[ RA

ER BHB TMA4ELA1TH
REEEES 21am0101108j0005

ARERTRBEINE AKET 1 791 =0 AR BER TR
FHIAR

NE:

I EARE#®
B FEMES © (AARGE) AT A 70 A = AW SR AR F 2
(a7 L4) (3% FE) Platform Project for Supporting Drug Discovery and Life Science Research

Ehuf Rk 2944 H 1 H~5f44 3 H 31 B

MY K4 (BARGE) ¥—uYy AZ U RNL—
(¥ EE) Daron Standley

WO HEHM LS PrRHER - 558 - B
(AAFE) ESCRFFENKRRT: AEMRITERT 2%

(%  FE) Osaka University Research Institute for Microbial Diseases Professor

11 fBhEEOME

Outline

We supported various labs with various bioinformatics tools. As our laboratory is located at
the intersection of the Research Institute for Microbial Diseases and the Immunology Frontier
Research Institute, we routinely work with immunology and microbiology labs. During the COVID-
19 pandemic, our efforts shifted in response to rapidly accumulating data on SARS-CoV-2 and

host responses to the virus.

Results

Multiple sequence alignment. MAFFT, a widely used multiple alignment tool, played an important
role in various SARS-CoV-2 related research. Customized versions of MAFFT were developed for
maintaining high—quality SARS-CoV-2 MSAs at the GISAID database. A large—number of high-
impact papers used MAFFT to analyze SARS—CoV-2 sequences (16 of which appeared in the journal

Nature) in the last year.

Protein—nucleotide interactions. Our lab developed tools, aaRNA and aaDNA, for modeling
nucleotide binding sites on proteins. A number of support requests involved protein—nucleotide

modeling. Host proteins such as Regnase—1, Aridba, STAT1 play important roles in immune
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responses by interacting with specific host RNA or DNA. We supported the Kishimoto, Akira and
Takeuchi labs to construct precise 3D models of these proteins and their RNA or DNA targets.
Hosts also interact with pathogens at the nucleotide level and some of our supports focused
on these interactions. For example, the protein APOBEC3g plays a role in restricting HIV by
binding genomic RNA (Takaori—-Kondo lab). The interaction between Hepatitis C virus (HCV) and

host replication machinery is facilitated by miRNA interactions (Matsuura lab).

Protein—protein interactions. We carried out modeling protein—protein interactions using a
variety of tools in support of several labs. One of the more challenging modeling problems
involved the assembly of the Ragulator complex, which is involved in lysosomal signaling, and
is wrapped together by a long, intrinsically-disordered protein (Okada lab). Likewise, the
proteins Regnase—-1 and UPF1 interact through intrinsically—disordered linker regions
(Takeuchi lab). During the COVID-19 pandemic, we studied the evolution of the SARS-CoV-2
spike protein and found that the recent evolution had introduced more flexibility, especially
in the N-terminal domain. We also became deeply involved in modeling antibody interactions
with the spike protein, in particular antibodies that were found by the Arase lab to enhance

infectivity (Arase, Okada and Kato labs).
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