Investigating the Use of qPCR and Water Chemistry to Analyze
Microcystin Production by Cyanobacteria in Wyoming Lakes

Abby Antinoro and Sarah Zekovich

University of Wyoming
Department of Microbiology
MICR 4321
October 8, 2021



Project Summary
The occurrence of cyanobacterial blooms has been increasing around the world for the

past few decades (Paerl & Paul 2012). The cyanotoxins that are produced by these blooms can be
fatal to both humans and animals. In the U.S., the most commonly found cyanotoxins in lakes
with cyanobacterial blooms are microcystins (Svircev et al. 2019). Current microcystin testing
methods are expensive and time-consuming, and they have no ability to predict a rise in toxins.
The microcystin synthetase E (mcyE) gene is required for the synthesis of every type of
microcystin and can be measured as a proxy for the number of microcystin-producing cells in a
water sample (Jungblut & Neilan 2006). We hypothesize that in both laboratory cultures and in
lakes there will be an increase in the number of mcyE genes detected by qPCR before the
concentration of microcystins in the water increases. Temperature and water chemistry are also
linked to bloom formation and toxin production (Paerl 2013, Magonono et al. 2018). We
hypothesize that in lakes, mcyE count and microcystin concentration correlate with pH, electrical
conductivity (EC), temperature, dissolved oxygen, total organic carbon (TOC), dissolved organic
carbon (DOC), and dissolved organic nitrogen (DON).

The first goal of this study is to identify any relationships between mcyE gene count and
microcystin over time. To accomplish this, we will take daily samples from West Granite Springs
Reservoir, which has an active cyanobacterial bloom, as well as from cultures grown from the
lake’s microbiota. The microcystin concentration of each sample will be measured using an
enzyme-linked immunoassay (ELISA) and the number of microcystin-producing organisms will
be counted by qPCR of the mcyE gene. The results of these tests will be compared to find any
relationships between mcyE count and microcystin concentration over time. Our second goal is
to determine if there is a relationship between microcystin concentration, mcyE gene count, and
the chemical properties of the water. Three lakes with blooms will be sampled weekly and data
collected by qPCR, ELISA, and chemical analysis will be compared to find any measurements of
water chemistry that correlate with microcystin production.

Intellectual merit: This research will expand scientific understanding of the relationship between
changes in cyanotoxin gene count and future toxin production, as well as advance knowledge of
the relationship between toxin-producing blooms and water chemistry. Furthermore, this
information has the potential to be used to predict dangerous levels of toxins before they occur,
allowing for more informed decisions regarding water safety by citizens and the Wyoming DEQ.

Broader impacts: This research will promote broad social benefits through the improvement of
cyanobacterial bloom monitoring and toxin warning systems. Our findings have the potential to
lead to the development of fast, cheap, predictive tests for cyanotoxins. This will allow citizens
to interact with water bodies in Wyoming more safely as measures are taken to provide better
information about potentially toxic water. Additionally, this research will be led by
undergraduate students and will facilitate learning and practice of designing, conducting, and
presenting research.
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Statement of Problem and Significance

Cyanobacterial blooms have been a growing concern for the past few decades, especially
as they have become more prevalent due to increased nutrients in water bodies and to other
shifting environmental factors due to climate change and human activity (Paerl & Paul 2012).
The main concern is that many of these blooms produce cyanotoxins, which are toxic to humans,
pets, wildlife, plants, and livestock and cause disruptions in both water and soil ecosystems
(Corbel et al. 2014). Cyanotoxins can have a variety of effects on humans and can include
gastrointestinal symptoms, liver inflammation, pneumonia, dermatitis, and even death (Cheung,
Liang, and Lee 2013). Because blooms occur in water sources that are used for recreation,
drinking water, and agriculture, these toxins pose a danger to a wide range of people.

A major issue in monitoring water bodies and protecting the public from cyanotoxins is
the lack of ability to determine the risk of a toxic bloom. Cyanobacterial blooms are dynamic and
unpredictable, and it is common for an originally harmless bloom to begin producing toxins. If
warnings of toxic water are issued unnecessarily, they cause undue disruptions to recreation and
other uses of the water and potentially lead to economic impacts, but if a warning is not issued,
there are potential risks for pets, livestock, or even humans ingesting toxins. In Wyoming,
satellite imagery and on-site sampling are being used to monitor cyanobacterial blooms.
However, blooms can grow and produce toxins before they are visible on satellite imagery, and
commonly used methods of toxin detection, such as ELISA, are expensive and time-consuming
(Roberts et al. 2020, U.S. EPA 2021). Detecting changes in water chemistry or mcyE
concentration in a cyanobacterial bloom may provide an easier way to determine if the bloom is
producing toxins (Magonono et al. 2018). A method of monitoring blooms with less frequent
testing, simpler methods, and more accurate results would allow for better warnings and more
efficient use of resources.

This research aims to help the Wyoming Department of Environmental Quality (DEQ)
improve the monitoring of cyanobacteria in lakes by analyzing the relationship between the
number of toxin-producing cells and future concentrations of microcystins and by examining
changes in water chemistry during toxic and non-toxic blooms. We will measure and compare
changes in water pH, EC, TDS, temperature, dissolved oxygen, TOC, DOC, DON, mcyE
concentration, and microcystin concentration. We will use qPCR to quantify levels of
microcystin-producing cyanobacteria by counting copies of the mcyE gene in water samples. By
measuring mcyE gene count and microcystin concentration over time, we will examine the
ability of mcyFE count to predict increases in microcystin concentration. By measuring changes in
water chemistry, a significant change in the water may be an indicator of a rise in the relative
amount of toxins.

Our research into the relationships between multiple factors in lakes with harmful
cyanobacteria blooms may provide alternative methods to determining toxicity, thus making it
easier and more cost-effective to detect toxins. This improved methodology may also allow for
earlier and more informed warnings to be issued to the public about hazardous water. Our
research will further the understanding of the relationship between toxin gene counts and the



potential for toxin production and the relationships between different aspects of water chemistry
and current toxin production.

Introduction and Background
Relevant Literature

The prevalence of toxic cyanobacterial blooms has been increasing for many years, and
scientific research into the problem has expanded as well, especially since the early 2000s

(Svircev et al. 2019). The rise of toxin-producing cyanobacteria has been influenced by many
factors, including climate change and other human influences on environmental conditions in
water bodies (Boopathi and Ki 2014, Paerl and Paul 2012). Studies have found that
eutrophication, rising temperatures, and increasing atmospheric carbon dioxide all favor
cyanobacterial growth and bloom formation (Paerl and Paul 2012, Panksep et al. 2020).
Additionally, the amount of toxin produced per cell is higher in warmer water, suggesting that
global warming may lead to more toxic blooms (Paksep et al. 2020).

Between 2017 and 2019, there were at least 321 emergency department visits in the
United States that can be attributed to harmful algal and cyanobacterial blooms (Lavery et al.
2021). The data in this report came from a database that contains information from only 70% of
all emergency room visits in the U.S., so the total number of cases is likely even higher (Lavery
et al. 2021). Cyanotoxins are also a major hazard for pets and wildlife. A study of reports from
2016 to 2018 found that 89% of animals that had contact with a harmful cyanobacterial bloom
died (Roberts et al. 2020). Because toxic cyanobacteria blooms are increasing in frequency and
prevalence around the world, monitoring bodies of water used for irrigation, drinking, or
recreation has become even more important to preventing cyanotoxin poisonings.

In North America, the most common types of cyanotoxins are microcystins, anatoxin-a,
saxitoxins, and cylindrospermopsin (Boopathi and Ki 2014). In most cases, scientists and
government agencies must rely on testing for the presence of these toxins by ELISA or
LC-MS/MS to evaluate the danger of a cyanobacterial bloom (Panksep et al. 2020). To be
effective, these methods require the ability to sample the body of water frequently, which is a
huge use of resources and may not be possible when monitoring a large area. Additionally, these
tests are expensive, time-consuming, and may not detect all variants of the toxin (Pacheco et al.
2016). There are some proxy measurements that are currently used for cyanotoxin risk, including
spectrophotometry of chlorophyll-a, biomass measurements, and microscopic counts of
cyanobacteria, but these methods cannot differentiate toxin-producing and non-toxin-producing
bacteria (Panksep et al. 2020, Pacheco et al. 2016, Ngwa et al. 2014). Recently, qPCR has been
used in studying cyanobacteria because it can be used to detect cyanotoxin genes, allowing only
toxin-producing cells to be counted. Studies have found that qPCR provides a more accurate cell
count than other methods, and can identify toxin-producing bacteria before toxin concentration
in the water is high enough to be detected (Pacheco et al. 2016, Ngwa et al. 2014).

Most studies that have used qPCR to analyze harmful cyanobacterial blooms have
focused on whether it is a reliable indicator of current cyanotoxin concentration or have used it



for other purposes entirely, such as analyzing species diversity (Ngwa et al. 2014, Panksep et al.
2020, Moraes et al. 2021). One notable exception is a 2020 study, which used qPCR along with
RT-qPCR to develop an early warning system for microcystin concentration (Lu et al. 2020).
This study was able to predict microcystin concentrations exceeding the EPA health advisory
limit one week before it occurred and to detect microcystin gene expression in early-stage
blooms about three weeks before toxin was detectable in the water (Lu et al. 2020). This research
intends to further investigate the use of qPCR as a predictive tool for monitoring cyanobacterial
blooms.

A potential proxy for measuring toxin concentration is monitoring changes in water
chemistry. Bloom formation is both precipitated by and precipitates changes in the water
chemistry and the environment in which it resides. For example, high nitrogen levels have been
implicated in contributing to blooms (Magonono et al. 2018). Some data has also shown that
when the temperature is high, the growth of cyanobacteria is promoted (Paerl 2013, Magonono et
al. 2018). Additionally, there is some evidence that a high pH, above 8.4, allows cyanobacteria in
the genus Microcystis to begin producing microcystins (Magonono et al. 2018). We aim to
combine chemical water testing methods and toxin-producing gene detection methods with
microcystin concentration measurement to determine a relationship. Using this information to
monitor changes in the water chemistry may allow for detection of dangerous levels of
microcystin without the need for the traditional laboratory tests.

Preliminary Data
Our community partner for this research, the Wyoming DEQ, monitors Wyoming water

bodies for cyanobacterial blooms and cyanotoxins using satellite imagery and water sampling.
For each identified bloom, they issue a toxin advisory or bloom advisory. Sampling water from
each of these categories will be key to understanding the changes in the water body that may be
present. For this research, we will be collecting samples from Leazenby Lake, which currently
has a toxin advisory with a microcystin concentration of 0.634ug/L, West Granite Springs
Reservoir, which is currently under a bloom advisory but does not have detectable microcystins,
and Twin Buttes Lake, which has a very recently confirmed bloom with low levels of
microcystin.

The DEQ has been testing the active bloom in West Granite Springs Reservoir since July
21, 2021. Their data indicates that the level of microcystins in the water was below the amount
they could detect with their testing methods (<0.15 pg/L) as of August 24, 2021. Their testing
also revealed that the dominant cyanobacteria species present in the bloom is Aphanizomenon
flos-aquae. This species is not known to produce microcystins, but other microcystin-producing
species are often found in the same areas (Lyon-Colbert et al. 2018). According to the Wyoming
DEQ, another lake in Wyoming, Woodruft Narrows Reservoir, had an active bloom composed
primarily of Aphanizomenon flos-aquae and was issued a toxin warning on September 1, 2021
with a reported microcystin concentration of 93.05 pg/L.



Our observations of West Granite Springs Reservoir have confirmed that the west
causeway where the DEQ did their sampling appears to still have a high concentration of
cyanobacteria, as of September 19, 2021. The floating clumps of Aphanizomenon flos-aquae
pictured on the DEQ’s website were not visible from the shore on this date, but the water was
turbid and green, especially in areas sheltered by rocks.

Conceptual Model
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Justification of Approach and Novel Methods

The collection of water samples by submerging sterile collection bottles a few inches
under the lake’s surface has been established in many studies of cyanobacteria in lakes (Lu et al.
2020, Ngwa et al. 2014). We will use bottles that have been sterilized with bleach to avoid
contamination of our samples by DNA. The glass bottles and mason jars we will use follow

sampling procedures provided by the Wyoming DEQ for measuring toxin concentration.

Due to a lack of literature on the subject, we have developed a novel method for growing
cyanobacteria cultures from lake water. To include the full diversity of the bloom in our cultures,
a small sample of lake water will be collected, then the microbes will be collected by



centrifugation and transferred into liquid media. In addition to this, other cultures composed of
half media and half lake water will be made. We will collect our samples from whichever
cultures appear to have the best growth after five days of growth. The media and growth
conditions have been proven to grow a variety of cyanobacteria genera (James 2012). For
long-term preservation, samples will be frozen using DMSO as a cryoprotectant, which has been
found to provide the highest rate of recovery (Rastoll et al. 2013).

To process the lake and culture samples, the microorganisms to be used for qPCR will be
separated from the water to be used for microcystin measurements using methods established by
previous studies (Moraes et al. 2021, Cordeiro et al. 2021). These samples will be stored until
they are tested using methods described in the literature that can successfully preserve
cyanobacteria and microcystins for several weeks (Moraes et al. 2021, Almuhtaram et al. 2018).

gPCR of the mcyE gene has been well established as a method for counting
microcystin-producing cells (Lu et al. 2020, Ngwa et al. 2014, Pacheco et al. 2016, Panksep et al.
2020). We have selected primers for amplification of mcyFE that have been tested for specificity
across multiple cyanobacteria genera and successfully used to monitor microcystin producers in
a lake (Jungblut and Neilan 2006, Lu et al. 2020). For microcystin concentration measurements,
we have chosen to use a commercial ELISA kit from Attogene. ELISA is a commonly used
method and is effective at detecting microcystins at levels below what is considered hazardous
by the Environmental Protection Agency (U.S. EPA 2021).

For water chemistry analysis, pH, EC, TDS, temperature, and dissolved oxygen will be
measured at the time of sampling using a YSI pH/conductivity meter. TON, DOC, and DOC will
be measured by the Ecology Biogeochemistry Core Lab (EcoBGC) at the University of
Wyoming.

Research Plan
Objectives
- To improve methods for cyanobacterial bloom monitoring to allow for more efficient,
cheaper, and more informative testing
- To further understand the relationship between mcyE gene count and future microcystin
concentration in lakes and in culture
- To discover if gPCR can be used to accurately predict an increase in microcystin
production
- To further understand the relationships between microcystin concentration, mcyE
concentration, and water chemistry
- To determine if the measurement of pH, EC, TDS, temperature, dissolved oxygen TOC,
DOC, or DON is an accurate proxy for microcystin concentration
- To share our findings with the Wyoming DEQ and aid them in sharing more useful data
about cyanobacterial bloom safety with the public



Specific Aims
- We will measure microcystin concentration using ELISA and mcyE gene count using

gPCR over time and compare the results to establish the relationship between them

- We will develop a qPCR based water testing method that will provide advance warning
of dangerous microcystin levels in lakes using the relationship between mcyE gene count
and microcystin concentrations

- We will compare the relationship between mcyE gene count and microcystin
concentration found in a lake and in cultures

- We will measure mcyE count and microcystin concentration, using qPCR and ELISA
respectively, in weekly samples from three lakes

- We will measure pH, EC, TDS, temperature, and dissolved oxygen using a field meter at
the time of each weekly sample collection and get TOC, DOC, and DON measurements
from EcoBGC

- Water chemistry, microcystin concentration, and mcyE count from the same time and
location will be compared to determine if there is a relationship between them

Hypotheses
1a: The number of mcyE genes detected by qPCR will increase four to seven days prior to an

increase of microcystins

1b: The correlation between mcyE count and microcystin concentration will be the same in
culture and in a lake
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Research Design Schematic
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Materials and Methods
Sample collection and storage

For hypothesis 1, samples will be collected from West Granite Springs Reservoir. This
lake was selected using the map of current harmful cyanobacterial bloom advisories maintained
by the Wyoming DEQ and the Department of Health. The reservoir has an active but not yet
toxic cyanobacterial bloom, allowing us to monitor conditions similar to what the qPCR toxin

prediction method we hope to develop could be used for in the future.

For 10 consecutive days, sampling from the lake will be done at two locations along the
shore in areas with a visible concentration of cyanobacteria. According to the guidelines supplied
by Wyoming DEQ, all water samples will be collected using glass sample bottles and frozen
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within 8 hours of collection. Samples will be taken by submerging the sampling container below
the surface. For DNA extraction, a 350 mL sample will be collected in a 1-pint mason jar that
has been sterilized with 10% bleach and autoclaved. The water will be filtered through a
0.2-micron filter and the collected microbes stored following the methods used by Moraes et al.
(2021). For microcystin analysis, small samples will be collected in 60 mL amber glass bottles
and frozen until used for ELISA according to the method described by Almuhtaram et al. for
dissolved cyanotoxin measurements (2018).

For hypothesis 2, water samples will be collected from three different water bodies at
different advisory levels as specified by the Wyoming DEQ. Leazenby Lake is under a toxin
advisory, West Granite Springs Reservoir is under a bloom advisory, and Twin Buttes Lake has
very recently been issued a bloom advisory. Water samples from two locations in each lake will
be collected once a week for three weeks. Samples for DNA extraction and microcystin analysis
will be collected and processed using the same methods as for hypothesis 1. For measurement of
TOC, DOC, and DON by the EcoBGC, a 50 mL falcon tube will be filled with water from each
sample site. These will be stored at -20°C within 8 hours after collection and kept frozen until
they are sent to the EcoOBGC for analysis. A YSI pH/conductivity meter will be used to measure
pH, dissolved oxygen, EC, and temperature of the water at the time of each collection.

Culturing

To prepare the cultures, two 45 mL samples from West Granite Springs Reservoir will be
taken from an area of dense bloom. The samples will be centrifuged at 2000 rpm for 10 minutes,
the water poured off, and the pellets resuspended in two 1 L Erlenmeyer flasks containing 500
mL of autoclaved Bristol’s medium. To increase the likelihood of successfully culturing the
lake’s microbiota, two cultures will also be made by combining 250 mL of lake water with 250
mL of Bristol’s medium. All of the cultures will be kept at room temperature (20-25 °C) and
under low-intensity natural sunlight. To allow for gas exchange, the bottle openings will be
loosely covered with sterile aluminum foil. After one week, samples from the cultures will be
frozen with 3% DMSO for preservation as described by Rastoll et al. (2013).

Two cultures with good growth will be selected for sampling. Samples will be collected
each day for ten days beginning seven days after the cultures are started, or when growth
becomes visible. For DNA extraction and ELISA, a 1 mL sample will be collected from each
culture using a sterile pipet. The sample will be centrifuged at 5000 rpm for 10 minutes. The
supernatant will be collected and transferred to a new sterile microcentrifuge tube to be used for
ELISA (Cordeiro et al. 2021). The pellet will be stored for DNA extraction. Each of these
samples will be stored under the same conditions as the samples from West Granite Springs
Reservoir.

DNA extraction and gPCR
DNA extraction from the filters will be done using the Omega bio-tek kit following the
manufacturer’s instructions. DNA extracts will then be stored at -20 C until it is utilized for
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gPCR. gPCR will then be performed using the primers for cyanobacteria mcyE designed and
tested by Jungblut and Neilan (2006) and SYBR Green qPCR master mix. We will use the
real-time PCR system in the Genome Technologies lab (GTL) at the University of Wyoming
with the assistance of the staff there. In qPCR, the number of amplification cycles before
fluorescence is detectable, known as the cycle threshold (Ct), is used to quantify the number of
copies of the target gene in the original sample. Each of our samples will be run in triplicate and
the average Ct measure will be used for analysis.

Toxin measurements

In order to lyse cells and release toxins, the samples collected for microcystin
measurement will be frozen and thawed three times, following the procedure outlined by the
EPA (U.S. EPA 2021). The total microcystin concentration in each sample will be measured
using a commercial microcystin ELISA kit following the manufacturer’s instructions. Each
sample will be tested in duplicate. We will use Microsoft Excel to interpret the data and will take
the average of the two ELISA tests to use for analysis, assuming the standard deviation and
coefficient of variation indicate that there was no error in the ELISA setup (CV less than 20%).

Analysis and Expected Results
Files containing the data from qPCR, chemical analysis, and spectrophotometry on the

ELISA plates will be saved to GoogleDrive. For the qPCR data, a lower Ct measure will indicate
a higher number of mcyE genes present in the samples. Absorbance data from the ELISA tests
will be obtained using a plate reader according to the manufacturer’s instructions for the kit and
analyzed to determine concentration as described by the manufacturer.

We will analyze the data for hypothesis 1 using the methods of Lu et al. as a guide
(2020). We expect to find a significant positive correlation between mcyE gene count and future
microcystin concentration. We expect that any significant increase in the number of mcyE genes
detected by qPCR is followed by a higher microcystin concentration in samples from the same
source collected four to seven days later. We also expect that if this correlation does exist, the
time between an increase of mcyE and a rise in microcystin concentration will be the same in the
lake and in cultures. If there is no increase of mcyE count over the sampling period, we expect
that there will not be an increase in microcystin concentration either. If unexpected results are
found, they would indicate that there is not a consistent relationship between mcyE gene count
and future microcystin concentration. This would suggest that qPCR 1is not a reliable method for
predicting increases in microcystin concentration. This could be due to the influence of
environmental factors on cyanotoxin production, which may have a greater role in the amount of
microcystin released by a bloom than that of the number of toxin-producing cells.
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For hypothesis 2, we expect that there will be a significant relationship between the

amount of mcyE genes present, microcystin concentration, and some chemical property (pH, EC,
TDS, temperature, dissolved oxygen, TOC, DOC, DON). An unexpected result would be finding
no significant correlation between the amount of mcyE genes present, microcystin concentration,
and any of the chemical properties. If the analysis of results shows that there is a relationship,
there is potential to develop a testing method in which only one of these measurements is needed
to accurately test for the presence of microcystins in a water body. This would significantly
reduce the amount of time and money that is required to test water bodies for dangerous levels of

microcystins. If no significant correlation is found, it would indicate that measurement of pH,
EC, TDS, temperature, dissolved oxygen, TDS, TOC, DOC, or DON is not a reliable indicator of

microcystin concentration in water.
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A scatter plot or similar graphic, like the one below, will be generated to show the results
of each hypothesis. These graphs will be constructed for each sample location. The results from
all the analyses will be compared for each sample location to determine what relationships are
present between mcyE concentration, microcystin concentration, and chemical properties (pH,
EC, TDS, temperature, dissolved oxygen, TDS, TOC, DOC, DON) of the water.
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Figure 1. Average values of the physical characteristics of the river sediments of the 18 sampling sites,
Whiskers reflect standard error. EC: electrical conductivity; TDS: total dissolved solids.

Figure 1 (Magonono et al. 2018)
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