
University of Puerto Rico - Río Piedras
May 16, 2013

Synthetic Biology Fits Naturally

A. Malcolm Campbell          
Biology Department and GCAT

Saturday, May 18, 13



Outline of Presentation

Can undergraduates do cutting-edge research?

Can students do real research in teaching labs?

What do you want for your Biology Majors? 

What do we want for our Biology Majors?

Is there a community of PUI faculty researchers? 
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Guess what, I 
taught my dog to 

whistle!

Teaching vs Learning

http://thegoodpeople.se/blog/?p=208
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Really?!

Teaching vs Learning
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Teaching vs Learning

Whistle! C’mon 
boy, whistle!
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Teaching vs Learning

?????????????
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Teaching vs Learning

I thought you said 
you taught your 
dog to whistle. 
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I did, but I didn’t say 
that he learned to 

whistle. 

Teaching vs Learning
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Can students do real 
research in teaching labs?
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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
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Synthetic Biology: Win-Win
Win #1: your design functions as expected.
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Win #2: your design fails but you uncover basic biology 

Win #1: your design functions as expected.

Synthetic Biology: Win-Win
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Real World Applications
of

Synthetic Biology
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Land Mine Detection
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Land Mine Detection
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Synthetic Biology
Land Mine Detection
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Production of Medicines

$1 per pill
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Production of Medicines

10¢ per pill
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Biofuels from Algae

CO -neutral2

1,000,000 gallons in 2008
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Promoter Research 
Using

Synthetic Biology
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Golden Gate Assembly Method

TT + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFPTT
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promoter + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFP

TT

Golden Gate Assembly Method
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G     
CTTAA 
 AATTC
     G

Eco RI

type II

palindrome
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G     
CTTAA 

 AATTC
     G

Eco RI

type II
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Bsa I

GAGACC     
CTCTGG

type IIs

not a 
palindrome
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Bsa I

1234nGAGACC     
    nCTCTGG
                
----       

type IIs
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----       

Bsa I

1234nGAGACC     
    nCTCTGG

type IIs
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       ----
           

Bsa I

GGTCTCn
CCAGAGn1234

type IIs

Saturday, May 18, 13



       ----
           

Bsa I

GGTCTCn
CCAGAGn1234

type IIs
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Bsa I

1234nGAGACC     
----nCTCTGG

GGTCTCn----
CCAGAGn1234

cuts 
left

cuts 
right
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CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC

Bsa I

Bsa I
GCTG

GCGG

ligase ligase
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CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC

GCTG
GCGG

ligase ligase
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CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCCGCTG

GCGG

ligase ligase
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CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC

GCTG
GCGG

CGAC(promoter)   
    (promoter)CGCC

ligase ligase
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GCTG
GCGGCGAC(promoter)   

    (promoter)CGCC

CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC

ligase ligase
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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

promoter + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFP

TT

BsaI + Ligase
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GGA Ligation Method
TT
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GGA Ligation Method
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+ control
- control
new 1
new 2

+ control
- control
new A
new B

Student Sample, September 2012
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Student Sample, September 2012
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Student Sample, September 2012
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Student Sample, September 2012
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Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/
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Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/
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Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/
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Testing Known Promoters: Ptac
             -35                   -10
5’ CGACGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGA     3’
3‘     CTCGACAACTGTTAATTAGTAGCCGAGCATATTACACACCTCGCC 5’
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             -35   ATAA (deleted)  -10
5’ CGACGAGCTGTTGACA----ATCATCGGCTCGTATAATGTGTGGA     3’
3‘     CTCGACAACTGT----TAGTAGCCGAGCATATTACACACCTCGCC 5’

Student Sample, November 2012
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             -35                   -10
5’ CGACGAGCTGTTtACAATTAATCATCGGCTCGTATAATGTGTGGA     3’
3‘     CTCGACAAaTGTTAATTAGTAGCCGAGCATATTACACACCTCGCC 5’
               G
               C

Student Sample, November 2012

Saturday, May 18, 13



New Versions of Plasmids

Bsa I Bsa I

RBS RBSGFP RFP

J119136
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New Versions of Plasmids

RBS RBSGFP RFP

J119136
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New Versions of Plasmids

RBS RBSGFP RFP

J119136

Saturday, May 18, 13



New Versions of Plasmids

RBS RBSGFP RFP

J119136
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New Versions of Plasmids
J119137

Bsa I Bsa I

RBS RBSGFP RFP
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New Versions of Plasmids

RBS RBSGFP RFP

J119136

X
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New Versions of Plasmids
J119137

RBS RBSGFP RFP
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New Versions of Plasmids
J119137

RBS RBSGFP RFP
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New Versions of Plasmids
J119138

Bsa I Bsa I

RBS RBSGFP RFP
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New Versions of Plasmids
J119138

RBS RFP
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New Versions of Plasmids
J119139

Bsa I Bsa I

RBSGFP RBS RFPRBSampi CP
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New Versions of Plasmids
J119139

RBS RBSGFP RFP
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New Versions of Plasmids
J119139

RBS RBSGFP RFP
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New Versions of Plasmids
J119139

RBS RBSGFP RFP
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Can undergraduates do 
cutting-edge research?
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Collaborative 2012 Research Team
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Davidson 2012 Research Team
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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
1. Everyone must learn.
2. Everyone must have fun.
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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.
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Choose Projects Wisely
• design modular projects 
• choose an inexpensive system
• avoid maintenance costs/time
• research groups > 4 take less effort than < 3
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Modular Programmed Evolution of E.coli 
for Optimization of Metabolic Pathways

Caroline Vrana, Ben Clarkson, Becca Evans, Betsy Gammon, Meredith 
Nakano, Laurie J. Heyer, A. Malcolm Campbell

Davidson College, NC

Caleb Carr, David Carr, Eddie Miles, Jerrad Morton, Sachith Polpitaya, 
Kamay Trueblood, Jeffrey L. Poet, Todd T. Eckdahl 

Missouri Western State University, MO
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Make E. coli Optimize Drug Production
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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

caffeine

N N

N N

CH3

CH3
CH3

O

O
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Make E. coli Optimize Drug Production

caffeine

N N

N N

CH3

CH3
CH3

O

O

CDM
enzyme
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Make E. coli Optimize Drug Production

theophylline

N N

N N

CH3

CH3

O

O
caffeine

N N

N N

CH3

CH3
CH3

O

O

CDM

asthma medication
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What Makes Optimization Difficult?
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What Makes Optimization Difficult?
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What Makes Optimization Difficult?
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Natural Selection
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Synthetic Fitness
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Synthetic Fitness
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Engineering Programmed Evolution
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Programmed Evolution
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Math Modeling of Programmed Evolution

metabolic flux = f(promoter, RBS, alleles, degradation tags)

metabolic flux = f(promoter, RBS, alleles, degradation tags)

humans

bacteria

searching multi-dimensional space
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Agent-Based Models of Programmed Evolution

metabolic flux = f(promoter, RBS, alleles, degradation tags)

NetLogo
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Golden Gate Assembly of Parts
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Golden Gate Assembly of Parts
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Golden Gate Assembly Library of Promoters
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Cycling Golden Gate Assembly
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Fitness Module
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$$

How to Build a Fitness Module?

theophylline
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How to Build a Fitness Module?
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Biosensor Module
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$$

Fitness Module and BioSensor
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$$

Fitness Module and BioSensor
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E. coli cytoplasm

E. coli Natural Defense Mechanism
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CRISPR immune system

E. coli Natural Defense Mechanism
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CRISPR immune system

E. coli Natural Defense Mechanism
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CRISPR immune system

E. coli Natural Defense Mechanism
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E. coli Natural Defense Mechanism

CRISPR immune system
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E. coli Natural Defense Mechanism

CRISPR immune system
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E. coli Natural Defense Mechanism

CRISPR immune system
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E. coli Natural Defense Mechanism

CRISPR immune system
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E. coli Natural Defense Mechanism

CRISPR immune system
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CRISPR immune system

E. coli Natural Defense Mechanism
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RFP
SynBio
CRISPR

E. coli Synthetic Defense Repurposed
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SynBio
CRISPRRFP

E. coli Synthetic Defense Repurposed
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SynBio
CRISPRRFP

Implementing Fitness
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Stress Response Module
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$$

Engineering a Stress Module
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$$

fadB

Engineering a Stress Module
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AATTCGCGGCCGCTTCTAGAGATCGGCATTTCTTTAATCTTTTGTTTGCATATTTTTAACACAAAATACACACTTCGACTCATCTGGTACGACCAGATCACCTTGCTACTAGTAGCGGCCGCTGCA
    GCGCCGGCGAAGATCTCTAGCCGTAAAGAAATTAGAAAACAAACGTATAAAAATTGTGTTTTATGTGTGAAGCTGAGTAGACCATGCTGGTCTAGTGGAACGATGATCATCGCCGGCG

Engineering a Stress Module
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TGAAGCTGAGTAGACCATGCTGGTCTAGTGGAACGATGATCATCGCCGGCG

GCGCCGGCGAAGATCTCTAGCCGTAAAGAAATTAGAAAACAAACGTATAAAAATTGTGTTTTATGTG

ACGTCGCCGGCGATGATCATCGTTCCACTAGA

ATTTCTTTAATCTTTTGTTTGCATATTTTTAACACAAAATACACACTTCGACTCATCTGGTACGACC

AATTCGCGGCCGCTTCTAGAGATCGG

AATTCGCGGCCGCTTCTAGAGATCGGCATTTCTTTAATCTTTTGTTTGCATATTTTTAACACAAAATACACACTTCGACTCATCTGGTACGACCAGATCACCTTGCTACTAGTAGCGGCCGCTGCA
    GCGCCGGCGAAGATCTCTAGCCGTAAAGAAATTAGAAAACAAACGTATAAAAATTGTGTTTTATGTGTGAAGCTGAGTAGACCATGCTGGTCTAGTGGAACGATGATCATCGCCGGCG

Engineering a Stress Module
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Testing Stress Module
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negative
control

Testing Stress Module
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negative
control

Testing Stress Module
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negative
control

stress
alone

Testing Stress Module
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negative
control

oleic acid
+ stress

Testing Stress Module

stress
alone
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negative
control

$$

oleic acid
+ stress

Testing Stress Module

stress
alone
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Programmed Evolution
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No one gives you an education. 

If you want one, you have to take it.
John Taylor Gotto

http://nccueagles.yuku.com/topic/6441#.T1o5-pjufqE
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Is there a community of 
PUI faculty researchers? 
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13 Year Collaboration
Three Countries

www.bio.davidson.edu/GCAT
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GCAT
Faculty Development

NSF funded
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GCAT
Faculty Development

12 workshops, 500 faculty
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GCAT
Faculty Development

500 faculty 
X 100 students each
50,000 students/year
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Faculty Appreciate GCAT Resources 
	
 	
 	
 	
 	
 	
 	
                                                              Mean 	
 SD  
Use microarray technology without GCAT	
	
             1.5 	
     0.75
Online GCAT protocols useful	
	
 	
 	
                       4.4 	
     0.69
The GCAT -Listserv helpful 	
	
 	
 	
                              4.2 	
     1.0
GCAT network significant factor	
 	
 	
 	
                     4.2 	
     0.79
Positive experience using GCAT 	
	
 	
 	
                  4.6 	
     0.60
I would use GCAT again in the future 	
	
 	
                 4.7 	
     0.63

1 = strongly disagree 
5 = strongly agree
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GCAT

Published 
basic research

Teaching 
awards

Research
grants funded

Published 
pedagogy
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GCAT SynBio
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GCAT SynBio Faculty Workshops
15 pairs of faculty

1 Bio + 1 Other
Summers 2010-2014
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GCAT SynBio Faculty Workshops
30 faculty X 5 years X 100 students each

45,000 undergraduates over 5 years
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The scenery only changes for the lead dog. 
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The scenery only changes for the lead dog. 
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Faculty: Laurie Heyer, Jeff Poet, Todd Eckdahl
Students: Cody Barta, Michel Conn, Clif Davis, Catherine Doyle, Alyndria Mooney*, Jerrad Morton*, Brianna 
Pearson*+, Kin H. Lau*+, Alicia Allen*, James Barron*, Robert Cool*, Kelly Davis*, Will DeLoache*, Erin 
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