Elucidating the Structural Basis of
Carboxysome Function:
A Progress Report




The , @ Prokaryotic Organelle Composed
Entirely of Protein, in Cyanobacteria and
Chemoautotrophs
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Transmission electron micrographs of Syn 6803 cells courtesy of Robby
Roberson, Wim Vermass and Allison van de Meene (Arizona State University).




The carboxysome is a bacterial
organelle for fixing CO2

HCO,

carbonic anhydrase CA ribulose 1-5, bisphosphate

_ _ carboxylase-oxygenase
Ribulose bis-phosphate RuBP RuBisCO

3-phosphoglycerate PGA




Carboxysome Genes
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CcmK2 Syn PCC6803 (Beta)

Cso0S1A H. neopolitanus (Alpha)

Tsai et al., PLoS Biology, June 07




A comparison of pores

CcmK2/CcmK1 CsoS1A

Loss of charge in pore: K-> F
G triplet, inward facing amides
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Analogy to membrane channel proteins
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Possible Geometries?

X-Section




And two tomography studies......




Pentameric Defects?
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OrfA structure
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OrfA structure
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The Pentamer is a Truncated
Pyramid

"Broad Face”
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Assembly of an Icosahdron
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The carboxysome shell is relatively thin compared
to the shells of viruses

L=/

el
e

it

2
:
5
E
5
o
E

—
on

Average thickness=
18.6A

d00 GOO )
Aovorage dizmeter [A)

s mCEnE

Tsal et al., PLoS Biology, June 07



Next Steps.....
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The Carboxysome:
Nature’'s CO,-fixing machine

Yeates et al., Biochem. Soc. Trans. 2007
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Other Bacterial Microcompartments




Other Bacterial Microcompartments
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And other unusual shell protein building blocks forthcoming....




Summary

e \WWe have sufficient structural data to model
the carboxysome shell

* Bacterial microcompartments are
surprisingly widespread and diverse In
function

* And likely to be architecturally diverse In
their building blocks




Opportunities

e Cyanobacterial Annotation Tools for
Undergraduates (DOE)/Database needs

« Cyanobacterial Molecular Biology
Workshop, June 2010 Lake Delevan,

Wisconsin
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