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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

Algal Bloom Lake Erie

* Accumulate in a variety of filter feeding large fish
bivalves or shellfish and can reach high /1‘-* :
concentrations during algal blooms — Al lsh .
- “Harmful algal blooms” = HABs /;P ?a/! @@x
zooplankton
@ a:ﬁi P )
/ /’/4 @ \ phytoplankton
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1995:

1998:

1999:

2004:

8 people in the Netherlands became ill after consumption of Irish
mussels (Mytilus edulis) harvested at Killary Harbour (Ireland).
Symptoms were like DSP intoxication, but DSP toxins were hardly
present in the mussels

(Harmful Algae News, 14, 2)

Satake et al. identified azapiracid-1 (AZA-1) as the causative
compound in shellfish (J. Am. Chem. Soc., 120, 9967-9968)

Ofuji et al. elucidated the structures of AZA-2 and AZA-3 from shellfish
(Nat. Toxins, 7, 99-102)

EFSA set a regulatory limit of 160 ug/kg fresh weight as the sum of
AZA-1, -2, and -3.

(Off. J. Europ. Commun. L139/55ff.)
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Toxin [ R, [R, [R, [R, [R, [a,, [ M+H)
AZA-1 | H cu, |n |m CH, v 842
aza2 | cn, |cn | w |w | o v 856
© AZA3 | H H H o |w | o v 828
o AZA-4 | H H on |u | cm v 844
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Q

Azaspiracids (AZA)

Yet unexplored
diversity within
Amphidomataceae

ITS based phylogenetic tree
of NGS field sample analyses
Chinese coastal waters
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AZAs produced by algae! AZA shellfish metabolites of AZA-1 and -2
AZA-1 AZA-41 AZA-3 AZA-14 AZA-25 AZA-47
AZA-2 AZA-42 AZA-4 AZA-15 AZA-26 AZA-48

e ——
epi-AZA-7 | AZA-43 < AZA—5+> AZA-16 AZA-27 AZA-49
h———
AZA-11 AZA-50 AZA-6 AZA-17 AZA-28 AZA-60
AZA-33 AZA-51 AZA-7 AZA-18 AZA-29 AZA-61
AZA-34 AZA-52 AZA-8 AZA-19 AZA-30
AZA-35 AZA-53 AZA-9 AZA-20 AZA-31
AZA-36 AZA-54 AZA-10 AZA-21 AZA-32
7(\\
AZA-37 AZA-55 AZA-11%* P AZA-22 AZA-44
AZA-38 AZA-56 AZA-12 AZA-23 AZA-45
AZA-39 AZA-57 AZA-13 AZA-24 AZA-46
AZA-40 AZA-58
" Tillmann, U., et al. (2017) J Plankt Res 39(2), 350-367.
AZA-59 AZA-62 * Montoya, N., pers. commun.

Krock, B., et al. (2019) Harmful Algae 82, 1-8.
1 Additional planktonic AZA reported by Ozawa, M., et al. (2021) Toxicon 199: 145-155.

Two AZAs of phytoplankton origin result in 38 shellfish metabolites! 4 Ti;g";&?ﬂ&

Bernd Krock, Global Marine Science Summit, UNCW, 19 May 2023



Azaspiracids (AZA) @M”

ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

Azaspiracids — Metabolism in Bivalves

AZAl AZA2

AZA7 AZA1l

| .» |
AZA21 AZA44 AZA23

| ' |
AT4 AZAS ATQ AZA10
AZA48 AZAl4 AZA60 AZA49 AZA16 AZA61
AZA46 —> AZA13 AZA26 AZA47 —> AZA15 AZA28

3  C-3 Hydroxylation
=3  C-23 Hydroxylation
=3 (-22-Me Oxidation
————> (-22 Decarboxylation
=3 (-21, 22 Dehydration
=2 (-23-OH Oxidation

Kilcoyne, J., et al. (2018) J. Nat. Prod. 81(4), 885-893.

Krock, B., et al. in preparation

Bernd Krock, Global Marine Science Summit, UNCW, 19 May 2023
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Azaspiracids — Metabolism in Bivalves

Kilcoyne, J,, et al. (2018). J. Nat. Prod. 81(4): 885-893.
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46 -14 l 46
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244 810 844
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826 874 826
-16 32 -16
AZA-46 —> AZA-13 AZA-26
904 860 824
62 18 -18

————> (-3 Hydroxylation R C-22 Decarboxylation

——> (C-23 Hydroxylation ————> C-21,22 Dehydration

—> (-22 Me Oxidation ———> C-23-0OH Oxidation

///

AZA-78
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18

AZA-79
892
32

Compounds verified
by CID spectra

Mass transition
detected

C-4,5 Dehydration-
C5-hydroxylation

o3 Unknown mechanism
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Bernd Krock, Global Marine Science Summit, UNCW, 19 May 2023
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Azaspiracids — Geographic distribution
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Variability

Amphidinols: 20+ known variants
Karlotoxins: 20+ known variants

Prymnesins: 100+ variants

Other ichthyotoxic species: ~ T
Alexandrium spp. c

Chattonella spp. .
Chrysocromulina spp. ICht hVOtOX' ns.
Fibrocapsa japonica

Heterosigma akashiwo

Protoceratium reticulatum U n kn OW n ! !

Pseudochattonella cf. verruculosa
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Structure Ecological function Impact

Shellfish
Poisoning
Toxins

Ichthyotoxins

Predation defense,
? Elimination of
H competitors

V

Bernd Krock, Global Marine Science Summit, UNCW, 19 May 2023

Accumulation in
the food chain,
Intoxication of
humans

Fish kills,
Economic loss in
aquacultures
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Amphidinols — Ichthyotoxicity

Lipophilic part

Hydrophilic part
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Mode of action of AM

~ ‘”f\/\]/\/\/\z‘a/'\/\
oH OH oH

Polar head

OH OH
OH OH
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Karlotoxin 1 Karmitoxin Amphidinol 3

OH
OH
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a
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Long, M., et al. (2021) Toxins 13(12): 905
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Current Hypothesis:

Lytic compounds of marine protists are weapons of chemical warfare among protists

Ichthyotoxicity is a collateral damage of protistan allelochemistry
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Structure of AM-3

Unique cleavage site of AM

OH OH
s F NN Z O i OH
OH
HO
OH OH
OH OH OH OH OH OH OH 0]
HO
N N X OH
OH OH OH OH OH
CroH118023
Exact Mass: 1326,8064
C, 63,33; H, 8,96, O, 27,72
ﬁHELMHULTZ

‘ ASSOCIATION

Bernd Krock, Global Marine Science Summit, UNCW, 19 May 2023



ALFRED-WEGENER-INSTITUT

A h'd. I AM HELMHOLTZ-ZENTRUM FUR POLAR-
mp I Ino S ( ) UND MEERESFORSCHUNG

2
%0 > ”
44404 @ry
Ay, s
44406
4/[40 >
4,1409
4,,,0 .

%,
%y

H EEN.,

Amphidinolides
Non detected
Detected
>1 fg cell’

I 1-99 fg cell"

M <100 fg cell

KY070362 Amphidinium carterae ARC98
KY070354 Amphidinium carterae ARC100
KY697981 Amphidinium carterae CCMP2100
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KY070361 Amphidinium carterae ARC101
KY697980 Amphidinium carterae CCMP122
Amphidinium carterae CCMP2980
KY070352 Amphidinium carterae ARC412

KY070359 Amphidinium carterae ARC993
Amphidinium carterae CCMP2400
KY697983 Amphidinium carterae ARC383 E3 DR .-
Amphidinium carterae CCMP1741
Amphidinium carterae ARC148
KY070351 Amphidinium carterae ARC413
KY070350 Amphidinium carterae ARC411i
Ampbhidinium carterae CCMP 1684

KY070355 Amphidinium carterae ARC195 PR
Amphidinium carterae CCMP119
Amphidinium carterae ARC410
AY460586 Amphidinium carterae CCMP1748
KY070346 Amphidinium paucianulatum ARC117
Amphidinium paucianulatum ARC150
Amphidinuim paucianulatum ARC151
EU046328 Amphidinium gibbossum ARC104
Amphidinium gibbossum ARC103
KY070358 Amphidinium gibbossum ARC106
idini ibb: ARC107
Amphidinium gibbossum CCMP2973
KY070357 Amphidinium gibbossum ARC105
Amphidinium gibbossum ARC116
_{ EU046330 Amphidinium fijiensis ARC114
FEU046329 Amphidinium fiiiensis ARC115
KY070348 Amphidinium cf. massartii ARC414i
KY697982 Amphidinium cf. massarti CCMP2813
EU165278 Amphidinium cf. massartii CCMP2774
KY070356 Amphidinium massartii ARC342
EU165302 Amphidinium massartii CCMP1342
AY455670 Amphidinium massartii CCMP1821
EU046333 Amphidinium massartii ARC149
Amphidinium tomasii ARC389
KY697950 Amphidinium tomasii ARC90
KY697985 Amphidinium tomasii ARC197
Amphidinium tomasii ARC387
KY697984 Amphidinium tomasii ARC388
KY070365 Amphidinium thermaeum ARC89
KY070364 Amphidinium thermaeum ARC386
KY070363 Amphidinium thermaeum ARC385
EU046332 Amphidinium theodori ARC173
KY070344 Ampbhidinium magnum ARC73 1|
KY070343 Amphidinium magnum ARC68
Amphidinium magnum ARC70
KY070347 Amphidinium magnum ARC71
KY070342 Amphidinium magnum ARC72
KY070341 Amphidinium magnum ARC69

MN213734 Noctiluca scintillans
AY568559 Togula jolla [ T Alves de SOUZG, C"
0 20 40 60 80 100 et al.’ in prep.

0.20 Mortality (%)

Bernd Krock, Global Marine Science Summit, UNCW, 19 May 2023
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1) Phycotoxin variability of known toxin classes is high and yet not
fully explored

2) Toxins from planktonic origin are modified by vector organisms
and futher augment chemical variabilty of toxins

3) Phycotoxin profiles can be geographically very variable

4) Ichthyotoxins are rarely characterized, but pose an
increasing threat due to increasing aquacultural activities

5) Regulated toxins do not reflect levels of actual toxin content
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Product lon Spectra of Azaspiracids
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