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Three Rules for Our Lab

1. Everyone has to learn.

2. Everyone has to have fun.

3. We try to contribute to the body of science. 



What is Synthetic Biology?

Application 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



Synthetic Biology: Win-Win
Win #1: your design functions as expected.



Win #2: your design fails but you uncover basic biology 

Win #1: your design functions as expected.

Synthetic Biology: Win-Win Research



Abstraction

Modularity

Standards

Designing and modeling

How is Synthetic Biology Different?



Abstraction



Abstraction



USB ports on computers

Modularity



Modularity



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.” 



On a Uniform System of Screw Thread

Standardization



Modeling of Designs



Real World Applications
of

Synthetic Biology



Land Mine Detection



Land Mine Detection



Synthetic Biology
Land Mine Detection



Production of Medicines

$1 per pill



Production of Medicines

10¢ per pill



Biofuels from Algae

CO -neutral2

1,000,000 gallons in 2008



Synthetic Biology

BiochemistrySynthetic 
Biology

Biology

Computer
 Science

Engineering



Synthetic Biology



partsregistry.org

Synthetic Biology



Anderson et al. Mol Sys Bio. 2007.

Synthetic Biology



UC Berkeley iGEM, 2007

Synthetic Biology



How do we clone DNA?



BioBricks
BioBrick Part

BioBrick plasmid backbone

BioBrick plasmid backbone + 1 part

BBa_B0015

origin antibiotic resistance

XE PS

(http://partsregistry.org/Plasmids)



Eco RI

BioBrick plasmid backbone + 1 part

BBa_B0015

origin antibiotic resistance

XE PS

(http://partsregistry.org/Plasmids)

Spe I

Pst I

Xba I

BioBricks



Eco RI

BioBrick plasmid backbone + 1 part

BBa_B0015

origin antibiotic resistance

XE PS

(http://partsregistry.org/Plasmids)

Spe I

Pst I

Xba I identical
sticky ends

BioBricks



PSPart A

origin antibiotic resistance origin antibiotic resistance

EXE Part BX PS

put B downstream of A

BioBricks



PSPart A

origin antibiotic resistance origin antibiotic resistance

EXE Part BX PS

cut with Spe and Pst cut with Xba and Pst

BioBricks



PSPart A

origin antibiotic resistance

XE Part BX PS

gel purifyEtOH precipitate

BioBricks



PSPart A

origin antibiotic resistance

XE Part BX PS

ligate

BioBricks



SPart A

origin antibiotic resistance

XE Part BX S PM

mixed site = scar

transform

BioBricks



SPart A

origin antibiotic resistance

XE Part BX S PM

PSPart A

origin antibiotic resistance origin antibiotic resistance

EXE Part BX PS

BioBricks



PSPart A

origin antibiotic resistance origin antibiotic resistance

EXE

Challenge: 

Part BX PS

put A upstream of B



Too Many Projects to Talk About Today

Catherine Doyle ’14 Julia Fearrington ’13



Building Bacterial Computers



Advantages of Bacterial Computation 

Software Hardware Computation 

Computation 

Computation 

Advantages of Bacterial Computation

$

¢

ComputationHardwareSoftware

Computation

Computation



Advantages of Biological Computers

go anywhere - arctic, thermal vents, inside organisms

no electricity

self-replicating

no immune rejection



Cell Division 

•! Non-Polynomial (NP)  

•! No Efficient Algorithms  
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Advantages of Bacterial Computation 

Self-replicating Computers



One Research Project - the SAT problem



Define the SATisfiability Problem



Define the SATisfiability Problem



Define the SATisfiability Problem



Converting Math to Biology
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Suppressor tRNA
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Redesign System v2.0

5mer



Outcomes of v 2.0

- control
frame 
shift

“leak”

+tRNA
CGGUC

+tRNA
CCACU + control



Outcomes of v 2.0

frame 
shift

“leak”

+tRNA
CGGUC

+tRNA
CCACU + control



Outcomes of v 2.0

no 
frame
shift

2 SAT
1 clause

2 SAT
2 clause

2 SAT
2 clause

2 SAT
1 clause

no 
frame
shift

+ 3 tRNAs



Controls....



Controls....



Still working on this...



Why build bacterial computers?



Evolution of Computers

1943



iPhone in 2011

Evolution of Computers



E. coli in 2011

?
Living Hardware 

in 2021

Evolution of Bacterial Computers



Intro Bio Student Collaborators



Intro Bio Student Collaborators



Biologists need is a registry of functional promoters (RFP).

Intro students find promoter of interest.

Oligator converts into oligos.

Clone new promoter.

Transform and test new promoter.

Submit to Registry of Functional Promoters (national resource).

But cloning DNA is not easy….

Intro Bio Student Collaborators



Details of Cloning

SPart A

origin antibiotic resistance

XE Part BX S PM

PSPart A

origin antibiotic resistance origin antibiotic resistance

EXE Part BX PS



Gel Purification

origin antibiotic resistance

E X PSPart B



Gel Purification

origin antibiotic resistance

E

X PSPart B



Gel Purification

X PSPart B



Gel Purification X PSPart B



Part A

origin antibiotic resistance

XE S P

Gel Purification X PSPart B

PSS



Part A

origin antibiotic resistance

XE S P

Gel Purification X PSPart B

PSS



Part A

origin antibiotic resistance

XE S P

Gel Purification X PSPart B



Part A

origin antibiotic resistance

XE S P

Gel Purification

X PSPart B



Ligation

Part A

origin antibiotic resistance

XE S P

X PSPart B



Ligation

Part A

origin antibiotic resistance

XE S P

X PSPart B

SPart A

origin antibiotic resistance

XE Part BX S PM



How can we clone DNA 
without all the hassle?



Golden Gate Assembly Method

TT + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFPTT



promoter + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFP

TT

Golden Gate Assembly Method



G     
CTTAA 
 AATTC
     G

Eco RI

type II

palindrome



G     
CTTAA 
 AATTC
     G

Eco RI

type II

palindrome



G     
CTTAA 
 AATTC
     G

Eco RI

type II



G     
CTTAA 

 AATTC
     G

Eco RI

type II



Bsa I

GAGACC     
CTCTGG

type IIs

not a 
palindrome



Bsa I

1234nGAGACC     
    nCTCTGG
                
----       

type IIs



                
----       

Bsa I

1234nGAGACC     
    nCTCTGG

type IIs



       ----
           

Bsa I

GGTCTCn
CCAGAGn1234

type IIs



       ----
           

Bsa I

GGTCTCn
CCAGAGn1234

type IIs



Bsa I

1234nGAGACC     
----nCTCTGG

GGTCTCn----
CCAGAGn1234

cuts 
left

cuts 
right



CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC

Bsa I

Bsa I
GCTG

GCGG



CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC

GCTG
GCGG



CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCCGCTG

GCGG



CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC

GCTG
GCGG

CGAC(promoter)   
    (promoter)CGCC



GCTG
GCGGCGAC(promoter)   

    (promoter)CGCC

CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC



GGA Ligation Method

TT + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFPTT

BsaI + Ligase



GGA Ligation Method

promoter + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFP

TT

BsaI + Ligase



GGA Ligation Method

promoter + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFP

TT

no gel purifications!



GGA Ligation Method



GGA Ligation Confirmation



GGA Ligation Confirmation



Registry of Functional Promoters



Student Sample



Student Sample



What’s Next? 

Improve the plasmid to increase phenotype.

Simplify ligation/digestion protocol.

Unleash intro bio students for real research! 



1. Everyone has to learn.

2. Everyone has to have fun.

3. We try to contribute to the body of science. 

Three Rules for Our Lab
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3. We try to contribute to the body of science. 

Three Rules for Our Lab
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The End


