	
   systema@c	
   classifica@on	
   has	
   been	
   proposed, 	
  based	
   on	
  
sequence	
   similarity,	
  much	
   like	
   that	
   employed	
   for	
   cytochrome	
  
P450s.	
   Phylogenic	
   analysis	
  has	
   shown	
   six	
   subfamilies	
   (NR1-­‐6)	
  
with	
  various	
  groups	
  and	
  individual	
  genes	
  	
  (1)	
  (See	
  Figure	
  1).	
  As	
  
discussed	
  below,	
  most	
  NRs	
  have	
  the	
  same	
  basic	
  structure.	
  The	
  
most	
   highly	
   conserved	
   region	
   is	
   the	
   C4	
   zinc	
   finger	
   domain,	
  
which	
   as	
  described	
   above,	
  is	
   a	
  DNA	
  binding	
  mo@f.	
  (For	
  more	
  
depic@ons	
   of	
   the	
   phylogeny	
   of	
   NRs	
   go	
   to	
   the	
   Nomenclature	
  
Page	
  of	
  the	
  nrresource.org	
  website.)

2 Structure to Function
2.1 Functional Domains

NRs	
   generally	
   follow	
   a	
   standard	
   blueprint,	
   as	
  
shown	
  in	
  Figure	
  2	
  (reviewed	
  in	
  	
  (2-­‐4)).	
  While	
  most	
  NRs	
  have	
  all	
  
of	
   these	
  elements,	
  there	
  are	
  a	
  number	
  of	
  excep@ons,	
  some	
  of	
  
which	
   will	
   be	
   discussed	
   below.	
   The	
   N	
   terminus	
   of	
   the	
   NR,	
  
some@mes	
  called	
  the	
  modulator,	
  hypervariable	
  or	
  A/B	
  domain,	
  
has	
   transac@va@on	
   ac@vity,	
   termed	
   ac@va@on	
   func@on	
   1	
  
(AF-­‐1).	
   This	
   acidic	
   ac@va@on	
   domain	
   (AD)	
   is	
   ligand-­‐
independent,	
   or	
   cons@tu@vely	
   func@onal.	
   The	
   A/B	
   domain's	
  
sequence	
   and	
   length	
   are	
   highly	
   variable	
   between	
   receptors	
  
(i.e.	
   GR	
   versus	
   RXR)	
   and	
   among	
   receptor	
   subtypes	
   (RXRα	
  
versus	
  β).	
   In	
   addi@on,	
  this	
  region	
   is	
  the	
  most	
   frequent	
   site	
  of	
  
alterna@ve	
   splicing	
   and	
   secondary	
   start	
   sites	
   and	
   contains	
   a	
  
variety	
  of	
  kinase	
  recogni@on	
  sequences.	
  For	
  these	
  reasons,	
  it	
  is	
  

thought	
   that	
   the	
   variable	
   N-­‐	
   terminal	
   sequences	
   may	
   be	
  
responsible	
   for	
   the	
   receptor-­‐,	
   species-­‐,	
   and	
   cell	
   type-­‐specific	
  
effects	
   as	
   well	
   as	
   promoter	
   context-­‐dependent	
   proper@es	
   of	
  
NR	
  transac@va@on.

NRs	
  bind	
   to	
  hormone	
  response	
  elements	
  (HREs)	
  in	
  
their	
  target	
  promoters	
  through	
  the	
  DNA	
  binding	
  domain	
  (DBD)	
  
or	
   C	
   domain.	
   Composed	
   of	
   two	
   zinc	
   fingers, 	
  the	
   DBD	
   is	
   the	
  
most	
   conserved	
   region	
  within	
   the	
  NR	
   superfamily	
  (see	
  Figure	
  
3).	
  The	
  first	
   zinc	
  finger	
   contains	
  the	
   proximal-­‐or	
   P-­‐box	
   region,	
  
an	
   alpha	
   helix	
   that	
   which	
   is	
   responsible	
   for	
   high-­‐affinity	
  
recogni@on	
   of	
   the	
   "core	
   half-­‐site"	
   of	
   the	
   response	
   element.	
  
Located	
  within	
  the	
  second	
  zinc	
  finger	
  is	
  the	
  distal	
  or	
  D-­‐box,	
  an	
  
α-­‐helix	
   which	
   lies	
   perpendicular	
   to	
   P-­‐box	
   helix,	
   and	
   is	
   a	
   site	
  
that	
   mediates	
   receptor	
   dimeriza@on.	
   NRs	
   bind	
   to	
   DNA	
   as	
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Figure 1. Phylogenetic classification of nuclear receptors

Figure 2. Primary, secondary and tertiary structure of 
nuclear receptors



heterodimers,	
  homodimers, 	
  or	
   monomers,	
   depending	
   on	
   the	
  
class	
  of	
  NR.	
  The	
  steroid	
  hormone	
  receptors	
  GR,	
  PR,	
  ER,	
  AR	
  and	
  
MR	
   (receptors	
   for	
   glucocor@coid,	
   progesterone,	
   estrogen,	
  
androgen	
  and	
  mineralocor@coids,	
  respec@vely)	
  bind	
   to	
  DNA	
  as	
  
homodimers	
  and	
   recognize	
  a	
  palindromic	
   response	
  elements.	
  
However,	
   thyroid,	
   re@noid,	
   vitamin	
   D	
   and	
   peroxisome	
  
proliferator	
  receptors	
  (TR,	
  RAR,	
  VDR	
  and	
  PPAR),	
  as	
  well	
  as	
  most	
  
orphan	
  receptors,	
  bind	
  to	
  DNA	
  as	
  a	
  heterodimer	
  with	
  re@noid-­‐
x-­‐receptor	
   (RXR).	
  However,	
  the	
   three	
  dimensional	
  structure	
  of	
  
the	
  RXR	
  heterodimer	
  complex	
  produces	
  different	
  DNA	
  binding	
  
affini@es.	
   Response	
   elements	
   may	
   be	
   direct	
   repeats	
   (DRx,	
  
AGGTCA-­‐Nx-­‐AGGTCA,	
  where	
  N	
   is	
   any	
  nucleo@de	
   and	
   x	
   is	
   any	
  
number	
  of	
  residues	
  from	
  0-­‐10),	
  everted	
  	
  repeats	
  (ERx, 	
  ACTGGA-­‐
Nx-­‐AGGTCA)	
  or	
  inverted	
  repeat	
  (IRx,	
  AGGTCA-­‐Nx-­‐ACTGGA).

Immediately	
  adjacent	
   to	
   the	
   DNA	
  binding	
   domain	
  
is	
   the	
   D	
   or	
   hinge	
   domain.	
   This	
   par@cular	
   region	
   has	
   an	
   ill-­‐
defined	
   func@on.	
   The	
   hinge	
   domain	
   contains	
   the	
   carboxy-­‐
terminal	
  extension	
  (CTE)	
  of	
  the	
  DBD,	
  which	
  may	
  be	
  involved	
  in	
  
recognizing	
   the	
   extended	
   5’	
   end	
   of	
   the	
   HRE.	
   The	
   D-­‐domain	
  
appears	
   to	
   allow	
   for	
   conforma@onal	
   changes	
   in	
   the	
   protein	
  
structure	
   following	
   ligand	
   binding.	
   Also,	
   this	
   region	
   may	
  
contain	
   nuclear	
   localiza@on	
   signals	
   and	
   protein-­‐protein	
  
interac@on	
  sites.

The	
   sequence	
  of	
   the	
   ligand	
   binding	
  domain	
   (LBD)	
  
or	
   E/F	
   domain	
   varies	
   substan@ally	
  between	
  NRs, 	
  but	
   they	
  all	
  
share	
  a	
  common	
  structure	
  of	
  11-­‐13	
  a-­‐helices	
  organized	
  around	
  
a	
   hydrophobic	
   binding	
   pocket.	
   Residues	
   within	
   the	
   binding	
  
pocket	
   confer	
   specificity,	
   determining	
   whether	
   the	
   LBD	
   will	
  
accept	
   steroid	
   hormones,	
  re@noid	
   compounds	
   or	
   the	
   host	
   of	
  

xenobio@c	
   ligands	
   that	
   affect	
   receptor	
   func@on.	
   Ligand-­‐
dependent	
   ac@va@on	
   requires	
   the	
   presence	
   of	
   ac@va@on	
  
func@on	
  2	
  (AF-­‐2),	
  located	
  at	
   the	
  extreme	
  C	
  terminus	
  of	
  the	
  NR.	
  
LBDs	
   also	
   contain	
   nuclear	
   localiza@on	
   signals,	
   protein	
  
interac@on	
   with	
   dimeriza@on	
   mo@fs	
   for	
   heat	
   shock	
  proteins,	
  
coregulators	
  and	
  other	
  transcrip@on	
  factors.

2.2 Exceptions to the Rule
There	
   are	
   several	
  NRs	
   that	
   do	
   not	
   follow	
   the	
   basic	
   structure	
  
func@on	
   paradigm.	
   For	
   example, 	
  the	
   cons@tu@ve	
   androstane	
  
receptor	
   (CAR)	
   allows	
   cons@tu@ve	
   transcrip@on	
   of	
   the	
   target	
  
gene	
   in	
   the	
   absence	
   of	
   ligand.	
   Transcrip@onal	
   ac@vity	
   is	
   be	
  
suppressed	
  by	
  binding	
  to	
   ligands	
  androstenol	
  and	
  androstanol,	
  
unlike	
   other	
   NRs	
   examined.	
  Another	
   important	
   excep@on	
   to	
  
the	
  classic	
   model	
   of	
   NR	
   ac@va@on	
  comes	
  from	
  receptors	
  that	
  
do	
   not	
   require	
   DNA	
   binding.	
   DAX-­‐1	
   and	
   SHP	
   lack	
   DBDs	
  
completely,	
   and	
   transgenic	
  mice	
   bearing	
   a	
   GR	
   that	
   does	
   not	
  
bind	
  DNA	
  are	
  viable	
  and	
   fer@le	
  even	
  though	
  at	
   least	
   some	
  GR	
  
func@ons	
  are	
  crucial	
   for	
   survival.	
  NRs	
  can	
  also	
  have	
  important	
  
biological	
   effects	
   without	
   ligand	
   binding.	
   Most	
   NRs	
   are	
  
phosphoproteins,	
   and	
   it	
   is	
   now	
   known	
   that	
   many	
   of	
   these	
  
proteins	
   are	
   ac@vated	
   by	
   crosstalk	
   with	
   other	
   signal	
  
transduc@on	
   pathways	
   such	
   as	
   those	
   responding	
   to	
   EGF	
  and	
  
TGF-­‐α.

2.3 Basic Mechanism of Action
The	
   mechanism	
   of	
   ac@on	
   of	
   nuclear	
   hormone	
  

receptors	
   can	
   take	
   one	
   of	
   two	
   basic	
   forms,	
   that	
   of	
   steroid	
  
hormone	
  receptors	
   (SHRs)	
  or	
   that	
   of	
   re@noid/thyroid/Vitamin	
  
D	
  receptors	
  (see	
  Figure	
  4, 	
  reviewed	
  in	
  	
  (5-­‐7)).	
  In	
  the	
  absence	
  of	
  
ligand,	
  the	
  transcrip@onally	
  inac@ve	
  SHRs	
  MR,	
  PR,	
  GR,	
  AR	
  and	
  
ER	
  are	
  sequestered	
  in	
  a	
  large	
  complex	
  comprising	
  the	
  receptor,	
  
heat	
  shock	
  protein-­‐90	
  (HSP90),	
  Hsp70,	
  FKBP52/51	
  and	
  possibly	
  
other	
  proteins.	
  The	
  cellular	
  localiza@on	
  of	
  this	
  inac@ve	
  complex	
  
is	
   somewhat	
   controversial	
   and	
   cytoplasmic	
   or	
   nuclear	
  
localiza@on	
   may	
  be	
  observed	
  depending	
  on	
  the	
  cell	
   type	
  and	
  
the	
  condi@ons	
  examined;	
  however,	
   the	
   central	
   dogma	
  is	
   that	
  
SHRs	
  are	
  cytosolic	
   in	
  the	
  un-­‐liganded	
   form.	
  One	
  consequence	
  
of	
   hormone	
   binding	
   to	
   receptor	
   is	
   a	
   dis@nct	
   conforma@onal	
  
change	
   in	
   receptor	
   structure	
   (discussed	
   below).	
   This	
  
conforma@onal	
   change	
   marks	
   the	
   beginning	
   of	
   the	
   signal	
  
transduc@on	
  process.	
  In	
   the	
  case	
  of	
  the	
  GR	
   subfamily	
  (GR,	
  AR,	
  
MR,	
  PR), 	
  hormone	
  binding	
  elicits	
  a	
  dissocia@on	
  of	
  hsps	
  and	
  the	
  
release	
   of	
   a	
   monomeric	
   receptor	
   from	
   the	
   complex.	
  Gene@c	
  
analysis	
   and	
   in	
   vitro	
   protease	
   diges@on	
   experiments	
   indicate	
  
that	
   the	
  conforma@onal	
  changes	
  in	
  receptor	
  structure	
  induced	
  
by	
   agonists	
   are	
   similar	
   but	
   dis@nct	
   from	
   those	
   produced	
   by	
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Figure 3. The NR DNA binding domain



antagonists. 	
   However,	
   both	
   conforma@ons	
   appear	
   to	
   be	
  
incompa@ble	
  with	
  hsp	
  binding.
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  The	
  TR,	
  RAR	
  and	
  VDR	
  receptors	
  do	
  not	
  avidly	
  interact	
  
with	
  hsps	
  and	
  are	
  localized	
  predominantly	
  in	
  the	
  nucleus	
  in	
  the	
  
absence	
   of	
   ligand.	
   Some	
   unliganded	
   NRs	
   of	
   this	
   class	
   may	
  
interact	
  with	
  DNA	
  and	
  act	
  as	
  transcrip@on	
  repressors. 	
  This	
  may	
  
be	
   the	
   result	
   of	
   interac@on	
   with	
   co-­‐repressor	
   proteins.	
   An	
  
interes@ng	
  excep@on	
   to	
   this	
   observa@on	
   is	
   the	
   cons@tu@vely	
  
ac@ve	
   receptor	
   (CAR)	
   that	
   is	
   transcrip@onally	
   ac@ve	
   in	
   the	
  
absence	
   of	
   its	
   ligand.	
   Hormone	
   induced	
   conforma@onal	
  
changes	
   also	
   occur	
   upon	
   ac@va@on	
   of	
   this	
   class	
   of	
   NR,	
  
sugges@ng	
  that	
  altera@on	
  of	
   receptor	
  shape	
  by	
  ligands	
  is	
  a	
  key	
  
step	
  in	
  the	
  ac@va@on	
  pathway.
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  Evidence	
  suggests	
  that	
  receptors	
  of	
  the	
  GR	
   subfamily	
  
(SHRs)	
  coopera@vely	
  bind	
  to	
  DNA	
  as	
  homodimers.	
  The	
  TR, 	
  RAR,	
  
VDR,	
   PPAR	
   and	
   most	
   of	
   the	
   orphan	
   receptors	
   form	
  
heterodimers	
  with	
  other	
  members	
  of	
  the	
  intracellular	
  receptor	
  
superfamily.	
   TR,	
   RAR,	
   PPAR	
   and	
   VDR	
   can	
   u@lize	
   RXRs	
   as	
  
partners	
   for	
   heterodimer	
   forma@on.	
  The	
   DNA	
   site	
   of	
   contact	
  
depends	
   on	
   certain	
   sequences	
   within	
   the	
   C-­‐domain,	
   namely	
  
the	
  proximal	
   (P-­‐box)	
   and	
  distal	
   (D-­‐box)	
   zinc	
   finger	
  mo@fs	
   (see	
  
descrip@on	
  of	
  the	
  C-­‐domain	
  above).	
  	
  The	
  P-­‐box	
  determines	
  the	
  
half-­‐site	
   recognized, 	
  while	
   the	
  D-­‐box	
   determines	
   the	
   spacing	
  
between	
   half-­‐sites.	
   Following	
   ac@va@on,	
   the	
   SHRs	
   receptors	
  
are	
   capable	
  of	
   interac@ng	
  with	
   DNA,	
  and	
   both	
   classes	
  of	
   NRs	
  
(SHRs	
   and	
   TR/RAR)	
   can	
   now	
   recruit	
   co-­‐ac@vators.	
   The	
   DNA	
  
bound	
  NR	
   complex	
   is	
  now	
  a	
  substrate	
  for	
  general	
  transcrip@on	
  
apparatus	
  and	
  the	
  ini@a@on	
  of	
  transcrip@on	
  commences

3 Ligands and Activators
3.1 Natural and xenobiotic ligands

Ligands	
   for	
   NRs	
   are	
   as	
   varied	
   as	
   the	
   proteins	
  
themselves	
   (Figure	
   5).	
   Although	
   the	
   structures	
   of	
   these	
  
compounds	
   is	
   varied,	
   	
   a	
   few	
   generalized	
   comments	
   can	
   be	
  
made.	
  All	
   ligands	
   are	
   lipophilic	
   and	
   can	
   easily	
  transverse	
   the	
  
plasma	
   membrane	
   as	
   well	
   as	
   the	
   nuclear	
   membrane,	
   if	
  
required.	
   The	
   affinity	
   (Kd)	
   of	
   the	
   ligand-­‐receptor	
   complex	
   is	
  
generally	
   in	
   the	
   nM	
   range, 	
  but	
   can	
   vary	
  from	
  pM	
  to	
   mM.	
   It	
  
should	
   be	
   noted	
   however,	
   that	
   the	
   concentra@ons	
   of	
   each	
  
natural	
   ligand	
   should	
   approach	
   their	
   Kd	
   to	
   be	
   considered	
   a	
  
physiologically-­‐relevant	
  ligand.	
  This	
   is	
  of	
  par@cular	
   importance	
  
when	
   considering	
   reclassifying	
   (or	
   adop@ng)	
   an	
   orphan	
  
receptor	
   in	
   the	
   process	
   of	
   reverse	
   endocrinology.	
  Xenobio@c	
  
agonists	
   and	
   antagonists	
   share	
   structure	
   features	
   with	
   the	
  
natural	
  effector	
  molecules,	
  although	
  the	
  similari@es	
  are	
   omen	
  
cryp@c.	
   Some	
   receptors,	
   such	
   as	
   PPARγ,	
   have	
   a	
   large	
   ligand-­‐
binding	
  cavity	
   that	
   allows	
   for	
   the	
   associa@on	
   of	
   a	
   variety	
  of	
  
endogenous	
  ligands.
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Figure 5. Representative NR ligands

Figure 4. Basic mechanism of action of nuclear receptors



3.2 Ligand-induced activation
Structural	
  studies	
  of	
  empty	
  and	
   ligand-­‐bound	
  LBDs	
  

have	
  led	
  to	
  the	
  "mousetrap"	
  model	
  of	
  NR	
  ac@va@on	
  (Figure	
  6).	
  
The	
   ligand	
   is	
  aDracted	
  to	
   the	
   trap,	
  the	
   receptor's	
   electrosta@c	
  
poten@al, 	
  and	
  a	
  conforma@onal	
  change	
  takes	
  place,	
  preven@ng	
  
the	
  ligand's	
  exit.	
  In	
   the	
  same	
  way	
  that	
   the	
  sprung	
  mousetrap	
  is	
  
more	
  stable	
   than	
   the	
   primed	
   trap,	
  ligand	
   binding	
  to	
   the	
  NRs	
  
ligand-­‐binding	
   domains	
   stabilizes	
   their	
   structures	
   rela@ve	
   to	
  
the	
  unliganded	
   receptor.	
  The	
   ligand	
   forms	
   an	
   integral	
   part	
   of	
  
the	
   hydrophobic	
   core	
   of	
   the	
   liganded	
   LBD.	
   This	
   structural	
  
change	
   is	
   different	
   for	
   ligands	
   that	
   are	
   full	
   agonists	
   versus	
  
those	
  that	
   are	
  par@al	
   agonists	
  or	
  antagonists.	
  Much	
  aDen@on	
  
is	
  focused	
  on	
  the	
  accessibility	
  of	
  the	
  AF-­‐2	
  domain	
  to	
  accessory	
  
proteins.	
   	
   The	
   AF-­‐2	
   domain	
   can	
   serve	
   as	
   an	
   ac@vator	
   of	
  
transcrip@on	
   when	
   excised	
   from	
   the	
   rest	
   of	
   the	
   protein	
   and	
  
linked	
   to	
   a	
   heterologous	
   DNA-­‐binding	
  domain.	
   In	
   this	
  model,	
  
binding	
   of	
   the	
   ligand	
   molecule	
   induces	
   a	
   conforma@onal	
  
change	
   in	
   the	
   LBD,	
   whereby	
   the	
   AF-­‐2	
   sequences	
   fold	
   back	
  
against	
   the	
   binding	
   pocket,	
   obstruc@ng	
   the	
   opening	
   and	
  
causing	
  rearrangements	
   in	
   adjacent	
   helices.	
   In	
   the	
   process, 	
  a	
  
new	
   surface	
   is	
   revealed	
   that	
   recruits	
   specific	
   transcrip@onal	
  
coac@vators.	
  This	
  model	
  may	
  explain	
  why	
  receptor	
  antagonists	
  
block	
   transac@va@on;	
   these	
   compounds	
   do	
   not	
   induce	
   the	
  
proper	
   conforma@onal	
   rearrangements	
   in	
   the	
   LBD,	
  interfering	
  
with	
  the	
  forma@on	
  of	
  the	
  transcrip@onal	
  ac@va@on	
  complex.

3.3 Reverse Endocrinology 

The	
  increasing	
  use	
  of	
  bioinforma@cs	
  and	
  the	
  spread	
  of	
  genome	
  
projects	
   has	
   lead	
   to	
   the	
   discovery	
   of	
   hundreds	
   of	
   proteins	
  
which	
   share	
  structural	
  characteris@cs	
  with	
   NRs.	
  When	
  a	
  NR	
   is	
  
discovered	
  without	
   any	
  knowledge	
  of	
  its	
  natural	
   ligand,	
  it	
   was	
  
dubbed	
   an	
   orphan	
   nuclear	
   receptor	
   (ONR).	
   	
   Efforts	
   to	
  
understand	
   ONR	
   func@on	
   and	
   iden@fy	
   their	
   physiological	
  
ligands	
  (a	
  process	
  known	
  as	
  reverse	
  endocrinology)	
  have	
  led	
  to	
  
the	
  discovery	
  of	
  novel	
  metabolic	
  pathways	
  involving	
  the	
  PPAR,	
  
liver	
   X	
   receptor	
   (LXR),	
   and	
   farnesoid	
   X	
   receptor	
   (FXR),	
  novel	
  
classes	
   of	
   ligands	
   (benzoates,	
   terpenoids),	
   and	
   alterna@ve	
  
mechanisms	
  for	
  NR	
  receptor	
  regula@on	
  and	
  func@on.

The	
  cloning	
  of	
  the	
  intracellular	
  receptor	
  cDNAs	
  and	
  
their	
   reconstruc@on	
   into	
   ligand	
   responsive	
   transcrip@on	
  units	
  
has	
  allowed	
   for	
   the	
   iden@fica@on	
   of	
   new	
  agonist/antagonists.	
  
The	
   “cis-­‐trans”	
   or	
   reporter	
   assay	
   consists	
   of	
   transfec@ng	
   a	
  
receptor	
   expression	
   vector	
   and	
   a	
   vector	
   carrying	
   a	
   receptor-­‐
responsive	
   reporter	
   into	
   mammalian	
   cells.	
   Induc@on	
   of	
   the	
  
reporter	
   gene	
   ac@vity	
   (i.e.	
   luciferase,	
   chloramphenicol	
   acetyl	
  
transferase,	
   b-­‐galactosidase)	
   reflects	
   the	
   transcrip@onal	
  

ac@vity	
  of	
   the	
   transfected	
   receptor	
   induced	
   by	
  hormone.	
  The	
  
iden@fica@on	
   of	
   receptor	
   antagonists	
   is	
  more	
   complex	
   as	
   it	
   is	
  
some@mes	
   difficult	
   to	
   dis@nguish	
   true	
   receptor	
   antagonism	
  
from	
   toxicity.	
   The	
   domain	
   structure	
   of	
   	
   NRs	
   allows	
   for	
  
construc@on	
  of	
  reporter	
  assays	
  without	
  knowledge	
  of	
  the	
  DNA	
  
binding	
   domain	
   of	
   the	
   protein.	
   A	
   common	
   means	
   to	
   assess	
  
ligand	
   ac@va@on	
   of	
   a	
   receptor	
   is	
   to	
   perform	
   a	
   “finger-­‐swap”	
  
whereby	
  the	
   LBD	
   for	
  the	
  novel	
  NR	
   is	
  placed	
   downstream	
  of	
   a	
  
heterologous	
   DBD	
   of	
   another,	
   well-­‐characterized	
   protein.	
  
Examples	
   of	
  DBD	
  used	
   include	
   the	
   C-­‐domain	
  of	
   GR	
   as	
  well	
   as	
  
the	
   transcrip@on	
   factor	
   Gal4.	
   Ac@va@on	
   of	
   this	
   chimeric	
  
protein	
  by	
  agonists	
  for	
  the	
  novel	
  LBD	
  would	
  regulate	
  a	
  reporter	
  
that	
   contains	
   the	
   appropriate	
  DNA	
  binding	
  site	
  (i.e	
  a	
   GRE	
   for	
  
proteins	
  containing	
  the	
  C-­‐domain	
  of	
  GR). 	
  This	
  type	
  of	
  approach	
  
allows	
  for	
  rapid	
  screening	
  of	
  chemicals	
  and	
  may	
  be	
  used	
  to	
  find	
  
both	
  xenobio@c	
  and	
  endogenous	
  ligands.	
  

3.4 Ligand-independent activation
An	
   emerging	
   concept	
   for	
   intracellular	
   receptors	
   is	
  

that	
   they	
  func@on	
  not	
  only	
  as	
  transducers	
  of	
  nuclear	
  effects	
  of	
  
steroids,	
   hormones	
   and	
   nutrients, 	
  but	
   also	
   as	
   key	
  points	
   of	
  
convergence	
   of	
   mul@ple	
   signal	
   transduc@on	
   pathways	
  
(reviewed	
   in	
   	
   (8-­‐12)).	
   The	
  first	
   realiza@on	
   of	
   this	
   “cross-­‐talk”	
  
between	
   signaling	
   cascades	
   came	
   from	
   the	
   observa@on	
   that	
  
transcrip@onal	
  ac@vity	
  of	
  PR,	
  ER,	
  TR	
  and	
  COUP-­‐TF	
  is	
  modulated	
  
by	
   the	
   neurotransmiDer	
   dopamine.	
   The	
   specific	
   ac@va@on	
   of	
  
the	
  dopamine	
  D1	
  receptors	
  results	
  in	
  ac@va@on	
  of	
  at	
  least	
  two	
  
dis@nct	
   signal	
   transduc@on	
  processes	
  in	
  the	
  cell.	
  Muta@on	
  of	
  a	
  

Nuclear Receptor Resource 
Research Article
Nuclear Hormone Receptors: A Brief Overview
J.P. Vanden Heuvel, INDIGO Biosciences Inc., State College PA

©2009 Jack Vanden Heuvel, PhD. INDIGO Biosciences, Inc.
Reprint	
  permi*ed	
  with	
  the	
  following	
  cita4on:	
  John	
  P.	
  Vanden	
  Heuvel,	
  nrresource.org 4

Figure 6. Ligand binding to NRs results in a 
conformational change in the protein



specific	
  serine	
  site	
  close	
  to	
  the	
  carboxyl	
  terminus	
  of	
  the	
  NR	
  can	
  
prevent	
   dopamine	
   ac@va@on, 	
  with	
   no	
  effect	
   on	
   the	
   ability	
  of	
  
the	
   ligand	
   to	
   ac@vate.	
   The	
   two	
   ac@va@on	
   pathways	
   may	
  
differen@ally	
  phosphorylate	
  this	
  serine.	
  A	
  similar	
   phenomenon	
  
is	
  seen	
  with	
  other	
  signaling	
  pathways, 	
  in	
  par@cular	
  polypep@de	
  
growth	
   factors	
   such	
   as	
   insulin-­‐like	
   growth	
   factor	
   (IGF-­‐1),	
  
transforming	
   growth	
   factor	
   a	
   (TGFa)	
   and	
   epidermal	
   growth	
  
factor	
  (EGF).
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