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HEICEAY (Abstract)

Methylmercury (MeHg) is an electrophilic toxicant that exerts its neurotoxicity through covalent
binding to protein cysteine residues, thereby disrupting protein function. However, comprehensive
identification of MeHg-binding target proteins under biologically relevant conditions has been hampered by
the limited sensitivity of existing analytical methods. In this study, we established a highly sensitive second-
generation detection method, inverse-BPML (iBPML), and developed a novel approach termed TT-SAD
(Terse Thermodynamic-Stable Adduct Detection) to identify thermodynamically stable MeHg—protein
adducts.

The iBPML method converts MeHg-bound cysteine residues into positively detectable biotin-labeled
thiols via glutathione-mediated nucleophilic substitution, enabling sensitive visualization of S-mercuration.
This method demonstrated approximately 23-fold higher sensitivity than the original BPML. Application of
iBPML to brains of mice subcutaneously administered methylmercury chloride (50 mg/kg) enabled in vivo
adductome analysis. Avidin pull-down combined with LC-MS/MS identified 29 MeHg-binding proteins,
including known targets such as GAPDH, actin, tubulin, and proton pump-related proteins. Gene ontology
analysis revealed preferential targeting of proteins associated with neuronal cell bodies and synaptic vesicle
secretion, supporting mechanistic links between MeHg exposure and impaired neurotransmission and
excitotoxicity.

To identify stable MeHg-binding proteins resistant to glutathione-mediated exchange, we optimized TT-
SAD using iodoacetamide (IAA) as a blocking reagent to reduce background derived from reversible thiol
reactions. In human plasma, albumin-bound MeHg was largely removed by glutathione treatment, whereas
a~25 kDa protein retained MeHg binding, suggesting the presence of thermodynamically stable adducts and
a potential biomarker candidate. Proteomic identification of this protein is currently underway.

Collectively, iBPML enables high-resolution in vivo MeHg adductome analysis, while TT-SAD
provides a strategy to detect stable MeHg-binding proteins that may serve as diagnostic markers. These
methodologies advance our understanding of MeHg toxicodynamics and offer a foundation for biomarker

discovery in methylmercury exposure.



