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FRORBLEFHET HIRBEIEEIN T Th D, 2 O BYZ RS L S 2 H1 5 5
NT & UTCTHERBEZ R L, k2 REBORFIZERT 2 2 &0, FlEOMEc
FOBHLEMNIZIRoTWD, L, BIfE, AhR ONARFEEIIARMIATH D . AhR & X
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L2 EIFH BN TS, ZOJRKITMI I TH72R0,

AWFFETrL, EREE S T TEZH., ARR OV H 2 RiEA KA A v otz
TR L. A4b initio 5y TEEMO)EE W =B FIRERFFEIC LD, ARR & U 4> KR
BRI EER 2B L~V T T LT Lz, FIZ, AhR O#REIEMEHEREICE
FLZZ BTV 5 AhR & co-factor & 737 ' ARNT(AOR Nuclear Translocator)D~7
n CEROMEE TR L, CEmREAEEERRT OF N0 LR 5 HERM R 25T,

FI. AW TIE, X NV ENAREE T 1 77 A% . Protein Data Bank (2
BER ST NRREERE I O 2 X B g e L, > b AR (rfAhR) O U 4> R
B RAAL UONARREGEEZERR LTz, WRIZ, FUNTE- VAT R RyXR o7 7a s 7 A
R, Mot a2 Ze S5 ) H 2 K% rAhR IZFES &8, #HEERO#EE %
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Abstract

Specific interactions between Aryl hydrocarbon receptor and various ligands:

Title molecular simulations combined with classical MD and ab initio FMO methods

(800 words)

Aryl hydrocarbon receptor (AhR), a ligand-dependent transcription factor, mediates toxic
and biological effects of a diverse spectrum of chemicals including environmental
contaminants such as dioxin family. AhR binds extraneous substances as a ligand, and the
information of the binding is transferred to the nucleus, resulting in the induction of metabolic
enzymes. In the cell differentiation of various organism species, AhR plays a prominent role in
the development of immune systems depending on the intracellular environment. Recent
biochemical studies elucidated that some ligands bind specifically to AhR to have a significant
effect on the development of immune systems. However, it has not been elucidated how the
ligands binding to AhR affects the development of immune systems. Moreover, the
three-dimensional structures of AhR itself and its complex with ligand have not been
determined by experimental structural biology.

In our study, we first searched stable structures of the complexes with rat AhR (rAhR) and
the ligands (TCDD, B-NF, FICZ, ITE) by protein-ligand docking and classical molecular
mechanics (MM) methods, and the binding affinity and the specific interactions between rAhR
and the ligands were investigated at an electronic level by the ab initio fragment molecular
orbital (FMO) calculations. The results simulated were compared with the experimental results
obtained by our collaborators.

In addition, we constructed the candidate structures of the complex of human AhR (hAhR)
with co-factor protein ARNT, in order to elucidate the dimerization mechanism of hAhR and
ARNT controlled by ligand binding. By use of the FMO calculations, the specific interactions
between hAhR and ARNT were elucidated at an electronic level for the first time.

The binding energies between rAhR and the ligand evaluated by FMO are 30.8 (TCDD),
38.0 (B-NF), 51.0 (FICZ) and 55.8 kcal/mol (ITE), respectively. In addition, the FMO results
elucidate that the endogenous ligands (FICZ and ITE) bind strongly to some specific amino
acid residues (GIn381, Tyr320, Phe293) of rAhR, while the exogenous ligands (TCDD and
B-NF) bind weakly to many residues of rAhR. In particular, the side chain of GIn381 is flexible
and its amino group forms a strong hydrogen bond with the oxygen atom located at the center
of the ligand in all the rAhR-+ligand complexes. Therefore, it is expected that the amino group
of GIn381 plays an important rule as an anchor in binding these ligands and that ligands
forming a hydrogen bond with the amino group of GIn381 can be a potent agonist to rAhR.




To check the validity of the calculated results, we compared the results with the mutagenic
experiments by Motto et al. They focused their attention specifically on the 26 residues
contained within the 5 A distance from the ligand-binding pocket of the mouse AhR (mAhR).
These residues were mutated by the other amino acids, and the change in induction factor by
the mutations was investigated by experiment. The results elucidated the 17 residues (Thr287,
His289, Phe293, Pro295, Leu306, Leu313, Tyr320, Phe322, 1le323, Cys331, Met338, Phe349,
Leu351, Ser363, Ala365, Ala379 and GIn381) are important for the binding between mAhR
and TCDD. Our FMO calculations for rAhR+TCDD elucidate that the seven residues among
the ten residues having the largest attractive interaction to TCDD are included in the above
mentioned 17 residues. Consequently, it is elucidated that our computed results on the specific
interactions between rAhR and TCDD are comparable to the results for mAhR and TCDD
obtained by the experiment, although some residues are different between rAhR and mAhR.

In addition, we constructed several model structures for the hAhR+ARNT complex
including a ligand by the homology modeling and the protein-ligand docking programs.
Solvating water molecules were added around the complex, and their positions were fully
optimized by a classical MM method. Furthermore, in order to search for various conformations
of the solvated complex, classical molecular dynamics (MD) simulations were performed by use
of the MM/MD program GROMACS. For the most stable conformation determined by the ab
initio FMO calculations, the specific interactions between hAhR and ligand and between hAhR
and ARNT were investigated to reveal the effect of ligand-binding on the specific interactions
between hAhR and ARNT. Consequently, we elucidated that the dimerization and the
separation of the dimer are significantly affected by the electrostatic interactions between the
charged residues of both hAhR and ARNT. In particular, Glu279, 11e280 and Arg281 of hAhR
and Ser451, Asp452 and Glu453 of ARNT contribute to the dimerization between hAhR and
ARNT. On the other hand, the Arg288, Lys290, Lys292 and Lys372 of hAhR, and Arg362,
Arg366, Hip378 and Arg379 of ARNT were found to be important for the separation.
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1. 55
L.1. FERRIEKFEZEAE ADR (2 X 25 EHERE

P RAL /K 3B 52 1K (Aryl hydrocarbon receptor : AhR)IZ, £k 4 7Zesb Sk Fdin
ARPNIZED A ENTZBRIS, ENOEANKMED T e UTHREMICH G L.
EWVBAMECTRER L, ZoEHM2 &I ex. REERORBALFHEET HIE5E
PEIR - & U CHERE L TN D [1-4], Figure 1 {2779 X 912, ADRIZY H o RABFEES
LTWARUVREETIE, AhR X, Z U NI HOWREEZREFET 20+ vm v
(Figure | THODONAK TE LI=Z L RITE)VEMEND X R0 E LB %E
R L, MREIAIET D[5-6], 2D F ¥ _m o id, iREEFIZL-T
RHT LB a7 XN ETHD, ZD5HTF Ty ) AhR OHiEZ
7Y RBFEAHR DRI > TWAD, AhR IV Y RBFFRICHEST 572
DIZ, 3F v _m b AR FEEL . AR & U T2 FOESEIT. BRI
RAT D, HIT, AhR %, BN T AhR Nuclear Translocator (ARNT) & ~7 17 &
(KA TER7] L. DNA IZHEE T&E DTHRICE T D, AhR & ARNT DAL,
DNA |0 FY)iiZHd 51 Xenobiotic responsive element (XRE) (ZHRFEMITHES L.
HR G NEME(L S 4U[8]. Cytochrome P450 (CYP)72 & OR8¢5 Z L
FBHATWD, Figure 113, EP L S pokEY Ho KA AR ITHEE L= Z
CICXDRAETHREEEZR LD THY, AR Y T2 RAGHEANIC
RFAL, 7YYy B UPREG LTS AR ICHAT 2 &, ZOEAGERBEN
IZIRAT S, B, BN THEHAEERLOS 2 v ~a U 23EEil, ARNT & 2 &K
%A L, DNA @ DRE (Dioxin response element)ic 52 fE & L. #5525k
T 5, ZAUTHEV mRNA 23581 L, EHEERER S, SRMEY T R R
s,

1.2. AhR 23B8 59 2 Ml b s

UTAE, AhR DM Y 2 RIZ0 Tl BERNICEET D U T Ka%
KT DEE9]., FICHEET DU T ROREEICN LT, Mlsasbo )itz 248
S E DRERDME SNT[10], Bl 21X, WEZF72 v r A —7 TRk O 531k
DF AL, AR Y 2 K 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), WNTEME
?D Y 4> K 6-formylindolo[3,2-b]carbazole (FICZ)Di#&& T4k 5, TCDD 237
A —7 T T O ADR IZFES T 2 & T M HIENE T Mla~ofb+ 5, —J5.
FICZ 7% AhR (ZHEET 5 & T MM Th17 fifa~S{b4 2, Z D4k it
DEVRN, HOREHREBAST LLE—MEA L W AN OBREEIC X -
THE SN HERICEEL WD, UL, ZofMias{boimtEss, AhR
E VT FIZE D HE S DB ORI, I STV,

1.3. AhR D& & KK

AhR (X, Basic helix-loop-helix (bHLH) &7 — 7 Z£f-> Per-Arnt-Sim (PAS)
family ()& L. BERERBUCEEREEHDO AL U HEEZ A L TW5  (Figure 2),
AhR @ N K& bHLH & F— 7%, AhR & DNA R DOFE S I BItR T 2 A
O basic ik, &Y ADR O " EKKICES 575 HLH f8IkZ £52 KA A v D



%ﬁémmn]it AhR [X D@ PAS domain Z£fH, il 51X, PAS-A &
PAS-B (243 1T BN D, MSAmmmm:Amwawﬁnmymmm%%o&/ﬂ

Ek@ﬁﬁﬁﬁ ZRH5 L. AhR+ARNT O _®{KTERL DB EHE R 5 E 2 R -
9[12], F72. PAS-B domain £V #> FiE& R A A > (Ligand Binding Domain:
LBD)TH Y, UH L RBEAT DI KRRy h&EEK LTS, —F, AR
D C KIfNZIX ERBVEPEICEE 72 K A A > T& % Glutamine-rich domain (Q-rich)
ﬁﬁ@f@ﬁkE%%&Px%y@k%émdmA%%éﬁéF%4/Q7w
residues) . U > R&EHEETH RAA 2 (230-397 residues) . #EIEMEICEIFR T
5 R AA 2 (490-805 residues) & 72> TCuN5,

bHLH-PAS family (2%, KEE2RIRAE TIEME(L L, ARNT &~7 1 8K LA
L. KA EFHE B 1% 7% 9 % HIF-o ( Hypoxia-inducible factor-a ) <>, {RPIHF
it =27 4 7 U AL 57 % SIM (Single-minded homolog)% 3 & L. Z L
HIxeT, T%*%W%%%ﬁé kR, FOTD, Zhb0 & R

785 DNA IZHEB T 2729121, AhR & [FERIC ARNT &7 1 8k & JE
THMENDDH Z &N ?)ﬂ“(b\

1.4. AbR [ X 5 EESEEBICEE TSV T K
AhR @%ﬁﬁ’%ﬁ% PERERE 1T, BRx 72U T RBBEG-T 5, RIMNIAFET D40k
PED T2 RIZix, W< 8Ubs9E, BERLVECYE LT THWD
s //*E\ PrE Al & L CB% S 417z B-Naphthoflavone (B-NF), & OAth 5 7 jik
m%%T%é%ﬁﬁ)ﬁ/Fﬁﬁffé plo, XA 4% 8O TCDD (3%
AEME L LTHEATHY, FATF VORI R RT UFF
,u/@am) EL, 200OR_REBUBRE, TOXRUVEUROKERSEESE
JFRAICER L EERN RS Th D, ZOEBIRAOMBEIZL > T, BELEL
L. TCDD DX ST MEFSL DL, oo FEHERZRNb DR E
A FIET D, £72. AERNTERSNANEMRY T N2k, KNOJENIEE
DORHBER L FHET D FICZ, JRPIZFIET 5 indirubin, HIRFITFEET D
2-(1’H-indole-3’-carbonyl)-thiazole- 4-carboxylic acid methyl ester (ITE)%E 23 fF1E 3
5, BIIEETICHOMNIZZR o T DNIEMNEY T RiZ, 2 TXUEBUVEREER

—IVBENORDA v R=VEROA v R=UbLEMTH 5,

1.5. €3k D EBRIFSE

T ETOFEERTIE, AhR ORI S 272> TV, 2k, AhR
DFERERNEE 72 7-DTH D, FDT=H, AR OEEGIEHMEELZ S I 2 b
—LayTHLMNZT D Z LT, FEFICRETH -7, —J. AR DX 7
REAZ LT 5729, ADR ZHEKT 27 X/ BRFR L 2RI EH L, ADR
& U 7 RO DNA R OFE SRt D2k 2 f@tir 3 5 EZER[14] 3 T T\ 5,
ARl xS & L7z Motto ©[14]0 %6k Tl Table 1 IZRTHRERBGF HAL T
%o 1 51X mouse AhR (ZXF L CT7 X/ FEEH#LA 1TV, AhR & TCDD M OF DNA
MOREEBAMEL . MR X > THfr L7z, TCDD & OikiZIE, a7
&4 %\ AhR & TCDD & OfEA K% 3 L. mm&@m@ (T, o
PRGN 2 FlV Y AhR & DNA & OFEEREZFHII L7z, £ L CTEHEZIT-> T



VR wild-type O AhR D5 G RFME & B HLH% O AhR DR G R D 2L 2 fpT L |
AhR 7% TCDD & #BRACHER T A2 0ICEHER T X /i, TV AhR 73 DNA (2
AT DTDICEERT I JBERE LT,

F7-. 201349 H. AhR @ bHLH/PAS-A #7y DFEREN, EERIC I VS M
725 72[15], ZHAETO AR WFETIL, MVAERIELZH 6T 25 2 & HIRAR
W2, BEET Y U EHWTELER, TO_EBRKER R AL 28D
bHLH/PAS-A domain ARAEE OMEIAIZ X - T, Z BEARE SRS 2 26 S fifghT 4
HZEMARRIZ > TWD, LrL, REIZFKEKLDBMEOSRE LTS, Y
YRGB RAA 2V OSIRFEEITI 50278 > TV,

2014 £ % . Denison 57 AhR & ARNT O~T 11 —HEKHEE S DNA (2%
HEBEZFRITI > TR L TWAD16], 20X 91T, BI/ETH AhR (FHEx 72
TR TN TR Y, Mot ENEr Sz Z Ik, 5% BT IE
LTW ZEMRTRIND,

1.6. RERDOHEFRAIAFFE

AhR ([ZHHELL7=Z /X7 'HTH Y . PAS super family (ZJ& 3 5 Bacterial
photoactive yellow protein (PYP)X> PAS domain of human potassium channel (HERG)
FEOSLRMEEIL, BRCFEBRIC K VT STV 5[17-19], 2405 D AhR IZHHL
LT7cZ R EOME MG E LT, A ERY—ET U U 7ITLY AR O
Ligand Binding Domain (LBD)DEE T /L OMER S 4072[20], Z OFER T, 1
WECH & $5 & OFRREIPE AR A > 7223, homology modeling (Z & > Tl & D FEk
T =2 T N TRk D EE A E k72 Z ESFEEH STV D, £ O
ERLFIE A 5512, Denison b OAfF5E 27 /L—7[21]TiL, homology modeling % H
VN, AhR @ LBD O#EEIERR 21T o 72, & L CHRICHEANERS O EEME[14], E#
FBR L PR RO [21] 21T > TV D, LA L, ZHAE COIGRAMIRIL,
O F N5 % MO TR ERBE R OEET O A TH 0 | FH— B E 2 v T
AhR OB TIRIEZFHE L7oIRIIFEE T, ARR & U 4> R ORRAHEEAE
FTEF LV TEA LN > TWiedro 7, £72. AhR & ARNT O~7 1
CEEICET A EEmOIIEIL,. T E TICFEE T, ARR & ARNT OfEAICE
o7 X /W, HEMAEMNEZ, oIS T,

1.7. AFEOBR L BE

ARFFETlL, SRS DS RAEIH T 5 AhR OS2 Sk B ICER T 25 E T
EEfESL L, T, AhR OKP TCOREMEEZ KD, £/, AR DY T K
fEaRTy NNTOU Ty ROREMELY, NyXor 77 s I 8z nTE
L., BEBRDOKATOZRERELRR LTIz, £z, VT ROFEEIC L - T,
EOXINTHENEALT D20 %M L, VAT ROFEIZIS UTEEERORE
EIEGEERE LT, S5IZ, FMO #HEZ V., RLZTEMHEEDE IREE KF
THT L. ADR OF T I JEREK Y By R OKEMOMEE/ER2E 1L~ T
O THL N LT,

L2 L. AhR & U B v ROFEEEMED B Z BT 57717 Tld, 5515
DETERLNCT D Z Tk, £, EERTHL I I DR,



FEAHNC IR BEELZEICLZETH D7D, AhR &V T2 FEOREEDORE D
BT, EBREROETEHRPT L Z L IR TH D &5 2. AhR & DNA B0
FEAIC X D ITWEETH D AhR+FARNT O~T7 1 —ERKIZIHFERA L, Z0O~7 1
BIRONIEEEZER L, KPP TORERE, KO T KBRS LTEEAEO
BAEEKROREEED AL 2RO, TORBELZIEIC, ZBEERICEERT
J W% FMO V52 X 0 fi#gdr Lz,

FIZ, AhR BAL U T2 FOBEAKRICHT 2EtREER L, LR TH D
FUEWRSEER v 2 — 03I L7 AR SE iR & bl L. BITE ARR AFZECHEE &
NTW D 0RO/ & OREMEA Z42 L7-, F72. AhR+ARNT & —&1K
IR DEHEMERIT. BEALMCESN TV W 'R O 7 vt A 2xktd
DA, KO B I BN S D U I RI3FEA L72BE D ADR OfES R
AA L OEAVICET AR ZEAT-DICEHETHD, 2D ONTIZ LD . AhR
AR 2583 L. DNA ISR T 5 £ CoOMMEICE ST 28~ M AER %
G L, AhR O BRGS0 2 e A1 5 2 &3, ARWFZED
HICTH 5,



2. FHEXR

2.1. AhR OEETFRNFE A3 2 858EE

AhR DO NARAEE XA S50 > TV, ED 7=, AhR ONLAARERE 2 T
T LD EZ VD LERDH D, Frex it Motto H[14]DOWFIEESEIC
Protein Data Bank (PDB) [Z%¢%k <41 CV>% HIF-2a (Hypoxia-inducible factor-2a)
@ PAS-B ##1E & ARNT @ C K& 2y — &K 2k L Cu\5 PDB ID: 3H82 ®
FBRAEE[22] 2B L, ARR OHEE A TR 5 72 D OIS & L 7= (Figure 3).
3H82 1L X MfEmfiATIC K D BN ETHh Y . HiESRIEIZ 1.50 A Th 5,
HIF-20 | ZREERFHER 7 & MR, ARDPEBREMGE R RIRREICH - 72 BRICiHE
INDHHUNRIETHY, BBERTE L TH#AET 5, Z® HIF-20 1%, AhR & [A]
U bHLH-PAS family (/& L. 7 2 /FeOFEMES 51 %TH Y. AhR ICxT D8k
RREE LT L TWD, £, ZoHMEEDOFITIZIATOY T RREE
NTEY, HIF20 DY Y RR7  MEGELEHER LIEELIZ, ADR DOV 7
v RiEAE RAAL v OEEZ FRIT D Z ENARETH D, Fxld, 2D HIF-2a 1
EEFEHL, AR DU T REEE KA A > O, XY AhR & ARNT O~7 1
“EROWEE TR LT,

2.2. FHILU-KE~ 72 AhR D {RHEE

T~ BT L7= AhR O NLIAHEE % Figure 4 (2, AhR & ARNT O~7 11 &k
DSLAKKEE % Figure 5 1R T, 2 AhR #5813 107 HOFEIE SR . PAS-B
RAAL L ToHDY T REG RAAL L E2EATWD, £72. AhR & ARNT O~
T o BRI 223 EOEEN SRR Y . AhR I 112 {8, ARNT 13X 111 fE 05k %
G TND, ZD ARR OHEEICIZ, UH Y PG RA AL v & ZBIKER R A A
VDN EENTWD, AlEl, Fex NI L7 AREE L. AhR O RS
T, BURTTHIDAREZ2 U o RSB RAAL U KRE DT D, £Di=
O, AW TIEL, AR & U 2 R, KTV AhR & ARNT RIOFEEAFEAE-H O
fENTIX RIRETH H A, AhR & DNA RIDOFEEFEIX. ADR H1Z DNA fEE KA A
UG ENRNTED, TR FEETH B,

23.AhR IZFHEETH Y T ROFEHEH

AMFZETIL, AhR ORE72 Y > R Th % TCDD, B-NF, FICZ, ITE @ 4
FEZ VA RELTHW=, ZRH0 )y Kok % Figure 6 12739, 22T
o> Uy RPBRMEEZRD, 2 ORMIED AR 25T 57 X /B0 Tl

WCEREGE Z ROREL n B2 N Liza—n AX v XU ZHAEERZID 0T 0
EEZBND, £72, TCDD IZ2W UL, 4 ORI T2FH, AR Lo
VAEA BT D AlRENEDN B D, B-NF IX Figure 6b (2779 & 912, CO % T AhR
DT X ) EBEFRIL L KFEREET AL G, £70, BHEAHEZF OB
VER%H T %, FICZ (Figure 6¢), ITE (Figure 6d) 1%, £ > R—/WLEWMTH D |
NH A% Ff>, HITITE X, Z< OEERHBEZR D, k2 R2EETY o N
BRT y MHEBET D REER & 5,

10



3. HHEFIE
3.1. AhR-LBD+ U 5 FEA RIS B 4T
3.1.1. BEEDOYIHREE DIERK

PERDBEEHAM 211 TlE MIRPEET U 72 W T~ 7 A AhR (mAhR) DU
7 v NG RN O NS 2 T3 5 FRIZ, PDB (2% &% S 4172 Hipoxia
inducible factors (HIF-2a) % (N ARNT O 37 &A1 & #58UA#%1E & L CHYY, mAhR O
230 FEND 421 BZBDO 191 HDOT 2 VDB D KA A ONEAREE 2 ]l Lz,
L Ly O E[141ITBN T, U H > KR v hOEEMIZ OV Tigam S AL,
Fi AU E & L C human HIF-2a: ARNT PAS B heterodimer cocrystallized with
artificial ligands BH82)% V% Z & 1T LV . LV EEMEDE WA ENS LI
HZEPHLMNIRoTe, £ T, AMETIL, Motto H[14]D FiEESEIZ,
Homology modeling program MODELLER [23]% F\>, rAhR @ LBD O S {KFE&EE
TNEER L, TORIEIZY H o RE/{E ST, KPP CTOREMEFHERBE LT,
Z DL, LBD OFF /L& LT Pandini[21] 5 2MERL L7z 191 HO T 2/ Feh b Rk
5HET VA %2, MODELLER (2 XV At EZ/ERL L D &35 &, PAS-B
Domain PAA O EFRAEIEDFAERE T, B E OIERICIZZ O X v v TR 4E
L. BEEDO R WEIEIC 72 D TR FET D, £ 2T A TIL, PAS-B
Domain % & 1e 278 F/ 5 384 HETO 107 HDOT 2/ B THER S 7z rtAhR @
LBD (Zxf L, VARFEEET V2 /ER L. LBD OffiE % L 0 @B EICET b L
72, TADR @ LBD # ZDOEIIIHET H I LIk 0 | S-UE T OFE RO &
VWEIR A 2L B AT R E R T MRS 2 T4 5 2 L RNEREIC R D,

MODELLER &, SARKSEREE D Z o R 7 B OREEZ#88 L L CTHRET S 2 &
IZED ., RREFTDHE LRI EONEEEE TTHT 07T L ThHD, KRE
nY—E7 U 7R, BT T T A MIHES< fragment-based-modeling & il
RIS FE S < restraint-based modeling @ 2 FEIENTFIET D23, SREIAVT
MODELLER [3#%#F ZfH L T\ 5, EEOFHEFEELE LT, #I1OIZH—5 v k
D E AT U —DH HHBEEMOES ZIEE L., £ o OESIDOT 74
Ay hERGET D, ZORFIC, BAOFLELL TWRWEHZGDOF v v 71t LT
CTRHEEOMEE EOBREE R LR, ME L) 2FE LA AT
STW5h, 20k, 77— B OFERRD & FREEC A OflSE
it L, BRI TR Lk x1T 9, Z O&iE{k2d MODELLER @K
R TH Y KR OBEREO S A EEE R sk (0T 2Bk Tl
SR RS, BEOIY LT I %2 ZOMETHMEL T\ 5,

MODELLER % W\ 72 SEARKE S TERRIC B CTidk, SRS O BRI IR &
IR 5.2 5, AW TR, BBTOMIEIC LV IRE S 7c 3H82 DREE A B
L7,

Z O PDB il & $57UAE S L 5 L. MODELLER (Z XV 100 {# o et 2
ERR L. 2 100 {E O D %44 %, MODELLER OFFi A =27 Discrete
Optimized Protein Energy (DOPE) score[23]% Z:(ZFEAf L 72, DOPE score DfE /)N
SUVMEMREEIE Y, FEBEENFEO X VR BEOEITELS . IV RE LR
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STW5b, 2T, SRIOFHETIZ, 100 {#HOEAMESEDH T, DOPE score 7
LR TREE 5 % rAhR OEMifEE & L7=, MODELLER TR 5 i17- 22 A&
X, EEREBECORBEHEZ RN —CTHIEE L7 DO THREEREEIC
RAHZENINETIZERA D THTMMENOCHAENTH LD, LVEERS
N—TOREE 5 MERELE, S50, ZOMEDOZUMELKRIFT 570,
PROSA-Web[24] . RAMPAGE[25] % I\, femiifdE o % 42 iR L 7=,
PROSA-Web [, &7 /Ui & PDB (28 6k S 41T 2 FEBRE IS O R A Fhlik L,
ETNVAEENRARIFELEIBETH D02t i+ 7 e 72 AT
H5, £7-. RAMPAGE |I7~F ¥ R vy MZXks, EH  HMAOX
BHEZ RS D,

Flo. XABENT, NMR AT CTld, &7 2/ BBOKFZFR T ONE % 52 2ITRTE
THZLIINEETH Y . AW TH- PDB FEICIIKER F O EERITE
FN TV, FDD, XU RXTEDGF 2 b—v 3 2BV TL, PDB
W % LK B ONLE 2RO DB N B 5, FFIZ, His IR L CTiE, K
FIFF O ILEIZSE U T, 3EEO 7 0 hx—3 g UK (Figure 7) 2MFEAE
L, EOEERDL K 22 X EONAREEN BT DR H 5,
7'r b p— g CUIREEE T T Asp, Glu 23, BT TIX Cys R E B AT D
Wy U RRT y FRIC(EL, BEEMAFERZENT 5 ittt d 5 His
DIZHRIGIT LTz,

AMFZETIL . rAhR OFEIEE L0 @FEE IR © 5 72 % PROPKA Web Interface2.0
[26]% VY, rAhR F1 D45 His 7EHLE 0 pKa fEA AfEH 0 . £ OEIZI C T His
DIKFIRADALEZE T LTz, PROPKA 1357 2 RO A A4 AL ARE/ R 7 L —
TEHNVREN T N—TEER L, TNODOKEME, WERMAEIEH, &S
MAEEHAZRBRI T A —2 N D EERE CHE T 5, His(Zid, 1 I XY — /LB
D SPLIZKFBIRF234EA L= Hid, e fLIZKFBIR 72545 L= Hie, LOVS AL L ¢
MO TR B2 FEA LI=fidE O Hip 238 5, pKa i 6 LI LD His IZ Hip
BEAZELD . 6 RN His (X Hid, & 5T Hie #&1&E 2 U5 algEME 2>, 2D
Tu hx— g UHEEDOEEN, VT ROMAMEBEEZIDLT-OICEHETH
52 ENBEDIIETH LN > TWB[27], D%, rARR T D& T 2 J g
RIS OLEMELRET D20, EHEELEE L, MiEkElbEz{To7,
EholE Iz, Sy e E 7 v 7' 5 AMBERI2[28]% VY, /Ko T
L7z, BRI, rAhR OFGEIZKFIR 2L, & 512 rAhR OFmE )
5 9 A LINOSEIRIZ AKFIAK A A1 L, AKF1 L7= rARR O 7 X/ B OAIGEER 4 D 7
AR b L 72, AMBERI2 Z VW 72 ek (2 1%, PARM99SB [29] & TIP3P [30]
DHE RV, AR L oS R LA T o 7,

3.1.2. BEEOKFIEEDIER & Rl

rARR & U T ROBEEEROEELNERT D720, F XV EF- VT R Ry ¥
V7 7v 77 A AutoDock4.2 [31] ZHV . tAhR DU 7> NEEAER T v T
TCDD, B-NF. FICZ., ITE ##EA &¥7=, ZOB, #7730 X A&,
VA RERLET S Grid Box (%, U H Y KR hOFLEINLE T 5 Phe349
Bk L7 45.0 % 34.0 x 340 A OE 7 L L, Grid Spacing I3 AutoDock4.2
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F7 4L METH S 0375 A #48H L7-. Pandini D4 7EF U > V211 T,
rAhR & TCDD OE A ROGEMREE Z 100 EIER L7223, ABFFETI%., rAhR @
VA REERT Yy NNTOU T ROZRERELE LV INFEHEICERT 57290,
Grid Box %A X% K& < L. AutoDock4.2 TIER TE B KOMEE TH D 256
(B OGRS 2 MERL LT, TERK L 7ot 2 . M o2 i s
T A BNH3FET D BR D Root Mean Square Deviation (RMSD) I3 0.1 AlzsEL,
256 R Ot E 2 X 0 < 8 L7, RIZ. AutoDock4.2 THERL L 7= AhR &
U ROEEEEEZ, AMBERI2[28]% Vv, A Cheifb L7z, BRI
X, HEAERICKBRFEZMAML, KL 7=EEROEE 2K ZREL LT,

AMBERI12 D¢ kI 1%, PARM99SB [29]& TIP3P [30]D 1134 vy, AR T
. S ABEEZ A S DY RFMEE IR T 20 %WE, -, £V
RiZB89°% AMBERI12 (Z381F % GAFF JJ35[32]1D &R /3T A —Z 1%, LA D&
FE4y 4 7 1 7 A\ Gaussian09 [33]9 HF/6-31G(d)i% % FV 7= RESP[34]7H51C
XY kKD7-, HF/6-31G(d)iX. PARM99SB /135 TD /8T X — X VB Cil /ot X
HIRBIHRZTD AND ORI TWD, TOd, kbi L7-Fike
D,

3.1.3. AhR & U W v R 0% Ea9ME B VR 0T

rARR FOET 2 gL U H Y FOREVMEERZH LN T 5720,
FMO 7£[35] # V), rAhR &% U B ROBEEEROE FIREEZEFHHE L=, FMO
FHHI21E ABINIT-MP Ver 6.0 [36]% fV 7=, FMO #£1%, FERBRA Sy 88 #H 5
R 72 ARE S T OB IREEF A 2 fRRIC T2 ik & L TR S NT[37], #5
ERDBTFHET T T A NEMIINDEMLIIKEIY, 7T 7 A FHEIK (£
~—=) MO T T T AL NORT (FA~—) [T HrEFRELREIC, o748
KOBIRREEZRD D FHIELETH D, TOBE, ¥4 ~—IlZxt L TETIRE
ARETLED, 777 A PRIOMBEEH T VX —% ., BEHEICIFEET i
DT T T A NOEBELEE L TRDODLZENTED, £/, FMO #ETIE, 4%
7T T A NOBFREEZMSACEET 5720, WHHLEIENRE L, FHRERRH
SEAT AU RNDRNENIFERD S,

AWFFED FMO 5% W T2 IREERH R 1K, rtAhR+Y I NEA IR EIRE k5
ELT, BT, EAERICEEMAEIERT 2 EEOH 2EEEE 3 A DI
I ET DK F %, HOEDICERE LTZ, S iiEREICIT MP2 15, RSB
121X 6-31G Z W 2, AR [ -n AX v X U 7R CH-n AX v X 77 EOFH
RO E 2N LIMAEERANREECTHH -, EHBEEZEH KD MP2 i
MLETHDH, FMO FHREIZEBWT, #HEXMNGZ 7 7 7 A MIOETHEE, |1
DODT T T AV NMI1OOT I REFEVLTHZ LIZED, tARR FOET
e )y REOMAEER T R VX—Z 35 M L=, T ORERE I,
tARR FOEDOT I VBN B REDRBICEETHLIEHLMNZ L, £
7o KD FE2HODICEBETHIEIZLY, tARR E VU REET7T Y v o35
KD IFAET DA REMEZ B SN LTz, S 612, rtAhRR KK VY 4 > REYR
DETFXNF—ZHHFE L, tARR & U H v FEOFEAEZ 2L F—%RKD, rAhR
&V Ay RREIOFES DR S &7 L7,
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3.1.4. A{bFEEREZ AW ARR & U H v RE DRSS KM DO fET

AhR & U B REEGHEEE TRIT 2 72012, KREBFZE O BEHFSER R & v
Z—TE SN AL FEERORMER &AL CRHAE LR 2 ki35, 41k
F3ZB% T3 Tyrosine hydroxylase (TH) assay[38] & FEIX4L D Tik4 v, REEESR
DOFBLEZ P ET H, TH assay [TMOMREBISF TH D ThBIn T &, AZ LD
BFTHLINY 72T —BEEFEZME L, AR IIRAE LY T RORS
ERBLINY 727 —EBORNELZHRE L, VT FESGOME & L TRIE
THRETHD, REICHWEZY H> Rix TCDD, B-NF, FICZ, ITE TH Y,
U7y REEESETREORBIEOLE(ZHE L, Figure 8 (IR TR 2157,
J¢H1EIX TCDD, FICZ, ITE. B-NF DJHEEF TELL 2 ol-, AW TIE., ZDIHE
T EBRICH A DHAELEEATRALX—DORE S 2T 5, A x/LX
—MMRENEWNS Z &L, VA R rADR IZF5A L. rAhR 23B8 53 538
BEICRKRE B EEZDZ L ERET D,

3.2. AAR+ARNT+Y 5 > REESEIZ 3T BT

3.2.1. EEEOYIHIEE DIER

AhR-LBD & [Al#k7e FiE 2 W THOIEERL 21T 9. 855413 3H82 & V>, 3H82
® HIF-20 &2 L L, AhR ORER Y —FF U 7 %175, F7-. 3HS2
® ARNT (2%} L TlIkEdE 255 L. AhRTARNT O~T 1 B OREE 2 T3
Lo Flo, SOV T RRF» hOKRE ZIEHERFT 572012, 3HS2 IR S
NTWHANLYH RaeEAmEF TAR O#&ELZ FHIT 5, 22 TARR BHE
RIZHRET DEEIER DG A & K& B2 5035, ZBEEROIERIZH V. ADR 1T
rat OAEE CTIE72 <, human ODFEETHDH Z & TH D, EMUEED human O X
NIPETHDHIT-O, J0HE—MHE2HEDT-DIZ human O—RESZHEHLTZ, =
DFFEEZRV, 3H2 DU 2 KRy hOfEEZEHERF L, B2 ARNT & O~T
o CEAREEN TR RS, F£72. AhR OREXSIL, “EBERER FAAL V25
D BT, AhR HEROERIZHAWZ 107 A TIZZR <, 279 D 390 FHD
112 BBEOE SZFA Lz, EMEEOERBIT. 3HEax 2 EZE L, 10 #
EORER LTz, Z OEEMifEEIZx L, DOPE score & VY, el 7o i 2 3 &
T4, PHIESEOEITAD 720 A3, ARR-LBD K & ik L7-#5 5. TCDD & J& B
OT X BB OMAEEMICEEL TIX, AR HEROFEFERE L TE V|
AhR+ARNT (Zxf LT, #YEELRUSH KB 25,

3.2.2. HEKDOKFEEDIER & &b

~Ta T wRE YT ROBAEKROEZERT 570, HEKRORE L [FH
IZ AutoDock4.2 & VN )hADR D Y 77> REEE R > MV T REfEE ST,
VA RIZBEL T Ao FETH D TCDD & NEM Y B2 KD FICZ O &
EHEALEZ, RyXrZICET 537 A= Zo0WTiL, BHERE ORF L [FIEE
INTGA=BERH L, £70. ZBROA M ORE LT S 24
5728, AhR DU T v AR v hOBZRTIER L ZEBIEO#EREKE Ky
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X TEMNLE LT,

HIRND & R EOREETALEE L BT+ 5720121, Wb E42EE
L7e o FENV ) F(MD)EI R DB LEETH D, o-helix X° B-Sheet 72 ED KA A L ND
2L, O MD FHEIC X VT CE 208, X U R ENOEEO K
A A VREIOMESERIC X DHEEZELOMHTIZIE, us 72D ms A— 4 — MD 7t
BRNLEEIN TS, 5T, ms —&%—® MD EEOEHRLZ HEIC,
AhR+ARNT O ~F 11 KD MD 58 %2179,

Ta K1, Gromacs Ver. 4.5.3[39-42]/X > 7 — YN D editconf TR /LH A X% Pk
7 L. genbox CTE/NEKGF Tl Lz, BAYA XE, RO X, Y, ZHh
DY A XD 2E725 X HICRE LT, Zhud, AR SEE AW 5720,
BT 2B I E ENSEAERE T L ORRKIIFE LR VA ER Z /NS LT
L1200 Th D, EEEOBAY A XL, 4725 %4725 x4725 A% & L=, 15
A—H L LT, 73 EFEREIZIE Amber99SB 1155, /K55 7-1Z TIP3P 1185 % H W
oo Flz. VI ROTIHE GAFF J135% v 72, GAFF 5 ERIC 372 U AT
v ROZRFDOEMMIT, BEAE L FHEOEMEZH W=, 20U T ROERE
1% % ACPYPE (AnteChamber PYthon Parser interfacE) [43]% FV >, Gromacs T
2D NGB T=,

Flo, FAWBEREFHEEHWDS LD, 2=y MEANOEMEZERIZT HHE
NHbH, DD, ZUoRXIEOEMICh T A —AF o HEE LT, T
Ho—A FoNF, EERELOWRE T, ¥R BN, AU — A F
DEENZ RIS RS BRDARERH D, ORI WRRNES T, Ao %
—A A ELTHWEC A4zt L, IR L TW DR 1S 0~6 A ITIFE
TLHEIE. MRAT vy v a2 52T 6 AL EBENT-5A 1. Figure 9 O
WRTHERART oy Ve 5272, [Fo 0, rl, 2 1L, £0£1 0.0, 0.6, 0.8
AZRE LT,

FIZ, MD sHEFIC, BEERPITEEI L, 2=y hEANLIMIROH L T
LEIYAREMRH B2, Tz, BEKRD —HA2RERER L-, £
B, U A v REESICHENRL S _BRER R AL UL LTS
ARNT OEODINCHER B ITVNLEIZH D Asn576 DO RBIF 42, X, Y. Z FEHE
(2%t L. Figure 10 2.0 E kxpr & 1000 kJ mol™ [Z7% & L THEE L 7=,

Pl EORHE ST, i LI2 X Gromacs Ver. 4.5.3 O 2afE FiE2 v,
INHCHIESMEZ 1.0 x 10 kI mol nm™ & U T, JAMIBERSMT CHE L,

3.2.3. BAKIZRT B4k TO MD HE

UH Y RS ARRIZHES LT2RE, H 2D WIT U T2 KA W0EED AhR O &2
BT 57201213, EERNORE T CHAKRDOHEE Z 81BN 5 XL EN
b5, %= Z T, Gromacs Ver. 4.53 ® MD #HH 2 AW T, {EE FHIERE, Efm
B, 7Y U T ERDOIET, EEIRORIEELE BN LT,

WLy SRR Ko Tk L 724815 1X, #ixt 0 K TOZREHETH D,
P T, IREE EA I EHEEZIL BT T o0 E RS D, L, SBICIEE
ERIELE, ZURTBEOMENEN, AERNOMEE & IR OIS I
LCLEI MRS D, TO, B EH BRI E LIEICL kA
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WDREL B 52 &2 L7z, MD EHRS M & LT, 01 leap-frog 15[44], &
FEAEAEHIZ PME( Particle Mesh Ewald )i£[45]12 FHV Y, NVT 7 %70 Z v,
JEIBE RS T C MD BHREZFEIT L2, REMZIAEIL, Ko+ OKRFRT %
SETTLE [46]. & DD /KFEJF 1% LINCS [47] THERE L TWAH 720,21 & LT,
IR EE X Velocity rescale 14:[48-49] THIIEI L, BEE 72 FE LIEIZE D, 100 ps £ TILO
K Z#EEF S, 100 ps 205 400 ps £ T 1 Kips DEIS TIEE Z EFH S8, 400 ps
225 500 ps F T 300 K & #ldRF 7=,

REREFERE T, IR AR & FSHC, IRERIE, T HE A2 28 L,
NPT 7 > % v 7V & FAT Lz, IREHI4EIX Nose-Hoover 1[50]T 300 K % #E£F,
JE£ /348X Parrinello-Rahman #£[51-52] C 1bar & L, 1ns Ef7L 7=, 7o H o7
JUIEFRIE, AR & A US4 T 10 ns FEIT L7,

3.2.4. AhR+ARNT Z & & VU H v RO R RAFEEVER ORENT

ImMMmT:%¢¢@%7‘/mk)ﬁ/Fﬁ®%£mmE@%%%%@
KTék&xFMO%%ﬁw AhR, ARNT &4V 4 v ROESIKROE IR EE
5 L7, FMO 51213, ARR HEMRIZ R 2 3HE &[RRI AMMTMN@6O
Wi, _gﬁﬂ)ﬁ/Mﬁ/\ﬁ@w%ﬁ%ﬁﬂ%k L. &b, HAKICEEE
FIAEAERT 5 /RO & 2 EARER 3 A INICTFEET 5K ?’—%:\ B 5 bl
B LT, o iuEREICIE MP2 15, FRIERIHICIT 6-31G W2, 7T 7 A
YRBENX. 1 DT T T AR L ODOT I JBEEIVDYTHZ LITLD,
AhR X OV ARNT &7 2 /gl VA2 REOMAE/EH T 3LV —% SN fif
Mriv-, ZOREA2EIZ, AhRHARNT —&EKF O 07 I VBRI T RED
FMAICEBETHAI), F-_EBRERICEDT I VBN EETHHNE, BT
LTI TH LT LTz,

4. HEEREEBE
4.1. AhR-LBD+ U Ay FEEEIZRT DR

4.1.1. ZFET VY 7T X V1572 AhR OLIRHEE

AMFZETIL, PDB 28§k S #1172 3H82 D 2 #MtEE & L CTH VY, Homology
modeling program MODELLER (Z & ¥ | rAhR @ LBD Ot 2 /Epk L7z, 1E
% L 7= 100 fH O AR5 2%k L, MODELLER TH# & 115 DOPE score HMEU
AZ 15 fE OHEE D DOPE score % Table 2 (25779, % 0 1T DOPE score 2 L V) %2
BRI N—TIEEND 5 HOREE %, rAhR OIS & L7, Figure 4 (2R
T LI, rARR DY F 2 FFEGHR T > ME, 3 DD a-helix & 6 fED B-sheet T
FHEN, VHY RBADLHDRANR—ANGFET S,

ZOEMHEE DR Y ERGET D72, TvTF ¥ RT T ay M7 e
77 I RAMPAGE % VN, & EDAIREIE & BEfF D & X7 B OREE & g
L7z, TOFER, tARR @ LBD IZEENDT I JBED 943 /0D 97.1%01, 7~
Fyx > K771 v b O most favored areas |[Z1E(E L., EfitEENEBEED X
NIBEFPUIEEEZET L ENbhotz, BT, X s~

16



77 5 PROSA-Web % AT, (MRS DR Y2 MRl L7=fE . Z-score 1T
-3.20 72 5-3.48 OFEFHANICH U | [ U A FFo & v X7 HoE&EICx LT
535 Z-score DEPFHNIZFIET D, > T, AH#FFE T, MODELLER |2 XV {E
% L 7= rAhR OERIREE L. BEED & N7 B OREEIERL L - BLER e fiE T
HHI ENHERTE T,

AT, BEMmifERE I L PROPKA Web Interface & F\V N, 58D JEL D pKa %
HEL, EXFOUVEBEREO e FR—2a v ERELE, tAh R DY H v RiES
RAA %, 5D His 284, DN 324, 330, 355 % H O His [3E&E 0 R M@
IZTFAE L. HIZ pKaflins 6 LA ETH B 728 Hip & L7z, 335 %FD pKa fEIE 6 (1
IO, EEONEICHE L TR0 | SIREEAEE L Hid ICRE LTz, — .
289 &1 pKa fE2Y 6 Kiii T H 7= Hid, Hie D 2@V E 2 b0, VAR
Ry EOHFLITALE L, Motto HDFEBRICIHBWTY Hy FERICEHE L SN T
Wiz728, Hid, Hie ® 2 &2 1ERT 5 Z L2 L7z, 242 LY, MODELLER
THR ST A S 5 BENZ N Hid, Hie OfEEZFF>Z &2 0, G
10 M OS2 IS O R CTRAT 5,

A2, Autodock4.2 Z FiV, TANR #EXED Y o REEA R v MU T K&
A SE., HAEOEMEE % Autodock THERL T & 2 i KIEH D 256 TH1ER L
2o FORER, KV T FITx LT 2560 {H OB E S ER S v, ZFi0 6 O
MRS 2 S ORI E FRICET D L, Table 3D KL O TAX Y T &N
Too WS NIZ T T A X O¥L, TCDD T 13 {#. B-NF T 54 {#, FICZ T 52 .
ITE T 1638 fHiZ72 %, MARDRLEHELRDDHT-OIZ, 10 LY T A4
V7 ShafEdEicxt LTk 10 [ CREMEZIIG LT, £D78®, B-NF
® model 3 & ITE LA OB S EREE IR LT, 2 TH 7 7 2 X O FMEE 2 B
L, ddt MM BHRIC L > TIREEME R #EimT 5. L L, ZNHIZBE LT
X7 T RAEZEBIERKTH D=, Autodock TEHHEINZ Ry F o 7R/ F—
DAL 10 EEZ AT 5, BLEEEZ R T 72018, 2o ofRERHEED Y
4> RECE % Figure 11 (R T, &V By RIZFRENIBIRNER 208, EDV
Hy RHEATHMNENMATHNDZ ENRHLNTHD, £/, tADRD U H R
ARy hOFLERE Y | rADR B O o-helix BBIZ, U RBFEAS LS W
ZENHBMNI o T,

4.1.2. MM EIZ X Y BB A OKFESE

BAEEOKEMEZ . AMBERI2 & W Tk Cleiifk L7-, fwfbioB
BARD = F VX —% Table 4 IZ°9, RT- TR L72MEIED, AMBER /135 CEHA
LG ARICEVEERBETH D, HFEARICH L, BRERIN—TIZET D
G B AR OIS & L CHS3 5 &, TCDD X 2 #id, B-NF (% 3 #idE,
FICZ 1L 2 3%, ITE (T4 #i&E &L 70, 26 OIS L, FMO FHHEIC X
D RET RN —%5tRE L, RLZEMEEZRE LTz, Table 5 279 & 92, TCDD
DOBEEERD 2 HOMEERNIIE, FAETIAXT—DENRL, EHLoELTT
TELARD M, KV LIER structure | OIE A 2 EMGIE & L7, rAhR+B-NF O
ERTIE, Structure 3 OREENMOMEE LV H 15 keal/mol LA EZETH D
Structure 3 % fxZZ EAEE & L7z, FICZ. ITE (22T b [RIEE7ZR FEUE Che 2 e
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Z PR, FICZ IE Structure 2 %4, ITE X Structure 3 % fr ¢ EA%E & L 72, Figure 12
I BEAERDORLETEHEEE R, AFEEO LD H U R, BHOHEE &R T-
FFE. rAh R DU v REAR7 v bOIRIER UALE T, ZELLTWD Z &N
b, Fio, VT ROFEEIZL D, tADR O KA A VONEN 1A LLEE
BT 22 B bhotz, o T, 4FEDY T Rid, BEOHEZRKELEX
FTUITTAWR DY T REEER T v b OEEZ 2L S 7203 5 rARR ISR G T 5.
SOFV FEAFRT v MZ Induced fit 52 A3, KIFETH LN o7,

Flo, PERDOIEER[14)I2 LY, ~ 7 A AhR & TCDD [ O Fr B A BEAERH 237
B, TCDD A ICEHE 2T I HARE Sivic, ZDOFEBRTIZ, ¥~ 7 X AhR
@ Thr287, His289, Phe293, Pro295. Leu306, Leu313., Tyr320, Phe322, Ile323,
Cys331. Met338, Phe349. Leu351. Ser363. Ala365. Ala379. GIn381 7% TCDD
DFREGICEE L STV, AIFFE TS, rAhR+TCDD D& EREIE DT DAL= D
T, ZOEBRKER LT 5729, TCDD & O %25 L < #8-<7=, Figure 13
I\ TCDD DJEPICFAET DT 2 B —¥ 27, EER[14) TR Sz Eido
17 @07 2 7 BOWN, 15 @7 TCDD ELIZHFET 5, - T, rAhR & TCDD
DB RITE LT, ABFE CHE LTSI, 1RO EBRFE R [14] L ik T
X, MEOZYMENRFETE T,

L72>L. Met338, Ala379 |% TCDD @ JEDIZITAF/ER T, Figure 14 127”73 X 9
|2 His289 & Phe293 A FRATCHINICAE T S, 7 X/ IEEHFER TlL, HE L S
NTWAHED, ZhbDT I /RIE TCDD OFE I b DB Ar b2 5 L%
2D, ZTOREWALNZT A0, FMOFREIZEY, Zhoo7 X JEEE
TCDD A DR B AU BAEH 2t 3%,

4.1.3.AhR & U v FEO&EOMEER

DY H L FE rAhR BOFEEOME 31 5725, FMO EIC LD
rAhR+ U 7> REEAIR, rAhR L TOVU 7 RER®D Total energy % /KH TaHH L,
ZIDHOMEN B rARR & U T2 RREIOFEG =1V ¥ — %35 L 7=, Table 6 {Z FMO
AROMBRE LG AN —OHAEXEZRT, FY T FO/EZRLEF—D
fEl%. FHFH., 453 (TCDD), 48.4 (B-NF). 53.1 (FICZ). 59.2 kcal/mol (ITE) &
Rotz, ZOREE, WEEMEY v K (FICZ. ITE) 1. #&MEY 4> K (TCDD,
B-NF) LV BB R A —NRKRENVWZ ENHLMN o7, WEEY H K
DFRER T RNV —NRENT EE, ZNO0 rAhR IZ L D iE< #EA L, rAhR O
REECHEREIC LV RE B L X2 ZA[REMNH D Z L 2R L T\ 5,

HFEIFTEE (RZEMERREE & —) CTOEFEERIZEL VT S %Y
Hy RS LEBEORREDZLTIE, BHEEORMN, TCDD #&K5 Li-
IFFIZE R Td U  FICZ, ITE, B-NF DJNEZF (A /N E < 72 o Tz (Figure 8),
OB E, FFETRDIEBAETRAT LTS L HENINRND &
Bbond, ZOFEFIZ, ARR & U H v ROFEE DR E OB & ffihrd 57210 T,
AhR O BYRHEORZ O 7 0¥ A TH HRHEEFZEOREEL THIT 53T
Hk7anWZ L 2R3 5, iE->T, U2 REEAKIZE D AhR & ARNT O &
IEEL, KO &KL DNA OREFEAICET 2 I a2 b—a U2 FTT
HTEN, SHBOMEREE LTI -T2,

18



WAZ, WNTEMED T RA, AkMED o RED & rAhR IZHR L FEA T D IRIK %
S22 5720, FMO #H5EZ2 Vv, tAhR 0% 7 2 VgL U v RO BAE
Az px VX —% i Uiz, £7. Bx OFIEBEOZYELRFTT 5720, FF
FAE R & Motto H[14]|DOEHLFEROAER 4 bz L7z, Table 7 {2 TCDD & 5| JJ#H
HAEAT 5 rAhR O 7 X/ iR % 51 A BAEH 2358 O IEFE T/nd, Table 7 H1 D 2 H]
DPNT=T 2 BEFE T, FEBR T TCDD OfE /A ICEE L Sz 17T HOEETH
Lo ZD1THOFERED H B 15 A3, TCDD & ORNCH | A EAEM 2 8% Y . FMO
AHROBRICBWNTH, FRCTEELINTWDT X VBERLZIZIITHATE
TR TE D, Loy L, Met338 & Ala379 @2 D7 3 /IR L Cix, TCDD
& DORNTFE CFEAERNELS | TCDD OFESICIZBEREVL S ICEZ NS,
Z O H X Figure 14 1278 L7 X 912, Met338 & TN Ala379 & TCDD OfIZi%,
His289 & Phe293 23F(E L. Met338 M OF Ala379 7 TCDD (Z BB E/ER TS =
X, RARETHAHTDTHDH, TORR., HAEHZ RLX =05 EEh-o
mEEZOND, L, 202507 3 JERIL, tADR DV H 2 NiEER7 >
FNOAMINZAIE L CWD D, A7y NEBOT X/ BROME Z RO HIZHE
AR E A2 BT REMEN D D, D2, Motto H DEHLFER TlX., Met338
KN Ala379 DEHD BN K E L BN ETFRTE D, ZOREMHEND DT80,
IO DOEREEERRICER L, rAhR & TCDD B Ofi& = L F— D&% HA
L7-, Ala379 % Leu. & 5\ X Met338 % Ala (& #L L 7= 2 FRXH O EH rAhR
& TCDD DO#E &S %2 /ERL L. AMBER12 % W\ TR 2 sl L, 812 FMO
HEEZHANTHAT RV —Z23 M L2, ZORE, EHATORMETIX, 453
kcal/mol TH - 7= fiH = /L —03, Ala379Leu EHLD rAhR TiX 44.9 kcal/mol
WA L. F72. Met338Ala f&#10 rAhR Tl 40 keal/mol & 72 V) | BHUZ L 0 #5
BT RF = 5.3 keal/mol Ji) L7z, A RIOHGEREX, i MM 5 2 v
(OB THLHID, ATV E—DDITENRERELS R LR o7
23, HHL MD BHRICK VAR T A BE L CREBEZHERT oL, B D
EENEZY, ETAAX—NEILEIEL T EEZLND, ZIHOME
BB rtARR DU B RES RA A ZEENH Met338 & Ala379 iL. TCDD
WCEBIFHEEER LA, VT FEEER7y NOREZ X2 TWHT I/
feCTH Y .rAhR & TCDD OFESICEHEERT I /B THD Z ENRH LMo T,

AWFZTH SN LAY Hy RE rAhR OFK T 3/ ik oM BE/EH
FIVX—% Figure 15 1ZR" 7, BIZ, =RV F—OfftdhZ ki — L7 77 7 % Figure
16 \ZRT, ZNHDT T 7nn, ARMY > KTHDH TCDD & B-NF X, %
KOTIBEFAAMEALTHDEN, WEMEY B RIZEONDRRLRT
SR EFRWEI M EEREZ L TWD Z &M, WO TH LN > 7=, Figure 17a
IZ K 912, rAhR+TCDD #A&1ATlx. TCDD 1% GIn381 & HEFHANEM L,
BT Phe293 & nn AZ v F U 7HHAFEH L TnD, £7z, Figure 17b 12773 K
9 12 rAhR+B-NF # &K TlE, B-NF O HL.LERD CO K& & Ser363 ¢ OH DIz,
KRFREEDEHK SN TWD, —F, WIEMEY T R & E T rAhRHFICZ A {K T
IZ. FICZ X, His289 & n-n A% v X ZHAAEA. Ser363. GIn381 } TF Thr294
EOKEREA AR %2 LT3 (Figure 17¢), $£7- ITE IZ. Figure 17d 127”73 &
912, His289, GIn381 & iRWVEREMHAEHZERE L T\ 5,
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DX I, H—JFE FMO HEAZHWS Z & T, rAhR ENTEE Y F 2 RiZ
DT I LR EERAT L L THALTEBY, kMY T Rix%
BOT I BREFBHAENEREZERT S & THEEGLTWD &V D R 5
TR o T2, ZOFEERHEDE VS NIEMEY 2 R rAhR (ZHEA L72BRIE.
SAKMEY T RBFES LTELE L0 G, VY REGR T > NEHOMEEZE
MRELBRDEZBZOND, ZOREEIIEL. AhR & ARNT O _EHFKIC S
WELH 2, WIC &KL DNA OfEE S, WIEED T2 Rick b K& BT
LHEEZLND,

4.1.4. AhR-LBD ~D J 5 RFESIZEET 5B

AHFFED FMO FHE O#E R (Figure 15 and 16) X V. rAhR @ GIn381 23443k
UH v R, WEMY B RIREST, 2T Yy RIgk LT, 58\ g| I AEAE
FAEERTDZ ENbo7=, GIn38l IZFHEMBEDOT X /W THLHT-O, Kbk
FAAERIZAECZ2W, UL, SRR TH L1280, mEICH HBFERT &
KEFEEEREA LT, F£7-. ARR IZHEAT AV Ay RO L IIBER 4
BH, A TEHALEZ 4 BEOY T Rb R TMER -2 ->TW\W5, £0
720, BERTFZESU T Rk, 20 GIn381 & H R BAEA 2R LS
TNEEZLNS, Fo. His289 oW TIX, WIEMEY Hy R DLimnaglf
FMHERZT 5, - T, GIn381 KN His289 I[CHi< fEAAIRE/R U A v R&2RE
TEHUE, AhR OREE EHEEEZ K D RV RAICHII CTZ 287 2 =2 M 23R %E
TEXDHLEEZD,

4.2. AWR+ARNT+ YU H v FEAEICHT HiER
4.2.1. BFET YV 72 X V1572 AhR+ARNT Z_EE DT KEE
AR HEAKOEAE LR U XL 912 PDB @ 3HS2 ZEMkEE L L CTHV.,
Homology modeling program MODELLER (Z & ¥ | hAhR+ARNT — &R D it &
ZVER L7c, ARR (2B L Tix, ZEEREE AL V2FE L, 279 F1H 390
FETOT I AT L, ARNT IZOW T 3HS2 OE1EA Z D £ F44
L7, F£7. copyligand 77> a v 2+ 52 LT, 3HR2IZEENDH ALY
W R &5 ZHENTTIRAE T AhR OFfEE 2 VB L 7o, 7ERE L 72 10 {E OB ffifEE D
MODELLER ® DOPEscore 73 ig/IMNZ 72 © 72438 % . hAhR+ARNT — AR Dt
e Lz, WIT, A& 2% L PROPKA Web Interface % V>, pKa Z#HH L .
EAFUUEKOT e b Rr— g UERE LT, hARR 25 £ D 3 # D His 7%
DB, pKaflas 6 LLED 2 813 Hip (2#E L=, —J7. pKafE 6 RiliTH
51D His IZVAREEEZEZE L, +070AX—ARNHHMEICT 7 b ZiliE
L 72, tAhR-LBD OIEEIERRDOGA & 3RS E S Bl & LTI, Hie DfLE
WZEEOT X JBNFEL, ZOFBICKERTE2MMER2 072720 Th
%, E£7-. ARNT IZE £ 5D 3 (HD His FEHICx L THREERIC, 2 8% Hip (2.
v o 1% Hid IZHEE L7z, = LT, Autodock42 Z >, hAhR DU H v K
ARy MKV B FEFES &, hAhRFARNT+Y v RO E % |
Autodock THERK T X 2 e KA D 256 {EIEK LTz, Ei D OAiitgE % i o
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FAIME A FAZ T 5 & Table 8 DX D2V T A X U 7 &4, TCDD (& 8 i,
FICZIZ17TED 7 T AZI1Z70b, 2D H Nid#E % Figure 18 177, U
o RR7y FNTIEH, EB6D0 U Ty RYEBROMEICHEST 208, U
KR4~ R4 Tid., TCDD 1% AhR & ARNT MO RARNEICH A L. FICZ
A RALEICREST D2 ENbnD, £, WFEDY F RIZ, ARNT N
HICITEA LW Z E N>z, UTORETIE, YT KR
KA FICHE A L 7oAt o A 2 3R L7,

4.2.2. MM B X W BB SO KFEE

FEOEEIROHEEE A Gromaes Z W T, AP Tk L7-, & 51T, &
bt DETIRREL . FMO 52 W TEE L, Table 9 |II/RTR2T R LXF—42 4
T, TN IR LEEMBE DT, Figure 19 (R T IZ EMEIZBV T,
rAhR HERIZY T REFEE LA ERERIC, EOUV T Ry U Ty RiEE
Ry FOIRIER CALEICHE S LT 5, £72. hAhR+ARNT —&IRISHEE L7z
VY REDOT IV BEHND & HERDYE (Figurel3) & Rk T X/ B8
IZHREA LTS ZEN, LMo T,

4.2.3. MD FEIC L 2 HERIEE ORREEL

U 77> RiE4G 7D hADR KON ARNT OFE&EIZ 5 2 D2 B2/ 57-%, MM ik
2 & 0 Fi#EAl L7= hAhR+ARNT+Y 5> RO E 2 0iEE & L C. 10ns © MD
HEAFEIT L, MD B D hAhR+ARNT O F84 Co JFLF D RMSD ZfEHT L
72§ % Figure 20 (2759, hAhR+ARNT " &IKIZ Y H v RBFEE L TR0
1% CIE. Figure 20a (2R3 X 912, I 5ns f17T 10 A LD RMSD 235 ERE &1
5o ZORKEZWHOMNZT BT, &7 X WEFRIED Co RO ED T E
fi#ffT L7z, Figure 21 (27”79 XK 912, Glu312, Leu354. 11e372, Phe375. Arg409,
Vald22 O 7 2/ EFeHE, R TVhARR & ARNT O KiEE N KE < Tn5b,
Glu312. Leu354. Ile372. Phe375. Arg409 /. hAhR & ARNT O &K KICHE
BEMHAEERT 2EMIIIFEE T, ~T B, ¥ —VEMICFEEL, BUgo &
WL OEEE P RETLEEZIOND, —F, Vald22 [T &EREIAFET 5T
/B THY . ZOJEHOMEE NI S & | Figure 22 127”7 X 9 (2, Phedd4,
Leu370 O L D IZBKIEEZFFOT I VBN EFT - TEBY ., T OBKIER O
HAEAD, B S5ns fHETOREELILICERN T B2 b5,

K12, hAhR+ARNT —#&/{K|Z TCDD A3EH L 7215122 T, Figure 20b (Z
AT E DI, 0.5 ns T TEERREIC & - 7o & &, BeREAYIZ RMSD 7234
ST, 10ns TiX, $ 15 A @ RMSD DR S 117z, FEBRIZ 10 ns TOREE Z R~
% L. Figure 23 @ X 912, hAhR & ARNT DI CLE S Z LB LMo
7o ZOJRK E L TiX. hAhR & ARNT OBICEET HMET I/ BOFENE
2 HLDH, hAhR & ARNT O AERAOZE(LIZ OV TIE, FMO &% AW T,
4.2.5 BIZFBW T HICFEM 2GR DT T 5, 7o, ZEIAHEIEIZ FICZ 6
L7oETIL, VA2 R LOREE L FIFRICSK 5 ns £ TIRPEEREEZ R D, &
ZBERZIZRMSD 28 EF- LTV, $9ns O TIX, RMSD R 5A EH L
TW5, ZOWEEEMIT L, VT2 R LoRE L FREC ZBISER B A
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AVEFHAEEALTWARWEDL EX0TWT X BOBELZIENKE N7,
LL, ZEEBOEOHEEX25A 705 33A L8 A OEEMENH Y . TCDD
DFEAIZE W  ARR & ARNT SN TWA Z ERHALNTH S, 2 H 5 H TCDD
& AR 4.2.5 BilZ BT FMO & W= AT RS B2 3 5,

IS DOREED SREE L E Z HETOEERRIEORE A BUS L, RS o
k%47 o7z, Figure 24 IZZEN O OMEEEZ T, U T FFEGIZE o T a-helix @
REEN R E <2 L., FIZ AhR & ARNT OFERALEMN Y H > K72 L, TCDD 78
WA LI, FICZ WA LTE TR > TWDON01 5,

4.2.4.AhR &V v FEIO&REOMEER

AhR-ARNT ~7 1 —&#KD AhR U > KiES KA A 2 TCDD, FICZ 234
A L7 R AU EAEH 2 @9 2 72 DI FMOEIC L W MR E/EH = % L% —
ZR7-, Table 10 (Z/~9 XK 912, TCDD TlE Tyr322, Phe295. GIn383 Mo
TI8EV Y TCDD < HAEHAL TS, ZNHO7T I JBRITHEERT
DFFENT ORI L2 EBR[I4] TEE L SN TWA T I/ BIZEENTND B
DTHDH, MDY T FEY SHAEFEH TR L= EOEH & LT, HER
DOEE LR Y | MD R TEFE L T2 ANz Z Ei2X D, Tyr X° Phe 23Ff
SBENED B X 2 & O - L > T, UV H Yy REDOMAEERZ D
EEZBND, HEEROMNT T/ TCDD & O AE/EH DA TR/ 508,
FEBRCTEELINTWAT I e BROHEFETHLHEE T Z L0k
7= —7J7. FICZ IZ. Hid291, Hip337. Phe351 &< AT 5 Z LA LI
ST, EEC 2N S OREAREE % Figure 25 12779, TCDD (% Phe295 & A % v %
T HHEAERZE L, Tyr322 & 13550 CH-n AR EAVEH & 39V B BE/ER . £
LT GIn383 L I/KFEMAEEIEM L TWD, F7=, FICZ X Hip337, Hid219 &K
FfEAZE L. Phe35l & nn A X v F U ZHAAEMIC L VMHEEH L TV 5D,

4.2.5. AhR & ARNT [ D5 EAFEE1EH

Figure 23 (28 T, hAhRTARNT+TCDD OEEN K& < B+ 5 Z L &2 L
2o 2D X 912 TCDD M2 C, hAhR & ARNT N5 BT 2 RN Z TR D720,
SYBEERTOREE 2% L hAhR & ARNT O Tl bM< AHEEHA L TWASET I/
e DA G Z AT L hAhR+ARNT —EAROERICEE 2T I JBEFFE LT,
hAhR & ARNT O 7 X /BRI EOF T, BAWIRIE LA 95K, KZE DA
fERl v —% | Table 11 2R, £ D DFRIELDALE % Figure 26 12777
hAhR & ARNT H1Zid, ZNENHMET 2 JBNEFE > T HEBNEFEEL, =
NOOHEBNAKIELE S Z &1k Y, hAhR & ARNT W+ 2 L EZ2 65,
—7J7.hAhR & ARNT HC.BHEWIZBI NFHAEIER LE 5 7 X/ IRikH % Table 12
12, F b OALE % Figure 27 12737, ZHHDO7T X/ EEFEEEIL, hAhR DKk
ICIFET D ZBARIERE KA A >, RO ARNT HIO~T & A DA AFET
o TNHDOT X JBRIZAETHWET X /BB TH Y . hAhR 2 OV ARNT FIZ/FET
LT X/ DY, hAhR+FARNT " EAKDIEERICE 5 L TW\5 2 L, RIB X
o
AWFFETIX. 10 ns OFEFREIO MD 52 L D . hAhR+ARNT &R 754
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L8R E I 2L —a T HI ENTE R, ZiuE, AiENTClX. hAhR O —
HOBEDHEEF L TNDHT2HTHY , hARR ORIRIEEZZ BT 5 S EEE
{EVERFE CITE S < b L bivs, £7-. ABFFEO MD &5 1X, hAhR &
ARNT N @K ZR LTaEEN LM L2720, EROIEIEED X 1 =X
LEFWoTar 2% Iab— L2 LR D0, fEEZ W7
HZlICky, EEORA =R LETHITESELEEZ Ezhé L., RN
T AhR & ARNT 73B 5.9 28R G MR 2 B 520029 5 729 1Z1% . AhR @ DNA
A RAAL U ETEDT-2EMEEIZR L, ARNT, DNA &Uﬁ%/z RV R
ﬁ'i/\wjf%i_%%z SRR MD BHEZ RRMFEIT T HZ NN EL RS,
ZDT=HITIX, AR ORI EDOWRIEN VA TH D,

4.2.6. AhNR+ARNT ~D U F v RfEAIC L 2BELEDEL

hAhR & ARNT O ERIZKkE L, kMY 7 FT&)%) TCDD, & %W IWNTE
M) H RTH D FICZ ZF5A L. 10 ns O MD BT L 0 S A2 fifhr L=
FESL. Figure 20 (Zr9 K 91z, U Y RS Lfb\iﬁb\%i%\ N OXNFICZ D3k
A L7-HEEIL 10ns O MD fHE TR E EE S MIT R o2 oo 7=, L L,
TCDD 236 L= A1, £ 3.6 ns T, hAhR & ARNT B30tz b5, =
DJRAE TCDD OfEE N —EREEICKRE REEEL AT THLEEZD
b, ZORBEMAT -0, EERHEENRBEL 72 TCDD O AR & ik

yEfE L 72 FICZ OB AR DE WA . MD FHE % 1R 7= 1 & O A BAE I
KGETHEZ 2, i MM CORZEMEICKTT D FMO FHEIC L 2 HAMEH
T R FX —DEAL ) RN L 7=, Figure 28 (2. hAhR+ARNT+TCDD &
hAhR+ARNTHFICZ D#EEKRDOMHASEH = RNV X — L ZDESERT, 220K
X < EN TV 5 His291, His337 1Z,. hAhR DU H v RGN 7 B@EP LM TRTE
L. hAhR & ARNT MO EE LM EFERIZITZE LW, Zo X o2, Vv

RORESEMEER L TCWA T 2 ERITKE < RSB A i’—?I—-Z_foil/\ &5
ZHib, % Z T FICZ & ARNTHIOMHAEH L TWET X JBREMEITT5 &
FICZ 7% ARNT @ Asp374 & 1.3 kcal/mol D3| HFFEMBIEH 2L TND Z &
M MNZ 72> 7, TCDD TidffE B, 0L 5 R EMAERITEER I
VY, hAhR+ARNT+Y 7 NEE CHAET DM AERH O R CIIIEFICIH VR ALE
I TH B0, TCDD & FICZ WihA L& O BEAEH OE WO HC, K% 7e
SIMEERTH D, TOD, Tl EEKSEEE IEDBEO RO —o L&
26D, ZOL D BRERBHEAEERIX, ik L7-fBE 2R L2720 Tk
R LOLOTH D, ZORFRIL, FMO #H5R % ARR BFZEIZ AV, 7T 7 X
v NI EAER AR L2 S I k> THID THOLMNC R > - R ThHh
Do
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5. i

AWFFETIL. SEAHEEDNH S M > TWRW AR 1T L, AER P —FF
V> 7 %MW, ARR DU TV RS R A A OfEE, LTV ARR & ARNT O~7
n _ERoEE THIL, 612, ZH0MEICY B RRfEE LTEAR
%ﬁ%%tﬂ%ﬁmﬁﬁﬁrEﬁ”%ﬁ%WMnxﬁwﬁﬁ > 185 (MD)
EaE AW, Kb Tt L, VA RERIZL D AhR OfEEZR(L & AT L7=,
W2, BT 77 A My TiuE (FMO) 5% v, AhR BLEKRE U
R OFEGICEER T 2 2 5E L, AhR+-ARNT &KL UV H o RS T
LHERCEE T I B, KOZEKBEICEERT I JBEa T Lz, U
TICARBFZEIZ LV PO T LN o T a5,

[1] AhR-LBD+ Y 7 > FHEAIRIZEE 3 5 B E 722

(1) #kPEY H2 RiZrAhR O < O 7 2 /L 55 < MR AEER 2Tk,

(2) WNEMEY H> FiZ rAhR O %-573(His289, GIn381)D 7 3/ fig &
FRVNE AR A TR

(3) Akt B REWNTEMEY o K23 ARR IZ5 2 DR E/ERIIRHEITH Y
ZOFAAEHRIZ LD AhR OEEZLMUHIERZ 2 RKHAT2F TOT ek R
B E 5252 ERTRIHKD

(4) AhR NHEIUCEH 2 DB, 6 AL V23 27210 TIEH & H
Serpnizd . BISERL. DNA L OFEEZ BT+ 2 LERD D

[1I] ARR+ARNT+ Y 77> NEERIZE T 2 EE oA

(1) “ERIBREIZIZ AhR @ Glu279, 11e280. Arg281, ARNT @ Ser451, Asp452.
mm&@égfhé

(2) “EAESEEICIT AhR @ Arg288. Lys290, Lys292, Lys372, ARNT @ Arg362,
Arg366\ Hip378., Arg379 BNEETH 5,

(3) FICZ LiwfdE 7 X/ EEDH| JIEEFAAEH D ZEAREEIC

(4) FMOEREZIY A5 Z & T, KIHRBEFE A /EH o 3 2 2 7]

AHFFETIE, ADR BEE{A, AhAR+ARNT —BERIZxF L, B4 2T 217V . AhR
O R FRIHSAE BB M AAER, T JBEEA L, L)L, DNARA R
A A OREEDA ST 72 > T2 AhR & DNA [0 %: BAGM EAER %
RT3 D Z LlXTEemolz, A%, AR @ DNA G R A A OEENRFERT
B 5 2MZ72 0 RE, AhR & DNA B ORF R E/ER 275 TETh 5,

Fo, AR TR LIEHETEZ, 2o X78EETH, FyFdF o rick
HEARIER., MM {512 X 2 i RE b, MD 112 ié%LEm@%ﬁ KOV
—Efﬁ777 AL My FEEFHE A ALY ey I a2 —y a3 U FET

MDERTEF YT ROEAIRICHLEHRRETH D,

24



EiLja

AWFFEIL, EARBEINR R THHR - FHE T585R O S 2 HEHR O R 8
DT, ATOIVE L, FERIMZHEHZICIT, PRI T 28458, HBhE off,
MESMIRIESS B AR BRI E BB L COMBhE 28 £ Uiz, £/,
WHIELSL O TH A5 OEROMB S5, BIEEICRY £ Uiz, EHLZHEE
RATIT L SIEHHR L BT £

fo. ABBEIL. BGEMIERRE X — L ORI TH D . HFFEBEE T
=AM EERT - 2R L THES L L, JOE. 98T — % ot
Z L CIHE £ LICREMERE Y ¥ — MBI Z R T b — FEMFEAT
b oA -EE R R, OHRIRK (BAE, BULAUIIERTR SR 2 e .
JB) TR IEHEL £

BAZ, AMFZEICE L, MHERERFORINTEIFEL TTSY, LI 0
TR OFAZ LTS £ LB S B2, B SHEERICTR EHTE L
e

RIS, AR ZZTTHICHTY | Ha REHBE O ERE 2R E L TT
SoTCHNER, RINK, FARRK, ROEEIRED A N —=DF 212t <
L £,

AWFFEIL. HARZIEHIZ  (Japan Society for the Promotion of Science) DAF4E
Bp (FLERIERFRINITE B BUEE S 242465) OB EZ T2 bDTH %,
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Tables

Table 1
Effects of mAhR Mutagenesis on TCDD Binding obtained by experiment[14].

reduced to reduced to little or
residue less than 50% less than 50% - 60%  no effect
F285 F285W

T287 T287E, T287M
H289 H289F, H289A
F293 F293A, F293L, F293Y

P295 P295F
C298

L306 L306A

Y308

L313 L313A

G319

Y320 Y320A, Y320F

F322 F322A, F322W, F322I F322Y
1323 1323A, 1323Y

C331 C331A

$334

H335

M338 M338E M338A

M346

F349 F349A, F349L

L351 L351A

L352

363 S363A

A365 A365L, A365V

1377

A379 A379L, A379V

Q381 Q381A Q381L
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Table 2
DOPE (discrete optimized protein energy) scores obtained by MODELLER for 100

model structures of rat AhR

Structure Score AScore
76 -10210.1 0.0
51 -10189.1 21.0
4 -10183.1 27.0
24 -10167.5 42.7
9 -10162.4 47.7
61 -10149.0 61.1
71 -10146.9 63.2
94 -10146.7 63.4
37 -10140.9 69.2
39 -10140.0 70.1
79 -10130.9 79.2
15 -10123.5 86.6
47 -10122.5 87.7
33 -10114.8 95.3
3 -10109.4 100.7
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Table 3

Clustering of the rAhR+ligand structures created by Autodock ver.4.2

Ligand Cluster model 1 model 2 model 3 model 4 model 5
Hid Hie Hid Hie Hid Hie Hid Hie Hid Hie
1 256 256 256 256 179 235 246 256 256 256
TCDD 2 77 21 10
1 254 199 177 253 163 132 156 256 82 202
2 2 51 60 3 8 18 1 77 4
3 4 3 47 7 1 85 24
4 2 16 19 2 97 9 4
5 5 4 1 2 5
6 1 1 1 9
B-NF 7 1 27 2
8 6 34 1
9 4 18 1
10 2 4 4
11 2
12 6
13 1
1 256 100 214 250 186 205 101 15 41 119
2 155 12 6 51 23 3 10 127 87
3 1 1 19 17 132 84 1 9
4 1 7 20 37 1 20
5 22 1 19 86 1
FICZ 6 5 2 2 1
7 1 1 38 1
8 36 7
9 15 10
10 1
1 2 8 27 3 5 1 1 4 1 12
2 1 4 11 1 5 3 1 1 1 3
3 5 3 5 4 2 10 1 1 3 11
4 2 2 10 5 6 23 2 2 2 6
5 1 3 11 1 1 1 1 1 1 13
ITE 6 2 1 6 1 6 1 1 1 4 2
7 1 1 11 15 1 9 1 1 3 3
8 2 1 3 1 19 1 1 1 1 1
9 1 2 3 1 1 2 1 1 1 1
10 1 3 13 3 2 1 1 1 1 1
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Table 4
Total energies (T.E.) (kcal/mol) of rAhR+ligand complexes evaluated by classical MM

calculations.

model 1 model 2 model 3 model 4 model 5
Hid Hie Hid Hie Hid Hie Hid Hie Hid Hie
1 -20181 -20214 -20141 -20165 -20133 -20062 -20297 -20250 -20188 -20250
2 -20133 -20062 -20297
1 -20351 -20317 -20317 -20278 -20312 -20212 -20309 -20212 -20295 -20352
2 -20336 -20317 -20323 -20278 -20312 -20206 -20324 -20295 -20359
3 -20317 -20318 -20292 -20212 -20310 -20295 -20359
4 -20317 -20323 -20312 -20212 -20362 -20295 -20359
5
6
7
8
9

Ligand Structure

TCDD

-20312 -20206 -20348 -20359 -20352

-20312 -20243 -20359 -20352

-20312  -20243 -20352

-20322  -20226 -20374

-20322  -20226 -20383

-20324 -20218 -20361

-20192 -20182 -20158 -20161 -20170 -20110 -20207 -20209 -20227 -20281
-20189 -20158 -20156 -20170 -20110 -20207 -20213 -20227 -20313

-20187 -20163 -20154 -20104 -20215 -20191 -20227 -20313

-20158 -20110 -20207 -20189 -20254 -20271

-20204 -20110 -20198 -20220 -20271

-20107 -20104 -20227 -20220 -20271

-20116 -20078 -20197 -20268

-20196 -20268

-20213 -20250

-20253

-20056 -20016 -20011 -20010 -19953 -19928 -20040 -20003 -20056 -20049
-20056 -20016 -19947 -20010 -19957 -19931 -20041 -20003 -20057 -20057
-20019 -20016 -19947 -20028 -19953 -19945 -20059 -20003 -20057 -20049
-20021 -20016 -19947 -20028 -20014 -19947 -20040 -20003 -20057 -20049
-20056 -20016 -20005 -20010 -19953 -19943 -20048 -20003 -20057 -20049
-20056 -20016 -19947 -20033 -19971 -19931 -20041 -20003 -20073 -20057
-20056 -20016 -19947 -19992 -19999 -19945 -20048 -20003 -20073 -20049
-20021 -20016 -20011 -20009 -20004 -19928 -20048 -20003 -20073 -20057
-20056 -20021 -19947 -19992 -19964 -19949 -20048 -20003 -20075 -20057
-20056 -20021 -19962 -20028 -19953 -19928 -20048 -20003 -20057 -20057

B-NF

—_
(=)

FICZ

O 0 1 N bW~

—_
(=)

ITE

O 03 N L bW~

—
S
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Table 5
Total energies (T.E.) (kcal/mol) of rAhR+ligand complexes evaluated by ab initio FMO

calculations.

-65235089.4 0.3
-65235089.7 0.0
-65235045.7 43.9

Ligand Structure T.E. /T.E.
TCDD 1 -64915206.9 0.0
2 -64915205.9 1.0
B-NF 1 -64989991.3 14.2
2 -64989988.1 17.3
3 -64990005.4 0.0
FICZ 1 -65011495.4 0.6
2 -65011496.0 0.0
ITE 1 -65235088.7 1.0
2
3
4
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Table 6

Binding energy of rAhR+ligand complexes evaluated by ab initio FMO calculations.

Binding energy = Total energy (Complex —(AhR+Water) — (Ligand+Water) + Water)

Ligand Total energy (Hartree) Binding energy
Complex AhR+Water Ligand+Water Water (Hartree) (kcal/mol)

TCDD  -103449.0 -102690.7 -59377.3 -58619.0 0.0722 453

B-NF -103568.2 -102690.4 -59496.7 -58618.9 0.0771 48.4

FICZ -103602.5 -102690.5 -59530.7 -58618.8 0.0846 53.1

ITE -103958.8 -102690.3 -59887.3 -58618.9 0.0944 59.2
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Table 7
Interaction energies (L.LE.) (kcal/mol) between the TCDD and amino acid residues of
rAhR; residues are listed in decreasing order of the magnitude of attractive interaction.

* is Important residues on TCDD Binding obtained by experiment[14].

Residue LE.
*Phe293  -7.1
*GIn381  -6.2
*Cys331 4.6
* Phe349  -3.8
*Ser363  -3.5
Ser334 -3.4
*Leu351 -3.3
Met346  -3.0
Phe285  -2.5
* 11e323 2.2
Pro383  -1.9
*Leu313 -1.9
* Ala365  -1.8
* His289  -1.8
*Phe322 -1.7
*Leu306 -1.0
Lys354 -1.0
Asp292 -09
*Tyr320  -0.9
Arg366 0.7
His355  -0.7
*Pro295  -0.6
Gly319  -0.6
Asp327  -0.6
* Thr287  -0.6
* Ala379 0.0
* Met338 0.2
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Table 8
Clustering of the AhR+ARNT+ligand structures created by Autodock ver.4.2; positions
of each ligand, numbers of structures in each cluster and their rates to total number are

listed.

Ligand Structure Position Number Rate (%)

TCDD 1 in cavity 194 75.8
2 in cavity 7 2
3 in cavity 1 0.3
4 in cavity 1 0.3
5 outside 39 15
6 outside 4 1.5
7 outside 3 1.1
8 outside 7 2.7

FICZ 1 outside 69 27
2 in cavity 69 27
3 in cavity 5 1.9
4 in cavity 15 5.8
5 in cavity 5 1.9
6 outside 20 7.8
7 outside 32 12.5
8 outside 4 1.5
9 outside 8 3.1
10 outside 7 2.7
11 outside 3 1.1
12 outside 2 0.7
13 outside 3 1.1
14 outside 2 0.7
15 outside 7 2.7
16 outside 2 0.7
17 outside 3 1.1
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Table 9
Total energies (T.E.) (kcal/mol) of AhR+ARNT+ligand complexes evaluated
by ab initio FMO calculations.

Ligand Structure T.E. AT.E.
TCDD 1 -139316899.2 5.3
2 -139316904.5 0.0
3 -139316759.4 145.1
4 -139316772.1 132.5
FICZ 1 -138306142.1 48011.0
2 -138354139.5 13.7
3 -138354153.1 0.0
4 -138354035.1 118.1
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Table 10
Interaction energy (IFIE)(kcal/mol) between residues of AhR and the ligands

TCDD FICZ
Residues IFIE Residues IFIE
Tyr322 -7.0 Hid291 -15.7
Phe295 -7.0 Wat -11.0
GIn383 -6.0 Hip337 -9.9
Hid291 -2.8 Phe351 -8.0
Ile325 -2.7 Ile325 -5.7
Val381 -2.0 Cys333 -5.2
Cys333 -1.9 Phe295 -4.7
Ser365 -1.9 Met348 -4.1
Ala367 -1.6 GIn383 -3.8
Gly347 -1.5 Phe324 -3.4
Phe324 -1.2 Wat -3.3
Arg339 -1.2 Val381 2.7
Thr289 -1.1 Ser336 -2.5
Hip337 -1.0 Ala367 -2.0
Ser336 -1.0 Arg352 -1.5
Met348 -0.9 Glu312 -1.2

Leu353 -0.9 Ser346 -1.2
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Table 11
Repulsive interaction energy (kcal/mol) between AhR and ARNT

AhR
Residues Arg288 Lys290 Lys292 Lys372

Arg362 223 31.0 17.9 22.3
Arg366  30.5 18.9 10.8 11.4
Hip378  20.0 22.4 11.5 13.2
Arg379  28.1 49.9 17.0 20.1

ARNT
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Table 12
Attractive interaction energy (kcal/mol) between AhR and ARNT

AhR
Residues Glu279 11e280  Arg281
Ser451 0.2 0.5 -16.8
ARNT Asp452  -1.7 2.7 -33.8

Glu453  -69.7 -28.1 -37.8
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Figures

Figure 1
Signal pathway of AhR; (a) the AhR binds ligand, (b) the AhR into the nucleus, (c) the
AhR binds ARNT, (d) the AhR/ARNT complex binds DRE, (e) gene expression

Figure 2
Functional domains of AhR structure has DNA binding domain(27-39 residues), ligand
binding domain(230-397 residues), Transcriptional activation binding domain(490-805

residues)

Figure 3
Template structure of ligand-binding domain of AhR obtained by Protein Data Bank

Figure 4
Model structure of ligand-binding domain of rAhR obtained by MODELLER.

Figure 5
Model structure of AhR+ARNT complex obtained by MODELLER.

Figure 6

Chemical structures of the ligands employed in the present study: (a) TCDD (2,3,7,8-
tetrachrodibenzo-p-dioxin), (b) B-NF (B-Naphthoflavone), (¢) FICZ (6-formylindolo
[3,2-b]carbazole) and (d) ITE (2-(1’H-indole-3’-carbonyl)-thiazole-4-carboxylic acid
methyl ester)

Figure 7

Three types of protonated structures of histidine residue depending on pH value
Figure 8

Dependence of expression level of rAhR on the concentration of the ligand obtained by

experiment
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Figure 9

The potential penalty for distance restraint

Figure 10

The potential penalty for position restraint

Figure 11
Binding positions of the ligand to rAhR generated by use of Autodock 4.2:
(a) TCDD, (b) B-NF, (c) FICZ and (d) ITE

Figure 12

Most stable structures of the rAhR-+ligand complexes optimized in water by classical
molecular mechanics method: (a) rAhR+TCDD, (b) rAhR+B-NF, (¢) rAhR+FICZ and
(d) rAhR+ITE.

Figure 13
Amino acid residues located around TCDD in the rAhR-TCDD complex optimized by

classical MM method in water

Figure 14
Met338 and Ala379 of rAhR don’t interact with TCDD

Figure 15
Interaction energies between the ligand and the amino acid residues of rAhR; (a) TCDD,

(b) B-NF, (c) FICZ, (d) ITE

Figure 16

Interaction energies between the ligand and the amino acid residues of rAhR
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Figure 17

Interacting structures and the distances (A) between the ligand and the amino acid
residues of rAhR, which have large attractive interactions with the ligand; (a) TCDD,
(b) B-NF, (c) FICZ and (d) ITE. The chlorine, hydrogen, carbon, oxygen, and nitrogen

atoms are shown in green, white, gray, red, and blue colors, respectively.

Figure 18

Binding positions of the ligand to rAhR generated by use of Autodock 4.2:

(a) TCDD binds inside a ligand binding pocket, (b) TCDD binds to the hollow of
AhR+ARNT, (c) FICZ binds inside a ligand binding pocket and (d) FICZ binds to
surface of AhR-ARNT.

Figure 19

Most stable structures of the AhR+ARNT-+ligand complexes optimized in water by
classical molecular mechanics method: (a) AhR+ARNT, (b) AhR+TCDD and (c)
AhR+FICZ

Figure 20
RMSD of all Ca. atoms of AhR between MM-optimized structure and the structures

obtained by the MD simulation

Figure 21

Displacement of Ca atom of each AhR residue between equibrate

Figure 22
Main reason for the change of structure of AhRR+ARNT

Figure 23
The separated structure of AhR+ARNT+TCDD obtained by MD 10ns simulations.
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Figure 24
Most stable structures of the AhR+ARNT+ligand complexes obtained by classical
molecular dynamics: (a) AhR+ARNT, (b) AhR+TCDD and (¢c) AhR+FICZ

Figure 25

Interacting structures and the distances (A) between the ligand and the amino acid
residues of hAhR, which have large attractive interactions with the ligand; (a) TCDD,
and (b) FICZ. The chlorine, hydrogen, carbon, oxygen, and nitrogen atoms are shown in

green, white, gray, red, and blue colors, respectively.

Figure 26

Positively charged amino acid residues exist in the space between AhR and ARNT.

Figure 27

The important charged amino acid residues exist in the dimerization domain of AhR.

Figure 28
Difference in interaction energies between AhR+ARNT+TCDD and AhR+ARNT+FICZ
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 7

51



Expression level

'S ]

()

[u—

Fig. 8

1 107 10*
Amount of ligand [pg/ml]

52




Fig. 9
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Fig. 10
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Fig. 13
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Fig. 14
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Fig. 15
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Fig. 17

Phe289

(a) TCDD

61



(b) B-NF

62



GIn381
His289

3.6§
0 17
o " Ser363
FICZ

(c) FICZ

63



(d) ITE

64



(d)FICZ-outside

65



(¢) FICZ

66



RMSD [A] RMSD [A]

RMSD [A]

Fig. 20

20

15 | ]
10 | ! _
. W

0 - . .
0 2 4 6 8 10
Time [ns]
(a) Non-ligand

20

0 . .
0 2 4 6 8 10
Time [ns]
(b) TCDD
20
15 ¢
10 | |
3 Wm
0 . . . .
0 2 4 6 8 10
Time [ns]
(¢) FICZ

67



Fig. 21
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Fig. 22
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Fig. 26
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Fig. 27
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