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Figure S1. Fluorometric quantification of Cd by gfp based biosensor. (A) Specificity analysis of gfp based biosensor using CdCl2 (0.01ppm to 250 ppm). (B) Recombinant P. aeruginosa RGS23 harboring pUCP-PcadR-gfp-expressing gfp in the presence of CdCl2 (0.0 ppm to 250 ppm).

Figure S2. Schematic diagram for whole cell microbial biosensor construction. Initially, in step 1 the vector pUCP-Plac-gfpmut2 and PCR amplified 213bp PcadR promoter sequence were digested with PciI and KpnI. In step 2, the digested PcadR promoter was fused with promoterless pUCP vector. In step 3 the gfp gene was digested by KpnI and HindIII. In step 4, the PCR products of dagA gene (-agarase) and pUCP-PcadR-gfpmut2 were both digested with KpnI and HindIII restriction enzymes. Finally, step 5 digested dagA gene (-agarase) and pUCP-PcadR was fused and transformed into P. aeruginosa. The final construct indicates the schematic representation of constructed colorimetric based whole cell bacterial biosensor.

Figure S3. Optimization of Cd detection by Colorimetry biosensor. Heat map for colorimetry biosensor Cd detection, light green to dark green indicates the increasing concentrations of Cd (The concentrations are Blank, 0.2, 0.4, 0.6, 0.8, 1, 1.2, 1.4, 1.8, 2, 2.2, 2.4, 2.6, 2.8 and 3.0 mM) in samples.
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Table S4. Bland Altman Plot Value of correlation between the ICP-MS, colorimetric and immobilized biosensor.
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Figure S1. Fluorometric quantification of Cd by gfp based biosensor. (A) Specificity analysis of gfp based biosensor using CdCl2 (0.01ppm to 250 ppm). (B) Recombinant P. aeruginosa RGS23 harboring pUCP-PcadR-gfp-expressing gfp in the presence of CdCl2 (0.0 ppm to 250 ppm).
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Figure S2. Schematic diagram for whole cell microbial biosensor construction. Initially, in step 1 the vector pUCP-Plac-gfpmut2 and PCR amplified 213bp PcadR promoter sequence were digested with PciI and KpnI. In step 2, the digested PcadR promoter was fused with promoterless pUCP vector. In step 3 the gfp gene was digested by KpnI and HindIII. In step 4, the PCR products of dagA gene (-agarase) and pUCP-PcadR-gfpmut2 were both digested with KpnI and HindIII restriction enzymes. Finally, step 5 digested dagA gene (-agarase) and pUCP-PcadR was fused and transformed into P. aeruginosa. The final construct indicates the schematic representation of constructed colorimetric based whole cell bacterial biosensor.
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Figure S3. Optimization of Cd detection by Colorimetry biosensor. Heat map for colorimetry biosensor Cd detection, light green to dark green indicates the increasing concentrations of Cd (The concentrations are Blank, 0.2, 0.4, 0.6, 0.8, 1, 1.2, 1.4, 1.8, 2, 2.2, 2.4, 2.6, 2.8 and 3.0 mM) in samples.
Table S1. Bacterial strains and plasmids used in this study

	Strain/plasmid
	Relevant phenotype

/ genotype
	Description Source
	Reference

	pUCP18
	E.coli carrying Plac promoter and GFP
	pUCP ori; Plac:: GFP from E.coli
	donated by Prof. Pradeep Singht, University of Washington



	E. coli DH5
	supE44lacU169(Φ80lacZM15) hsdR17recA1endA1gyrA96thi-

1relA
	
	Invitrogen (CA,USA)

	E. coli BL21 (DE3)
	hsdS gal (λcIts857ind1

Sam7nin5lacUV5-T7gene1)
	
	Novagen

(CA,USA)

	P. aeruginosa

strain BC15
	Heavy metal resistance
	Isolated from treated oil mill waste water samples
	Edward Raja

and Selvam,

2009

	Novel colorimetric based microbial biosensors  and immobilized biosensors  strains

	GSR39
	P. aeruginosa carrying PcadR promoter and agarase gene
	pUCP ori; PcadR:: DagA from P. aeruginosa 
	This study

	GSR40
	P. aeruginosa carrying PcadR promoter and agarase
	pUCP ori; PcadR:: DagA from P. aeruginosa
	This study

	GSR39-immobilized
	P. aeruginosa carrying PcadR promoter and agarase gene
	pUCP ori; PcadR:: DagA from P. aeruginosa 
	This study

	GSR40-immobilized
	P. aeruginosa carrying PcadR promoter and agarase
	pUCP ori; PcadR:: DagA from P. aeruginosa
	This study


Table S2. Primers used in this study 

	Primers
	Primer sequences

	PcadRF1
	5’-ACAATTCCCGTTTGACGTGT-3’

	PcadRR1
	5’-GCTCGTAGTAGTAGCGGATGGTC-3’

	dagA F1
	5’- AAGGAGATATAAGGATGGCAG -3’

	dagA R1
	5’- TGGTGATGGTGCACGGCCTGA -3’

	PcadRF2
	5’-GCACATGTACAATTCCCGTTTGACGTGT-3’

	PcadRR2
	5’-GGGTACCGCTCGTAGTAGTAGCGGATGGTC-3’

	dagA F2
	5’- GGGTACCAAGGAGATATAAGGATGGCAG -3’

	dagA R2
	5’- CGAAGCTTTGGTGATGGTGCACGGCCTGA -3’


Restriction enzymes sites are represents as underlined bold letters.
Table S3. Microbial biosensors and its Cd detection limit.
	Organism 
	Clone
	Harbouring plasmid 
	Minimum Cd Detection
	Maximum Cd Detection
	Reporter gene

	Novel colorimetric based microbial biosensors strains

	P. aeruginosa
	GSR39
	pUCP-PcadR-DagA
	0.001ppm 
	100ppm
	Agarase

	P. aeruginosa
	GSR40
	pUCP-PcadR-DagA
	0.001ppm 
	100ppm
	Agarase

	Novel colorimetric based immobilized microbial biosensors strains

	P. aeruginosa
	GSR39-immobilized
	pUCP-PcadR-DagA
	0.001ppm 
	500ppm
	Agarase

	P. aeruginosa
	GSR40-immobilized
	pUCP-PcadR-DagA
	0.001ppm 
	500ppm
	Agarase


Table S4. Bland Altman Plot Value of correlation between the ICP-MS, colorimetric and immobilized biosensor.
	Bland Altman Plot Value
	ICP-MS with Colorimetric Biosensor
	ICP-MS with Immobilized Biosensor

	Bias
	-0.0002599
	-0.0002697

	SD of Bias 
	5.544e-005
	0.0001445

	Limits of Agreement 
	95%
	95%

	From
	-0.0003686
	0.0005529

	To
	-0.0001513
	1.362e-005


Gfp based biosensors constructs (RGSTC3, RGSTC8, RGS23, and RGS16).





GSR39, GSR40
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