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o Development of cuprous ion-responsive protein labeling reagents applicable in vitro and in
i R H live cells

This thesis described the development of an efficient Cu'-responsive protein labeling
reagent, which responds to Cu” by generating reactive electrophiles that react with and tag
the proximal proteins, thus enabling the immobilization of Cu” signals in situ and the
identification of proteins located in Cu*-rich sites within cells.

Chapter 1

This chapter describes a copper ion-responsive protein labeling method and explores four
distinct chemical tools to develop an effective Cu'-responsive protein labeling reagent for
use in biology, particularly in living cells. Initially, four distinct copper ion-responsive
chemical tools utilizing various chemical reactions have been designed and synthesized.
Then tests in vitro and in live cells have been conducted to evaluate and compare the
copper-responsiveness properties of these reagents. The analytical results revealed that all
four types of reagents demonstrated copper ion-responsive protein labeling capabilities.
Notably, the TPA-cage-masked quinone methide-based reagent (QmCuR) exhibited
superior performance due to its high selectivity for Cu™ and its effectiveness in detecting
elevated Cu” levels within various cell models.

Chapter 2

This chapter continues to optimize the structural design and characterize the Cu" -
responsiveness properties of Cu’-responsive protein labeling reagent, and applies the
optimal one to live cells. Initially, this chapter optimized the chemical structures of
QmCuR developed in Chapter 1 to address its limited response to intracellular Cu®. To
achieve it, various copper ion-ligand-appended quinone methide-based reagents have been
designed and synthesized to optimize chemical structures. After obtaining the reagents, in
vitro and in-live cell assessments and comparisons of the Cu’-responsive protein labeling
capabilities of these reagents were performed to identify the most effective reagent and
elucidate the Cu'-responsive reaction mechanisms of the reagent. These results
demonstrate the remarkable selectivity of the optimal reagent for Cu” over other bio-metal
ions and ROS, as well as its superior Cu'-responsive efficacy both in vitro and in live cells

compared to the QmCuR developed in Chapter 1.




Chapter 3

This chapter continues to explore the additional applications of the optimal Cu*-responsive
protein labeling reagent (CuR) in different cell models to assess its reliability and investigate
the intracellular regulation of labile Cu® accumulation. Initially, the ATP7A knockout (KO) cell
model was prepared, and the optimal CuR tool was utilized in the cells to assess its robustness
in these cell models. Proteomics studies were also performed, thus enabling the identification
and comparison of the labeled proteins in Cu(gtsm)-supplemented ATP7A WT and ATP7A KO
cells to explore copper regulation changes. These results demonstrated the applicability of the
CuR tool in different cell models, showed that the CuR tool exhibited advantages over the ICP-
Mass method, and demonstrated specificity for Cu-concentrated cells. Additionally, the
proteomics study suggested in situ interactions of cuproptosis proteins with Cu™ and highlighted
the potential roles of the MXXXM motif in responding to toxic intracellular Cu® levels,

providing valuable insights into Cu" regulation, trafficking, and export within living cells.
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