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CRISPR-Cas3 %/ LtmERAMT DI AIZF (+1-FF

(C4U Bt ) O/ IR 5!
Development of Cas3 genome editing technology for application (! C4U Corporation)
(OShungo Kobori'

Genome editing technology is a technique to alter the characteristics of an organism's by
cutting specific region of the genome and rewriting the genome. Clustered regularly
interspaced short palindromic repeats (CRISPR), a type of nuclease responsible for such
cleavage, is extremely versatile in that it can target any sequence designed by the experimenter
and has revolutionized genome editing. CRISPR-Cas3 is a family of enzymes classified as Type
I, and the most familiar microorganism, Escherichia coli, also possesses Cas3. CRISPR-Cas3
has helicase activity, which Cas9 does not have, and thus can continuously cleave the genome
and induce large deletions. In addition, CRISPR-Cas3 has been shown to have a very low off-
target effect, which is a major obstacle in practical applications. In this presentation, the
features of the CRISPR-Cas3 system and its potential for industrial applications will be
presented.

Keywords: Genome editing; CRISPR; Gene therapy

T DB L1 A DT ) DT L CREDERT AT L, 7 L EE
AHZETHMEEZZILSELZ LD THL, TOUIWEH S X7 LT —E D —HE)
Clustered regularly interspaced short palindromic repeats (CRISPR) T&h ¥ | FEERE 733%
LIRS ZIERN L+ 2 Z &R TE D RIZEW T IEF IR &GS T/ L
AEIZRB W CHEH % H725 L7z, CRISPR ¥ A7 A3 b —BICHN STV
Cas9 DA, £k % 72 fEJH 8 Y CRISPR-Cas3 &% D —-2>Td %, CRISPR-Cas3 [%, Type

COBSNDOBERHETHY . b FERBEN TH L KIGE S Cas3 2L TV
Z>o CRISPR-Cas3 (& Cas9 (ZIZ7R2 WA =G ZFF > T DT, 7/ badi
HINZOIrd 2 Z L3 REDH D, RERKBEFHFETE DLWV OIREN DD, FTFEM
FEORSREELRDATZ =5 MARBRD TR Z L 3Dh-> T g, Al
CRISPR-Cas3 ¥ 27 LD L & BT, PEEICHIA~DATREMEIZ DUV TR L7 v,
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BELBEGTFREEZER L7/ LREEMT~OMIa#EED F A
UEKBEERFE) OBFF 1

Genome Editing Technology Using Cellular Functions for Precise Genetic Modification
(Graduate School of Biomedical and Health Sciences, Hiroshima University) O Wataru
Nomura

Genome editing has paved the way for highly efficient gene correction toward the next
generation gene therapy. CRISPR-Cas9 has been developed for genetic modification of a
variety of organisms. In human gene therapy applications, the low efficiency of homologous
recombination in genome editing and off-target effects are critical issues that must be resolved
for safer use. In homologous recombination, the target sites are modified precisely as per the
donor sequences. Homologous recombination is known to be predominant in the S/G2 phases
of cell cycle. There are several applications that utilize small molecules to control genome
editing activity in cells to repress off-target effects or increase homologous recombination.
However, it is difficult to apply these methods to in vivo therapy. We have developed “cell
cycle-dependent genome editing” to control genome editing without the help of small
molecules and found that it can solve the above critical issues.

Keywords : Anti-CRISPR; Cell Cycle; CRISPR-Cas9; Genome Editing; Homologous
Recombination

CRISPR-Cas9 #FIf L7277 AREEEIN T AT Z b3 85 A % mah=IC
ITZHEEMELTREBLTETCWAFFRIZE Faxt8é LB FEEIZBVL TS ex
vivo TOHRIRIRIMERIE DIEHIEIL FDA AR A2 S TEY . v MEA (in vivo) TDF
J ARREIE GBS EA TV D, EIE G BT 2 8RB B U7 A
MREE Y — /L DMERET 2 23, B OB ERITIRNIR TI2ET T 5, BEERIZIX
FEFA R K At 7 (Non-homologous End Joining; NHEJ) & fH[EH 742 2 (Homology-
directed Repair ; HDR) 23MF(ET 5, NHEJ IZZhE A @O, FERELSINIZ 331 2 B 3
DOFFARLKI: (Indel) 234 1T Z 5, T3 LT HDR CTIIAERJE L OELS & Hr
TACEAT AR EAT 5 NP —8BIa %7/ LAREDOBIZFERFICHIICE AT S
LT, IR TIE D D EME T IEMEICH LWES 26 T 2 IER S o5,
HDR (% S/G2 WHZBALIZ 72 57280, FEAITHIALE ] 245 1k & 2 FiER EnlE S
TW5 Y, ZThbOFETEEME TIEE 7R FE L 72203, invivo TOFIH XA
RIEDNEGICTHTE D, £2, BANC L 2HIE~OEELBETHILEND D,

CRISPR-Cas ¥ A7 AFMIECHMELA L CWDLEEIC AT A THY, 77—
DIRANRFZRE T 5, TNUCKIT D w2 X —4r1 & L TH 4 72 anti-CRISPR 23 7' 1
Ty —=UMBRERENTWD, CRISPR-Cas ¥ AT LDt Ml EBIT 57 ) LRk
~OISITA LR ESHER R (Streptococcus pyogenes) @ Cas9 (SpCas9) M3 AN
SH, OHILH ST, SpCas9 58 J1IZHE T 5 anti-CRISPR & LT AcrllA4 73
HMHNTWD, Fexld, FHEL] & Tanti-CRISPR (AcrllA4) ] (2% H L. HDR X
ISR DG AR T, S/IG2 BT T SpCas9 ZiEMALT 5 7=z, Gl B Hla
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KENICHER L. S/G2 IIC it S5 Cdtl & AcrllA4 DfE % 727 8 (AcrlIA4+Cdt1)
%7 DRERHCRIAT 5 Z & T Gl H1ClE SpCas9 M FHLE S, S/G2 HITIXY / 4
RETEMENEIE T2 & &2 BT, ST ORE R, HDR R0 m L+ 5 2 12z <,
F7 =4y MEFOWH S R oD Z ERHEHLMNER-T2 2, ZOFIETITEAR
SR 72 E R WD Z L MRREBITIKEL TF /) AREEEZHIET 2 2 &2
ARETdH 5720 invivo TOIEMER YT ) MRE~DISH G ARETH 5 & & 2 Thi%e %
DT 5, £7-. CRISPR-Cas ¥ AT AL SpCas9 LISMC b EHER SN TEY, &
MR D 7 ) DERES~DIGHBED LTV D, T 5HIZ%9 % anti-CRISPR 1 [AlEE
WCHFET D720, IEFITEWIRIEE B IIFRE S D, E72, Cas9 HIORERE & MG HE
HZLTEOIEMRY ) AREDFRRICARD ZEBHALNE RS TE TS 3,

ARFIEIZFNT AcrllA4+Cdtl 23HIAE WK ERNTEEN ~DER & 240 Ik L
TS Z LIRS N TV, EBRIZY ) AREFEE DRI L T D 2 & 2D
HZ EIIREETH 70, £ Z CTEHREEMSRIEZ RO L Lo s AREICHIA S
B N THREIEMEAIK+ D dCas9-VPR % Cas9 (VR L CTHW, #OEZ v B D3HL
HAENZ & - CTHIIRE WK EZ MG L7z Y, dCas9 1[I X 7 L7 — B OIEME LM 4 1
VE N (DI0A/H840A) iU TCE Y, DNA FEGHEAET I 2 FF L T\ 5, VPR 158 7)
IRERFIEMAL K A A (VP64-p65-Rta) Td V|, dCas9-VPR 737 11— & — IR A
AT DL DT A FRNA e L7To, 0L BlEIC LV AcrllA4+Cdtl & S BEME D TR
ERDEN VIR —F —DOFRBLE RN LT R, 26 ORBUTADOHEEZ R L TE Y,
ActlIA4+Cdtl D3RG E VR —F — PN KB %2 R T F TORFMZEDK 5 K2
FEThO, XXV EO I 0T T 3 THRICET LR 2 BET 5 &
AcrlIA4+Cdtl |2 X % dCas9-VPR OIEVERIEISHIFRE WIS C TR Z 5 Z L PR X
ni-t&Ez6n5,

AFHEHE TIX N OFRERITINZ, M2 FH T2 A~— I XA MY —O AR
P ) AREHANOBR B 72 & LRI T 5,

1) Molecular Switch Engineering for Precise Genome Editing. D. Matsumoto, W. Nomura,
Bioconjugate Chem. 2021, 32, 639-648.

2) ACell Cycle-dependent CRISPR-Cas9 Activation System Based on an Anti-CRISPR Protein Shows
Improved Genome Editing Accuracy. D. Matsumoto, H. Tamamura, W. Nomura, Commun. Biol.
2020, 3, 601.

3) Cas9-Geminin and Cdt1-fused Anti-CRISPR Protein Synergistically Increase Editing Accuracy. D.
Matsumoto, K. Kishi, E. Matsugi, Y. Inoue, K. Nigorikawa, W. Nomura, FEBS Lett. 2023, 597,
985-994.

4) SpCas9-HF1 Enhances Accuracy of Cell Cycle-dependent Genome Editing by Increasing HDR
Efficiency, and by Reducing Off-target Effects and Indel Rates. D. Matsumoto, E. Matsugi, K. Kishi,
Y. Inoue, K. Nigorikawa, W. Nomura, Mol. Ther. Nucleic Acids 2024, 35, 102124,

5) Cell Cycle-dependent Regulation of CRISPR-Cas9 Repetitive Activation by Anti-CRISPR and Cdtl
Fusion in the CRISPRa System. K. Kishi, K. Nigorikawa, Y. Hasegawa, Y. Ohta, E. Matsugi, D.
Matsumoto, W. Nomura, FEBS Lett. 2024, in press.
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e ZEE LI 5mRNA EXRRERMTOS

(o RBEHL ' - BB =T %) Pl 2
Development of chemistry-based mRNA drug manufacturing technology (' Graduate School of
Science, Nagoya University, ®iGCORE) Hiroshi Abe'?

During the coronavirus crisis, mRNA vaccines have demonstrated their effectiveness, leadi
During the coronavirus crisis, mRNA vaccines demonstrated their effectiveness, which led to
increased interest in mRNA therapeutics. However, current mRNA vaccines were granted
emergency use authorization, highlighting several challenges that need to be addressed for their
broader application. Specifically, advancements in delivery technology and improvements in
mRNA stability and translational efficiency are critical challenges. The delivery methods for
nucleic acid drugs, such as RNA interference and antisense oligonucleotides, have been under
development for some time, and some of this knowledge has been adapted to mRNA
therapeutics. In addition, many researchers are actively working on unique mRNA delivery
systems. On the other hand, in terms of mRNA stability and translational function, progress
has been limited due to the reliance on biological techniques for large-molecule mRNA
manufacturing, resulting in little development in molecular design approaches. The amount of
protein synthesized from mRNA depends on its stability and translational efficiency. We have
identified a methodology that enhances both stability and translational efficiency through
chemical modifications and higher-order structural designs, introducing a novel molecular
design strategy. Furthermore, we have developed a new method, called PureCap, to produce
capped mRNA with high purity. Here, we report on these recent advancements.

Keywords : mRNA, Cap, synthesis, translation

I T A NAIZIBWT mRNA U7 F N ZE O E AT L. mRNA EEA~DE
HREE->TWET, LL., BIEO mRNA U 7 F U I3BRAKREZIT TR, &
%, WL EED 2 7= DIZITFR T REFER N oMb 5 Lk s v TV E T,
Rz, OF U AU —Hiffi & . @OmRNA D22 EMF L OFRZ O\ B B 2R &
LTHEFONET, OOFT U NN —IEIL, RNA THT T v AR & O
EIDOT VU ANY —HilfE LTURINGHRB SN TEY . ZbH D/ 7N 753 mRNA &
FIZHIEHINTWET, o, < OWFEEME O mRNA 7 U AN Y —EOBRFE I
WMOMATHET, —FH., @D mRNA DL EMESCHIRRERRICE L Tld, EXSFTh
% mRNA OBGEFIEN FNAEW PRI FIEICR OGN TWAD T2, o FixdHEDOBFE I
LA EHEATWERE Ay mRNA 205 D F 87 AR EILT DL EERCRIER &R Ik
FLTOWET, FExld, mRNA OLEM. L FIFRSRON T Zm &2 ki e L
T ALREMCE A G RG 2 nRNA I3 2 Z & T, RV A 7 L 0% %2 m Lk
SHELHZEERHL, MADOS FREHEZRELCEELLE, 01T, Fv v 71t
mRNA Z &l CRETEX 28 LUWFiE [PureCap i) 2B LE LT, Zh b DK
TDOREFIZDONTEHRE L ET,

1.  Nature Communications 14(1) 2657-2657 2023. We have identified a methodology that enhances
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DFTARARTLUAHBEIZCE DN FTEERZTH A

(Science Tokyo') OFfZ [ #ritk !
Biologics Design using Molecular-Displaying Cells
('School of Life Science and Technology, Institute of Science Tokyo) O Tetsuya Kadonosono'

Current biologics include monoclonal antibodies, antibody-drug conjugates (ADCs) that
combine antibodies with small-molecule drugs, bispecific T-cell engagers (BiTEs) that utilize
the antigen-binding domains of antibodies, and chimeric antigen receptor (CAR) T cells. These
biologics are clinically used as molecular-targeted drugs for the treatment of various diseases,
including cancer. A key feature of these drugs is their high specificity and efficacy, achieved
through strong binding to antigens. However, excessively high antigen affinity has been
reported to cause severe side effects or reduce therapeutic efficacy.

To address these issues, there is growing interest in developing high-performance biologics
by optimizing antigen affinity using machine learning. However, technologies that enable the
simultaneous characterization of candidate molecules, which serve as training data for machine
learning, are still under development. In this presentation, I will introduce recent our research
to develop technologies for analyzing epitope and antigen-affinity of numerous candidate
molecules using a mammalian molecular display system.

Keywords : Biologics Design,; Molecular Display System; Machine Learning; Epitope,; Antigen

Affinity

BAED A FEIEFEORENREX Y T 0 & LT, Bk, HURITE D 73 & A+
L 7o PURIEME SR (ADCs), FUBROHURRE G N A A 2 FIH U7c ZHAF RN T Al
FHEHUA (BITEs)F A 7 PR AR T #ild (CAR-T Hild)7e ERBAFE SN TEY
DAEIRD & T DA RIRBO S TAERERE S LTHOWLATWD, ZILH D/ A
AEEBITDT N L HURICHR S EST D 2 & T mWORRRM: & 32 38T 5 2 &3
R CchH 20, PURBIRIMEN R T X 2 GAICITEEREWERANEA LY | HhMIK
TLEDTAZ ERWESINTWD,

Z DT O 215 L2 PURE P E O i@ ki L 0 L EERE 2R A A ESR L &
BART 5 Z LIS TS, L LEREE T, RFEEO#MT — 4 L 725 %
B F DR 2 —FEEUS 3 5 B TP R BRI H 5, = 2 TR T, Frx
INBRSE 2D CEMILEMINT 4 AL A VAT A EIERT D By F O b
— 7 ROPURBLFE O — FEMEATEA P 2R T B,

1) Antibody-guided design and identification of CD25-binding small antibody mimetics using
mammalian cell surface display. K. See, T. Kadonosono*, K. Miyamoto, T. Tsubaki, Y. Ota, M.
Katsumi, S. Ryo, K. Aida, M. Minegishi, T. Isozaki, T. Kuchimaru, S. Kizaka-Kondoh, Sci. Rep.
2021, 11 (1), 22098.

2) Epitope binning for multiple antibodies simultaneously using mammalian cell display and DNA
sequencing. N. Lin, K. Miyamoto, T. Ogawara, S. Sakurai, S. Kizaka-Kondoh, T. Kadonosono*,
Commun. Biol. 2024, 7, 652.
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