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Basic Pancake Parts

Name Icon Description

J31009 @ pSB1A7 (insulated plasmid)
J31000 - Hin Recombinase
J31001 - Hin Recombinase-LVA
J31011 R Recombination Enhancer
J44000 e HixC

J44001 RBS reverse

J31003 KanR forward

J31002 KanR reverse

J31005 ChiR forward

J31004 ChiIRreverse

J31007 TetR forward

J31006 TetR reverse

J44002 pBAD reverse

J31011

RFP and RBS reverse

Davidson

Missouri
Western



Basic Pancake Parts

Available Tested Included in Devices

Davidson

Missouri
Western

KanR forward

\\\§§i§ KanRreverse

ChIRforward

@@1‘&\\ |

ChIRreverse

J31011 QS RFP and RBS reverse



Define a Biological Pancake

Nonfunctional
hixC pBad  “hixC
N J \ )
Y Y
pancake 1 pancake 2

Functional —%—ﬁw.--w—“ﬁmr—
h hixC RE

iXxC pBad hixC

\ ) J
Y Y

pancake 1 pancake 2




Modeling Pancake Flipping

sC, = 10 ways to choose two spatula positions

Assume all 10 ways are equally likely

Simulate random flipping process with MATLAB



Modeling 8 Stacks of 2 Pancakes
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*Solution is (1, 2) or (-2, -1)
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Modeling 8 Stacks of 2 Pancakes

*Solution is (1, 2) or (-2, -1)
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Modeling 8 Stacks of 2 Pancakes

*Solution is (1, 2) or (-2, -1)

Percent Plasmids That Solved Problem
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Four One-Pancake Constructs

Predicted
Tet Resistance




Four One-Pancake Constructs

Predicted Observed
Tet Resistance Tet Resistance

-4




How to Detect Flipping via Restriction Digest

Nhel Nhel Expected
(1) 2 ; Fragment Size

o DI — OO 200
bp

\%\\Q\ D 1100 bp




Hin-mediated Flipping

pBad Pancake Flipping Tet Pancake Flipping

200—




Read-Through Transcription Blocked by pSB1A7

Observed Tet Resistance
in pSB1A3

+(1)2
t(-1)2
+ 12
+ 1(-2)




Read-Through Transcription Blocked by pSB1A7

Observed Tet Resistance
in pSB1A3

+(1)2
t(-1)2
+ 1(2)
+ 1(-2)

Observed Tet Resistance
in pSB1A7

+(1)2
- (-1)2
+ 12

1(-2)




Original Design Problems
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pLac hixC pBad hixC hixC RE



Original Design Problems

pSB1A7

Unclonable Unclonable

ixC pBad hixC




Original Design Problems

S T @O o @ W)~ OO ~—

pLac hixC pBad hixC hixC RE

pBad Pancake Flipping Tet Pancake Flipping

Flips too fast




Two-Plasmid Solution

#1: Two pancakes (Amp vector)

_%'#%'.'-%—pSB1A
hixC pBad hixC hixC f

#2: AraC/Hin generator (Kan vector)

—< AraC PC -“-M“— pSB1K
3

pLac




Biological Equivalence Problem

AT @) (1

LB Amp + Kan+ Tet




Biological Equivalence Solution

NN NN
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LB Amp + Kan+ Tet




Eight Two-Pancake Stacks

ur*-w.-'w (1,2) ‘W@M‘W (-2,-1)

GowPnSow (1,-2) Aowe@Bpww (2,-1)

SowEoweew (-2,1) Gowsyw@mpw (-1,2)

Sowepwew  (2,1) & owHwESow (-1,-2)




Intermediate Results

Amp, Kan, Tet Hin Vector Amp
+ AraC/ Hin + IPTG + Tet
Tet Resistance | Hin Induction | Tet Resistance
(1, 2) Hin-LVA (1, 2)
— + +
AraC/Hin-LVA | (1,-2) (-1,-2)
— + —
Repress Activate Screen for
pBad-Tet pLac-Hin Orientation




CONCLUSIONS:
Consequences of DNA Flipping Devices

12 = -2-1 PRACTICAL
in 2 flips!
Proof-of-concept for bacterial

computers

Data storage %

n units gives 2"(n!) combinations

BASIC BIOLOGY RESEARCH

Improved transgenes in vivo . . ':D ‘- !

~N
—_— ‘._ -— Evolutionary insights
L




Next Steps

Better control of kinetics
Slow down Hin activity
Determine x flips second-
Size bias?

Number of flips vs.Time?
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Modeling Plasmid Copy Number

x-1
P(cell survives) = 1- 2(”) p (1= )"~
j=0 J
n = plasmid copy number

p = probability of a pancake stack being sorted
x = number of sorted stacks sufficient for cell survival

Number Number Number
of of Solutions | P (solution) | P (cell survives)
Pancakes Plasmids | Required
2-stack 200 1 0.25 1-(1-0.25)200 = 1
4-stack 200 1 0.003 1-(1-0.003)20=0.45
different 200 o
A-stack 200 1 0.01 1-(1-0.01)0=0.87




Next Steps

Improved insulating vector
Accepts B0015 double terminator
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Summary: What We Learned
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Multiple campuses increase
capacity with parallel processing

Collective Troubleshooting

Primarily Undergraduate Institutions
can iGEM collaboratively



Summary: What We Learned

Math and Biology mesh really well

Math modeling
We proved a new theorem!

Challenges of biological components







But above all...
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Extra Slides >>>



Percent Cells That Solved Problem

Modeling 384 Stacks of 4 Pancakes
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Percent Cells That Solved Problem

Modeling 384 Stacks of 4 Pancakes

10% -

b Build one representative of each family
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Modeling Random Flipping

for trial = 1 to n trials
stack = input_stack

flips =0
while stack ~= 1:k
flips = flips + 1

Int = choose random_interval
stack = [stack(1:(int(1)-1))
-1 * fliplr(stack(int(1):int(2)))
stack(int(2)+1:Kk)]
end
end
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P,: 2 Burnt Pancakes

8 vertices, each with degree 3

® 21

——— Flip length 1
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