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1 Introduction

In this experiment, we sought to answer the following question: Do higher levels of metal
exposure aect expression of the TTHERM_00584900 gene in Tetrahymena thermophila? The
TTHERM_00584900 gene produces an ATP-binding cassette protein that is responsible for
removing metals and metalloids from Tetrahymena thermophila. It is hypothesized that the
expression of TTHERM 00584900 will increase with exposure to metals.

In order to test this hypothesis, Tetrahymena thermophila were randomly assigned to
either a control group, which was cultured in a normal growth medium, or a treatment
group, whichin addition to the mediumwas exposed to water contaminated with metals and
metalloids. Previous experiments have suggested that Tetrahymena thermophila growth is
negatively aected by high metal concentrations. The experimental group was exposed to
water mimicking chronic levels of metal pollution found in bodies of water in close proximity
to mines. Low doses of contaminated water were given daily to the experimental group
over the course of one week. Immediately following the culturing and exposure, RNA
extraction, reverse transcription, and gene-specific PCR (including gel electrophoresis) was
conducted on the samples from both the control and treatment groups to measure expression
of TTHERM_00584900.

Because ATP-binding cassette proteins remove metals and metalloids, it was predicted
that the TTHERM_00584900 gene would be up-regulated in organisms exposed to chronic
levels of metal pollutants. It was also predicted that cell growth rates would be lower for
the treatment group, as measured by cell counting with a hemocytometer over the course of
the treatment period.



2 Methods

Primer synthesis: Primers for TTHERM_00584900 were designed using the Tetrahymena

Genome Database and Integrated DNA Technologies Oligoanalyzer. The sequences of the

forward and reverse primers targeting TTHERM_00584900 are as follows: AGATTGCCTTCTCCCATCCA
(Forward) and CAGCTTACATCTGGGGTGCTATTATGG (Reverse). The sequences of the

control Btul primers are as follows: CCCAGAGCTATCTTGATGGACTTA (Forward) and
TAACACCAGACATGGCAGCA (Reverse).

Culturing Tetrahymena: T. thermophila were cultured in NEFF media and then transferred
into nutrient-rich SPP media at the time of the experiment (Cassidy-Handley, 2012). The
SPP media for experimental cultures was supplemented with a heavy metal solution containing
31 ppb Arsenic, 31ppb Cadmium, and other metals for five days.

RNA extraction: Following five days of exposure to the heavy metal solution, RNA was
extracted from control and experimental T. thermophila cultures using Qiagens RNeasy Mini
Kit as per the manufacturer’s instructions. All cultures were centrifuged for three minutes
at 3,000rpm and washed with 5mL of 10mM Tris (pH 7.4) before processing.

RT-PCR: ¢cDNA was synthesized using the RevertAid RT kit (ThermoScientific) and
following the manufacturer’s protocol. PCR was performed using GoTaq Green PCR Master
Mix (Promega) using the manufacturer’s protocol. PCR amplfication of BTU1 ¢cDNA was
used as a positive control for the Tetrahymena RT-PCRs while Gapdh was used as a positive
control for the entire RT-PCR experiment as the reagents for this sample were provided in
the RevertAid kit. The No Template Control (NTC) reactions contained all reagents for the
RT-PCR reaction, except nuclease-free water was added in place of RNA template.

Gel electrophoresis: The RT-PCR reactions were electrophoresed on a 1% agaorse gel
(BioRad) in 1xTBE (VWR). The ImageJ gel analysis program was used to determine the
relative intensities of the PCR products for semi-quantitative analysis.

Growth Rate: The growth rate of control and experimental Tetrahymena cultures was
determined by counting cells with a hemocytometer (Bright-line (TM), Sigma) over the
course of the five day experiment. In preparation for counting, cells were first treated with
a 5% solution of glutaraldehyde (Sigma). More specifically, 190uL of cell culture was mixed
with 10uls of 5% glutaraldehyde.

3 Results

Unfortunately, we were unable to observe expression of the TTHERM_00584900 gene in
our four control and four experimental cultures (Figure 1). Therefore, we are unable to
determine whether exposure of Tetrahymena to heavy metals affected expression of this
gene. Meanwhile, the growth curve analysis suggests that the growth rate of the control



groups was greater than the experimental groups, on average (Figure 2).

Future research should look into ways of inducing stronger expression of TTHERM_00584900,
which may be possible through exposure to higher concentrations of heavy metals. Furthermore,
a more quantitative measure of gene expression should be used to better determine whether
exposure to heavy metals affects TTHERM_00584900 expression in Tetrahymena cultures.

4 Figures

4.1 Relative Expression of Btul and TTHERM,0584900inC'ontrolandH eavyM e:
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The relative expression of TTHERM 00584900 compared to the control gene BTU1 was
measured using semi-quantitative RT-PCR across four control and four heavy-treated Tetrahymena
cultures after five days of culturing. Unfortunately, our RT-PCRs were unsuccessful for the
TTHERM 00584900 gene and were only had two replicates for Btul expression, thereby
preventing us from performing statistical analyses.

4.2 Growth Rate of Heavy Metal-treated Tetrahymena Cultures
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The growth rate across four control and four heavy metal-treated Tetrahymena cultures was
measured every over the course of the five day experiment.



5 References

Cassidy-Hanley DM. Tetrahymena in the laboratory: strain resources, methods for culture,maintenance,
and storage. Methods Cell Biol. 2012;109: 237-76. doi: 10.1016/B978-0-12-385967-9.00008-
6.

6 Acknowledgements

We would like to thank our faculty advisor, Dr. Stefanie Otto-Hitt, for her guidance
throughout the experimentation process. This project was funded in part by a supplies
grant from the Ciliate Genomics Consortium.



