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Outline of Presentation

SynBio can improve pharmaceutical production.

Original research in teaching labs using SynBio. 

What is synthetic biology?

Are you willing to risk failure to find success?



What is Synthetic Biology?

Implementation of engineering principles 
and mathematical modeling to the design 
and construction of biological parts, 
devices, and systems with applications in 
energy, medicine, and technology.

www.bio.davidson.edu/projects/gcat/Synthetic/What_Is_SynBio.html

http://www.bio.davidson.edu/projects/gcat/Synthetic/What_Is_SynBio.html
http://livepage.apple.com/


Four Characteristics:

Synthetic Biology

• Standardization	

• Modularity	

• Abstraction	

• Modeling of Designs

Genetic engineering on a new scale.



http://openwetware.org/images/b/bd/BBFRFC9.pdf

Standardization
On a Uniform System of Screw Thread

William Sellers April 21, 1864

 “In this country, no organized attempt has as of yet been 
made to establish any system, each manufacturer having 
adopted whatever his judgment may have dictated as 
best, or as most convenient for himself.” 

http://openwetware.org/images/b/bd/BBFRFC9.pdf


Modularity



Abstraction



Modeling of Designs



Original SynBio Research by 
Undergraduates in Teaching Labs
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GGA Ligation Method

TT + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFPTT

BsaI + Ligase
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GGA Ligation Method
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Student Sample, September 2012
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Student Sample, September 2012



Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/



Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/



Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/



Testing Known Promoters: Ptac
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5’ CGACGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGA     3’!
3‘     CTCGACAACTGTTAATTAGTAGCCGAGCATATTACACACCTCGCC 5’



                -35                   -10!
5’ CGACGAGCTGTTtACAATTAATCATCGGCTCGTATAATGTGTGGA     3’!

 3‘     CTCGACAAaTGTTAATTAGTAGCCGAGCATATTACACACCTCGCC 5’!
                G!
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Student Sample, November 2012



               -35 ATAA (deleted)  -10!
5’ CGACGAGCTGTTGACA----ATCATCGGCTCGTATAATGTGTGGA     3’!
3‘     CTCGACAACTGT----TAGTAGCCGAGCATATTACACACCTCGCC 5’

Student Sample, November 2012
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Insert Non-functional Promoter
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Insert Forward Promoter
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Insert Bi-directional Promoter
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pClone Red

Campbell, et al. 2014. CBE Life Sciences Education. Vol. 13(2): 285 - 296.

J119137



Quantify with Phone and ImageJ

Campbell, et al. 2014. CBE Life Sciences Education. Vol. 13(2): 285 - 296.

J119137



pClone Blue

Campbell, et al. 2014. CBE Life Sciences Education. Vol. 13(2): 285 - 296.

J119313



pClone Blue

Campbell, et al. 2014. CBE Life Sciences Education. Vol. 13(2): 285 - 296.



Measure Promoter Qualitatively
J119313



Assessment Davidson Intro Bio

Assessment MWSU Genetics (soph)



Assessment Davidson Intro Bio

Assessment MWSU Genetics (soph)
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pClone: Synthetic Biology Tool Makes Promoter 
Research Accessible to Beginning Biology Students.  

CBE Life Sciences Education. 2014. Vol. 13(2): 285 - 296. 



We want to design a new method to 
produce medications more efficiently.



What is the definition of evolution?



What is the definition of evolution?

change in allele frequency in a population over time



How does natural selection work?



How does natural selection work?

1. over production	

2. variation in the population	

3. competition for limited resources	

4. selective advantage	

5. reproduction



Make E. coli Optimize Drug Production



Make E. coli Optimize Drug Production



Make E. coli Optimize Drug Production

E. coli cytoplasm



Make E. coli Optimize Drug Production
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Make E. coli Optimize Drug Production
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What Makes Optimization Difficult?



What Makes Optimization Difficult?
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What Makes Optimization Difficult?
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Engineering Programmed Evolution



Programmed Evolution



Programmed Evolution



Combinatorics Cloning
Promoters (7)

RBS (4)

Allele (6)

Degradation tag (3)



Total # constructs  
= 8 x 4 x 6 x 3 = 576 

Combinatorics Cloning
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Finding Compatible Sticky Ends

http://gcat.davidson.edu/SynBio13/GGAJET/

http://gcat.davidson.edu/SynBio13/GGAJET/


Programmed Evolution
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Biosensor Detects Theophylline



Biosensor Detects Theophylline

Ligand Concentration (mM)

theophylline



Programmed Evolution



Fitness Module

$$



Fitness Module

antibiotic	

resistance



C

aptamer

start codonRBSG
G
U
G
A
U
A
C
C

G
C
A
U

G
UU

UG
A
U
G
C

CG CA GGGGU AUCA A CA AG AUGG

C

A
C

UU
G
G
C
A

G
C
A
C
C
CGCUG

antibiotic	

resistance



Fitness Gene Sensitivity



Fitness Gene Sensitivity

average +/- SEM



Programmed Evolution



How does natural selection work?

1. over production	

2. variation in the population	

3. competition for limited resources	

4. selective advantage	

5. reproduction



How does natural selection work?
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2. variation in the population	

3. competition for limited resources	

4. selective advantage	

5. reproduction



First Programmed Evolution Results
input 24 genotypes, equal proportions



First Programmed Evolution Results



First Programmed Evolution Results



First Programmed Evolution Results



First Programmed Evolution Results



First Programmed Evolution Results



Replicated Programmed Evolution Results



First Programmed Evolution Results
input 24 genotypes, equal proportions



First Programmed Evolution Results
output genotypes, optimized theophylline production



E. coli Programmed to Optimize
output genotypes, optimized theophylline production



E. coli Programmed to Optimize



E. coli Programmed to Optimize



E. coli Programmed to Optimize



Programmed Evolution of E.coli for 
Optimization of Drug Production	


(in press, PLOS ONE)



Collaborative 2012 Research Team



Collaborative 2013 Research Team



Collaborative 2014 Research Team



“Would you like me to give you a formula for success? It's 
quite simple, really. Double your rate of failure. You are 
thinking of failure as the enemy of success. But it isn’t at all. 
You can be discouraged by failure or you can learn from it, 
so go ahead and make mistakes. Make all you can. Because 
remember, that’s where you will find success.” 	


Thomas J. Watson	

Founder of IBM    

What is the secret to success?



The scenery only changes for the lead dog. 



The scenery only changes for the lead dog. 
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