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Lipid Mediator team (organized by Prof. Aoki in Tohoku University) focused on the research of
lysophosphatidyl lipid. We solved the crystal structure of ATX/Enpp2, which produces lysophosphatidic acid
(LPA), Enppl and Enpp6, belonging to the same Enpp ectoenzyme family, and based on the structure, Aoki
team preformed mutational analysis and analyzed the knock-out mouse. Furthermore, Aoki team identified
new GPCRs that specifically recognize lysophosphatidylserine (LPS), a novel lipid mediator, and named
LPS1/GPR34, LPS,/P2Y10, LPS3/GPR174 and LPSy., all of which belong to P2Y GPCR family. Most of the
P2Y family GPCRs recognize ectonucleotides such as ATP, which is released from damaged cells upon
inflammation, and evokes cell signal leading to chronic pain and chronic inflammation. Aoki team found

(1) LysoPS is normally not detected in individuals, but the expression level is significantly enhanced upon

inflammation



(2) LysoPS GPCRs are locally expressed in microglia (LPS; and LPS;) and T-cell and B-cell (LPS;, LPS3 and
LPSyy).

Especially, in T-cell, stimuli mediated by T-cell receptor significantly enhanced the expression of LPS;, LPS3

and LPS;., which means that LPS;, LPSs and LPS;. function in activated T-cell. These GPCRs are coupled

with Gaiznz. Recently, Aoki team generated T-cell specific Gaiz1zs KO mouse, in which adhesiveness and

proliferation of T-cell is enhanced, thus intensively increasing immune function. Thus, LysoPS recognizing

GPCRs may attenuate immune function.

Innate Immune team (organized by Prof. Tokunaga in Osaka City University) promotes the analysis of
inflammation response at cell level, and generates chronic inflammation model animal to elucidate
physiological function of NF-xB pathway essential for inflammation signal, in collaboration with structural
biology analysis by Nureki team. Tokunaga team has uncovered that LUBAC ubiquitin ligase that generates
linear polyubiquitin is essential for NF-xB signal activation. Furthermore, together with Nureki team, he
elucidated NF-kB suppressing mechanism via specific binding of linear polyubiquitin by deubiquitination
enzyme A20, and structure-function relationship of cGAS and DDX41, sensor proteins that recognizes
extracellular DNA produced by virus and pathogens. The collaborative team elucidated structure and function
of optinurin, a linear polyubiquitin-binding protein, and discovered the pathogenic mechanism of amyotrophic
lateral sclerosis (ALS).

Structural Biology team (organized by Prof. Nureki in The University of Tokyo) has elucidated molecular
mechanisms of inflammatory signaling molecules from structural and functional aspects, by collaboration of
Lipid Mediator team and Innate Immune team. For lipid-mediating inflammatory signaling, this team
structural and functional analyses of Enpp family ectoenzymes, which act in production or hydrolysis of lipid
mediator or ectonucleotides, respectively. First, Structural Biology team solved crystal structure of autotaxin
(ATX/Enpp2), which produces LPA, complexed with its inhibitor, which led to the collaboration of
pharmaceutical company to develop ATX inhibitors that repress fibrosis and cancers. The team also solved the
crystal structure of ATX in a complex with its DNA aptamer with drug efficacy to lung fibrosis, and based on
the structure, the team developed more effective modified aptamer. Furthermore, Structural Biology team
succeeded in 3.2-A structure determination of LPA6 receptor (GPCR), and elucidated the novel ligand access
mechanism. Furthermore, Structural Biology team solved 2.7-A structure of Enpp1, which is involved in bone
metabolism by hydrolysis of ATP (PPi production) and is also related to type Il diabetes. The structure
revealed that insertion loop in the catalytic domain, which is lacking in ATX and instead forming lipid binding
pocket, is crucial for substrate (ATP) recognition, and elucidated pathogenic mechanism of bone calcification
and type Il diabetes. Moreover, the team solved crystal structure of Enpp6 complexed with phosphocholine to
elucidate the catalytic mechanism, and discovered that the choline produced by Enpp6 controls the
development of fatty liver and Alzheimer disease. Furthermore, the team successfully established the
overexpression system of P2Y10 GPCR newly identified by the Lipid Mediator team, using HEK cells, and is
promoting crystallization. In collaboration with Ono pharmaceutical company, the team is now trying to screen
and develop the inhibitors of LysoPS receptor. For innate immune signaling, Structural Biology team solved
crystal structure of cGAS, which produces cyclic dinucleotides (CDNs) to activate STING pathway for
interferon production upon pattern recognition of double-stranded DNA derived from viruses or
pathogens. The structure revealed how c¢cGAS synthesizes CDNs upon binding with external
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DNA, and the team discovered that ¢cGAS also affected NF-«B signaling. Intriguingly, it was
recently reported that Enppl negatively controls the STING pathway by hydrolyzing CDN produced by cGAS.
Structural Biology team has recently solved the crystal structure of Enppl complexed with CND to elucidate
the molecular mechanism. The team also reported the 1.5 A-crystal structure of DEAD-box helicase, DDX41,
which activates STING upon binding to external DNA or CDN to transmit the signal to produce type |
interferon. Structure-based biochemical analysis revealed that DNA and CDN binding sites are overlapped but
apart from the ATP-binding pocket. Alternative partially-unfolded structure suggests that the state accelerates
ATP release to enhance the turnover of the signaling. The team also solved the structure of the complex of
tetraubiquitin and optinurin (OPTN), which negatively controls NF-xB signal by competitively binding to
linear polyubiquitin against NEMO, and is related to amyotrophic lateral sclerosis (ALS). Recently, genetic
mutations have been reported to cause chronic inflammation. To fundamentally combat the genetic chronic
inflammation diseases, Structural Biology team started the genome editing project. The team solved crystal
structures of CRISPR-Cas9 complexed with guide RNA and target DNA from 5 species to resolve the basic
mechanism of PAM recognition, leading to generation of Cas9 variant that recognizes alternative and simpler
PAM sequence. The team further solved the structures of Cpfl, type V CRISPR, complexed with crRNA and
target DNA from 2 species, and revealed structural basis for the mechanistic differences between Cas9 and
Cpfl. In the near future, the team will improve the genome editing tools based on the CRISPR structure,
which may pave the way to treat genetic disease, including genetic chronic inflammation diseases, by gene

therapy.
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