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DramatisDramatis PersonaePersonae
Toxic Dinoflagellates

Alexandrium

Saxitoxins
-Block Na+channels
-Cause Paralysis

Source: GEOHAB  Rep. 1 (2001) Acartia hudsonica



Grazer Toxin ResistanceGrazer Toxin Resistance

Planktonic Grazers

• Toxin biomagnification? 
• Grazer control of HAB?  



Sales Pitch !!!!
• Resistance:

– Real
–Important for bloom control

and toxin transfer in food web
• But bloom control and toxin 

transfer tied both to genetics &
mechanism(s) of resistance



HypothesisHypothesis

Antiquity

Frequency

Toxicity

Prediction: 
Natural Selection: Enhanced fitness in  
historically exposed grazer populations. 

Blooms:



Hypothesis TestHypothesis Test: : Differences Differences 
Among Copepod PopulationsAmong Copepod Populations
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Same conditions, many generations
Non-toxic phytoplankton diet

Common Garden ExperimentsCommon Garden Experiments

• Phenotypic variation = genetic (G) + environ(E) + G x E 



Evidence for ResistanceEvidence for Resistance

• Enhanced performance (ingestion 
and egg production) in historically 
exposed copepod populations.

• No fitness (λλ) penalty in historically 
exposed population, but significant 
penalty in unexposed population.

• Genetic selection experiments with 
unexposed populations.



InterpopulationInterpopulation Differences
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Feeding Response

Differences
Numerical Response

Food concentration (µgC l-1)
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Reproductive Response

• Southern populations: Lower feeding and reproduction.
• Results consistent with resistance hypothesis!
• Not due to physiological compensation



Grazer Control
Resistant copepod population can 
keep Alexandrium growth in check

Food concentration (µgC l-1)
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Food concentration (µgC l-1)
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Grazer Control
Resistant copepod population can 
keep Alexandrium growth in check
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But Why Do Toxic Blooms 
Persist in the Presence of 

Resistant Populations?



Resistant Reproductive Phenotypes
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Differential 
survivorship 
between diets 
included by 
assuming that 
each cohort 
started with 
identical 
frequency of 
phenotypes and 
weighting 
phenotype 
fitness 
accordingly.

Phenotype Standard Toxic Standard Toxic

F0 Mean 0.658 0.210 0.658 0.066

n 16 5

S.D. 0.527 0.469

F60 Mean 1.138 1.140 1.138 0.600
n 19 10

S.D. 0.013 0.016

F120 Mean 1.181 1.167 1.181 0.729
n 8 5

S.D. 0.011 0.008

F180 Mean 1.192 1.188 1.192 0.446
n 8 3

S.D. 0.01 0.01

F240 Mean 1.219 0.000 1.219 0.000
n 1 0

S.D.  .  . 

Fitness
Weighted
Fitness

Phenotype FitnessPhenotype Fitness



Relative Fitness Phenotype CostRelative Fitness Phenotype Cost
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Relative Relative PhenotypePhenotype Fitness Fitness 
AdvantageAdvantage

Toxic diet
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Resistance:                   
Higher Toxin Transfer?
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Greater toxin ingestion, but not 
accumulation in resistant population !



Resistance MechanismResistance Mechanism

•Saxitoxin binds 
and blocks sodium 
ions from flowing 
into cell
•Nerve signal 
prevented
•Paralysis ensues

Source: Tim smith@ 
http://www.chemsoc.org/



Saxitoxin Resistance in ClamsSaxitoxin Resistance in Clams
Bricelj et al. 2005
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Saxitoxin Resistance in ClamsSaxitoxin Resistance in Clams
Bricelj et al. 2005

• Single nucleotide 
substitution at 
STX receptor site

• Similar mutations  
cause resistance 
in insects



Acartia hudsonicaAcartia hudsonica Sodium Channel Sodium Channel 
Gene SequenceGene Sequence

Multiple Amino Acid Sequence Alignment

Bivalvia_AAX14719            IDNFNKQKKK---AG-SLEMFMTEDQKKYY
Sea_hare_AAC47457            IENFNSQKKK---AGGSLEMFMTEDQKKYY
house_fly_AAB47605           IDNFNEQKKK---AGGSLEMFMTEDQKKYY
fruit_fly_AAB59195           IDNFNEQKKK---AGGSLEMFMTEDQKKYY
Acartia_hudsonica type 1     IDNFNEQKKK GRDVGGSLEMFMTEDQKKYY
Acartia_hudsonica type 2     IDNFNEQKKK---AGGSLEMFMTEDQKKYY
German_cockroach_AAC47484    IDNFNEQKKK---AGGSLEMFMTEDQKKYY
house_mouse_CAA70325         IDNFNQQKKK---LGGQ-DIFMTEEQKKYY
human_BAA78033               IDNFNQQKKK---FGGQ-DIFMTEEQKKYY
flatworm_BCU93074            IDNFNVQKKK---VGGSLEMFMTDDQKKYY
Squid_AAA16202               IDNFNQQKKG---AGGSLEVFMTDDQKKYY

Work by Lihua Chen

http://www.marinesciences.uconn.edu/faculty/zhang.html
http://www.marinesciences.uconn.edu/faculty/lin.html


Novel MutationNovel Mutation
• Mutation near 

inactivation gate 
• Hypothesis: 

added length to 
arm of gate 
may cause a 
leaky channel 
(fitness 
advantage)

MutantMutant

WildWild

Source: Tim Smith@ 
www.chemosense.org



Novel MutationNovel Mutation
• Mutation near 

inactivation gate 
• Hypothesis: 

added length to 
arm of gate 
may cause a 
leaky channel 
(fitness 
advantage)

Source: Tim Smith@ 
www.chemosense.org
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Sales Pitch !!!!
• Resistance:

– Real
–Important for bloom control

and toxin transfer in food web
• But bloom control and toxin 

transfer tied both to genetics &
mechanism(s) of resistance



Dōmo
Arigatō

Gozaimas
!
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