
What do we know about
ichthyotoxic microalgal species 

and their toxins?
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• Marine toxins = Phycotoxins are toxic chemicals 
produced by photosynthetic plankton-species

• Dinoflagellates are the principle producers of 
phycotoxins 
Also toxigenic diatoms or cyanobacteria 
amongst others

• Accumulate in a variety of filter feeding 
bivalves or shellfish and can reach high 
concentrations during algal blooms 
 “Harmful algal blooms” = HABs

Algal Bloom Lake Erie 
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February/March 2016, Regíon de Los Lagos: massive bloom of
Pseudochattonella cf. verruculosa associated with fish kills

Introduction

Bernd Krock, BfR Aquatoxin Symposium, Berlin, 10./11. June 2024



https://www.mundoacuicola.cl/new/mortalidad-de-salmones-por-fans-no-aceptemos-los-mismos-errores/

April/May 2016, Región de Los Lagos: massive bloom event of
Alexandrium catenella associated with high shellfish contamination
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Both blooms were almost coinciding in time and space and caused mass
mortality of marine life, especially in salmon aquaculture

Mechanistically both blooms were differrent:

Pseudochattonella cf. verriculosa: 
Ichthyotoxic

Alexandrium catenella:
Paralytic Shellfish Poisoning Toxin producer

https://alchetron.com/Pseudochattonella

20µmU. Tillmann

Introduction

Bernd Krock, BfR Aquatoxin Symposium, Berlin, 10./11. June 2024



Ichthyotoxins

https://www.tagesschau.de/ausland/fischsterben-oder-115.html

Massive Fish Kill in the Oder River in August 2022

produced by the haptophyte Prymnesium parvum

Bernd Krock, BfR Aquatoxin Symposium, Berlin, 10./11. June 2024



Variability

Karlodinium spp.: Karlotoxins - 20+ known variants

Prymnesium parvum: Prymnesins - 100+ variants

Other ichthyotoxic species:

Alexandrium spp.
Chattonella spp.
Chrysocromulina spp.
Fibrocapsa japonica
Heterosigma akashiwo
Protoceratium reticulatum
Pseudochattonella cf. verruculosa

Ichthyotoxins:
Unknown !!

Amphidinium spp.: Amphidinols - 20+ known variants
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Long, M., et al. (2021) Toxins 13(12): 905.

Ichthyotoxins

Mode of action
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Current Hypothesis:

Bioactive extracellular compounds (BECs) of marine protists are weapons of chemical
warfare among protists 

Ichthyotoxicity is a collateral damage of protistan allelochemistry 

X

Ichthyotoxins
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https://www.mundoacuicola.cl/new/mortalidad-de-salmones-por-fans-no-aceptemos-los-mismos-errores/

April/May 2016, Región de Los Lagos: massive bloom event of
Alexandrium catenella associated with high shellfish contamination

Alexandrium catenella

Bernd Krock, BfR Aquatoxin Symposium, Berlin, 10./11. June 2024
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Alexandrium catenella

Bioactive extracellular compounds (BEC)



https://www.mundoacuicola.cl/new/mortalidad-de-salmones-por-fans-no-aceptemos-los-mismos-errores/
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Alexandrium catenella

Lytic activity cannot be
extracted by organic
solvents from the
aqueous supernatant,

but is enriched in a foamy
emulsion between the
aqueous and organic
phases.

Liquid-liquid 
extraction

Stored 10* diluted culture 
supernatant

Shaken
vigorously
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The lytic activity disappeared when stored for several days, but could be reestablished by vigorous shaking.
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Alexandrium catenella

Bioactive extracellular compounds (BEC)
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Before: EC50 = 0.6% (0.6 - 0.7%)

3 months at -20 °C: EC50 = 1.0%
(0.9 - 1.0%)

at -20 oC: 3 months at least 
(long term) 

at 95 oC: 15 min
(short term)

slight decrease at 60 oC

Thermal stability
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Room T.: EC50 =
1.1 % (1.0 - 1.3 %)
60 ºC: EC50 = 1.5
% (1.5 - 1.6 %)
95 ºC: EC50 = 46.3
% (38.8 - 55.3 %)


Chart1

		9.75		9.75		97.5		97.5		0		0		0.1965734715		0.1965734715

		5		5		50		50		0.0319515053		0.0319515053		0		0

		2.5		2.5		25		25		0.6220294229		0.6220294229		0		0

		1.875		1.875		12.5		12.5		1.4811857689		1.4811857689		0		0

		1.25		1.25		6.25		6.25		0.9555497043		0.9555497043		0.1134917467		0.1134917467

		0.75		0.75		2.5		2.5		2.253152973		2.253152973		1.4753927071		1.4753927071

		0.5		0.5		1.25		1.25		5.7601323831		5.7601323831		2.0111688144		2.0111688144

		0.25		0.25		0.625		0.625		3.2443552759		3.2443552759		1.57		1.57

		0.125		0.125		0.25		0.25		2.4277937455		2.4277937455		10.7830978851		10.7830978851

		0.0790569415		0.0790569415		0.0790569415		0.0790569415

		0.0887033473		0.0887033473		0.0887033473		0.0887033473

		0.0995267926		0.0995267926		0.0995267926		0.0995267926

		0.111670898		0.111670898		0.111670898		0.111670898

		0.1252968084		0.1252968084		0.1252968084		0.1252968084

		0.1405853313		0.1405853313		0.1405853313		0.1405853313

		0.1577393361		0.1577393361		0.1577393361		0.1577393361

		0.1769864461		0.1769864461		0.1769864461		0.1769864461

		0.1985820587		0.1985820587		0.1985820587		0.1985820587

		0.2228127345		0.2228127345		0.2228127345		0.2228127345

		0.25		0.25		0.25		0.25

		0.2805046136		0.2805046136		0.2805046136		0.2805046136

		0.3147313529		0.3147313529		0.3147313529		0.3147313529

		0.3531343862		0.3531343862		0.3531343862		0.3531343862

		0.3962232981		0.3962232981		0.3962232981		0.3962232981

		0.4445698525		0.4445698525		0.4445698525		0.4445698525

		0.4988155787		0.4988155787		0.4988155787		0.4988155787

		0.5596802846		0.5596802846		0.5596802846		0.5596802846

		0.6279716079		0.6279716079		0.6279716079		0.6279716079

		0.7045957328		0.7045957328		0.7045957328		0.7045957328

		0.790569415		0.790569415		0.790569415		0.790569415

		0.8870334731		0.8870334731		0.8870334731		0.8870334731

		0.9952679264		0.9952679264		0.9952679264		0.9952679264

		1.1167089804		1.1167089804		1.1167089804		1.1167089804

		1.2529680841		1.2529680841		1.2529680841		1.2529680841

		1.405853313		1.405853313		1.405853313		1.405853313

		1.5773933612		1.5773933612		1.5773933612		1.5773933612

		1.769864461		1.769864461		1.769864461		1.769864461

		1.9858205868		1.9858205868		1.9858205868		1.9858205868

		2.2281273453		2.2281273453		2.2281273453		2.2281273453

		2.5		2.5		2.5		2.5

		2.8050461358		2.8050461358		2.8050461358		2.8050461358

		3.1473135295		3.1473135295		3.1473135295		3.1473135295

		3.5313438616		3.5313438616		3.5313438616		3.5313438616

		3.9622329812		3.9622329812		3.9622329812		3.9622329812

		4.4456985251		4.4456985251		4.4456985251		4.4456985251

		4.9881557874		4.9881557874		4.9881557874		4.9881557874

		5.5968028464		5.5968028464		5.5968028464		5.5968028464

		6.2797160788		6.2797160788		6.2797160788		6.2797160788

		7.0459573282		7.0459573282		7.0459573282		7.0459573282

		7.9056941504		7.9056941504		7.9056941504		7.9056941504

		8.8703347308		8.8703347308		8.8703347308		8.8703347308

		9.9526792638		9.9526792638		9.9526792638		9.9526792638

		11.1670898038		11.1670898038		11.1670898038		11.1670898038

		12.5296808407		12.5296808407		12.5296808407		12.5296808407

		14.0585331298		14.0585331298		14.0585331298		14.0585331298

		15.773933612		15.773933612		15.773933612		15.773933612

		17.6986446096		17.6986446096		17.6986446096		17.6986446096

		19.8582058681		19.8582058681		19.8582058681		19.8582058681

		22.2812734533		22.2812734533		22.2812734533		22.2812734533

		25		25		25		25

		28.0504613575		28.0504613575		28.0504613575		28.0504613575

		31.4731352949		31.4731352949		31.4731352949		31.4731352949

		35.3134386156		35.3134386156		35.3134386156		35.3134386156

		39.6223298115		39.6223298115		39.6223298115		39.6223298115

		44.456985251		44.456985251		44.456985251		44.456985251

		49.8815578742		49.8815578742		49.8815578742		49.8815578742

		55.9680284642		55.9680284642		55.9680284642		55.9680284642

		62.7971607877		62.7971607877		62.7971607877		62.7971607877

		70.4595732816		70.4595732816		70.4595732816		70.4595732816

		79.0569415042		79.0569415042		79.0569415042		79.0569415042

		88.7033473084		88.7033473084		88.7033473084		88.7033473084

		99.5267926384		99.5267926384		99.5267926384		99.5267926384

				0.0335046019				0.0384501693

				0.0299151407				0.033827255

				0.0267507895				0.0298112128

				0.0239565268				0.0263158561



Before: EC50 = 0.6% (0.6 - 0.7%)

3 months at -20 °C: EC50 = 1.0% (0.9 - 1.0%)

sample %

Intact R. salina [%]
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6 bilder

		6 Fitkurven in einem Bild

		Rho Kontr				100								Rho Kontr				100								RhoKontr				100								RhoKontr		100								RhoKontr		7946								RhoKontr		15776

		a max				0								a max				0								a max				0								a max		0								a max		0								a max		0

		HC50				1.397094								HC50				1.583831								HC50				2.29373								HC50		1.75572								HC50		2.090900								HC50		2.71835

		h				8.331389								h				9.418329								h				34.11272								h		14.34030								h		7.553578								h		19.18442

		Schritt				0.05								Schritt				0.05								Schritt				0.05								Schritt		0.05								Schritt		0.05								Schritt		0.05

		before												after												residue 2												A. minutum										A. minutum										A. minutum

		Daten X				Daten Y				Std Daten				Daten X				Daten Y				Std Daten				Daten X				Daten Y				Std Daten				Daten X		Daten Y				Std Daten				Daten X		Daten Y				Std Daten						Daten		Fit		Std

		2.59		9.75		0.00				0.0				3.591064607		97.5		0.5				0.2				3.591064607		97.5		0.00000				0.0				3		0.0				0.1

		2.30		5		0.09				0.0				3.3010299957		50		0.0				0.0				3.3010299957		50		0.00000				0.0				2.8750612634		0.3				0.1

		2.00		2.5		6.08				0.6				3		25		0.0				0.0				3		25		1.2				0.2				2.6989700043		1.9				0.1

		1.88		1.875		11.43				1.5				2.6989700043		12.5		0.0				0.0				2.6989700043		12.5		3.7				1.2				2.4771212547		5.8				0.4

		1.70		1.25		19.46				1.0				2.3979400087		6.25		1.6				0.1				2.3979400087		6.25		17.9				0.3				2.2430380487		5.3				1.3

		1.48		0.75		35.95				2.3				2		2.5		12.2				1.5				2		2.5		100.0				1.9				2.096910013		18.0				4.6

		1.30		0.5		61.85				5.8				1.6989700043		1.25		32.8				2.0				1.6989700043		1.25										1.8750612634		26.2				2.2

		1.00		0.25		103.36				3.2				1.3979400087		0.625		76.8				1.6				1.3979400087		0.625										1.6989700043		52.2				3.0

		0.70		0.125		101.86				2.4				1		0.25		100.8				10.8				1		0.25										1.6020599913		86.2				6.6

																																						1.4771212547		98.6				3.6

																																						1.3424226808		101.1				5.0

																																						1.1760912591		100.0				2.6

																																						0.84509804		97.2				3.2

		0.50		0.0790569415				100						0.50		0.0790569415				100						0.50		0.0790569415				100						0.50				100						0.50				7946						1.00				15776

		0.55		0.0887033473				100						0.55		0.0887033473				100						0.55		0.0887033473				100						0.55				100						0.55				7946						1.05				15776

		0.60		0.0995267926				100						0.60		0.0995267926				100						0.60		0.0995267926				100						0.60				100						0.60				7945						1.10				15776

		0.65		0.111670898				100						0.65		0.111670898				100						0.65		0.111670898				100						0.65				100						0.65				7945						1.15				15776

		0.70		0.1252968084				100						0.70		0.1252968084				100						0.70		0.1252968084				100						0.70				100						0.70				7944						1.20				15776

		0.75		0.1405853313				99						0.75		0.1405853313				100						0.75		0.1405853313				100						0.75				100						0.75				7943						1.25				15776

		0.80		0.1577393361				99						0.80		0.1577393361				100						0.80		0.1577393361				100						0.80				100						0.80				7940						1.30				15776

		0.85		0.1769864461				98						0.85		0.1769864461				100						0.85		0.1769864461				100						0.85				100						0.85				7937						1.35				15776

		0.90		0.1985820587				98						0.90		0.1985820587				100						0.90		0.1985820587				100						0.90				100						0.90				7932						1.40				15776

		0.95		0.2228127345				96						0.95		0.2228127345				99						0.95		0.2228127345				100						0.95				100						0.95				7926						1.45				15776

		1.00		0.25				94						1.00		0.25				99						1.00		0.25				100						1.00				100						1.00				7916						1.50				15776

		1.05		0.2805046136				92						1.05		0.2805046136				98						1.05		0.2805046136				100						1.05				100						1.05				7903						1.55				15776

		1.10		0.3147313529				88						1.10		0.3147313529				97						1.10		0.3147313529				100						1.10				100						1.10				7884						1.60				15775

		1.15		0.3531343862				84						1.15		0.3531343862				95						1.15		0.3531343862				100						1.15				100						1.15				7860						1.65				15775

		1.20		0.3962232981				78						1.20		0.3962232981				93						1.20		0.3962232981				100						1.20				100						1.20				7828						1.70				15774

		1.25		0.4445698525				72						1.25		0.4445698525				90						1.25		0.4445698525				100						1.25				99						1.25				7786						1.75				15773

		1.30		0.4988155787				65						1.30		0.4988155787				87						1.30		0.4988155787				100						1.30				99						1.30				7733						1.80				15770

		1.35		0.5596802846				57						1.35		0.5596802846				82						1.35		0.5596802846				100						1.35				98						1.35				7665						1.85				15766

		1.40		0.6279716079				50						1.40		0.6279716079				76						1.40		0.6279716079				100						1.40				96						1.40				7580						1.90				15760

		1.45		0.7045957328				42						1.45		0.7045957328				70						1.45		0.7045957328				100						1.45				94						1.45				7475						1.95				15749

		1.50		0.790569415				36						1.50		0.790569415				63						1.50		0.790569415				100						1.50				91						1.50				7348						2.00				15732

		1.55		0.8870334731				30						1.55		0.8870334731				55						1.55		0.8870334731				100						1.55				86						1.55				7196						2.05				15706

		1.60		0.9952679264				24						1.60		0.9952679264				48						1.60		0.9952679264				100						1.60				79						1.60				7016						2.10				15665

		1.65		1.1167089804				20						1.65		1.1167089804				40						1.65		1.1167089804				100						1.65				71						1.65				6808						2.15				15603

		1.70		1.2529680841				16						1.70		1.2529680841				34						1.70		1.2529680841				100						1.70				61						1.70				6570						2.20				15508

		1.75		1.405853313				13						1.75		1.405853313				28						1.75		1.405853313				100						1.75				51						1.75				6303						2.25				15368

		1.80		1.5773933612				11						1.80		1.5773933612				23						1.80		1.5773933612				100						1.80				41						1.80				6008						2.30				15162

		1.85		1.769864461				9						1.85		1.769864461				19						1.85		1.769864461				100						1.85				32						1.85				5689						2.35				14866

		1.90		1.9858205868				7						1.90		1.9858205868				15						1.90		1.9858205868				100						1.90				24						1.90				5350						2.40				14451

		1.95		2.2281273453				6						1.95		2.2281273453				12						1.95		2.2281273453				100						1.95				18						1.95				4996						2.45				13885

		2.00		2.5				5						2.00		2.5				10						2.00		2.5				99						2.00				13						2.00				4634						2.50				13140

		2.05		2.8050461358				4						2.05		2.8050461358				8						2.05		2.8050461358				98						2.05				10						2.05				4269						2.55				12198

		2.10		3.1473135295				3						2.10		3.1473135295				7						2.10		3.1473135295				95						2.10				7						2.10				3908						2.60				11065

		2.15		3.5313438616				3						2.15		3.5313438616				5						2.15		3.5313438616				90						2.15				5						2.15				3556						2.65				9777

		2.20		3.9622329812				2						2.20		3.9622329812				4						2.20		3.9622329812				81						2.20				4						2.20				3219						2.70				8400

		2.25		4.4456985251				2						2.25		4.4456985251				4						2.25		4.4456985251				66						2.25				3						2.25				2900						2.75				7016

		2.30		4.9881557874				2						2.30		4.9881557874				3						2.30		4.9881557874				48						2.30				2						2.30				2602						2.80				5707

		2.35		5.5968028464				1						2.35		5.5968028464				2						2.35		5.5968028464				30						2.35				2						2.35				2326						2.85				4536

		2.40		6.2797160788				1						2.40		6.2797160788				2						2.40		6.2797160788				18						2.40				1						2.40				2073						2.90				3538

		2.45		7.0459573282				1						2.45		7.0459573282				2						2.45		7.0459573282				10						2.45				1						2.45				1843						2.95				2719

		2.50		7.9056941504				1						2.50		7.9056941504				1						2.50		7.9056941504				5						2.50				1						2.50				1636						3.00				2068

		2.55		8.8703347308				1						2.55		8.8703347308				1						2.55		8.8703347308				3						2.55				0						2.55				1450						3.05				1562

		2.60		9.9526792638				1						2.60		9.9526792638				1						2.60		9.9526792638				1						2.60				0						2.60				1284						3.10				1174

		2.65		11.1670898038				0						2.65		11.1670898038				1						2.65		11.1670898038				1						2.65				0						2.65				1137						3.15				881

		2.70		12.5296808407				0						2.70		12.5296808407				1						2.70		12.5296808407				0						2.70				0						2.70				1006						3.20				661

		2.75		14.0585331298				0						2.75		14.0585331298				1						2.75		14.0585331298				0						2.75				0						2.75				891						3.25				496

		2.80		15.773933612				0						2.80		15.773933612				0						2.80		15.773933612				0						2.80				0						2.80				788						3.30				373

		2.85		17.6986446096				0						2.85		17.6986446096				0						2.85		17.6986446096				0						2.85				0						2.85				698						3.35				281

		2.90		19.8582058681				0						2.90		19.8582058681				0						2.90		19.8582058681				0						2.90				0						2.90				619						3.40				213

		2.95		22.2812734533				0						2.95		22.2812734533				0						2.95		22.2812734533				0						2.95				0						2.95				549						3.45				161

		3.00		25				0						3.00		25				0						3.00		25				0						3.00				0						3.00				488						3.50				123

		3.05		28.0504613575				0						3.05		28.0504613575				0						3.05		28.0504613575				0						3.05				0						3.05				434						3.55				94

		3.10		31.4731352949				0						3.10		31.4731352949				0						3.10		31.4731352949				0						3.10				0						3.10				386						3.60				72

		3.15		35.3134386156				0						3.15		35.3134386156				0						3.15		35.3134386156				0						3.15				0						3.15				344						3.65				55

		3.20		39.6223298115				0						3.20		39.6223298115				0						3.20		39.6223298115				0						3.20				0						3.20				307						3.70				42

		3.25		44.456985251				0						3.25		44.456985251				0						3.25		44.456985251				0						3.25				0						3.25				274						3.75				33

		3.30		49.8815578742				0						3.30		49.8815578742				0						3.30		49.8815578742				0						3.30				0						3.30				245						3.80				25

		3.35		55.9680284642				0						3.35		55.9680284642				0						3.35		55.9680284642				0						3.35				0						3.35				220						3.85				20

		3.40		62.7971607877				0						3.40		62.7971607877				0						3.40		62.7971607877				0						3.40				0						3.40				197						3.90				15

		3.45		70.4595732816				0						3.45		70.4595732816				0						3.45		70.4595732816				0						3.45				0						3.45				177						3.95				12

		3.50		79.0569415042				0						3.50		79.0569415042				0						3.50		79.0569415042				0						3.50				0						3.50				159						4.00				10

		3.55		88.7033473084				0						3.55		88.7033473084				0						3.55		88.7033473084				0						3.55				0						3.55				143						4.05				8

		3.60		99.5267926384				0						3.60		99.5267926384				0						3.60		99.5267926384				0						3.60				0						3.60				129						4.10				6

		3.65						0						3.65						0						3.65						0						3.65				0						3.65				116						4.15				5

		3.70						0						3.70						0						3.70						0						3.70				0						3.70				105						4.20				4

		3.75						0						3.75						0						3.75						0						3.75				0						3.75				95						4.25				3

		3.80						0						3.80						0						3.80						0						3.80				0						3.80				86						4.30				2





6 bilder

																0		0		0.1965734715		0.1965734715		0		0

																0.0319515053		0.0319515053		0		0		0		0

																0.6220294229		0.6220294229		0		0		0.2310109037		0.2310109037

																1.4811857689		1.4811857689		0		0		1.2320581531		1.2320581531

																0.9555497043		0.9555497043		0.1134917467		0.1134917467		0.3080145383		0.3080145383

																2.253152973		2.253152973		1.4753927071		1.4753927071		1.9250908643		1.9250908643

																5.7601323831		5.7601323831		2.0111688144		2.0111688144		NaN		NaN

																3.2443552759		3.2443552759		1.57		1.57		NaN		NaN

																2.4277937455		2.4277937455		10.7830978851		10.7830978851		NaN		NaN

																NaN		NaN		NaN		NaN		NaN		NaN

																NaN		NaN		NaN		NaN		NaN		NaN

																				NaN		NaN		NaN		NaN



Supernatant

Residue 1

Residue 4



Sheet1

		

																				EC50





Sheet1

		9.75		9.75		97.5		97.5		0		0		0.1965734715		0.1965734715

		5		5		50		50		0.0319515053		0.0319515053		0		0

		2.5		2.5		25		25		0.6220294229		0.6220294229		0		0

		1.875		1.875		12.5		12.5		1.4811857689		1.4811857689		0		0

		1.25		1.25		6.25		6.25		0.9555497043		0.9555497043		0.1134917467		0.1134917467

		0.75		0.75		2.5		2.5		2.253152973		2.253152973		1.4753927071		1.4753927071

		0.5		0.5		1.25		1.25		5.7601323831		5.7601323831		2.0111688144		2.0111688144

		0.25		0.25		0.625		0.625		3.2443552759		3.2443552759		1.57		1.57

		0.125		0.125		0.25		0.25		2.4277937455		2.4277937455		10.7830978851		10.7830978851

		0.0790569415		0.0790569415		0.0790569415		0.0790569415

		0.0887033473		0.0887033473		0.0887033473		0.0887033473

		0.0995267926		0.0995267926		0.0995267926		0.0995267926

		0.111670898		0.111670898		0.111670898		0.111670898

		0.1252968084		0.1252968084		0.1252968084		0.1252968084

		0.1405853313		0.1405853313		0.1405853313		0.1405853313

		0.1577393361		0.1577393361		0.1577393361		0.1577393361

		0.1769864461		0.1769864461		0.1769864461		0.1769864461

		0.1985820587		0.1985820587		0.1985820587		0.1985820587

		0.2228127345		0.2228127345		0.2228127345		0.2228127345

		0.25		0.25		0.25		0.25

		0.2805046136		0.2805046136		0.2805046136		0.2805046136

		0.3147313529		0.3147313529		0.3147313529		0.3147313529

		0.3531343862		0.3531343862		0.3531343862		0.3531343862

		0.3962232981		0.3962232981		0.3962232981		0.3962232981

		0.4445698525		0.4445698525		0.4445698525		0.4445698525

		0.4988155787		0.4988155787		0.4988155787		0.4988155787

		0.5596802846		0.5596802846		0.5596802846		0.5596802846

		0.6279716079		0.6279716079		0.6279716079		0.6279716079

		0.7045957328		0.7045957328		0.7045957328		0.7045957328

		0.790569415		0.790569415		0.790569415		0.790569415

		0.8870334731		0.8870334731		0.8870334731		0.8870334731

		0.9952679264		0.9952679264		0.9952679264		0.9952679264

		1.1167089804		1.1167089804		1.1167089804		1.1167089804

		1.2529680841		1.2529680841		1.2529680841		1.2529680841

		1.405853313		1.405853313		1.405853313		1.405853313

		1.5773933612		1.5773933612		1.5773933612		1.5773933612

		1.769864461		1.769864461		1.769864461		1.769864461

		1.9858205868		1.9858205868		1.9858205868		1.9858205868

		2.2281273453		2.2281273453		2.2281273453		2.2281273453

		2.5		2.5		2.5		2.5

		2.8050461358		2.8050461358		2.8050461358		2.8050461358

		3.1473135295		3.1473135295		3.1473135295		3.1473135295

		3.5313438616		3.5313438616		3.5313438616		3.5313438616

		3.9622329812		3.9622329812		3.9622329812		3.9622329812

		4.4456985251		4.4456985251		4.4456985251		4.4456985251

		4.9881557874		4.9881557874		4.9881557874		4.9881557874

		5.5968028464		5.5968028464		5.5968028464		5.5968028464

		6.2797160788		6.2797160788		6.2797160788		6.2797160788

		7.0459573282		7.0459573282		7.0459573282		7.0459573282

		7.9056941504		7.9056941504		7.9056941504		7.9056941504

		8.8703347308		8.8703347308		8.8703347308		8.8703347308

		9.9526792638		9.9526792638		9.9526792638		9.9526792638

		11.1670898038		11.1670898038		11.1670898038		11.1670898038

		12.5296808407		12.5296808407		12.5296808407		12.5296808407

		14.0585331298		14.0585331298		14.0585331298		14.0585331298

		15.773933612		15.773933612		15.773933612		15.773933612

		17.6986446096		17.6986446096		17.6986446096		17.6986446096

		19.8582058681		19.8582058681		19.8582058681		19.8582058681

		22.2812734533		22.2812734533		22.2812734533		22.2812734533

		25		25		25		25

		28.0504613575		28.0504613575		28.0504613575		28.0504613575

		31.4731352949		31.4731352949		31.4731352949		31.4731352949

		35.3134386156		35.3134386156		35.3134386156		35.3134386156

		39.6223298115		39.6223298115		39.6223298115		39.6223298115

		44.456985251		44.456985251		44.456985251		44.456985251

		49.8815578742		49.8815578742		49.8815578742		49.8815578742

		55.9680284642		55.9680284642		55.9680284642		55.9680284642

		62.7971607877		62.7971607877		62.7971607877		62.7971607877

		70.4595732816		70.4595732816		70.4595732816		70.4595732816

		79.0569415042		79.0569415042		79.0569415042		79.0569415042

		88.7033473084		88.7033473084		88.7033473084		88.7033473084

		99.5267926384		99.5267926384		99.5267926384		99.5267926384

				0.0335046019				0.0384501693

				0.0299151407				0.033827255

				0.0267507895				0.0298112128

				0.0239565268				0.0263158561



Before: EC50 = 0.6% (0.6 - 0.7%)

3 months at -20 °C: EC50 = 1.0% (0.9 - 1.0%)

sample %

Intact R. salina [%]

0

0.4815047022

0.0903725042

0

6.0775509051

0

11.4321217769

0

19.4594594595

1.605015674

35.9459459459

12.1981191223

61.8468468468

32.8

103.3633633634

76.8

101.8618618619

100.8

99.9808579409

99.9980774941

99.9576604322

99.9952825699

99.9126260647

99.9892950519

99.8299256245

99.9772525243

99.6851153021

99.954295453

99.4418822515

99.9125053919

99.0482530253

99.8394363249

98.432634038

99.7161523534

97.5005004057

99.5147073288

96.1332167024

99.1950679378

94.1912810569

98.7016258297

91.5248932879

97.9597148817

87.9944153537

96.8729975334

83.5009680424

95.3232246079

78.0224620369

93.1745998332

71.6440237477

90.285429386

64.568122729

86.5291776027

57.0938098234

81.8245390809

49.5671762532

76.1692734867

42.3194605906

69.6667940854

35.6148620924

62.5318504986

29.6232264087

55.066538232

24.4195188087

47.610316717

20.0017346947

40.4806396742

16.3159862998

33.9248971453

13.2801886164

28.0969632001

10.80215202

23.0590560394

8.7913373067

18.8004005503

7.1653265688

15.2619431236

5.8525845396

12.3591759539

4.792936179

9.9993249803

3.9368129075

8.0923676106

3.2439512202

6.5569819009

2.6819444438

5.3229731987

2.2248584406

4.3315537917

1.8520058818

3.5344816858

1.5469081946

2.8927075871

1.2964405529

2.3749075496

1.0901401434

1.9560974383

0.9196529983

1.6164150463

0.7782949015

1.3400939091

0.6607044058

1.1146213811

0.5625692959

0.9300597374

0.4804111471

0.7785048796

0.4114156084

0.6536578677

0.3532985722

0.5504872571

0.3042004754
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Alexandrium catenella

Alex2 supernatant

Bioassay 3h
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Allelochemicals „search“ their targets, i.e. specifically adsorb to
lipophilic surfaces such as membranes

Purification: Reversed phase SPE

Bioactive extracellular compounds (BEC)
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Alexandrium catenella

1/1 v/v with Sin acid matrix, sample in 100 ul water, laser 230, pulse 800V

%

0

100

%

0

100
100329_AWI_BK_A5_02_SIN_poslin  2 (0.100) Sm (Mn, 3x15.00); Sb (15,10.00 ); Cm (2:25) TOF LD+ 

1.07e3x4

3157

69103982 7346 8840 9899 10687 12100 1584013589 17385

100329_AWI_BK_A2_02_SIN_poslin  9 (0.450) Sm (Mn, 3x15.00); Sb (15,10.00 ); Cm (1:26) TOF LD+ 
1.07e3x43079

97463154

78424002 4556 6836

1259911553

14841

100329 BK AWI A5 02 DHB li   20 (1 001) S  (M  3 15 00)  Sb (15 10 00 )  C  (1 20) TOF LD  

             

A

B

1/1 v/v with Sin acid matrix, sample in 100 ul water, laser 230, pulse 800V
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A

B

MALDI-TOF mass spectra of active HILIC fraction

Alex2 (lytic)

Alex5 (non-lytic), 
negative control

Big molecular masses: 7-15 kDa

Mass spectrometric characterization

Ma, H., B. Krock, U. Tillmann, A. Muck, N. Wielsch, A. Svatoš, A. Cembella (2011). Harmful Algae 11: 65-72.

Molecular 
weight

Bioactive extracellular compounds (BEC)
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Alexandrium catenella

chemical nature Sugar, Lipids, or protein?

Sugar: Phenol sulfuric acid assay Unlikely to be polysaccharide…
Lipids: n-hexane extracted supernatant (pH2)
No activity was extracted into n-hexane phase Not lipids…

Bioactive extracellular compounds (BEC)
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Absorbance at 280 nm and 
lytic activity of lytic SPE 80% 
methanol fraction treated 
with or without trypsin 
before applied to the 
column. 

SPE

Trypsin (22.3 kDa)

SPE + Trypsin

Protein: Tryptic digestion coupled SEC

Non-proteinaceous…

Large molecular smaller than 
22.3 kDa



Alexandrium pseudogonyaulax

Photos: Urban Tillmann

• Thecate dinoflagellate
• Producer of goniodomins (GDs)
• Producer of bioactive extracellular compounds (BEC)
• Suspected to be ichthyotoxic

Bernd Krock, BfR Aquatoxin Symposium, Berlin, 10./11. June 2024



Alexandrium pseudogonyaulax

PhD thesis: 
Causes of the spread of the harmful 
and potentially fish-toxic microalgae 
Alexandrium pseudogonyaulax
(Dinophyceae) in German coastal 
waters and assessment of the future 
risk potential

Kristof Möller

Bernd Krock, BfR Aquatoxin Symposium, Berlin, 10./11. June 2024



Alexandrium pseudogonyaulax

K. Möller

Bernd Krock, BfR Aquatoxin Symposium, Berlin, 10./11. June 2024



Alexandrium pseudogonyaulax

K. Möller

b
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Chemical compound Ecological FunctionOrganism

Alexandrium
pseudogonyaulax ?

Defense against Predators

Elimination of Competitors?

Conclusion

Alexandrium
pseudogonyaulax

Bioactive Extracellular Compound
(BEC)

Bernd Krock, BfR Aquatoxin Symposium, Berlin, 10./11. June 2024



Thanks for

Your Attention!

Any
Questions?

Bernd Krock, BfR Aquatoxin Symposium, Berlin 10./11. June 2024
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