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Related Activities

Å Factors controlling growth and toxicity of phytoplankton and 

cyanobacteria in marine and freshwater systems

Á Lyngbya majuscula (Moreton Bay)

Á Trichodesmium sp. (GBR)

Á Chattonella marina (estuarine)

Á Karlodinium & Gymnodinium sp. (Huon) (with Gustaaf Hallegraeff)

Å Mechanistic perspective

ÁHow do organisms ñworkò?

Á How do they interface with their environment?

Á Effects of light, temp, etc

Á Factors influencing nutrient bioavailability

Á Use range of tools (including genetic analyses through collab with Brett 

Neilan)



Iron limitation purported to be linked 

to microcystin production

3



ñé..the results indicate that iron 

deficiency could be one of the factors 

inducing microcystin synthesisééò
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Microcystis growth can certainly

be limited by iron availability

Our own studies in culture confirm

that micocystin content is higher

under Fe-deficient conditions



Particulate iron oxide

- Biologically unavailable

Inorganic Fe(III)

- Biologically available

Natural organic matter

Organically complexed Fe(III)

-Chemically reactive

- Possibly bioavailable



Iron uptake experiment of Microcystis

aeruginosa using radio labeled iron (55Fe)
1 Cell culturing in Fraquil

2 Harvest of cells on membrane filter

3 Re-suspension of cells to fresh medium

(Fraquil containing 55Fe and chemicals   

such as SOD, FZ, ascorbate and Hg)

4. Incubation for 4hr and

collection of cells on the filter

5 Measurement of intracellular 55Fe

How much iron does Microcystis need 

(and how does it get it)?



26 M EDTA

100 M citrate

1000 M citrate

55Fe uptake in the presence of well-defined Fe ligands 

EDTA and citrate ïin the DARK



Superoxide generation rates

9

0.1 M Fe

0.1                  1.2 ± 0.20

1.0                  0.62 ± 0.16 

10                   0.36 ± 0.01

[FeT], M    Superoxide gen. rate 

(amol.cell-1.hr-1)

Values lower than some other organisms

T. weissflogii         840 amol cell-1 hr-1

C. marina          0.29 ï4.3 pmol cell-1 hr-1



Fe uptake model for phytoplankton 

(dark conditions)

Fe transporter Outer-membrane
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In case of a 

strong binding 

ligand, EDTA

In case of a 

weak binding 

ligand, citrate



Comparison of Fe(III)ôand Feô uptake model

Michaelis-Menten eq.
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Relationship between 55Fe uptake rate 

and dissolved Fe(III) concentration
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Light has a significant effect on Fe uptake rate



We have also examined Fe uptake in the presence of 

increasing concentrations of natural organic matter



Fe uptake over diurnal cycle

Fe uptake rate on the 14:10 light: dark cycle

(Without chemical treament, under light)
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Dark/light comparison

Light vs Dark
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Summary

ÅIron availability can certainly influence growth rate and, it 

appears, toxin production

ÅIron availability may be limited by precipitation and/or 

complexation by strongly binding ligands (such as NOM)

ÅThe iron uptake rate appears to be controlled by the 

concentration of inorganic Fe

ÅIf iron is limiting growth, the organism uses a reductive 

mechanism to increase Fe availability

ÅMechanism by which toxin production is increased as a 

result of Fe deficiency is unclear



Mechanism via which Fe deficiency induces increase in 

toxin production is unclear (but possible that toxin is 

acting as an anti-oxidant)


