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How can Synthetic Biology 
Improve Medicine? 



Current Therapies 

ÅMaximizing Specific 
Effects 

ÅMinimizing Non-
Specific Effects 

ÅLeads to two main 
optimization 
parameters 
ïTargeting Specificity 

ïDosage Control 

 



Cancer As a Case Study 

Current Cancer Therapies 

ÅSignificant Off Target Effects 
ïChemotherapy 

ïRadiation Therapy   

ÅDosage Control 
ïPassive Diffusion 

ïDifficulty reaching tumors 

ïNot optimized 
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Proposed Bacterial Therapies 

ÅSpecifically target cancer 
cell lines 
ïStrains that actively seek 

hypoxic environments 

ïEngineered cell-surface 
receptors allow for specific 
binding 

Å Induced cytotoxicity 
ïSystems to regulate gene 

expression 

ïCancer-specific therapeutics 
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Achieving Light-Activated Cell Lysis 

Goal is to demonstrate that: 

ÅYF1/FixJ (pDawn) blue light sensor can be activated for 
downstream transgene expression 

ÅYF1/FixJ blue light sensor allows for light dependent lysis 
of mammalian cells 
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YF1/FixJ BL Sensor Allows For Light-
Dependent Transgene Expression 
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Cytolysin A (ClyA) 

(Wallace et. al, 2000) 
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Light-triggered lysis of mammalian cells 
by pDawn-ClyA bacteria 

          (D) (L) 
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ClyA hemolysis can be characterized 
through dose-response 

ClyA Cytotoxicity Assay ς SKBR3 
1.26 * 105 HER2 receptors per cell 

(High HER2 expressing) 

ClyA Cytotoxicity Assay ς HEK293T 
4.23 * 103 HER2 receptors per cell 

(Low HER2 expressing) 



Spatial control of cell Lysis 
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Targeting Cancer Cells 



Ice Nucleation Protein, NC Domain 

ÅOuter membrane protein 
Discovered in P. syringae 
ÅPromotes ice crystallization 

ÅCan remove internal repeats 
and display proteins on the 
surface of E. coli 
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