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Transfer ribonucleic acid (tRNA) is an important molecule for biosynthesis of protein. However, 

tRNA cannot function without maturation processes including base modification. Thiolation, one 

of the base modifications is conserved in all three life domains (bacteria, archaea and eukaryote), 

and plays critical roles such as thermostability, UV sensor and translational fidelity of tRNA. 

 

In this study, we have focused on 2-thiouridine synthase A (TtuA) which substitutes O atom 

with S atom at position 2 of uridine at position 54 of tRNA, together with sulfur donor protein 

TtuB (Fig. 1). TtuA is well-studied protein and only TtuA structure has been determined among 

tRNA thiolation proteins with oxygen sensitive cofactor, iron-sulfur cluster. The 3 of 4 Fe atoms 

of the cluster coordinate to cysteine 

motif, and the remained bare Fe atom 

(unique Fe) binds to C-terminus of 

TtuB (Fig. 2). A tRNA thiolation 

mechanism using iron-sulfur cluster 

was proposed based on the structure 

of TtuA. 

 

However, the detailed mechanism of 

transition of S atom from TtuB vs the 

cluster is still unknown. Moreover, it 

was reported recently that Ncs6, 

eukaryotic homolog protein of TtuA 

does not have unique Fe ([3Fe-4S] 

iron-sulfur cluster). Hence, a question 

comes up: why are different clusters 

used in similar tRNA thiolation?  

 

To address this question, we analyzed the structure of iron-sulfur cluster during thiolation, traced 

the transition of S atom from TtuB, and identified key residues of TtuA. Furthermore, we tried 

instability analysis of artificial [3Fe-4S]TtuA by spectroscopic and biochemical methods. Here, 

we report the results and discuss the detailed tRNA thiolation mechanism of TtuA. 
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