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Motivation

• Lead is highly poisonous metal

• Can cause severe damage in human body

• Old pipes and solders can contain lead

• Can dissolve into drinking water

• Problematic Pb levels in drinking water in USA

• Flint water crisis

• Schools and daycares in 42 states
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Lead (Pb)
• Heavy metal

• Neurotoxin

• Can cross the blood-brain barrier

• Injurious effect to neurodevelopment and cognition

• Harmful to almost every organ and system in human body

• Renal failure, digestive problems

• Long-term consequences

• Epigenetic changes

• Not limited only to a single generation
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Biosensor for detecting lead in drinking
water

• Senses the presence of lead in water

• Detection system

• Input: Lead

• Output: Fluorescence (green colour)
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Biosensor for detecting lead in drinking
water
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P promoter

RBS ribosome binding site

LBP lead binding protein

T terminator

GFP green fluoresence protein

ORI origin of replication

SM selectable marker
[5]



Plasmid backbone
• Lead detection unit and fluorescence reporter unit are ligated into a 

plasmid backbone

• Plasmid backbone includes the origin of replication and the selectable 

marker gene

• Part BBa_K1362091

• High copy expression backbone

• Antibiotic resistance marker: Ampicillin
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Lead Detecting Unit

• Constitutive promoter

• Part BBa_J23100
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• Lead binding protein

• Part BBa_I721002

• Lead (Pb2+) enters the 
cell and couples with the 
LBP to form a dimer

[5]



Fluorescence Reporter Unit

• Lead promoter

• Part BBa_1721001

• Previously formed dimer 
will bind to the lead 
promoter
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• Green fluorescence 

protein

• Part BBa_E0040

• Exhibits green 
fluorescence when lead is 
present [5]



RBS and Terminator
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• Ribosome binding site

• Part BBa_B0034

• Terminator

• Part BBa_B0015

• Double terminator 
consisting of BBa_B0010 
and BBa_B0012

[5]



Assembly Standard RFC [10]
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Modelling
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Pb2+ GFP

0 0

1 1 [5]



Modelling (Cello)

• Specifications for creating computational model

• DNA sequences for the sensor

• Sequences of output promoters

• Data for ON/OFF signal

• User constraints file

• Functional details of the gate

• Layout

• Organism, strain

• Operating conditions

• Desired computational operation
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Data for Modelling

• Selectivity

• Detects only Pb2+

• Sensitivity

• The ratio between the output signal and the input signal

• Transfer function

• Ratio of output to measured value

• Detection limit

• Lowest concentration of Pb2+ to which there is a response

• Range

• Minimum and maximum values that can be measured
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Conclusions

• Sensor for detecting poisonous Lead (Pb2+) from drinking 

water

• Advantages

• Designed parts for detecting lead

• Relatively simple system

• Limitations

• Output signal (green fluorescent) might be weak
• Some amplifier needed?
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Figures
[F1] http://www.kennedyhodges.com/blog/lead-poisoning-in-houston.cfm
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Thank you!


