Flexible DNA sticky end formation technology

ree technologies can be selected depending on the application ~

Key aspect of the invention

» Three types of chemical cohesive-end formation technologies enable;
1.more flexible sequence design,
2.highly-efficient DNA ligation,
3.formation of a cohesive end on only one terminus

» Useful for construction of genetically modified vectors

e R cost iton characteristics
Conventional method: Enzyme(Bsal) 4 nt Golden Gate Assembly

: Chemical(5-ethynyl U) ~50 nt J J Severe cleavage condition
Invention A: DNA cleavage primer ~50 nt v Vv v Cleavable in vivo

Invention B: Stop primer ~150 nt vV v Applicable to long DNA ligation
Invention C: Silver nanoparticle ~50 nt v v Less DNA damage, high yield

Summary of the invention

A: DNA cleavage primer B: Stop primer C: Silver nanoparticle

contains nucleic acids with the contains nucleic acids modified cleaving products amplified

2' position substituted with with a photolabile group via a using primers containing thio-
a photolabile group via a sulfur- ' phosphate linkage modified oligonucleotides,

or selenium-based linker with silver nanoparticles.
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The ability to generate long cohesive ends
results in high ligation efficiency.
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Equivalent to restriction enzyme method ' Higher ligation efficiency to enzyme ' Comparable ligation efficiency to AgNO,
Expected use

> DNA synthesis tool alternative to enzymatic synthesis with excellent scalability and efficiency
» Applicable to vector construction for recombinant products and genome synthesis

Lead Inventor: Hiroshi Abe (Professor, Graduate School of Science, Nagoya University)

Title of Licensable Patent Invention: Primer, apparatus for producing double-stranded DNA using same, and method for producing
double-stranded DNA

Publication Number: W02021/020561, W02021/020562, W02023/54391

Contact: JST, Department of Intellectual Property Management, Licensing Division Phone: +81-3-5214-8486

E-mail: license@jst.go.jp  Department of Intellectual Property Management www.jst.go.jp/chizai




Building-up of Nucleic Acids in Cells

Efficient intracellular delivery and low side effect of RNA drugs~

Key aspect of the invention

» Introduction of nucleic acid strands, such as those constituting siRNA, into cells and

chemical binding of the strand enables to construct larger functional nucleic acids
within cells

» Advantage of enhancing membrane permeability and avoiding immune activation.

Intracellular ligation of nucleic acid strands (1)
| A, B, C, D: IBR-RNA (Intracellular buildup RNA) I

/'\/\/{/\/" Y - 3-phosphorothioate RNA

’1_, (protection of disulfide bond)
Tl/\ \Yau £° |- lodoacetyl RNA

| transfection GSH: glutathione
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\ active siRNA ligation J SIRNA CPS +IAc

Avoiding immune activation RNA interference effect

Expression level of IFN-8 mRNA 140
was measured by semi-quantitative
RT-PCR at 24 h post-transfection of
RNA (100 or 500 nM of either IBR-
RNA, segmented siRNA or siRNA-
1) into T98G cells. The expression
level of IFN-8 mRNA was
normalized to that of B-actin. The
relative expression of IFN-8 mRNA
in mock-transfected cells was set

as 1.
L scramblelsiRNAI ligated PS
siRNA

IBR-RNA CPS + Ac
CPS +1Ac
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Mock poly I:C il segmented IBR-RNA
0.105 ng/uL siRNA CPS + IAC . . . i

000M | oo RNAs were transfected into HeLa cells stably expressing luciferase with
L L GeneSilencer and luciferase expression was monitored at 24 h post-transfection.

Enhanced membrane permeability RNA interference effect

Single strand . 12
circular RNA with | ~ HeLa cell: 10000 cell/well HeLa cell: 10000 cell/well

disulfide linker 500 nM RNA in hypertonic 10 nM siRNA

1 ot;lutu;nL Fire fiv lucif. 0.4 ng/pL fire fly
. ng/uL Fire fly luciferase luciferase vector, renilla
RNA activity OFF 8 - vector, renilla luciferase vector 0-8 luciferase vector
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GSH : 4 s lipofectamine2000
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Expected use ._

» Nucleic acid therapeutics and nucleic acid reagents

Lead Inventor: Hiroshi Abe (Professor, Graduate School of Science, Nagoya University)

Title of Licensable Patent Invention: Method for constructiung functional nucleic acid molecule, and nucleic acid combination to be used
in said method

Publication Number: W02013/129663
Contact: JST, Department of Intellectual Property Management, Licensing Division Phone: +81-3-5214-8486
E-mail: license@jst.go.jp  Department of Intellectual Property Management www.jst.go.jp/chizai




Non-enzymatic oligonucleotide ligation method
~ Chemical synthesis of DNA/RNA with repetitive sequences ~

Key aspect of the invention

» An organic chemical method for nucleic acid strand ligation employing a phosphorothioate-
containing nucleic acid strand together with an electrophilic reagent
» Enables the low-cost production of various functional nucleic acids and proteins

The key reaction underlying the technology @ Application of the technology

A chemical ligation reaction utilizing activation of
a phosphorothioate group by an electrophilic reagent

NO,

No,
s 0

v u'/
oH R
o

ﬁo Ogl:mNHz

0" &~ ~OH or NH,
o

OH :>

Ligation reaction between
DNP-PS DNA and 5°-NH, DNA

No; | 3'-DNP-PS DNA

NH1
c‘@ & ) 5'-NH, DNA

N
5 —G-CTGN\GGG 'I"!.‘TGN\CTCTGC FAM-3' T’ 5'-GCTGARGGG TTTGAACTCTGC-FAM-3'

3" -scsacmmcccsmcmm.\cacmm 5" s D NO; product (P3'—>N5')

DNA template
ON
pH8 pH7 pH6
time(min) 10 30 60 120 10 30 60 120 10 30 60 120

product ——— - — — —

— -““‘--“‘

Reactions were performed in a 25 L reaction volume, containing each 4 M of DNP-PS DNA, 2 uM of 5'-NH, DNA and 4
1M of template DNA in 20 mM phosphate buffer, 10 mM MgCl, at 25 °C. The reaction was analyzed by electrophoresis on
15% denature polyacrylamidegel (5.6 M urea, 25% formamide, 1 x TBE) and the gels were quantitated by ChemiDoc™ XRS+
system (Bio-Rad).

RNA interference mediated
by phosphoramidate-type siRNA

Relative luciferase expression (%)

RNA BE 10 25 50 10 25 50 10 25 50
(nM)  —————— —— S e
scramble siRNA Phosphoroamidate &
RNA ligated siRNA
ing HeLa cells ‘were plated in 96-well plates (4 x 10° cells/100 pL.
per well). Iransfeeﬂun of RNAS ‘were carried out with Li 2000 as for adherent

cell lines.L was with the Luci Assay System ( ga) and BCA
ptorein assay was performed to adjust luciferase activity with Pierce® BCA™ Protein Assay Kit

Comparable efficacy conventional technology

One day before

Ligation reaction between
DNP-PS RNA and 3'-NH, RNA
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product (N3'-P5')

5'-FAM- BC\JGAAGGG
31 -GCH Sania J-5"

RNA template

pH8 pH7 pH6
time(min) 10 30 60 120 10 30 60 120 10 30 60 120

product

3-NH,
RNA

Reactions were performed in a 25 pl reaction volume, containing each 4 uM of DNP-PS RNA, 2 uM of 3'-NH, RNA and 4
1M of template RNA in 20 mM phosphate buffer, 10 mM MgCl; at 25 °C. The reaction was analyzed by electrophoresis on
15% denature polyacrylamidegel (5.6 M urea, 25% formamide, 1 x TBE) and the gels were quantitated by ChemiDoc™ XRS+
system (Bio-Rad).

Ligation of repetitive sequences
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1) Ligation
(condensing agent*, denaturing agent**)

2) Deprotection of 3' OH group

Sequential ligation
and deprotection

T O
DNA strand with a length of 100-1,000 bases

*condensing agent: Ligation method using EDC
EDC, BrCN, TNCB
**denaturing agent:

Urea, formaldehyde
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250 mM HEPES-NaOH (pH 8.5),

100 mM NaCl, MgCl,, 500 mM EDC-HCI
500 mM HOBt , 10% dPAGE

NAR, 2017, 45, 7042.
Blocanj. Chem., 2008, 19, 327.

Enables to synthesize nucleic acids with repetitive
or higher-order structure—forming sequences

Expected use "

» Cost-effective production of nucleic acids and protelns (in-house and contract
manufacturing), gene function analysis, and novel drug discovery and development

Lead Inventor: Hiroshi Abe (Professor, Graduate School of Science, Nagoya University)
Title of Licensable Patent Invention: Method for nonenzymatic combination of nucleic acid chains

Publication Number: W02016/031247

Contact: JST, Department of Intellectual Property Management, Licensing Division Phone: +81-3-5214-8486

E-mail: license@jst.go.jp  Department of Intellectual Property Management
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Nucleic acid probe

~Imaging of mMRNA, DNA dynamics in a living cell~

Overview and efficacy of the invention

MRNA analysis probe
O Fluorescence emission intensity can be
maximized by arranging multiple scaffold
sequences containing fluorescent
molecule-binding aptamers in tandem
using a unique linker sequence.
O “Romanesco” sequence is introduced
into the target promoter.

Target promotor # ”
bindin@stance Romanesco
: ‘ aptamer

v\m/v binding El-l:l I-::_{
\\\ || polyA

target fluorescence
promoter protein
sequence

MRNA

@ transcription
Imagingof ___

E%Imaging of
> “transcription”
“translation”

Imaging of transcription dynamics in a cell
24 hours

linker

12 hours

©300- tlmes higher |nten5|ty than Broccoli
© Simultaneous tracking of protein&mRNA

enables analysis of transcription
mScarlet-I Romanesco Composite image

mScarlet-I Conventional EGFP Composite image

DNA analysis probe ———

O “ChrocodiLE"” protein capable of
selectively and sequence-independently
binding to DNA of open chromatin with
minimal steric hindrance was created.
O Fluorescent protein emits light upon
binding of ChrocodiLE to DNA.

[ ChrocodiLE o sissviiom |

[Chromatin structure]
binding

Open state
(expression ON)—%
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. —

florescence
emission

Example of tissue observation

in knock-in mice

Hippocampus Cerebellar
| cortex

Skin
fibroblast

© Time-dependent changes in the three-
dimensional structure of the genome in
living cells is trackable.

[ Genome sequence analysis using DNA
sequencers. ]

The sequences of open regions that
could not be identified with conventional

technology was confirmed.
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repair in specific neural tissues

© Probes for tracking the in vivo behavior of drug-responsive genes
© Analysis of gene expression in living cells during neuronal differentiation and nerve tissue

© Imaging of gene expression in living cells for specific diseases
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