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A SINGLE POINT MUTATION IN HUMAN MITOCHONDRIAL tRNA
Met

 CAUSES 

DISEASE BY DISRUPTING Mg
2+

 BINDING LEADING TO tRNA MISFOLDING 
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INTRODUCTION 

 

 Human mitochondria are subcellular organelles that produce more than 90% of the 

energy required by the cell. The mitochondrial genome encodes 13 proteins necessary for 

energy production, two rRNAs and all of the 22 tRNAs that are necessary for the synthesis of 

these proteins (1,2). Mammalian mitochondrial tRNAs have a number of unusual features 

that distinguish them from canonical tRNAs. In many cases, they lack a number of the 

conserved or semi-conserved nucleotides that play important roles in creating the L-shaped 

tertiary structure of prokaryotic and eukaryotic cytoplasmic tRNAs (3). There is little 

detailed structural information on these tRNAs. No data is currently available that examines 

the structure of mammalian mitochondrial tRNAs with single nucleotide resolution. 

However, chemical and enzymatic probing has lead to the idea that these tRNAs have 

retained the basic cloverleaf structure of canonical tRNAs but that they lack a number of 

conserved tertiary interactions leading to a weaker tertiary structure (4-8). In particular, a 

number of the long-range interactions between the D-and T-arms of the tRNAs appear to be 

missing. 

All 22 tRNAs that function in mammalian mitochondria are encoded in the 

mitochondrial DNA. Considerable interest in mitochondrial tRNAs centers on the occurrence 

of diseases arising from mutations in their genes that lead to a number of maternally inherited 

genetic disorders (9-12). The diseases associated with mitochondrial tRNA mutations may 

arise from failure in the processing of the tRNA (13), from reduced stability of the tRNA 

(14,15), from a reduction in aminoacylation (12,16,17), from a reduced ability of the mutated 
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aminoacyl-tRNA to interact with mitochondrial elongation factor Tu (EF-Tumt) (16) and from 

the failure of the tRNA to be correctly modified leading to translational defects (18).  

Normally, protein biosynthetic systems have two tRNA
Met

 species. One is used solely 

for initiation while the other functions in polypeptide chain elongation. Animal mitochondria 

are quite unusual in that they contain a single gene for tRNA
Met

, which functions in both 

polypeptide chain initiation and chain elongation. As a result of this dual role, mitochondrial 

Met-tRNA
Met

 must be recognized by the mitochondrial Met-tRNA transformylase (MTFmt) 

and be brought as fMet-tRNA
Met

 to the ribosome for translational initiation. In addition Met-

tRNA
Met

 must interact with elongation factor EF-Tumt and bind to the A-site of the ribosome 

during translational elongation. Thus, this tRNA
Met

 is of central importance in mitochondrial 

translation. 

Human tRNA
Met

 has a number of interesting features (Fig. 3-1A). The D-loop is 

somewhat small and lacks the classical GG sequence found in most tRNAs. It has no 

dihydrouridine modification. The D-loop lacks the G at 19 that facilitates interactions with 

the T-loop through the tertiary interaction G19 with C56. The first position of the anticodon 

contains the unusual modified base 5-formylcytidine. This modification may play a role in 

the unusual codon recognition requirements of this tRNA which must recognize both AUG 

and AUA codons. The minor loop is short lacking the usual G47 and the T-stem has two 

adjacent pyrimidine:pyrimidine pairs (U-U and U-Ψ). Further, the T-loop contains only 6 

nucleotides instead of the normal 7. These unusual structural features suggest that human 

mitochondrial tRNA
Met

 may have an intrinsically weak tertiary structure.  

Three interesting point mutations (T4409C, A4435G and G4450A) occur in the gene 

for human tRNA
Met

 (hmtRNA
Met

). The T4409C mutation (Fig. 3-1A) results in a U8 to C 
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change at the corner of the acceptor stem and D-stem of hmtRNA
Met

. This mutation leads to 

mitochondrial myopathy resulting in dystrophic muscles and exercise intolerance (19). The 

A4435G mutation leads to the change of A37 to G37 in the anticodon loop of the tRNA (20). 

This mutation acts as a modulator of Leber’s hereditary optic neuropathy increasing the 

severity of this condition when it arises due to other mutations in the mitochondrial DNA. 

The G4450A mutation leads to loss of the final base pair in the T-stem (Fig. 3-1A). This 

mutation presents as splenic lymphoma, is largely confined to lymphocyte cells, and results 

in severely abnormal mitochondria leading to serious defects in energy production (21). A 

systematic examination of the structural and biochemical consequences of these mutations is 

lacking. Here we examine the structure of human mitochondrial tRNA
Met

 and probe the 

effects of the U8C mutation on the structure and function of this tRNA.  
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FIGURE 3-1: The sequence of the normal and U8C hmtRNA
Met

 and the effect of the 

mutation on the aminoacylation of the tRNA. (A) Primary sequence of hmtRNA
Met

 indicating 

the position of the U8C mutation. The Sprinzl numbering system is used throughout (40). (B) 

Aminoacylation of the normal (circles) and U8C transcripts (squares) of hmtRNA
Met

 by 

hmMetRS. (C) Aminoacylation of the normal (circles) and U8C transcripts (squares) of 

hmtRNA
Met

 by E. coli MetRS.  
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