
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
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Modular Programmed Evolution of E.coli 
for Optimization of Metabolic Pathways	



(research in progress)



Collaborative 2012 Research Team



Collaborative 2013 Research Team



Three Rules for Student Research
1. Everyone must learn.	


2. Everyone must have fun.	


3. We try to contribute to science.
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Three Rules for Student Research

25 undergraduate co-authors

Papers of the year 2008 &2009

1. Everyone must learn.	


2. Everyone must have fun.	


3. We try to contribute to science.



Make E. coli Optimize Drug Production
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Make E. coli Optimize Drug Production

E. coli cytoplasm
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Make E. coli Optimize Drug Production
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What Makes Optimization Difficult?
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Engineering Programmed Evolution



Programmed Evolution



theophylline

N N

N N

CH3

CH3

O

O
caffeine

N N

N N

CH3

CH3
CH3

O

O

CDM

How to Build a Biosensor



caffeine

N N

N N

CH3

CH3
CH3

O

O

CDM

How to Build a Biosensor



G
G

U
GA

U
A
CC
A
G C

A
U
C
G
UC U

U
G
A
U
G
C
C
C
U
U
GG

C
A
G
C
AC C

CG
C

U
G
CG
CAGG

G
G
U
A
U
C
A
A
C
AAG

A
U
G

G

aptamer

start codon

RBS

mRNA adhE

riboswitch on mRNA



G
G

U
GA

U
A
CC
A
G C

A
U
C
G
UC U

U
G
A
U
G
C
C
C
U
U
GG

C
A
G
C
AC C

CG
C

U
G
CG
CAGG

G
G
U
A
U
C
A
A
C
AAG

A
U
G

G

start codon

riboswitch on mRNA

aptamer RBS

mRNA adhE



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



Biosensor Detects Theophylline



Biosensor Detects Theophylline



Fitness Module

$$



Fitness Module

antibiotic	


resistance



Fitness Module

thymidine	


synthesis



Develop New Fitness Module

thyA- mutant

thyA- mutant	


+ thyA transgene

J100135

no DNA synthesis	


no cell division

20 µm

Elizabeth Brunner ’16
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