
Lesser Known Toxins – A Review of
Emerging Cyanobacterial Peptides of Concern and 

Re-Emergence of a Potent Neurotoxin

Todd Miller
University of Wisconsin – Milwaukee, Zilber College of Public Health



Cyanobacterial Toxins in Freshwater
Commonly Measured Toxins
• Microcystins
• Anatoxin-a
• Saxitoxins (PSP’s)
• Cylindrospermopsins

Lesser Studied “Toxins”
• A lot of peptides!
• Guanitoxin (anatoxin-a(s))
• Rare congeners of commonly

measured classes
• Other alkaloids
• Retinoic acids
• Toxic amino acids (BMAA etc)
• Yet to be discovered!
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CyanoMetDB: Microcystins, 
Cyanopeptolins and Anabaenopeptins 
Are Among the Most Diverse
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Toxicity of Anabaenopeptins and Cyanopeptolins

Anabaenopeptins
• Inhibits protein phosphatase 1 and 2A

and carboxypeptidases
• Spoof et al. (2016) Marine Drugs 14
• Sano et al. (2001) J. Nat. Prod 64

• Neurotoxicity in crustaceans
• Pawlik-Skowrońska et al. (2021) Toxicon 198

• Inhibits growth and reproduction in
worms (C. elegens)

• Lenz et al. (2019) Chemosphere, 214

• Zebrafish – developmental toxicity (Dr.
Kurt Svoboda)

• Human cell lines –
hyperphosphorylation (Dr. Michael
Laiosa)

Cyanopeptolins
• Inhibits various serine proteases and

protein phosphatase 1
• Gademann et al. 2010. J. Nat. Prod. 73
• Okano et al. 1999. Tetrahedron Letters 40
• Kaya et al. 1999. Tetrahedron Letters 37

• Neurotoxicity in crustaceans and
zebrafish

• Faltermann et al. 2014. Aquat Toxicol 149
• Gademann et al. 2010. J. Nat. Prod. 73

• Inhibits growth and reproduction in worms
(C. elegens)

• Lenz et al. (2019) Chemosphere, 214



Lake Winnebago to Green Bay 
(living laboratories for cyanotoxin discovery)

• Frequent, seasonal cyanobacterial
blooms

• Impacted by agricultural nutrient
runoff (dairy industry)

• Recreational uses: boating,
swimming, fishing

• Lake Winnebago used as a
drinking water source for four
cities

• Lower (southern) Green Bay is an
EPA listed Area of Concern

Scientific Questions:
What is the temporal and spatial distribution of microcystins, anabaenopeptins and 
cyanopeptolins?



Methods
• Extraction from Water Samples

• Lyophilization
• Freeze/Thaws
• 70% methanol/0.1% formic acid

• LC-MS/MS Analysis
• Reverse Phase HPLC separation
• Scheduled multiple reaction

monitoring in positive mode
• Targeted, Quantitative Analysis

• 4 to 11 microcystins
• 3 anabenopeptins
• 3 cyanopeptolins
• 1 microginin
• Anatoxin-a
• Nodularin

Sciex 4000

Sciex 4500



Anabaenopeptins and Cyanopeptolins Co-Occur 
with Microcystins

• Blooms contain a
complex mixture of
different toxins (mainly
peptides)

• This is likely only a
fraction of the toxin
diversity

• Anabaenopeptins occur
at a similar range of
concentrations at
microcystins

• Risk analyses should
consider the effect of
toxin mixtures

Lake Winnebago

Miller et al. 2019.. Environmental Science & Technology. 53(10):5661-5670.
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Temporal 
Trends of 
Cyanopeptides 
and anatoxin-a 
in Lake 
Winnebago

• Anabaenopeptins follow
a different trend (less
variable) compared to
microcystins and
cyanopeptolins

Miller et al. 2019.. Environmental Science & Technology. 53(10):5661-5670.
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Green Bay Trophic Gradient
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Spatial Distribution of Cyanopeptides in Green 
Bay Along the Trophic Gradient (2016 – 2020)

   



Todd R. Miller, millertr@uwm.edu
toddrexmiller.com

Cyanobacterial Peptides in Raw Drinking 
Waters, Lake Winnebago (2011 – 2014)
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Removal of Anabaenopeptins and Cyanopeptolins in Four 
Drinking Water Plants Drawing from Lake Winnebago

DMF = dual media filtration
OZO = ozonation
GAC = granulated activated carbon
Tap = finished water



Tenmile Lake, Oregon
• Coastal lake community
• Residential homes draw water

directly from the lake.
• Water is treated using home

filtration systems of varying types.
• Volunteers were recruited to

sample water before and after
filtration for a year.

• Microcystins, anabaenopeptins
and cyanopeptolins were
quantified in samples using LC-
MS/MS.

Project funded by the Natural Hazards Center and the NSF Civic Innovation 
Challenge program, Amber Roegner, Project Lead, University of Oregon Center for 
Global Health



Tenmile Treatment Systems



Cyanopeptides in Tenmile Lake and Tap Water 
(2023 – 2024)

Lake Water Tap Water



Tenmile Treatment Systems and Toxin Removal

Removal = Lake - Tap

Negative removal of anabaenopeptins



Rare Microcystins and Anabaenopeptins 
in Dietary Supplements



Microcystin Containing Tetrahydrotyrosine 
(H4)MC-YR in Dietary Supplements

• Microcystin - (H4)YR was
discovered in two dietary
supplements.

• Based on ionization, (H4)MC-
YR contributed significantly to
the overall total microcystin.

Miller et al. J. Agric. Food Chem. 2020, 68, 30, 8016-8025



Microcystins Over Health Limits in 
Six Supplements

Miller et al. J. Agric. Food Chem. 2020, 68, 30, 8016-8025



Anabaenopeptins Present in Nearly 
All Supplements Tested

Supplement Number
Miller et al. J. Agric. Food Chem. 2020, 68, 30, 8016-8025



Guanitoxin (formerly anatoxin-a(s)), 
Potent Freshwater Neurotoxin

• Naturally occurring organophosphate
neurotoxin

• Binds irreversibly to acetylcholinesterase
• Originally discovered in Anabaena flos-

aquae NRC 525-17, from Buffalo Pound
Lake, Saskatchewan, Canada.

• Mahmood and Carmichael, 1987, Toxicon
• Structure provided by Richard Moore,

University of Hawaii, Department of
Chemistry

• LD50 in mice via intraperitoneal injection is
40 ug/kg
 Saxitoxin = 10 ug/kg
 MC-LR = 460 ug/kg
 Cylindrospermopsin = 2100 ug/kg NRC 525-17 was lost

Few or no other strains have been available
No commercial standards available
Very little is known about its distribution in U.S.



Identification of Biosynthetic Genes and 
Metabolic Synthesis of Guanitoxin



Biosynthetic Pathway in Sphaerospermopsis 
from Brazil

Strain ITEP-024 also produces anabaenopeptins
Lima et al.  et al. ACS Chemical Biology 2017.

Lima et al. Journal of the American Chemical Society 2022, 144



Pre-Guanitoxin is a Diagnostic Marker for 
Guanitoxin Synthesis

Pre-Guanitoxin
-A novel molecule not
observed in other
characterized biosynthetic
pathways

We have a limited supply of 
pre-guanitoxin from the 
Moore Lab to share with 
those interested in using it as 
an analytical standard.
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