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Picocyanobacteria are the most abundant
photosynthetic organisms on Earth

Synechococcus
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Synechococcus are photosynthetic microbes that are widely distributed
in oceans and strongly impact global ecology

Synechococcus
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Electron micrograph of Synechococcus

» estimated global population of 7 x 102° cells

* some Synechococcus phenotypes are spread by “horizontal gene transfer”
e variation in photosynthetic light harvesting ability is one of these phenotypes



Synechococcus pigmentation varies with spectral distribution
in the marine environment

Spectral distribution of sunlight:
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Light harvesting structures in Synechococcus are “phycobilisomes”

chromophores (blue and red)
are added to proteins (gray)
by enzymes called “ lyases ”
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Synechococcus strains can vary significantly in their chromophore
content to exploit different light environments

Different chromophores can be present
in the rods of the antennae
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The major Synechococcus pigmentation types are:
green light specialists, blue light specialists, and blue-green generalists
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Type 4 Chromatic Acclimation (CA4) provides Synechococcus with
the ability to efficiently absorb both blue and green light

Green Blue
Light Light

Low PUB: PEB ratio High PUB: PEB ratio
GL specialist BL specialist
phenocopy phenocopy

I CA4 shift occurs in 3-5 days l




Today’s questions:

What confers CA4 to some Synechococcus?

How does CA4 work?

How do these cells perceive blue and green light?

How did C4 evolve?

How common is CA4 and where is it found globally?

Can CA4 be detected by remote sensing?



What confers CA4?

Analysis of over 70 Synechococcus genomes revealed two types of
“genomic islands”
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How does CA4 work?

Gene expression and chromophore location data gave initial hints
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How does CA4 work?

Deleting mpeZ and unk10 showed that they are needed for adding the
three chromophores in blue light
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How do these cells “see” blue and green light?

Deleting fciA and fciB showed that they encode CA4 master
regulators that appear to be a new class of photoreceptors
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How did CA4 evolve?
Two types of CA4 genomic islands and two types of specialists....

A AO
RN - S

“CA4-A” genomic island: I E ' Y Y=}

Wb «® w"e\N o
“CA4-B” genomic island: | | ‘aaENl )
\
Q \
\%
R — e e e
Pigment type 3
Green Light Blue Light Type 4.
specialists specialists Chromatic
Acclimation
(CA4)
.



How did CA4 evolve?
Two types of CA4 genomic islands and two types of specialists....
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How common is CA4 and where is it found globally?
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How common is CA4 and where is it found globally?
Conclusions from Tara Oceans metagenomic data and marker genes
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Can CA4 be detected by remote sensing?
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Today’s qu;@s answers:
~

What confers CA4 to some Synechococcus?

- two sets of genomic islands
How does CA4 work?

- changes in activity of chromophore attachment enzymes
How do these cells perceive blue and green light?

- FciA and FciB are likely novel photoreceptors
How did CA4 evolve?

- two genomic islands + two pigment types = two ways to make CA4
How common is CA4 and where is it found globally?

- 40% of all Synechococcus; found deep, cold, high latitudes
Can CA4 be detected by remote sensing?

- your thoughts?...
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