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Bioorthogonal reaction

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
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Introduction

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

Carolyn Bertozzi
Stanford University

JACS Cent. Sci. 2023, 9, 558Nat. Chem. Biol. 2005, 1, 13 J. Am. Chem. Soc. 2003, 125, 4708

e.g. The bioorthogonal chemical reporter



Bioorthogonal ligation reaction
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Introduction

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



Bioorthogonal ligation reaction: application
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Introduction

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

Proteomics

Pre-targeting

Metabolic engineering

Genetic Code Expansion
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Bioorthogonal bond cleavage reaction

• 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.
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Introduction

ChemBioChem, 2019, 20, 1615 ACS Cent. Sci. 2021, 7, 929



Bioorthogonal bond cleavage reaction: trigger
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Introduction

Physical stimuli Chemical stimuli

Chem. Soc. Rev. 2023, 52, 7737

• NIR
• Ionizing radiation
• Heat

• Electrical field
• Ultrasound     etc.

Overview of photon tissue penetration trends

Small molecule
• Inverse electron demand Diels–Alder reaction 
• Azide reduction reaction
• Desilylation reaction

Transition Metal
• Deallylation
• Depropargylation
• Deallenylation
• Intramolecular Cyclisation

✅ Easy clinical application
✖ Tumor penetration (photon)
✖ Restrictions on chemical reactions that can be 

initiated



Bioorthogonal bond cleavage reaction: triggered by small molecule
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Introduction

Inverse electron demand Diels–Alder reaction Azide reduction reaction

Desilylation reaction

✅ high biocompatibility, fast reaction rate, and robustness
✖ Spatiotemporal activation

Chem. Soc. Rev. 2023, 52, 7737



Bioorthogonal bond cleavage reaction: triggered by transition metal
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Introduction

Chem Catalysis, 2022, 2, 39

✅ Complement the substrate scope of other strategies.
✖ The variety of masking group is relatively limited. (Although metalloenzyme address this limitation)
✖ Poor cell permeability, low catalytic activation in cell



Bioorthogonal bond cleavage reaction: purpose
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Introduction

Small molecule activation Cleavage of 
bifunctional molecule Protein activation

ACS Cent. Sci. 2021, 7, 929

Caged AA is introduced by GCE

cage

Unactuvated Activated

• Kinase
• Fluorescent protein
• nuclear localization sequence
• Recombinase (Cre)
• Gene editing enzyme

(CRISPR/Cas9)                       etc.

cage

Unactuvated Activated

cage

Unactuvated Activated

cage

Unactuvated Activated

cage

Unactuvated Activated

cage

Unactuvated Activated

• Drug
• Fluorophore

Cleavage site

Ligand
• Small molecule
• Antibody

• Prodrug
• Chemical probe



Contents

nIntroduction
• Bioorthogonal (ligation) reaction
• Bioorthogonal bond cleavage reaction

nMain (state of the art)
• Gold-induced amide bond cleavage 
• NIR-triggered photocatalytic decaging

n Summary

2024/8/29

13



Brief introduction

Aim
• Amide cleavage
• Dual-release

2024/8/29

14
Main ①

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



Engineering of a Gold-Triggered Uncaging Reaction
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Main ①

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

O
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HNR1R2

XR
XR

Metal

MeOD:D2O (4:1), 37℃, 24 h

(Percentage: Efficiency of cleavage of amine)

Screening

Dual release anaylsis of (I)

1H NMR 19F NMR

PFPMorpholine (TM)

Rxn mixture (24 h)

Substrate (SM)



Mechanistic and Kinetic Studies of the Uncaging Reaction
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J. Am. Chem. Soc. 2024, 146, 23240−23251 

→ Possibility 1 is eliminated

O

NHR2

Au

OH

NR2

Au

OH

Mechanistic study Kinetic study

→ the carbonyl group should initially act as 
a Nu thorough its C-O resonance form

QF4 is ideal for in cellulo applications



Mechanistic and Kinetic Studies of the Uncaging Reaction
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J. Am. Chem. Soc. 2024, 146, 23240−23251 

NHMe2

β-elimination

Single-release Dual-release

→ Quantum mechanical calculations also support the reaction mechanisms



Peptide Bond-Cleavage at Allyl Glycine
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J. Am. Chem. Soc. 2024, 146, 23240−23251 

Cleavage of model peptide

Previous report
Au(Ⅰ) mediated bond cleavage of N-propargylated peptide

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

applications 

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



Au-Mediated Uncaging Reaction in Cells
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J. Am. Chem. Soc. 2024, 146, 23240−23251 

QF2 or QF4
Incubation

1 h
Wash Incubation

12 h

NaAuCl4
or DMSO

MMAE
antineoplastic agent

<Single-release>

<Dual-release>
O
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O

O O

Properties of NaAuCl4 Effectiveness of prodrug ADC

• The reaction proceeded in living cells



Uncaging Reaction In Vivo
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J. Am. Chem. Soc. 2024, 146, 23240−23251 

• Prodrug activation was accomplished in vivo



Short summary ①

This time,
• Dual-release approach
• Amide bond cleavage
• Application in-cellulo (ADC)

in-vivo (zebrafish)

In future,
• Combining with nano particle
• Introducing of allyl glycine by Genetic 

code expansion
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21
Main ①

J. Am. Chem. Soc. 2024, 146, 23240−23251 
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Brief introduction

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

• Cyanine group
→ low energy conversion 

• Metal might be good.
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Main ②

Angew. Chem. Int. Ed. 2023, 62, e202310920

J. Am. Chem. Soc. 2014, 136, 14153−14159



Development of the NIR Photocatalytic Decaging Chemistry (CAT-NIR)
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Angew. Chem. Int. Ed. 2023, 62, e202310920

Reaction 1: fluorescein decaging Reaction 2: Tyrosine decaging

Investigation of reaction pathway

RFU: Relative Fluorescence Units

Proposed reaction mechanism



Evaluation and Validation of CAT-NIR Decaging Chemistry in Living Cells
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Angew. Chem. Int. Ed. 2023, 62, e202310920

Catalyst optimization

Photocytotoxicity evaluation

Evaluation of cellular uptake

Schematic view of the 
activation of caged fluoresceine

→ Os6 is good (reactivity, biocompatibility)

Confocal microscopic imaging

Statistical analysis 
of Fluorescence rescue

→ Decaging reaction proceeded in living cell 



NIR-Triggered Protein Decaging via CAT-NIR System
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Angew. Chem. Int. Ed. 2023, 62, e202310920

Decaging on model peptide

Decaging on model protein
Structual analysis of ZHER2 Y13pBoF

Schematic view of the 
activation of affibody

Validation of the binding recovery

Schematic view of the 
selective cell tagging

Confocal microscopic imaging

Tagging percentage

→ Protein decaging was succeeded



NIR-Triggered Prodrug Activation in Living Cells via CAT-NIR System
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Angew. Chem. Int. Ed. 2023, 62, e202310920

Kinetics of prodrug activation Prodrug activation in living cell Evaluation of 
the tissue penetrating ability

→ Prodrug activation is possible even in deep tissue



Remote-Controlled Prodrug Activation in Living Mice via CAT-NIR System
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Angew. Chem. Int. Ed. 2023, 62, e202310920

Schematic illustration of the remote-controlled
prodrug activation in living mice

→ Effective prodrug activation was confirmed in the living mice was confirmed



Short Summary②

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,
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Main ②

Angew. Chem. Int. Ed. 2023, 62, e202310920
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Summary

Summary
• Enables molecular functions to be 

regulated in living cells and animals
• Can be triggered by a variety of stimuli

Perspective
• Expanding reaction type and application
• Spatiotemporal control
• Clinical application
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ACS Cent. Sci. 2021, 7, 929

Summary



Thank you for your kind attention
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