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Metallothioneins (MTs) play a key role in metallic homeostasis and detoxification in most living organisms. In an 
attempt to study the biological functions and significance of MT in a snail, we cloned and partially characterized the 
MT gene from the left-handed snail, Physa acutawhich has been regarded as a potential biomonitering species for 
fresh water. The complete cDNA sequence of PaMT cDNA was identified from the expressed sequence tag (EST) 
sequencing project of Physa acuta. The coding region of 180 bp gives 60 amino acid residues including the 
initiation methionine and termination codon. Clustering and phylogenic analysis of PaMT with other MT amino acid 
sequences show that it has some identities to Helix pomatia (60%), Arianta arbustorum (58%), Perna viridis (49%), 
Mytilus edulis (49%), Bathymodiolus azoricus (49%), Bathymodiolus azoricus (48%) and Bathymodiolus sp. 
FD-2002 (48%). Time dependent induction for PaMT from P. acuta exposed with cadmium (50 ppb) indicated that 
PaMT was induced at 4-8 hr after exposure. It remains to further develop PaMTas a potential biomarker for water 
contamination in fresh water.  
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Fig. 1. Nucleotide and deduced amino acid sequence of P. 
acuta Metallothionein gene. (A) Open triangle and 
asterick "*" indicate start codon and termanation codon, 
respectively. Underline (a)-(c) shows Metallothionein, 
family 2, mollusc domain from InterProScan program. 
(B) It has specific motifs for metallothionein such as 
Cys-Cys, Cys-X-Cys or Cys-X-Y-Cys. 
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Fig. 2. Multiple sequence alignment of Physa acuta metallothionein with other reference MT sequences. Pa, Physa 
acuta Hp1, Helix pomatia (Roman snail) Cd-metallothionein isoform, AF399740.1; Aa, Arianta arbustorum 
metallothionein, AAB47141.1; Ba1, Bathymodiolus azoricus metallothionein, isoform MT-10b, AJ630216.1; Me1, 
Mytilus edulis metallothionein, AJ577130.1; Pv, Perna viridis metallothionein 1, AF092971.1; Ba2, Bathymodiolus 
azoricus metallothionein, AJ630218.1; Bs, Bathymodiolus sp. FD-2002 metallothionein 10, AJ517188.1; Mg1, 
Mytilus galloprovincialis (Mediterranean mussel) metallothionein 10-III, AY566248.1; Bt, Bathymodiolus
thermophilus metallothionein, AJ577128.1; Me2, Mytilus edulis metallothionein 20 II, AJ005456.1; Hp2, Helix 
pomatia (Roman snail) Cu-metallothionein isoform , AF399741.1; Ca, Crassostrea angulata metallothionein, 
AF349907.1; Mc, Megathura crenulata metallothionein, AY102647.1; Mg2, Mytilus galloprovincialis (Mediterranean 
mussel) metallothionein 20-IV, AY566247.1; Tg, Tegillarca granosa metallothionein-like protein, AF363781.1; Cv, 
Crassostrea virginica (eastern oyster) metallothionein IB, AY331699.1; Oe, Ostrea edulis metallothionein, 
AJ306366.1; Cg, Crassostrea gigas (Pacific oyster) metallothionein, AJ243263.1; Vp, Venerupis philippinarum
metallothionein, AJ249686.1; Vd, Venerupis decussatus metallothionein, AJ249687.1; Dp, Dreissena polymorpha
metallothionein, U67347.1. 

Table 1. Percentage identities of P. acuta metallothionein with other known MT sequences. 



Fig. 3. Phylodenrogram analysis on evolutionary relationships between Physa 
acuta and 21 taxa. branch length = 3.55540928
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Fig. 4. Time dependent expression pattern of PaMT mRNA 
in P. acuta exposed with Cd. PaActin was used as 
loading control.  
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