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Correlating biological methods to assess Escherichia coli bacteria viability in silica gels

Correlating biological methods to assess

The viability of Escherichia coli bacteria entrapped in silica gels can be monitored using the Alamar Blue assay and ATP-metry, two complementary methods that correlate with the traditional plate count technique while avoiding its current limitations related to cell growth conditions.

Assessment of bacterial cell viability is routinely performed using the plate count technique. This technique relies on the spreading of a cell suspension on a solid nutrient media that is kept in usual optimal growth conditions, i.e. at 37°C over 24 h for common bacteria. After this delay, each initial living cell has grown into a colony so that viability is given by the number of colony forming units (CFU) per mL of the starting suspension. However, there are two main situations where the plate count technique cannot be applied. The first one concerns cells whose growth conditions are uncommon, if not unknown. 1 The second possibility is that cells have entered the so-called viable but non-culturable (VBNC) state where the cells are alive but have a very low metabolic activity and thus cannot be grown in usual conditions. 2 Bacterial cells usually enter the VBNC state as a response to a stress situation. 3 This is usually the case for Escherichia coli bacteria trapped in silica gels as they are unable to divide in the mineral network. 4,5 In these conditions, their viability may not be reliably assessed by the plate count technique after extraction from the gels since this method excludes non culturable cells. Alternative methods must be found to investigate the immobilized cells, such as monitoring complex metabolisms 4,6 or genetic responses via bioluminescent reporters 5,7 However, none of these approaches can be directly correlated to bacteria viability.

To address this problem, we have here adapted and evaluated two methods, the Alamar Blue test and ATP-metry measurements to silica-immobilized E. coli bacteria, and compared them to the plate count technique. The sol-gel procedure followed the previously-described aqueous route in the presence of glycerol. 4 However only sodium silicate solutions (0.8 M) were used as silica source and addition of silica nanoparticles was not performed to favor gel redispersion. Full experimental details for encapsulation and cell viability determination protocols are provided as ESI. All experiments were performed at least in triplicate.

As a reference, the CFU of the initial bacteria suspension (CFU) 0 was determined by plate counting. The same technique was used to determine the number of viable cells in silica gels at different ageing time (CFU) t just after encapsulation (t = 15 min) and after 1, 7 and 15 days. The viability rate was then calculated as 100x(CFU) t /(CFU) 0 . As shown in Fig. 1, a slow decay in cell viability is observed with time, reaching ca. 50 % after 2 weeks. 
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The Alamar Blue assay is based on the reduction of the resazurin blue dye into a colourless hydroresorufin molecule, as a result of an oxygen-consuming metabolic pathway and therefore mainly due to cell respiration. 8 It is widely used to assess viability of mammalian cells but was also applied to bacteria and yeasts. 9 In a first step, a calibration curve was established between the cell number in a bacterial suspension, as determined by the plate count technique, and the reduction rate (in %). As shown in Figure 2, a linear correlation is obtained, with a slope of 3.7 ± 0.4 10 -7 %.mL.CFU -1 . The same procedure was then applied to bacteria recovered from gel resuspension after 15 min to 15 days ageing. A linear correlation is also obtained between cell number and % reduction, with a slope of 3.6 ± 0.5 10 -7 %.mL.CFU , i.e. similar to the reference bacterial suspension. This indicates that the aerobic respiration of bacteria is not significantly perturbed as a result of encapsulation. It also becomes possible to use the calibration curve to obtain the number of viable cells from the Alamar Blue test and to calculate the corresponding viability rate. As shown in Fig. 1, a very good correlation is obtained between this method and the plate count technique.

Fig.2 Calibration curve of the Alamar blue reduction as a function of cell density for bacteria suspension and encapsulated cells. Error bars correspond to standard deviation

In a step forward, we evaluated the ATP-metry method, based on the bioluminescent reaction associated with the simultaneous ATP hydrolysis and luciferin oxydation catalyzed by the luciferase enzyme. 10 Depending on the protocols, intracellular ATP, indicative of cell metabolism, extracellular ATP, assessing cell lysis or both can be measured. 11 ATP-metry is widely used for microbial assessment of drinking water as well as in toxicology studies. 12 To avoid the use of the plate count technique, the number of viable cells was estimated from the Alamar Blue test described above; the concentration of intracellular ATP was calculated for 10 6 CFU. As shown in Figure 3, that ATP production was constant over time for encapsulated bacteria and higher than the mean value obtained for the initial bacteria suspension. Since this increase is observed just after encapsulation and does not vary upon ageing, it suggests that the sol-gel reaction itself has an impact on the cell metabolic activity. It is interesting to note that the nearly two-fold increase in ATP production upon encapsulation correlates well with recent demonstration of enhanced fluorescent production in silica-immobilized transformed bacteria. 7b This effect appears irreversible in the conditions of these experiments. However, it must be noticed that ATP-metry applied to bacterial suspension showed high standard deviation (> ± 1 nM) so that care must be taken when drawing conclusions. In this situation, it is not strictly possible to correlate these responses with viability rates taking the bacteria suspension as a reference. However, the evolution of cell viability with time can still be monitored using the t = 15 min gel sample as a reference. As shown in Fig 4, it then becomes possible to establish a good correlation between plate count, Alamar Blue and ATP-metry measurements. Noticeably, at each time point, there is no statistical difference in relative activity determined by the three methods. 
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Hence, the two methods appear highly complementary as the Alamar Blue provides a direct indication on cell viability whereas the ATP-metry reveals a modification of the cell activity. In the present case, where the initial sodium silicate concentration (0.8 M) was significantly higher than in our previous procedure (0.4 M) 4 in order to compensate for the lack of silica nanoparticles, the observed decrease in viability and increase in ATP production can be attributed to the high ionic strength. 13 This hypothesis is strengthened by SEM observation of the encapsulated bacteria (Fig. 5) showing large intracellular polyphosphate granules that have been reported in microbial cells as a consequence of osmotic pressure. 14 

Conclusions

Due to their simplicity, robustness and limited experimental time (max. 2 h vs. 24 h for plate counting), the Alamar Blue and ATP-metry methods appear very useful for future investigations of sol-gel cell encapsulation. They can be applied to many different organisms in oxic or anoxic conditions, 9,12 opening the route to inter-species comparison studies. This would be particularly interesting for different prokaryotic phyla, such as Archea or cyanobacteria cells, not only targeting applications for energy production or environmental remediation, 15 but also for more fundamental issues related to fossilization processes. 16 
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Fig. 1 .

 1 Fig. 1. Evolution of bacteria viability within silica gels using the plate count and Alamar blue techniques. Error bars correspond to standard deviation.

Fig. 3

 3 Fig. 3 Evolution of ATP production by encapsulated bacteria. The yellow dashed line corresponds to ATP production by bacteria suspension. Error bars correspond to standard deviation. Yellow dashed line indicates mean value for bacteria suspension.

Fig. 4

 4 Fig. 4 Comparison of the relative viability of encapsulated bacteria (using t = 15 min as 100 %) as determined by the plate count, Alamar blue and ATP--metry. Error bars correspond to standard deviation.

Fig. 5

 5 Fig. 5 SEM--FEG image of encapsulated E. coli bacteria. White arrows indicate polyphosphate granules that appear dark under secondary electron imaging. Scale bar = 1 µm
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