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Isothermal Microcalorimetry to Monitor Bacteria Growth
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INTRODUCTION

Isothermal Microcalorimetry (IMC) is a detection method that 
works with both solid and liquid samples. It is a fast and affordable 
technique that does not rely on an optical measurement. 
Therefore, a variety of medias can be used without compromising 
results. A typical growing bacterium generates 2 pW of heat.1,2 

This means only 100,000 bacteria need to be present to give rise 
to the growing heat signal, which indicates a positive growth.3 In 
addition, detection is safe from contamination since ampoules can 
be autoclaved and sealed prior to measurement. This method is 
also very simple, as analysis consists of determining if the heat 
flow signal is rising above a baseline heat signal.

E. coli is known to have a typical growth curve which consists of 
five phases: lag phase, log phase, stationary phase, death phase, 
and long-term stationary phase (LTSP) when in nutrient-sufficient 
media. When considering the ability to measure the growth of 
bacteria with IMC generally the phase of most interest is the 
exponential or log phase; essentially how fast can one determine 
if bacteria is present in a sample. There has been significant work 
done looking at using IMC to characterize the growth patterns of 
bacteria3-9 and even converting isothermal microcalorimetry data 
into biologically meaningful data such as growth rate, lag phase, 
or maximum growth.4

MATERIALS AND METHOD

Sample Preparation

Disposable glass ampoules and lids were autoclaved prior to 
the inoculation. Ampoules were filled with 1 mL of media and 
inoculated with E. coli to achieve a target concentration of 106 - 102 
colony-forming units (CFU). One ampoule was prepared with only 
media to serve as a control. Lids were crimped closed to ensure a 
sterile environment was maintained throughout experiment.

Isothermal Calorimetry

The ampoules were lowered into the equilibration position for  
15 minutes to bring them to 37°C prior to lowering into the 
measuring position. The samples were incubated at 37°C for  
12+ hours in a TAM IV 4 mL multicalorimeter with a built-in 
reference of 8.4 J/K. 

Data Analysis

Positivity or time to detection (TTD) was defined as heat flow of at 
least 2 µW above the lowest value of the power–time curve, Figure 
1. Time to peak (TTP) was calculated by determining time to reach 
peak heat flow, Figure 1. It is important to consider the start time 
as time of inoculation and not the time the sample was inserted 
into the measuring position of the instrument. 

Figure 1. Analysis for Time to Detection and Time to Peak

RESULTS AND DISCUSSION

The growth curve of E. coli at five different starting CFUs is shown 
in Figure 2 (1=102, 2=103, 3=104, 4=105, 5=106, 6=media). Each 
curve has a similar heat profile; however, we can see a delay in 
the TTD and TTP based on the starting CFU. The times for each 
sample are shown in Table 1.

Figure 2. Different starting CFU with same volume of media using TAM IV

Table 1. Time to Detection and Peak Results
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Sample Starting CFUs TTD TTP

1 102 4 hrs 20 mins 9 hours 3 mins

2 103 3 hrs 30 mins 7 hrs 50 mins

3 104 2 hrs 20 mins 6 hrs 43 mins

4 105 1 hr 20 mins 5 hrs 35 mins

5 106 50 mins 4 hrs 33 mins
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There is a direct correlation between the starting CFU and both 
TTD and TTP. When plotting TTD vs ln (CFU), Figure 3, there is a 
linear relationship. So, using this equation one could estimate the 
time needed to determine positive growth of a E. coli sample with 
a known CFU. However, what is probably more relevant is once 
you have measured the TTD using IMC one could determine the 
starting CFU of an unknown sample. The same is true for the TTP, 
as there is also linear relationship present between TTP and ln 
(CFU), Figure 4.

Figure 3. Relationship between TTD and CFU

Figure 4. Relationship between TTP and CFU

CONCLUSIONS

In this application note we discussed the usage of IMC in measuring 
bacteria growth. We used E. coli as a model system, however, 
IMC could be used for any bacteria strain or cell type since this 
technique is measuring the heat generated from growth. Also, 
since an IMC heat flow curve is specific to a bacteria strain, similar 
to a fingerprint, IMC could also be used to identify which type of 
bacteria might be present in a sample as well.9 IMC can also be 
used to study the effects of antibiotics by monitoring changes in 
the heat flow pattern with and without antibiotics present.8 Overall, 
IMC is a fast and easy method to study bacteria growth and can 
be used with a variety of sample types and media. 
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Note: This work was done with the TAM IV 4 mL multicalorimeter, 
but similar studies could also be done on other TAM configurations. 
The primary factors to consider would be calorimeter sensitivity, 
sample size and overall heats being measured. Calorimeters with 
volume sizes up to 20 mL might require a higher detection heat 
(Δq), up to 10 μW. 
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