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CYANOBACTERIA

~ 3.5 BILLION YEARS OLD

e ROCK IS ONLY 3.8 BILLION!

IF IT WEREN'T FOR CYANOBACTERIA, WE
WOULDN'T BE SITTING HERE TODAY.

GIVEN SUCH A RELATIVELY SIMPLISTIC
ORGANISM, WE STILL DON'T HAVE
GOQOD IDEAS ABOUT WHY THEY
PRODUCE TOXINS.




CYANOTOXIN TYPES BY PHYSIOLOGICAL EFFECT

DERMATOTOXINS
HEPATOTOXINS
NEUROTOXINS

Health Effects
Short-Term

* Gastroenteritis
* Death
Long-Term

* Cancer
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Toxicity
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Health Effect

Long-term
Potentially involved in neurodegenerative
diseases (ALS, Parkinson)




MICROCYSTIN

o CYCLIC HEPTAPEPTIDE

e BETWEEN 60 AND 140
VARIANTS (DEPENDING ON
WHO YOU ASK!)

e MICROCYSTIN-LR IS THE
MOST COMMON.

 VARIANT IS DEPENDENT UPON
THE L-AMINO ACID
STRUCTURE.

Name X-position Amino
Acid

Microcystin LA | Leucine (L)
Microcystin YR | Tyrosine (Y)
Microcystin RR | Arginine (R)

| Microcystin LR | Leucine (L)

1 - D-Alanine
2 - Variable L-amino acid
3 - D-Methylaspartic acid
4 - Variable L-amino acid

5 - 3-amino-8-methoxy

6 - D-Glutamic acid

Z-position Amino
Acid

Alanine (A)
Argimine (R)
Arginine (R)

| Arginine (R)

Molecular

 Weight
910.06

1 1045.19
1038.2

995.17

-2,6,B-trimethyl
-10-phenyldeca-4.6-dienoic acid (Adda)

7 - N-Methyldehydroalanine




STRESS AGENTS AND MICROCYSTIN PRODUCTION

e |RON LIMITATION/SIDEROPHORES (ORR & JONES, 1998)

e DEFENSE MECHANISM (ROHRLACH ET AL, 1999)

e PHOTOSYNTHESIS/LIGHT (YOUNG ET AL, 2005)

e |NTRACELLULAR, INTERSPECIES COMMUNICATION (SCHATZ ET AL, 2005)
e TRACE METALS (LUCAK & AEGERTER, 1993)



GENE REGULATION OF MICROCYSTIN

INTRACELLULAR ROLE IS STILL UNDER INVESTIGATION el IEE—
GENE EXPRESSION AND REGULATION CAN CONTRIBUTE TO [

THE UNDERSTANDING OF TOXIN PUTATIVE CELLULAR MAE Number  Gene Symbol
FUNCTION.
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NTCA (GLOBAL NITROGEN REGULATOR) HAS BEEN
DESCRIBED AS A POTENTIAL COMPONENT IN THE CONTROL
OF MICROCYSTIN BIOSYNTHESIS.

e DIRECT CORRELATION BETWEEN TRANSCRIPTS
OF MCYD AND NTCA GENES HAS BEEN IDENTIFIED (PIMENTEL
& GIANI, 2014)
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STRAIN-SPECIFICITY AND BIOMASS

NOT ALWAYS A CORRELATION BETWEEN
OVERALL BIOMASS AND TOXIN PRODUCTION.

e RELATIVELY LOW BIOMASS AND A “HOT" STRAIN
TRIGGERED BY ENVIRONMENTAL CONDITIONS

e HIGH BIOMASS AND LOW-NO TOXICITY

OFTEN, TOXIN PRODUCTION ISN'T EVEN SPECIES-
SPECIFIC, BUT STRAIN-SPECIFIC.
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NUTRIENT LIMITATION [
(PIMENTEL & GIANI, 20148

e MCYD GENE EXPRESSION SHOWS
CHANGES UNDER ALL EXTREME LIMITING
CONDITIONS.

ACT ntcA

e THE NTCA GENE SHOWED A SIGNIFICANT
INCREASE IN ITS EXPRESSION IN ALL P —
EXPERIMENTS UNDER LIMITATION. w-os

e ALTHOUGH OVERALL BIOMASS
DECREASES, MICROCYSTIN
CONCENTRATION/CELL GREATLY
INCREASES.
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GREAT LAKES
EXAMPLE

QUAGGA MUSSEL HAVE BEEN SHOWN TO S Fww s
STRONGLY AFFECT THE FOODWEB G B R
STRUCTURE AND BIOGEOCHEMICAL CYCLES % ¥ . sl s giliat o
OF NUTRIENTS AFTER THEIR INTRODUCTION ek L B s SR
TO THE GREAT LAKES. U g o

V ANDERPLOEG ET AL ( 2010) NOTICED
THE ABSENCE OF THE SPRING
PHYTOPLANKTON BLOOM IN LAKE
MICHIGAN.

CUHEL & AGUILAR, 2013. FOUND THAT PR
QUAGGA MUSSEL AFFECT NUTRIENT Ao

CYCLING MORE SO THAN ZEBRA MUSSEL. Qs bt N

BUNNEL ET AL (2014) REPORTED THT, AU AR Y S LR i e
SINCE 1998, LAKES SUPERIOR, MICHIGAN, ot R N TP R T |
AND HURON HAVE SHOWN EVIDENCE OF Ziaine el e e e B TR S e D

OLIGOTROPHICATION.
e BINDING ET AL (2015) FOUND THE

SAME USING LONG-TERM SATELLITE
DATA



OLIGOTROPHICATION....SORT OF

e MICROCYSTIS IN HAVASU LIKELY SHOULDN'T BE BLAMED ON INCREASING EUTROPHICATION.

e THERE'S LIKELY A SHIFT OF NUTRIENTS (AND FOOD WEB DYNAMICS) TOWARDS THE BENTHOS

o ONLY SOME FRACTION OF THOSE NUTRIENTS MAY MAKE IT BACK TO OVERLYING WATER AND AVAILABLE
FOR PHYTOPLANKTON GROWTH.

e CYANOBACTERIA HAVE MECHANISMS FOR OBTAINING NUTRIENTS OTHER PHYTPLANKTERS DO NOT.
e  NITROGEN FIXATION, HETEROCYSTS
e “LUXURY" UPTAKE OF P

e TOXIN PRODUCTION MAY OCCUR TOWARD THE END OF A BLOOM RATHER THAN DURING A
GROWTH PHASE.



TOXIN PRODUCTION IS FLASHY

* INCREASES DANGER AND RISK.

e CURRENTLY, IMPOSSIBLE TO PREDICT.
EVEN WITH SATELLITE IMAGERY.

WARNING

TOXIC ALGAE PRESENT

Lake unsafe for people and pets

Until further notice:
Do not swim or water ski.

WE CAN'T CONTINUOUSLY MONITOR.

o LONG-TERM DEPLOYMENT OF SONDES FOR CYANOBACTERIA EXIST
(PHYCOCYANIN)

e RESOLUTION OF IN SITU MEASUREMENTS OF TOXINS IS NOT GREAT.
L C-MS-MS AND/OR ELISA HAVE MUCH HIGHER

PRECISION AND ACCURACY, BUT TAKE TIME TO GET
RESULTS BACK.

Mo nade o practique el esqui acuatico.

Do not drink lake water.
Mo tome ¢l agua del lage.

Keep pets and livestock away.

Mantenga alejados las mascotas y ¢l ganada.

Clean fish well and discard guts. )
Limpie bien el pescado y deseche las tripas.

Avoid areas of scum when boating.
Evite las areas con espuma o verdin cuando ande en lancha.

Call your doctor or veterinarian if you or your animals have
sudden or unexplained sickness or signs of poisoning.

Eeport new algae blosmi to Department of Ecclegy: | Call your local heahh dep s tment:

360-407-6000

For more information: www doh wa.govishplalgas/
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NEEDS

WE SHOULD AT LEAST DETERMINE WHICH STRAIN(S) OF MICROCYSTIS EXIST, ON A SEASONAL BASIS,
IN HAVASU.

WE SHOULD LIKELY INCLUDE BMAA IN THE CYANOTOXIN SUITE.
*  WE CAN LIKELY DROP ANATOXIN

DETERMINE COMPARTMENTALISM OF NUTRIENTS.
 ESPECIALLY IN THE BENTHOS
* PERHAPS USING STABLE RADIOISOTOPES

ONCE STRAINS HAVE BEEN IDENTIFIED, DETERMINE POTENTIAL CAUSATIVE AGENTS OF TOXIN
PRODUCTION.

e [NCLUDING BUT NOT LIMITED TO, NUTRIENT-LIMITATION
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https://cchab.sfei.org/

QUESTIONS?
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