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Bioorthogonal reaction A

Introduction

Requirement

» Rapid reaction

 Proceed in physiological condition
(water, ambient temperature, biocompatible pH)

 should be mutually and selectivity reactive
* neither interact nor interfere with the biological system

e.g. The bioorthogonal chemical reporter

Carolyn Bertozzi
Stanford University <>H20 © . <>H20 © Yok <>H30 ©
- . e VeV

Metabolic Chemical

O incorporation O labeling O
4 O, 4 O, 4 O,

© = bioorthogonal chemical reporter

2024/8/29 J. Am. Chem. Soc. 2003, 125, 4708 Nat. Chem. Biol. 2005, 7, 13 JACS Cent Sci. 2023, 9, 558  Nat. Rev. Methods Primers, 2021, 1, 30
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Staudinger ligation
In vivo formation of amide bonds

0

0
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OMe ____ 5 N
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Strain-promoted [3 + 2] cycloaddition
Copper-free coupling with 1,3-dipoles
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Copper-catalysed azide-alkyne cycloaddition
Minimal size, readily accessible, broadly useful

N’/ \N/R2 o

Photoinducible bioorthogonal chemistry
Spatio-temporal control with light

2
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Tetrazine ligation
Exceptionally rapid kinetics
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Native chemical ligation

N SH
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R® NH, R?S R!

Oxime and hydrazone ligations
Enabled by ketone and aldehyde tags
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R! >/-—R2
: HoN
}— R + \O’ R3 —> N\
0 o
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Palladium and ruthenium-catalysed
couplings
Unique tags for biomolecule

R1

modification
— R ||

+

Pd cat.
Jij |
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R R2

Protein synthesis from synthetic or expressed fragments

HS

J — & A

AC7<

Introduction

Nat. Rev. Methods Primers, 2021, 1, 30



Bioorthogonal ligation reaction: application
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Metabolic engineering

Labelled
glycoprotein

Metabolic

Bioorthogonal labelling
reporter
Monosaccharide —

/ Genetic Code Expansion

Bioothogonal tag

@ Unnatural amino acid (UAA)

Orthogonal
aaRS-tRNA

Nascent
protein

/

Ribosome

mRNA

Amber
codon

UAA-modified protein

N
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Bioorthogonally
tagged protein

~

Photo-initiated

Proteome labelling

N=N

Live-cell labelling

Activity-based

Proteomics

Bioorthogonal click chemistry

Introduction

Proteome profiling
Probe - + - +
Reporter-azide —_
N3—* SDS-PAGE —_
— —

WB analysis In-gel

o Non-covalent ligand
M Reactive warhead

Pre-targeting

Pre-targeting

1 (SPECT)

Tumour cell

Biotin-azide Trypsin fluorescence
Ns_Q digestion

Avidin LC-MS/MS
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Target ID Bioinformatics
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Nat. Rev. Methods Primers, 2021, 1, 30
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Bioorthogonal bond cleavage reaction g

Introduction

A) Ligation B) Dissociation

O—X + Y—O S O—Z—O O—X + Y—O e O—Z—O — O

stable ligation adduct labile ligation adduct free

example: product
example:
? -Q P
7 ‘e
@ — —o O_< N N N“
NN HN O o Wl ] =

* In terms of bio-orthogonality, it is less studied than the ligation reaction.

 Research has been conducted in terms of improving the generality of substrates
and reaction efficiency.

2024/8/29 ChemBioChem, 2019, 20, 1615 ACS Cent. Sci. 2021, 7, 929



Bioorthogonal bond cleavage reaction: trigger 9

Introduction

Physical stimuli Chemical stimuli
* NIR  Electrical field
* lonizing radiation « Ultrasound etc. Small molecule
* Heat X * Inverse electron demand Diels—-Alder reaction
ot - ) . * Azide reduction reaction
gl O o o » Desilylation reaction
a0 S Transition Metal
81 i « Deallylation
ST « Depropargylation

v
[ ]

Deallenylation
Intramolecular Cyclisation

106 103 10 100 400 760 1000 nm

yray Xray Ultraviolet Visible Infrared

Overview of photon tissue penetration trends

Easy clinical application

X Tumor penetration (photon)

X Restrictions on chemical reactions that can be
initiated

2024/8/29 Chem. Soc. Rev. 2023, 52, 7737



Bioorthogonal bond cleavage reaction: triggered by small molecule 10

Introduction

Inverse electron demand Diels—-Alder reaction Azide reduction reaction
R—G B )R o)
( ) Kire® N—N U PPh
\g/ \% - XH Qx on —_— s XH
X= 0, NH X=0, NH N3
R
§ Jrry D
0. llpy & @) =0
—X (0] | >N Q—XH _
N X=0, NH
X=0, NH N
— OH [ ] [ J [ ]
o R @R Desilylation reaction
Q”J\O | N)N\ T NFe 0 OTBS N
R Q.

BF;
o) H oﬁ\ O—NHQ
@y T
oy e

high biocompatibility, fast reaction rate, and robustness

X Spatiotemporal activation

2024/8/29 Chem. Soc. Rev. 2023, 52, 7737



Bioorthogonal bond cleavage reaction: triggered by transition metal 11

A Reaction:

(a) Deallylation

@- O/\/

[Pd] [Au]

o

e L . FIRd

N~ O
H

(b) Depropargylation

o F [Pd]

o 7 [PdilAulCul_

[Pt]

—OH

—OH

—OH
_NH2

_NHQ

(c) Deallenylation

(d) Intramolecular Cyclisation

O~ 0 NF

=

[Pd]

[P1]

Pz
Ny~

[Pt] [Au]

[Ru]

—OH

—NH

—OH
_NH2

—COO
H

Introduction

B Catalysts (reactions):

Pd(PPhg), PdCIy(TFP), Pd (0) Resin Na,PdCl, + NaAsc KelPtCly] Pd(TPPTS),
(ai, bi) (aii, bii) (ai, bi) (ai, aii) (bii, di, dii)
Cu()-BTTA CisPt NaAuCl, Au-Nanoparticles R P- Pd Q
(oii) (di) (dii) (ai, bi, bii) (aii, b.) (bii)
< | P = P e
|
SRl \ T
B 7 o =
T o]
R+ \(
2 (aii) (dii)

Complement the substrate scope of other strategies.

X The variety of masking group is relatively limited. (Although metalloenzyme address this limitation)

X Poor cell permeability, low catalytic activation in cell

2024/8/29

Chem Catalysis, 2022, 2, 39



Bioorthogonal bond cleavage reaction: purpose 12

Introduction

Cleavage of
bifunctional molecule

Small molecule activation Protein activation

Caged AA is introduced by GCE

Y=

aPp — @ » |
cage »
Unactuvated Activated
 Small molecule Unactuvated Activated
« Antibody
\ |
» Prodrug Cleavage site * Kinase
* Chemical probe N\ * Fluorescent protein
* Drug  nuclear localization sequence

« Recombinase (Cre)
* Gene editing enzyme
(CRISPR/Cas9) etc.

* Fluorophore

Ligand i )/ )

2024/8/29 ACS Cent. Sci. 2021, 7, 929
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» Gold-induced amide bond cleavage



Brief introduction

Aim
« Amide cleavage
e Dual-release

2024/8/29

(i) Co-ordination

|
R, )/'\
Rz H, R Au, Rz'H,R

’ X :O,N
O/‘
Au (1) N Au (1) - l\?
RiR2N (5-exo-trig) i
Des[gn 7 Des{gn 2
I H,0 @ H,0
RiRoN y R1RoN
XR
C Desigl :zlements:
Payload 1
NRoR4 XR Amide Cleavage
No external Nucleophile (Nu)
Payload 2
0, < XR Allyl Leaving Group Tert-and Sec- amide compatible
o Au Stable substrates (in presence of GSH
RiR:N Internal Nu Attack P )

Dual-Release Probes

Living Cell

5-exo-trig Cyclisation

Au Trigger
Na[AuCl4].2H,0

In vitro, in vivo (zebrafish xenograft)

J. Am. Chem. Soc. 2024, 146, 23240-23251



Engineering of a Gold-Triggered Uncaging Reaction
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LG: NR4R, Metal
= > HNR{R;
o XR  MeOD:D,O (4:1), 37°C, 24 h
o]
o =
O O \//
=5 Pt Psacy o
O)\ O/\/ OW OM
(A) 59 % (B)>95% (C)0% (D) 95 %
0 O—r
| 0 0 —~J £~N
O\/\N M P N O)\/\/\ OM
H
. | o | Br OPh
(E) 90 % (F)>95% (G) Unstable (H) > 95 %

(Percentage: Efficiency of cleavage of amine)

Dual release anaylsis of (1)

(o]
//:/N,

Screenin

" N
A

0\4
L—~N .
o Z
(PFP)O G
(1)>95%

S 4 A A Q ¢ O R B %
2. % ‘o o _To_ ¢ ¢, ¢ 49
Y oy Y Y Y Y

OH
Na[AuCly] (1 equiv)

O
il @(F)s

F)s MeOD:D,0 (1:4); 37 °C, 24 h
40 mM
f | A
Morpholine (TM) PFP L ]
Rxn mixture (24 h) B
Substrate (SM) Aﬂ A A u
44 4342 41 40 39 38 3.7 36 35 3.4 33 32 3.1 30 29 2.8 27 26 25 24 23 22 21 20 1.9 18 1.7 161 -162 -163 -164 -165 -166 -167 -168 -169 -170 -171 172 -173 -174 -
8 (ppm) 3 (ppm)
H NMR F NMR

2024/8/29

J. Am. Chem. Soc. 2024, 146, 23240-23251



Mechanistic and Kinetic Studies of the Uncaging Reaction 16

. . Main @
Mechanistic study Kinetic studv
: ‘s
Al
U Possibility: N ‘
\@NRZ 1. Alkene as directing group o O \/‘N O\/\ \/\N \
3 . :
F1

2. Activates carbonyl for hydrolysis | F2| O -

O_/\N s 0
i S 0
J *(noreaction)  — Possibility 1 is eliminated O

o O © o2y < ‘ ;
o \—~N AT
1

QF3 F3 )  aFs Q ! Fa J
0"' (Phenyl Amide): DMF : H,0 (1:1)
. . 2 .
\k/\\NRZ @ 1. Amide LP in conjugation with ring QF(x) [Quenched] + Na[AuCly] (10 - 50 equiv) T F(x) [Fluorescent]
*(trace) 2. Aniline; good leaving group
| 300 -
N e
Au \[O(W
ﬁ L (Benzyl Amide): _200- QF4 »
NHR, 1. No conjugation E .
C *(> 95%) 2. Poorer leaving group o | 2h
100 + 0.5h
— the carbonyl group should initially act as " oh
o o_.
a Nu thorough its C-O resonance form OF1 QF2 QF3 QF4 3.0 40 50 L

rt (min)
Reaction Conditions: Na[AuCly] (1 equiv.), MeOD: D,0O (1:4), 37°C

* Percentage conversion determined by 'H NMR

QF4 is ideal for in cellulo applications
2024/8/29

J. Am. Chem. Soc. 2024, 146, 23240-23251
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Na[AuCl]
Me;N)W %,

AG (kcal mol)

NaCl

MezNﬁ)l\/\'//\;\

Single-release

(H20)3

6-endo-trig  Me,N AuCl
g Me, j\,;O;r uC3 MezNﬁ/\ojAUCI"
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0=
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B"AuCl,
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y (H20)
SIS .

MezN
B"-AuCl35ext_hynem

[H30-H,0]"

B"AuCl,_6ent_hy,, 13.1

B'"-AuCl,_5Sext_| hym ﬁ ............
' Krer
o. O

MezHN%-AUCH OO~ AuCly
NHMe,
B*-AuCls6ent_hy,, B"AuCl 6ent_lac
AuCl "AuCly
03,0 %" o
MezHND NHMe,

B'-AuCl35ext_hy,y,

B"AuCly5exi_lac

=== B"AuCl,_6ent_lac

(o}
; . -4.0
MezNJ\/\/ 5.0 ‘
B"AuCl,_6ent e
Tre e B'-AuCl,_Sexi_lac
e " AUCHh
B"AUCl,_56X! e -14.4 o
-17.2 AuCly o
Mezr:l
L CTTTTTIT PR RPN Cyclization » « Hydra"on » < AMINe release sy »
.
r il

Reaction coordinate

Dual-release
Me,N A AOPh *, Me,N A OPh  5.exo-trig
i .. AuCly
H S H"AuCl,
AuCly AuCl -
H,O 3
. opn 2% kg, 1P OPh _ AuCly
Me,N MesN — 0> 0O OPh
€2
H,0-H,0]* Me,HND
H*AuCl;5ext [HsO-H-O] H"AuCl35ex!_hyhem %
H"AuCls5ext_hy,y,
AuCla AuCl,OPh
o R opn B-elimination 0~ TR
O - >
NHMe, H"AuCl35ext_lac H"AuCls5ext_lac-Beim

Amine release

— Quantum mechanical calculations also support the reaction mechanisms
J. Am. Chem. Soc. 2024, 146, 2324023251

2024/8/29

B-elimination



Peptide Bond-Cleavage at Allyl Glycine
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Cleavage of model peptide

Peptide: Cleaved Fragments:

R- Y- G- (AG)- G- Y- A R- Y- G- (AG) G-Y-A
[ e e e : F1 F2
i AG: Allyl Glycine | : ) y ) )
' ; Reaction Conditions: Na[AuCl,] (2 equiv), H,0, 37 °C, 30 min
| o
H ~ ~ :
| H /|
LA © UM

100 506.5
OH

H H
- N N

3 (¢] (0]
H/ F1 (Calculated: 505.5)

%
O:(
z
b =
T

NH,
0 " Adhs oY i L

300 400 500 600 700 800 900 1000 1100

m/z

100 309.4
X
F2 (Calculated: 308.3)
‘L‘ih ully il A L i\ ! |

300 400 500 600 700 800 900 1000 1 190

m/z

2024/8/29

Previous report

Au( I) mediated bond cleavage of N-propargylated peptide
(R
i Ji(‘
o @ 1. AuCl, 6 M Gn-HCl, i
n\) 200 mM Na,HPO, buffer &
.\[( ~N pH 6-7, 37°C, 30 min o
o L o 2.DTT y O
.\r"\)l‘“on
0
D i .
Junction nide cleavege
1 Gly-Ala 75%
2 Gly-Lue 95%
3 Gly-Arg 80%
4  Gly-Nle 95%

* Bond-cleavage reaction proceeded on model peptide (PoC)
* Further investigation and optimization is needed for

applications

J. Am. Chem. Soc. 2021, 142, 8203-8210

J. Am. Chem. Soc. 2024, 146, 23240-23251



Au-Mediated Uncaging Reaction in Cells 19

Main @)
NaAuCl,

QF2 or QF4 or DMSO E
|nCubatIOn Wash Incubat'on' \H ! i ’ i Cancer Cells MMAE
1h 12 h e © (HeLa, SKBR3) Prodrug (PDx)/ ADC, Na[AuCl,], 72 h i antineoplastic agent
Cell Death

<Dual-release>
Phalloidin

L
HO

H
0 0 | ) o AN i) y ONE)LT I 0;%2 e
mamae) S~ WMAE) I~ AN ane) ¢ HEWN»\/ -~ STALD
\
ADC1

Substrates PD1 PD2

Na[AuCly]

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
' . .
. Properties of NaAuCl, Effectiveness of prodrug ADC
X 4
1
PD1 (ICsp = 1.129 1M 1
1 1504 (1Cso i 00 24533 50591
! 100 \:I = PD1+[Au] (ICs = 0.360 nM)
= 1 3 9 ®
3 . = S0y — .
P q 1 = = ~— %
) | | g i g 3 “
4 1 S 504 Z 5 AN )
+ = = .
g : 8 8 \!\\\ \
1 a o
~ 8
: == T T T T ’ ' — ' e 2000 6000
I 10 20 40 80 160 A - [9001] 1 2000 1000
; 1 Na[AuCl,]] (uM
<Single-release> . PRI
DAPI 1 150 PD2 (ICs, = 0.192 nM) 1501 [ ADC EE ADC +Au
' Treated s PD2+ [Au] (ICs, = 0.062 nM)
! . W Blank = 7Y = ’_‘
! € 400 : £ 100-
aF2 ! z' . >
1 2 | . 35
| s g
! | 3 ] T = 504
- i o
: | I ,
1 = ] u [
QF2 ! T ! j ! 0-2 0 A5 10 05 0.0 0-
. ! 2 0 2 4 6 ' * palp ' 60 30 15 7.5
: Concentration (ng/mL) [ADC] (nM)
1
1

2024/8/29 * The reaction proceeded in living cells J. Am. Chem. Soc. 2024, 146, 23240-23251



Uncaging Reaction In Vivo

a
—_— ns
Treatment Analysis B 47 *
2 o ns
y g 3 g )
Cell injection 3dpt End points: § . ° @ ns
& & & (a) Tumour size 2212 ¢ & 3 4
- - - - - - (b) Apoptosis - ns
V 1dpi 2dpi 3dpi 4dpi (c) Proliferation 514 % %
T — ]
e s s Co——
D= 4 v go s
= T T
(o] N S D
b 0\36" v,oo\} L v,oc}}v,oc’“
Act. Caspase3 4dpi (3dpt) & x&\‘\:‘\@
Na[AuCl,] PD2 PD1+Na[AuCl,]  PD2+Na[AuCl,] L L
z 7 = Hkk E
7] 44 ) ©
g Fkkk PY g
[72] *kkk o
S 31 ns ns ns % =
g 2- $ . S o 8
= @ =2
£ 1 i
o T 1 1 hd 1 1 ."g
P N Y =
NS S BN
N\ N &
=~ \x\‘ qj‘é
L L

* Prodrug activation was accomplished in vivo

2024/8/29 J. Am. Chem. Soc. 2024, 146, 23240-23251
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This time,
* Dual-release approach

. Dual-Release Approach:
« Amide bond cleavage o

 Application in-cellulo (ADC) ‘
in-vivo (zebrafish) C)
Reaction Development

n fut [y/aS-exo-trig c:‘yc;lls?tlo.n] (a) Amide Bond Cleavage
rolysis
n Tuture, [hydrolysis] (b) n-acid Mediated Allyl Substitution

« Combining with nano particle

* Introducing of allyl glycine by Genetic , In-cellulo Application (ADCs)
code expansion by Q Q Zebrafish (ZF) Xenograft Model
2024/8/29

J. Am. Chem. Soc. 2024, 146, 23240-23251
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» NIR-triggered photocatalytic decaging



Brief introduction 93

« Manipulation of biological processes in a remote-controlled, noninvasive manner
— effective, but difficult (e.g. short wavelength light)
— long wavelength light (NIR) is expected

0.0
Y 690 nm
NMe hv
Me E Me HO
«Me —) Uncaged
1. Photooxidative

C-CCleavage
2. Hydrolysis J. Am. Chem. Soc. 2014, 136, 14153-14159

« Cyanine group
— low energy conversion
* Metal might be good.

2024/8/29 Angew. Chem. Int. Ed. 2023, 62, €202310920



Development of the NIR Photocatalytic Decaging Chemistry (CAT-NIR)

Reaction 1: fluorescein decaging

9& Os cat. (10 mol%), NIR (740 nm)
air, additive, PBS, r.t., 30 min

ats

1 ("off" fluorescein)

hooed

2 ("on" fluorescein)

Reaction 2: Tyrosine decaging

O-p

%

o
OH
NH_

0s6 (10 mol%), NIR (740 nm)
air, NADH, PBS/DMSO (9/1), r:t. o

“Fmoc

3 (Fmoc-Tyr-Bpin)

HO Fmoc

4 (Fmoc-Tyr)

24

2+
Os1:

R=H Os4:

Os6:

R=Ph

R = PMP

1.2%104%1 cat. equiv. Os6 3 4
! additives screening catalysts screening optimization 1 min k N A 1201 4
l I I =3 tBu
12.7
9x10%1 = 2min___ \ N\ =
< 80-
x \ :
= . K]
EI- 6x103 g 5 min ]L g
2 5.7 5.3 k e
------------------------- T B B R B 10min__ \_ S 99
3x103 07 Wil
. 2.1
0.9 “‘ -NIR . L
01 0.1 0 T T 1
o-‘\ NN P N 0 & 9 15 26 28
& & & & F ey 2036 NIR irradiation time (min)
O\ o\O
9 N & &
o? o N . .
Proposed reaction mechanism
Investigation of reaction pathway
2.5q Fluorescence quenching SET 02
1.2x10%- 1.2x10%=
_ —_ 2.0+ )
8x103_ 8)(103- = [OS OS”]
=] E w @
@ x > 1.54
4x1034 4x103- = » Photocatalytic
o ° + Cycle
1.04 Y = 1.979*X + 1.052 o] 4
0 0- R?=0.991
L] 1 I I 1 \e\ @ <
AP S LR O N0V 5 OV F 0.5
. \AV'Q » S0 xﬂ&@‘ 00 01 02 03 04 05 NIR (740 nm)
oo“' Concentration of NADH (M) [0s'T
NADH
2024/8/29

RFU: Relative Fluorescence Units

Angew. Chem. Int. Ed. 2023, 62, €202310920



Evaluation and Validation of CAT-NIR Decaging Chemistry in Living Cells 25

Catalyst optimization

Normalized to mode

T

APC-Cy7 (Os6)

— Decaging reaction proceeded in living cell

1
2%103+ !
1.5x105 = PR B T S Schematic view of the Statistical analysis
' - activation of caged fluoresceine of Fluorescence rescue
1
55 1 NIR (740 nm)
18 15 : O S : o, 1%10%+ "t
[ : G P (os) - O /
PP ESE Pl Lo | @# iR_ B g - E
.. . | o I 5%10°
Photocytotoxicity evaluation & & = 0s6 z
— = 100nM :
g == 300nM :
> 80- = 1M ! . .. . 0 T T
= % . Confocal microscopic imaging 0s6  -cat
©
S 404 == 10 uM !
§ i BF Hoechst Fluorescein Merge ] ) NIR
0 : . G r" % -NIR
0s5 0s6 DMSO | . & 2
1 E 2
1 T
. - g
Evaluation of cellular uptake ! s
HelLa cells HEK293T cells Blank E ‘26
3 0s6 (1 uM) ! £ S A
Os6 (10 uM) : ' FITC (fluorescein) ——
:
1
1
1
:
1
1
1

2021529 — Os6 is good (reactivity, biocompatibility)
Angew. Chem. Int. Ed. 2023, 62, €202310920



NIR-Triggered Protein Decaging via CAT-NIR System 26

Schematic view of the

activation of affibody

Decaging on model peptide

Schematic view of the

! 1
! 1
! 1
! 1
! 1
1 S o
¢ Sl ® I :
. ! % - : : Tagging percentage
o Py | | &Y . selective cell tagging gding p
on DR o X N ' SK-BR-3  HEK293T (RFP)
NYESO-3pBoF 2 min N AN ' sokoll) ' ° ( — —
! 1 : @ 3
056 (10 mol%) il A /\ : ) 3 @ 1 t&(\&\ sk f 3 tzgged t:g1g/ed
NIR (740 nm) ( ,4 gy 1 A : i HEK293T cell 4 % A%
air, NADH, r.t. : QX ‘ x & *Q : ! §@\ = i 3
PBS/DMSO (9/1) 10min__ ~_/\ / \ B 2 1 3 : ]
1 NIR { B : :
1 : No binding ' O & = : |
zomin [\ I\ I ! 3 # || SK-BR-3cell ]
: = SK-BR-3 cell 4=HER2receptor @=0se 1 > & = : rENeS G0 o =
_<:>_ ~ N\ , ! N Y ? E 3
o _-NR : QL = active Zuer: g = caged Zucea 1 y : 7 = w ]
NYESO-3Y ! : : : E ] iioued
B -0s6 /A = M T i
i Structual analysis of Zyr>, Y13pBoF ! |SK-BR3celltagged) N Il
. HERe: : ;
. . . HER?2 Zucrs Y13pBOF : Selective cell tagging RFP(PE-Texas-Red)—
Decaging on model protein A} 0 8t !
1 o DIg ] o }{l unfavorable clash 1
A A ! N\ b 1 | P38 i f | . .. .
j;rf,}“‘le OH Os6 (1 M), NIR (740 nm) AT ! PGV 7 Al 1 Con Ocal MICroscopic Imaging
P = & |, __air, NADH, PBS, rt. —*f? OH : 223 by i < : M sA 1 v it =
(e X J S ) \ ' 1
Ab Kb 1 % [ L ) @ 1 HEK293T (RFP transfected) SK-BR-3 (Z,er, tagged) Merge
GFP-N149pBoF GFP-N149Y ! 4 L S26 AL 1
1 ' Decreased affinity 'D399 3.1A | Y >
120 120 Am = 27 Da 1 TEEE— \ ! / 1
= 100 27785Da = 27812 Da ' e N | \3401 I
g S g ~ ' ik i !
2 2 L . 1
g o g 1 T T T T T 1 Moo T L ! 1
£ £ 1 -20 -15 -10 -5 0 1
E 60 —_— E Y 57685 Ba : AGpingina (kcal/mol) 1
5 |-Met27655Da ] ~ '
g 40 e E 40 1 . . . . 1
i 5 + Validation of the binding recovery i ______
1 Zyero-Y13pBoF |
ol ksl Lo B L., st an 1 | | 1
27000 28000 29000 27000 28000 29000 1 1
Mass (Da) Mass (Da) . (-) Os6 (-) NIR (+) 0s6 (-) NIR (+) Os6 (+) NIR Zyero WT .
: Je5.0 282 | 1953 284 | 1872 87.7 | Jo4s 97.6 :
1 1 ! ] 1 1
1 I
! ‘ ] [ ] (: } ] ] / ! . .
. : : - ! — Protein decaging was succeeded
2 1o o| i183 o| j1.2s 236 | |0.051 1.84

2024/8/29 s siitii—— N Angew. Chem. Int. Ed. 2023, 62, 202310920




NIR-Triggered Prodrug Activation in Living Cells via CAT-NIR System 27

Kinetics of prodrug activation Prodrug activation in living cell
MR s (A% 0s6 (10 mol%) R I R on NIR (740 nm)
O‘O‘ Beg NIR (740 nm) O‘O‘ Q. “& = prodrug
H H s H
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imin A N 120+ g =
-7
2min_A | - = 120- N.s. n.s. * % K
k c 80+ I 1 —_
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— Prodrug activation is possible even in deep tissue
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Evaluation of
the tissue penetrating ability

740 nm

Raw beef . .

Al

m .
120- ks
80- ‘ -

40_] _l_
0-

| 1 |
Dox NIR NIR (beef) - NIR Blank
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Schematic illustration of the remote-controlled
prodrug activation in living mice
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— Effective prodrug activation was confirmed in the living mice was confirmed
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Short Summary(®

CAT-NIR: Near Infrared Light Photocatalytic Decaging Chemistry

Molecule of Interest (MOI)
‘8 Dye

.—iiﬂ .— _QCE\ Protein

/—a > 0 Drug

Caged Activated

NIR remote-control i tissue penetration

biocompatiblility @ spatiotemporal resolution

2024/8/29

This time,

» developed a NIR-triggered photocatalytic
decaging system

* The concept was proofed in vivo

In-situ rescue of fluorophores, prodrugs,
and biomolecules

In future,
Protein gain-of-function study

precise spatiotemporal resolution in
manipulating biomolecules,

Angew. Chem. Int. Ed. 2023, 62, €202310920

29



Contents

30

2024/8/29

HIintroduction

 Bioorthogonal (ligation) reaction

* Bioorthogonal bond cleavage reaction

BMain (state of the art)

* Gold-induced amide bond cleavage

» NIR-triggered photocatalytic decaging
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Summary .
i \Trlgger '
« Enables molecular functions to be Y . M'”Ttes H°|‘”S Dalys
. ¢« . \
regulated in living cells and animals =t W T 25 oE e
Caged molecule
« Can be triggered by a variety of stimuli :
: "~ @ : °k g
Perspective Small molecule Protein Bioconrj'ugate
» Expanding reaction type and application > 4 @
« Spatiotemporal control | _ |
In vitro Cell Multicellular Animal Human
organism

* Clinical application
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