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Design, Construction and Characterization of Bacterial Cell-Cell Communication Modules

Advances in the field of synthetic biology such as construction of logic gates and oscillators  are making it feasible to engineer biological systems. Current research 
aims to make it possible to engineer biology in the manner that we currently engineer electrical or mechanical systems. Elements such as logic gates and oscillators 
have already been constructed using genetic and biochemical components [1,2]. However
, biological systems offer properties and functions not found in traditional engineering systems such as the ability to survive in a variety of conditions and extreme sensitivity to changes in surroundings. They can produce antibiotics, enzymes, medicines and other useful chemicals very efficiently due to their self-replicating nature. Specially programmed cells 
could monitor our bodies for early signs of problems, for example monitoring blood sugar concentrations or cholesterol buildup in arteries
. 

A crucial part of system design is predicting its behavior based on the specification of constitute 
components .Use of standardized, interchangeable and specified components makes this possible just as has occurred in electronic circuit design. MIT has already begun to assemble a library of such genetic circuit building blocks [3]. Such a library will allow the design of families of these devices with different performance characteristics by varying module components
. Cell-cell 
communication is a key capability that will allow individual cells to coordinate their behavior with the rest of the population. This coordinated behavior permits consensus decisions, which allows the formation of spatial patterns and the accomplishment of more complex tasks [4,5,6]. To make this outcome a reality, we must first develop an engineering methodology for designing biological systems as well as for deepening our understanding of cell-cell communication and ability to harness it. 
We engineered and comprehensively characterize a component of a cell-cell communication device: a receiver device
. A receiver device is one that responds to the presence of a signaling molecule in the extracellular media (autoinducer) by increasing transcription from a promoter. The design was based on elements of the quorum sensing system of Vibrio fischeri. LuxI is the autoinducer synthase that is responsible for the synthesis of the acyl-AHL autoinducer N-((-ketocaproyl)homoserine Lactone (AHL). LuxR is the transcriptional activator protein that, when bound to autoinducer, promotes transcription of the luciferase structural operon luxCDABE [7,8]. 

We 
have attached a green fluorescent protein (GFP) gene downstream of the receiver to be able to measure the rate of transcription indirectly through GFP levels. The behavior of this device was represented by a transfer curve, where the input to the device is the AHL concentration and the output of the device is GFP concentration. We measured device’s variability, which describes how different colonies from a long-term store vary in performance, i.e., how their transfer functions and DNA sequences differ. We measured the level of transcription from induction by AHL derivatives to determine how specific the receiver is to its cognate inducer molecule. In addition, the time it takes for the construct to respond after induction was measured; we refer to this time delay as the latency of the device. We have also assessed genetic and performance stability of the construct under full-load working condition and no-load working conditions. Mathematical model describing operation of device was formed based on our understanding of biological processes. This model allowed us to calibrate output of the device in terms of a standard unit of biological measurement, Polymerases Per Second (PoPS) rather then relative GFP units to obtain a more direct way of assessing the level of transcription [9]. 

This 
work presents a first attempt of comprehensive characterization of a standard biological part. As such it has a multi-fold importance. In the process of characterizing the LuxR based receiver, we lay out the basis of an engineering methodology for the future characterization of other synthesized biological parts. This methodology describes devices in terms of transfer curves, threshold levels, response times, genetic stability and the dependence of device performance on its components. This methodology can be applied to vast majority of genetic devices and will allow modeling, design and assembly of modules into higher order predictable systems, organizing and directed design of new BioBrick parts, as well as comparison of existing parts between institutions. Availability of full characterization of LuxR receiver makes it ready to be used in a systematic fashion outlined above. Simultaneously this work deepens understanding of the principles underlying the biochemical processes of quorum sensing and transcriptional control in cell-cell communication devices. Most importantly, we developed mathematical model describing transcriptional control and experimentally assessed evolutionary changes of the inducible transcription system under different working conditions. Our model is fully supported by experimental data. 
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