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Outline of Presentation

1. Introduce synthetic biology

2. Applications of synthetic biology

3. Synthetic biology research at Davidson College
4. Why make biological computers?

5. How do we prepare undergraduates tfor SynBio?




What 1s Synthetic Biology?

Implementation of engineering principles
and mathematical modeling to the design
and construction of biological parts,
devices, and systems with applications 1n
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.




Synthetic Biology: Win-Win Research

Win #1: your design functions as expected.

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




How 1s Synthetic Biology Ditterent?

Abstraction




How 1s Synthetic Biology Ditterent?

Modularity

AND Logic Gate




How 1s Synthetic Biology Ditterent?

Standards o
BioBrick Ends

and Ligation




How 1s Synthetic Biology Ditterent?

Designing and modeling




What 1s iIGEM?

http://2009.igem.org/Main_Page

Peking University Imperial College



http://2009.igem.org/Main_Page
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http://livepage.apple.com/
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Standardized and Modular DNA




Real World Applications
of
Synthetic Biology




[.and Mine Detection




[.and Mine Detection




Synthetic Biology
[.and Mine Detection




Synthetic Biology
[.and Mine Detection




Production of Medicines

$1 per pill




Production of Medicines

10¢ per pill




Biofuels from Algae

CO, -neutral
1,000,000 gallons 1n 2008




Synthetic Biology
at
Davidson College

Building Bacterial Computers
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Advantages of Bacterial Computation

Software —— Hardware Computation

Computation

Computation




Advantages of Bacterial Computation

Software —— Hardware Computation
$ Computation
Computation

C




Advantages of Biological Computers
g0 anywhere - arctic, thermal vents, inside organisms
no electricity
self-replicating

no Immune rejection




Selt-replicating Computers

# of Processors

8 4

Cell Division




Two Undergraduate

Research Projects




Burnt Pancake Problem

= W N =

?\‘9 Them Fo, Vo(,
4

DAVIDSON




Burnt Pancake Problem

= W =




Burnt Pancake Problem

= W =




DNA Burnt Pancakes

pLac pBad
u . ) \ v N - Y
Spatula Pancake 1 Pancake 2

abstractions of DNA parts




Flipping DNA with Hin/hixC




Flipping DNA with Hin/hixC




Flipping DNA with Hin/hixC
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TACTCC CCATGC
ATGAGG GGTACG




DNA Burnt Pancakes

+1 +
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Spatula Pancake 1 Pancake 2

convert to signed numbers




DNA Burnt Pancakes

+1 +

pLac hixC pBad hixC hixC

u ) \ v N ~ Y
Y
Spatula Pancake 1 Pancake 2
-2 -1

biologically equivalent
mathematically distinct




Modeling Burnt Pancakes

uuuuuuuuuuuuuuuuuuu



Modeling Burnt Pancakes

(2,-1) (2,1) O
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Modeling Burnt Pancakes

uuuuuuuuuuuuuuuuuuu



Modeling Burnt Pancakes

(-2,-1) (-2,1) equilibrium 1n 5 flips




International Success

DAVIDSON




Outstanding Publication of 2008
in the
Journal of Biological Engineering

12 undergraduate coauthors




Outstanding Publication of 2008
in the
Journal of Biological Engineering

12 undergraduate coauthors




Can we solve the
SATisfiability problem?




Define the SATisfiability Problem




Define the SATisfiability Problem




Define the SATisfiability Problem




Converting Math to Biology




Central Dogma

DNA
atgccctactcactacctatagcgcat
¢ transcription
MRNA

dUg CCC UacC UcCa Ccua CCU aua CCg Cau

l translation

Protein

MPY S HPI P H




Frameshift Mutation

DNA DNA
atgccctactcactacctatagcgcat atgcccTCtactcactacctatagecgcat
¢ transcription ‘l’
MRNA MRNA
dUg CCC UacC UcCa Ccua CCU aua CCg Cau dUug CCC UCu acu cac uac cua uac CgC aU
l translation l
Protein Protein

MPY S HPI P H MPS T HYH YR




Frameshift Suppression

DNA DNA
atgccctactcactacctatagcgcat atgcccTCtactcactacctatagecgcat
¢ 5 base ¢
MRNA suppressor tRNA
aug cCcc uac uca cua ccu aua ccg cau aug cccUC uac uca cua ccu aua ccg cau
Protein Protein

MPY S HP I P H M S| Y S HP I PH




Suppressor tRNA




Coding 2-SAT Clause

(3 ATGNNNNNgNNNNN =3  satisfied




Coding 2-SAT Clause

G r—

ATG NNNNN gNN NNN === satisfied

OR

B At NNNNNgNNNNNT =D satisfied




Coding 2-SAT Clause

G NNNNN

ATG NNNNN gNN NNN === satisfied

OR

B  Ate NNNNNg'NNNNNT =D satisfied

ATG NNN NNg NNN @ —  no satisfaction




Redesign System v2.0




Outcomes of v 2.0

- control ﬁ;?\?;te +RNA HRNA + trol
ron” CGGUC CCACU = ¢OnHo




Outcomes of v 2.0

fg’;?te +RNA  +RNA
woqr  CGGUC  CCACU cOntro




Why build bacterial computers?




Evolution of Computers




Evolution of Computers

IPhone in 2011




Evolution of Bacterial Computers

E. coliin 2011
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Increased Student Diversity

56 undergraduates in 7 years

African Hispanic First Asian Asian
American P Generation | Minority | Majority
14 2 9 2 7
phD | Y8 | MD | MPH | Jobs @ at DC

degree
13 2 2 3 5 7 27

campus: 74% Caucasian biology majors: 87 % Caucasian




GCAT Faculty Workshop
Synthetic Biology

20 pairs of faculty

1 Bio + 1 Other
pending at NSF

SRALELAGLOLNTGENES




Our Current Challenge:
Introductory Biology

Integrating Concepts in Biology

by
A. Malcolm Campbell, Laurie J. Heyer
and Christopher J. Paradise




What’s Wrong with Biology Education Now?

* Yocabulary is emphasized
 Experimental approaches are minimized
 Math is absent

 Memorization is rewarded

e Critical thinking is discouraged

e Information is irrelevant to students




If we currently cover all the important stuff....

...how can we add more content?




Too much content for the containers




Start with the literature...




Present information and data...




... In the context of the big picture.




Artificial Divide within Biology

Big Biology




Five Levels of Organization




Five Big Ideas of Biology

Information

Homeostasis Evolution

Biology

Emergent

Properties Cells




Five by Five Matrix of Biology
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Five by Five Matrix of Biology
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Five by Five Matrix of Biology

Information

Biology




Five by Five Matrix of Biology
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Five by Five Matrix of Biology
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Five by Five Matrix of Biology

Information

Ecological
System

Biology




Five by Five Matrix of Biology
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Relative surface area
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BioMath Exploration 6.3

How can you fit

exponential curves to data?
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Ethical, Legal and Social Implications

Are religion and evolution compatible?

Is science possible if you are
uncertain about what is true?

Does basic biology have any
impact on the real world?

Who owns your DNA?




Did my students learn less content?




Student Content Questions

+/- SEM




percent correct (4 questions)

Student Content Assessment

B new 83% response rate (new)
B traditional 63% response rate (traditional)

p=0.97 p =0.06

+/- SEM
Fall Spring




Can my students analyze data better?




Student Skills Assessment




Student Skills Assessment




What did my students think about
this approach to intro bio?




“The method of learning, placing
emphasis on the interpretation of
data, has helped me not only 1n
this class, but also 1n others.”

anonymous student course evaluation, Dec. 2010




“I found 1t much more beneficial using
this approach compared to straight
memorization. It allowed me to gain
interpretation skills I was lacking before.”

anonymous student course evaluation, Dec. 2010




“The data-driven approach 1s brilliant.
It alleviates the 1ssues that I've always
had ot asking, ‘How do we know that?

What’s the supporting data?’ ™

anonymous student course evaluation, Dec. 2010




“Emphasis on big picture and
understanding how to pull information
from real data was an easier and more
beneficial format than memorization of
facts (which used to be a struggle for me).”

anonymous student course evaluation, Dec. 2010




Why bother changing?




National Recognition of Need to Change




AP Biology is Changing to Match Our Design




Acknowledgements

Faculty: Laurie Heyer, Jeff Poet, Todd Eckdahl, Karmella Haynes, Pat Sellers, Mark Barsoum

Students: Romina Clemente, Clif Davis, A.J. Grant, Mary Gearing, Kin Lau, Olivia Ho-Shing, Shamita Punjabi,
Eric Sawyer, Ashley Schooner, Siya Sun, Shashank Suresh, Bryce Szczepanik, Leland Taylor, Annie Temmink,
Alyndria Thompson, Will Vernon, Oyinade Adefuye, Will DeLLoache, Jim Dickson, Andrew Martens, Amber
Shoecraft, Mike Waters, Jordan Baumgardner, Tom Crowley, Lane Heard, Nick Morton, Michelle Ritter, Karen
Acker, Bruce Henschen, Jessica Treece, Matt Unzicker, Amanda Valencia, Lance Harden, Sabriya Rosemond,
Samantha Simpson, Erin Zwack, Marian Broderick, Adam Brown, Trevor Butner, Lane Heard, Eric Jessen,
Kelley Malloy, Brad Ogden, Kelly Davis, Alicia Allen, James Barron, Robert Cool, Kelly Davis, Will DeLoache,
Erin Feeney, Andrew Gordon, John Igo, Aaron Lewis, Kristt Muscalino, Madeline Parra, Pallavi Penumetcha,
Karlesha Roland, Max Win, Xiao Zhu, Kristen DeCelle, Matt Gemberling, Oscar Hernandez, Andrew Drysdale,
Nick Cain, Tamar Odel, and Jackie Ryan.

The Duke Endowment, NSF, HHMI
Genome Consortium for Active Teaching (GCAT)

Davidson College James G. Martin Genomics Program
MWSU SGA, Foundation & Summer Research Institute

pscomr YOI
ESTERN

=
Z3

'?

7%

Thursday, June 9, 2011



Thursday, June 9, 2011



How did I test student learning?




Four Exams Per Semester




Data Gallery for Answers




When did the students feel they
were learning something
different than in high school?




Table of Contents
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Student Skills Assessment




