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Autoinducer signaling molecule, AI-2, is responsible for intercellular communication in 
quorum sensing. Growth curves were constructed for Escherichia coli DH5α, Escherichia 
coli AB1157, and wild type Salmonella typhimurium LT2 grown in both glucose- and 
glycerol-supplemented media and AI-2 levels were determined at time points representing 
lag, exponential, and stationary phases of growth. Contrary to previous literature, it was 
found that AI-2 levels were higher during stationary phase of growth rather than mid-
exponential phase. This was unexpected since previous literature suggested peak levels to 
occur during mid-exponential phase. Degradation of AI-2 molecule was not observed; we 
did not see a decrease in AI-2 levels over time. A significantly higher autoinducer 
production was recorded when the three strains were grown in glucose-supplemented 
media as opposed to glycerol-supplemented media. In particular, we found that the wild 
type S. typhimurium accumulated a significantly higher level of autoinducer. Further 
experimentation may be needed to extend the length of stationary phase covered by the 
experiment. 

     ________________________________________________________________ 
 

One phenomenon of intercellular communication 
significant to bacterial survival is quorum sensing—the 
ability of bacteria to sense changes in levels of 
signaling molecules that accumulate in the environment 
and subsequently regulate their own gene expression 
(7). This method of bacterial gene expression is 
governed by the production, accumulation, and 
detection of extracellular signaling molecules, termed 
autoinducers. Many bacteria have been shown to 
exhibit quorum sensing, including Bacillus, 
Myxococcus, Pseudomonas, Escherichia, Vibrio, and 
Salmonella; collectively they are classified as quorum 
sensing bacteria for their ability to detect and respond 
to autoinducer levels (1, 4, 6-8). 

The mechanism for quorum sensing, particularly 
that for Vibrio, Salmonella, and Escherichia, has been 
elucidated in detail (8). The basic principle is that 
autoinducer production increases concomitantly with 
cell density. Beyond a specific threshold stimulatory 
concentration, the autoinducer molecules take effect 
and initiate some sort of gene regulation, such as a 
signal transduction cascade, depending on the species 
in question. The ultimate result is some sort of change 
in behaviour (8). This enables the population of 
bacteria to express specific sets of genes at only 
particular population densities so that they may act 
together, much like multi-cellular organisms, as 
opposed to single bacterium (3). In general, up-
regulation of genes conferring competitive advantages 
over other organisms is quite common, making stress 
response a single factor in quorum sensing (4). 

Bacterial species tend to produce and respond only 

to their own unique and chemically distinct autoinducer 
molecule (2). However, various studies have shown 
that one type of autoinducer, originally isolated from 
signaling system 2 in Vibrio harveyi, has homologues 
present across many species, in particular S. 
typhimurium and E. coli (2, 4, 7, 8).  In the light-
emitting Gram-negative marine bacterium V. harveyi, 
two different autoinducers (AI-1 and AI-2) regulate 
bioluminescence. Detection of and response to the 
autoinducers of V. harveyi are accomplished through 
two signaling systems: AI-1 synthesis dependent on the 
LuxL and LuxM genes and detected by the sensor 
LuxN of signaling system 1; AI-2 synthesis governed 
by the LuxS gene and sensed by LuxPQ of signaling 
system 2 (3). AI-1 is highly species specific, while AI-2 
production and synthase LuxS is present in more than 
50 Gram-positive and Gram-negative bacteria (2, 3). It 
has been suggested that the two autoinducer signaling 
systems facilitate intra- as well as inter-species 
communication, allowing V. harveyi to distinguish 
between existence as a mono-culture versus a mixed 
population (3).    

V. harveyi reporter strains, known for their 
bioluminescence production in response to AI-2, can be 
used as an effective means to assay for AI-2 production 
by other organisms. Research has shown that AI-2 
production levels can fluctuate, depending on a host of 
factors, such as growth phase, nutrient availability, and 
pH (8). AI-2 level reaches peak production in mid-
exponential phase in the presence of certain preferred 
carbon sources (8). Furthermore, AI-2 signal of the 
quorum sensing systems of E. coli and S. typhimurium 
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FIG. 1 Growth curves of E. coli AB1157, E. coli DH5α, and S. typhimurium LT2 grown in LB with 0.5% glucose supplemented carbon 

source at 30°C with aeration, and corresponding luminescence measured on cell-free supernatants in V. harveyi BB170 bioluminescent assay. 
Error bars denote 95% confidence based on 3 replicates. 

 
was shown to be degraded when the bacteria enter 
stationary phase (8). In this study we tested the effects 
of altering carbon sources, glycerol versus glucose, on 
the production of AI-2, and the effect of growth phase 
on AI-2 levels. We studied two strains in particular, S. 
typhimurium LT2 and E. coli AB1157, both known to 
exhibit AI-2 like activity. E. coli DH5α, a non-quorum 
producing strain, was included as a negative control.  
 

MATERIALS AND METHODS 
 
Media.  The Luria-Bertani (LB) broth and marine media were 
prepared as previously described (5). The 5% sterile stock solution of 
glucose and 10% sterile stock solution glycerol were prepared and 
used at final concentrations of 0.5%. Marine media was used for the 
autoinducer assay.  
Bacterial Strains and Growth Conditions.  E. coli strains DH5α 
[luxS supE44 _lacU169 (_80 lacZ_M15) hsdR17 recA1 endA1 
gyrA96 thi-1 relA1] and AB1157 and S. typhimurium LT2 (Dr. 
Ramey, UBC) were grown at 30°C in LB broth supplemented with 
0.5% glucose or glycerol with aeration overnight. Cultures were 
diluted 1:100 using fresh LB medium containing either the 0.5% 
glucose or the 0.5% glycerol that were used for the corresponding 
overnight cultures. Cultures were then grown at 30°C with aeration at 
120 rpm in a New Brunswick G10 shaking water bath during the 
period of the experiment. 
Preparation of Growth Curves and Cell-Free Supernatants.  To 
construct bacterial growth curves, turbidity readings for each of the 
three strains were taken every hour until they reached stationary 
phase. All readings were taken using a Spectronic 20+ 
spectrophotometer set at 600 nm. Cell-free supernatants were 
obtained at each time point by centrifuging samples at 15,000 × g for 
5 min and collecting the supernatants. Supernatants were filtered 
through a 0.45-µm Millipore filter and frozen at -20°C. 

Autoinducer Bioassay.  The V. harveyi reporter strain BB170, 
capable of sensing AI-2 but not AI-1 (8), was used to assay for AI-2 
in samples. The reporter was grown at 30°C with aeration in marine 
medium overnight and diluted 1:500 into the same fresh medium for 
the assay. Filtered cell-free supernatants from various samples were 
added at a concentration of 10% (vol/vol) with the V. harveyi reporter 
strain and incubated at 30°C with shaking at 120 rpm in the same 
shaking water bath for 3 hours. Luminescence response in the 
reporter strain was measured in triplicates using the Turner Designs 
TD-20/20 Single-Tube Luminometer with 3 minute integration 
periods. 
 

RESULTS 
 

As the aim of this study was to determine the effects 
of different carbon sources and growth phase on AI-2 
production, we first plotted the growth, in terms of 
culture turbidity, of the three strains grown in the two 
different supplemented media as logarithmic plots (Fig. 
1, Fig. 2). Luminescence values, expressed as a 
percentage of the highest measured integrated 
luminescence value, were plotted onto the same graphs 
as histograms for comparison among the three cultures 
(Fig. 1, Fig. 2). Cell-free supernatant samples from 1, 
4, and 8 hours of growth were chosen for the V. harveyi 
BB170 bioluminescence assay. These time points were 
chosen in attempt to represent AI-2 levels in lag, 
exponential, and stationary phase respectively. 
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FIG. 2  Growth curves of E. coli AB1157, E. coli DH5α, and S. typhimurium LT2 grown in LB with 0.5% glycerol supplemented carbon 

source at 30°C with aeration, and corresponding luminescence measured on cell-free supernatants in V. harveyi BB170 bioluminescent assay. 
Error bars denote 95% confidence based on 3 replicates. 
 

The three strains tested in the study displayed 
similar growth phases when grown in glucose-
supplemented media, but different lengths of growth 
phases when grown in glycerol-supplemented media 
(Fig.1, Fig. 2).  Of the glycerol-supplemented cultures, 
E. coli DH5α strain required the longest time (6 to 7 
hours) to achieve stationary phase, while S. 
typhimurium LT2 achieved stationary phase in the 
shortest time (5 to 6 hours). E. coli AB1157 displayed a 
growth pattern in between the two other strains, 
attaining stationary phase at approximately 6 hours. 
Higher final culture turbidity was observed with the E. 
coli DH5α strain in glucose, while all three cultures 
obtained similar final culture turbidity when grown in 
glycerol.  

Comparison between the strains grown in glucose- 
and glycerol-supplemented media showed that higher 
autoinducer levels were detected in glucose-
supplemented cultures than their glycerol-
supplemented counterparts (Fig. 1 and Fig. 2). In all the 
cultures tested, peak AI-2 levels were measured at 
stationary phase. It was also noted that AI-2 levels in 
AB1157 were more pronounced in the glucose-
supplemented culture than in the glycerol-
supplemented one. 
 In order for luminescence values to be comparable 
between the different cultures, the data was normalized 
against turbidity. This normalization allowed us to 
estimate the level of AI-2 production based on the  

 
amount of AI-2 in culture relative to the number of 
cells. Normalized luminescence data was plotted as 
histograms (Fig. 3, Fig. 4).  

Normalized luminescence data showed that the E. 
coli DH5α strain, the negative control, did not display 
significant AI-2 production over the course of growth 
in either glucose- or glycerol-supplemented media (Fig. 
3, Fig. 4). For the glucose-supplemented cultures, S. 
typhimurium LT2 displayed greatest AI-2 production 
among the three strains. The data also showed that the 
LT2 culture produced almost twice the amount of AI-2 
compared to the AB1157 culture by stationary phase 
(Fig. 3). The AB1157 and LT2 cultures displayed 
similar trends in AI-2 production (Fig. 3), even though 
the AB1157 strain did not achieve as high peak AI-2 
levels. Degradation of AI-2 signal during stationary 
phase was not observed.  

In the glycerol supplemented cultures, normalized 
luminescence data did not show a quorum sensing trend 
for AI-2 production in the AB1157 and LT2 strains 
(Fig. 4). The data showed a decrease in AI-2 levels over 
time for the AB1157 strain. AI-2 production in the LT2 
strain decreased during exponential phase of growth, 
then increased during stationary phase. This suggests 
that the increased concentration of AI-2 levels 
measured in the glycerol cultures (Fig. 2) was likely 
due to an increased number of cells, rather than an 
increase in individual cell AI-2 production. 
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FIG. 3 Turbidity-normalized luminescence measured by V. harveyi BB170 bioluminescent assay after 3 hours incubation at 30°C with cell-
free supernatant from E. coli DH5α, E. coli AB1157, and S. typhimurium LT2 grown in LB with 0.5% glucose-supplemented carbon source. 

 
 

 
 

FIG. 4 Turbidity-normalized luminescence measured by V. harveyi BB170 bioluminescent assay after 3 hours incubation at 30°C with cell 
free supernatant from E. coli DH5α, E. coli AB1157, and S. typhimurium LT2 grown in LB with 0.5% glycerol-supplemented carbon source. 
 

DISCUSSION 
 

One of the main interests of our study was to 
determine whether or not autoinducer production as a 
function of cellular density can be seen in quorum 
sensing cultures grown on carbon sources other than 
glucose. Our findings correlate with previous studies 
(8) in showing that glucose is a strong mediator for 
autoinducer production. Overall, our data showed that  

 
 

 
higher AI-2 levels are achieved in quorum sensing 
cultures supplemented with glucose than in those 
supplemented with glycerol. As well, the expected 
quorum sensing AI-2 production trend was only 
observed in glucose-supplemented cultures. Even 
though the resolution of our data may be limited to 
three time points, there is clear indication that glycerol 
is unable to illicit an AI-2 quorum sensing response 
similar to that of glucose. One possible explanation is 
that glucose may be a more favourable carbon source 
for growth over glycerol. As seen in our results, higher 
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final culture turbidity was observed in the E. coli DH5α 
culture when supplemented with glucose. 

Comparing glucose-supplemented cultures, the 
AB1157 strain did not achieve as high AI-2 production 
as the LT2 strain. E. coli AB1157 is a laboratory 
auxotrophic mutant with several metabolic pathways 
knocked out; conversely, S. typhimurium LT2 is a wild 
type strain. It is quite possible that some of these 
knocked out pathways may affect the bacteria’s ability 
to produce and detect the quorum sensing factor.  

As previously mentioned, past studies have 
characterized peak autoinducer production at mid-
exponential phase for cultures grown in glucose (8); 
however, based on our data, we found that peak 
autoinducer production is observed in stationary phase. 
Furthermore, we did not observe the expected 
degradation of AI-2 signal that was supposedly 
associated with stationary phase (8). All these 
observations imply that the AI-2 in the cultures was not 
undergoing the expected degradation, or that AI-2 
synthesis exceeded degradation throughout the duration 
of the experiment. One explanation is that excess 
glucose is still present in our culture. Aside from 
population density, it is believed that the turnover of 
AI-2 is associated with the depletion of glucose in the 
media (7). A quorum sensing study where glucose 
levels are monitored showed that AI-2 degradation 
takes place 3 to 4 hours after complete depletion of 
glucose (8). The study also showed that AI-2 levels 
persist even while 50% of the 0.5% supplemented 
glucose is consumed. Since the cultures were grown in 
complex media (LB), it is possible that excess glucose 
in the particular batch of media used was unaccounted 
for. It may be advisable in future studies to monitor the 
amount of residual glucose by assay (the Trinder assay, 
for example) such that we can ensure the experiment is 
carried out exactly as intended. Another possibility is 
that autoinducers are being degraded, but the rate of 
production may still be higher than the rate of 
degradation. It is possible that the peak autoinducer 
levels measured in stationary phase (at 6 hours) 
represent the time point where autoinducer production 
is leveling off, but the degradation process has not yet 
taken place. Perhaps if we had furthered our 
experiment, we would have eventually seen a decline in 
autoinducer levels. 

An experimental issue that was not addressed by 
this study is the quality of the V. harveyi assay for the 
AI-2 signal. The dilution carried out on the V. harveyi 
culture prior to the assay, and the type of media used 
for the assay may have profound effects on the quality 
of our results. Similar studies in the past have carried 
out the assay in autobioassay (AB) defined media (8). 
The benefit of using defined media is to achieve greater 
control in the amount of carbon sources present in the 
media. Components within defined media can also be 

better controlled to minimize variability between 
batches. However, in our experiment, Marine media 
was used for the assay in favour of preparation time. 
Particular precaution was taken in media preparation 
such that all assay media used was prepared in a single 
batch. This would have hopefully limited the variability 
between the assay readings. The accuracy and 
reliability of the V. harveyi assay can be evaluated by 
measuring bioluminescent response against 
standardized amounts of purified AI-2. As well, 
different media can be tested for carrying out the assay. 
 

FUTURE EXPERIMENTS 
 

This study can be extended to include a longer 
period of stationary phase for each bacterial strain to 
determine whether the AI-2 molecule will degrade over 
time. The amount of residual glucose in the glucose 
supplemented cultures should be monitored using the 
Trinder assay, in order to determine whether residual 
glucose has an effect on the rate of AI-2 turnover.  
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