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Elucidation of molecular motion and new regulation mechanisms in innate immune
Sensors
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Innate immunity serves as the first line of defense against invading
pathogens such as bacteria and viruses, and active adaptive immunity. We focused on the innate
immgne proteins, and tried to reveal the ligand recognition and regulation mechanisms by structural
studies.

We determined the crystal structure of rabbit NOD2 in an ADP-bound state. The structure reveals an
inactive closed conformation. We found a hydrophobic pocket on the concave surface of the LRR
domain, suitable for accommodating glycan or peptide moieties of MDP. Structural studies of TLR
sensing a single-stranded nucleic acids (TLR7, 8, 9) revealed that these TLRs share common mechanism
for activation mechanism. Roquin mediates mRNA degradation by recognizing the constitutive-decay
element (CDE) followed by recruitment of the deadenylation machinery. Crystal structure of
Roquin-RNA complex revealed that The CDE RNA, forming a stem-loop structure, bound to the positively
charged surface of the ROQ domain.

Toll



PAM P(Pathogen-associated molecular pattern)

1 Toll (TLR Toll-like
receptor) Nod (NLR Nod-like receptor) RLR,
CLR PAMP

(DAMP; danger-associated molecular pattern)
TLR NLR
f TLR NLR
TLR } LRR CARD/PYR
(Leucine Rich repeat | Membrane NOD
LRR 'I';oll / Il_t-i LRR \
eceptor
(LRR) ) B e |
TIR | (RR m{TIR| [ [ Nob | LRR
CARD/PYR
TLR,NLR
TLR
TIR L& ,2ze-.
.‘fﬂﬁﬁ%
| DA |
@) @) fRMPAMP
NLR CARD/PYR 3 j
(NOD ) )

( LRR ) 1 - L

e NLR
,
LRR ;
TLR, NLRY G+ Y
TLR

TLR7 TLR7,8,9
(Science 2013; Nature 2015; Immunity 2016; Immunity 2018)

NLR
NOD2(Nature comm.,
2016) TLR



NLR

TLR NLR
TLR
S2 TLR3 fos-choline

(MyD88) TIR

NLR

TLR3
TLR7
TLR7 RNA,
RNA
TLR7
TLR7 TLR7
TLR7
TLR7
TLR7 X
TLR7
Cpd-6

TLR7



TLR7/73=Rk TLR7/Cod-6 (78T =AF)

o0—XEGEMR)

TLR7/Cpd-7 3L\ 74T =RH)

7a—X%
¥ A d A d
EtEE HE HEUEE
RNA Toll UNC93B1
Toll TLR
TLR3 7
8 9 DNA RNA TLR
TLR
UNC93B1
TLR TLR
UNC93B1
TLR  UNC93B1 TLR  UNC93B1
TLR3-UNC93B1 TLR7-UNC93B1
34 A 42 A TLR3  UNC93B1
UNC93B1 12 3
6 TLR3
TLR7 UNC93B1 TLR7
TLR3 UNC93B1
TLR7-TLR7 UNC93B1-UNC93B1
TLR
UNC93B1 TLR  UNC93B1
UNC93B1 MFS
TLR
TLR3-UNC93B1 TLR3
TLR3 UNC93B1



TLR3 UNC93B1

AR noTIT
B ~o G5 wwss
) sl

jﬂ TLR3-Unc93B1 TLR7-Unc93B1

TURYSY)—4 |

. TLR3 UNC93B1
UNC93B1 TLR
UNC93B1-TLR3 UNC93B1-TLR7



10 10 3 2

Tojo S, Zhang Z, Matsui H, Tahara M, lkeguchi M, Kochi M, Kamada M, Shigematsu H, Tsutsumi A, 11

Adachi N, Shibata T, Yamamoto M, Kikkawa M, Senda T, Isobe Y, Ohto U and Shimizu T

Structural analysis reveals TLR7 dynamics underlying antagonism 2020

Nature commun. 5204, 5204
DOl

10.1038/s41467-020-19025-2

Padilla-Salinas, R., Anderson, R., Sakaniwa, K., Zhang, S., Nordeen, P., Lu, C., Shimizu, T., 62

Yin, H.

Discovery of Novel Small Molecule Dual Inhibitors Targeting Toll-like Receptor 7 and 8 2019

J.Med.Chem.

10221, 20244

DOl
10.1021/acs. jmedchem.9b01201

Toma-Fukai S, Shimizu T 24

Structural Insights into the Regulation Mechanism of Small GTPases by GEFs. 2019

Molecules 3308, 3308
DOl

10.3390/molecules24183308

Furusho K, Shibata T, Sato R, Fukui R, Motoi Y, Zhang Y, Saitoh SI, Ichinohe T, Moriyama M, 31

Nakamura S, Miyake K.

Cytidine deaminase enables Toll-like receptor 8 activation by cytidine or its analogs 2019

Int Immunol. 167,173
DOl

10.1093/intimm/dxy075




Kanoh H, et al Fukase K, Ohto U, Shimizu T, Watanabe T, Shindo H, Aoki S, Sato K, Mika Nagasaki 39

M, Yatomi Y, Komura N, Ando H, Ishida H, Kiso M, Natori Y, Yoshimura Y, Zonca A, Cattaneo A,

Letizia M, Ciampa M, Mauri L, Prinetti A, Sonnino S, Suzuki A, and Inokuchi J

Homeostatic and pathogenic roles of GM3 ganglioside molecular species in TLR4 signaling in 2020

obesity

EMBO J. 101732
DOl

10.15252/embj .2019101732

Jiang S, Tanji H, Yin K, Zhang S, Sakaniwa K, Huang J, Yang Y, Li J, Ohto U, Shimizu T, Yin H. 63

Rationally designed small-molecule inhibitors targeting an unconventional pocket on the TLR8 2020

protein-protein interface

J.Med.Chem. 4117, 4132
DOl

10.1021/acs. jmedchem.9b02128

Sakaniwa K and Shimizu T D76

Targeting the innate immune receptor TLR8 using small-molecule agents 2020

Acta Cryst 621, 629
DOl

10.1107/52059798320006518

Hanako Ishida, Jinta Asami, Zhikuan Zhang, Tomohiro Nishizawa, Hideki Shigematsu, Umeharu Ohto 28

and Toshiyuki Shimizu

Cryo-EM structures of Toll-like receptors in complex with UNC93B1 2021

Nature Struc Mol Biol. 173, 180

DOl
10.1038/s41594-020-00542-w




Yang Y, Csakai A, Jiang S, Smith C, Tanji H, Huang J, Jones T, Sakaniwa K, Broadwell L, Shi C 12
Soti S, Ohto U, Fang Y, Shen S, Deng F, Shimizu T, Yin H.
Tetrasubstituted imidazoles as incognito Toll-like receptor 8 a(nta)gonists. 2021
Nat Commun. 4351

DOl
10.1038/s41467-021-24536-4
Jinta Asami and Toshiyuki Shimizu 30
Structural and functional understanding of the toll-like receptors. 2021
Protein Science 761, 772

DOl
10.1002/pro.4043

3 3 0
SLC29A3
43
2019
Toll

2021




TLR7

65

2021

(Shibata Takuma)

(30554505)

(12601)




