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What is this picture? 

Presenter
Presentation Notes
Cyanobacteria can be found:
From arctic to tropic climates
Both marine and freshwater 
Cyanobacter HABs can be found:
Around the world 

Image, distribution map of cyanobacteria, source: http://ohapbio12.pbworks.com/w/page/51556972/Cyanobacteria





Topics to be covered: 

• What tools do we have? 
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• Very fast review on  
Cyanobacteria Toxins 
 
 

• How do we use them 
in practice?  



Microcystins 
(and nodularins) 
• Microcystis aeruginosa  

– Also produced by a 
number of other species. 

 
• Peptide Toxins: 

 90+ different variants 
 15 common in NYS 
  
 very stable toxin 
   

• Hepatotoxins: 
 1 ug/L (ppb) in drinking water 
 20 ug/L in recreational water 
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Anatoxin-a 

 Potent Neurotoxin.  
 LD-50: 200 µg kg-1  (ATX-a) 
 Responsible for a number of 

animal fatalities. 

 
 Causative organisms 

include: 
•  Anabaena species (many) 
•  Oscillatoria sp. 
•  Aphanizomenon sp. 
•  Planktothrix sp. 

 

• At least 6 variations on the 
structure (4 metabolites). 
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Cylindrospermopsin 
LD-50: 300 µg kg-1 

Causative species: 
Cylindrospermopsis 

raciborskii 
Aphanizomenon 

ovalisporum 

 

Anatoxin-a(S) 
Organophosphate  
Neurotoxin. 

cholinesterase inhibitor 
LD-50: 20 µg kg-1 

Anabaena species 
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Lyngbyatoxin and other 
dermatoxins  
Skin irritants or gastrointinal 
toxins (swimmers itch). 

68 different toxins found in 
marine Lyngbya 

 

BMAA 
β-methyl amino alanine 
Produced by many species 
of  cyanobacteria (aquatic 
and terrestrial) including 
Microcystis, Anabaena and 
Aphanizomenon 
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Fools rush in where angles 
fear to tread!: 

• Microcystins (90+) 
• Anatoxin-a’s (6-7) 
• Anatoxin-a(S) (1) 
• Cylindrospermopsin (3) 
• PSP toxins (56) 
• Lyngbyatoxins (68) 
• BMAA (1 of 7) 
• Protease inhibitors (125+) 

» Total:  >350 
Not all are present in any 
given sample but finding 
the one that is responsible 
for bio-activity is not easy! 

 



What tools are available? 

• Why set up a monitoring program 
– Do you want to know if blue-green algae 

are present? 
– Do you want to know if potentially toxic 

blue-green algae are present? 
– Do you want to know if blue-green algal 

toxins are present? 
– Do you need to know who and how much? 
 



(A)  Are Blue-green algae 
 present in my lake? 

• Tools: 
– Visual examination 

• Look for blooms,  surface 
scums and other indications 
of blooms. 

– Microscope examination 
• Most potentially toxic 

genera are easy to identify 
under a microscope. 



Blue-green algal blooms often 
look like paint on the water 

Blue and white crust forming on bloom that is decaying 

Cost:  $0 



Cyanobacteria are pretty easy to identify 
under a microscope……… 

Microcystis  

Known to a generation of scientists as Anni, Fanni and Mike 
  (3 most common bloom forming species) 

Aphanizomenon 

Cost:  $250-$3000 

Anabaena 



Microscope adaptors are 
available for smart phones 

I-phone 4s microscope attachment 
(60x microscope for i-phone) 

Range from $9-$30 
 

No promises 
 

CSLAP@esf.edu 
glboyer@esf.edu 

Cost:  $9-$120 



There are instruments that 
can replace your eyes 

Water quality sondes can be 
equipped with sensors for 
chlorophyll (all algae) or  
cyanobacteria (phycocyanin) 
 
Dock or buoy-mounted sensors 
exist (Cyano-watch). 
 
Pro:    Easy to use 
Con:   hard to calibrate. 
 
 Cost:  $600  

Cost:  $12,000 

Cost:  $6,000 



Fluorometer List 

Chlorophyll 
• Turner Designs AlgalWatch 
• HydroLab DS5 
• YSI 6600 sonde 

 
• BBE FluoroProbe 
• Turner Designs 10-AU 
• Turner Designs Cyclops 

 

 

Phycocyanin 
• TD  CyanoWatch 
• HydroLab DS5 
• YSI  6600 Sonde 

 
• BBE (Cyano-specific Chl) 
• Turner Designs 10-AU 
• Turner Designs Cyclops 

– PC,  PE, CDOM, CHL 

 



   350              400             450              500             550             600              650             700 nm  

How do these sondes work?: 

Different algae use different pigments to collect light 
– Green Algae 
– Yellow algae (dinoflagellates and diatoms) 
– Blue-green algae 
We can use the pigments to estimate the amount of algae in the water  

Phycocyanin 
Phycoerythrin CHL-b 

Carotene 

Chl -a 

All plants collect 
light which is used 
for photo-synthesis. 
 
All plants contain 
chlorophyll 



Lake Ontario sta15 

CSLAP uses such a sonde for 
its monitoring. 

• BBE FluoroProbe 
rapidly determine 
five classes of algae 

• Your CSLAP report 
contains % BGA chl 

Cost:  $30,000 

 



Sondes are commonly used 
on buoys. 

Cost:  $40,000-$75,000 

Sodus Bay Center 

Sodus Bay North 

Sodus Bay Lake Ontario 

Docks 
work 
also! 



(B)  Are the Blue-green algae 
 in my lake potentially toxic? 

• Tools: 
– Visual examination cannot 

tell toxic from non-toxic 
– Molecular approaches can 

tell toxic from non-toxic 
strains. 

– These techniques best 
belong in a CSI-lab. 

• Answer specific questions 

Algae known to make MC’s 
Microcystis aeruginosa 

M. veridis 

M. botrys 

Oscillatoria limosa 

Anabaena flos-aquae 

A. lemmermannii 

A. circinalis 
Planktothrix agardhii 
P. mougeotii 
Nostoc spumigena 
N. species 
Anabaenopsis millerii 
Haphalosiphon hibermicus 
Gleotrichia sp. 

 



no no 

no 

no 

no 
yes 

yes yes 

yes 

yes 

no 

Difficult to use taxonomy to predict toxicity 

Microcystis from Lake Neatahwanta 



McyA sequences 

2004 
2003 

 LE03-WLE1-A07 
 LE03-WLE1-A12 
 LE04-882-F02 

 LE03-WLE1-A05 
 Microcystis sp. TuM7C 
 Microcystis aeruginosa K-139 
 Microcystis aeruginosa UV027 
 Microcystis aeruginosa PCC7806 

 LE03-WLE1-C04 
 Microcystis aeruginosa PCC7941 

 LE03-WLE1-D01 
 Microcystis sp. IZANCYA5 

 LE04-974-C02 
 LE04-974-D02 

 LE04-974-C11 
 LE03-WLE1-A01 

 LE04-974-C04 
 Microcystis aeruginosa LE-3  
 Microcystis aeruginosa NIES-89 
 LE04-974-C08 
 LE03-WLE1-D02 
 LE04-974-B12 

 LE04-974-B11 
 LE04-974-B09 
 LE04-974-E05 
 LE04-974-C05 

 Nostoc sp. IO-102-I 
 Nostoc sp. 152 

 Anabaena circinalis 90 
 Anabaena flos-aquae NIVA-CYA83 
 LE04-1163-H05 
 LE04-1163-A04 
 LE03-1163-D04 
 Planktothrix agardhii CYA126/8 

 LE04-1163-H07 
 LE03-1163-E04 

 Streptomyces verticillus ATCC15003 
53 

70 

98 

98 

57 

53 

64 

50 

52 

100 

0.1 

2 different 
populations 

producing the 
same toxin!! 

Rinta-Kanto and Wilhelm, 2006, AEM 72:5083 

Cost:  $thousands to 
set up; $50 per sample 



(C)  Are the Blue-green algal 
 toxins in my lake? 

• Tools: 
– Need to actually measure 

the toxins in the water. 
• Approach 1:    Assay 
• Approach 2:    Analysis 

– Both approaches can be 
field or laboratory-based. 

– Some assays are easy to 
do in the field. 

Boyer lab at SUNY-ESF 

Cost:  $20  

Cost:  too much 



An assay detects a class of 
compounds 

• It can be bioactivity 
based (e.g. mouse 
bioassay, protein 
phosphatase inhibition 
assay for microcystins, 
Acetylcholinesterase 
activity for anatoxins) 

• It can be structure 
based (e.g. antibody 
based kits)  

 

Cost:  $120  

 



Not all compounds behave the 
same in an assay 
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Protein Phosphatase Inhibition: 
MC-LR   0.3 ug L-1 

Dha7-MC-LR  5.0 ug L-1 

6(z) ADDA MC-LR       > 100 ug L-1 
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Smith et al 2010 
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Different antibodies give different results 
Antibody response is not toxicity 

ELISA ASSAYs 
MC-LR (toxic) 
IC50  = 3.1 ug L-1    
 
D-GluOMe MC-LR   
IC50 = 3.1 ug L-1  (nontoxic)  



Antibody kits can be simple or complex 

• Lab uses Microtiter 
plates to run “96” at a 
time (fast). 

Add reagents 
and measure 
a change in 
color.  
Compare to a 
known curve. 

• Field kits use test strips 
to see if the antibody 
reacted with 
“something”.   

• Lyse cell and             
look for an          
indicator line. 

 

Envirologix 
Abraxis 

Cost: $20 per sample Cost: $5000+ 450 per plate 



In contrast: An analysis tests for 
1 or more specific compounds  

• It is almost always        
structure-based. 

• Requires the use of              
standards for each             
compound. 

• Needs expensive        
instrumentation 
– HPLC 
– LC-MS 
– LC-MS/MS 

• These are lab-based tests 
     5          10          15   20     25          30          35 min 

2 0 0 0 0

4 0 0 0 0

6 0 0 0 0

8 0 0 0 0

1 0 0 0 0 0

1 2 0 0 0 0

1 4 0 0 0 0
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Weight of compound = 995.5 

Retention time 

Cost:  $150,000-$500,000 
 ESF:  $150 per sample 

 



Pros and Cons 

Antibody Assays 
• Less expensive to start 
• Can be done in the field 
• Give you an integrative 

value of all toxins. 
• Don’t necessarily know 

what the antibody 
measured 

• Many false pos/neg. 
• Cannot be used for 

regulatory work 
 

Instrumental Analysis 
• More expensive to set up 
• Requires standards so you 

only test for what you know 
• Harder to do in the field 
• Suitable for regulatory use 
• Gives you exact compounds 
• Can test for multiple toxins 
 

My personal experience with field test 
strips is that the results are often 
inconclusive.  New ones may be better. 



Summary of chemical techniques (and cost): 
Toxin Assays Analysis 

Microcystins mouse bioassay 
ELISA          ($)  
Dipsticks     ($) 
PPIA            ($) 

MALDI-TOF  ($$$) 
HPLC-PDA    ($) 
LC-MS           ($$) 
LC-MS/MS     ($$$) 

Anatoxin-a mouse bioassay 
        (ELISA)       (?) 
        ACE assay  ($) 

 HPLC-FD       ($) 
LC-MS (/MS)  ($$) 

Cylindrosperm. mouse bioassay 
ELISA          ($) 

HPLC-PDA    ($) 
LC-MS           ($$) 
LC-MS/MS     ($$$) 

Anatoxin-a(S)  mouse bioassay 
ACE assay   ($) 

LC-MS            ($$) 

PSP toxins mouse bioassay 
ELISA          ($) 

Receptor-binding ($$) 

 HPLC-FD       ($) 
LC-MS           ($$) 
LC-MS/MS     ($$$) 

BMAA none        HPLC-FD        ($) 
       LC-MS (/MS)   ($$) 



Tier-based monitoring strategies 

World Health Organization  
decision tree: 

 
- Initial examination 
- Vigilance level 
- Alert level 1 
- Alert level 2 
- Public response 

From WHO blue book 
Chorus and Bartram, 1999  



Summary 
• Cyanobacteria produce a number of toxins but not all 

species are toxic. 
• These toxins can be produced by a number of 

different species making visual monitoring difficult. 
– BUT:  NO CYANOBACTERIA NO TOXINS  

• There are many tools available to monitor for toxins 
– Visual exam to identify potentially toxic genera or species 
– Molecular techniques to look for toxin biosynthetic genes 
– Chemical assays to detect individual classes of toxins 
– Chemical analysis to detect specific toxins 

• You need to choose the correct tool for the job. 
– Different tests look at different things => may not agree. 

• Lake Associations need to decide why they want a 
monitoring program to choose the correct approach. 
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