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Requirements for building synthetic biological systems

Complexity necessitates modularity

• Reusable Biological Components

. Reuse existing, natural biological parts

. Design new synthetic parts

• Design

• Assembly

• Characterization
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Parts Registry

http://parts.syntheticbiology.org/
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BioBricks++: Standardizing module assembly

Standard form for modules:

AarI BbvCI BbvCI
GCTGAGGGGCGCGCCCACCTGCCCTCAGCT<--Part-->AGCTGAGTCTTCGGCCGGCCCCTCAGCGGTAGATAGATAGCCGCTGAGG
CGACTCCCCGCGCGGGTGGACGGGAGTCGA<--Part-->TCGACTCAGAAGCCGGCCGGGGAGTCGCCATCTATCTATCGGCGACTCC
BbvCI BbsI BbvCI

Various operations are possible using standard techniques
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Assembling two parts produces a new parts
Prefix part cut with BbsI and N.BbvCIA:

AarI BbvCI BbvCI
GCTGAGGGGCGCGCCCACCTGCCCTCAGCT<--Part1-->AGCTGAGTCTTCGGCCGGCCCCTCAGCGGTAGATAGATAGCCGCTGAGG
CGACTCCCCGCGCGGGTGGACGGGAGTCGA<--Part1-->TCGACTCAGAAGCCGGCCGGGGAGTCGCCATCTATCTATCGGCGACTCC
BbvCI || BbsI BbvCI

||
||
\/

TGAGGGGCGCGCCCACCTGCCCTCAGCT<--Part1-->
CGA<--Part1-->TCGA

Suffix part cut with AarI and N.BbvCIB:

AarI BbvCI BbvCI
GCTGAGGGGCGCGCCCACCTGCCCTCAGCT<--Part2-->AGCTGAGTCTTCGGCCGGCCCCTCAGCGGTAGATAGATAGCCGCTGAGG
CGACTCCCCGCGCGGGTGGACGGGAGTCGA<--Part2-->TCGACTCAGAAGCCGGCCGGGGAGTCGCCATCTATCTATCGGCGACTCC
BbvCI || BbsI BbvCI

||
||
\/

AGCT<--Part2-->AGCTGAGTCTTCGGCCGGCCCC
<--Part2-->TCGACTCAGAAGCCGGCCGGGGAGTCGCCATCTATCTATCGGCGACTCC

Assembled and ligated into a new plasmid:

AarI BbvCI BbvCI
GCTGAGGGGCGCGCCCACCTGCCCTCAGCT<--Part1-->AGCT<--Part2-->AGCTGAGTCTTCGGCCGGCCCCTCAGCGGTAGATAGATAGCCGCTGAGG
CGACTCCCCGCGCGGGTGGACGGGAGTCGA<--Part1-->TCGA<--Part2-->TCGACTCAGAAGCCGGCCGGGGAGTCGCCATCTATCTATCGGCGACTCC
BbvCI BbsI BbvCI
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Reversing a part is easy
Part cut with BbsI and BbvCI:

AarI BbvCI BbvCI
GCTGAGGGGCGCGCCCACCTGCCCTCAGCT<--Part-->AGCTGAGTCTTCGGCCGGCCCCTCAGCGGTAGATAGATAGCCGCTGAGG
CGACTCCCCGCGCGGGTGGACGGGAGTCGA<--Part-->TCGACTCAGAAGCCGGCCGGGGAGTCGCCATCTATCTATCGGCGACTCC
BbvCI || BbsI BbvCI

||
||
\/

TCAGCT<--Part-->
CGA<--Part-->TCGA

Reversing Plasmid:

GCTGAGGGGCGCGCCCACCTGCCCTC TGAGTCTTCGGCCGGCCCCTCAGCGGTAGATAGATAGCCGCTGAGG
CGACTCCCCGCGCGGGTGGACGGGAGTCGA CAGAAGCCGGCCGGGGAGTCGCCATCTATCTATCGGCGACTCC

Part ligated into reversing plasmid:

AarI BbvCI BbvCI
GCTGAGGGGCGCGCCCACCTGCCCTCAGCT<--traP-->AGCTGAGTCTTCGGCCGGCCCCTCAGCGGTAGATAGATAGCCGCTGAGG
CGACTCCCCGCGCGGGTGGACGGGAGTCGA<--traP-->TCGACTCAGAAGCCGGCCGGGGAGTCGCCATCTATCTATCGGCGACTCC
BbvCI BbsI BbvCI
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Modules are no use if left uncharacterized

Conventional modules cannot be characterized in a general way

send to back. to fix transparency

Coding Sequence BRegulatory Region A

mRNA
transcription

B

translation

Coding Sequence ARegulatory Region C

mRNA
transcription

A

translation

regulate
transcription
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Modules are no use if left uncharacterized

Conventional modules cannot be characterized in a general way
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Polymerase Arrival Rates (PAR) as common measurement unit
PAR1 PAR2

Promoter 1 → Pause Site → Promoter 2 → Some Sequence →

PAR depends on many factors

Advantages

• Polymerase Arrival Rate (PAR) as modular and universal input/output

• Everything is transcribed at some point

• PAR is a physical feature of the system

• PAR is independent of the method for measurement

• PAR is a quantitative measure

• Modeling and engineering become straightforward

Disadvantages

• Difficult to measure

• Little data available

• No information about non-transcriptional events (protein-protein interactions)
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General form for modules

INPAR OUTPARModule

Modules can be specified completely by transfer curves

INPAR

OUTPAR
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PARMESAN: Proposed method to measure transcription rate

in vitro assay for Polymerase Arrival Rates

Hooks into the transcription process via a fluorescent probe

• Fluorescence is measured during transcription

• Fluorescence is directly related to the rate of polymerase arrivals
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Pyrrolo-dC is a fluorescent probe and can substitute for dC
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Pyrrolo-dC increases fluorescence during strand separation

RNAP

transcription
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Requirements for building synthetic biological systems

Complexity necessitates modularity

• Reusable Biological Components

. Reuse existing, natural biological parts

. Design new synthetic parts

• Design

⇒ Assembly

⇒ Characterization
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Design something yourself!

Synthetic Biology IAP 2003: Engineered Genetic Blinkers

Synthetic Biology IAP 2004: Engineered Genetic Polka Dots

Apply by 12/5/03. More information at http://polkadots.mit.edu/

Synthetic Biology Working Group:
http://www.syntheticbiology.org/

Making life better...one part at a time.
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