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Eutrophication of surface waters
• Nutrient enrichment

Cyanobacteria blooms
• Water quality changes

• Daily fluctuation O2, CO2, pH
• NH3, NH4

+

• Cyanotoxins
• Bioactive substances?

• Bloom microbiome
• Changes in composition

Fish Producers Ltd 
Channel catfish 
farm Niland CA 

*
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Eutrophication of surface waters
• Nutrient enrichment

Within aquaculture….?
• Water quality changes

• Stress cultured organisms
• Decrease production
• Impact marketability

• Toxicology
• Toxins/bioactive substances

• Microbiome interactions
• Pathogens?

Fish Producers Ltd 
Channel catfish 
farm Niland CA 

*



Microcystins

• Cyanotoxins produced by blooms of cyanobacteria in 
genera Microcystis, Anabaena, Planktothrix, Nostoc

• Prominent environmental issue of freshwaters 
worldwide

– Eutrophication of surface waters

– Increased bloom frequency reported and further 
increases with global climate change

– Microcystins are a concern for ecosystem, 
organism, and human health
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Microcystins
• Cyclic heptapeptides, ~80 congeners

• Hepatotoxic, blocks protein phosphatases

• Physicochemistry, pH, Kow

Microcystin-LR



Microcystis aeruginosa

• Frequent blooms in eutrophic waters 

– Can produce the microcystin toxins

– Toxicity reported in humans, livestock, and 

aquatic organisms (including aquaculture)

– Toxin concentrations monitored

• WHO 1 µg/L drinking water, 0.04 µg/kg TDI
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Affymetrix Array 
~15,000 genes

Fold change of 
gene transcripts MC-LR (100 ppb) 

167 genes
MC-LR (1000 ppb) 

916 genes

Lyophilized microcystis 
371

15 69

79
4 162

606

126

Zebrafish

Exposure beaker:
•MC-LR (100 ppb)
•MC-LR (1000 ppb)
•Microcystis cells
•Control

Vitellogenin genes 
induced

Rogers et al., 2011

Estrogenic activity not 
associated with MC-LR, other 
bioactive substances also 
produced by M. aeruginosa

Microcystis aeruginosa



Objectives

• Enhance understanding of changes in expression 

profiles of specific genes after exposure

– Transcripts that code for proteins involved in 

detoxification, endocrine disruption, immune

– Relate expression to exposure concentration 

and time of exposure

• Investigate effects of ingestion of Microcystis and 

MC-LR treatments on gut microbiota of zebrafish

– link potential effects to pathogen resistance and 

disease…?
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Methods

• Experiments with zebrafish larvae

– M. aeruginosa grown in laboratory and lyophilized

– Purified MC-LR purchased

– Aqueous exposure (96 h) to Microcystis or purified 
MC-LR zebrafish larvae from hatching (72 hpf)

• Larvae sampled for gene expression

– RNA extracted, reverse transcribed, Q-PCR

– Transcripts that code for proteins involved in 
detoxification, endocrine disruption, immune system
• SOD, CAT, GST, GPx, PPP1ca, VTG

– Analysis by delta delta Ct method with β-actin, 
GADPH as house keeping genes
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Methods

• Dietary exposure with adult zebrafish

– 5 or 10 µg purified MC-LR /g feed

– Lyophilized Microcystis added to feed at 5 or 
10 µg MC-LR /g feed

– Fish age 6 months exposed for 14 d

– Liver samples collected for gene expression

– Samples of intestine for gut microbiota
• DNA extraction, PCR amplification of 16S, t-RFLP
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Results (superoxide dismutase)
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Zebrafish larva



Results (superoxide dismutase)
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Zebrafish larva



Results (Catalase)
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Results (Catalase)
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Zebrafish larva



Results (Glutathione peroxidase)
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Results (Glutathione peroxidase)
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Zebrafish larva



Results (Cytochrome p4501A)
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Results (Cytochrome p4501A)
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Zebrafish larva



Results (Hepatic gene expression)
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Zebrafish adult



Nile tilapia

Gene expression



Methods

• Dietary exposure with adult zebrafish

– 5 or 10 µg purified MC-LR /g feed

– Lyophilized Microcystis added to feed at 5 or 
10 µg MC-LR /g feed

– Fish age 6 months exposed for 14 d

– Liver samples collected for gene expression

– Samples of intestine for gut microbiota
• DNA extraction, PCR amplification of 16S, t-RFLP
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Results (Gut microbiota)



Results (Gut microbiota)
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Zebrafish adult
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Microbiomes and Interactions
Microbiome: a dynamic and complex consortium of bacteria and small 
eukaryotes that interact directly with collective responses and feedback

Exogeneous microbiome

Endogenous microbiome
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Conclusions

• Gene expression profiling reveals dynamic 
changes in numbers of transcripts related to

– Treatment concentration 

– Duration of exposure

– Provides insight on biological response

• Changes in gut microbiota vary among fish

– High within treatment variability

– Exposure to Microcystis at 10 µg MC-LR /kg 
feed had most consistent differences relative to 
controls indicated effects of cyanobacteria on 
gut microbiota

– Implications on overall fish health
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