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Cyanobacteria

(aka blue-
green algae;
cyanoHABs)

‘gram negative
bacteria

‘pigments in
thylakoids
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Ecological strategies for cyanobacteria: a sample
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Ecological Strategies: complimentary pigments
for maximizing photosynthesis
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Ecological Strategies: complimentary pigments
for maximizing photosynthesis




Ecological Strategies: internal structures for
optimizing placement in the water column




Ecological Strategies: Motility in sediments
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Ecological Strategies: morphology for staying
in the water column
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Ecological Strategies: luxuriant nutrient
uptake and storage & metal sequestration




Ecological Strategies: make your own nitrogen
from the atmosphere
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Ecological Strategies: desiccation tolerant




Ecological Strategies: morphology to prevent
grazing




Ecological Strategies: morphology to prevent
grazing




Ecological Strategies: armor to prevent grazing?

cyanobacteria nucleate CaCO,
precipitation

Organic . I'-":'::_-:. Inorganic
CO, capture . C0, capture




Ecological Strategies: carbon dioxide concentrating mechanism

C tr
LB HCO,”
Na*
Cytosol
EPS b HCO,”
Na*
Thylakoid
Qutier membrane
membrane co 2
Plasma Alkalinization of
membrane cell surface
; / HED, ™
Peptidoglycan / Ht
layer 5\ OH-
\
X H* 2
. Rubisco Icoi' Ca
4 " s Ie R
Carboxysome ™ Co® Cd  ¢a
_mll- Ca >4
2
caco, ©
Y
W
S-layer



Ecological Strategies: thermophiles grow fast
and will be worse as the climate warms

3 “doublings’ or divisions
every day
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Ecological Strategies: Temperature Case Study
Anabaena circinalis in the Hillsborough River, FL
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Why are we concerned about cyanoHABs?
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microcystin (120+
variants)

nodularin
cylindrosper mopsin

anatoxin -a
anatoxin -a ()

saxitoxin
neosaxitoxin




Cyanotoxins are highly potent







Drinking Water Guidelines

EPA Issues Health Advisories for Algal Toxins in Drinking
Water Release Date: 05/06/2015

The health advisory values for algal toxins recommend 0.3 micrograms

per liter for MICroCystin and 0.7 micrograms per liter for

cylindrospermopsin at levels not to be exceeded in drinking water for
children younger than school age.

For all other ages, the health advisory values for drinking water are 1.6
micrograms per liter for microcystin and 3.0 micrograms per liter
for cylindrospermopsin.

Potential health effects from longer exposure to higher levels of algal toxins in
drinking water include gastroenteritis and liver and kidney damage. The

health advisory values are based on eXposure for 10 days.




Microcystin exposure: response

MICROFILAMENTS (red threads in mi-
crographs), sttuctural components of
cells, are usually guite long, as in the
rat hepatocvite at the left. But after ex-
posure to microcystins ( right), microfil-
aments collapse toward the nucleus
(blue). (This cell, like manyv healthyv
hepatocytes, happens to have two nu-
clei.) Such collapse helps to shrink hep-
atocvies—which normally touch one
another and touch sinusoidal capillaries
(left drawing). Then the shrunken cells
separate from one another and from
the sinmsoids (right drawing). The cells
of the sinusoids separate as well, caus-
ing blood to spill into liver tissue. This
bleeding can lead swiftly to death.

NORMAL LIVER LIWVER AFTER TOXINS ACT
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Anatoxins

Dolichospermum
flos-aquae &
|emmer mannii
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Anatoxin-a
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COMNTRACTS

CONTRACTS

Anatoxin-a and anatoxin-a(s) (center and right panels)
overaxcite muscle cells by disrupting the functioning
of the neurctransmitter acetylcholine. Marmally, ace-
tylcholine molecules (puwrpley bind to acetylcholine
receptors on muscle cells (@ in left panel), thereby in-
ducing the cells to contract (&). Then the enzyme ace-
tvicholinesterase (yellow) degrades acetylcholine (c),
allowing its receptors and hence the muscle cells to
return to their resting state (4 and e). Anatoxin-a {(red
in center panel) is a mimic of acetylcholine. It, too,
binds to acetylcholine receptors (@), triggering con-

and

ONVER-
STIMULATED

OVER-
STIMULATED
MUSCLE

MUSCLE
STOPS MUSCLE STOPS
WORKING CONTRACTS WORKIMNG

traction (&), but it cannot be degraded by acetyl-
cholinesterase (c). Consequently, it continuas to act on
muscle cells (d). The cells then become so exhaustec
from contracting that they stop operating (e). Ana-
toxin-als) (green in right parnel) acts more indirectly. It
allows acetylcholine to bind to its receptors and
induce contraction as usual (g and &), but it blocks
acetylcholinesterase from degrading acetylcholine (c).
As a result, the neurctransmitter persists and owver-
stimulates respiratory muscles (4), which once again
eventually become too fatigued to operate (e).

Wayne Car michael | SOC-HAB Ch. 4, Scientific American, January, 1994



B-methyl amino alanine (BMAA)




Cylindrospermopsin
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Common Filamentous Cyanobacteria

Lake Mattamuskeet, NC (East and West)
July 22, 2015
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Some things we don't know yet
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Field and Laboratory Guide to Freshwater Cyanobacteria

Harmful Algal Blooms for Native American and Alaska
Native Communities

Open-File Report 20151164

LS. Department of the Interior
% USGS LLS. Geological Survey
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Recognizing a cyanobacteria bloom: field images
(blue-green to greenish in color)
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Getting a Sample
qualitative




Getting a Sample
quantitative




Beware of this phenomenon




Where do I sample?

Protedive  Traveling
Rar Yater
Sorean Scresn




How much of a sample and
how should I "save” it




How much of a sample and
how should I “save” it

wt/v 1odine
wt/v potassium iodide




How much of a sample and how should T "save” it
for toxin analyses
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Cyanotoxins in Raw Water
Sample Collection Quick Reference Guide

Analyte Collection/Storage Container Preservation (at time of sampling)

Anatoxin-a Amber glass Immediately upon collection, freshwater
Avoid exposure to light, as this will samples should be preserved with 10X
degrade the toxin. Concentrated Sample Diluent to prevent

adsorptive loss of toxin.

Preservation is necessary for freshwater
samples only. Saltwater samples do not
require additional reagents for preservation.

Avoid exposure to high pH conditions, as this
will degrade the toxin.

BMAA Clear glass Freeze
Polyethylene terephthalate glycol (PETG) | Samples should be analyzed immediately or
High density polyethylene (HDPE) frozen to avoid degradation of toxin.
Polycarbonate (PC)
Polypropylene (PP)
Polystyrene (PS)

Avoid amber glass, as toxin will be lost
due to adsorption to container surface.
Cylindrospermopsin | Clear or amber glass None
Polyethylene terephthalate glycol (PETG)
High density polyethylene (HDPE)
Polycarbonate (PC)

Polypropylene (PP)

Polystyrene (PS)

Microcystins Clear or amber glass None
Polyethylene terephthalate glycol (PETG)
Avoid all plastic containers other than
PETG, as toxin will be lost due to
adsorption to container surface.

Saxitoxin Clear or amber glass Immediately upon collection, freshwater
Polyethylene terephthalate glycol (PETG) | samples should be preserved with 10X
High density polyethylene (HDPE) Concentrated Sample Diluent to prevent
Polycarbonate (PC) adsorptive loss of toxin.
Polypropylene (PP) Preservation is necessary for freshwater
Polystyrene (PS) samples only. Saltwater samples do not

require additional reagents for preservation.
Unless otherwise indicated, samples can be stored refrigerated for up to 5 days. If samples must be held for
greater than 5 days, samples should be stored frozen. If samples are to be shipped, they should be shipped
overnight, on ice. RO21515




May need to concentrate a sample for IDs:
settling method




Under the microscope

Cylindrospermopsis raciborskii (CYN)
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Quantitative: know volume

PhycoTech

 1D# 761
mdpkiman |

nannoplankton chamber




Quantitative: tally sheets

F
syngrates Achnanth Gomphon [Mastagle |Encynem Bra
Cyclatella |ca Unnaiia__|es Eunotia 1 | Eunotia 2 | Cymbella ema ea a Navicula |a
Epiphytic Algae
each mm
sq of the
ocverslip Number of
Constan area area equals of organisms _|
t stip total subsam |scrapped  [subsampl [the per unit
area (12|no. |area plewt. |represente|e spread |original No. of Number of area onthe
resen inx15 |of |scrappe [total areza igrams) |d bythe across on [scrapped fields |Area ‘organisms orginal
fresh|ative  |diuon  |wbewe |in) mm |sti|dmm  |volume |imm  |{1gr.=1|subsampl |coverslip |areamm |Constant:area |counte |counted |[this isfor  stripNo/ [running
site Cage # |vol |vohume |factor  |lcheck) [sq ps |sq. (mL) _ |sg/ml) |mL) e 22 mmsq. [sq of 3 field at 40x_|d {mm sq) |each column) mm sq) total
CB1 4] 1f[oo2s0] 1035 7.37| 19,507 | 10[ 185,070 1025 190312 | 0.0407 7,756 484] 16.00 0.236719592 2| 0.9469] 2] 3465 322 | 1] 86] I T 7 1] a | | 10] 23] 123] 1]
DB2 8] 15[ o38] 10as 19507 | 4] 78028 15375] 50750 | 0.03%9 2,025 484] 418 5| 1.183§] 2] 7.25 295 [p | 75] | | | | | | | 6| 13] 101] 8|
New Zweig Sloug 0.025 10 190312 | 0.0148 484 5.8 2.1305 5.60
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presen inxl5 |of |scrappe [total area {grams) |d bythe across on |scrapped fields |Area organisms orginal
fresh|ative  |dilution  |tubewr,  |in) mm |stri [d mm volume [[mm {lgr.=1 |subsampl |coverslip |area mm |Constant:area |counte |counted |(this is for strip No.f running
Site Cage # [vol. |volume |factor [check] |=qg. ps |sQ. {mL) sq./mL) |[mL} e 22 mm sq. [5q. of a field at 40x |d {mm =q) |each column) mm sq) total
0.0250 1025 7.37| 19,507 195,070 1.025| 190,312 0.0407 7,746 484 16.00 0.236719592 4 09469 34 65 322




Quantitative: biovolume




Quantitative: biovolume

13.8

Synechocycstis sp. n 13.8 _

V=m/6*d" 1,369.39 1378

v—m*d*h

Limnothrix sp.




Can not use taxonomy to predict Toxucn'ry
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Sample Protocol and Preparation

wt/v 1odine wt/v potassium iodide
distilled water










