27/03/2012

Diversity of phytoplankton and
implications for the use of
fluorescence of photosynthetic
pigments as biomass proxies

Bengt Karison

Swedish Meteorological and Hydrological Institute!
Oceanography

Sven Kallfelts gata 15

SE-426 71 Vé&stra Froélunda

Sweden

E-mail: bengt.karlson@smbhi.se

Photo Helena Hoglander, source http://nordicmicroalgae.org



What is absorbing, fluorescing and
scattering light in seawater?
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Number of described species is in the order of 2000
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Size range 1-1000 pm

Large diatom, Coscinodiscus concinnus

Plankton photo by Mats Kuylenstierna
\

Small cyanobacteria, Synechococcus sp.



The classic food web and the microbial loop
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Pigments we are trying to detect using
fluorescence

Chlorophyll a — found in all phytoplankton except for
Prochlorococcus

Phycocyanin — found in some cyanobacteria but also in
some cryptophytes

Phycoerythrin — found in some cyanobacteria and in some
cryptophytes, dinoflagellates and a ciliate

Photos by Bengt Karlson and Kevin Vikstrom




Tree of life http://tolweb.org
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Cyanobacteria

Aguificae (hyperthermophilic chemolthoautotrophs)

Thermotogae (hyperthermophilic, obligately anasrobic, fermentive heterotrophs)
Thermodesulfobacteria (thermophilic, sulfate-reducing bacteria)

Chrysiogenetes (a chemolithoautotrophic bacterium)

Mitrespira (includes nitrite-oxidizers, thermophilic sulfate reducers, and acidophilic iron oxidizers)
Deferribacteres (a group of aguatic, anasrobic bacteria)

Chloroflexi (green nonsulfur bacteria)

Thermomicrokia (hyperthermophilic chemoheterotrophs)

Fibrobacteres (cellulose digesting, anasrobic rumen bacteria)

Protechacteria (purple bacteria and relatives)

Planctomycetes (bacteria with peptidoglycan-less cell walls and budding reproduction)
Chlamydiae (obligate intracellular parasites of eukaryotic cells)

Spirochaetes (=piral-shaped chemoheterotrophs)

Bactercidetes (a diverse group including pathegens, commensals, and free-living bacteria)
Chloroki (green sulfur bacteria)

Actinohacteria (high G+C Gram positives)

Dejpg -Thermus (a group of extremophiles)

anohacterigd oxygenic photosyrthetic bacteria and chloroplasts)

Firmicutes (low G+C Gram positives)

Fusobacteria (anaerobic heterotrophs, many involved in human infections)
“errucomicrobia (terrestrial, aguatic, some associated with eukaryotic hosts)
Acidobacteria (acidophilic bacteria common in sails)

Dictyoaglomi (thermophilic chemoorganotrophs)

Gemmatimonadetes (Gram-negative bacteria lacking DAP in their cell envelopes)



Eukaryotic algae
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.w ed algas)
I— Glaucophytes (microalgas with uniguely eyanobacteria-like chloroplasts; 9. Cyanophora)

Animals (Metazoa)

green algaes, including prasinophytes, and land plarts)
Archaeplastida (Plantag)

Choanoflagellates (collared-flagellates)
Filasterea
lekthyospores
™ Fungi {mushrooms; sac fungi, yeast, molds, rusts, smuts, etc)

R uclzariiclae (filose amoebas; &.9. Muclearia)

Amoebozoa (a group of amoebaeg, slime molds, and parasitic protists)

o Cercozoa (amoshoflagelates; e.g. euglyphids, chlorarachniophytes)

Fhizaria

Feraminifera {complex cells with reticulopodia and a testizhell)

Ragdinlgria (Polycysting and Acantharia)

Chromalveolates =\ Alyealates (Pnoflagelates, ciistes and apicomplexan parasites)

R | Stramannnjes (e.0. watepggalds distoms brown algaes, chrysophytes)

uglenids, diplonemids and kinsto
oflagelstes with dis

s Hacrokia (Ha tophyta
! s

Fuglenozoa

Heterolobosea (amos

Dizcicristates plastids; e.q. Euglena and Trypanosoma)

al mitchondrial cristas)

E at
LRt | Jakobida (free-living, heterctrophic flagellates)

= Parabasalids (trichomonads and hypermastigetes, e.9. Trichomonas and Trichonympha)

R F o rricata {diplomonads and retortamonads; e.g. Giardia and Chilomastix)

Preaxostyla (oxymonads and Trimastix)
7= Protists of uncertain placement



Primary endosymbiosis

Primary Endosymbiosis—

Archibaid & Keeling, 2003,

Phagosomal membrane
Cyanobacterial OM
Peptidoglycan

Cyanobacterial IM

Cyanobacterial OM

Cyanobacterial IM

N=nucleus
M=mitochondrion
C=cyanobacterium
P=plastid

OM=outer membrane
IM=inner membrane
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Secondary endosymbiosis

Secondary Endosymbiosis—

Secondary host
phagosomal membrane

Primary host plasma membrane
Cyanobacterial OM

Cyanobacterial IM

Secondary host
phagosomal membrane

Primary host plasma membrane

Primary host cytosol

Secondary host
endomembrane lumen

Ne=nucleus
M=mitochondrion

P=plastid
OM=outer membrane Archibald & Keeling, 2003.
IM=inner membrane
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Stealing power plants and genes is
common

http://en.wikipedia.org/wiki/Endosymbiotic_theory
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Does it matter for ocean optics? Yes!

Dinophysis acuta -
a dinoflagellate with cryptophyte
chloroplasts

Karenia mikimotoi -
a dinoflagellate with diatom chloroplasts

Photo Bengt Karlson, source
http://nordicmicroalgae.org

Photo Gert Hansen, source http://nordicmicroalgae.org 13



Coccolithophorids

Emiliania huxleyi
IS covered with calcium
carbonate scales

Photo Bengt Karlson, source
http://nordicmicroalgae.org
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Cyanobacteria

Aphanizomenon sp. Dolichospermum sp.

Synechococcus sp.
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Phycoerythrin rich plankton

Synechococcus sp.

Mesodinum rubrum =
Myrionecta rubra

Dinophysis spp.
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Diatoms

_ _ Large diatom, Coscinodiscus concinnus
Solitary diatom,

Minutocellus polymorphus

Chain forming diatom, ) _ : : .
Leptocylindrus danicus Chain forming diatom, Eucampia zodiacus
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Thank you for your attention




