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Abstract
In this experiment we studied the effect of temperature on the growth rate of Tetrahymena
thermophila. T. thermophila are unicellular organisms that have been used in biology for
many years and have a complex link with many key organisms in the ecosystem. We allowed
the T. thermophila to grow in incubators at 3 separate temperatures, 13°C, 20°C, and 30°C.
Samples were collected every hour on the first day and then our last sample was collected the
next morning. Once all of our samples were collected we counted the number of cells in each.
We predicted that T. thermophila will have the greatest growth at the highest temperature and
through analysis of our results we were able to say that the temperatures were significantly
different with a p-value of less than 0.05. The T. thermophila that grew at 13°C had the
slowest growth compared to the growth at 30°C (P < 0.031). There was not a significant
difference in growth between the 20°C and either of the 13°C or 30°C conditions (P <0.115
and P <0.574, respectively). Higher temperatures may result in a greater abundance of T.
thermophila which could prove be to beneficial for other key organisms in the ecosystem that
reply on these species.
Introduction
Tetrahymena thermophila is a unicellular ciliated protist that is commonly found in
freshwater habitats around the world. T. thermophila has been utilized as a model organism in
the field of biology for years, in part due to their rapid doubling time of 2-3 hours and their
large size which allows for easy viewing during microscopy (Ruehle et al., 2016). In addition
to these features, the organism also possesses two nuclei with separate genomes which has

proven to be incredibly useful in understanding a variety of genomic processes (Orias et al.,

2011).

Typically, ciliates such as T. thermophila obtain nutrition from bacteria, algae, and organic
macromolecules found in their freshwater environments (Laakso et al., 2003). It has been
suggested that T. thermophila and other ciliated protists may be a crucial link in freshwater

food-chains between bacteria and larger organisms such as zooplankton that prey on them



(Wickham, 1995). Zooplankton in turn serve as a major food source for juvenile salmon in
the early phases of their life cycle (Clark & Levy, 1988). The relationships between primary
producers, protists, zooplankton, and fish are linked; therefore the abundance of one organism
has widespread effects on the levels of the food-chain. The abundance of these organisms is
also influenced heavily by abiotic variables such as temperature and pH in the environment

(Beaugrand & Reid, 2003).

In this experiment, we investigated the effects of temperature on the growth rate of
Tetrahymena thermophila culture grown in the laboratory in order to determine whether
differences in temperature had a significant impact on their growth rate. Temperature is
linked to the efficiency, rate of enzyme function, and protein synthesis in cells. Exposure to
higher temperatures allows for increased protein synthesis required for cell division (Farewell

& Neidhardt, 1998). Our hypotheses for the experiment were as follows:

H,: Temperature will not have a significant effect on the rate of growth of Tetrahymena

thermophila.

H,: Temperature will have a significant effect on the rate of growth of Tetrahymena

thermophila.

We predicted that growing replicates of T. thermophila at three separate temperatures: 13°C,
20°C, and 30°C would result in different growth rates for each temperature. Furthermore, we
predicted that the replicates kept at 30°C would have the highest rate of growth while the

replicates at 13°C would have the slowest growth rate.



The results of this experiment could prove useful in the continued understanding and use of T.
thermophila as a model organism in the field of biology. Change in the growth rate of T.
thermophila in freshwater streams due to temperature could influence both zooplankton and
salmon abundance through food chain interaction. Salmon provide a range of ecosystem
services to to other organisms and to humans in a given region. Therefore, the abundance of
salmon greatly affects the proper functioning of the ecosystems that rely on them (Holmlund
& Hammer, 1999). The rate of population growth of T. thermophila may play a part in
maintaining the overall health of an ecosystem due to the potential effect on salmon

populations.

Methods

We began by performing a dilution so that our T. thermophila stock solution would contain
20,000 cells/mL. We mixed the initial solution of T. thermophila that was given and then
measured out 100 uL into an Eppendorf tube using a micropipette. Then we added 10 uL of
glutaraldehyde fixative into the same tube and thoroughly mixed the sample. We loaded 20
uL onto a haemocytometer and counted the number of cells under an Axiostar Plus
compound microscope. After obtaining the initial number of cells in our sample we
calculated that we needed to add 14.5 mL of the T. thermophila sample and 85.5 mL of the

media to make a 100 mL stock solution with a concentration of 20,000 cells/mL.

Once our stock solution was prepared we measured out 10 mL from the stock solution for
each of the 9 test tubes (Figure 1). We had 3 replicates for each of our 3 temperature

conditions (13°C, 20°C, 30°C). The test tubes were all stored in incubators at the specific



temperatures and every hour we collected samples from each of the 9 test tubes. At each time
interval, we took out 100 uL from each of the test tubes and added it to an Eppendorf tube, in
which we had previously added 10 uL of glutaraldehyde fixative. Using a micropipette, we
thoroughly mixed the samples each time so that the fixative was well mixed in our samples.
We took samples out from each of the 9 test tubes every hour on the first day, and then came

in the next morning to obtain the last sample for a total of 63 samples (Figure 2).

After collecting all of our samples we began to count the number of cells in each of the
samples using a haemocytometer and compound microscope (Figure 3). We mixed each of
the samples thoroughly to have an even distribution of cells before loading 20 uL onto the
haemocytometer, which was then placed under the compound microscope. We used a click
counter to keep track of the number of cells observed under the microscope and recorded
these values in a table. We used a dilution factor for the haemocytometer in conjunction with
the dilution factor from adding fixative to calculate the average number of cells per mL for

each sample.

We performed a one-way ANOVA to determine whether there was a significant difference in
growth rates of Tetrahymena thermophila at the three different temperatures. We first
calculated the growth rate of T. thermophila by subtracting the initial count from the final cell
count, and then dividing by total time elapsed. For the one-way ANOVA we used this
calculated growth rate as the response variable and the treatment temperature as the
categorical variable. In this way we were able to test if the growth rate at the three different
temperatures were significantly different from each other. After finding a significant

difference between the means, we performed a Tukey-Kramer test to differentiate which



means where significantly different from each other, because this information is not conveyed

in the one-way ANOVA. The statistical tests were performed with the statistical package R.

Figure 1. 9 test tubes with 3 replicates Figure 2. 100 uL samples collected every
at each temperature (13°C, 20°C, 30°C). hour using micropipette and put in
Eppendorf tubes.

Figure 3. Tetrahymena thermophila cells under a compound microscope.
Results
The growth rate of T. thermophila was found to be significantly different between
temperatures (P < 0.0337). T. thermophila kept at 13°C had a mean growth rate of -109 ¥

182 cells/mL/hour, whereas cells kept at 20°C had a mean growth rate of 667 F 695



cells/mL/hour. T. thermophila cells kept at 30°C had a mean growth rate of 1003 F 268

cells/mL/hour (Figure 4).

It was found that the mean growth rate of T. thermophila at the lowest temperature, 13°C, was
significantly different from those kept at the higher temperature, 30°C (P < 0.031). The mean
growth rates of T. thermophila kept at 20°C was not significantly different from cells kept at

13°C or 30°C (P <0.115 and P < 0.574, respectively).
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Figure 4: Growth rate of Tetrahymena thermophila measured in cells per mL per hour
(n=3). Bars represent mean growth rate at each treatment temperature, and error bars
represent 95% confidence intervals. Letter differences represent significant differences
between treatments (P < 0.031).
Discussion
Based on our statistical analysis, we found that the growth rate at 13°C was significantly

slower than 30°C. The difference between 20°C and either 13°C or 30°C, however, was not

found to be statistically significant. Thus, we can reject our null hypothesis because the



growth rate was significantly different (P < 0.05) between the lowest and highest
temperatures (13°C and 30°C), and thus provide support for our alternative hypothesis. Our
prediction, which stated that growth rate would be highest at 30°C and lowest at 13°C, was
also correct. Although the difference between 20°C and 30°C was not statistically significant,
the rate at 30°C was greater. The trends overall were as follows: at 30°C the microorganism
had a positive upward trend over time, at 20°C the number of cells fluctuated, but remained

relatively the same over time, and at 13°C there was no trend in the growth of T. thermophila.

Our findings are consistent with most studies exploring the effect of temperature on
Tetrahymena thermophila. Although the exact optimal temperature varies across studies,
overall the trend observed is that an increase in temperature results in an increase in growth
rate. One study exploring temperature’s effect on T. thermophila growth is conducted by
Frankel and Nelson (2001). They observed that T. thermophila grew faster when exposed to
higher temperatures. In this study, however, they observed the optimal temperature to be
40°C (Frankel & Nelson, 2001). Although the optimal temperature was not explored in our

study, our results align with those of Frankel and Nelson (2001).

One biological reason for the low growth rate at 13°C could be due to the findings in a study
by Négel and Wunderlich (1977). They found that at low temperatures the transport of RNA
and ribosomes in cells is impaired in a different Tetrahymena species (Nédgel & Wunderlich,
1977). RNA and ribosomes are required for the formation of proteins, which in turn are
required for the growth of organisms. These results imply that the growth of Tetrahymena
thermophila was slow at 13°C due to the lack of productivity in cell processes. Further,

Jacobs et.al (2006) and Chan et. al (2016) found that increasing temperature increases the rate



of phagocytosis and vacuole formation, respectively. Phagocytosis is the process by which
microorganisms engulf nutrients, which are needed for growth. Vacuole formation allows for
storage of these nutrients, and their growth is positively correlated with the amount an
organism can phagocytize (Jacobs et. al, 2006). Since both processes increase with
temperature, the low growth rate we observed at 13°C compared to the higher temperatures

can be explained.

The limitations of our methodology included the restricted lab hours where we collected our
samples. We minimized the impact of this limitation by utilizing the entire window of time
available to us for one day. Since we could not access the lab overnight we collected an
additional sample the following morning. The impact this has on our results is that we could
not monitor the growth of T. thermophila overnight. Another limitation of our study includes
the small sample size. A larger number of replicates would aid in removing uncertainty or
variation in our results, making our results more robust. A source of human error includes the
variation in individuals using the haemocytometer to count cells. In order to limit the error
posed by this, we attempted to calibrate our methods by practicing together before

individually counting cells.

The results from our study can be extrapolated to environments where salmon species spawn
and hatch (ie, freshwater environments). Since Tetrahymena thermophila is a microorganism
that feeds the salmon population (Clark & Levy, 1988), higher temperatures imply that there
may be an abundance in the nutrition gained by salmon through their food source. Although

the effects for the environment cannot be concluded, it can be assumed that the increase in



nutrient abundance may impact the growth of salmon species with the increase in

temperature.

Although more research is suggested to test the results of our study, they are nonetheless
important because higher temperatures could mean a greater abundance of Tetrahymena
thermophila in freshwater environments (Farewell & Neidhardt, 1998) . This implies an
increase in abundance in organisms of higher food chain levels, such as zooplankton and

ultimately freshwater fish, such as salmon (Wickham, 1995).

Conclusions

We rejected our null hypothesis, and thus provide support for our alternative hypothesis,
which states that temperature has an effect on the growth rate of Tetrahymena thermophila.
We hope that our results will aid future studies regarding Tetrahymena thermophila and its

relationship with temperature.
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Appendix

Time Point (in
hours after start)

13°C

20°C

30°C

1

9281.25 ¥ 5730.07

8364.58 ¥ 9.29

11458.33 ¥ 14.50

2

8708.33 ¥ 1996.10

28760.42 ¥ 19.21

17989.58 ¥ 17.04

6645.83 ¥ 594.18

14666.67 ¥ 18.04

15697.91 ¥ 16.01

8937.50 F 5487.27

23604.17 ¥ 24.01

18562.50 ¥ 6.93

5

8135.42 ¥ 5627.94

13750.00 ¥ 25.53

33572.92 ¥ 25.43

6

11114.58 * 4284.70

22000.00 ¥ 22.91

23947.92 ¥ 36.35

16.5

6989.58 F 5694.75

23375.00 ¥ 35.00

34031.25 ¥ 29.46

Figure A: Number of cells per mL at each time point (n=3). 95% confidence intervals are

included. Numbers are calculated by averaging the number of cells counted in each

haemocytometer, and then multiplied by the dilution factor of adding fixative and the dilution

factor of the haemocytometer. This gives a final answer in cells per mL.




