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Methylmercury (MeHg) is a well-known neurotoxicant that causes severe intoxication in humans. Research progress has

pointed out the importance of oxidative stress in the pathogenesis of MeHg toxicity. MeHg-induced intracellular relative

selenium deficiency due to the greater affinity of MeHg for selenohydryl groups and selenides leads to failure in the

recoding of a UGA codon for selenocysteine and results in the degradation of antioxidant selenoenzyme mRNA by

nonsense-mediated mRNA decay. The defect of antioxidant selenoenzyme replenishment exacerbates MeHg-mediated

oxidative stress. 

Keywords: methylmercury ; oxidative stress ; antioxidant selenoenzymes ; binding affinity ; selenium deficiency ;

selenocysteine ; premature termination codon ; nonsense-mediated mRNA decay ; posttranscriptional defect

1. Introduction

Methylmercury (MeHg) is a well-established neurotoxicant that affects various cellular functions depending on the cellular

context and developmental phase. Research progress has pointed out the importance of oxidative stress in the

pathogenesis of MeHg toxicity. MeHg has a high affinity for selenohydryl groups, sulfhydryl groups, and selenides . It

has been clarified that such affinity characteristics causes the impairment of antioxidant enzymes and proteins, resulting

in the disruption of antioxidant systems.

MeHg-mediated increases in intracellular reactive oxygen species (ROS) causes changes in antioxidant gene expression.

Our previous study demonstrated that MeHg exposure upregulated manganese (Mn)-SOD, copper, zinc (Cu, Zn)-SOD,

catalase, and thioredoxin reductase 1 (TrxR1) mRNAs . The upregulation of these mRNAs was mediated by ROS

because treatment with the antioxidant Trolox suppressed the increase in these mRNAs. In contrast, selenoenzyme

glutathione peroxidase 1 (GPx1) mRNA was downregulated despite its decreased activity in vitro and in vivo . In

addition, Trolox failed to rescue such GPx1 mRNA decrease. Our in situ antioxidative enzymes expression analyses using

laser micro-dissected mouse cerebrocortical neuron samples also revealed downregulation of GPx1 mRNA . This is

intriguing because oxidative stress due to the general burden of H O caused upregulation of GPx1 mRNA, indicating that

the MeHg-induced GPx1 mRNA decrease is specific to the burden of MeHg .

GPx1 has a single selenocysteine (Sec), in which selenium (Se) is co-translationally inserted. Sec is encoded by a UGA

codon, which shares a common codon to function as a terminator for protein synthesis. The biosynthesis of Sec occurs on

its tRNA (Sec tRNA ), unlike the other 20 amino acids. Once activated Se is donated to the structure, Sec is

completed . The insertion of Sec into protein requires the Sec insertion sequence (SECIS) , SECIS binding protein

(SBP2) , and Sec-specific elongation factor . Under Se deficiency, however, the UGA codon for Sec may be

recognized as a nonsense codon, known as a premature termination codon (PTC), due to the incomplete biosynthesis of

Sec. mRNAs harboring PTCs are known to be deleted by nonsense-mediated mRNA decay (NMD), an mRNA quality

control mechanism that is executed when PTC is located sufficiently upstream of the exon–exon junction . A

previous report demonstrated that Sec on GPx1 mRNA that resides 105 nucleotides upstream of the sole exon–exon

junction was recognized as a PTC and degraded by NMD under active Se-deficient conditions .

2. Posttranscriptional effect of methylmercury (MeHg) on antioxidant
selenoenzymes

It is known that the selenohydryl group has a high affinity for mercury (Hg) compared to those of the sulfhydryl and amino

groups. The order of binding affinity of the coordination groups toward MeHg is as follows: SeH > SH ≥ Se-Se > NH  > S-

S [1]. The high affinity of MeHg for the selenohydryl group and selenide should cause relative intracellular Se-deficient

conditions under MeHg exposure. Our previous study demonstrated that the MeHg-induced decrease in GPx1 mRNA is a

post-transcriptional event by NMD, enhanced degradation of mRNA that is most likely mediated by cellular Se deficiency

. This finding was confirmed by two studies: (1) MeHg-induced decrease in GPx1 mRNA was rescued by pretreatment
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with sodium selenite, and (2) MeHg-induced decrease in GPx1 mRNA was inhibited in siRNA-mediated NMD component

knockdown cells. In contrast to GPx1, mRNA of another antioxidant selenoenzyme, TrxR1, was not downregulated by

MeHg exposure. The Sec codon UGA-498 on TrxR1 that resides in the last exon cannot be a substrate for NMD because

at least one downstream intron is required to trigger NMD . In theory, the TrxR1 protein synthesized by NMD-

skipped TrxR1 mRNA should be truncated because the Sec codon is recognized as a nonsense codon under Se-deficient

conditions. The different pathways involved in the synthesis of GPx1 and TrxR1 under the sufficient or MeHg-induced

deficient active form of Se are summarized in Figure 1.

Figure 1. Posttranscriptional effect of methylmercury (MeHg) on antioxidant selenoenzymes. (A) Glutathione peroxidase

1 (GPx1). The encoded UGA codon for selenocysteine (Sec) resides 105 nucleotides upstream of the sole exon–exon

junction. When a UGA codon is recognized as a Sec codon under sufficient active form of selenium (Se) (left panel),

GPx1 is synthesized. However, since UGA codon is recognized as a nonsense codon under MeHg-induced active Se

deficiency (right), GPx1 mRNA should be a natural substrate for nonsense-mediated mRNA decay (NMD; right panel). (B)

Thioredoxin reductase 1 (TrxR1). The Sec codon UGA-498 resides in the last exon on TrxR1 mRNA; thus, TrxR1 mRNA

cannot be a substrate for NMD even when a UGA codon is recognized as a nonsense codon under MeHg-induced Se

deficiency and aberrant Trx1 is synthesized (right panel).
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