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175
'3‘“5‘ B, HRMICHITERFOMRE (L) DREETH BB 7 A VA MeV) ROKRFFTEMBTTTAPSELA
7 R Z D BRI SN DAY TIRE (B725L0E) OBEKNTHLZ LY TAT A VA MuV)IE, i85 32
o VA NVAFHIE L, PRHRERBEEERI T EPD 5, MeVITRMHE 2 535D TP HA B o M2 iR b 4
* 75 (SSPE) R kB H A7 2 51 & Ly MuV ISR FMEA SR <\ BB A ¥ T A% - Ml W o 22 EE LG
5 PiE %5 X,
X 29 L7 R G, - FIEREE O KB IERBHTH %25, L  ORFFET — 21, MeVIZD W Tid2017-2019
El 4D J-PRIDE F3E, MuV 22Tl 2016-2018 4EFEDH L - PR AEFSE 23 U722 0 a5 & ERGESEIC X 5
i WF7EC. ARG W R 7 22 5 MeV O [l i R AR H IO R SR A9 22 MuV BESH S AR DRl E . ARG I B E 2 v 4 VA&
= HE OGS Z & W 4 )V 2 OHMNIREABREICE L Coro—Ma2 Ml L, DNEWE 7 VSR BREH] O | &
CH W L7z [MHFEDFER - PNAS 28t ] Virol 6#i58]o BUME, WIEHUE 12 IR SRS 1IR3, P AL
L7\,
T 2T, ARWFETIE, JPRIDEFRTHEL AT — & (VA VA% - L) 2
R -SRI O IREIGE T — 2) \NRE QBRI T — 22 M A, (MeV-MuV)
3 I 35 & OF SSPE MUV K iPS ML % J W 7B U 4 R OMESE - BEEE e Ve
MeV el O JLEBRAT, /35 3 27 7 4 L ARG e |2 0 B 7 47 3 IR AT {}i - %mﬁ“*

B L ORISR, S EREEH LHER T A v a0, WAV T 24 F F i“, . e
R NEYYIE TV & O 72 L ER OB B S 2 1T, SRS 2% ﬁ;| AT | [
BEE OFFZRHERE Ty /85 3 27 V& 4 )b A HRR AR 0 268 72 45 T HE e R & -
BREAIE BN ET 2 (), EESHEECIE, ATHAE % 02 55 51 E0H- SRROTRRME
SRS LT %o

AIERIZE Tl (LW - RTF K - itk SRR 7 ) 7 4 R 21T\, REAHIZERE 216 LT Bk %
W BB R AT, B - BRI T 2 F TR 2\ 0, RIFIEIC & 2 AR e R & A3
R ORI BB L. S B 2 WA d 2 A VA X BIFRD SV 73 v 7 W EIC D DR d B,
INEFTOMEBE LT, MeVIERE (F) BEEA~OMBOZEFEA LRI LY, FELEMES EOBEoMEIE
HASEA S NBEE A BT B 2 & TR R TR Y A VAMEL D 2 & 2B L720 F S mE 5
LC. in vitro CRIEDO B VRS ES T2 794 32 2 LIS I L7z,

Measles virus (MeV) and mumps virus (MuV), members of the family Paramyxoviridae, are important human
pathogens causing respiratory and neural infections. Globally, MeV has been causing outbreaks recently and over
200,000 deaths were reported in 2019. MeV usually causes acute measles, but in rare instances induces fatal and
intractable neurological diseases such as subacute sclerosing panencephalitis (SSPE). MuV causes epidemic parotitis,
meningitis, encephalitis and deafness. Large outbreak of mumps occurs once every four to five years, and over a
million individuals are estimated to be infected every year in Japan. Currently no licensed therapeutic agents are
available for both viruses.

Although the mechanisms underlying MeV and MuV infections in the central nervous system (CNS) remain largely
unknown, our group, through AMED projects, has successfully 1) revealed that hyperfusogenic MeVs can spread
in human neurons and in the brains of small animal models, 2) determined structures of MeV-F, responsible for
neuropathogenesis, alone and in complex with inhibitors, and 3) identified MuV glycan receptors expressed on
neural cells. As results of this AMED protect, we confirmed that mutations at specific positions in the MeV-F
protein structure induce the generation of mutant viruses that cause neurological infections. We also succeeded
structure-guided molecular designs of effective inhibitors for MeV in vitro.

Keywords 1. Infection mechanisms in the central nervous system 2. Viral encephalitis 3. Brain organoids

4. Modality in drug development 5. Measles virus (MeV) 6. Mumps virus (MuV) 7. Structural analysis
E & % BOR4E email : takaoh@infront.kyoto-u.ac.jp
MEEBR URL : https://www.infront.kyoto-u.ac.jp/research/lab02/
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Study of HPV-18 persistent infection and carcinogenesis in the
squamocolumnar junction cells using novel culture technologies

HARRREARE

EH D _}}:“ Ayumi Taguchi
RRAF ER AR B3
The University of Tokyo, Obstetrics and Gynecology, Assistant professor

RRRFSIEE

Ry
E # %$ Yoshiyuki Ishii ii? %Fﬁ Yoshitaka Hippo %*E ﬁki Kenbun Sone
E L EREEEM AT EEMRE FEEN AL 2T DR REAF HE0
National Institute of Infectious Diseases Chiba Cancer Center The University of Tokyo
Senior researcher Director Lecturer

HPV i TS O FIREATR (SC)) HEROMMICEG L, iz Ky S8, TESEORERNE 25 L% 2
bNTW5b, FESEROBERE 255 A2 HPV Y A4 I 13FEME I TS, 2OHTHIFICHPVISANIZZHE
BREBICILVEFRATELAONL 2L, HIPARE TRINEIMELS FHIPHREETH L 2 L. FEAROBIEICR DR
TWZENS, BREFICHEE o Twb, — Ty ZO2MELBBRECHBA MR EREIRHTHY, Th
LEMHT A Z &3, HPVISEE RO E MR iHREDOM OO EETH 5, Frld, TEHISCI L SDOF VA
A4 FEFEZRE Lz, 2000 FEE R L TETWYSPSHIIEHMN X, MiaZ i 00 bIREBICHELETX 2 %E D O,
ARFFETIZ I NS OFAICHEH LT, HPV IS 0 &e )l r B, J8AsE. LR 2 My s 22 HME L,
UTFo3o07ay 7 NaEITHTH 5,

@ SCUHANH /A REEORELE HPV B8 HD A IS/ 1 NIEBEOBIL

SCI]A WA /4 FREEORENELTH & L HIZ, HPVRETESTELE OF VT 7 4 FREZ AR T 5 SEMmE
10ER 2 HHWTH VA 2 4 FREFEZ 4TV, HPVISEIGMIERI LAER] & . HPV 16 BIRGHEREBI 25EFI D+ V) 4 FE:
L L $FICHPV 16 MO —MERITIEPBEIC O D AT e TH 5 2 L 2R L 72

@ HPV 18 EZERHRRDIER

TATIRZE T ROMEMILICB VT, HPVI1ISEIZHPV 16N L T, MEETHREIE <. HPVHESRIERIE
WL ERE L, FOBRERT-2#%57-9, HPV16/HPVI8 ¥ X Sl 7/ 0 € — ¥ —#HI (LCR) #/EK T 5 2 & T,
HPV 18 B O W fn T FINIAR W K 7 ¥ A I % W2 L 72,

HPV 12 SCJ DI g D i B e # L S8 5 L 2 DN TV B DS, ZOMEAHIIIERZEE S Tw i,
HPV I8 B M % M & 3 4 72, HPVIS-LCRiGH # FoMe CGFP&H Z 58I 3 A HPVIS-LCRL ' F 7 4 IV A
R Lz 2OREHWT, SCIHNVF /4 RIZEALHPV18-LCRIEM: % 729 A Ml o Hilk single cellff#r 2479

& B2, IPSHILIZEA LR~ 053 b4ef CHPV 1S-LCRIEMAL (GFPEHADIHEH) Z i+ s TETH 5o
® EEFRMRMAZE BN

HPV 18 D 5 AL i ek R 55 B 2 I 2 7201213, AR OMEZ IR T2 EREETH L, D70,
[A]—REBIPIN AR B DA ANRAE T BRER 2 W R, TR ZFhoMBIEN 2~ 7054 €2 v a Y ThILL., H#E
B RNAFRIT 24T 5 720 € OFER. HEEmMICe MEETRENSY — VPR, ZORB Y — VI3 EHBE 055
R TV, —F. AV AHRBEZEFRBOBT CIE. F—EFNTD AR 2 BB EDEE SR
TWVBZ Db ol, KE XY, BENHABAE—EOMr2+5 2 & T, HPVISHEROEEH X, FORKE
DE—BETH 5 HPV IS HkBIZ T YRR b0 ), BEOBMBELOERBE T, Bisru— itk b5
¥EBELTWAWREMEDE 2 bz,

Abstract:

Human papillomavirus (HPV), a primary cause of cervical cancer, infects to the basal cells of squamo-columnar

junction (SCJ) of the uterine cervix. Among thirteen high-risk HPVs, HPV 18 has peculiar characteristics such as

young-aged carcinogenesis, difficulty of detecting in the precancerous state, and highly frequency of adenocarcinoma.

These peculiar characteristics of HPV 18 make its management difficult. In addition, most of the mechanisms have

not yet been elucidated.

With the aim of elucidating (a) establishment of persistent HPV 18 infection, (b) its rapid carcinogenesis, and (c) its

regulation of histodifferentiation, we are currently carrying out following three projects.

1. Establishment of the SCJ organoid model as well as the organoid culture model of HPV-infected clinical samples.

2. Identification of HPV 18-target cells by developing experimental assays to assess activities of HPV 18-long control
region (LCR)

3. Analyses of HPV 18-infected clinical samples with multiple histological types

Keywords Human papillomavirus (HPV) 18, organoid culture, tumor heterogeneity
E #& % HOF% email - aytaguchi-tky@umin.ac.jp
ME=EHR URL : http://plaza.umin.ac.jp/tkyobgyn/recruit/
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Investigation of the role of host aging and local environment in
invasive pneumococcal disease

HARRREARE
== ”—l D B:Eﬂ.]» Masaya Yamaguchi
- KBRKZFE KEBTRFAH 7T 8D

'\ —'_). Osaka University, Graduate School of Dentistry, Associate Professor

AR IS

ﬁmﬁ j(ﬁ Daisuke Okuzaki , ”@ ;EB#& Kunio Kawanishi Vq% %ﬁ ? Yuko Naito-Matsui
KIRAZ $EEZUR (BE) B KRFE B3 BREERKF B

Osaka University Specially Appointed Tsukuba University Fujita Health University

Associate Professor (Full Time) Assistant Professor Senior Assistant Professor

RREHITRELIEDRRE - AR E S BMAEDRISHE. Eif

B9 BRI 1. MigeeMoiE . MW PERIE S0 £ 72 2 HHW TH 0. FAMEAL R RMEE o Twb, RiFgE
Tl BB RYEFIE O 2 T 5700, WEMROAIIEBTA2OTIE R, EEOMEEITI &R
FTRIBIDEDEAL, EYRPT OM W HEEEIC X 2IREBA~ORE, MEMSFIH T 5 REOEIZID HRERFRHED
b Vo ZBRICOWT MIES QUEL ) WS OUTE)  BEsEAE % (PR IVE) S kIt o — 7 & A fidT (B
W), ERRES (HHE, EO) OK5BFOEMRORGEEMEC X > TRHZ AL,

AT TIE B EOMEDIRGL I KITTHEZMT 5720, B~ 7 A B L OEH~ Y X & flio 2 BERBE475 .
F7o, MAEKEIZMPTIZZNVI—ZZFEL, MOV a— A3 WERETIE, B OERMERZEIZL Y ¥
TV T 7 b—A%RFZRELUTHHAT L, £ 2 C, BEHORREZE DM SRERE O 95 T2 %5 53 2 B = B
T5E LB, HEOHEIERENFOIIER N R THHIOWTEEBTRES T AZHCTHRAT 5, 512, fifi
REKBIIHMBEELZ HH OB ET )P —N—L LTHHL TV AWREEIVRENR TV S 720, MR #EI FHFoEE TR 6
BTN T 5. BHONTRBEEZBIIICOLIT S0, BREERLKSTLEW T A 2E R o REREZRET 5,

ARFZEETM %, S ER B RASRE DR T - IGHEERIE DM L 7 5 L & B2, Mo EYesE R JofE M B oo Hil 12
Bnh, F72. BWESTOEMEIEEE LB TFERE. SHBOF I U 5 BRYGYE % R $ % 720 O RO Fe ik
DN B H B DTH b,

e ) B (CRIORS: #d%)
B S22 (CRBRKS: dfhil)
L EAN (KRR B0
MROESIKR

WFZEETIE O FAT %8 UC. B RERE OS5 % O — D Td % BgaA DIMBUESFEORRERE T & LT 2 & %M
LI L72e T2y T HEALIEAT & BgaA O ARGE 2R E Lo R, WM OBENEWICHE I N TRV
& AR &7z (Yamaguchi M. et al. Front. Microbiol. 2020). BAE. BgaA AR E 1R ENI O W TN % D
fb\éo

BB, FEMIZHETOEMER T 2. WRRKEOKHE T ) AN 2479 X7 MEROIUE & AT ERBEORE
EEEDTVD, T2, TNTTHEN G o723 ¥ =B AMiRERE ORGSR ZIEEL., 7/ AEH DUk
E & RN 20 & NI 7 ) WRFT 24T - 72 (Yamaguchi M. et al. Microb. Genomics. in press.)o

TSR RGBT DM AW G, fEEOREPERICRITTBEICOVT LN 2EDTB Y, Iho DMk R%E
WAET 5D 2 & T gEk B ERAE D BRI DO W C LI 2 #f#E % BI85

Streptococcus pneumoniae, a major cause of pneumonia, sepsis, and meningitis. In this project, we focus on the
effect of host aging on immune system, microbiome, and host local environment such as carbon source variety
in pneumococcal infection. To investigate the complex problem, we team up with professional pathologist,
glycobiologist, next generation sequencing scientist, and clinical physician.

In this project, to investigate the role of aging in the infection, we perform mouse infection assay using young and
aged mice. S. preumoniae utilizes glucose as a carbon source in blood, while the pathogen utilizes sialic acid and/or
galactose in glucose-poor environment such as lung. Thus, we try to clarify the role of pneumococcal glycosidases
and host glycan in the infection and immunity using gene knock out mice. Since S. preumoniae has high capacity
to import genes and could use host microbiome as a genetic reservoir, we analyze host microbiome. To verify a
possibility of novel infection control strategy, we perform mouse infection assay using oligonucleotide therapeutics
and low molecular weight chemicals.

It can be the basis for drug development to identify the underlying mechanism how host aging, microbiome
and glycans affect pneumococcal infection. In addition, the collaboration of several professional scientists with
microbiologists could be useful to establish next-generation infection research strategy.

Keywords Streptococcus pneumoniae, Aging, Glycobiology
E #& % WwO¥t email : yamaguchi@dent.osaka-u.ac.jp
ME=EHR URL : https://web.dent.osaka-u.ac.jp/mcrbio/
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Atomic-level elucidation of host defense to disrupt Toxoplasma-containing
vacuole disruption and of the parasite counterdefense mechanism

HARRRERRE

[J_|2|§ B:E 4 Masahiro Yamamoto

Q;"-"‘/ KERAKFE WMAEYRIATERT $i%

. Osaka University, Research Institute for Microbial Diseases, Professor

e

AR S

1:EH 5t Ryo Nitta 1’{% i: Kohji Takei AF YRV — QY paron M. Standley
HMRKFE B RILAZ iz KERAZF iz

Kobe University Okayama University Osaka University

Professor Professor Professor

YT I ARIERZIZESEIC B TRIEAEBE THRIEOBRKE XY T XAELRFIERI L, F04R
RIERICEE L EREORELF R TAHEEERTH L, MY TITATR~T Y THERZ EONTRBEEHRII A
WL o TERZFHIEZFIZ R THMEARLEEZ E0HN,. BRZRICEEOREL BNEBHRGE L. RWICh--TH
KT B EVRZOHEHD—DOTH b, PFV TS5 A<~ T ) 7HE M & RT3 b3 geE Eia N et
EIFIEN 2 BEREER O P TO AT %o B - HREGT 5 NS O R 2 RGN 2 S HEBR§ 5 720121E, 16
FOMBEERNRERYZ OFEREZIT L) FHR 2 REGT 2 BER D 5. IWARIEILHEIIZA ¥ —7 =1 ¥ (IFN)F
Y GTPase TH A GBPA MV 75 A DESMIBHA TORBICHETH S I L 2R L, S SICHHOIFN FHEk
GTPase TH» 5 IRGB61E M ¥V 77 A~ AL TN AR 2 888 LR R 2 8045 L. R L~V THARBI IS &
HYBEEREFENRNTTHALI EDGD o725 —H. IRGB6WFAEMKZBIET 5507 2 = XA OFMICOWTIE
SELARYTH Y [HAERBERE | ORNEWIHRO 0D E 5% BN BLETH D, ZD72DIANI TIZIRGB6 X
TI/BMLANVT, TV M A b= AREOMBBE OB TE & B ICEE 2 GTPase TH B 54 F I YITPTnWBH T L
WCEHL, $14F I VOEMFOEMRTH B MRS, MEEYFOEMRTHLIH, 2L T, AYHHRFOTEMR
T % Daron M. Standley & L[ % 47\ IRGB 6 O B2 O RKERE N, HEAEW M. 2 LT, EWIEHRSNH
M aATo> T\nb, SR, IRGB6 ORESEMNT. R, FAENBEEREN (277-286 DIV —7) SEHETH 5 Z L Hs5
Mo TR E W AT O RZ R T . ZORE, Mo e ME/EH 2 U CHERBEERRI OfE 2 ZEt 385
Db R CTEALZ LS. HTF LAV TOFAERBEEBSEOMAN—BREAL, /2. IRGBOIHET S5 TT
HBHPVM2%EFH2ICRE L7ze PYM2KIEYY ZE b F YV 75 AV ERISERZWZ RT 2 05, 4HRIZPVM2D
IRGBOKAFI P M ¥V 7 I A RIBRGIIBIT 2 EH 2 AT 2 TFETDH 5,

Parasitic protozoa such as Toxoplasma and Plasmodium contain many pathogens that cause serious protozoa for
humans, and one of the reasons is that they escape the immunity of the host after infection and become chronically
infected and remain latent for a long period of time. Parasitic protozoans such as Toxoplasma gondii and Plasmodium
malaria grow only in membrane structures called parasitophorous vacuole (PV) within the infected host cell. In
order to eliminate these chronically and latently infected protozoans from the infected cells, the host's intracellular
immune system must break through PV membrane (PVM) and Kkill the protozoans. We have shown that the novel
IFN-induced GTPase IRGB6 is responsible for the defense response by destroying protozoans, but the details of the
molecular mechanism by which IRGB6 destroys the PVM are completely unknown. This year, we show the results
of structural analysis of IRGB6, especially structural biological analysis in which the PVM recognition site (277-
286 loop) was found to be important. As a result, a structure that stabilizes the structure of the PVM recognition
site by interacting with other regions has been revealed, and the elucidation of the parasite membrane recognition
mechanism at the atomic level has proceeded. Moreover, we also newly identified PVM 2, a molecule that binds to
IRGB6. Since PVM 2-deficient mice are highly susceptible to Toxoplasma gondii infection, we plan to investigate the
role of PVM 2 in the IRGB6-dependent anti-Toxoplasma immune response.

Keywords Toxoplasma gondii, IRGB6, Parasitophorous vacuole
E #& % IWAMH email : myamamoto@biken.osaka-u.ac.jp
ME=EHR  URL : http://immpara.biken.osaka-u.ac.jp/
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Elucidation of properties and evolutionary mechanisms of
virome involved in progression of pathogenesis
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WAE, BRA eIREE L U A IV AR O BEAENT S, BRI KO AL 53, BERE, BRE. Celiac)i D IEIEI,
RNAY A NV RERDHEGARIBEIN, T7F VR ANV AL - THRENWETX 2T REEI MR VTHIE S
TWwh, 36T, WY =7 v =12 X 2ROBTOERICL D, REEOT A VAN MIEHEREL., 71V
x%ﬁ%&éhfwéT EMATRIBEEINTWAS, DI &, PWERZTTIEZRL, 74 VAD XD S R A5
RADORIERERITE L TO L REEZ/RIEL TV,

HEEE oI nif®ﬁnﬂ& v ST ORERD S RNA T A IV A 3 MICIRE T 5 P2y L B
ST, COFEEHVSEZETRNAY AV AOKEEEIX 10005 LR EL. ZHE TR TH > 72RNA Y
AV A DHFRNIRBED RIS e o 720 SHIOMES Tl RIBISEE IANABBEONT Y APMKE L2 7B L0
ﬁ%ﬁyiw%%ﬁﬁﬁﬁﬁé:ktiof‘ﬁ%ﬁ%%?é@%wx®ﬁﬁtﬁﬁélkﬁféék%ifw%oé

512, BB TV 2T YA VAERZERT BT AL VADY ) AlCH) % Deeq Sequence TEEMIZIRITT 2 2 &
T, ELHBOMBHEIT) o ZORREEN=2IEUENZHOWAEIY I 2 L= a V&7V, BEOZERICHE) ¥
ANAFEOHBAL L HEFREANORBE XS 2T 5. EOBEHIL D, RIELE IA VABRGEDONTG Y APk T 52 LT
EDEIBIANVAENEE IR, EDOLHITHELL, MIFIhrrE2MHTLZ 2 HIET. (1)

INFE TS, ADOIFIEALED S 2B DM D 7 £ WA L SFFHOFH Y 4 W AERA, < 7 A O JFIEHLEE 2 S BE
DDA NVAD, FoOWERD S AHEHOTIR T 4 VA BERBFEENT WS, FHE. ZNHD AV ADERE)
TEEAARAT VD, T/20 ADNIR K. HIVEEOME. =21 AAEHARDE EH
VO VT B O Z ED T VD, S5, FEEINTZTAN womsesy ) (7 O1ABORRER

AY ) DRHIB LA NARY ) DRIIEBA /27— Y N=ATHD | wnwnmawm| | T TR
[Replicating RNA virus genome database] ORESED HEfii % Bk L 72, i YA }\\,%\Q i‘?&g}: = Q
ZIKBT%%?EETZ) Z k 4;9‘( {V.‘Ajhh 4%@?%@/{)1/}(%]:]%‘;_6 1R Weh R L

XD, REEREZ AT 272007 4 VAP E W) F2BHERE | e sOmostmEcsoR

WHEZER DI LENTE D, 6T, TRETIHMILLZRNAY A VA 1q‘ 2 &
ZEGY AN ABEORFHMN D) OEMEEL LT, A g,s'.rc, o mww
25 5 &5 ML dsRNA-seq & IV 5 2 & Ty M4 RSB TY 4L R J e

B L RBOM Y & AT 2 BREW A TE 5o ARHCE, BOA | o o
T ZE R & OIS HE R T S, N g o J

HIV

In recent years, many reports have shown the relationship between various disease states and viral infection. RNA
virus infection is involved in the development of not only cancer and hepatitis but also diabetes, kidney disease,
and Celiac disease, indicating that vaccines and antiviral drugs improve pathological progression of these diseases.

Furthermore, with the progress of comprehensive analysis by next-generation sequencers, it has been suggested
that virome may be composed of many unidentified or well-known viruses. There is a high possibility that properties
of virome is involved in the occurrence or severity of diseases. We have established a novel method for efficiently
searching for RNA viruses in animal tissues. By using this method, the detection sensitivity of RNA virus has
been improved 1000 times or more, and comprehensive search for RNA virus, which was impossible until now, has
become possible.

To date, known viruses and three new virus candidates from liver tissue of people, two known viruses from
mouse liver tissue, four new virus candidates from adult mites were identified. Now, we are trying to determine
the sequence. In addition, we are preparing for analysis using human lung and colon, HIV patients’ blood and
monkey’ s liver. Furthermore, we have started preparations for the construction of the “Replicating RNA virus
genome database” , which is a database containing the sequence data of viral genome and virus-like genome.

Keywords 1.Virome 2. Quasispecies 3. Virus evolution dynamics 4. Pathological progression
E #& & EBEE=N email : fukut@pop.med.hokudai.ac.jp
ME=EHR URL : https://biseibutsu.med.hokudai.ac.jp/
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Elucidation of SARS-CoV-2 transmission mechanism using
advanced forward and reverse genetics
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fEP % 0 3 RYIE O FRAE 1 20194F 12 HI2584E L3l o a F- 7 4 v R J&YuliE (COVID-19) o 2uadi gk, fh 4 -
BFEHOMAMREELLFNTB Y, FEIENORRIIBRBEORE L %> TWwb, COVID-19DHFEATH 5 SARS-
CoV-21%. SARS-CoV & L THIHRIZE D O, BEIKOEZIISARSZ EH->TH Y, & b-t bIHEER)
BRRBOI EFTFRENTVD, T TRIFEIR. b bt FEEHFICEE R E5GBICEB %5 SARS-CoV-2 DGk &
EIEA = XL 2T 52 LT, SARS-CoV-2 DHEEFIH & COVID-19DIE A 2B %) 2L 2HWET S, B
JEMRE & e BARMET 2 720 DS 5 Bse s ol a4, B AR TR, BN AT AT 520 T o
REEXNTHILT, HEBIOTA NV ZAMOWME L 0 EE RS L SBRIEFOMENT 70 —F%2BI %9, HE
B2 51, T REDOWES & & HIZCRISPR-Cas9 Y AT AL Y bdF ) M2 D 5 MlEF 2= e Lz
gRNA S A 75 ) 2HVWTHBIETE /v 2777 ML, EREICBIT % SARS-CoV-2 DMFEICE b 215 E KT 2 HET
Bo AV —Z VI TRRBLABIEZEIZOVT, Ay A VASEBICEERNF2AHTEA DXL E2HLPIIT 5,
T ANAMDSIE, SERKFEORKRKS L L BICDNAWH 2O KBER 2 V5 2 & ¥ — 4 L AICHEK L THRIRDNA
ZWIET 22 VT, FEEOBS) %2 FHDSARS-CoV-20 %/ A RNA #3833 % BRIKDNA % fifi il >0 i3 (2 {8
T %o SARS-CoV-213BWCHKTLELEEZONTEBY . I 7EY H 5 SARS-CoV-212K b iLiEN 7 £ )V A (RaTG13)
MEEZIN, ErFraohr s dmo 4V A1k bwILE@#eE ™ 4 )V A (Pangolin CoV) 2 &N Tw5, AHf
ZETIE. BT A VAL SARSCoV-2DF AT 7 A VAZRERLCHKT S & T, & b ESETOMAEMEICEE 2
EETEH ZFET 5. HEOEEIRN - RMEBIRDNA % 3B N CHERs, WIEd 22 LT ATHIZSARSCoV2
EEWTAHIEIEI L2 L LA SR SN Z 7 A VAICIIERPEA SR T2 KEETor o —
VT EHAEDLEDLIETUREBI o TWh, b M ACE2%E MBI A549 M08 % Fv» T SARS-CoV-2 4L l2
X MM E L L CCRISPR-Cas9 v AT LD gRNA S A TS5 VA2 ) ==V F B holzb 2 A, ACE2%4
CEERFPRE SN HEHIC EWVICH o 2B/IEFEICOWT Y v 7 7w MR ZER L TY A4 )V ABREADE
BERFML TS, SZETORNRICEY, F v A NVADONLTAREDSTHET. SN, F7-SARS-CoV-2 DHEHHIZE 5
FTAHMOBERMAEAFARE SN2, S5 E MDD B 2 L T SARS-CoV-2 DM L {LiFEo—In 2 M TX % &
EZTWh,

In this study, through a multidisciplinary researcher who has advanced research methods, a fusion approach of
forward genetics and reverse genetics is performed from both the host and virus side. By knockout of about 20,000
genes in the human genome using the CRISPR-Cas9 system, host factors involved in SARS-CoV-2 growth in the
upper respiratory tract will be identified. From the virus side, using a technology to amplify circular DNA by
seamlessly docking DNA fragments without using Escherichia coli, a circular DNA that expresses the genomic RNA
of SARS-CoV-2 can be easily and rapidly obtained. SARS-CoV-2 is thought to be of animal origin, and the virus
closest to SARS-CoV-2 (RaTG13) in bats and the common ancestor virus (Pangolin CoV) closest to both viruses from
pangolin have been detected. In this study, we will generate chimeric SARS-CoV-2 viruses with animal viruses to
identify gene sequences that are important for growth in the human upper respiratory tract.

Keywords SARS-CoV-2, Virus transmission, Reverse genetics, CRISPR-Cas9
E & & WB&SF email : makino@infront.kyoto-u.ac.jp
ME=EHR URL : https://t.rnavirus.virus.kyoto-u.ac.jp/
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Elucidating the regulatory mechanism of influenza virus
propagation by liquid-liquid phase separation
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MEPICIIIBERIC X X% LTF V37 R RNAWRM S NIZEDO R WA VT AT PGS HH, 7 V78
% EDERO MR & 5% L 7RG CTHREE LRI 24T O -8 (liquid-liquid phase separation: LLPS) 25% 415
DB TH DFIMERSHh LR olze TANVAERIZBOTE T A VAT V87 A OWIHBEAT A )V A B %

WZHIET 2SS DS NAED TV D, £ YV INVZVHFI LN AIZBWTIEIA VAT ) A vy AR
(VRNP) ZSHIIB I BT EZ KT 2 L Wb ). GEi b L7727 ) ARNAVHEET LAY THEELHNT
WA, vVRNPHIHZE O ERIIMEH SN T v, KR TIEY A VARNAR Y 4 VR T V% 7 EHWERTE I & 1T
IHERIIOWTH L, HHIEHETEOP Y 4V AERBICBTEZ 2 HNE T 5,

R EFMA B DRSS, FiE

AFFETIIHEEAW %2 B RIS LLPS OB Tt 0O H 2 W5 E L d#ET 5 2 &L T, H#E AFM % cryo-
EM % FIH L 72T 47V, 7 4 W ARNA- % 2 37 B A ROWHEEREREICOWTHLrE T4, /2, Tu—7,
RHEHIBHIE O 72 D \CH AL DR FEE & s U CHREMIT 2479 2 & T TFRM iy 4 )V A SRR ICZ 0 MR %2 1%
2ULMMICHEZ DL Z 3 TE L EWFEINL,

MR ORI
TANRT ) DEREFRPTHERL VIV VY 4V AR
G B W TIE VRNP AN S < 2 ). vRNP &&A7 I
&75‘ ThbEIREEN, vRNPIZ/MERXIZES§5 % v o8
BTHAHRablla b HFET LI EFMEEINTVAED, FIF
Y MAKF T 4 7 7% Rablla (Rab11DN) ZEHMALIZ B W TVvRNPI
Rabl1DN & L BES TN TREERET LI L EWH LN E L
(K)o N e DR %E LIS, Rab11 DN ZEBMIEMNIC B 13 % vRNP [ . A
@“?Iﬂn“?‘?%ﬂ’]*ﬁlﬂifﬁﬁﬂ |:Jr.ﬂ;712‘ 0)’[‘%%: % I,E.T:Eﬁt“) TWwh, Magenta: vRNA (Seg5) Magenta: vVRNA(Seg5)
VNP ¥ 757 HTh D NPON AR E CFPIME LIA  erogiaes, | S Fagia O
25 N HIGRBRAENTHIE R IR L7z BUE. MBI To vRNP
WG ESE10 ALV RV —24A RabllaBEHRERB L, ZOHREKRETO VRNPHITHEK O 5485 217 -
TWwWb, 72, REENICBWTY Y32 DO LLPS #4gite, HET 2LEWE TN ENRB L7,

MDCK cells, 16 hpi

Membrane-less organelles such as P granules assemble through the condensation of various proteins and RNAs into
liquid droplets. This process is known as liquid-liquid phase separation (LLPS). LLPS yields malleable and dynamic
liquid-like structures that facilitate various biological functions. Viral genome RNA with nucleoprotein (NP) and
polymerases (viral ribonucleoprotein: vVRNP) forms liquid droplets in influenza virus infected cells. However, the
role of the liquid droplets is not well known. To reveal this, we utilize in vitro and in vivo analysis and chemical
biological approach.

By using recombinant virus containing mutations that affect viral RNA synthesis, we revealed that formation
and size of vVRNP lipid droplet depended on the amount of VRNP. It has been reported that vRNP is co-localized
with Rablla which is associated with secretory pathways. We also revealed that vRNP was not co-localized with
dominant negative form of Rablla (Rab11DN) and formed large aggregate in cells expressing Rab11 DN. We now
try to determine the conditions for making vRNP LLPS in vitro and to identify global intersegment interactions in
wild type and Rab11l DN expressing cells. In addition, we found compounds that inhibit or facilitate LLPS in vitro
system. We plan to synthesize derivatives these compounds.

Keywords influenza virus; liquid-liquid phase separation; RNA-protein complex; segment assembly
E #& % ERECZ email : takizawan@bikaken.or.jp
ME=EHR  URL : https://www.bikaken.or.jp/laboratories/virology/summary.htmi
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Dissection of host liquid-phase as a target for antiviral therapy and
vaccine development

HRRFRARE

EIEI{E% IEE Akatsuki Saito

Bl KFRFPEREST EHUR
B University of Miyazaki, Associate Professor

RRRFSIBE

|I!T'ij7~|§ ?ﬁﬁ Toru Okamoto :':t':*;‘r hﬁg‘l\ Shige H. Yoshimura
KR K MERIATRET 2% RBAFAFREGRERTT HEHR
Osaka University, Professor Kyoto University, Associate Professor
BRR7%Z Big 9 RREEDRE

AFFERFEHETIE, 79 EIANADATEHAEBLOZOMOT A VAR E 28 & L, s s % 2 F)H
Ltﬁ{wxif&%m%mﬁﬁ%%%#_TéoEW% X, DUF OFEEMRGR 2 MREES 5 2 & T, A5 % il &
L7274 VAT A2 LWAIRICHES X, Jiyv AV 2AERHEHEEY 7 F V2% L. ENRASGERSNE T
TEEREL T HHNHANORRICET 2R 2B AZ L2 HWE T 5,

- TEENTOFH 722 BAAIEEAC L 2 EERE S AT L7500 ORI - IR
- 18 F RN O JEBLEA /N E O - MREREEIC X 2 RO HIE GR-oMD)

- WA R LB - fEoRhE b & s
MR EFhE BT DO REFMAZOERIHE, EHiE

RIFFERE T, VANV AEEEME T O, MRS M e 5L MAR, AMPHsr M e 5535
D 3F—2HEHE L CTRAOBREMTEDORITICH -5,

MR DOEMIRR

INFETIT, HARBMEY ANV ADO a7 EBAEH. MBNIERBEHNRE THE2B/MRIIRET S22 LICERL, UF
D 200)?%72'&”1 75_’1ﬂ‘to
O a7HEAEE. B23E0oB/MRERE LR BAT [E-HHEIRE] 12d 5,

@ I7HEAEE. Crm EFIEAMI RS S, MIE CRRRE S 2 TR 5.0

BAKRB R 2 L TFIZEE T D eG4 » /82 B (PA-GFP) #RlGg 887 a7 BE 2 58 Ic 5B 8 ¢,
BAMKIZRIET 5757 v a VIS LTS E B o 2 hDRAELLE Y4 L5 TATHE L. ZOFE, a7
EHEZ, BMEEBEEOMZ 1 0 REORERTBIHLTEY., WhWAHMHIEWEHz Lo, T2, ¥
IMERDRERR 5 VX7 ETH A B2 L WMOME 2R3 ZomEEa7E&AEER 252, 2T LITHEY
L7z0 1D Bo/MA% il S8 % ER 2 B2 Mmms 5 & 3 7&AE SBEICEET 525, Eiﬂéh<t ﬁ
IMEOERER L L DI T EAEDBMRICRET 5, £oT &&%W@:?%EEi ] 3 B 7 Bl Y S TR
%o OI) B/MRIZRELTWAa7EAER, =7 AR—F 1 VIREMICEIN % S R, ﬁ%*ﬁﬁf%%gww
YERROMEICIRET 5o L L. B23IWEEBHNICE EE-7-FFETH L, IV) BRL-aT7TEHE L B23ZHWw TR
BAENTHMGEET v 1 282 %9 &, a7EAEIIENBEERTRIEGH R GG Lavds, B232ESR
W[ ET 2. U EOEE»S1E. a7EAED. B23EMMELHHEE THAB/MEIZREL., 208k, Mg
(2% SN FRCR OB ERZ LT 5 L WO BRLBI & SR 2 T %, BE. I 7EAEDS. 15 00/MED
MR EHRE & DIHIEICBE L CW A0 EREEFCTH %,

In this project, we aim to clarify the impact of non-structured domain of viral proteins of flavivirus on formation and
function of RNP bodies by focusing on their characteristics of liquid-liquid phase separation (LLPS). We will examine
how viral proteins control and hijack intracellular membrane-less organelle formed by LLPS in the host cell. Since
core protein is localized at stress granules and nucleolus, we will evaluate the effect of core protein on ribosomal
biogenesis and formation of liquid-phases. We also aim to generate recombinant flaviviruses with mutations in non-
structured domains of viral proteins to test their replication and pathogenesis in vivo, and examine the effects of our
compounds on formation of liquid-phase. Since our candidate compounds targeting liquid phases strongly suppress
flaviviruses propagation, we believe that liquid phases are promising target for drug development.

So far, we obtained the following achievements. i) Core protein of Japanese encephalitis virus (JEV), which mainly
localizes in nucleolus, exhibited liquid-like behavior within the nucleus. ii) JEV Core protein is exported to cytoplasm
by Crm1-dependent pathway and form granules in the cytoplasm, but does not carry nucleolar proteins such as
B23. iii) Purified JEV core protein did not show LLPS by itself, but preferably co-localized in the liquid droplet
formed by nucleolar protein B23 in vitro.

Keywords Flavivirus, Liquid-liquid phase separation, Disordered protein, Pathogenicity, Attenuated
vaccine, Antivirals, Insect cells, Innate immunity
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"
"j;; [ARMEOER LB, FR%EBIETBAENZHE
7% PFRURGIE 7 5| Z8 2 3R EMARIL. RRICa—H v, BICZO— VT T LA 7 ORRE %5, FiE OB
7 & LT, 7 97 M CE B 2 S AV /IO AME 1 201345 I AT Tt S AT LR, BEBERICBE S REL TED.,
g ZOBIRIFI0% IS FBEHEIIOWTIE, BEROBEA L AREE OB TH 2 aa -7 4 R ERGE
P (COVID-19) 238 6%, ITNOHOREKRICHT LT 7 F v BILOBRFEOMENZERTHED SN TWE—FT,
= ANV A IEBIIEIZIT E A LA TRV, L7t THRBEKYWE 2 5] &2 2 3% FAR ORI AR 12O w
T Tt AP EIHE T Bo FITRAZTA TEVA A=V U F Y AT A RREE L, BRELEY A VDR
i NBREZEERTEDOTHHIL L EE 2 72, RIFROHNIZ. YA VA LEERTOMEMERERHL, 24 v
7o A - RNP OB K O % il 89~ 2 7= A BT OGRS HKT 2 2 & TH b,

(AR EFNEBHRCTDHDSHBMEEDREHHE, EiE)

HEE IR ZE T, YA VA Y Uo7 BHEAKROMIEAN TOIL ML - MifH 2 HELT554 TRV A=Y
VT VATLEMEEL, RNAYVAVAOMIEHNEIEEZ BT A2 LTI Lo RIFZETIZ. SOV AT 4% EIEH
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Emerging infectious pathogens often cause local and global outbreaks. The former, Severe fever with
thrombocytopenia syndrome virus: SETSV is important in Asia. The latter, SARS-CoV2 is currently the most
serious public health concern. While research on vaccines and therapies for these pathogens is proceeding rapidly,
basic virological research has been not yet enough to understand their lifecycle. Therefore, we aimed to visualize
the life cycle of highly pathogenic viruses in infected cells and reveal the molecular mechanisms of their intracellular
dynamics to develop novel therapeutic approaches. We have previously constructed a live-cell imaging system to
visualize assembly and transport of filovirus viral protein complexes (Takamatsu, et al. PNAS.2018, Takamatsu, et
al. J. Virol. 2020). In the current study, we apply this system to the other highly pathogenic viruses, such as SFTSV
and SARS-CoV 2. In order to elucidate the intracellular dynamics of these viruses, we would like to apply organelles
as a model of host cellular protein candidate which mediate viral and host cellular transport machinery. The viral
specimens are purified in these processes, will be used for cryo-electron microscopy to elucidate the mechanism of
viral RNP assembly and transport. The roles of our group researchers are described in Figure 1.

Keywords Live cell imaging, SFTSV, SARS-CoV 2, highly pathogenic viruses, intracellular dynamics, RNP
assembly, RNP transport, organella, cytoskeleton, electron microscopy, bio-image analysis
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Interdisciplinary study for grouping HBV Q’atients and finding
an optimal drug strategy based on "Hybrid big data
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HAE, HBV ISR LU OBRE 7 - u 78 2 AT, iy 4 )V 23R FELLFICEIZ % 2 & A5l hE
THHN, THNOZEEHE A DNA (cccDNA) 22 3¢5 Z L3 L V. T2, BT Fu 7 8O % Hhikrs
% L cccDNA 2> 5 D7 A )V ATERASENEEZ BRGS S VR RDSTIR T B IEBI S B S Twb, — /T A vy —7zar
(IFN) % H W72 e ClI 0% BREDOZNRTH L7 A4 VADREHGR 2 ER X280 H b, LL, EORRIER T
TR EBENTW SO WHMEICHTHET A Z L RBHFATIETE TV AL, /2, HBVIEREEIIBIT 57 1 V25548
KT 5729121, molecular reservoir & L THHHBIAZPNCHERE S LD cccDNA DIERL - 55 4 F 3 7 A % w2 BYF
L.cccDNA O FERER 5 30 % GRS B UEDN D 5o FA7z BIIHRGE % REICRA L7 R0 AIE 2 B L CB 0. T1.
HARPIZ BT % cccDNA DR - 7R3 4 F 3 7 Aogi] [2. IFNIZ X % cccDNA MR X 1 = X L D45 T LX)V TO
fRAAL T3, IENGESEGIOBZRERML] T4, IENEE LY SHICB W BEHOREGRRE OS] # HIEL Tnh,

AT OPELRFETIE, USRS TH7 L 72 S8R HBV IG5k 615 O N2 3287 — ¥ 2 BPLE T VIS L D 579 %
Z & TRASMBAPNC BT 5 cccDNA DR, - 5fRT A F 3 7 A% ER
EL. EHIWIFNRIICE ) ZNEDNT Y ANED X IIZELT S ew
DR L7 SEOBEHTIE, £ 0ARNORHSECRE N

BSEEREETNVICIIMP AT —HOETTFN

D e
" .

Bl (PHI) TRl L R ERORIRE BT 2o s, 1] Trreereeny ] moomme ] e e
BONTEET — 7 OfFNTIZ. PHHIZB T 5 HBV &g % itk L 725

HEFNEMOTHH L7z 720 in vivollBIF 2 HBVESRZ RO T o T e — ong S o
L TWAEETFTVEEZ N TWA L NFlEZE>F A5 < "

A2 & 2 HBV B SBRDRE ROV T b BT 20 BT, F AT | o e e e

o LIPS |
i, e o

& A DKHIA HREINEI L7 4 50734 F % =% — (HBV DNA, T wrereerea b e e F i,y
HBsAg, HBeAg, HBcrAg) %NS % 7:0 DL BEEILE T VIZDON
THHAT 2, Z0H. NSO = —ZfNT 52 & THDS
N7-HBV BB ERMMAIIOWTERET S (K1) DX Z2HfFeriitid. HBV BEm BORRED AR Y 7 BLF
WZEAY B HROAIINICB W TEEE R EELRMRE b, o BEPHCIE ZHEEFY V7, avda—%—
YIialb=vary. A7)y FEy 7 F—%, Bl ETERTTAERNICAG IS T7 7T —FIZonTHIHE L 72w,

— HEV ONA = HEtA) e HEaAQ = HBTAY

Nucleos(t)ide analogs (NA) treatment to HBV-infected patients can reduce the serum viral load to under detection
limit, but HBV covalently closed circular DNA (cccDNA), a template of viral replication, in the liver is not eliminated.
And, after withdrawal of NA, HBV frequently produced from cccDNA, which makes the cessesion of treatment
difficult. Treatment with interferon- @ (IFN- a ) can sustainably eliminate HBV in around 40% of patients, but it has
not still well been understood which factor is essential for achieving the viral response. To efficiently eliminate HBV
from patients, it iS necessary to quantitatively understand the production and degradation dynamics of cccDNA that
is maintained in the nucleus in infected-hepatocytes. By taking advantage of the platforms including mathematical,
clinical, experimental and artificial intelligence sciences, we propose a completely new idea for tackling the above
HBYV clinical problems. Our results will extend profound understanding of HBV infection, and provide solid scientific
evidence for the establishment of novel prognosis, diagnosis, and treatment measures.

Keywords HBV, Mathematical Model, Data Analysis, Animal Experiments, Clinical Data
E #& %& BREEFE email : iwamishingo@gmail.com
ME=EHR URL : http://bio-math10.biology.kyushu-u.ac.jp/
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Signalo-geometrical and computational fluid dynamics analysis of lymph node
local B-cell responses as a basal domain of virus-neutralizing antibody induction
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Py A VAR PR R, HEERTEL, w1 VR / Tﬁi%’?ﬂ@%%%@%’ﬁfﬂ& LCTHL, ZOERWI

RIEHARN — 2 DEGR O FH A~ FAHTH B0 In vivo (P PRS0 EAYA EBMBEE LR EDY

YONEIMUNERETH D, FOBROMBIMAISELEEROMMOETH Y, BT ARSI 2 Ll 4 &

&ZJIE TR OEE f)‘"kbbf’oﬂ% REZ I VRERET AL VA (SIV) EP*D?ILW%E?%TW%@’]‘E@“EH%
T, Bfﬂ]ﬁ@,/7‘)‘}W’mﬂz‘:%@owﬂ—‘ﬂﬁ&?)‘&ﬁ%ﬂ’]mﬁ:’Efﬁ/\-ﬁ_‘f’uﬁﬁf‘!‘:7‘11/%)‘5%14‘ B D MR 2 LS
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Empirical = Designed % 2 CTOPURFEEHI B O AL 2 IH ) o

HiR% - 29HEE
RFEY ZF VAT HOBEIZ L 2B OB 2 IR L 7-BMldEEE 7 VoS (+f#iBESIVET VO

) &, BENA %A BANL / PURIS S o & 2 il % Wi Tk %,

(1) < AYEFEORIEM /S5 X — & AIEEE (RFE + o ILA + )

PR G~ 7 A G:%E@B-’Fﬂiﬂ'@/7 FIOVARAE - FHER 235, PURISE OB D X A ba: - MRS - RIEFRR
T A—F RafEERL, (2) fEHICHET 5,
(2) %FﬁBfﬁﬁiﬂ’ﬂFﬁgﬁii‘ET)V@mﬁ?f%FHﬁNODEJIE (k3
RFEW Y 7 F VI OMINE - HLAREAL OBATHAY LB, K OHUR - PR UL O TR F O AR )1 R 4 —HE I KA
é?ﬂ%Bn}ﬁEHg,ﬁgﬁ®ﬁii%?)D GMERSEH Lo Rk 2 B/EME) 2. (1) 28F2A X799 7&YE
0% ‘l B Uo

(3) SIV HhHIPUIKT ﬁﬁETJl/%:ﬁtﬂ‘ﬁﬁ L 7z SR B RIR R B S = T (8%

(1) HoOFHRERFEOT A MRy NIt L, SEAEENOMA %23 HIZ, SIVE TV OMBES: K U515 BT
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EBIRR

(1) ¥ 3) OFRBMEPLAEMIIC T, WEMEEHENefICLLBCRY 7 F VREHOEHS L L TZ \?E‘f’i’ﬁhﬂi
L7z ZORIRAIBHIILAW % B CREA AL (RF). BCRERHED ) Y BL 71 74 I 7 AT (4
HhiAR) ’i’ﬁﬁﬁ‘ﬁﬂ‘]“(“jﬁﬁ?b“(b\éo

(2) BHBEREFVOURZH#EDZ (RER7 4 — )V FERGER),

(3) V) Y SHIBMIEIZ SIV 239 ¥ 7 F VEEE QMR 2. B LR o gt (GHEER) RO A ¥~ 4 AL
Image Stream X MKII'Tfi o7z (f{3). ®%EIHED L, WEISERHHO Y ) —F IS T 2 =¥ ’%2@%%’2\ B
m2woesr — b URSEMEZM ) PREEER Lz, RPREEBWFEEY 2 —VRGE (7Y 7TEMEAN) 12X 5 —
7y ]\ﬁ}ﬁﬁﬁﬁfﬂ“%fgﬂt?ﬂfﬂﬁk A% L, ERREt3/89 XA —FDEAIZ JZ DYty ) 4 XREDE ﬂ(ﬁfé‘éﬂ

Bl Nef 2 58 A3 SIV &G ) & /8Hi 12 THER A BRI ERIRAICA U A IREZ Ao TR L7z RFEEIEHHHM: -
FABITEH I TIRE - ITHTREE 2o 720

Antiviral antibody responses are modulated by antigen input, viral perturbation of host molecules and viral/host
polymorphisms. Stoichiometrically unraveling this entity is essential for developing antibody-based protection
strategies. The smallest canonical i# vivo units of NAb responses are lymph node microcompartments such as
germinal centers (GCs). Quantitative characterization at this level is important to understand antibody responses
in vivo. This should require mathematical insight comprising biologically adequate choices of described network
molecules. We have previously deduced from analysis of simian immunodeficiency virus (SIV)-specific neutralizing
antibody (NAb) induction that various types of NAb impairment may be commonly explained by a specific pattern
of spatiotemporal constraint on B-cell immunosignaling equation systems in geometrical fields recapitulating GC
B-cell regions, which we here designate approaches as “signalogeometry” . Extended from these, this project will
couple two approaches; one is obtaining a milieu of immunological data on mouse protein immunization, variously
modulated pharmacologically for canonical axes of B-cell immunosignaling. Results serve as parameters in the
second approach which is a 4-D reconstitution of 7z vivo antigen-B-cell interactions assisted by computational fluid
dynamics analysis and geometrical approaches. Furthermore, we utilize our archived SIV model as a testbed for
quantitative/pharmacological insights. Such combined approaches should generate a robust mechanistic platform of
B-cell responses, widely applicable for viral infections and durable by continuous updating.

Keywords B cells, antibody responses, computational fluid dynamics, signalogeometry,
SLN remodeling
E # % WAKZ email : h-yamato@nih.go.jp
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Development research on anti-paramyxoviruses based on
virus-host interactome analysis
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NT IV IANAE, AR TRE (L Y T RA)RMBICREEIN L EGWERIYEN S, 54 Y TNV o4
VR T & DI EREASE, BRI 7 =287 4 )V REPHE R EEHrOERBRAETI &R T, MR - BiEE. RER
GHEREZFNIIST I 7 VI A NV ABYYENDOWFKZZHTHHICH D S, BHREEREIIFEEL RV,

7 AV AT SR AR, EEMBOEIERELTIACHHLEESBEDT ) ABLOY U7 HEEK. 3612
FHRIANAZEEL, BEZEARSETHL, Thbb AV AE LI, BEMMICERSTL2 74 VABLOEE
HWTOLH L MEEH OB TH 5, RFFEFETIIEIMBICB I 2EE- VA VAMEER A v b7 — 27 O0&KE
FHOSMPZL, HNTG I 7 VI AL VAEORRNED LTS, 85 I 7 V94V ARGITHNE A, RNABER, k1
D3I DODAT =T %RT, THRIANADEAIIESL, T TRENLNRNTIZIIANATHILY TATA
A (MuV) 2 & F VLRI S T A2 ER T2 ENICHERT 5, TT7AMVA0MBRAL X URNA RO
SR ZIWH LZZCRISPRY / AT A4 FAZ )=V F VAT AR L, ZRZFho#fRIcl5§ 55 ERTFoRE
BB %4790 F72FD72HDin silicoffiiA4 754 v ORESE - MR L EbETHED S, KICRNAEHE X Ok
THHBRBTTIANAY YR EMEERT 2 ER T2 HBNICHE L, £ Y557 M — L@z E_T 5. H5
NIAREHRET S LT, Ji87 37 V4 VAEOENKT £ 72 3MRMREEZEE N, HEEEROLD, B
BRI 7 F 72 3R I T LA WIA 75 — 2 AR <A XL, By 37 GBS Z MuVZHWT R 2
) —= VT ERERT S, by MW, TFHEORER X ORI 247> 72 B, BRICERfE LTERTW 5
LEWIZOWT, YT R/ 2V F AT ANV ADBYFEER%E T, in vivo COIERR, FEYBHREZ ENTT 5. WFZEIE
Tl BERTFERDO-OOHRNAZ ) —= v TV AT AOBEERIN L% 2EM &35 1T o 74 IV A
FERTIZ EAITIER DTV, BB SN T — Y 2NAFA Y T+ 7T 4 7 ADNEMOBEZFEIRATINEN T AT,
ANABEGE W) EGBREZERHEPOERN G Y AT A LTHRYT 5, B E X Ok Z W Hiss 3 7Y
7AWV AIEOEERIITHIE YT 5,

SAEREIEMuV O RNABEBRBICBII LA V557 =L 2 £ L7ze 787 37 V7 4V ZAORNA -
SHEC X o TR SN AKETFIEN 2 M E B TAR SN D, 2 TEERFEERERZE: % W T MuV o AL
W) 7 V= ENBEERFZHBOCFEEL, £ Y757 F—2BITICE o TIANVAY U2 EDMEEH % v
[ Tii i By

Paramyxoviruses cause a wide variety of serious diseases, from systemic infections such as measles and mumps to
respiratory infections such as parainfluenza virus and fatal Nipah virus infections. However, no specific treatment
for paramyxovirus infections has been developed. Viral infections progress through various steps from cell invasion
to viral RNA replication and particle formation. Therefore, in order to fully understand the virus-host interactions,
it is necessary to know when, where, and how much of each interaction is occurring. In this project, we will
perform a meta-interactome analysis to integrate host-virus interactions at each step of viral growth using mumps
virus, a typical paramyxovirus, to reveal a functional host-virus molecular network with spatiotemporal behavior.
Specifically, we will identify factors involved in cell invasion or viral RNA replication using a genome-wide screening
system. We will also conduct comprehensive identification of host factors that interact with viral proteins. Based on
the data obtained, we will conduct interactome analysis to understand the biological phenomenon of viral infection
as a highly accurate and quantitative system. Based on the knowledge obtained, we will select host factors or cell
functions as therapeutic targets and search for antiparamixovirus candidate compounds using a compound library.
The candidate compounds will be evaluated for their antiviral activity in cultured cells and mice, which will lead to
the development of anti-paramyxovirus drugs.

Keywords Paramyxoviris. Mumps virus. Sendai virus. Antiviral drug development. Interactome analysis.
Virus-host interaction. CRISPR screening. Compound screening
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Elucidation of molecular basis of persistent infection by
herpesviruses through single cell analysis

HRRFEARE

ﬁ # ‘(F'g Jun Arii
. PR EFEMAER etz
~ Kobe University, Graduate School of Medicine, Associate professor

RS 1EE

’E:Hﬂ ﬁ{: Akihito Harada *7}( o[u'?\,i: Tadahiro Suenaga @H jll':)i: Mitsuhiro Nishimura
MK BERIEMKE MPEKE

Kyushu University Fukushima Medical University Kobe University

ANURAT AN AL, FANFICL > Th o L b FHIHFELRBRTELTIANADDEDTH D, & FANLNRZAY
AV A (HHV) &, OBEEDBHSNTWED, WEFhd b MMIREBRERE2 RS E 5, HRLZHHVIZ, X b
L AR 2 &2k THIEME L, 2 E S LRBETIER I 3, FiAVRRA T A WV RAANIIE  fEbITW 5 %5,
—JEBRLUAHAV 28653 2 22 3R TH 5, Tabb, BELFIGEELT 2 HHVISH LI £ )V 2 HNEHEHRE
BB ESoTED, TV AY PATAHINVZ—ADPEVBRGHIEE VW R b, —H Ty RESHAELL TV WIRETH,
HAVIZEEMICEEE L2 BB L, BEMELHEER LT TW5, HE 20 L) 2 HAVIZ X 2 FkEEeE
TERRGLDS, 7V I N A = —IFR L LAE (MS) 2 EEERIELED L%  OFEBICHET 5 L MiE SN Tw A5,
ZOBRMEYLFEHRA N AL ZVTNOARHTD 5, RGBT 2 RERBFITIZ, 7 A VAR TFEAZAT O BIR%
Mg & & B, BIRERGHIEE £ IR 2SRAE L. S SICREMERME L, SRR SHERShTw5
LEZOND, [HHVIFHREEMEE ]| OX = X2 2WS5NIIT 5720121, ¥ MENIZE T 2 HHV EGURED
A L ICHS ST 52 EDBARNRTH Do RUIZETIE, HIRREZOEMTH L7 4 VAZITMA, REF
(Kk). WaEgws () BLXONA T4 V73T 4 7 ACEDWIZNT VA2 ) 7 b — LR OIS (EH)
DF— 2 xfER L. UTOWNEZEITTAFETH S,

F9 [V 27 IVEIVRNAseqil & 5. & PREHCBIF S HHV &5 EMI )T O RNA SO ] 247w, JRIEg
MNE, ARSI S & OIS O LA 5, THHV OFHEE 2 HET AT ORE EHIT] 2479, 5612
HHV FBR GO BV THER THEZ 2 7 4 W R L ERL & OB 2 BfF S 572012 [HHVHE Y v 87 B L g
BIRE OMEER O] #4790 INOOMEMEBEL T, HHVIC X 2B ZWEICT 274 VA - mEMME
TER oG TRHEE . FEYRBICH 52 HHV 2R RBREL T SR 30 T2 TR L XV CRE L. RN
HoEPZTHZ 2B,

BUE, HHV % &ge & & 72 B555 iR A o B — M@ 2479 2 & T, & MERBEKICBIT 59 4 VABKET I
RiBLOZNEWET Z2MBETOREEAAT WS, T2, HHVEHEICEWRT 2 IR T2 8807 2 L.
HHVIREET VL Z L THBENE 2D LI EZHLNI L2, SHIHENTY /) 288 %E4T) HHV 25, Ml
Mtk 8822 &R BT DS, BEMRECTHIELEICBVTOREL VWS Z 2522 L, HAV
DEFRER AL EIE D EFRENC D 2D ) 2R &R L7z,

Human herpesviruses (HHVs) establish life-long latent infection in humans. During latency, only a limited number of
viral proteins are expressed, and no viral progeny are produced. Reactivation can be caused by host stimuli and may
cause various diseases. The persistent reactivation of HHVs in the infected area may interact with the host immune
response for a long time, without causing any apparent disease but is involved in immune-mediated diseases. In the
affected area, lytic infected cells, which produce progeny viruses, coexist with latently infected cells, uninfected cells,
and infiltrating immune cells. Thus, it is necessary to identify the state of each individual cell in the pathological
area in order to understand the persistent infection caused by HHVs.

This study involves the collaboration of virologists, immunologists, structural biologists and transcriptome experts.
Our team will seek to (i) analyze viral and cellular transcriptomes in human samples by single cell RNA-seq to
compare lytic and latently infected cells, (i) identify and analyze the factors that regulate the persistent infection
of HHVs, and (iii) investigate the association between HHV glycoproteins and immune receptors to understand
the interaction between infected cells and immune cells at the local infection site. These studies are expected to
reveal the molecular basis of HHV-host interactions and the molecular mechanisms underlying the pathogenesis of
persistent infection by HHVs at the single cell level.

Keywords Herpesvirus, single cell analysis, Persistent infection.
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Single-cell analysis of immune dynamics in HTLV-1 infection
and its related disorders
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He N THINL LG ) > 73 0E (ATL) 3 & O o> HTLV-1 B9 EEY—N—
(HAM S HTLV-1HPERA) (1251 2 e BB O MM EE L BRIOE o BEFRR ‘ ] e
MThHs, T/ ATLICBT ARIETRINCEV T, BETREN  § e BT CORRRD ‘
GBS TR B 2 L AR S NT W2 (K Kataoka, Nat Genet, — ® RS :!
2015; K Kataoka, Nature, 2016). L7»L. JO X9 RfuEiglc>  BEFEBRSEDNE
WTREM BTN S5 b OO, ZORKEPFMBEOBCRTHT | g y |
AT I NS MBS OB HEE LT T O gy Sy
EBORAY—D—BITE SRV )T M—L#H - TCR/BCRL @7 1 o, FVLE) R KA
NAPRIFER—OE—MMTRIMTEBRHME AL 22 AT 2 e | 22
£ S0 YOIV £ T HTLV TR - | % e ()
A S 0D S B R DRI % A o o T ‘ .
1. HTLV-1 %+ U7 - ATLIREOF RIS T — 2 £ ALY > I LIV SE BRI OREL
WASEADOHTLV-1% ¥ ) 7 - ATLO P T — & 2 T, EERET — ¥ T o B%E - wolifbz EiEd
Bo 512, HTLV-1HUEISH S 5 MHC % b 5 — % v CHTLV- 15 50 T AN O W47 /7 i % B%6 5 5.
2. VN EINRBEERITIC &5 HTLV- 1 BERBICH T 3 RERE OBBIEN
HTLV-1E&GeiREB X OB (ATL. HAM. HTLV-1FEPERA) 1281 % R EHEE O M5 AT %2 o 56
HTLV-1 BB O e, FAREIEOBIC & 5 B, BIETRE ORI L 2 BTV, SO, %
MBS T BT %l {5758 - i~ — % — - BCR/TCR L 8 b 7 OZALZ RN %,
3. REEREY—H—& UEHTLV- 1 BEREORE - R X7 FHEORE
HTLV-1% v ) 7 O IR, —TROREBITH 7 1 — Y HHERAVE Ly 2 AU B0 S B0 1 A5 b
ENBTEZRMLTV 2. SHONCBIT 27— SIS L ). 20 X5 R Rs OBIRNER 2 BEET 2.
4. HTLV-1 ICH 8845 RERE D05 FRIEDMRA & FALLRIEN & U TR
Bea 2B A T GBI O 4 TR ORI & FHLIAREREN & L CGE & EHT 5.

HTLV-1 infection is associated with various human diseases including adult T-cell leukemia/lymphoma (ATL)
and non-neoplastic inflammatory diseases, such as HTLV-1-associated myelopathy (HAM) and HTLV-1-positive
rheumatoid arthritis (RA). Opportunistic infection frequently occurs due to immune suppression in ATL. Moreover,
an efficient cytotoxic T-lymphocyte response to HTLV-1 limits the proviral load and the risk of associated
inflammatory diseases. Thus, the immune system is believed to play an important role in the pathogenesis of HTLV-
1-related disorders, which is supported by our integrated genetic study of ATL, demonstrating the enrichment of
genetic alterations in immune-related molecules, (K Kataoka, Nat Genet, 2015; K Kataoka, Nature, 2016). However,
the entire picture of immune alterations and the differences among these disorders have not been fully elucidated.
Recently, we have developed a new analytical technique, enabling the combined analysis of transcriptome, cell
surface markers, and TCR/BCR repertoires at a single-cell level. Therefore, in this study, we propose to examine
immune dynamics of HTLV-1 infection and its related disorders using this new single-cell analysis technique.

Keywords Adult T-cell leukemia/lymphoma, HTLV-1, single-cell
E & % HKBEER email : kekataok@ncc.go.jp
ME=EHR  URL : https://www.ncc.go.jp/jp/ri/division/molecular_oncology/index.html
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Identification of surrogate markers for the prediction of
HTLV-1-related diseases by multiple-layered single cell analysis
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v b THIFREMFE Y A VA 1H (HTLV-1) G id HARIZH 80 BREST — LA [ B> T Ltl |
FTANFAELTEY ., ZOKRES (F95%) I ZEIEREMEF vV 7"(“3}) HOBERRSE - W2 S5 T
Bo 5% OBRE CRATHRIIG (ATL) 28ET 205 € oo 3'[> E%;h ‘B
DTVREIARTH 5720, FIZWER AT Pk RS H T o *‘.:‘NF:“‘:F‘”“:;;;:;;L BxsemRe K
bbo MIEBNEF v ) 7 ORMIMEAZEK (PBMC) 1213 & GeHig {}

W% 5 TH% EFHVEAETHELEL, A4 VAPRIZHT 541 BRI SRR "‘”W”Himfif’m'ﬁ COBTARMIFIRE - IR

hﬁﬁiﬁ‘ﬁ %Mﬂﬂi

BEEVET ) O S ERRPURISE RO 6N, 2F ), Y1 LV ADH A

PR DR S SR 27 4 L A SR B £ L % wa rE IR

WWEDING Y ANEREEZEZOND, s G003 00008
LEEREZE T 2 OAMEEE CIIHTLV-LE B RARE v,

LBy v Ve VIR & e L, HTLV-1&42 X - T THila A @

ARRAF o T BRI, EE SRR S0 X 5 ITHEEL S VA P 85 11— b < —

N WEEZRE L CWL0»ZHONCT LI EHNTH S,  BERES £ QBT CERGAO TR S ER

ZFOHWEERT 5720, 74 VA%, BIERES, Y AWEEAY0 RS oMses CfeF—22HKkL. £
SRS R HEET AETT L — 2 AN — A HARAEZ B LTWa (H#ED,

INFETIT, HTLV-1EGeH 1461 (M RGE ACSHI. ATLEF B, JEEGHE 3 » b a— v 3O KA MK
HAEER (PBMC) OY Y ZVENITG VAT )T =L F =B %21T o720 18ikH 720 56,0001, 1HIREL7-Y
#1,000 & 5T DORBUBHATE S Nze WICPBMCH 7y 25251 v 7 %47-72Db, HTLV-1 03 % g
MNETdH 5 CDATHINEICEH L7z HTLV- VS04 #E, EYiii s o — o7 o — U EICHiidT 2 22 TH Y.
W UG 7 1 — i3l o TR Z A5 (TCR) 2 0. SHOMHHRE A5 L. ATLRESTIZFED TCREZHDT
M2 T — A7 a— UPRICHIGE L T 7ehs, il AR IHE R E TN E RO Loz AIIFEICL - T, T
MBS RFF - T B THIRLEAR (k) PR EF EHERRESOTLV- 1&g L > T X ) IZHfL s . 7 A
VA DFFRBRERZ AL, WEEZ BRI L TO L0005 EFEICBEBHELMEEIRIN TV S,

There are about 800,000 people are infected with HTLV-1 in Japan. Most of them are asymptomatic carriers, but a
part of them develop a leukemia of HTLV-1-infected cells, adult T-cell leukemia (ATL), or an inflammatory disease,
HTLV-1 associated myelopathy (HAM). In this research project, we are analyzing high-quality clinical samples and
obtain precise clinical information from the collaborators. We utilize two different cutting-edge technology, 10x
Genomics droplet single cell analysis and next generation multi-color flowcytometry, which enables us to detect
around 50 different fluorescent protein at the same time. We are characterizing PBMCs from HTLV-1-infected
individuals with super high resolution by using these mutually complementary single cell techniques. Since the
data we will obtain in this study is super high dimensional one, we are going to collaborate with researcher with
expertise regarding bioinformatics and mathematical modelling in order to extract biologically and pathologically
important molecules and genes which play a crucial role in the pathogenesis of HTLV-1 infection. We are aiming
to identify surrogate markers for HTLV-1 related human diseases, ATL and HAM, and use them to establish new
clinical diagnosis method that evaluate status of HTLV-1-infected individuals.

Keywords 1.HTLV-1 2. Adult T-cell leukemia/lymphoma 3. HTLV-1 associated myelopathy 4. Single cell analysis
5. Bioinformatics 6. Chronic viral infection 7. International collaboration
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Multidiscipline research of EBV infection and oncogenesis
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Epstein-Barr virus (EBV) I3 {EYe AR OB & 22 5130 S—F v b Uo58E, NK/THIBRY »o5ff, B, -
W 72 EONAEBERIT L I BPATANADLIDTHD, LALEDSL, EBVICE Z2HPFAEEICOWTIEE
A % <. EBVICHT 287 4 WV AERFHE LML ISR TR v, FRICBETHEEE EBV &Y4E (CAEBV)
RNK/THIRRY > N EIEHAZEGRT ¥ 7ETHRERNBENS W, FTEFIBVRETHY, KRERMEL ZoTw
%o

AWFgETiE. (1) EBVIER - FIGEHALPEIREB OB, (2) ) v /8Ekai M a~ 0 EBV b o figtr. (3) EBV
e A DUIERY T MENT, @ 3 ODH TN 2179 0

(1) EBV Bl % II3R E AL O PEIRIE L 22 5 Z LM O N TV B A, ZOEERLEREIZI S Th v,
FIT, BRI —H — M AAATNLE o 4 VA ERIER L. FO%t% FACS TRERIICERIIT A2 &1k
D 7 AV A RYEH OFR & FEEALO AR IO W TIRIT 21T > 720 F72. HAZREEMRCTH 2 918 BHINRIC
EBV % @ ¥ ¢, BPEHPSEEMICBVWTOREBZ s TWA I L2 WEMNLRF I 7 AMTICL VBT 2, 22Tk
FREAICBHVL, SHEAYOFETET ULz AR LVEEEODHZ T L Lizv, St~ —h—7 1
ADFHNZDWTIE, WA HEINTz, F720 A BMIZICEBY B S THh I 7 AT 24T, BREEED D
PD-LIASSRIICHBBIR L TWA I EZHONII L0 COREICOWTIREEY N, ZA2fFoTWwh, ZOMZd,
MABMIBERERIZ, HLMBNFEPERMET2HLEZHLNILTBY, IOV THERERPTH %,

(2) b ZbBMileZmE EMIL L T2 EBVA LD X9 i CNK/THIBICEST 200, #Tho7o Lol
S A T TFMERICB VT, iPSHIIEZ NK/THIKLIZ 5L S8 5 5% ¢@%é&%fﬂW%W%éﬁ%k‘m+L
EBV 28T 2 HF 28720 FZCTEBVAIEGE LT W I ORIBRMIEAIEMICIZE D L9 2filaTdh 2 0, {ERE%
AL OREFRICE D Y TNV 21T THLPIC L2V, SR TIRBROHEBMZ L 1, BRI ) T
WHLEBBE & [ E L7ze S 512, EBV Ml & 583 2 LIBRGATR I D T I & BIS L T2,

(3) Dmio#E ik, EICCAEBV DT J ANt 24T o 7205 4l N—=F v M) U8, AT F 00 V5 0E, B8,
FIHBERE IO WT BB 2T o TV D, U Y SETIETA VAT AORERRONT=A, FERIOFETIRITEAER
DG holze DBAFIZE > TREDOEFTRPESICHEFHADH 5 Z EFHL IR -7z,

Epstein-Barr virus (EBV) is a causative agent of several cancers. Some of them, including chronic active EBV
infection (CAEBV) and NK/T-cell lymphoma (NKTCL), are associated with dismal prognosis, and incidences are
higher in Japan, but safe, efficient therapeutic method is not available yet. We here came up with 3 fundamental
questions: (1)equilibrium state between latency and reactivation, (2)infection to progenitor lymphocyte, (3)genomic
analysis of EBV-associated cancers. (1) it is known that, upon de novo infection, EBV takes state of equilibrium
between latent and lytic infection. Therefore, by using multi-color fluorescent proteins, we perform live cell
monitoring of the state after infection to cells, and use the data for computational analysis. Another experiment we
plan is, infect wild-type EBV to primary B cells and carry out multi-omics analysis. (2) Interestingly, we found that
EBV can infect efficiently to a certain fraction of cells that are induced from iPSC to lymphocytes. We will identify
the cell fraction by single-cell analysis. (3) We will also carry out genomic analyses of EBV-positive cancer specimens
besides CAEBV and NKTCL. We have found that EBV in lymphomas frequently had intragenic deletion, while EBV
in epithelial carcinomas did not.

Keywords EBYV, reactivation, progenitor cell, single cell analysis, computational analysis, next generation sequencer,
E #& % HHEEZ email : tmurata@fujita-hu.ac.jp
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Deep exploration for retrovirus reservoir heterogeneity and host-virus
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X interaction by multi-phase single-cell epigenetic analysis
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U HIV-1 % O'HTLV- 1RSSR 1S BT B K OREER, L h e T ————

t L VADEHETH B LY ) ADHLBABIL £ TS,  Tres [ @i Gaeres ™ @ mu

JU B REIAER () F—~—) Thob, BRLER R o /| rertistn.) g - R

i iR TNESEI I T Rt 11 T S L |

#r G2 X BHER, WO TPFRARRATLRHAMOIIE) A7 28 \ (L2 K /i
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sl A XD THMTH Y. SHICTANVABELETFRHIL NV I T B ’
FIEMETH 572012, FERRGER L OXB. WA EETH %, [ DOVREET  FASEET BEFER  I—D—HTF
BRI A TH ). F 78RR 7L A7 0 b I T SN goy A 3. ¢a
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1. REPUED LBy V7 B e A7 AR — 4 BASIIE R ORE 2 08, e @fgee7n)

2. ERBIVCH ) MW THY Y TN LRIVOMEIRT TS v 7 4+ — & (WA

3. VLR BEOR, BRT— 7 R— 2 L OFe (ERINZIMOMEE, HIIHREE)

KIFZE T, BRSO E R ETFRIEZE T ) AOARE—RICEH T 5, B2 AT, BRBR BKY
TV OB RS B 2 SRR IR L SRR R B e S ST A S AR S 2T S
ZENRTENUL L Oy AV ZADOFHRIL LB A B = X LD R0 . R ) = N —Hl#H, FE TR,
IR DI 2 5,

=N — DRSS T OFBFEE DT T2 WEF S L ROETANVAST ) AOHHEH) € 2 b
VIS 7 a< T UREERIHOEEME I L. EFEEREEIC X o THISICKI) L 72 valemetostat (EZH1/2FHE3#) #%
ORI OFE. & . BRMA % BV 728HMIC & - THEBRKEPOC OS2 Bigd, X512, HIV-1, HTLV-1 fuEiG
BOEREMI & GIZIRIE LD 72D DR ST RO EE B L $ 5, RFFETIZ. WEMERLAEEROR L 5 HIV-1 &
HTLV-11Z2W T, FBEDOT S ) AZJEH L TRAEMIET T 5 2 & T, WEERLERILOE NI OWTHBEEZ RO 5,

BAET TS, Y4 VAEGET. YA VA BERGEET. EREETORBICE S, BEEDOY » 7 Ve VAR
M7y N7+ —LDBHEIEII L7z TN HIIMBOERISEMIEICB VT O MDD THRI R THMTH V. o,
BRMEL EOWAT Do TAETIZII NS OEAMr 2 BR6E L, HTLV-1VEGeB \HEET 5 B E M O 72 2 5k %
R L7200 70— VL2 T 28 ETRERIE S ) AREOEERICOVT, B0 F— % #8807 5o HIV-1 &Y
HEHDOANTFOERHELEICBITAEEIE Y ) AOBEEMIZOWT O HEm L2V,

Human immunodeficiency virus type I (HIV-1) and human T-cell leukemia virus type I (HTLV-1) are life-threatening
human retroviruses. HIV-1 is a causative agent of acquired immunodeficiency syndrome (AIDS). HTLV-1 infection is
associated with the development of adult T-cell leukemia-lymphoma (ATL) and HTLV-1-associated myelopathy and
tropical spastic paraparesis (HAM/TSP).

The long-lived latently infected cells are a major source of pathogenesis and chronic infection. However, because the
latently infected cells are rare in peripheral blood, it is challenging to characterize the specific cell population. To
overcome the research issues, we will introduce innovative experimental platform, which are composed of single-
cell RNA-seq, single-cell ATAC-seq, and clonality analysis based on virus integration sites. In particular, we focus on
the epigenetic heterogeneity because the cellular characteristics (e.g., function and differentiation) of the polyclonal
latent cell population are defined at the epigenetic level. We organize interdisciplinary research experts in molecular
biology, virology, immunology, bioinformatics, and clinical studies. By collaborating with clinical practice at the
University of Tokyo, we will prospectively analyze the transcriptome and epigenome of AIDS patients and HTLV-1
carriers.

Transcriptome and epigenome at single-cell resolution will clarify the characteristics of the low-frequent latent
reservoirs. We will also evaluate a potent drug candidate, EZH1/2 inhibitor, for selective elimination of HIV-1/
HTLV-1 burden. Epigenetic inhibitors may pave the way for next-generation medicine for human retroviruses.

Keywords HIV-1; HTLV-1; Latent reservoir; Single cell epigenome analysis; Epigenetic drug
E #& % WESH email : myamagishi@edu.k.u-tokyo.ac.jp
ME=EHR URL : http://uchimaru.umin.jp/index.html
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Study for anti (+)ssRNA virus agents by inducing G-quadruplexes
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L. 20kbiZ K ASARS-CoV-27 /) AI2H
WT T = Y NEE 2 T % BLY 2 35

TBHIETHIREBEET %, (+)ss RNATA VAT . FRICET ERRESEESNS.
b) G4ESEF—T7 £ GADHEERRR. c) RFEESHPRAREL/G4) H> K. OTD.
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MICHERT A L IIHEEETH S,
MEEREFNEBHKTE-DDEFFMEEOREHHE, EHiE

REHFIINF TR I TV NEHICKESTAY AP F [OTD] & BBRZ=M/] #F% L. IhoxHuvT3HER
RIC 77 = MESHEEEY % 20001 E L Tws (K1), RHB L7 7 = Y NESHEREY] % A58 I35 2
& TSARS-CoV-27 7 Lp & 77 = V MESHBKEY] 2 B RNICTFHTE ([ V72T 47 A)e STTRETTT
= U ESIEEET % in vitroBIERRICGEA L2 LE—F —7 v A 28T 2 (L% . REZP N T TICHZE
LCELBBEAILAEW S A 7V 44T v A RICTEHEL, ey MEAWEREE TS, &5ty bto) —F
ANOLEWREERR (%) 217528 T 77 = U UESEN G2 ST 5, EIZSARS-CoV-2 &€ F
VRN, B (7 4V AE) &Y L&Y O 3ERNEME 2 17V, SARS-CoV-2 277 = ¥ WEHSIE WP Y 4 V A D
AHZEHIET,

MREOEIRR

SRR T = VIUEBICHA T A L R T AR T VINEH IO — T 2R L 77 =V TNESTE R ES
DEBR L MEEEZ T L72o GATHIZRTIE, THEER% OE—HRBPHREZEBE L, ChS2MAEDLET
SARS-CoV-2I2BWTHEE I NS 77 = Y UEMHAY % 4FHAEBRNICRH L. 77 = Y INEHICHAT {800
MRV, SAEHOFHBIALEZ AW L7z, 1HEHOSARS-CoV-27 7 = Y UHEMELHINIZOVWT LR —F —TF v
YA REWET DI ENTE, BYE T VI ORESEE) TSARS-CoV-20 L 7Y 2 ¥ Z1EK L7z,

Despite the COVID-19 pandemic now having lasted for more than a year, no effective anti-SARS-CoV-2 drugs
targeting viral proteins have yet been reported, due to the limited number of viral proteins amenable to drugs.
In this study, we will develop anti-SARS-CoV-2 agents focusing on higher-order RNA structures which could
inhibit viral transcription, translation, and replication. G-quadruplex (G4) is one of the most stable RNA higher-
order structures and is a promising target for small-molecules because its structure is different from the duplexes.
However, no practical methodology to screen putative G4 in the 20 kb long SARS-CoV-2 genome is yet available.
We have experimentally identified 2,000 G4 formation sequences and, by applying machine learning to these
sequences, we will predict G4 formation sequences from the SARS-CoV-2 genome (informatics). We will construct
a reporter assay that applies the identified G4 to an in vitro translation system (biochemistry). A library of nucleic
acid-binding compounds will be evaluated in this assay system to obtain hit compounds (organic chemistry). Finally,
we will evaluate the efficacy of the final chosen candidates by using SARS-CoV-2 infected model cells and animals
(virology).

This past year, we have developed a G4-specific fluorescent probe and established a method to verify the putative
G4 sequence. Four G4 sequences from SARS-CoV-2 were identified and, among them, one reporter assay system
was developed. A replicon of SARS-CoV-2 was prepared for the production of infected model cells.

Keywords G-quadruplex, RNA, machine learning, reporter gene assay, SARS-CoV-2
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Fundamental and clinical study for elucidation of the onset
mechanism of infant botulism
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Clostridium botulinum causes severe neuroparalytic disease called botulism, by producing botulinum neurotoxins.
Naturally occurring human botulism is classified in three forms: foodborne, wound and intestinal (infant and adult)
botulism. Intestinal botulism is an infectious disease caused by C. botulinum colonized in the intestine. Although
healthy adults are resistance to botulinum infection, C. botulinum can colonize in the infant intestine. Host
susceptibility factor in infants is thought to be immaturity of intestinal microbiota, however, detailed mechanism is
not to be elucidated. Recently, we found a bacterial metabolite inhibits the germination of botulinum spores in vitro.
Adult mice treated with ampicillin to disrupt microbiota were susceptible to infection of C. botulinum, and pre-
inoculation of the metabolite-producing bacterium ameliorated botulism symptoms. These findings suggest bacterial
metabolite peculiar to adult intestine is a key factor for protection against botulinum infection. In this study, we
will explore human intestinal bacteria and metabolites which provide colonization resistance against C. botulinum,
by analyzing human fecal microbiota transferred mice. We will also analyze feces of intestinal botulism patients
to reveal composition of microbiota and metabolites. Results of this study will clarify the mechanism of intestinal
botulism pathogenesis, and provide novel therapeutic and preventive targets.

Keywords 1. infant botulism 2. Clostridium botulinum 3. intestinal microbiota 4. colonization resistance
5. fecal microbiota transfer
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Elucidation of mechanism underlying exacerbation of bacterial pneumonia following influenza
infection for development of preventive and therapeutic measures against superinfection
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Secondary bacterial pneumonia caused by Streptococcus pneumoniae following influenza infection has been reported

to be associated with considerable rates of morbidity and mortality in elderly individuals. We previously found that

GP96 functions as a multifunctional exacerbation factor to promote pneumococcal colonization during secondary

bacterial pneumonia following influenza. To gain insight into the mechanism underlying the viral-bacterial synergy

for disease progression and to establish effective therapeutic measures for prevention, we propose the following
three investigative strategies.

1. Analysis of bacterial dissemination in virus-infected respiratory tract.

To clarify the mechanism responsible for viral infection-induced enhancement of bacterial dissemination, we
examine the viral infection-induced transcriptome changes involved in that process. We also attempt to identify
responsible bacterial factors using mouse infection models and Tn-seq analyses.

2. Analysis of inflammatory responses in virus-infected respiratory tract and pathogenesis of bacterial pneumonia.
We utilize the human inflammasome sensor protein-transgenic (hMx-Tg) mice and mito-mice to examine the
relation between host inflammatory responses and mechanisms that underlie exacerbation of bacterial pneumonia.

3. Development of preventive and therapeutic measures against superinfection.

The quartz crystal microbalance method is applied to the construction of an evaluation system that detects the
interaction between identified host molecule, including GP 96, and bacterial factors.

Keywords Influenza, Viral-bacterial infection, Pneumonia, Inflammatory response, Development of
therapeutic and preventive approaches for infection control
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Development of an Al-based blood clot characterizer for COVID-19-related
thrombosis and elucidation of its physiology with the characterizer
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JEH) ORERIIEIGRT— 5 KRG, DY A~ -2 EOREMET — & OHISHHEA TV S, HEZRE LT, ik
FESED] (RBEZE, OFREZE, HRMMEIRILARIE, MiZetediE) B X OWUAESRE Bl O MR 7 — & WAt b 147 L TiT > T %,
F7o, MREROREWE (7= ) ZEET 57202, MM T T =2 &2 %00 UAER L 728 i oo i {5
7= 2lE L. BUNIEOZFIIHCSRETI T2y P 2ERL Twb,

The pathogenesis of COVID-19-related thrombosis has not yet been elucidated, and effective treatment methods
have not yet been established, although the variety and complexity of thrombosis caused by COVID-19 is a
worldwide problem. One of the reasons for the lack of understanding of the pathogenesis of microthrombi is the
inability to simultaneously analyze the structure, composition, and statistics of microthrombi in vivo (i.e., the inability
to diagnose the quality of the thrombus).

In this study, we aim to analyze clinical specimens from COVID-19 patients using iPAC, and conduct clinical
studies to optimize iPAC for COVID-19-associated thrombosis, in order to elucidate the pathogenesis of the disease,
to evaluate the efficacy of antithrombotic therapy, and to establish treatment monitoring methods. Specifically,
the project will involve: (1) acquisition of clinical sample data from patients; (2) development, optimization and
demonstration of iPAC most suitable for the diagnosis of COVID-19-related thrombosis; (3) analysis of microthrombi
in clinical samples using iPAC; (4) analysis of COVID-19-related thrombi to elucidate the pathogenesis of the disease; (5)
evaluation of drug efficacy and establishment of treatment monitoring methods using compact iPAC.

Keywords 1.COVID-19 2. Thrombosis 3. Deep learning 4. Pathophysiology 5. Evaluation technology
6. Global study 7. Artificial intelligence 8. Imaging
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Development of broad-host-range biologics capable of
killing drug-resistant bacteria.

HRRFEARE

%\% ‘TEKEB Kotaro Kiga

| BAERAS B - REPHE METHE B0
Jichi Medical University, Division of Bacteriology, Department of Infection and Immunity, Lecturer

RS IEE

ﬁ%ﬂ‘ 1:}\ Masato Suzuki %ﬁ ﬁ' Eﬁa Masaki Shintani *75( 1E$ Masayuki Suetsugu
B ERAER TR EEMRE FRAZE EBUR AHMKRFE BuR

National Institute of Infectious Diseases Shizuoka University Rikkyo University

Senior Researcher Associate Professor Professor

AR A BECEE L T2, WHO (HEFPREFER) . MR # C 2w & 205041218, BAED D
AZEBIEE LD DL WERT,000 5 ADSTHERICL > THET L EFHML TS, Z L CTIHERIC L 5 20504 F TO
WM ZIZI009k Fv ARTHBE) 225 L RED LN TS, ZORRT. HRKETEAMMENHKET 7 a v
TS UHEEEIN, WIS H TR O—IBITE L BPEIICH S, LrL., Zhoo%h & dEB. [3ERE 7S
A3 FIRET BMMER] 3BER T TW S, HEFNEETS 2 I i TREZEZTERT L] 20, ZOWuHREMA
PN TiE v,

COLD i AT (GHITRE) SHPRBEAR L VIS Lz B
IREERT T AI R ICHEH L7z, 77 A3 Fid, BIRLERDEL R
PRI S BEAIRZIC L - TRIET 5. AHFZETIL. CORILEEE 7
5 Z 3 FIZCRISPR-Cas13 # ##k$ % Z & T, “IN#i 2 BHIMHER 2 W T
XLMWEA 25T (HE1), ZOB%ICIZ. @CRISPR-Casl3 (5
B, OBLEEETIAI N (Fid). OREDNAGK CRk). @~
TV IENT (BKR) EVoB 5 Box v N—0Hb5b,

ARWFFE T 1k CRISPR-Cas 13 O AR T4 FE 119 2 K00 T4 o> B 5 ) 6 % A1)
HT 2, SNEFTEAIEFILTIMNIFT - Yy e A HRDCasl3ZFIH L
TWed, RERIHEECY -2 VA LZHNOL TN ) S TED
Cas13DIEWNR L VW L 2R L. BAZOFEMZRT L T 5, 3
FALHBILE BN PromA#E 77 A I FOREGABHEOMERICBI 518
FWEHSPIIL2DH b, T2, BAELNEPromAH TS A FOKMETE
BT MR E, IR 2T TWbH, RRITHTA S HHEEL 728
BT 5 A I FOGKZ MEOREHGREICE ) 25 — b 872, ZOBRDENICLER~< —H —i&fsF (GFP)
%, in vitro 7 F A I FERICHERELY] (oriC) OIMAMIT 2 MET L7z, 8iKIZ 79 23 FMRIGEOMEL > TWw b
H NN LNTERBGE O 7 7 MENTZ2 4T\ 0L IV A D genotype & X7z, F72. in vivoEBRHIZFO~< T X
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Drug-resistant bacteria are spreading globally: with the World Health Organization estimating that 10 million more
people will die from drug-resistant bacteria annually by 2050, outpacing the death toll from cancer today, if no action
was taken. Additionally, the economic cost of resistant bacterial infections is estimated to be $100 trillion by 2050.
Fortunately, some of the resistant bacteria is decreasing in number year by year, as countries around the world
started developing action plans to combat drug resistance. However, the number of drug-resistant bacteria continue
to rise despite these efforts due to the acquisition of drug-resistant plasmids. There is currently no way to curb the
spread of drug-resistant plasmids, as they can be transmitted across species.

Under these serious circumstances, we focused on an 'ultra-broad-host-range PromA group plasmid" obtained
from environmental samples by Dr. Shintani who is a co-investigator of this project. The plasmid was found to be
transferred by conjugation to most of the clinically important resistant bacteria. In this study, we will be developing
a "bacterial biologics” capable of killing a wide range of drug-resistant bacteria by loading CRISPR-Cas13 to the
ultra-broad-host-range plasmid. Researchers from a variety of disciplines will be involved in the developmental
of such biologics, including Dr. Kiga who will be working on CRISPR-Cas, Dr. Shintani on ultra-broad-host-range
plasmid, Dr. Suetsugu on iz vitro synthesis of genome-scale DNA and Dr. Suzuki on single cell analysis.

Keywords AMR, Antibacterial therapy, bacterial flora, CRISPR-Cas, genotyping of bacteria,
broad-host range plasmid, Hi-C analysis
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Development of novel antibiotic lead compounds for intractable
bacteria based on innovative natural product discovery approach
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Discovery of new drug seeds for emerging and re-emerging infectious disease is a global urgent issue. Natural
product is one of the most an attractive source for antibiotics. Thus, we aimed to prepare a novel natural product
library by using synthetic biology-based approach and a genome shuffling technique "TAQing system" from a
tremendous biosynthetic gene resource. In the previous meeting, we reported about synthetic biology production
of macrolide natural products and its synthetic analogs and evaluated their anti-bacterial activities against drug
resistant-microbials and nontuberculous mycobacteria. In this meeting, we will report the results of development of
a method for inducing fungal cryptic natural product biosynthesis by using "TAQing system".

Introduction of Taql into Aspergillus nidulans and the transformant was stimulated under heating conditions to
activate DNA cleavage activity. We tried several heating conditions and found a different phenotype. The phenotype
showed different secondary metabolite profile from that of wild type. In addition to the result of TAQing system, we
will show the result of screening of natural products for antibacterial activity.

Keywords Natural products, Synthetic biology, Genome shuffling, Antibiotics
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Development of anti-amoebic dysentery drug stand on complexity
generating chem/biological hybrid synthesis
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Amoebiasis is a protozoan infection of the intestinal tract that affects about 1% of the world’ s population. The
approved drugs, metronidazoles, are not satisfactory due to genotoxicity and drug resistance that have been
observed in the highly immersed tropical area. We recently found a natural product, fumagillin (FM), exhibits
potent anti-amoebic activity and its therapeutic efficacy in animal models of liver abscesses. FM-related molecules
have been clinically developed to treat cancer (e.g., TNP-470) and obesity (beloranib, phase III suspended) for the
past 30 years, albeit they have not yet been marketed due to adverse effects such as neurotoxicity. We strongly
believe that a radical reformation in the methodology of drug development will be required for the FM-based drug
to be delivered to the patients. We here challenge a synthetic biology-oriented complexity generation in the FM s
terpene scaffold where the synthetic strategy was not applicable in the past. Also, we utilize biosynthesized FM
probes to determine the structure-target molecule(s) relationship to unclear how FMs, or their hepatic metabolites,
cause the adverse effects. Further, we aim to develop heteroatom-containing drug harboring less toxicity and
resistance to metabolism by chem-bio hybrid synthesis.

Keywords Synthetic biology, Amoebiasis, Fumagillin, Natural product-based drug discovery, Chem-Bio hybrid synthesis
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Genetic dissection of artemisinin resistance of malaria parasites by
combination of genetics and bioinformatics with field-isolate strains.
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Malaria is a re-emerging infectious disease that causes about 200 million infections and 400,000 deaths annually.
Currently, the treatment relies on artemisinin-combination therapy. However, in recent years, the emergence of
artemisinin-resistant strains has been reported. Elucidation of the artemisinin resistance mechanism is one of the
most important issues for controlling malaria. A genome-wide association study (GWAS) using endemic strains in
Cambodia reported that the K13 polymorphism is one of the artemisinin resistance genes. On the other hand, we
have found a K13-polymorphism-independent resistant strain in Thai-derived strains, suggesting that multiple
artemisinin resistance genes and mechanisms are involved independently or synergistically. In this study, we
planned a genetic linkage analysis by genetically crossing an artemisinin-resistant strain and a susceptible strain,
which clarify the artemisinin resistance gene and the resistance-related gene network by the combination of QTL
analysis and genome-wide eQTL analysis with the IC50 to artemisinin and gene expression profile as respective
quantitative traits. Subsequent reverse genetics analysis with genome editing reveals the gene and gene-network.
This project combines the field research, classical and advanced genetics, entomology, bioinformatics. The goal of
this project is to bring drug resistance research in malaria research to a higher scientific level.
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