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Cloning and characterization of the 
nicotianamine synthase gene in Eruca 
vesicaria subsp sativa
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ABSTRACT. Nicotianamine (NA) is a ubiquitous metabolite in plants 
that bind heavy metals, is crucial for metal homeostasis, and is also an 
important metal chelator that facilitates long-distance metal transport and 
sequestration. NA synthesis is catalyzed by the enzyme nicotianamine 
synthase (NAS). Eruca vesicaria subsp sativa is highly tolerant to 
Ni, Pb, and Zn. In this study, a gene encoding EvNAS was cloned and 
characterized in E. vesicaria subsp sativa. The full-length EvNAS cDNA 
sequence contained a 111-bp 5'-untranslated region (UTR), a 155-bp 
3'-UTR, and a 966-bp open reading frame encoding 322-amino acid 
residues. The EvNAS genomic sequence contained no introns, which 
is similar to previously reported NAS genes. The deduced translation of 
EvNAS contained a well-conserved NAS domain (1-279 amino acids) and 
an LIKI-CGEAEG box identical to some Brassica NAS and to the LIRL-
box in most plant NAS, which is essential for DNA binding. Phylogenetic 
analysis indicated that EvNAS was most closely related to Brassica rapa 
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NAS3 within the Cruciferae, followed by Thlaspi NAS1, Camelina NAS3, 
and Arabidopsis NAS3. A reverse transcription-polymerase chain reaction 
indicated that EvNAS expression was greatest in the leaves, followed by 
the flower buds and hypocotyls. EvNAS was moderately expressed in the 
roots.
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