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Hydroxyl radical is one member of reactive oxygen species (ROS) that
regulates diverse biological and pathological processes in living systems. Due to its high
reactivity, hydroxyl radical non-selectively modifies biomolecules which is the onset of many human
diseases. This research is developing a new method to decipher hydroxyl radical homeostasis in
living systems by hydroxyl-radical-responsive protein labeling, which can unravel the localization
and surrounding/associated proteins of hydroxyl radical via fluorescence imaging and proteomics.
Chemical probes that can be selectively activated by hydroxyl radical for efficient protein labeling

have been identified. Preliminary results have demonstrated that such probe enables
hydroxyl-radical-responsive protein labeling in response to endogenously produced throxyl radicals
in macrophages during immune response. Such progress confirmed the feasibility of the proposed
concept of hydroxyl radical conditional protein labeling.
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Neurodegenerative diseases (NDs), such as Alzheimer’s and Parkinson’s, cause dementia
of the elderly and is increasingly suffered in the aging society. Unfortunately, the current
drug development has yet delivered effective treatments for NDs, due to our insufficient
knowledge on the exact molecular mechanism of its onset and progression. Reactive oxygen
species (ROS) are a class of oxygen-containing and reactive molecules, such as superoxide
(027), hydrogen peroxide (H202), and hydroxyl radical ((OH), that are continuously produced
and consumed in living systems. Uncontrolled production of ROS in the brain contributes to
the pathogenesis of NDs, due to the ROS-derived oxidative modifications on biomolecules
(e.g., proteins), leading to impaired protein function, oxidative stress, and neuron death. In
particular, ‘OH is the most deleterious ROS because it exhibits the highest reactivity while
cannot be enzymatically detoxified. Indeed, ‘OH-mediated lipid peroxidation and protein
carbonylation have been identified as oxidative-stress biomarkers in NDs.

Investigation of biological ROS conventionally relies on fluorescent/chemiluminescent
sensors and redox proteomics that can detect the production of ROS in live samples and
analyze the oxidized proteins by ROS, respectively. Although useful, such methods usually
lack selectivity to one specific kind of ROS and are insufficient for the comprehensive
understanding of biological ROS regarding their production, localization, and modification,
which is fundamental for the development of precise and effective treatment of ROS-related
NDs.
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and comprehensively map the production of ‘OH and unravel the ‘OH-associated proteins,
which will greatly expand our understanding of the pathological role of ‘OH and potentially
contribute to the development of new treatment of NDs.
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Firstly, a series of chemical probes for ‘OH-responsive protein labeling was designed and
synthesized. Such probes contain a biotin tag that enables the chemiluminescence detection
of protein labeling with the streptavidin-horseradish peroxidase (SAv-HRP) conjugates. The
protein labeling behavior and ROS selectivity were evaluated in cell lysates and analyzed by
sodium dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and western blot.
The chemical probes that showed high protein labeling efficiency in response to ‘OH and high
selectivity to ‘OH over other ROS were selected for further evaluation.

For the application in living cells, cell permeability of the ‘OH probes was improved and
determined by confocal laser scanning microscopy (CLSM) imaging. To test whether the ‘OH
probes enable response to endogenously produced ‘OH in living cells, cultured mouse
macrophages were stimulated to generate an immune response model, where NADPH
oxidase is activated and generates Oz~ and downstream ROS, including ‘OH.
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Chemical probes that can be selectively activated by ‘OH for efficient protein labeling have
been identified. As shown in Figure 2, probe 1 alone was stable in the HeLa cell lysates and
showed no detectable protein labeling after incubation at 37 °C for 60 min (lane 1).
Significant protein labeling by probe 1 was induced by ‘OH (lane 4), but not by other ROS,
including O2~, H202, 102 (singlet oxygen), and OCI (hypochlorite). For the application in
living cells, probe 2 having a diacetylfluorescein moiety was synthesized for improved cell
permeability and retention. CLSM imaging showed that probe 2 could be rapidly taken up
into living cells within minutes and broadly distributed throughout the entire cell, which is
favorable for the unbiased detection of ‘OH production. Probe 2 was further slightly modified
to probe 3, with improved biorthogonality (reduced background labeling by non-specific
cellular oxidation). Preliminary results have demonstrated that probe 3 enabled OH-
responsive protein labeling in response to endogenously produced ‘OH in cultured mouse
macrophages during immune response. Such progress confirmed the feasibility of the
proposed concept of ‘OH conditional protein labeling.

In the future, CLSM imaging that can observe the SAV-HRP
labeled proteins and determine the ‘OH localization and  (kpa)
proteomics that can comprehensively unravel -OH
surrounding proteins will be pursued. This method
appears as the first example of ‘OH-responsive protein 150 p— ot B +
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localization via specific antibody staining. By contrast, the
conventional ROS sensors are only available in live
conditions and are not amenable to fixation. Compared 50 —
with traditional redox proteomics that identify protein
oxidation that can be carried out by one or diverse kinds of
ROS, this protein labeling is highly specific to ‘OH over 37 —
other ROS. More importantly, the -OH conditional
proteomics enables comprehensively unravel -OH
surrounding proteins, which covers the sources for ‘OH ROS ~ OQ \NOW X oY 0(5
production, the ‘OH-modified proteins, and other spatially
relevant proteins.
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Figure 2  -OH-responsive

This research aims at the application of the -OH-  protein labeling in cell lysates.
responsive protein labeling in neurodegenerative brains,
which would provide powerful and integrative means to
unravel the pathological roles of ‘OH in the NDs, and even  biotinylated proteins.
discover potential therapeutic drug targets for the
treatment of NDs.

* denotes the endogenously



During the screening of chemical probes for ROS-responsive protein labeling, probes that
can be selectively activated by one specific ROS other than ‘OH were also discovered. We will
pursue global profiling of ROS production and associated proteins by the combination of
multiple ROS-responsive protein labeling, while each of them is specific to individual ROS.
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