Early Detection of Cyanobacteria and
Cyanotoxins in Drinking Water Supplies
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The Cawthron Institute

= Thomas Cawthron: Investor, businessman,
philanthropist, visionary.

= Recognised science as key for NZ’s
economic prosperity.

= Left £233K in his will.
= Equivalent of ca. $127M

= Cawthron Institute established by an Act
of Parliament in 1919.

= Officially opened in 1921.







CAWTHRON

L INSTITUTE

73 coastal and freshwater
33 aquaculture
i 71 analytical and lab services
Scientists and 30 corpopate
spedialist staff

Who we work with

Industries, Crown research institutes (CRIs), research
organisations and universities, Maori, central and
local governments

Our people are our greatest asset

“p % '

Sectors we work in

Aquaculture, biosecurity, dairy, energy; fisheries,
food export, oil and gas; seafood

Our talented teams of scientists and specialist staff help New Zealand's leading export sectors stand out from the crowd
and take on the world. Cutting-edge science, it's in our DNA!
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An All-In-One Synergy

= Research & Consulting services:
= Aquatic monitoring tools & technologies
* Freshwater quality, health and allocation
= Biosecurity, ecotoxicology and taxonomy
= Collaborative decision-making
= Analytical method development

= Analytical services:
= JANZ accredited laboratories
= 5 day turnaround time (urgent testing available on request)
= Technical expertise supported by Research team




Cyanobacteria (blue-green algae)

=" Ancient photosynthetic prokaryotic
organisms

" Diverse habitats

= 2,000 species worldwide

" Freshwater aquatic species
" Planktonic & benthic

" Create multiple water quality
problems















Cyanotoxins

Hepatotoxins

= Microcystin (e.g., Microcystis, Anabaena)

= Nodularin (e.g., Nodularia)

= Cylindrospermopsin (e.g., Cylindrospermopsis)

Neurotoxins
= Anatoxin-a (e.g., Aphanizomenon, Anabaena)
= Saxitoxins (e.g., Lyngba, Anabaena)

Dermatotoxins

* Lyngbyatoxin-a (e.g., Lyngba, Anabaena)
» Aplysiatoxins

» Lipopolysaccharides




Analytical Testing Services

" Microalgae:

= |dentification, enumeration, relative
abundance, biovolumes

= Phytoplankton and periphyton

= Cyanotoxins:
= LC-MS quantification

= Algal mats, bloom (lake) water and
drinking water




Drinking Water Standards for Cyanotoxins

Toxin PMAVs (ug/L)

Anatoxin-a \/ 6

Homoanatoxin-a \/

Cylindrospermopsin \/

Anatoxin-a(S)

Microcystin (MC-LR toxicity equivalents) \/

Nodularin \/

Saxitoxins (as STX equivalent) \/
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High-Throughput DNA Sequencing

Identifies cyanobacteria Identifies cyanobacteria
by assessing morphology using DNA sequence



CyanoSurvey 2013/14

10 years since last survey
No molecular techniques




CyanoSurve
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Oscillatoriales
Chroococcales

Nostocales
= Stigonematales

4.8 million cyanobacterial seq.

Genera detected



Toxin Results

i Toxin Detected? Toxin Concentration
Cyanotoxin

(LC-MS) [ng/L]
Microcystin / 11% 0.01 —55.40
Nodularin 0.01% 0.04
Anatoxin 0.01% 0.25
Saxitoxin 0 n/a

" No new toxin producers identified



Pros and cons

Molecular Microscope
Cost $150-$200/sample $150-$200/sample
Detect multiple species Yes Yes
Runtime ca. 1 hr for 100 30-60 mins (or more) per sample
Throughput 100’s of samples Slow
Expertise required Good lab skills Taxonomic expertise
Quantify Yes (but only a few species) Yes

Excellent research tool....
Excellent for screening samples....




Molecular Detection of Toxin Genes
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Quantitative PCR (qPCR)

= Amplification of DNA is monitored

in real-time.

= Target toxin production genes:

= Microcystin/Nodularin (mcyE)
= Anatoxin (ana()

* Cylindrospermopsin (cyrJ)

= Saxitoxin (sxtA)

= Also other genes: e.g., geosmin

production

Potential Toxin Producers
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qPCR Incorporated into a Monitoring Workflow

» Early warning of cyanobacteria & toxin
potential.

" Toxin testing used to assess risk when
potential threat is identified.

" Rapid, sensitive & specific.




Early Warning of Cyanotoxins
= SPATT - Solid Phase Absorption Tracking Technology.

= Overcomes some challenges of sampling/monitoring.

Toxin

' LC-MS
Extracted Analysis
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Total microcystins (ng/ml)
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SPATT - Microcystins

= Evens out pulses of cyanotoxin release
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Total microcystins x 10 3 (Lg/SPATT bag)
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Chart2

		T0		7.4458344059		7.4458344059

		T1		2.6587214973		2.6587214973

		T2		1.6192745289		1.6192745289

		T3		1.9374725805		1.9374725805

		T4		17.9180858353		17.9180858353

		T5		0		0

		T6		0.5303300859		0.5303300859

		T7		1.9516147161		1.9516147161



Total microcystins (ng/ml)
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0

1.685

20.31



SPATT vs  water samples

																								Day

																										Mean		SD

																								T1		0.301		0.02

		Microcystin analyses for Lincoln Mackenzie, Cawthron																						T3		2.746		0.188

		received: 25/3/04																						T5		3.696		0.195

						Microcystin ELISA results (ng/mL)

		Activated Carbon

		Sample(day)		1/25 dilution

		1A		5.27										5.3

		3A		7.04										7.0

		5A		9.75										9.8

		7A		5.9										5.9

																										Surface microcystin conc (ng/ml)

		HP20																						Day		am		pm		mean		Stdev				Day		R1		R2		R3		Mean		Stdev				Day		Mean		Stdev

		Sample(day)		1/100 dilution		1/250 dilution		1/500 dilution		1/1000 dilution				Ave		SD		CV%						0		11.9		1.37		6.64		7.45				T0		0		0		0		0.000		0.000				T0		0.00		0.00

		1B		274.4		318.6		315.3		296.3				301.2		20.36		6.8						1		13.27		17.03		15.15		2.66				T1		0.301		0.227				0.264		0.052				T1		0.26		0.05

																								2		6.34		4.05		5.20		1.62				T2		0.92		1.412		1.261		1.198		0.252				T2		1.20		0.25

		Sample(day)		1/1000 dilution		1/2500 dilution		1/5000 dilution		1/10000 dilution				Ave		SD		CV%						3		1.21		3.95		2.58		1.94				T3		2.746		2.48		2.844		2.690		0.188				T3		2.69		0.19

		3B		2925		2765		2549						2746.3		188.69		6.9						4		3.61		28.95		16.28		17.92				T4		2.113		2.707		2.42		2.413		0.297				T4		2.41		0.30

		5B				3847		3765		3475				3695.7		195.45		5.3						5		0		0		0.00		0.00				T5		3.696		3.608		3.235		3.513		0.245				T5		3.51		0.24

		7B				2952		2596		2520				2689.3		230.63		8.6						6		1.31		2.06		1.69		0.53				T6		2.528		2.924		2.727		2.726		0.198				T6		2.73		0.20

																								7		18.93		21.69		20.31		1.95				T7		2.689		2.727		2.782		2.733		0.047				T7		2.73		0.05

		Jan Sprosen 16 4 04																								Surface microcystin conc (ng/ml)

																								Day		mean		Stdev								Day		R1-ELISA		R1-LC-MS

																								T0		6.635		7.4458344059								T0		0.000		0.000

																								T1		15.15		2.6587214973								T1		0.301		0.009

		Sample day		Sample Date		Sample ID		Sample ID		Sample ID														T2		5.195		1.6192745289								T2		0.920		0.159

		Day 1		3/10/04		1B R1																		T3		2.58		1.9374725805								T3		2.746		0.318

		Day2		3/11/04		2B R1		2B R2		2B R3														T4		16.28		17.9180858353								T4		2.113		0.264

		Day 3		3/12/04		3B R1		3B R2																T5		0		0								T5		3.696		0.291

		Day 4		3/13/04		4B R1		4B R2		4B R3														T6		1.685		0.5303300859								T6		2.528		0.489

		Day 5		3/14/04		5B R1		5B R2																T7		20.31		1.9516147161								T7		2.689		0.441

		Day 6		3/15/04		6B R1		6B R2		6B R3

		Day 7		3/16/04		7B R1		7B R2																														R1-LC-MS		R1-LC-MS

																																						ng/ml		µg/SPATT bag

				Raw data																																T0		0		0.00

				ng/ml		µg/tea bag (NB: original samples split into 3 equal parts)																														T1		3.1		0.01

		1B		75.79		0.227																														T2		53		0.16

		2B R1		306.60		0.920																														T3		106		0.32

		2B R2		470.70		1.412																														T4		88		0.26

		2B R3		420.30		1.261																														T5		97		0.29

		3B R1		826.70		2.480																														T6		163		0.49

		3B R2		947.90		2.844																														T7		147		0.44

		4B R1		704.30		2.113

		4B R2		902.40		2.707

		4B R3		806.70		2.420

		5B R1		1202.50		3.608																																MC-RR		MC-YR		MC-LR

		5B R2		1078.30		3.235																														T1		0.9		0		2.2

		6B R1		992.40		2.977																														T2		27.4		8.2		17.5

		6B R2		842.80		2.528																														T3		61.9		9.2		34.6

		6B R3		974.50		2.924																														T4		48.2		9.5		30

		7B R1		909.00		2.727																														T5		49.4		16.1		25.7

		7B R2		927.30		2.782																														T6		87.4		11.9		45

																																				T7		82.9		13.3		42.7
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SPATT vs  water samples

				0.02		0.02

				0.188		0.188

				0.195		0.195



Mean

Days of incubation

Total microcystins (µg/SPATT Bag)

Microcystins in Lake Rotoiti



2nd set of ELISAs

				7.4458344059		7.4458344059

				2.6587214973		2.6587214973

				1.6192745289		1.6192745289

				1.9374725805		1.9374725805

				17.9180858353		17.9180858353

				0		0

				0.5303300859		0.5303300859

				1.9516147161		1.9516147161



Total microcystins (ng/ml)



Sheet3

				0		0

				0.0523259018		0.0523259018

				0.2520403407		0.2520403407

				0.1883507367		0.1883507367

				0.2970561114		0.2970561114

				0.2447427221		0.2447427221

				0.1980008417		0.1980008417

				0.0467582435		0.0467582435



Total microcystins (µg/SPATT bag)



		



Microcystins ELISA

Microcystins LC-MS
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SPATT bag extracts (ng/ml)
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		Microcystin analyses for Lincoln Mackenzie, Cawthron

		received: 17/6/04

						Microcystin ELISA results (ng/mL)

		HP20

		Sample(day)		1/20 dilution		1/40 dilution		1/80 dilution		1/160dilution				Ave		SD		CV%

		1B R1		64.28		79.97		80.6		78.3				75.79		7.73		10.2

		Sample(day)		1/80 dilution		1/160 dilution		1/320 dilution		1/640 dilution				Ave		SD		CV%

		2B R1		331.1		293.9		327.8		273.5				306.6		27.7		9.0

		2B R2		488.0		467.0		491.5		436.2				470.7		25.4		5.4

		2B R3		384.7		432.1		454.8		409.5				420.3		30.1		7.2

		Sample(day)		1/200 dilution		1/400 dilution		1/800 dilution		1/1600dilution		1/3200 dilution		Ave		SD		CV%

		3B R1		852.0		822.3		841.1		791.6				826.7		26.4		3.2

		3B R2		993.9		954		973.8		932.4		885.5		947.9		41.7		4.4

		4B R1				720.5		743.5		694.5		658.7		704.3		36.4		5.2

		4B R2		919.4		931.1		906.2		876.6		878.9		902.4		24.2		2.7

		4B R3		852.1		790.9		769		826.6		794.7		806.7		32.7		4.1

		5B R1				1183		1344		1240		1043		1202.5		125.5		10.4

		5B R2				1330		986.8		996.4		1000		1078.3		167.9		15.6

		6B R1				1018		1066		906.1		978.4		992.1		67.6		6.8

		6B R2		884.4		829.5		846.2		811				842.8		31.3		3.7

		6B R3				1037		991.6		902.8		966.4		974.5		56.0		5.7

		7B R1		965.1		893.9		880.8		896.1				909.0		38.0		4.2

		7B R2				1062		899.4		881.8		865.9		927.3		90.9		9.8





		






Chart1

		T0		0		0

		T1		0.0523259018		0.0523259018

		T2		0.2520403407		0.2520403407

		T3		0.1883507367		0.1883507367

		T4		0.2970561114		0.2970561114

		T5		0.2447427221		0.2447427221

		T6		0.1980008417		0.1980008417

		T7		0.0467582435		0.0467582435



Total microcystins x 103 (µg/SPATT bag)

0

0.264

1.1976666667

2.69
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SPATT vs  water samples

																								Day

																										Mean		SD

																								T1		0.301		0.02

		Microcystin analyses for Lincoln Mackenzie, Cawthron																						T3		2.746		0.188

		received: 25/3/04																						T5		3.696		0.195

						Microcystin ELISA results (ng/mL)

		Activated Carbon

		Sample(day)		1/25 dilution

		1A		5.27										5.3

		3A		7.04										7.0

		5A		9.75										9.8

		7A		5.9										5.9

																										Surface microcystin conc (ng/ml)

		HP20																						Day		am		pm		mean		Stdev				Day		R1		R2		R3		Mean		Stdev				Day		Mean		Stdev

		Sample(day)		1/100 dilution		1/250 dilution		1/500 dilution		1/1000 dilution				Ave		SD		CV%						0		11.9		1.37		6.64		7.45				T0		0		0		0		0.000		0.000				T0		0.00		0.00

		1B		274.4		318.6		315.3		296.3				301.2		20.36		6.8						1		13.27		17.03		15.15		2.66				T1		0.301		0.227				0.264		0.052				T1		0.26		0.05

																								2		6.34		4.05		5.20		1.62				T2		0.92		1.412		1.261		1.198		0.252				T2		1.20		0.25

		Sample(day)		1/1000 dilution		1/2500 dilution		1/5000 dilution		1/10000 dilution				Ave		SD		CV%						3		1.21		3.95		2.58		1.94				T3		2.746		2.48		2.844		2.690		0.188				T3		2.69		0.19

		3B		2925		2765		2549						2746.3		188.69		6.9						4		3.61		28.95		16.28		17.92				T4		2.113		2.707		2.42		2.413		0.297				T4		2.41		0.30

		5B				3847		3765		3475				3695.7		195.45		5.3						5		0		0		0.00		0.00				T5		3.696		3.608		3.235		3.513		0.245				T5		3.51		0.24

		7B				2952		2596		2520				2689.3		230.63		8.6						6		1.31		2.06		1.69		0.53				T6		2.528		2.924		2.727		2.726		0.198				T6		2.73		0.20

																								7		18.93		21.69		20.31		1.95				T7		2.689		2.727		2.782		2.733		0.047				T7		2.73		0.05

		Jan Sprosen 16 4 04																								Surface microcystin conc (ng/ml)

																								Day		mean		Stdev								Day		R1-ELISA		R1-LC-MS

																								T0		6.635		7.4458344059								T0		0.000		0.000

																								T1		15.15		2.6587214973								T1		0.301		0.009

		Sample day		Sample Date		Sample ID		Sample ID		Sample ID														T2		5.195		1.6192745289								T2		0.920		0.159

		Day 1		3/10/04		1B R1																		T3		2.58		1.9374725805								T3		2.746		0.318

		Day2		3/11/04		2B R1		2B R2		2B R3														T4		16.28		17.9180858353								T4		2.113		0.264

		Day 3		3/12/04		3B R1		3B R2																T5		0		0								T5		3.696		0.291

		Day 4		3/13/04		4B R1		4B R2		4B R3														T6		1.685		0.5303300859								T6		2.528		0.489

		Day 5		3/14/04		5B R1		5B R2																T7		20.31		1.9516147161								T7		2.689		0.441

		Day 6		3/15/04		6B R1		6B R2		6B R3

		Day 7		3/16/04		7B R1		7B R2																														R1-LC-MS		R1-LC-MS

																																						ng/ml		µg/SPATT bag

				Raw data																																T0		0		0.00

				ng/ml		µg/tea bag (NB: original samples split into 3 equal parts)																														T1		3.1		0.01

		1B		75.79		0.227																														T2		53		0.16

		2B R1		306.60		0.920																														T3		106		0.32

		2B R2		470.70		1.412																														T4		88		0.26

		2B R3		420.30		1.261																														T5		97		0.29

		3B R1		826.70		2.480																														T6		163		0.49

		3B R2		947.90		2.844																														T7		147		0.44

		4B R1		704.30		2.113

		4B R2		902.40		2.707

		4B R3		806.70		2.420

		5B R1		1202.50		3.608																																MC-RR		MC-YR		MC-LR

		5B R2		1078.30		3.235																														T1		0.9		0		2.2

		6B R1		992.40		2.977																														T2		27.4		8.2		17.5

		6B R2		842.80		2.528																														T3		61.9		9.2		34.6

		6B R3		974.50		2.924																														T4		48.2		9.5		30

		7B R1		909.00		2.727																														T5		49.4		16.1		25.7

		7B R2		927.30		2.782																														T6		87.4		11.9		45

																																				T7		82.9		13.3		42.7



&A

&F



SPATT vs  water samples

				0.02		0.02

				0.188		0.188

				0.195		0.195



Mean

Days of incubation

Total microcystins (µg/SPATT Bag)

Microcystins in Lake Rotoiti



2nd set of ELISAs

				7.4458344059		7.4458344059
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				1.9374725805		1.9374725805

				17.9180858353		17.9180858353

				0		0
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				1.9516147161		1.9516147161
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Total microcystins (ng/ml)

ELISA / water



Sheet3

				0		0

				0.0523259018		0.0523259018
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				0.2970561114		0.2970561114
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Total microcystins x 103 (µg/SPATT bag)
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Microcystins LC-MS
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		Microcystin analyses for Lincoln Mackenzie, Cawthron

		received: 17/6/04

						Microcystin ELISA results (ng/mL)

		HP20

		Sample(day)		1/20 dilution		1/40 dilution		1/80 dilution		1/160dilution				Ave		SD		CV%

		1B R1		64.28		79.97		80.6		78.3				75.79		7.73		10.2

		Sample(day)		1/80 dilution		1/160 dilution		1/320 dilution		1/640 dilution				Ave		SD		CV%

		2B R1		331.1		293.9		327.8		273.5				306.6		27.7		9.0

		2B R2		488.0		467.0		491.5		436.2				470.7		25.4		5.4

		2B R3		384.7		432.1		454.8		409.5				420.3		30.1		7.2

		Sample(day)		1/200 dilution		1/400 dilution		1/800 dilution		1/1600dilution		1/3200 dilution		Ave		SD		CV%

		3B R1		852.0		822.3		841.1		791.6				826.7		26.4		3.2

		3B R2		993.9		954		973.8		932.4		885.5		947.9		41.7		4.4

		4B R1				720.5		743.5		694.5		658.7		704.3		36.4		5.2

		4B R2		919.4		931.1		906.2		876.6		878.9		902.4		24.2		2.7

		4B R3		852.1		790.9		769		826.6		794.7		806.7		32.7		4.1

		5B R1				1183		1344		1240		1043		1202.5		125.5		10.4

		5B R2				1330		986.8		996.4		1000		1078.3		167.9		15.6

		6B R1				1018		1066		906.1		978.4		992.1		67.6		6.8

		6B R2		884.4		829.5		846.2		811				842.8		31.3		3.7

		6B R3				1037		991.6		902.8		966.4		974.5		56.0		5.7

		7B R1		965.1		893.9		880.8		896.1				909.0		38.0		4.2

		7B R2				1062		899.4		881.8		865.9		927.3		90.9		9.8





		






SPATT - Anatoxins

" Increases detection sensitivity when low levels of toxins are present.

Summed anatoxins (ng g strata-X-'hr?)
L}

1510 1710 1910 2110 2310 110 310 510 710 910 1110 1310

= No dissolved toxins detected in the water samples (<0.03 pg/L).



Concluding Remarks

" Accredited LC-MS cyanotoxin testing with a quick turnaround

" Molecular testing for toxin genes:
= Rapid, sensitive & specific
= Early warning of toxin potential in water reservoirs

= SPATT Sampling:
= Early detection of toxin production
= Useful for post-treatment in DW supplies

" Incorporation of alternative sampling and testing into monitoring
programmes can provide early warning mechanisms

Email: jonathan.puddick@cawthron.org.nz
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