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W H A T  A N D  W H Y ?

• Cyanobacteria (blue-green algae) are a problem in water systems

• Cyanobacteria produce hepatotoxins called microcystins by

blooming during warm weather

• Microcystins can cause health risks suchs as headache and 

diarrhea to humans and animals

• With this sensor, the microcystins can be detected

Cyanobcateria are not algae, they are bacteria. The name blue-green algae is an old incorrect term.



M I C R O C Y S T I N E F F E C T S O N  Y E A S T

• Toxicity mechanism not fully known: 

• inhibition of protein phosphatases 1 & 2a and production of reactive oxygen
species (ROS) involved

• Oxidative stress: increased activity of transcription factors→ genes of 
oxidative stress response activated

• S. cerevisiae displays similar MC toxicity effects that occur in higher
eukaryotes

• S. cerevisiae VL3 strain has a transporter for MC import



M I C R O C Y S T I N  S E N S O R  
F U N C T I O N

Microcystins
enter the yeast 
cell causing an 
oxidative stress 

response

o Oxidative stress activates two transcription factors, 
Skn7p and Yap1p

o Skn7p and the oxidized Yap1p form a strong bond 
in the nucleus 

→ Skn7p-Yap1p -complex

o The complex binds on the promoter 
regions involved in yeast cell's oxidative 
stress response

o Green fluorescent protein gene is 
coupled with this promoter, causing the 
production of GFP
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(Mulford & Fassler, 2011)



M I C R O C Y S T I N S E N S O R F U N C T I O N

• OSR transcription factors: Yap1p and Skn7p

• Yap1p and Skn7p have binding sites in the promoter areas of OSR genes

• Skn7p binds to oxidative stress response element (OSRE) and Yap1p to Yap1 

response element (YRE)

• One of these genes: thioredoxin peroxidase (TSA1)

• Has one of the best characterized promoter regions that Yap1p and Skn7p bind to 

Broman et al., 2017



I D E N T I F I C A T I O N :  G F P

• Green fluorescent protein

• Emits green fluorescence under UV light

Detection in laboratory:

• Flow cytometry

• Fluorescent microscopy



T R U T H T A B L E
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S E L E C T E D P A R T S

• Fluoroescence expression: yeGFP (BBa_K3402000)

• Promoter: TSA1 (BBa_K1907003)

• Plasmid backbone for promoter: pRS415

• Shuttle vector: pUG6

(iGem, Registry of Standard Biological Parts)



A S S E M B L Y

• Chosen BioBricks parts must belong to the same assembly standard

→ ensures compatibility and trouble-free assembly

• RFC[10] is the most commonly used assembly standard: well tested and 

documented, great diversity



A S S E M B L Y :  R F C [ 1 0 ]

Edited from iGem Assembly Standards and Methods
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T H A N K  Y O U !
Q U E S T I O N S ?
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