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What are microcystin toxins and 
where do they come from?



Microcystin Toxins
• Produced by Microcystis

sp.
• Mostly intracellular while 

alive
• Numerous different 

congeners (variants)
• Similar in structure to 

nodularin toxins
• Found in brackish water

• Peptides composed of 
amino acids

• LR is the most toxic 
variant



Microcystin Toxins
• Potent hepato- and 

nephrotoxin
• Some GI, heart toxicity 

observed as well
• Lung tissue lesions 

were observed in 
inhalation studies

• Chronic exposures in 
animal studies

• Liver tumor promotion
• Cardiotoxicity
• Potential mutagen



Microcystin Toxins
• Clinical symptoms of 

exposure
• Abdominal pain
• Headache
• Sore throat
• Vomiting 
• Nausea 
• Dry cough
• Diarrhea
• Blistering around the mouth 
• Pneumonia
• Liver and kidney damage

http://www.fitnea.com/wp-content/uploads/2013/10/20185343_m.jpg



Cyanobacteria
• Single cellular 

organisms
• Prokaryotic
• Mostly photoautotrophic
• Live in water and moist 

soils
• Can be found in 

unicellular, colonial, and 
filamentous forms

• Many different species
• Truly ancient

http://www.hfmagazineonline.com/wp-content/uploads/Cyanobacteria.jpg



Cyanobacteria
• Characteristic color
• Bluish tinge due to 

phycocyanin and 
allophycocyanin

• Accessory proteins to 
chlorophyll

• “Cyano” refers to color 
cyan http://nhpr.org/post/something-wild-cyanobacteria



Microcystis sp.
• Genus of 

cyanobacteria
• Capable of producing 

microcystins
• Number of sub 

species
• M. aeruginosa is of 

most concern in Iowa
• Produces toxins

https://microbewiki.kenyon.edu/images/1/13/Microcystis_picture.jpg



Routes of Exposure

• Numerous potential 
exposure routes

• Drinking water
• Swimming
• Boating/watersports

• Small children and 
small animals (such 
as dogs) are 
especially susceptible

http://www.mckenziewaterskischool.com/resources/-58.jpg



How do we test for 
microcystins?



Testing For Microcystins
• Several Methods of 

Testing
• Screening Methods

• Can only provide rough 
picture

• Rapid
• Inexpensive with large 

batch volumes
• Analytical Methods

• Can provide detailed 
understanding of variants

• Labor intensive
• Requires expensive 

equipment
http://www.castlemedical.com/blog/images/17.jpg



ELISA
• Enzyme-Linked 

Immunosorbent Assay 
(ELISA)

• Plate-based method
• Targets specific part of 

microcystin molecule 
(ADDA)

• Cannot discriminate 
between microcystin 
variants

• Vulnerable to false 
positives



Sample Collection and 
Preparation
• Collect in glass or 

PETG containers
• Neutralize disinfectants 

with sodium thiosulfate
• Chill samples 

immediately after 
collection

• Freeze samples upon 
arrival at the laboratory



Sample Collection and 
Preparation
• Freeze/thaw an 

aliquot of the sample 
3 times to lyse algal 
cells

• Filter samples (if 
turbid) through glass 
fiber filters

• Other materials may 
cause analyte loss



Testing For Microcystins
• ADDA analog bound to 

plate wells
• Primary antibodies 

added complex with 
analog and analyte in 
solution

• Secondary antibody-
horseradish peroxidase 
(HRP) conjugates 
complex with primary 
antibodies http://www.bio-

rad.com/webroot/web/images/lse/products/protein_analysis_
kits/product_overlay_content/global/elisa_howkitworks.jpg



Testing For Microcystins
• Color reagent, 3,3’,5,5’-

tetramethylbenzene, is 
oxidized by HRP

• Oxidation to the 
diamine is then halted 
and stabilized by 
sulfuric acid resulting a 
yellow color

• Inverse relationship 
between color intensity 
and concentration

https://upload.wikimedia.org/wikipedia/commons/thumb/d/d6/3%2C3%27%2C5%
2C5%27-tetramethyl--1%2C1%27-biphenyl--4%2C4%27-
diamine_oxidation.svg/425px-3%2C3%27%2C5%2C5%27-tetramethyl--
1%2C1%27-biphenyl--4%2C4%27-diamine_oxidation.svg.png



Required Equipment
• Plate reader capable of reading at 

450 nm
• Computer with analytical Software
• Various micropipetters

• Multichannel capable of 50-250 uL
dispensing volume

• Single-channel capable of 
dispensing 50 uL

• Plate kit
• Source of deionized water
• Glass-fiber syringe filters and 

syringes
• Refrigerator and Freezer



Required Equipment



Example Calibration Output



Example 
Result Output
• Results reported as 

average of two 
replicates

• Coefficient of 
variation given on 
report

• Flags provided for 
data interpretation



ELISA-Based Methods



Similarities Between ELISA 
Methods
• Utilize ELISA plate kit
• Six point calibration 

curve
• 0.0 to 5.0 ng/mL

• Second source 
standard

• Laboratory reagent 
blank

• All controls and 
samples analyzed in 
duplicate



Contrasting ELISA Methods
• Abraxis Kit Method

• Minimal quality control
• All materials contained 

within the kit
• No procedures for 

demonstration of 
capability or detection 
limit determination

• Detection limit specified 
by kit as 0.15 ng/mL

• EPA 546
• UCMR4 mandated 

method
• Requires extensive 

quality control
• LFB, LRB, LFSM, 

LFSMD
• Demonstration of 

capability outlined 
rigorously

• Minimum reporting limit 
verified experimentally



Abraxis Kit Method Quality 
Control
• Replicates: CVs 

<10% for 
standards, 15% 
for samples/ 
controls

• Quality Control 
Standard: ±25%

• Laboratory 
Reagent Blank 
<Reporting Limit



EPA 546 Quality Control

• QC similar to Abraxis
kit method but much 
more extensive

• Requires a stock 
standard of 
microcystin-LR for 
spiking



EPA 546 Demonstration of 
Capability



ELISA-Based Methods

Pros
• Does not require expensive 

equipment
• Quick turnaround

• Receipt to results in 4-6 
hours

• Low susceptibility to false 
negatives

• Inexpensive with large 
numbers of samples

• Proven technology

Cons
• Highly technique dependent
• Very susceptible to matrix 

interferences/ false positives
• Cannot identify variants
• Kits are very expensive
• Must establish new calibration 

curve with each run
• Semi-quantitative at best
• EPA 546 quality control can be 

onerous for a screening test



Analytical Method
• EPA 544
• LC-MS/MS based 

method
• Validated for a 

number of 
microcystin variants 
(MC-LA, LF, LR, LY, 
RR, YR) and 
nodularin-R



EPA 544
• Spike 500 mL sample 

with deuterated MC-LR 
surrogate

• Filter sample
• Lyse filtered solids via 

freezing and combine 
washes with filtrate

• Extract analytes of 
interest using SPE 
cartridge

• Elute with methanol, 
concentrate to 1 mL



EPA 544

• Separate analytes 
utilizing LC-MS/MS

• Tandem mass 
spectrometry allows 
for the separation, 
identification, and 
quantitation of co-
eluting analytes



EPA 544
• Extensive quality control and 

demonstration of capability 
requirements



EPA 544

Pros
• Specifically identifies 

variants
• Extremely accurate
• Less susceptible to 

interferences
• Highly quantitative

Cons
• Extremely labor 

intensive
• Extended sample 

preparation/extraction
• Requires expensive 

standards/surrogates
• Expensive 

instrumentation



Testing for Microcystins
• Conclusions

• ELISA screening provides a fast low cost option for estimate 
microcystin concentrations

• Most labs could implement this testing with minimal 
investment

• ELISA possesses serious issues with regards to accuracy and 
necessitates large sample volumes to be profitable

• EPA544 is an extremely accurate and detailed analysis
• Unfortunately, EPA 544 is expensive and labor intensive

• This is why ELISA screens was implemented in UCMR4 to reduce 
the volume of testing performed by this method

• SHL has developed an LC-MS/MS method that should provide 
significant cost savings and improved turnaround time versus 
EPA 544 



FY2017 IDNR Microcystins 
Project
• Goal: Evaluate prevalence 

of microcystins in 
vulnerable Iowa water 
supplies

• Collaboration between 
operators, IDNR, and SHL

• 26 water supplies 
participated

• Detection in raw water 
triggers monitoring in 
finished water



FY2017 IDNR Microcystins 
Project
• Statistics

• 28 water sources tested
• 854 round-trip 

shipments
• 1494 analyses 

performed
• 1454 individual sample 

collected and analyzed
• 1365 raw water 

samples
• 89 finished water 

samples
• Sample collected every 

week for a year

• Results Overview
• Microcystins detected in 

7.1% raw water 
samples analyzed

• Microcystins detected in 
one finished water 
sample

• Extremely low, may 
have been a false 
positive

• Seasonal and water 
source patterns 
observed



FY2017 IDNR Microcystins 
Project



FY2017 IDNR Microcystins 
Project



FY2017 IDNR Microcystins 
Project



FY2017 IDNR Microcystins 
Project



FY2017 IDNR Microcystins 
Project



FY2017 IDNR Microcystins 
Project



FY2017 IDNR Microcystins 
Project
• Conclusions

• Follow distinct seasonal patterns
• Appear to have strong correlations with 

precipitation and temperature
• Remain an issue in water until mid-autumn
• Persistent concentrations appear isolated to a few 

locations
• Widespread transient issue



References
• Environmental Protection Agency. (2015). Health Effects Support Document for the Cyanobacterial Toxin Cylindrospermopsin (EPA Document Number: 

820R15103). Washington DC: U.S. Environmental Protection Agency. https://www.epa.gov/sites/production/files/2015-06/documents/cylindrospermopsin-
support-report-2015.pdf

• Environmental Protection Agency. (2015). Health Effects Support Document for the Cyanobacterial Toxin Microcystins (EPA Document Number: 
820R15102). Washington DC: U.S. Environmental Protection Agency. https://www.epa.gov/sites/production/files/2015-06/documents/microcystins-support-
report-2015.pdf

• Environmental Protection Agency. (2015). Health Effects Support Document for the Cyanobacterial Toxin Anatoxin (EPA Document Number: 820R15104). 
Washington DC: U.S. Environmental Protection Agency. https://www.epa.gov/sites/production/files/2015-06/documents/anatoxin-a-report-2015.pdf

• Nutrient Policy and Data: Control and Treatment. (November 4th, 2016). Retrieved from https://www.epa.gov/nutrient-policy-data/control-and-treatment

• Nishiwaki-Matsushima, R., Nishiwaki, S., Ohta, T., Yoshizawa, S., Suganuma, M., Harada, K., Watanabe, M.F., Fujiki, H. (1991). Structure-function 
relationships of microcystins, liver tumor promoters, in interaction with protein phosphatase. Jpn J Cancer Res, 82, 993–996. DOI: 10.1111/j.1349-
7006.1991.tb01933

• Sekijima, M., Tsutsumi, T., Yoshida, T., Harada, T., Tashiro, F., Chen, G., Yu, S.Z., Ueno, Y. Enhancement of glutathione S-transferase placental-form 
positive liver cell foci development by microcystin-LR in aflatoxin B1-initiated rats. (1999). Carcinogenesis, 20, 161–165. DOI: 10.1093/carcin/20.1.161

• Suput, D., Zorc-Pleskovic, R., Petrovic, D., Milutinovic, A. (2010). Cardiotoxic injury caused by chronic administration of microcystin-YR. Folia Biol. (Praha), 
56, 14–18. PMID: 20163777

• Bothe, H., Schmitz, O., Yates, M. G., & Newton, W. E. (2010). Nitrogen Fixation and Hydrogen Metabolism in Cyanobacteria. Microbiology and Molecular 
Biology Reviews : MMBR, 74(4), 529–551. DOI: 10.1128/MMBR.00033-10

• Aleksandra Milutinovic A, Zorc-Pleskovic R., Zivin M., Vovk A., Sersa I., Suput D. (2013). Magnetic Resonance Imaging for Rapid Screening for the 
Nephrotoxic and Hepatotoxic Effects of Microcystins. Mar. Drugs, 11(8), 2785-2798. DOI: 10.3390/md11082785

https://www.epa.gov/sites/production/files/2015-06/documents/cylindrospermopsin-support-report-2015.pdf
https://www.epa.gov/sites/production/files/2015-06/documents/microcystins-support-report-2015.pdf
https://www.epa.gov/sites/production/files/2015-06/documents/anatoxin-a-report-2015.pdf
https://www.epa.gov/nutrient-policy-data/control-and-treatment
https://www.researchgate.net/publication/21497585_Structure-Function_Relationships_of_Microcystins_Liver_Tumor_Promoters_in_Interaction_with_Protein_Phosphatase
http://carcin.oxfordjournals.org/content/20/1/161.long
http://fb.cuni.cz/volume-56-2010-no-1%23articFB2010A0003
http://doi.org/10.1128/MMBR.00033-10
http://www.mdpi.com/1660-3397/11/8/2785

	Microcystins: A Lab Perspective
	What are microcystin toxins and where do they come from?
	Microcystin Toxins
	Microcystin Toxins
	Microcystin Toxins
	Cyanobacteria
	Cyanobacteria
	Microcystis sp.
	Routes of Exposure
	How do we test for microcystins?
	Testing For Microcystins
	ELISA
	Sample Collection and Preparation
	Sample Collection and Preparation
	Testing For Microcystins
	Testing For Microcystins
	Required Equipment
	Required Equipment
	Example Calibration Output
	Example Result Output
	ELISA-Based Methods
	Similarities Between ELISA Methods
	Contrasting ELISA Methods
	Abraxis Kit Method Quality Control
	EPA 546 Quality Control
	EPA 546 Demonstration of Capability
	ELISA-Based Methods
	Analytical Method
	EPA 544
	EPA 544
	EPA 544
	EPA 544
	Testing for Microcystins
	FY2017 IDNR Microcystins Project
	FY2017 IDNR Microcystins Project
	FY2017 IDNR Microcystins Project
	FY2017 IDNR Microcystins Project
	FY2017 IDNR Microcystins Project
	FY2017 IDNR Microcystins Project
	FY2017 IDNR Microcystins Project
	FY2017 IDNR Microcystins Project
	FY2017 IDNR Microcystins Project
	References

