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Structural elucidation of dioxin recognition by aryl hydrocarbon receptor
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We conducted the structural biology of aryl hydrocarbon receptor (AhR),
known as dioxin receptor. We tried to prepare the pre-nuclear translocation complex of AhR but it
was not successful. We conducted the crystallization of the AhR inhibitory complex, AhRR/ARNT
complex, and determined its crystal structure. To obtain the structural information of the AhR
transcriptional activation complex, AhR/ARNT complex, we tried to prepare AhR/ARNT complex derived
from various organism species, and expressed and purified various mutants of AhR/ARNT.



Aryl

hydrocarbon receptor (AhR)
AhR
AhR
AhR AhR nulear
translocator (ARNT)
AhR/ARNT DNA
Xenobiotic responsive elements XRE;
XRE
AhR

AhR/Hsp90/X AP2/p23

AhRR/ARNT AhR

AhR/ARNT/ /DNA

AhR bHLH-PAS (Basic-Helix-loop-Helix

Per-Arnt-Sim)
N bHLH
DNA
HLH
PAS
PAS-A PASB
PASB
AhR 300
bHLH-PAS
AhR/
/ARNT/DNA
AhR AhR
ARNT AhR/ARNT
DNA
bHLH-PAS
AhR
ARNT AhR  ARNT
DNA

AR/HspI0/XAP2/p23
9
AhR
HEK 293
AhRR/ARNT
AhR AhRR/ARNT
AhRR ARNT
AhRR/ARNT
DNA
AhRR/ARNT
DNA
25 A
AhRR/ARNT
ARRR/ARNT
ARNT
HIF/ARNT ARNT
AhR/ARNT/ /DNA
AhR/ARNT/

BROEMEBRED DAHR DSDS-PAGE

150 k

100 k
75k

37k
ARNT
25k

20 k
CBBR&

hARNTIL—7 RiEF & RER



AhR/ARNT

AhR/ANRT
DNA
AhR/ARNT

hAHR/hARNT D SDS-PAGE

hAHR/WARNT
N=7 Rt
A
v

ok
@ @ @ 6 6 7 @

hAHR/hARNT
Ha

| ® hAHR
A hARNT

| CBB%fz

(1) hARR (27-436)/hARNT (82-474)
(2) hANR (27-436, A182-217)/hARNT (82-474, A273-295)

(3) hANR (27-400)/hARNT (82-474, A148-154, A231-256, A273-300, A318-331)
(4 hARR

(
(
(
(27-436, A182-217, A249-259)/hARNT (82-474, A273-295)
(5) hAR (27-436, A101-110, A182-207, A249-259)hARNT (82-474, A148-154, A231-256, A273-300)
(
(
(

(6) AR (27-436, A101-110, A182-207, A249-259, R281N)/hARNT (82-474, A148-154, A231-256, A273-300, A318-331)
(7) hARR (27-417, A101-110, A182-207, A249-259)hARNT (82-474, A148-154, A231-256, A273-300)
(8) hAR (27-400, A101-110, A182-207, A249-259, R281N)/hARNT (82-474, A148-154, A231-256, A273-300, A318-331)

Zhang, Z., Ohto, U., Shibata, T,
Krayukhina, E., Taoka, M., Yamauchi,
Y., Tanji, H., Isobe, T., Uchiyama, S.,
Miyake, K., & Shimizu, T. Structural
Analysis Reveals that Toll-like Receptor

7 Is a Dual Receptor for Guanosine and
Single-Stranded RNA. Immunity 45,
1-12. (2016)

Miyake, K., Shibata, T., Ohto, U., &
Shimizu, T. Emerging roles of the

processing of nucleic acids and Toll-like
receptors in innate immune responses to
nucleic acids. J Leukoc Biol. 101,
135-142.

Ohto, U., Ishida, H., Krayukhina, H.,
Uchiyama, S., Inoue, N., & Shimizu, T.
Structure of IZUMOI1-JUNO reveals
sperm-oocyte recognition during
mammalian fertilization. Nature 534,
566-569. (2016)

Maekawa, S., Ohto, U., Shibata, T.,

Miyake, K., & Shimizu, T. Crystal

10.

11.

structure of NOD2 and its implications
in human disease. Nature Commun. 7,
11813. (2016)

Tanji, H., Ohto, U., Motoi, Y., Shibata,
T., Miyake, K., & Shimizu, T.
Autoinhibition and relief mechanism by

the proteolytic processing of Toll-like
receptor 8. Proc Natl Acad Sci U S A
113, 3012-3017. (2016)

Ohto, U., & Shimizu, T. Structural
aspects of nucleic acid-sensing Toll-like
receptors. Biophys. Rev. 8, 33-43.
(2016)

Beesu, M., Caruso, G., Salyer, A. C,,
Shukla, N. M., Khetani, K. K., Smith, L.
J., Fox, L. M., Tanji, H., Ohto, U.,
& David, S. A.
Identification of a Human Toll-Like
Receptor (TLR) 8-Specific Agonist and
a Functional Pan-TLR Inhibitor in
2-Aminoimidazoles. J Med Chem. 59,
3311-3330. (2016)

Shibata, T., Ohto, U., Nomura, S.,
Kibata, K., Motoi, Y., Zhang, Y.,
Murakami, Y., Fukui, R., Ishimoto, T.,
Sano, S., Ito, T., Shimizu, T., & Miyake,
modified
derivatives are endogenous ligands for
TLR7. Int. Immunol. 28, 211-222.
(2016).

Deguchi, A., Tomita, T., Ohto, U.,
Takemura, K., Kitao, A.,
Akashi-Takamura, S., Miyake, K., &
Maru Y. inhibits
S100A8-mediated TLR4/MD-2
activation and growth by
immune

Oncogene 35,

Shimizu, T.,

K. Guanosine and its

Eritoran

tumor
changing the
microenvironment.

1445-1456. (2016).

Beesu, M., Caruso, G, Salyer, A.,
Khetani, K., Sil, D., Weerasinghe, M.,
Tanji, H., Ohto, U., Shimizu, T., &
David, S. A. Structure-based Design of
Human TLRS8-specific Agonists with

Augmented Potency and Adjuvanticity.
J. Med. Chem. 58, 7833-7849. (2015)

Ganapathi, L., Van Haren, S., Dowling,
D. J., Bergelson, 1., Shukla, N. M.,



12.

13.

14.

15.

16.

Malladi, S. S., Balakrishna, R., Tanji, H.,
Ohto, U., Shimizu, T., David, S. A., &
Levy, O. The Imidazoquinoline
Toll-Like Receptor-7/8 Agonist
Hybrid-2 Potently Induces Cytokine
Production by Human Newborn and
Adult Leukocytes. PL0OS One. Aug
14;10(8):¢0134640. (2015)

Sakurai, S., Ohto, U., & Shimizu, T.
Structure of human Roquin-2 and its
complex with constitutive-decay
element RNA. Acta Crystallogr F
Struct Biol Commun. 71, 1048-54.
(2015)

Kannno, A., Tanimura, N., Ishizaki, M.,
Ohko, K., Motoi, Y., Onji, M., Fukui, R.,
Shimozato, T., Yamamoto, K., Shibata,
T., Sano, S., Sugahara-Tobinai, A.,
Takai, T., Ohto, U., Shimizu, T., Saitoh,
S., & Miyake, K. (2015) Tageting cell
TLR7 for
intervention in autoimmune diseases.
Nat. Commun. 6, 6119.

Chan, M. P.,, Onji, M., Fukui, R., Kawane,
K., Shibata, T., Saitoh, S., Ohto, U.,
Shimizu, T., Barber, G. N., & Miyake, K.
(2015) DNase DNA
digestion is required for DNA sensing by
TLR9. Nat. Commun. 6, 5853.

Ohto, U., Shibata, T., Tanji, H., Ishida,
H., Krayukhina, E., Uchiyama, S,
Miyake, K., & Shimizu, T. (2015)
Structural basis of CpG and inhibitory

surface therapeutic

II-dependent

DNA recognition by Toll-like receptor 9.
Nature 520, 702-705.

Tanji, H., Ohto, U., Shibata, T., Taoka,
M., Yamauchi, Y., [sobe, T., Miyake, K.,
& Shimizu, T. (2015) Toll-like receptor
8 senses degradation products of
single-stranded RNA. Nat Struct Mol
Biol. 22, 109-15.

RNA TLR8

10.

/Structural basis for innate immune
single-stranded RNA receptor TLRS.

15 . 2015
6 24-26
NOD2 .
15 . 2015
6 24-26
mRNA
Roquin-2 RNA X
. 27
2015 10 17-18

Umeharu Ohto. Ligand recognition and

signal transduction by Toll-like
receptor. 53

2015 9  13-15 .

U. Ohto, T. Shibata, H. Tanji, H. Ishida,
E. Krayukhina, S. Uchiyama, K.
Miyake, and T. Shimizu.

Crystallographic analyses of Toll-like
receptor 9 recognizing CpG DNA. Toll
meeting 2015. Sep. 30-Oct. 3, 2015.
Marbella, Sapain.

TLR7
(Structural study of Toll-like receptor 7
in innate immune system). 16
.2016 6 79

Toll

. BMB2015
38 88

2015 12 14
Umeharu Ohto. Crystal structure of
NOD?2 reveals its implications in human
diseases. 42

.2016 10 4-7
Umeharu Ohto and Toshiyuki Shimizu.
Structures of nucleic acids sensing
Toll-like receptors. The 45th annual
meeting of the Japanese Society for
Immunology (JSI). 2016 12 5-7

Hiromi Tanji, Umeharu Ohto, Toshiyuki
Shimizu. Structural studies of innate



immune RNA receptor human TLRS.
14th  Conference of the Asian
Crystallographic Association. Dec. 5-7,
2016. Hanoi, Vietnam.

http://www.f.u-tokyo.ac. jp/~kouzou/inde
x.html

€Y
OHTO UMEHARU

90451856



