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Applications of Synthetic Biology 

Lecture 3 
Cell autonomous genetic circuits with self-regulating properties 
e.g. microbial engineering,  
        enviromental and biomedical sensors 
        engineering novel metabolic pathways 

Lecture 4 
Morphogenetic circuits with self organising properties  
e.g. microbial biofilms or self-organising communities for  
        bioremediation and bio catalysis 
        novel plant and algal feedstocks for bioproduction and bioenergy 
        tissue engineering     



Microbes as test-beds for circuit testing
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In prokaryotes, RNA polymerase binds to the -10 
and -35 regions of the promoter relative to the 
start site of transcription (+1)

promoter operator





Regulation of bacterial gene expression



Repressor binding



Examples: genetic switches and oscillators 













The Repressilator
• Cellular clocks oscillate with defined periods 

–Circadian clocks oscillate with 24-hour period 
• Elowitz and Leibler set out to build oscillator 

with components not found in cellular clocks 
• Used three transcription factors in mutual-

repression network 
–LacI  
–TetR 
–cI from lambda phage 

• Readout: GFP controlled by Tet repressor



Repressilator design



Repressilator circuit
Micheal Elowitz & Stan Liebler 



Activity of repressilator



The$Repressilator$
Add$constraints$on$rates,$e.g.$repressor$binding$

$$

Selects$func9onal$Repressilator$
$ $[$r0040;$b0034;$c0051;$b0015$
$ $;$r0051;$b0034;$c0012;$b0015$
$ $;$r0011;$b0034;$c0040;$b0015]$

$

prom<neg(C,RbA,RubA,RtbA)>;$rbs;$pcr<codes(A)>;$ter;$
prom<neg(A,RbB,RubB,RtbB)>;$rbs;$pcr<codes(B)>;$ter;$
prom<neg(B,RbC,RubC,RtbC)>;$rbs;$pcr<codes(C)>;$ter$

|$0.4$<$RubB$|$RubB$<$0.6$$
|$0.4$<$RubC$|$RubC$<$0.6$$
|$0.4$<$RubA$|$RubA$<$0.6$$
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The$Repressilator$
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Network behavior
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In vitro implementation of synthetic gene circuits
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Rational circuit design
• Problem: to understand design principles of 

biological networks
• Approach: Design and construct synthetic 

network 
    

• Knowledge gained from the design of 
synthetic networks should help understand 
real networks

• Could be used to engineer new cellular 
behaviours in plants





Lecture 1: Genetic modification in agriculture and the advent of Synthetic Biology.  

Lecture 2: Genetic circuits and genome scale DNA engineering. 

Lecture 3: Engineered logic and the control of gene expression. 

1. Cell autonomous genetic logic  
2. Microbial test systems 
3. Feedback regulation: toggle switches 
4. Transcription networks: Genetic oscillators 
5. In vitro systems for rapid testing 
6. Complex circuit design  

Lecture 4: Self-organisation and reprogramming of multicellular systems. 

Additional resources: http://www.haseloff-lab.org (Education) 

http://www.haseloff-lab.org

