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HELEA)  (Abstract)

Methylmercury is an electrophilic substance that exerts toxicity by covalently binding to protein
cysteine residues, thereby disrupting molecular functions. However, previous methods for analyzing
methylmercury-binding proteins have shown limitations in sensitivity. The first-generation BPML
method had poor sensitivity, making it difficult to identify molecular targets under actual conditions.
To overcome this limitation, the study aimed to develop a second-generation high-sensitivity detection
method, inverse-BPML (iBPML), and a third-generation detection method called TT-SAD (Terse
Thermodynamic-Stable Adduct Detection) to identify thermodynamically stable adducts formed by
reversible methylmercury binding.

The low sensitivity and poor resolution of the original BPML method were attributed to high
background noise and signal overlap during electrophoresis. The detection relied on a negative signal,
making it challenging to identify electrophilic substance target molecules in complex samples like cell
lysates. The iBPML method was developed to address these issues. The approach involves blocking
free thiol groups, releasing methylmercury adducts with GSH, and labeling the newly exposed thiol
groups with BPM, resulting in positive detection of S-mercuration. Blocking agents NEM and IAA
were tested. NEM showed dose-dependent inhibition of BPM band intensity, demonstrating higher
free thiol-blocking efficiency in plasma samples. Therefore, NEM was selected for further studies.
The biotin switch step using GSH successfully reversed S-mercuration and allowed BPM labeling in
plasma samples. Band intensity increased with GSH concentration, confirming the release of S-
mercuration.

The iBPML protocol was optimized for human plasma samples with methylmercury. Band
intensity increased in a methylmercury concentration-dependent manner. Similar results were obtained
with mouse plasma samples. Commercially available human plasma and plasma from wild-type mice
were used. Sensitivity assessment with atomic absorption spectroscopy showed that iBPML detected
1 pM methylmercury (1.1 ng total mercury) with linear signal intensity. The iBPML sensitivity was
approximately 23 times higher than the BPML method. Newly detected signals, previously obscured
by background noise in BPML, indicated the detection of novel methylmercury target proteins. Prior
research indicated that methylmercury accumulates in the cerebrum and cerebellum of mice 5 days
after administration (25 mg/kg). Mice were subcutaneously administered methylmercury chloride (25
mg/kg), and the brain, liver, and kidneys were collected 5 days later for iBPML analysis. Signal
intensity increased in the methylmercury-treated group compared to the control group, indicating the
detection of methylmercury-bound target proteins in the brain.

Taken together, the iBPML method was successfully established as a high-sensitivity detection
technique for methylmercury-binding molecules. Using this method, target molecules were detected
in the brains of methylmercury-exposed mice. This approach facilitates comprehensive adductome

analysis and the exploration of diagnostic markers and toxicological mechanisms.



