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2. EXECUTIVE SUMMARY 
 
2.1 Background & Objectives 
 
The overall objective of the proposed research was to design and validate an innovative 
biomarker for the rapid and sensitive prediction of toxic algal blooms in Lake Erie area. 
 
PCR-based molecular methods have recently raised high interest for the detection of toxic 
cyanobacteria. Current PCR and qPCR methods for the detection of bloom-forming 
cyanobacteria are based on the detection of genes – i.e., DNA –, which allows the detection of 
algal cells, but does not inform on the active expression of cyanotoxin synthase genes and/or 
the occurrence of associated toxic blooms. The innovative character of the proposed research 
relies on the design of molecular biomarkers based on the detection of cyanotoxin synthetase 
transcripts – i.e., messenger RNAs (mRNAs) – using reverse-transcription real-time PCR (RT-
qPCR). 
 
This proposal was submitted in response to the PA Sea Grant Program, 2015-2017 Request for 
Applied Research Proposals, Priority Area: 'harmful algal blooms'. The proposed biomarkers will 
constitute a powerful 'measurement tool to predict harmful bloom development and toxin 
production'.  
 
The proposed research involved three major technical objectives: 
 

1. To design a molecular bioassay for the prediction of toxic algal blooms based on 
detection of cyanotoxin synthetase expression using reverse-transcription real-time PCR 
(RT-qPCR). 

2. To validate the molecular bioassay by comparing the levels of cyanotoxin synthetase 
transcripts in algal cells with the cyanotoxin levels in water in the Lake Erie area. 

3. To establish correlations between algal blooms – assessed by the abundance of 
cyanotoxin synthetase transcripts – and water quality parameters in impacted waters in 
Lake Erie area, including nutrient level, alkalinity, temperature, etc. 

 
2.2 Sampling 
 
Over 70 water and algal samples were collected from different locations in the Erie Presque Isle 
area during the summer and fall 2015, 2016, and 2017. Because of concerns about the samples 
preservation, samples collected in 2015 and some samples collected in 2016 were not 
processed. A single sample collected in 2017 included significant and visible algal mat. Low 
algal biomass was collected from other samples using filtration. In many cases, analyses of 
samples could not be fully performed because of the absence or very low algal biomass 
collected during the sampling campaigns. 
 
2.3 Design & Validation of the Molecular Bioassay 
 
Selected algal samples collected in 2016 were used for the extracting DNA and RNA and 
validating the PCR-amplification of cyanotoxin synthetase genes and transcripts. Primer 
sequences were retrieved from the literature. 
 
Based on the qualitative (real-time PCR–qPCR amplification plots) and qualitative analysis 
(qPCR melting curves) of the results obtained with the different primer combinations tested, we 
selected the primer pairs, mcyE-F2a and MicmcyE-R8 (referred to as mcyE-MicmcyE 
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thereafter) and mcyE-F and mcyE-R (referred to as mcyE thereafter) for the 
detection/quantification of the microcystin synthase signal. Universal 16S rDNA primers 
(referred to as 16S thereafter) were tested and chosen for the normalization the microcystin 
synthase signal. 
 
2.4 Biochemical Analysis of Cyanotoxins 
 
The biochemical detection of cyanotoxins in both water and algal samples was performed using 
the Microcystins-ADDA ELISA (Enzo Life Sciences) system, which has the advantage to be 
able to detect simultaneously microcystins and nodularins. The standard curves obtained were 
satisfactory with R2 ranging from 0.96 to 0.99. However, the measured concentrations of the 
controls were sometimes significantly different from the nominal values (by 5 to 12%) and/or 
associated with high standard deviations. 
 
The concentration of cyanotoxin in algal biomass collected in August 19 and 29, 2016 at the 
Marina Gas Dock and Marina Piers ranged from 7.42 to 24.29 ppb (part per billion or µg/L). The 
concentration of cyanotoxin in September 19, 2016 samples from the Marina Gas Dock were 
much higher and ranged from 229 to 416 ppb. 
 
No significant biomass could be collected during the summer 2017 for cyanotoxin analysis using 
ELISA. Cyanotoxin was then analyzed in the bulk water collected at the sites (Marina Gas Dock 
1 & 2, Marina Pier 3 & 6, Ferry Landing, and Vista). Analyses revealed cyanotoxin 
concentrations ranging from 11.14 to 14.66 ppb in June 22, 2017 samples and from 19.26 to 
27.43 ppb in October 5, 2017 samples. 
 
2.5 Reverse-Transcription Real-Time PCR 
 
RT-qPCR for detection of cyanotoxin synthetase mRNAs was performed for six samples from 
two sites (Marina Pier 2 & 3) collected in the summer 2016. (Not enough biomass and/or RNA 
could be obtained from other sites). RT-qPCR results showed clear amplification signals with 
the primer pairs, mcyE-MicmcyE, mcyE, and 16S. No significant differences were observed 
between samples collected from the two sites. Examination of the melting curves revealed 
single narrow peaks with mcyE-MicmcyE, mcyE, and 16S primers, confirming the specificity of 
the amplification. 
 
RT-qPCR results obtained with algal samples from June 22, 2017 (Marina Gas Dock 1 & 2, 
Marina Pier 3 & 6, and Vista) produced low intensity signals only when using the primers mcyE 
and 16S. Examination of the melting curves revealed multiple peaks indicating non-specific 
amplification. Low amplification plots associated with non-specific amplification indicates low 
quality and/or quantity of the nucleic acid material extracted from the collected biomass. This 
observation is consistent with the low cyanotoxin levels and absence of algal biomass observed 
in the water. 
 
RT-qPCR results obtained with algal samples from October 5, 2017 (same sites as June 22) 
produced clear and strong signals using the primers mcyE, mcyE-MicmcyE, and 16S. 
Significantly higher signals were observed from Marina Gas Dock 1 & 2. Examination of the 
melting curves revealed single peaks with all primers, mcyE-MicmcyE, mcyE, and 16S, 
indicating specific amplification. 
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2.6 Water Quality Analysis 
 
Water quality analysis of samples collected in 2016 showed generally low phosphorous and 
ammonia concentrations. High levels of total nitrogen, chemical oxygen demand (COD), and 
total solids were recorded. Suspended solids were low, as reflected by the low turbidity levels. 
 
Water quality analysis of samples collected in June 22, 2017 showed generally low conductivity, 
turbidity, and dissolved solids. Nitrogen and phosphorous were also low, indicating low potential 
for eutrophication and algal blooms, which indeed were not observed at the time of sampling. 
Dissolved oxygen (DO) was low at Marina Gas Dock 1. We also noticed a low turbidity at Ferry, 
from which no significant biomass could be collected. 
 
In October 5, 2017 samples, conductivity, dissolved solids, and salinity were generally low. pH 
was low at Gas Dock 1 site. Nitrogen was higher at the four Marina sites (confined area) than 
Ferry and Vista sites. Phosphorous was also higher at the Gas Dock sites. COD was much 
higher at Gas Dock 1 site. The higher nutrient and COD levels and low pH observed at Gas 
Dock 1 may be related to the high algal biomass detected at that site. Ferry and Vista sites, 
which are located outside the marina area, showed lower nutrient levels. Generally speaking, 
nutrient analyses performed in October 2017 showed higher numbers than in June 2017, which 
was especially true for samples collected at the Marina. 
 
2.7 Correlation between Cyanotoxins Concentration, cyanotoxin synthase transcripts, 
and water quality parameters 
 
All parameters measured during the 2017 sampling campaigns were analyzed for potential 
correlations by generating a correlation matrix (Pearson's correlation coefficients r and p-
values). No significant correlations were observed between cyanotoxin synthase transcripts 
(RT-qPCR) and cyanotoxin in water (ELISA) – or any other water quality parameters (r < 0.4, p 
> 0.05). On the other hand, significant correlations were observed between cyanotoxin in water 
(ELISA) and some water quality parameters, such as temperature (r = -0.84, p < 0.05) and 
nitrate (r = 0.82, p < 0.05). High temperatures may have resulted in faster degradation of 
cyanotoxins. The positive correlation between cyanotoxin and nitrate may indicate higher 
abundance of cyanobacteria when nutrients were higher. Other significant correlations were 
observed between several water quality parameters, such as pH and oxidation-reduction 
potential (r = -0.99, p < 0.05), total dissolved solid and conductivity (r = 0.99, p < 0.05), total 
nitrogen and nitrate (r = 0.89, p < 0.05), ammonia and nitrate (r = -0.76, p < 0.05), temperature 
and ammonia (r = 0.87, p < 0.05) and nitrate (r = -0.91, p < 0.05), and total phosphorous and 
chemical oxygen demand (r = 0.97, p < 0.05). 
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3. INTRODUCTION 
 

3.1 Background 
 
Some aquatic, bloom-forming species of cyanobacteria have the capability to produce highly 
toxic, biologically active secondary metabolites, referred to as cyanotoxins (Funari & Testai 
2008). Conventional diagnostic methods for toxic cyanobacteria, e.g., morphological cell 
identification, analytical detection of cyanotoxins, and biochemical assays are not fully 
satisfactory as they are either inaccurate or expensive and time-consuming (Pearson & Neilan 
2008). 
 
Because of their extreme specificity and sensitivity, PCR-based molecular methods have 
recently raised high interest for the detection of toxic cyanobacteria. Early molecular methods 
for monitoring toxic cyanobacteria were based on cyanobacterial phylogeny. The phylogenetic 
markers, 16S rRNA gene and internal transcribed spacer (ITS), were successfully used for 
detecting and differentiating hepatotoxic cyanobacteria (Neilan et al. 1997). Following the recent 
identification of cyanotoxin synthetase gene clusters, e.g., microcystin (mcy) and nodularin 
(nda), a range of additional methods based on PCR and quantitative PCR have been developed 
(Tillett et al. 2001, Neilan 2002). 
 
Even though molecular methods are attractive because of their sensitivity and specificity, 
current PCR and qPCR methods for the detection of bloom-forming cyanobacteria are based on 
the detection of genes – i.e., DNA –, which allows the detection of algal cells, but does not 
inform on the active expression of cyanotoxin synthase genes and/or the occurrence of 
associated toxic blooms (Rinta-Kanto et al. 2005). Indeed, genes are present in the genomic 
DNA of the cells, whether they are active – transcribed and translated – or not. 
 
The innovative character of the proposed research relies on the design of a molecular method 
for detecting the activation of genes involved in cyanotoxin synthesis, which will allow to monitor 
and predict the development of toxic blooms and the subsequent release of cyanotoxins. The 
synthesis of toxins during cyanobacterial blooms is initiated by the transcription of cyanotoxin 
synthetase genes, which are induced by environmental and/or cellular conditions. We therefore 
propose to develop molecular biomarkers based on the detection of cyanotoxin synthetase 
transcripts – i.e., messenger RNAs (mRNAs) – using reverse-transcription real-time PCR (RT-
qPCR) (Bustin et al. 2005, Deepak et al. 2007). This approach will target gene expression and 
active cyanotoxin production, which will then allow predicting the onset of toxic algal blooms. 
 
This proposal is submitted in response to the PA Sea Grant Program, 2015-2017 Request for 
Applied Research Proposals, Priority Area: "harmful algal blooms". The proposed biomarkers 
will constitute a powerful "measurement tool to predict harmful bloom development and toxin 
production." Because the proposed biomarker will specifically target toxic bloom events – 
through the detection of active genes involved in cyanotoxin synthesis –, it is expected to be 
used to generate data that will further support "predictive models to assess future trends for 
bloom capacity." 
 
3.2 Project Objectives & Specific Aims 
 
The proposed research will involve three major phases – corresponding to the three technical 
objectives listed below – extending over two years. In the first year, a molecular method based 
on reverse-transcription real-time PCR (RT-qPCR) will be developed and optimized for the 
detection and quantification of the cyanotoxin synthetase gene clusters, microcystin (mcy) and 
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nodularin (nda), in the cyanotoxic species, Microcystis (Phase 1). Experiments will then be 
conducted to determine the specificity and sensitivity of the method. Because of the variability 
and unpredictability of toxic algal blooms, we plan to already collect field samples and initiate 
the validation phase (Phase 2) during the summer of the first year (2016). Cyanotoxin 
synthetase transcripts in these samples may be analyzed a few months after collection 
(samples will be safely stored at -80°C). The direct determination of cyanotoxins in the water 
using ELISA will be conducted following sample collection (Phase 2) and the measurement of 
other water quality parameters (Phase 3) will also be analyzed following sample collection. In 
the second year of the project (2017), the developed bioassay will be further validated by 
collecting more algal and water samples. 
 
The overall objective of the proposed research is to design and validate an innovative biomarker 
for the rapid and sensitive prediction of toxic algal blooms in Lake Erie area. 
 
The specific technical objectives include the followings: 
 

1. To design a molecular bioassay for the prediction of toxic algal blooms based on 
detection of cyanotoxin synthetase expression using reverse-transcription real-time PCR 
(RT-qPCR). 

2. To validate the molecular bioassay by comparing the levels of cyanotoxin synthetase 
transcripts in algal cells with the cyanotoxin levels in the water. Cyanotoxins will be 
detected using biochemical assays (e.g., ELISA) during toxic bloom events in the Lake 
Erie area. 

3. To establish correlations between algal blooms – assessed by the abundance of 
cyanotoxin synthetase transcripts – and water quality parameters in impacted watersheds 
in Lake Erie area, including nutrient level, alkalinity, temperature, etc. 
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4. METHODOLOGY 
 
4.1 Technical Objective 1 
 
To design a molecular bioassay for the prediction of toxic algal blooms based on detection of 
cyanotoxin synthetase expression using reverse-transcription real-time PCR (RT-qPCR). 
 
4.1.1 Specimen Collection 
 
Water and algal samples were collected from different locations in the Erie Presque Isle area by 
the Nate Irwin and Van Aken's team from 2015 to 2017. Algal samples were frozen at -80°C 
upon arrival in the lab when stored in Erie area (Tom Ridge Environmental Center) and kept on 
dry ice when carried to Philadelphia (Temple University). Selected algal samples were 
preserved by addition of Lugol's solution (for microscopic observation) or RNAlater® (for RNA 
preservation). Water samples were preserved by acidification to pH < 2 and kept at 4°C. 
Samples Transferred from Erie to Philadelphia were kept on ice (water) or dry ice (algae). 
 
4.1.2 DNA & RNA Extraction and Analysis 
 
Selected algal samples collected in the summer 2016 were used for the extraction of DNA and 
RNA, which were used to validate the primers for the qPCR and RT-qPCR detection of 
cyanotoxin synthetase genes and transcripts, repectively. DNA was extracted using the 
DNeasy® Plant Extraction Kit (Qiagen) following the manufacturer's protocol. RNA was 
extracted using the TRIzol® Plus RNA Purification kit with on-column PureLink® DNase 
treatment following the manufacturer's protocol. Extracted DNA and RNA were analyzed using a 
NanoDrop™ ND-2000 and conserved at -80°C. Extracted DNA ranged from 4.0 to 30 ng/L 
(average 10 ng/L) and has acceptable quality with ratio 260/280 = 1.5 – 1.9. Extracted RNA 
ranged from 57 to 457 ng/L (average 243 ng/L) and has good quality with the ratio 260/280 = 
1.9 – 2.2 and the ratio 260/230 = 2.0 – 2.4.  
 
4.1.3 Primer & Probe Design 
 
An array of primers specific to cyanotoxin synthetase genes and cyanobacteria 16S ribosomal 
DNA (16S rDNA) have been selected from the literature and synthesized by IDT (Integrated 
DNA Technologies) (Table 1) (Pearson & Neilan 2008, Qiu et al. 2013). Primers were designed 
using the software PrimerQuest (IDT). The primer specificity has been verified in silico by 
comparison with all sequences available in the NCBI database using Primer-BLAST (NCBI). 
Universal primers for the amplification of prokaryotic 16S rDNA were also designed as a proxy 
for the total DNA content in the samples, which was used to normalize the transcript abundance 
across samples. The thermodynamic properties of primers and probes, e.g., melting 
temperature (Tm), C+G content, hairpin free energy (ΔG, Tm), self and cross hybridization (ΔG), 
have been determined using the online application, OligoAnalyzer (IDT). 
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Table 1: List of primers tested in the study 
 

 
 
4.1.4 Reverse-Transcription Real-Time PCR 
 
For the preliminary validation of the designed primers and probes, qPCR was carried out using 
DNA extracted from the algal biomass. For the further development of the assay, cyanotoxin 
synthetase mRNA extracted from the algal biomass was amplified using RT-qPCR. The RNA 
was first reverse-transcribed into cDNA using SuperScript® III First-Strand Synthesis system 
and random hexamers (Invitrogen). The DNA or cDNA were then amplified by qPCR on a 
StepOnePlus™ Real-Time PCR System (Applied Biosystems) using the ABsolute™ Blue SYBR 
Green PCR Mix – ROX (Thermo Scientific) when using a chemistry based on SYBR Green and 
the PrimeTime® Gene Expression Master Mix (IDT) when using a chemistry based on 
fluorescent probes. 
 
Non-reverse-transcription controls (NRTCs) were included in all assays. These controls were 
RNA extracts subjected to the reverse-transcription procedure with reverse transcriptase, 
allowing detection of co-extracted DNA in the samples. Also non-template controls (NTCs) with 
water in place of DNA/cDNA template were included in all assays. The signal obtained with the 
samples was then compared with the signal of NRTCs and NTCs. 
 
4.2 Technical Objective 2 
 
To validate the molecular bioassay by comparing the levels of cyanotoxin synthetase transcripts 
in algal cells with the cyanotoxin levels in the water. Cyanotoxins will be detected using 
biochemical assays (e.g., ELISA) during toxic bloom events in the Lake Erie area. 
 
4.2.1 Biochemical Analysis of Cyanotoxins 
 
The biochemical detection of cyanotoxins, e.g., microcystins and nodularins, in both water and 
algal samples was performed using the immunoassay, Enzyme Linked Immunosorbant Assay 
(ELISA). The ELISA is based on polyclonal and monoclonal antibodies against cyanotoxins that 
have been developed recently. Several high-sensitivity (ppb range) ELISA kits for cyanotoxin 
detection are commercially available. In this study, we used Microcystins-ADDA ELISA (Enzo 

Primers & Probes Sequence (5' → 3')

mcyE‐F2a GAA ATT TGT GTA GAA GGT GC

MicmcyE‐R8 CAA TGG GAG CAT AAC GAG

AnamcyE‐12R CAA TCT CGG TAT AGC GGC

mcyE‐F AAGCAAACTGCTCCCGGTATC

mcyE‐R CAATGGGAGCATAACGAGTCAA

mcyE‐P CAATGGTTATCGAATTGACCCCGGAGAAAT

16S‐F CGGACGGGTGAGTAACGCGTG

16S‐R CCCATTGCGGAAAATTCCCC

mcyE‐F‐Lg AACCCGAAATGACTCAAGAAAAA

mcyE‐R‐Lg TCAAAAATACCGATAGGATGTT
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Life Sciences), which has the advantage to be able to detect both microcystins and nodularins 
in water or algal samples (Fischer et al. 2001). 
 
Water samples were filtered through 0.2 µm filters and directly used for the assay. For algal 
samples, approx. 0.5 g of wet material was separated by centrifugation (8,000 g for 15 min). 
The pellet was dried by blotting on paper towel and weighted. Extraction was performed by 
addition of 1 mL of 90% methanol, vortexing for 10 second, and homogenization for 3 min. The 
homogenate was filtered through 0.2 µm filters and used for the assay. 
 
The assay was performed according to the manufacturer's recommendations. Briefly, antibody-
coated strips were washed with Wash buffer before the addition of Dilution buffer and either 
microcystin Standards solutions or test samples. After incubation 15 minutes at room 
temperature, 240 rpm, the liquid were aspirated from the wells and washed with Wash buffer. 
The chromogenic substrate, TMB, was added and the strips were incubated in the dark for 20 
min. The absorbance at 450 nm (A450) was recorded on a microplate spectrophotometer reader 
within 20 minutes (Infinite 200 PRO, Tecan Life Sciences). Samples were analyzed in 
triplicates. The B/Bmax value was calculated as the A450 of the samples divided by the A450 of 
the negative controls. A standard curve was constructed by plotting the B/Bmax of the standards 
against the standard concentration. The standard curve was used to determine the 
microcystin/nodularin concentration in the samples. Blanks, standards, and 0.75-ppb controls 
were included in each 96-well plate analyzed. 
 
4.2.2 Comparison between Cyanotoxin Synthetase Transcripts and Cyanotoxin 
Concentration 
 
In order to further validate the assay, the level of cyanotoxin synthase transcripts in algal cells 
determined using RT-qPCR was compared with the cyanotoxin – microcystin and nodularin – 
concentration measured in the water samples. The values were compared by calculating the 
Pearson's correlation coefficients (Prism 6.0, GraphPad). 
 
4.3 Technical Objective 3 
 
To establish correlations between algal blooms – assessed by the abundance of cyanotoxin 
synthetase transcripts – and water quality parameters in impacted watersheds in Lake Erie 
area, including nutrient level, alkalinity, temperature, etc. 
 
4.3.1 Water Quality Analysis 
 
Various water quality parameters were monitored in the water from which algal samples were 
collected. Temperature, oxidation-reduction potential (ORP), conductivity, pH, turbidity, 
dissolved oxygen (DO), total dissolved solids (TDS), and salinity were measured in the field 
using a HQ40d Portable Multi-Parameter Meter (Hach) equipped with appropriate probes and a 
U-52 Multi-Parameter Water Meter (Horiba). 
 
A range of other water parameters were determined after samples were brought in the 
laboratory. Total suspended solids (TSS) and total dissolved solids (TDS) were determined 
based on Standard Methods (APHA 2005). The turbidity was determined using a 2100Q 
Turbidimeter (Hach). The chemical oxygen demand (COD) was measured using the Low-Range 
COD Vials Kit (CHEMetrics). The total nitrogen, total Kjeldahl nitrogen (TKN), and nitrite/nitrate 
were measured using the Total Nitrogen TNT™, Nitrate TNTplus™, and Simplified TKN (s-TKN) 
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TNTplus™ reagent sets (Hach), respectively. Total phosphorus was measured using the 
Phosphorus (total) TNT™ reagent set (Hach). 
 
4.3.2 Statistical Analysis 
 
Basic statistical analyses were performed using MS Excel or Prism 6.0 (GraphPad). 
 
We originally proposed to establish correlations between algal blooms – assessed by the 
abundance of cyanotoxin synthase transcripts – and environmental conditions – assessed by 
water quality parameters – using multivariate statistical analysis. However, the absence of 
observed correlation between the abundance of transcripts and other variables (i.e., cyanotoxin 
concentration and water quality parameters) as well as the limited number of valid transcript 
abundance data prevented us to conduct such an analysis. 
 
We therefore computed pairwise correlations between all variables analyzed in this study 
(abundance of cyanotoxin synthase transcripts, cyanotoxin concentration, and water quality 
parameters) by generating a correlation matrix (Prism 6.0, GraphPad) giving the Pearson's 
correlation coefficient r and p-value for each pair of variables. 
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5. RESULTS & DISCUSSION 
 
5.1 Sampling 
 
During the summer and fall 2015 and 2016, 38 water and algal samples were collected from 
different locations in the Erie Presque Isle area by the Nate Irwin's team – only samples 
collected in 2016 were processed due to concerns about preservation of the 2015 samples. 
During the summer and fall 2017 – in June 22 and October 5 – 36 water and algal samples 
were collected from different locations in the Erie Presque Isle area by the Benoit Van Aken's 
team following directions of Nate Irwin (Figure 1).  
 

 
 
Figure 1: Collection of algae and water analysis in Erie Lake (Presque Isle State Park, PA, Marina). 
 
Algal samples collected in 2016 were sometimes not usable for DNA/RNA extraction due to 
problems with the preservation procedure at Tom Ridge Environmental Center. Also, some 
2016 water samples were not analyzed because they were stored a too time long before the 
analyses could be performed. 
 
Three algal samples were collected in August 19, 2016 from the Marina Gas Dock, 18 algal 
samples were collected in August 29, 2016 from the Marina Pier 2 and 3 (9 samples per site), 
and 9 algal samples were collected in September 19, 2016 from Marina Gas Dock Site 1, 2, and 
3 (3 samples per site). Six water samples were collected in August 29, 2016 from the Marina 
Pier 2 and 3 (3 samples per site) and 3 water samples were collected in September 19, 2016 
from Marina Gas Dock Site 1, 2, and 3 (1 sample per site). 
 
In June 22, 2017 and October 5, 2017, we collected a total of 36 algal and 36 water samples 
from Marina Gas Dock Site 1 and 2, Marina Pier 3 and 6, Ferry Site, and Vista Site (3 samples 
per site) (Figure 2 & 3). Only one of the samples collected in 2017 included significant and 
visible algal mat (October 5, Gas Station 1) (Figure 4). Low algal biomass was collected from 
other samples by filtration. 
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Figure 2: Sampling sites visited in the summer 2017 in Erie Lake (Presque Isle State Park, PA). From left 
to right: Marina Gas Dock, Pier 6, Ferry, and Vista sites. 
 

 
 
Figure 3: Location of sampling sites used in the summer 2017 in Erie Lake (Presque Isle State Park, PA). 
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Figure 4: Algal mat observed in October 5, 2017 in Erie Lake, at the Marina Gas Dock 1 site (Presque 
Isle State Park, PA). 
 
A few samples collected in the summer 2017 were not fully processed because Dr. Van Aken 
moved from Temple University to George Mason University in the Spring 2018 and the project 
could not be transferred in a timely fashion. Some of these samples have been transferred to 
George Mason University and are currently preserved at -80 °C. 
 
5.2 Design & Validation of the Molecular Bioassay 
 
Selected algal samples collected in 2016 and 2017 were used for the extraction of DNA and 
RNA, which were used to validate primers for the qPCR and RT-qPCR detection of cyanotoxin 
synthetase genes and transcripts, respectively. A suite of primers specific to cyanotoxin 
synthetase genes and prokaryotic 16S ribosomal DNA (16S rDNA) were selected from the 
literature and synthesized. The 16S rDNA gene is a 'universal' prokaryotic marker –, which was 
used as positive control and for normalizing the cyanotoxin synthetase biomarker based on the 
quantity of genetic material extracted from the samples. 
 
Extracted DNA and RNA were analyzed using a NanoDrop™ ND-2000. Extracted DNA ranged 
from insignificant levels to ~40 ng/L. Higher DNA levels (> 20 ng/L) were characterized by 
spectrophotometry and showed acceptable quality ratio (260/280 = 1.5 – 2.0). Extracted RNA 
ranged from low to ~460 ng/L with good quality ratios when RNA concentration was high 
(260/280 = 1.9 – 2.2 and 260/230 = 2.0 – 2.4). Figure 5 shows an example of Nanodrop UV-Vis 
spectrum of good quality extracted RNA. 
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Figure 5: Nanodrop UV-Vis spectrum of good quality extracted RNA. 
 
Combinations of primers were then tested using DNA and RNA extracted from algal samples by 
qPCR and RT-qPCR. The amplification plots show that the strongest signals were obtained with 
the 16S primers, which target prokaryotic 16S rDNA (Figure 6, yellow). This is not surprising 
because this primer set amplified DNA/RNA from all bacteria and cyanobacteria species and 
several copies of the gene may exist in each cell. The signals obtained with the primers mcyE-F 
and mcyE-R (Figure 6, green) and mcyE-F2a and MicmcyE-R8 (Figure 7, purple) were clear 
and strong and similar in intensity. On the other hand, the combination mcyE-F2a and 
AnamcyE-12R (Figure 7, blue) seemed to provide less intense and slightly less reproducible 
signal. 
 

 
Figure 6: Amplification plots obtained with DNA extracted from algal samples with different primers. 
Green: mcyE-F and mcyE-R, yellow: 16S-F and 16S-R. 
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Figure 7: Amplification plots obtained with DNA extracted from algal samples with different primers. 
Blue: mcyE-F2a and AnamcyE-12R, purple: mcyE-F2a and MicmcyE-R8. 
 
Examination of the melting curves revealed single narrow peaks with the 16S rDNA (Figure 8, 
yellow), mcyE-F and mcyE-R (Figure 8, green) and mcyE-F2a and MicmcyE-R8 (Figure 8, 
purple) primers. Consistently with the weak amplification plots observed, the combination mcyE-
F2a and AnamcyE-12R (Figure 8, blue) suggests that unspecific amplification may have 
occurred. 

 
 
Figure 8: Melting curves obtained with DNA extracted from algal samples with different primers. Blue: 
mcyE-F2a and AnamcyE-12R, green: mcyE-F and mcyE-R, purple: mcyE-F2a and MicmcyE-R8, yellow: 
16S-F and 16S-R. 
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Based on the qualitative (qPCR amplification plots) and qualitative analysis (qPCR melting 
curves) of the results obtained with the different primer combinations tested, we selected the 
primer pair, mcyE-F2a and MicmcyE-R8 (referred to as mcyE-MicmcyE thereafter) and mcyE-F 
and mcyE-R (referred to as mcyE thereafter) for the detection/quantification of the microcystin 
synthase signal. 'Universal' prokaryotic 16S rDNA primers (referred to as 16S thereafter) were 
tested and chosen for the normalization the microcystin synthase signal. The selected primer 
pairs produced strong qPCR results with single peaks identified by melting curve analysis, 
confirming the uniqueness of the amplified biomarkers. 
 
Additional validation of the primers (e.g., detection limit, amplification efficiency) is warranted but 
could not be completed in this study because of the lack of usable DNA/RNA material. 
 
5.3 Biochemical Analysis of Cyanotoxins 
 
The biochemical detection of cyanotoxins, e.g., microcystins and nodularins, in both water and 
algal samples was performed using the Microcystins-ADDA ELISA (Enzo Life Sciences) system, 
which has the advantage to be able to detect both microcystins and nodularins.  
 
5.3.1 2016 Sampling Campaign 
 
The test was used first for the analysis of 24 algal samples collected in August and September 
2016. Samples were collected at eight sites in triplicates. Results are presented as mean and 
standard deviation between replicate samples. 
 
Standards, blanks, and controls were included in each microplate as recommended by the 
manufacturer. The linearity of the standard curve was good with R2 = 0.99 (Figure 9). The 
standard measured concentration was higher than the nominal value by 12% (Table 2). 
 

 
 
Figure 9: Standard curve for measurement of cyanotoxin by ELISA (Microcystins-ADDA ELISA (Enzo 
Life Sciences) in algal biomass collected in the Summer 2016. 
 
The concentration of cyanotoxin in August 19 and 29 samples from the Marina Gas Dock and 
Marina Piers ranged from 7.42 to 24.29 ppb. The concentration of cyanotoxin in September 19 
samples from the Marina Gas Dock were much higher and ranged from 229 to 416 ppb (Table 
2). 
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Table 2: Concentration of cyanotoxin measured in algal samples collected in the Summer 2016 
 

 
 
5.3.2 2017 Sampling Campaign 
 
Eighteen water and algal samples were collected each sampling day, June 22 and October 22, 
2017 from six different sites (3 samples per sites). Results are presented as mean and standard 
deviation between replicate samples. 
 
No significant biomass could be collected during the summer 2017, except from one site 
(Marina Gas Dock 1) on October 5. Algal biomass was tentatively collected by filtration of 1 L of 
water from other sites but little to no biomass could be collected. This biomass was used for 
RNA/DNA extraction, so not enough biomass was left for cyanotoxin analysis using ELISA. 
Cyanotoxins were then analyzed in the bulk water collected at the sites. Raw water was filtered 
through a 0.2 µm filter and the filtrate was analyzed by ELISA. 
 
June 22, 2017 Sampling 
 
The linearity of the standard curve obtained when analyzing the June 22, 2017 water samples 
was good with R2 = 0.96 (Figure 10). The standard measured concentration was lower than the 
nominal value by 5%, with a high standard deviation (Table 3). 
  

Date Sample Concentration (ppb)

Mean St. Dev.

Standard (0.75 ppb) 0.84 0.02

8/19/2016 Marina Gas Dock 20.07 11.25

8/29/2016 Marina Pier 2‐1 24.29 12.79

8/29/2016 Marina Pier 2‐2 7.42 1.88

8/29/2016 Marina Pier 3‐1 9.04 3.60

8/29/2016 Marina Pier 3‐2 13.63 6.29

9/19/2016 Marina Gas Dock 1 229.00 103.75

9/19/2016 Marina Gas Dock 2 319.34 65.79

9/19/2016 Marina Gas Dock 3 416.25 34.87
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Figure 10: Standard curve for measurement of cyanotoxin by ELISA (Microcystins-ADDA ELISA (Enzo 
Life Sciences) in water samples collected in June 22, 2017. 
 
Table 3: Concentration of cyanotoxin measured in water samples collected in June 22, 2017 
 

 
 
Analysis of the June 22, 2017 water samples shows cyanocystin concentrations ranging from 
11.14 to 14.66 µg/L (ppb) with no significant differences between samples (Table 3). 
 
October 5, 2017 Sampling 
 
The linearity of the standard curve obtained when analyzing the October 5, 2017 water samples 
was good with R2 = 0.97 (Figure 11). The standard measured concentration was lower than the 
nominal value by 7% (Table 4). 
 

Date Sample Concentration (ppb)

Mean St. Dev.

Standard (0.75 ppb) 0.71 0.37

6/22/2017 Marina Gas Dock 1 12.87 2.27

6/22/2017 Marina Gas Dock 2 11.14 7.66

6/22/2017 Marina Pier 3 14.66 3.92

6/22/2017 Marina Pier 6 12.37 4.70

6/22/2017 Ferry Site 12.26 2.14

6/22/2017 Vista Site 11.18 3.29
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Figure 11: Standard curve for measurement of cyanotoxin by ELISA (Microcystins-ADDA ELISA (Enzo 
Life Sciences) in water samples collected in October 5, 2017. 
 
Table 4: Concentration of cyanotoxin measured in water samples collected in October 5, 2017 
 

 
 
Analysis of the October 5, 2017 water samples shows cyanocystin concentrations ranging from 
19.26 to 27.43 µg/L (ppb) with no significant differences between samples (Table 4). 
 
5.4 Reverse-Transcription Real-Time PCR 
 
The detection of the cyanotoxin synthetase mRNAs in the samples collected in 2016 and 2017 
was performed by reverse-transcription real-time PCR (RT-qPCR) as described above. The 
abundance of cyanotoxin synthetase transcripts was quantified using the two primer pairs, 
mcyE-MicmcyE and mcyE. The cyanotoxin synthetase amplification signal was normalized by 
the prokaryotic 16S rDNA signal. 
 
5.4.1 2016 Sampling Campaign 
 
RT-qPCR analysis could only be performed with two samples collected in the summer 2016 
(August 29, Marina Pier 2 & 3) because not enough biomass was left after ELISA analyses 
and/or no enough RNA/DNA of sufficient quality could be extracted from other samples (August 
19 and September 19, Marina Gas Dock). 
 

Date Sample Concentration (ppb)

Mean St. Dev.

Standard (0.75 ppb) 0.70

10/22/2017 Marina Gas Dock 1 25.69 3.65

10/22/2017 Marina Gas Dock 2 22.39 7.31

10/22/2017 Marina Pier 3 25.61 7.09

10/22/2017 Marina Pier 6 26.84 7.38

10/22/2017 Ferry Site 27.43 5.22

10/22/2017 Vista Site 19.26 0.59
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RT-qPCR results obtained with algal samples from 2016 (August 29, Marina Pier 2 & 3, three 
samples per site) showed a clear signal at least one order of magnitude higher than the signal 
obtained with the non-reverse-transcription controls (NRTCs) and non-template controls 
(NTCs). No significant differences were observed between samples collected from the two sites 
(Table 5). 
 
The amplification values presented are the amplification signals of the target (cyanotoxin 
synthase gene) normalized by the amplification signals of the universal prokaryotic marker (16D 
rDNA gene) – the ratio has been multiply by 1,000 for readability. 
 
Table 5: Relative Amplification values for samples collected in August 2016 from the Marina Pier 2 & 3 
 

 
 
Figure 12 shows the amplification plots obtained with samples collected in August 2016 from 
the Marina Pier 2 & 3. 
 

 
Figure 12: Amplification plots obtained with RNA extracted from algal samples collected in Aug 2016 
from Marina Pier 2 & 3. Red/yellow: mcyE-MicmcyE, green: mcyE, blue: 16S. 
 
Examination of the melting curves revealed single narrow peaks with mcyE, mcyE-MicmcyE, 
and 16S, confirming the specificity of the amplification (Figure 13). 

Date Site Relative Amplification
Mean St. Dev.

8/29/2016 Marina Pier 2-1 0.59 0.25
8/29/2016 Marina Pier 2-2 0.22 0.06
8/29/2016 Marina Pier 2-3 0.10 0.02
8/29/2016 Marina Pier 3-1 0.66 0.26
8/29/2016 Marina Pier 3-2 0.96 0.06
8/29/2016 Marina Pier 3-3 0.40 0.15
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Figure 13: Melting curves obtained with RNA extracted from algal samples collected in Aug 2016 from 
Marina Pier 2 & 3. Red/yellow: mcyE-MicmcyE, green: mcyE, blue: 16S. 
 
5.4.2 2017 Sampling Campaign 
 
June 22, 2017 Sampling 
 
RT-qPCR results obtained with algal samples from June 22, 2017 (Marina Gas Dock 1 & 2, 
Marina Pier 3 & 6, and Vista, three samples per site) did not produce significant signals using 
the primers mcyE-MicmcyE. Only results obtained with the primers mcyE were then presented. 
RT-qPCR results using primers mcyE showed a clear but very low signal at least one order of 
magnitude higher than the signal obtained with NRTCs and NTCs. No analysis could be 
conducted with the Ferry sample as not enough biomass was recovered. A high signal was 
observed from Marina Pier 6, although associated with a high standard deviation. No significant 
differences were observed between samples collected from the different sites (Table 6). 
 
Table 6: Relative Amplification values for samples collected in June 22, 2017 from five sites. 
 

 
 

Date Site Relative Amplification
Mean St. Dev.

6/22/2017 Marina Gas Dock 1 39.84 22.21
6/22/2017 Marina Gas Dock 2 12.17 8.06
6/22/2017 Marina Pier 3 15.01 10.84
6/22/2017 Marina Pier 6 177.15 225.98
6/22/2017 Vista 20.35 11.05
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Figure 14 shows the amplification plots obtained with samples collected in June 22, 2017 from 
five sites. Blue: mcyE, green: 16S. 
 

 
Figure 14: Amplification plots obtained with RNA extracted from samples collected in June 22, 2017 from 
five sites. Blue: mcyE, green: 16S. 
 
Examination of the melting curves revealed multiple peaks with mcyE and 16S, indicating that 
no-specific amplification may have occurred (Figure 15). 

 
 
Figure 15: Melting curves obtained with RNA extracted from samples collected in June 22, 2017 from five 
sites. Blue: mcyE, green: 16S. 
 



 

23 
 

Low amplification plots associated with non-specific amplification indicates that very few 
transcripts were present in the collected biomass. These results are consistent with the low 
cyanotoxin levels and the absence of algal biomass observed in the water. 
 
October 5, 2017 Sampling 
 
RT-qPCR results obtained with algal samples from October 5, 2017 (Marina Gas Dock 1 & 2, 
Marina Pier 3 & 6, and Vista, three samples per site) showed a clear and strong signal using 
both mcyE-MicmcyE and mcyE primers. RT-qPCR results were at least one order of magnitude 
higher than the signal obtained with the NRTCs and NTCs. No analysis could be conducted with 
the Ferry sample as not enough biomass was recovered. Significantly higher signals were 
observed from Marina Gas Dock 1 & 2, although the signal from Marina Gas Dock 1 was 
associated with a high standard deviation (Table 7). 
 
Table 7: Relative Amplification values for samples collected in October 5, 2017 from five sites. 
 

 
 
Figure 16 shows the amplification plots obtained with samples collected in October 5, 2017 
from five sites using the primers mcyE-MicmcyE, mcyE, and 16S. 
 

 
Figure 16: Amplification plots obtained with RNA extracted from samples collected in October, 2017 from 
five sites. Red/yellow: mcyE-MicmcyE, green: mcyE, blue: 16S. 
 
Examination of the melting curves revealed single peaks with all primers, mcyE-MicmcyE, mcyE, 
and 16S, indicating specific amplification (Figure 17). 

Date Site Relative Amplification
Mean St. Dev.

10/5/2017 Marina Gas Dock 1 59.58 30.84
10/5/2017 Marina Gas Dock 2 103.11 3.62
10/5/2017 Marina Pier 3 11.19 1.07
10/5/2017 Marina Pier 6 0.96 0.57
10/5/2017 Vista 19.29 9.00
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Figure 17: Melting curves obtained with RNA extracted from samples collected in October, 2017 from five 
sites. Red/yellow: mcyE-MicmcyE, green: mcyE, blue: 16S. 
 
5.5 Water Quality Analysis 
 
5.5.1 2016 Sampling Campaign 
 
Water quality analysis was performed on only a few samples collected in 2016 because of 
concerns about the preservation of the samples. Turbidity was recorded at the time of sampling. 
Other parameters were measured in the lab, including total phosphorous, total nitrogen, 
ammonia, nitrate/nitrite, chemical oxygen demand (COD), total solids (TS), and suspended 
solids (SS). Phosphorous and ammonia were very low. Higher levels of total nitrogen and 
chemical oxygen demand were recorded. A high level of total solid was also recorded. 
Suspended solids were low, as reflected by the low turbidity level (Table 8). 
 
Table 8: Water quality parameters measured in water samples collected in 2016. 
 

 
 
5.5.2 2017 Sampling Campaign 
 
Water quality analysis was conducted on all samples collected in the summer 2017. Various 
physicochemical water parameters were recorded at the time of sampling, including 

Date Site Tot. P (mg P/L) Tot. N (mg N/L) NH4
+ (mg N/L) NO2

‐/NO3
‐ (mg N/L) COD (mg/L) Turb. (NTU) TS (mg/L) SS (mg/L)

8/29/2016 Pier 2‐2 0.11 3.80 0.03 ND 28.00 1.45 320.00 20.00

8/29/2016 Pier 2‐3 0.04 3.47 0.02 ND 26.00 1.85 220.00 40.00

8/29/2016 Pier 3‐2 0.02 6.36 0.03 ND 25.00 1.57 320.00 60.00

8/29/2016 Pier 3‐3 0.03 12.70 0.03 ND 26.00 1.15 560.00 40.00

9/19/2016 Gas Dock 1 0.05 2.95 0.02 ND 27.00 1.51 560.00 0.00
9/19/2016 Gas Dock 3 0.24 5.66 0.02 ND 18.00 1.74 540.00 20.00
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temperature, oxidation-reduction potential (ORP), conductivity, pH, turbidity, dissolved oxygen 
(DO), total dissolved solids (TDS), and salinity. Other parameters were measured in the lab, 
including total phosphorous, total nitrogen, ammonia, nitrate/nitrite, and chemical oxygen 
demand (COD). 
 
June 22, 2017 Sampling 
 
Water quality parameters in samples collected in June 22, 2017 are shown in Table 9. pH was 
generally circumneutral. Conductivity, turbidity, and dissolved solids were generally low. 
Nitrogen and phosphorous were also low, indicating low potential for eutrophication and algal 
blooms, which were not observed at the time of sampling. DO was low in Gas Dock 1, which 
may have contained more organic matter than other sites. We also noticed a low turbidity at 
Ferry, from which we were not able to collect significant biomass. 
 
Table 9: Water quality parameters measured in water samples collected in June 22, 2017. 
 

 
 

 
 
October 5, 2017 Sampling 
 
Water quality parameters in water samples collected in October 5, 2017 are shown in Table 10. 
pH was very low at Gas Dock 1, high at Pier 6 and Vista, and generally circumneutral at other 
sites. Conductivity, dissolved solids, and salinity were generally low. Nitrogen was higher at the 
four Marina sites (Gas Dock 1 & 2, Pier 3 & 6) than Ferry and Vista sites. Phosphorous was also 
higher at Gas Dock 1 & 2. COD was much higher at Gas Dock 1. The higher nutrient and COD 
levels and low pH observed at Gas Dock 1 may be related with the high algal biomass detected 
at that site. Ferry and Vista sites, which are located outside the enclosed marina area, showed 
lower nutrients, but much higher turbidity, which is difficult to explain – there might have been 
equipment malfunction, such has carryover of sediment in the Horiba Multiparameter Meter.  
 
  

Date Site Temp (°C) ORP (mV) Cond. (mS/cm) pH Turb. (NTU) DO (mg/L) TDS (g/L)

6/22/2017 Gas 1 23.25 257.46 0.31 7.32 5.95 6.33 0.20

6/22/2017 Gas 2 23.31 266.25 0.30 7.56 4.73 9.60 0.20

6/22/2017 Pier 3 23.29 261.50 0.31 7.63 6.97 9.03 0.20

6/22/2017 Pier 6 23.47 263.00 0.31 7.51 7.43 10.99 0.20

6/22/2017 Ferry 22.92 264.90 0.30 7.73 1.31 9.17 0.19

6/22/2017 Vista 22.99 211.00 0.29 8.50 6.80 13.66 0.19

Date Site PO4
3‐ (mg P/L) Tot. N (mg N/L) NH4

+ (mg N/L) TKN (mg N/L) NO2
‐/NO3

‐ (mg N/L) COD (mg/L)

6/22/2017 Gas 1 0.05 0.99 0.24 0.85 0.21 12.93

6/22/2017 Gas 2 0.04 0.89 0.16 0.78 0.22 12.40

6/22/2017 Pier 3 0.03 0.81 0.19 0.77 0.20 12.50

6/22/2017 Pier 6 0.03 1.44 0.21 0.75 0.22 13.17

6/22/2017 Ferry 0.04 0.76 0.13 0.66 0.24 13.50

6/22/2017 Vista 0.04 0.71 0.05 0.95 0.24 15.27
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Table 10: Water quality parameters measured in water samples collected in October 5, 2017. 
 

 
 

 
 
Generally speaking, nutrient analyses performed in June 2017 showed higher numbers than 
nutrient analyses performed in October 2017, which was especially true for samples collected at 
the Marina. 
 
5.6 Correlation between Cyanotoxins Concentration, Cyanotoxin Synthase Transcripts, 
and Water Quality Parameters 
 
All parameters measured during the 2017 sampling campaigns were analyzed for potential 
correlations. A correlation matrix (Pearson's correlation coefficients r and p-values) was 
computed using Prism 6.0 (GraphPad). Not enough data points were collected during the 2016 
sampling campaign to conduct significant correlation analysis. 
 
No significant correlations were observed between the relative abundance of cyanotoxin 
synthase transcripts (RT-qPCR) and concentration of cyanotoxin in water (ELISA) – or any 
other water quality parameters (Pearson's correlation coefficients r < 0.4 with p-values > 0.05) 
(Table 11). On the other hand, significant correlations were observed between the 
concentration of cyanotoxin in water and some water quality parameters, such as temperature (r 
= -0.84, p < 0.05) and nitrate (r = 0.82, p < 0.05). High temperatures may have resulted in faster 
degradation of cyanotoxins. The positive correlation between cyanotoxin and nitrate may 
indicate higher abundance of cyanobacteria when nutrients were higher. Other expected 
significant correlations were observed between several water quality parameters, such as pH 
and oxidation-reduction potential (r = -0.99, p < 0.05), total dissolved solid and conductivity (r = 
0.99, p < 0.05), total nitrogen and nitrate (r = 0.89, p < 0.05), ammonia and nitrate (r = -0.76, p < 
0.05). We also observed correlation between temperature and ammonia (r = 0.87, p < 0.05) and 
nitrate (r = -0.91, p < 0.05) which may reflect high decomposition of organic matter and 
denitrification at high temperature. Similarly, a high correlation was observed between total 
phosphorous and chemical oxygen demand, which may also reflect release of phosphate from 
decaying organic matter. 
 
  

Date Site Temp (°C) ORP (mV) Cond. (mS/cm) pH Turb. (NTU) DO (mg/L) TDS (g/L) Salinity (%)

10/5/2017 Gas 1 21.31 440.00 0.27 3.49 43.70 7.47 0.18 0.01

10/5/2017 Gas 2 20.39 236.00 0.27 7.73 16.05 6.40 0.17 0.01

10/5/2017 Pier 3 20.72 214.50 0.27 8.07 6.15 12.35 0.18 0.01

10/5/2017 Pier 6 20.50 ‐6.00 0.27 12.16 11.00 12.10 0.17 0.01

10/5/2017 Ferry 21.94 210.00 0.18 8.32 472.35 6.75 0.11 0.01

10/5/2017 Vista 20.87 162.00 0.20 9.25 120.00 7.07 0.13 0.01

Date Site Tot. P (mg P/L) Tot. N (mg N/L) NH4
+ (mg N/L) TKN (mg N/L) NO2

‐/NO3
‐ (mg N/L) COD (mg/L)

10/5/2017 Gas 1 0.95 2.68 ND 0.58 1.79 75.40

10/5/2017 Gas 2 0.33 2.74 ND 0.77 1.78 18.10

10/5/2017 Pier 3 0.00 3.32 ND 1.07 2.07 13.40

10/5/2017 Pier 6 0.01 2.20 ND 0.46 1.55 14.50

10/5/2017 Ferry 0.03 0.43 ND 0.00 0.59 13.13

10/5/2017 Vista 0.02 0.65 ND 0.00 0.93 12.30
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Table 11: Correlation matrix including cyanotoxin synthase transcripts relative abundance (RT-qPCR), 
cyanotoxin water concentration (ELISA), and water quality parameters for the June 22 and October 5, 
2017 samples. Correlation coefficients higher than 0.75 (and with p-value < 0.05) in absolute value were 
highlighted in yellow. 
 

 
 
  

RT‐qPCR ELISA Temp ORP Cond pH Turb DO TDS PO43‐ Tot N NH4+ TKN NO3‐ COD

RT‐qPCR ‐0.17 0.17 0.34 0.25 ‐0.33 ‐0.11 ‐0.18 0.20 0.21 0.15 0.27 0.09 ‐0.08 0.11

ELISA ‐0.17 ‐0.84 ‐0.22 ‐0.65 0.11 0.47 ‐0.16 ‐0.64 0.35 0.58 ‐0.80 ‐0.42 0.82 0.36

Temp 0.17 ‐0.84 0.35 0.56 ‐0.25 ‐0.14 0.10 0.55 ‐0.29 ‐0.66 0.87 0.31 ‐0.91 ‐0.23

ORP 0.34 ‐0.22 0.35 0.25 ‐0.99 ‐0.08 ‐0.36 0.31 0.66 0.06 0.26 0.25 ‐0.09 0.64

Cond 0.25 ‐0.65 0.56 0.25 ‐0.21 ‐0.83 0.35 0.99 ‐0.01 0.11 0.71 0.84 ‐0.31 ‐0.02

pH ‐0.33 0.11 ‐0.25 ‐0.99 ‐0.21 0.06 0.38 ‐0.27 ‐0.74 ‐0.16 ‐0.17 ‐0.23 ‐0.02 ‐0.72

Turb ‐0.11 0.47 ‐0.14 ‐0.08 ‐0.83 0.06 ‐0.39 ‐0.85 ‐0.07 ‐0.35 ‐0.36 ‐0.74 ‐0.05 ‐0.05

DO ‐0.18 ‐0.16 0.10 ‐0.36 0.35 0.38 ‐0.39 0.38 ‐0.34 0.16 ‐0.04 0.48 0.00 ‐0.22

TDS 0.20 ‐0.64 0.55 0.31 0.99 ‐0.27 ‐0.85 0.38 0.03 0.14 0.68 0.86 ‐0.28 0.04

PO43‐ 0.21 0.35 ‐0.29 0.66 ‐0.01 ‐0.74 ‐0.07 ‐0.34 0.03 0.47 ‐0.31 ‐0.01 0.48 0.97

Tot N 0.15 0.58 ‐0.66 0.06 0.11 ‐0.16 ‐0.35 0.16 0.14 0.47 ‐0.44 0.39 0.89 0.42

NH4+ 0.27 ‐0.80 0.87 0.26 0.71 ‐0.17 ‐0.36 ‐0.04 0.68 ‐0.31 ‐0.44 0.40 ‐0.76 ‐0.30

TKN 0.09 ‐0.42 0.31 0.25 0.84 ‐0.23 ‐0.74 0.48 0.86 ‐0.01 0.39 0.40 0.00 ‐0.03

NO3‐ ‐0.08 0.82 ‐0.91 ‐0.09 ‐0.31 ‐0.02 ‐0.05 0.00 ‐0.28 0.48 0.89 ‐0.76 0.00 0.44

COD 0.11 0.36 ‐0.23 0.64 ‐0.02 ‐0.72 ‐0.05 ‐0.22 0.04 0.97 0.42 ‐0.30 ‐0.03 0.44
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6. CONCLUSIONS 
 

6.1 Design & Validation of the Molecular Bioassay 
 
DNA and RNA extracted from samples collected in 2016 and 2017 were used to validate 
primers for the PCR-detection of cyanotoxin synthetase genes and transcripts. Based on the 
qualitative (real-time PCR–qPCR amplification plots) and qualitative analysis (qPCR melting 
curves) of the results obtained with the different primer combinations tested, we selected two 
primer pairs, mcyE-MicmcyE and mcyE for the detection/quantification of the microcystin 
synthase signal. Universal 16S rDNA primers (16S) were selected for the normalization the 
microcystin synthase signal. 
 
We successfully developed an assay allowing the specific and sensitive detection of microcystin 
synthase transcripts, which could be used for the prediction of toxic algal blooms. Additional 
characterization of the PCR assay (e.g., detection limit, amplification efficiency) is warranted – 
this could not be completed in this study because of the lack of usable DNA/RNA material. 
 
6.2 Biochemical Analysis of Cyanotoxins 
 
The biochemical detection of cyanotoxins in both water and algal samples was performed using 
a commercial Enzyme Linked Immunosorbant Assay–ELISA (Enzo Life Sciences). The 
standard curves obtained were satisfactory (R2 ranging from 0.96 to 0.99) but the measured 
concentration of the known positive controls were sometimes different from the nominal values 
(by 5 to 12%). 
 
The concentration of cyanotoxin in algal biomass collected in August 19 and 29, 2016 at the 
Marina Gas Dock and Marina Piers ranged from 7.42 to 24.29 ppb (part per billion or µg/L). The 
concentration of cyanotoxin in September 19, 2016 samples from the Marina Gas Dock were 
much higher and ranged from 229 to 416 ppb. Cyanotoxin analyzed in water samples collected 
in 2017 (Marina Gas Dock, Marina Piers, Ferry Landing, and Vista) revealed cyanotoxin 
concentrations ranging from 11.14 to 14.66 ppb in June 22 samples and from 19.26 to 27.43 
ppb in October 5 samples. 
 
Measured levels of cyanotoxin in this study were generally higher than the levels reported in 
Erie Lake in prior reports (HPAB 2013). Although quality control of the analysis (standard curve 
with authentic standards and known controls) was performed, further validation of the assay 
with alternative methods is warranted. 
 
6.3 Reverse-Transcription Real-Time PCR 
 
Reverse-transcription real-time PCR (RT-qPCR) for detection of cyanotoxin synthetase mRNAs 
was performed for six samples collected from two sites (Marina Pier 2 & 3) in the summer 2016. 
Results showed a clear amplification signal with the primer pairs, mcyE-MicmcyE, mcyE, and 
16S. No significant differences were observed between samples collected from the two sites. 
Examination of the melting curves revealed single narrow peaks with mcyE-MicmcyE, mcyE, 
and 16S primers, confirming the specificity of the amplification. 
 
RT-qPCR results obtained with algal samples from June 22, 2017 (Marina Gas Dock 1 & 2, 
Marina Pier 3 & 6, and Vista) produced only low intensity signals when using the primers mcyE 
and 16S (and no usable signal when using the primers mcyE-MicmcyE). Examination of the 
melting curves revealed multiple peaks indicating no-specific amplification. Low amplification 
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plots associated with non-specific amplification indicates low quality and/or quantity of the 
nucleic acid material extracted from the collected biomass. These results are consistent with the 
low cyanotoxin levels and absence of algal biomass observed in the water at that time. RT-
qPCR results obtained with algal samples from October 5, 2017 (same sites as June 22) 
produced a clear and strong signal using all primers mcyE, mcyE-MicmcyE, and 16S. 
Significantly higher signals were observed from Marina Gas Dock 1 & 2 samples. Examination 
of the melting curves revealed single peaks with all primers, mcyE-MicmcyE, mcyE, and 16S, 
indicating specific amplification. 
 
Overall, these results suggest that the assay we have developed allows detection and 
identification of cyanotoxin synthetase transcripts in algal biomass. Further validation of the 
assay would require sequencing the PCR amplicons, which was beyond the scope of this study. 
 
6.4 Water Quality Analysis 
 
A range of water quality parameters were recorded in water samples collected throughout the 
project. Among them, nutrients (i.e., phosphorous and nitrogen) are the most critical for our 
study as high levels of nutrients can results in eutrophication and has been linked to toxic algal 
blooms. Water quality analysis of samples collected in 2016 show generally low phosphorous (≤ 
0.1 mg/L except in two samples) and ammonia concentrations (≤ 0.03 mg/L), although high 
levels of total nitrogen were recorded (3.0 – 12.7 mg/L). However, no relationship could be 
observed between nutrient levels, cyanotoxin synthetase transcripts, and/or cyanotoxin levels. 
 
Water quality analysis of samples collected in June 22, 2017 show generally low phosphorous 
(≤ 0.05 mg/L) and nitrogen levels (≤ 1.0 mg/L except in one sample), indicating low potential for 
eutrophication and toxic algal blooms, which indeed were not observed at the time of sampling. 
In October 5, 2017 samples, we observed that nitrogen was higher at the four Marina sites (> 
2.2 mg/L) than Ferry and Vista sites (≤ 0.7 mg/L). Phosphorous was also higher at the Gas 
Dock sites (0.3 – 1.0 mg/L vs. ≤ 0.3 mg/L) and COD was much higher at Gas Dock 1 site (75 
mg/L vs ≤ 20 mg/L). The higher nutrient and COD levels (and low pH) observed at Gas Dock 1 
site may be related to the high algal biomass detected at that site. Ferry and Vista sites, which 
are located outside the confined Marina area, showed lower nutrient levels. Generally speaking, 
nutrient analyses performed in October 2017 showed higher numbers than in June 2017, which 
was especially true for samples collected at the Marina. 
 
6.5 Correlation between Cyanotoxins Concentration, cyanotoxin synthase transcripts, 
and water quality parameters 
 
Not enough data points could be collected with 2016 samples to run formal correlation analysis. 
However, we can observe that no apparent relationships existed between nutrient levels, 
cyanotoxin synthetase transcripts, and/or cyanotoxin levels. 
 
All parameters measured during the 2017 sampling campaigns were analyzed for potential 
pairwise correlations by generating a correlation matrix (Pearson's correlation coefficients r and 
p-values). No significant correlations were observed between cyanotoxin synthase transcripts 
and cyanotoxin levels – or any other water quality parameters (r < 0.4, p > 0.05). On the other 
hand, significant correlations were observed between cyanotoxin levels and the water quality 
parameters temperature (r = -0.84, p < 0.05) and nitrate (r = 0.82, p < 0.05): high temperatures 
may have resulted in faster degradation of cyanotoxins, while high nitrate may result in higher 
abundance of cyanobacteria. 
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7. FUTURE RESEARCH  
 
Further research may be performed for additional validation of the PCR assay, including the 
detection limit and amplification efficiency (which could not be completed in this study because 
of the lack of usable DNA/RNA material). 
 
Further validation of the PCR assay would require sequencing the PCR amplicons, which was 
beyond the scope of this study. This would provide final evidence that the amplified RNA are 
cyanotoxin synthase transcripts. 
 
In order to insure quantitative measurement of cyanotoxin synthase transcripts, testing PCR 
amplification inhibition by the presence of inhibitors (commonly present in natural waters) should 
be performed. 
 
The ultimate goal of the assay is to predict the onset of toxic algal bloom by measuring 
transcription of the cyanotoxin synthase mRNA. This should be validated by establishing 
correlations between cyanotoxin synthase transcripts abundance and cyanotoxin levels in the 
water. This talk should be performed on a larger number of samples that generated in the 
limited-scope study. Especially, samples should be collected from water with active algal 
blooms, which were nor frequently observed during the course of this study. 
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