Anna Kinga Labno
Discussion:
Mathematical Model

Based on the understanding of the Vibrio Fisheri system we formed a mathematical model which allowed us to infer transcription rate independent of the reporter molecule and plasmid copy number (PoPS) from plate reader fluorescence measurements. This model is implemented in the calibration procedure of multi well fluorimeter Victor3
, which relates relative fluorescence measurements from the plate reader to copies of a fluorescent reporter per well.  Previous work
 has shown that absorbance measurements from the fluorimeter can be related to colony forming units (cfu).  Assuming these calibrations have been done, we can use the protein copy measurements as an input to a simple model relating protein production rate to PoPS/cfu. This calculation assumes standard model of protein production within a single cell consisting of two coupled differential equations, one governing the rate of accumulation of reporter mRNA per cell and the other governing reporter protein accumulation per cell.
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Since both the mRNA degradation and production rates are high (~1min), we assume that reporter mRNA levels are in pseudo steady state.  Hence we can solve Eqn. 1 to yield 
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This gives a relation between PoPS and protein levels and the rates of production
.
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The rate of the mRNA production 
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and hence the protein production rate 
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 is a function of the AHL concentration and its functional form is depicted by transfer function (Figure 3). The output function describing behavior of the device is in closed form in all biologically feasible domains and hence can be utilized in simulation programs such as BioSpice
.  
Cell-Cell Communication Device-Characteristics 

We engineered and comprehensively characterized a receiver device in order to provide users with a characteristic of the device sufficient to model it and incorporate into higher level systems. Mathematical model in which the acyl-AHL autoinducer N-(-ketocaproyl homoserine Lactone (AHL) concentration is related directly to the transcription level is consistent with data and accurately predicts the transcription of the luciferase structural operon luxCDABE under various induction levels. 
Receiver device was shown to be activated by 10-9M AHL and achieved full operating output at 10-7M. It was demonstrated that the clonal colonies do not display a variation in triggering concentration of AHL and their PoPS production rate at full induction varies by less than 15%.  Thus 15% is a suggested tolerance level for the higher order circuits using this device. Maximum output of the device exhibits strong dependence on the type of the inducer used. While response to cognate AHL molecule lacking a carbonyl group and having chain length intact or extended to 7, 8 or 10 carbon atoms remains within the suggested tolerance level, there is no significant induction when the AHL side chain is extended further or shortened. Receivers based on these molecules are not expected to show significant amount of cross talk and can be regarded as orthogonal. Short latency of the device as compared with the cells doubling time complemented by long genetic and performance stability makes it suitable for use in wide variety of applications including fast response circuit and continuous operation circuits.  

Device Performance-Methodology 

A crucial part of system design is predicting the behavior of its constituents based on their specification. We presented here a characterization scheme that can be used to describe a variety of devices. The behavior of many, if not all, devices can be accurately and conveniently represented by a transfer curve, which presents the relation between the input and output of a linear time-invariant system. Common signal carrier for gene expression and a standard unit of measurement was chosen to be polymerizes per second (PoPS) as this makes the characteristic independent of reporter molecule and plasmid copy number. Transfer functions can easily be combined, especially with use of numerical methods, in order to determine joint output of many devices and simulate behavior of more complex systems. Additionally, each device should have well characterized the intrinsic variability between clonal colonies, switch point, latency, input signal specificity and device stability (genetic and performance). 
Advance in the field of synthetic biology requires a library of well-characterized devices, where each newly synthesized part would have a basic datasheet describing its use and operation in a manner similar to that described above. 

� http://openwetware.org/wiki/Standardized_GFP_quantification


� � HYPERLINK "http://openwetware.org/wiki/Endy:Portable_spec"��http://openwetware.org/wiki/Endy:Portable_spec�; http://openwetware.org/wiki/Endy:Victor3_absorbance_labels


� mRNA degradation rates and RiPS for GFP have been measured by Jeniffer Braff and Caitlin Conboy (unpublished data)


� www.biospice.org
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