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Backgroud 

Mercury: a liquid metal with a high thermal 
conductivity, has many unique properties that 
make it useful in more than 3000 industrial 
applications, ranging from fungicides and 
bactericides in the agriculture 
industry(alkyl mercury compounds) to heat 

   transfer agents and catalysts in the chemical 

   industry. 



Backgroud 

However, mercury, as a highly toxic compound, 
caused heavy environmental contamination and 
deleterious effects on human health. 



 Detection method of mercury 

Physical: AAS, AES, GC-MS 
 

Chemical: inductively coupled plasma spectrometry 
                     electrochemical method 
    disadvantage: expensive instruments 
    complicated operation 
    secondary pollution    
 

Biosensor: whole-cell sensor 
                      protein-based sensor 
                      oligonucleotide-Based 
 
                       



Mercury Resistance System 

                                                

merTP(C)A(B)D 

merR 

narrow-spectrum mercury 

resistance（lack B） :  

inorganic mercury 

broad-spectrum mercury 

resistance : 

inorganic mercury & 

organic mercury 

T. Barkay et al. / FEMSMicrobiolog y Reviews 27 (2003) 355-384 



Recombinant Whole-cell Bacterial Hg(II) Sencor 

 
 
 
 
 
 
 
Biosensor: 
 
The fkefly luciferase catalyses the reaction:  
 ATP+O2+D-luciferin       AMP+PPi+CO2+oxyluciferin+light(560nm) 

  
 
 

mer operon — firefly luciferase 



Mechanism 

                   PmerR： 

 

 

 

 

 

 
 

F: 5'-TTAAGGATCCCCTCATAGTTAATTTCTCCTC 

TTTTGGATTGGATAG-3' 

R: 5'-ATATCTCGAGCTAAGGCATAGCTGACCT-3' 

 

E.coli MC1061 cell 
electroporation 



Results 

 
 
 
 
 
 
 
 
 
 
 
 
 The luminescence increased with increasing HgCl2 concentration 

in a linear manner to concentration of 0.1 μM. 
 

MC1061/pT0011 

MC1061/pCSS81

0 

the limit detection  

of mercury : 0.1fm 



 the only ion that was observed to interfere with the measurement was 
cadmium 
 

 
 
 
 
 
 
 
 
 

 Cd induced remarkable luminescence too, however, the concentration 
needed for induction was almost 107-fold that of Hg. 

MC1061/pT0011 

MC1061/pCSS81

0 





Mechanism 

            —  (lucFF) 

     PmerB: 

             5'-ATATCACGTGATGAAGCTCGCCCCATATAT-3'  

                   5'-AATTCTCGAGGCTGCGAATCCGATGCCGGT-3' 

                                                              

                                                            PmerR(mer): 
                                                            5'-ATATCTCGAGTCCTCAGCATAGTACCGGGA-3' 

                   5'-TTAAGGATCCCCTCATACGCTTGTCCTTTCAAA-3' 

Structure of the plasmid pmerBRBSluc Escherichiacoli MC1061 

recepter reporter 



Results 

            HgCl2 

MeHgCl 

PhHgOAc 

A：The lowest concentration that caused noticeable responce was HgCl2 (10 nM),  

MeHgCl (0.2 nM)  and PhHgOAc (1 nM) . 
 

B：The concentrations were 10nM (HgCl2), 0.1nM (MeHgCl and PhHgOAc). 

pmerBRBSluc pT0011 



 
 
 
 
 
 
 
 

 Response to DMeHg, but the increase of luminescence was 
seen only with MC1061(pmerBRBSluc). 

MC1061(pmerBRBSluc) 

MC1061(pTOO11) 



Protein-Based Hg(II) Detectors 

 



Mechanism 

 

5'-CCTTGACTCCGTACATGAGTACGGAAGTCCC-3' 

3'-GGAACTGAGGCATGTACTCATGCCTTCAGGG-5' 

II： 

III： 

II： 

III： 

： ＊: 

5'-CCTTGACTCCGTACA＊AGTACGGAAGTCCC-3' 

3'-GGAACTGAGGCATGT ＊TCATGCCTTCAGGG-5' 



Results 

                                                                                 

                                                                            
~5-fold decrease in pyrene eximer  

~3.3-fold increase in pyrene monomer 

~15-fold ratiometric response  

Fluorescence response of MerR-DNA complex to the addition of Hg2+ at 0.1, 

0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,1.0, 1.1, and 1.2 μM. 



Results 

 
 
 
 
 
 
 
 
 
 
 

    Ratiometric response for different metal ions at 1 and 10μM. 



Oligonucleotide-Based Hg(II) Sensor 

 



Mechanism 

dabcyl = 

Fluorescein derivative = 

T-Hg-T 



Results 

 
 
 
 
 
 
 
 

 A: Fluorescence response of D-ODN-F (10 nm) upon addition of 
HgII ion. The intensity of the fluorescence decreased as the 
concentration of HgII increased.  
 

 B: Fluorescence emission intensity (520 nm) versus HgII 
concentration. 



Results 

 

 

 

 

 

 

 
 a: a mixture of heavy metal ions and appropriate concentration of 

Hg(ClO4)2.  

 b: contrast of ODN-F 

 A contrast of as-ODN(no D and F) 




