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BioSketchBioSketch::
A bacterial sketchpad drivenA bacterial sketchpad driven
by a UVby a UV-- and heatand heat--sensitive sensitive 

genetic toggle switchgenetic toggle switch
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GoalGoal

Turn a lawn of Turn a lawn of E. coliE. coli into a reusable sketch into a reusable sketch 
padpad
–– Write with a UV penWrite with a UV pen
–– Erase with heatErase with heat

BACTERIABACTERIA

HEATHEAT

UVUV
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Project ConceptProject Concept

30 °C

40 °C
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Circuit Design: Toggle SwitchCircuit Design: Toggle Switch

A and B are transcriptional repressorsA and B are transcriptional repressors

Erasing: Heat inactivates B, allowing expression of AErasing: Heat inactivates B, allowing expression of A

HEAT

A BREPORTERREPORTER

UV

Writing: A is cleaved in response to UV, allowing Writing: A is cleaved in response to UV, allowing 
expression of B and reporterexpression of B and reporter
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The Toggle Switch PlasmidThe Toggle Switch Plasmid

UV

IPTG

PPLL** lacIlacIλλ cIcI PPtrctrc

gfpgfpPPLL**

ReporterReporter
PlasmidPlasmid

Toggle SwitchToggle Switch
PlasmidPlasmid

Kobayashi, Kobayashi, Kaern Kaern et al.et al.””Programmable Cells: Interfacing natural and engineered gene netwProgrammable Cells: Interfacing natural and engineered gene networks.orks.””
PNAS PNAS 101(22): 8414–8419 2004.2004.

Original design from Collins lab:Original design from Collins lab:
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The Toggle Switch PlasmidThe Toggle Switch Plasmid

Modified design forModified design for BioSketchBioSketch::
UV

IPTG, Heat

PPLL** lacIlacItstsλλ cIcI PPtrctrc

gfpgfpPPLL**

ReporterReporter
PlasmidPlasmid

Toggle SwitchToggle Switch
PlasmidPlasmid

Kobayashi, Kobayashi, Kaern Kaern et al.et al.””Programmable Cells: Interfacing natural and engineered gene netwProgrammable Cells: Interfacing natural and engineered gene networks.orks.””
PNAS PNAS 101(22): 8414–8419 2004.2004.
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Adding Heat SensitivityAdding Heat Sensitivity

Two temperature sensitive mutants of Two temperature sensitive mutants of LacI LacI 
repressorrepressor
–– Ala 241 Ala 241 →→ ThrThr: Repression lifted at 40 : Repression lifted at 40 °°CC
–– GlyGly 265 265 →→ Asp: Repression lifted at 37 Asp: Repression lifted at 37 °°CC

SiteSite--directed mutagenesis of Collins plasmiddirected mutagenesis of Collins plasmid

PPLL** lacIlacI

Collins SwitchCollins Switch

PPLL** lacIts lacIts 241241

40 40 °°C SwitchC Switch

PPLL** lacIts lacIts 265265

37 37 °°C SwitchC Switch
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Testing the CircuitTesting the Circuit

Two Two λλ cI cI / / lacIts lacIts switches builtswitches built

Can we set the OFF state with heat?Can we set the OFF state with heat?
Can we set the ON state with UV?Can we set the ON state with UV?
Are states maintained over time?Are states maintained over time?

Assays:Assays:
–– Fluorescence microscopyFluorescence microscopy
–– FACS analysisFACS analysis
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Testing: Turning Switch OFFTesting: Turning Switch OFF

Strains (Strains (LacILacI--))
–– 40 40 °°C or 37 C or 37 °°C SwitchC Switch
–– ON state Control: GFP reporter onlyON state Control: GFP reporter only
–– OFF state Control: No constructOFF state Control: No construct

AssayAssayDay 3Day 3

o.n.o.n.

30, 32, 35, 37, or 4030, 32, 35, 37, or 40°°CCDay 2Day 2

o.n.o.n.

3030°°CCDay 1Day 1

Experimental DesignExperimental Design



Harvard Harvard iGEM iGEM 20052005

Testing: Turning Switch OFFTesting: Turning Switch OFF

No constructNo constructGFP onlyGFP only

Increasing temperature had no effect on fluorescence profiles Increasing temperature had no effect on fluorescence profiles 
of control strains.of control strains.

40 40 °°C SwitchC Switch

3030°°C C →→ 4040°°CC3030°°C C →→ 3030°°CC 3030°°C C →→ 3232°°CC 3030°°C C →→ 3737°°CC

Incubation at 37Incubation at 37--4040°°C almost completely abolishes C almost completely abolishes 
fluorescence.fluorescence.
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Testing: Turning Switch ONTesting: Turning Switch ON

Strains (Strains (LacILacI--))
–– 40 40 °°C or 37 C or 37 °°C SwitchC Switch
–– Positive Control: GFP reporter onlyPositive Control: GFP reporter only
–– Negative Control: No constructNegative Control: No construct

AssayAssay

4h @ 304h @ 30°°CC

0, 6, 12, 24, 48 J/m0, 6, 12, 24, 48 J/m22Day 2Day 2

o.n.o.n.

4040°°CCDay 1Day 1

Experimental DesignExperimental Design
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Testing: Turning Switch ONTesting: Turning Switch ON

UV irradiation had no effect on fluorescence UV irradiation had no effect on fluorescence 
profiles of control strains.profiles of control strains.

40 40 °°C SwitchC Switch

48 J/m48 J/m220 J/m0 J/m22 6 J/m6 J/m22 24 J/m24 J/m22

Increasing intensity of UV correlates with Increasing intensity of UV correlates with 
increasing intensity of cell fluorescence.increasing intensity of cell fluorescence.
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Testing: State MaintenanceTesting: State Maintenance

3 states for cell populations3 states for cell populations
–– ON (after UV exposure)ON (after UV exposure)
–– OFF (after heat exposure) OFF (after heat exposure) 
–– Mixed (some ON, some OFF)Mixed (some ON, some OFF)

Populations in mixed state initiallyPopulations in mixed state initially

After cells are set to ON or OFF, state After cells are set to ON or OFF, state 
should be stable indefinitelyshould be stable indefinitely
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Testing: State MaintenanceTesting: State Maintenance

24 hrs after heat24 hrs after heat

24 hours after incubation, population returns to mixed state.24 hours after incubation, population returns to mixed state.

2 hrs after heat2 hrs after heat

2 hours after incubation, population is set to OFF state.2 hours after incubation, population is set to OFF state.

40 40 °°C SwitchC Switch

No heat treatmentNo heat treatment

Population begins in mixed state.Population begins in mixed state.
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How To Improve State MaintenanceHow To Improve State Maintenance

For For bistabilitybistability, rates of repression and , rates of repression and 
expression must be carefully balancedexpression must be carefully balanced
–– Promoter strength & leakinessPromoter strength & leakiness
–– Ribosome binding site strengthRibosome binding site strength

Need to test multiple combinations of Need to test multiple combinations of 
various promoters and various promoters and RBSsRBSs
–– Send in theSend in the BioBricksBioBricks!!
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New Plasmid DesignsNew Plasmid Designs

Build from scratch using Build from scratch using BioBricks BioBricks from MIT from MIT 
RegistryRegistry

P434 λ cIts 434 cIPL mCherryP434

434434 cI cI / / λλ cIts cIts switch:switch:

PL lacIts λ cIPlac mCherryPL

λλ cI cI / / lacIts lacIts switch:switch:
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SummarySummary

Accomplished:Accomplished:
–– Turn switch ON with UVTurn switch ON with UV
–– Turn switch OFF with heatTurn switch OFF with heat

To Do List:To Do List:
–– Get better induction with UVGet better induction with UV
–– More robust stateMore robust state--maintenancemaintenance

Vary RBS, promoter strengthVary RBS, promoter strength
–– Test on solid mediaTest on solid media
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