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Fig. 1 Schematic structural comparison of mem-
bers of the erbA superfamily. Percentage
amino acid homologies of each domain in
relation to the GR are shown. GR ; glucocor-
ticoid receptor, MR ; mineralocorticoid rece-
ptor, PR ; progesterone receptor, AR; an-
drogen receptor, ER ; estrogen receptor, VDR ;
vitamin D receptor, RAR« ; retinoic acid rece-
ptor &, TR «1; thyroid hormone receptor «1.

SR DT VBEES, 400 AT A VE
EnlooZnt+vifEgtTasctickh, Fig 2
WWHRT X8 20o0Zn 7 4 vF— LETh AHE S
W+ %2, Chambon HB¥D 74— Fik=A b v
= v EEE ER) ¥AVGTEL OREERZEEY
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BB ST LV 2T o e Zhic L b
LICHEEADNABSCLETHH L, 20D
DNA &P EEGIHOFRELTREL TWH 2 L %

ooooo 0990
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O/ 160 Ok “0°
000~ \00|o//0000T cooo
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Fig. 2 Hypothetical structure of the DNA binding
domain of erbA superfamily. Each open circle
represents one amino acid molecule. Positions
of P box and D box®® are shown. ¢: cysteine.
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Fig. 3 Structural and functional comparison of thyroid hormone
receptors and related proteins.
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Fig. 4 Genomic organization of TR« gene. Note that TRva2

transcript and Rev-erbAa transcript is encoded by the
opposite strand of the DNA and their C terminals are

overlapping.

3 TRv (variant) a2 %\~ i c-erbAal & FEE T
W, TRald TRva2id7 3 7/ KigEs630EHD 7
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AR F o RKh 2 — P T AEME TRve2% =2 — Pt
AU EMAE LA - —F v T LT\ B, TRal:
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ki, B TEECEORENMIGIX B2, K
WMTrEMLL WY, TRva? & FBE Rev-ErbAa b
Ty & fEERT, EBEHmov T OER DNA &
B BTy, T OB OWTIERTH U5,
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A DNALOLARRYATL AV
TRt erbA superfamily g+ o SR L [H
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#i43'7, TR OFEEERAT (thyroid response ele-
ment: TRE) wow<T@ks v v EE &L = v
(GH)®, TSHa B8 LUy T 2=y bSO D
T:RGEBREF2AGOHRR I, GR®
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(Fig. 5), Brent 5%k h b TRE 2#f#fL, =
vav4 A TRE, T7ehd TR —SFOBAERUD
EAREY & LT AGGT(C/AA &5 6 IRERIRIE
TBHEEBIT, Tk AEFEEOFAE LI O
TRE7¥R{E2 = v —hECH B Z LR LI, BE,
BEMDh TV EAED THIEEEET IR
TRE % 2\ 3JEBUEEERT 2 @B L T 5, i
Z o TRE DIFERT D = 4 & v REENEET
HRE LBLICED, in vitro TR TRA=R b m
TRl F - ABOREE, HBWEVF S —
BEAt (RAR) M TREEELI 52 EARE R
wCL\;B)Sii)Sd)B

Z 5 L-BIRM in vivo THIEETWBDH, i
EETos EThEYOBEL W EhOBEFRIAR

TRE consensus  AGGTC/AR
rat GH -189  AGGTAARKRHAGGGRCHTGACCY  -167
————

rat aMHC -132  AGETYARRHHAGGaCARNAGCCCT -i57
et

—— ———
rat « subunit -19 AGGTGARHACITCATTALCT +1
e
[—

i
rat TSHp +26 AGGTAGGTCtcTACCc +35
B

e
Spoti4 <2626 AGGcCcHTGACCC -2611
————

a3 To  sem—

Palindrome — e
Inverted Palindrome -a—— w———acfipm-

Direct Repeat

Fig. 5 Promoter elements from various T; respon-
sive genes. Arrows indicate putative TRE half
sites. Lower case letters show nucleotides
which do not fit the TRE consensus sequence
proposed by Brent et a/%®.
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B OMREF 2 E D L 5w L CERN oSy
RIEFL 5 20022 TULE 72 dod o T i,

B SRGEBO=BEEMH

AL s ERFRZRORS TREWIZE AL
Bl o=y  ELTEETBZ &1, B0

No. 5, 1992

G

-

carbon backbone of o helix

-
o)

Fig. 6 Schematic diagram of 'leucine zipper’ model.
Leucine residues appear in the same side of &
helix every other turn.

Leucine side chain

TR 2 —DDNA AT A L2 BHIE 25,

Landschulz 5% 1% Myc, Jun, Fos & U 72 DNA #£4
ERO—HTr A UARRIN (773 VBT T
BETHZLCEH L, Z0EMT a-~Y v 2 A
BEx s kg, va v RICANCBEL (e~
Yy 7 ADN—F133.57 3 VBB T—FT5), ~V »
7 A DRIECBUKEOR O NER Eh 5, #HiL2
SOEASTOMKARLAEET A LR 2T
BiEBIES 2% %, “leucine zipper’® F 4 & LTI
L - (Fig. 6), Samuels 559, Forman &
Samuels®® D 7 v — 7% leucine zipper 727 I /
ERECT ({8 & tX heptad & AT i) R TR O L€
VIEE T A A VIEEETI IR bRB EL, ZOH
SERNLCTR R EBRT 5 LE L, BEEK
EEON=8H L LTDNA CRET 2 Lz hUUE
ZEFER & GR TREN T B8,

AT, BREBEEHSFIRIEEYES Thb
DNAKREETHOTHH D, HDVE—DFTF0
BELLEOBEZEEL 5D THAI b, FRVY
TI2PSVAT 25— HBEFDOT v ®— & —HEK
121k GR BRI A3 b F584 72 palindrome O
TrkoTind, ZoTIRREFCGR —HFIEEL, &
ik - Th 5 —TFOEWAT O GR OFEEHATHE & 7
59, F-MERE R0 GR 1YY & r — LVEEARGE
DL > CTHER, —BEOWTFhOBTHEETS
TENREINTE D, HBEIETE R~ TDNA i
T AEFMEAE G &5, TR CI1Lo 5 LR
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1)
PSS]Met-TRa / Anti TRp1 Ab /
- /i g 2

S SN——
G —
Abnormal
TRpI TRE!

2) — o
- afl)——
3 P bi /

ansorbin

=

== “D
; Precipitation ,&

( +) Radioactivily in pellet (... )

Fig. 7 Schematic representation of co-
immunoprecipitation method. 1) [*S] Met-
TRal, TRB1 and anti-TRE1 antibody are
incubated. 2) TRal and TRA1 dimerize and
antibody binds to TRA1. Abnormal TRA1
cannot dimerize to TRa1l but can be recog-
nized by antibody. 3) TR-antibody complex is
precipitated by Pansorbin, Radioactivity in
precipitated protein is measured.

FRHEDEATVID, BL MERFAYHGT
TRal& TRAIM DNA JEREET T~7F v ZRIE B {E
BT ERERL®, [¥S] 2+F=vT5~A LT
TRal% 5 ~ALigwTRBLE A Ve a =+ F 5B &
0 TRelvt TRALICH 4 5 BEFE X b fufiihié
Lic, ZORIGIZTRAIDR 3 b it D E % he-
ptad oz 7 ¢ VEREA O D 5 ER TRAIZM 2 1
EERIZED ORI o2 b, heptad a2/
L BEEEERMT 53 0LE 2 bh 5 (Fig
76

TR & GR FR# &, ZBEMAOBCHEEL T
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HEMMEARI S &R, BRET OEBIEME L
Bz TR OB 0L TR, FOEERERI L »T
LEHTET N TV 2TMEMR D 5, Bz TR L2l £,
ZLTTEEPRIRTIRE S 26 W 3 B OBR
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TRE 234 % TR Off& 2 RN cEET 2B AN
FHETDHERE L+, BHE I Chin 5D 71— 7
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bito oEE% TR-auxiliary protein (TRAP) &4
i, DR OIFFEIL s © 74— 7Rl e A 7S,
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EEIETR U - A F T X 2FH—RE ~0fES %
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HTH 5 A[EE M E v, Zhang 53 RXR %
“booster receptor”, RXRiz X » THEE R IR I h
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ZDFERIY erbA superfamily OEEFER £ v A -0
HEFROBEBCH L —EeH e S 1 5,

D TRva2 & Rev-ErbA«
FTCIdB~N & 5 12 TR OBEFEREE I
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EMEE, TRva2é Rev-ErbAa 2 o% a— F L
T, SHHDEAEAEINCE 5 5 BEiRefFo
DA D5 I, Koenig 5™k TRva22 TRAL, TRal
DIFEIFIERIIE 5 - L 2R L, B2 bAKORKRE
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(L TRalEF—DREEF A4 v EEBERALED
DNA & SEEZEE 5 iz TRalk b H &V, & 7
#2411 TRva2it TRE1® TRald ~F » B & /E
RicwZ & R L 1%, Selmi & Samuels®® it v-
erbA TR & ~F v ZBER R 2 EHRLE
5 % T DR % c-erbA (TRal) oFxh &t
KL, ZEEBRCEEE (9FE) o heptad B X
VxOFRBORETTINBEETH S Z L &R LI, E
B TRva2iI A7 5 A > v 210 X » CTHoheptad i35k
bhTish, BEEOMEELFELEV, oz 0Hy
Z7 3 BEATHCEALLERTRAULTR ®
RAR & ~F v ZEBERED & & 23T & i\ 900, 3
BT ~RE 3 TRva2ie & BRSO EB HFRF~ 2
a2 — RN EAT 5 —EBERER Y A F A H
TWBZET, ZOYAT A CHRENE T 5EH M
JEANTEhd TRKBIEFERE S, &L & BRI
EHERL TWB &b WEEG, SRR T TRve20 R
Fiz TR e piHEET L LCERL TV 50 e
W oW TR W SRR T 2 EE bV 5, &
M TRve2ic X 5 TRBL, TRalioxtd 2 HIHI{ERH ik
AR R B ORI~y 2 — B A L &L
PRB BRIV, TRva2AFRAD I v ¥, KED
BREXE T 5 REMRIEETE 2L,

Rev-erbAa It 2W TR LT OEE LT E A L -
T, BHARBEHRICH 5 cycloheximide 12 &
- T Rev-erbAe DmRNA v _AnERL, Zhic
# o C TRel®d mRNA v <A D F & & TRva2D
mMRNA v RV DETFT R K5 Z &2, Lazar®™,
Munroe & Lazar®®® 7 4 — 7 L Rev-erbAa i1
mRNA v~ TRald TRva20 A 7514 v 2
YPET A Lk o THERE D Taon 4 s Rintt %
2v e —AT5EE%, ReveerbAa BH O BHE
ZOWTIRELEE > bh o T, TRva2é
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1 94 174 248 461
hTRp1 | [ ona ] ] LIGAND |

431, 438, 442, 443, 448,
453 {substitution)
453 {insertion)

310, 317, 320, 332, 340,
345, 347, 351 (substitution)
337 (delation)

T total B mamas

Fig. 8 Topological distribution of mutations iso-
lated from subjects with generalized resistance
to thyroid hormone. Position of mutations are
indicated by amino acid number. Amino acid
numbering is according to deduced nucleotide
sequence by Sakurai et al®®.
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