B BREE LA |
20144 1A 16H

MRERT R THEHEL | LS 073733 — BEH O#z
HEEH . - HE § -
K4 8 2 ME F3

%o ® o5 (Eb)

EEES T Ial—a il s B

2A
Lt FEBBAATRARL VA > KO R (Ol

(EE 1,200 FREE)

FEERALKFEZZE (AR : Aryl hydrocarbon Receptor) 1. BE#2SAEEKNIZERY
SAENTRC, Zhb 2 EBRIICES - Bk L., TOBRERICEL. RBBROR
RAEHETIREEERTTH D, ZOERYZRESHMRSEELHIETL T &
LTHBEL TRV, B4 RBORFICERT 2 ZEBHLMNIIR->TND, LovL,
HTE. AhR O HEEIIFRMIATHY . ARR LU F v RO RHEEER O
ML, JRF L~V TS ITR o TR, T, %EsiEICEE 54 o Miaat
OFEED, AR IZHEET H2MEIZLVENMT DI LITHLNIRoTVNDEHR, £0D
IR S hvcuniany, R ClIEmBEREETRIFELZ AV, AR DU H R
FEE RAAL L OEEETRIL., Abinitio 73 TELEMO)ELE AWTZEFIREHEIZ LD |
AhR LV FT Y FEOREMMEEERZEF LV THIO THLNII LTz, BIZ, AhR
DEEIEMEHBICEE L EZE X b TWD AWR & co-factor ¥ > 737 E ARNT(AhR
Nuclear Translocator) & (D~ 11 ~ B {iHE 4 Tl L, ~RISTHAAEHEMA~OESE 24
RE”T,

F9, AR TIE, ¥ o/ BENAREE TR 1 77 A% AV, Protein Data Bank -
B SNISEEEEMO X VT BRI L, 7 v b ARR (rtAhR) DU H K
B RAL L OIBHEERER LT, KIS, FLUNIB- VA KRRy X770 T n
RV, MRS b EEEZ LS E D U H Y FE rtAhR A S8, HEEROEES
HIAS T BB, AP CRBEL L, 8BS, 757 Ay My FREFEMO)EE
AV, tARR FOET I L Y T FEORKRENHEEERZHA LN L, ERDER
ERERTF - BF LNV THBATEIREEET,

WIZ, VH Y FFEE RAAL VOSLEEETH & RROFET, £ B AR (hAhR) &
ARNT O - BEOSEREEZER Lz, BIC, T2 HY R LA EiEE s
TERL L. HEABEZ AV, AP CHEEE2REL L. BRI 2@EEEE diy
FEVFFEFEIC KD BRAT LTz, &%IZ. hARR & ARNT MIORRAHEIEM & FMO &t
B K VEEIT LT, ZOFER. hAR O B KA A VIZHEET HHET X /B2,
ARNT OET X /B EESHEAEERA L, —EEOFEK - mEECRESEETLH L
N LMo Tz, |




year month day
2014 1 16

Department | Functional Materials Engineering | ID | 073733 Noriyuki Kurita

Advisor
- . . H'd .
Name Satoshi Miyagi ideo Sekino

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 MM methods,
and the binding affinity and the specific interactions between rAhR and 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 the FMO calculations, the specific interactions
between hAhR and ARNT were elucidated 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. Futhermore, to search for various conformations of the
solvated complex, classical MD simulations were performed by 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 separation of the dimer are significantly
affected by the electrostatic interactions between the charged residues included in 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, Arg362, Arg366, Hip378 and Arg379 of
ARNT are important for the separation.




