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Protein Protein breakdownbreakdown byby thethe ubiquitinubiquitin--proteasomeproteasome pathwaypathway
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11nm

15nm

• The proteolytic core complex

• Conserved architecture from
archaea to humans

20S core20S core

αα ββ ββ
αα

• A multi-subunit (>32) complex

• 2.5 MDa

• Degrades ubiquitinated 
substrates in an ATP-dependent 

manner

19S cap19S cap

19S cap19S cap

26S Proteasome

20S Proteasome

CoCo--star: the 26S and 20S proteasomestar: the 26S and 20S proteasome



MPI of Biochemistry

10 nm

The 20S proteasome of The 20S proteasome of T. acidophilumT. acidophilum

toptop viewviewsideside viewview

10 nm

Loewe et. al.,ScienceLoewe et. al.,Science 268268 (1995)(1995)
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Gold Gold labelledlabelled UbiquitinUbiquitin--aldehydealdehyde bindsbinds 26S 26S specificallyspecifically

Hölzl et al., 2000
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Integration of tomography and SPA in TOMIntegration of tomography and SPA in TOM

Semi-Automated Acquisition

Projection Alignment

Reconstruction

Volume Visualization

Particle picking

Particle Alignment

Classification

Tomography Single Particle Analysis

3D reconstruction3D reconstruction

Cellular & SPA
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TOM TOM pipelinepipeline 3D3DPicking

3D alignment

Averaging
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Tomographic reconstruction Tomographic reconstruction of 26Sof 26S proteasomesproteasomes
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Angular distribution of 26S Resolution FRCC

Nickell et al., BBRC (2007)

NonNon--Random Distribution of 26S in iceRandom Distribution of 26S in ice
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AveragingAveraging of tomographic of tomographic reconstructions reconstructions 
ofof thethe 26S proteasome26S proteasome

first template
(cylinder)

sub tomograms
(in total 153)

average final average

iterative
alignment
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Nickell et al., FEBS Letters (2007)
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GridGrid scanscan: zoom: zoom
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HighHigh--throughputthroughput datadata acquisitionacquisition

~100 images/hour total 800 images
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ParticleParticle PickingPicking

tom_av2_particlepickergui
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2D 2D alignmentalignment

tom_av2_alignment
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OverviewOverview and and classclass averagesaverages

Nickell et al., FEBS Letters
(2007)
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MulticlassMulticlass AnalysisAnalysis

tom_pcagui
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Eigenimage GalleryEigenimage Gallery

tom_pcagui
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143 particles 114 particles

Two class averages of UbTwo class averages of Ub--Gold labelled 26SGold labelled 26S

difference
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A TitanA Titan……
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