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Microlgae are
microscopic, photosynthetic unicellular organisms
VS. macroalgae

Macro-algaeBaie de La Forét, 2018. Western France
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Densities may exceed 10° cells / L and blooms
are then visible to the naked eye
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175 HAB species of 5 000 — 100 000 microalgae
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https://unesdoc.unesco.org/ark:/48223/pf0000247767

Phytoplankton produces half the oxygen on the planet

Concentration of chlorophyll “a” (in mg/L
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Phytoplankton feeds marine food chains
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Nutrient & chemical pollution affect natural diversity

© 2010 Commission OSPAR — QSR 2010
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Ballast water and hull fouling may transport HABS

1. AT SOURCE PORT 2. DURING VOYAGE 3. AT DESTINATION PORT 4. DURING VOYAGE
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Melting arctic — climate change :
remixing of oceans & novel shipping routes
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Extreme weather events yvnthi
will increase vintnid |
une tragedie previsible

57 people died and hundreds put out of their homes

Xynthia : an unexpectedly strong storm hits
the French Atlantic coast 27-28/2/2010

Domoic Acid producer Pseudo-nitzschia bloomed
50-100 times > than before

Pseudo-nitzschi |
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*Increased temperature
*Enhanced surface stratification
Alteration of ocean currents/nutrient upwelling
Stimulation of photosynthesis by elevated CO,
*Ocean acidification (“the other CO, problem”)
*Heavy precipitation/ storm events

Complex factor interactions /feedback mechanisms exists
Laboratory simulations rarely allow for sufficient acclimation

Organism responses will be species - or even strain-specific

There will be winners and losers!
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. Harmtul-Algal Blooms & climate change
* Fish- and shellfish-poisoning
o . Fish-Kills and shellfish-mortalities

o -Sublethal effects on fish-and shellfish (diminished
recruitment)

« - “Direct effects.on:beachgoers and fishermen
 IPHAB = GlobalHAB — HAB-Solution
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Filter-feeding bivalves

Processing,
cooking eftc.
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FAOQ

FISHERIES AND
AQUACULTURE
TECHNICAL

Combatting shellfish poisoning o

Codex Standard for live and raw
bivalve molluscs
(CODEX STAN 292-2008)

I-5.2  The following provisions apply to the edible parts of live bivalve mollusc (the
whole part or any part intended to be eaten separately).

Name of biotoxin groups Maximum level/kg of mollusc flesh

Saxitoxin (STX) group <0.8 milligrams (2HCL) of saxitoxin equivalent ::m

Okadaic acid (OA) group <0.16 milligrams of okadaic equivalent g%:

Domoic acid (DA) group <20 milligrams domoic acid GZ;::B,,

1

Brevetoxin (BTX) group <200 mouse units or equivalent ‘3’?:‘52’
c4

Azaspiracid (AZP) group <0.16 milligrams A

19 June 2024 P. Hess — HABs, climate change & emerging risks



Countries with survelillance
systems in place for HABs

Number of countries Is increasing
but still big gaps In

 Africa
« Middle East

 India

 Far East

 Central and South Amercia
« Pacific Island states

2001
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Degree
of discomfort

A ‘ Organisme contaminé / Contaminated organism

© Systémes ou organes atteints / Systems or organs affected

Ciguatera poisoning and symptoms

e Micro-algue toxique / Toxic microalgae

Delai moyen d‘apparition
des symptomes
Onset of symptoms

®

2h-12h

Rémission / Recovery

&,

Semaines / Weeks
Mois / Months
Années / Years

Diarrhoea, vomiting Muscle and joint pain

ingling,
sensory disturbances,
cold allodynia

Bradycardia,
hypotensio

Toxic
1 meil
// :
0 6 12 18 24h 7" Weeks, months or years > Time
-<— >

Digestive symptoms Neurological and systemic symptoms

Cardiovascular symptoms

Inspired from Lawrence et al., (1980)
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. Harmtul-Algal Blooms & climate change
« Fish-and shellfish-poisoning
» Fish-kills and shellfish mortalities

o -Sublethal effects on fish-and shellfish (diminished
recrutment)

« - “Direct effects.on:beachgoers and fishermen
« - IPHAB = GlobalHAB — HAB-Solution
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Fish-kills in open waters and caged fish (recent events)

« Chattonella in the Western Pacific

« Alexandrium catenella & Pseudochattonella in Chile
 Chrysochromulina in Norway

* Prymnesium parvum in Germany/Poland

« Karenia selliformis in Hokkaido (Japan) and Kamtchatka (Russia)
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Shellfish mortalities often not registered by public at large but
by shellfishermen and -farmers

19 June 2024 P. Hess — HABs, climate change & emerging risks 22



. Harmtul-Algal Blooms & climate change
« Fish-and shellfish-poisoning
o . Fish-Kills and shellfish-mortalities

« Sublethal effects on fish and shellfish (diminished
recruitment)

« - “Direct effects.on:beachgoers and fishermen
« - IPHAB = GlobalHAB — HAB-Solution
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Effects of Dinophysis and its toxins towards bivalves

- OA or Dinophysis (bloom) towards bivalve hemocytes: cytotoxicity, genotoxicity... (Pinto-Silva et al., 2003; Mello et al., 2010)
- D. caudata towards adult bivalves: pathology and mortality (Basti et al., 2015)

- Lack of study on critical early life stages — Environmental co-occurrence
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Environmental occurrences of D-shaped larvae (from Velyger database) and Dinophysis spp.
Life stages of the Pacific oyster, Crassostrea gigas (REPHY database) at Bourgneuf Bay

How are gametes and fertilization of the Pacific oyster affected by Dinophysis and their toxins?

E-

19 June 2024 P. Hess — HABs, climate change & emerging risks 24



Exposure of gametes to D. sacculus
D. sacculus PTX2 (80 pg cell't) and OA (5 pg cell?) total producer
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Gaillard et al., 2020. Cultures of Dinophysis sacculus, D. acuminata and pectenotoxin 2 affect gametes and fertilization success of the Pacific oyster, Crassostrea gigas. Environ. Pollut. 265, 10.

E.

19 June 2024 P. Hess — HABs, climate change & emerging risks 25



Mortality of fish larvae exposed to PTX2

Conditions
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Gaillard et al. 2023. Mortality and histopathology in sheepshead minnow (Cyprinodon variegatus) larvae exposed to pectenotoxin-2 and D. acuminata. Aquat Toxicol 257, 106456.
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. Harmtul-Algal Blooms & climate change
« Fish-and shellfish-poisoning
o . Fish-Kills and shellfish-mortalities

o -Sublethal effects on fish-and shellfish (diminished
recrutment)

» Direct effects on beachgoers and fishermen
« - IPHAB = GlobalHAB — HAB-Solution
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2021 Event of O. cf. ovata discovered through

surf competition
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Senegal: 16 000 fishing canoes for artisanal drift-net fishing
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Senegal event — November 2020
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0,0E+00 ' ' ‘ biomass cultured
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RT (min) (||.) cells
G Sample Site  Portimine A Portimine B PnTX-H PnTX-G PnTX-H Iso
Canoe 1
biOMASS (1.) b. 224 361 4 906 228 10 17 ug kg
Net (In) b 177 324 6 458 109 14.1 11.5 ka
biomass ' ' 460* n.d.* 2* 0.8* 0.1* HY Xg
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Sediment (Ill) b 94 nd* 0009 0014*  ndx HIK9
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Viability (%)
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Cytotoxicity on HaCaT keratinocytes

Pure toxins
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Portimine A is highly cytotoxic on keratinocytes down to sub-nanomolar concentrations
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Portimine triggers an inflammatory response in skin cells

Keratinocyte Lysis IL-18 release IL-1PB release

.. .. 2+
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Broz and Dixit (2016) “Inflammasomes: mechanism of assembly, regulation and signaling”, Nat Rev Immunol

E X "fremer 34




. Harmtul-Algal Blooms & climate change
« Fish-and shellfish-poisoning
o . Fish-Kills and shellfish-mortalities

o -Sublethal effects on fish-and shellfish (diminished
recrutment)

« - “Direct effects.on:beachgoers and fishermen
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Task Team on a Global Inter-Agency Ciquatera Strategy for Improved Research and Management

I e

unesco

Intergovernmental
Oceanographic
Commission 1

. Improved detection &
monitoring of CTX-
producing organisms

2. Improved toxin detection &

VV/ \Q\) monitoring
\\/‘ ’\// 3. Improved epidemiology,
N\ VY prevention and treatment World Health

IAEA Organization

International Atomic Energy Agency
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Research projects are progressing but concerted
mternatlonal efforts are direly requwed

4000 km (equat.)

2000 mi (equat.)
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Known versus emerging risks — mapping the known ones globally
Toxicity of Gambierdiscus metabolites (LD, i.p. in mice)
o 0.24-3.6 pg kg 50-80 ug kg

CH, HyC 5 © “o s
N oH "e. oo\ AR B, o o oH
] H H 33 . . -
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7 0.05 pg kgt RN
H o- HO7N_-OH oH \/\/[A\PB
y :
Maitotoxins PR LV @ S nt i gt NN
HO cHy T o OH 'H [ o s
R N A e (Satake et al., 1993)
Mo A _ (Ve o o"h on (FAO and WHO 2020) (Martinez- Morales etal., 20‘163
HO  CH; dgo.na' OH
oH OSC N HO OH L
(Murata et al., 1993 and 2000) ;L
H_H H H H o- ’-_,il\| / J
F5 0 RY X Fas ) g ---"T'.
HO580, H __OH\ = j_,__D t/E__sY'O \_Q‘Sf'HjHO on ©
> 8 )0} 073\ F RO
Not toxic at 1mg kg o NI No data
HO) " CH 1 Gambierone ‘ . //CHZ
Gambieric acids CHg o
" Gambierones { Gambieroxide
Mo\ |
Mol ~n H A7\ 1]
HOy n‘n\.__r:”\} . 'I tf ¢ \\; ‘“'U—\'H H on ¢
o "fj'i AW
GAA R1iH szH HaiC Hl OR, " OH 2 44- Metﬁ){gamblarona ‘
e wt B on 2.4-38 mg kg o
GAD Ri=CH, R2= J CH, O v A J A -
e | "
(Nagai et al., 1992) H\TO?:/ ol £ ) ',»--._/ { (Watanabe et al., 2013)
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M 3 2oMethylgambieroneln g rray et al., 2020 and 2021)
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IPHAB Toxins

IOC-UNESCO Toxins database

Welcome to the IOC-UNESCO Toxins database. This database contains reference information about toxins - some of
which are associated with Harmful Algal Events.

Toxin Progenitor or vector

azaspiracid

. <3 il
: T e — e S S e Calgr
= = 3 - - = s “:....-s:*:'? : *:.:'q‘ ;ﬁ, 0-“’"’:- T— -~ N
15 Toxins
- iraci iraci
Azaspiracid Azaspiracid Azaspiracid
19 Toxins
o HN
S GON G T N
HO /:"o" oioj.: H [ ] /\?ZXH o
we Sernl 1
Azaspiracid-1
C47H71NO12
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{Scor=) unesco

Global Harmful Algal Blooms = e

Comenission

HABs and
Aquaculture

The oyster farms are
susceptible to algal
biotoxin
contamination and
blooms that have
direct lethal effects
on the shellfish

Caﬁf:hron Institute

lews & Events T
Scientific Steefing Commitise Meetings Global Harmful Algal Blooms - GlobalHAB - an international
GlobalHAB actvities science programme on HABs building on the foundations of s
Calendar GEOHAB
Get Involved Password

: SCIENCE AND IMPLEMENTATION PLAN
Invitation to participate
Useful Links RO & & Remember Me []
I R An international programme sponsored jointly by the Scientific Committee on
IOC HAB Programme e vimsebure A Oceanic Research (SCOR) and the Intergovernmental Oceanographic

o Commission (I0C) of UNESCO

SCOR P Forgot your password?
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Food and Agriculture

. . ) Food and:
@ Harmful Algal Bloom Solutions (HAB-S) Unied Nations
unesco

Intergovernmental
Oceanographic
Commission

An Endorsed Action for the UN Decade of Ocean Science for Sustainable
Development led by the FAO-10C Intergovernmental Panel on Harmful Algal
Blooms (IPHAB)

HAB-S initiatives will co-create transformative region-specific solutions

for:
1) Preventing, controlling & mitigating HAB events « Sharing knowledge and improved integrated
- - - databases
2)Adv§n0|ng HAB Obser.vmg tools & tec_hnologles . Breakthrough technologies in in situ-and
3) Making HAB Data equitable & accessible satellite detection of HABs and toxins
4) Improving HAB Literacy  Improved understanding of HAB development
— and prediction

 Co-developed approaches to mitigate effects




Breakthrough Technologies: Physiology

Evaluating multiple strains of microalgae

Simultaneous evaluation of
multiple strains in
environmental stress
conditions to understand
toxin-production as
specialized metabolism

(|
T-pH | [

=

o

0

rate

Growt

154 226 154 226 69 83
T-pH T-I pH-I

Factorial design to understand
the complex interactions
Involved in climate change

Gas detection to understand HAB
photosynthesis & respiration (O,, CO,, DMS...) Membrane Inlet Mass Spectrometer
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Functional genomics and flow-cytometry to understand HAB-mixotrophy

gPCR for improved rapid quantitation of toxic algae, ddPCR for improved rapid confirmation of emerging microalgae
e ;%i F

Miniaturized sequencing technology Minlon (Oxford Nanopore)

Flow cytometry for detection of popoluations in situ or in culture

Functional transcriptomics to understand mixotrophy
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Breakthrough tecnology in detection of algal metabolites

" - Toxins
 Pigments

2 10.7 R
e « Fatty acids
Target ! BTy N « Osmolytes
analysis of o, LAt -« Photoprotective

known toxins
and key

Intensity vs. Acquisition Time (min) C O m p O u n d S

metabolites VIP score_ m/z D 0.6 37 64 15
® 21 3651081 Trehalose (Level 1)
®” o 18 2268520 NA
o 15  223.9896 NA
0 13 1100089 NA
12 8035630 MGDG (363) (Level2)
12 6311424 NA
12 omesn NA
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Exploration of the chemical diversity of algal metabolomes
alds in understanding their metabolic plasticity
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