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Results Section:

Methodology of Characterization

The ability to engineer both prokaryotic and eukaryotic cell-cell communication systems will be central to the future engineering of population-level biological systems. However, to make this process feasible, a comprehensive characterization scheme is necessary. The transfer function from device input to output is the primary characteristic of a cell-cell signaling modules. For the receiver device, the input signal is concentration of the inducer molecule. The output of the device is polymerizes per second (PoPS). We can derive certain parameters that capture the key characteristics of the transfer curve - Hi/Lo values, noise level and the switch point of the device. We defined and fully characterized a receiver device. The response of the device to 8 different concentrations of inducer molecule were used to produce the device transfer function (Figure 3). 
The
 maximum level of this output was determined to be 12000 GFP rate/ absorbance
 and was observed above AHL concentration of 10-7M. The device was considered to be off (Lo value) when GFP production was below 10% of the maximum output, which occurred below 10-9M AHL. We believe that most important characteristics of this device are its degree of specificity to a range of inducer molecules, variability of performance between genetically identical colonies, latency and evolutionary stability. Each of these characteristics was investigated and results are summarized in following sections.

Specificity

We sought to quantify the ability of the device to distinguish between its cognate inducer AHL (N-(β-Ketocaproyl)-DL-homoserine lactone) and a range of chemically similar inducers (shown in Table 1). Figure 2 shows transfer curves obtained using the different AHL molecules as inputs. The maximal output of the device (Hi level), which is present at concentrations of inducer above 10-7M, shows strong dependence on the specific inducer. Optimal operation with output level of 13000 GFP rate/output is only achieved by using the cognate AHL. The same inducer but lacking a carbonyl group and having chain length intact or extended to 7, 8 or 10 carbon atoms show response decreased by less then 10% with respect to optimal output. When the AHL molecules have their side chains extended further to 12 carbon atoms or shortened to 4 atoms, activation is visible, but its level 
i
s only around 15-20%. When the side chain backbone consists of 14 carbon atoms, there is no device activation.  It can be seen that detection threshold for each of AHL variations is constant at (10-9M. Below this threshold, there is a regime where the device is always off. This regime does not display significant variations correlated to the type of AHL molecule used.

Variability

We measured the performance variation between genetically identical colonies taken from long-term storage. The switch point is sharply defined at 10-9M AHL and consistent between colonies. The average performance of those 8 colonies is 12000 GFP rate/absorbance. The coefficient of variation among the 8 colonies is 15% and is evenly distributed above and below the mean. Other tested concentrations, show much lower variation, with coefficient of variation below 10%.

Latency

Latency is defined as the time lag between a change in input concentration and the output level reaching 95% of its final value. These values were obtained by measuring the rate of GFP accumulation at a high induction level every minute until steady rate was obtained (Figure 4). The rate is steadily increasing reaching the plateau of 12000 GFP rate/absorbance after 40min. This implies latency of 23min for the receiver-reporter construct.

Evolutionary Stability

Evolutionary stability was investigated in order to estimate long-term device performance under different operating conditions. Bulk performance under no-load conditions shows slight variations in GFP production through the course of experiment (coefficient of variation less then 15). Performance of device working under full load conditions does not show variations during first two days of the experiment; however, in the third day Hi level dropped to approximately a half of original level and on day 4 the device could not be activated at all. In order to gain more insight into mechanism of failure, single-cell performance was investigated using FACScan and showed that the population of cells splited on day 3 into two groups: a large one, which was not fluorescent and a much smaller one, which still retained fluorescence (Figure 6). On the last day there weren’t any visibly fluorescent cells. DNA sequence remained unchanged when device was operated without any load. When operated under saturating condition, on Day 3, when populations separated, cells acquired a mutation in the receiver sequence that was in the coding region and changed Alanine to Valine. On day 4 there were numerous non-silent point mutations in GFP reporter part of the device. 
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