Electron tomography: theory and applications

Cryo-electron tomography allows 3D imaging
of volumes to about 2 nm resolution.

The method is also in used to study cells and
very large macromolecules.

This show exemplifies the expansion of the
cellular cryo-electron tomography method to
include also studies of individual protein
molecules.

Electron tomography process
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”Missing data” problem: elongation of the reconstruction
in the beam direction due to missing images at high tilts
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Tilt series

Three-dimensional reconstruction

Three-dimensional reconstruction

Three-dimensional reconstruction
The effect of missing data
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Proteins in solution

From 1 mg/ml solutions, a grid may have tons of protein
or none at all
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Tiny holes in a carbon film on the grid:

1 hole diameter = 1 micron

The alignment gold must be evenly distributed
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Invisible structures made visible with COMET

' Low-dose
. *  tilt series

Electron Tomograms of IgG

Filtered Backprojection at high
and low cutoff-levels

After Comet
Processing

Filtered COMET-
back refined
projection
Computer programs COMET refinement
Programs
« XPIX Pick marker coordinates
+ REFINE Geometry alignment
*  IMAGE-EXTRACT Data extraction
+  BACKPROJ Filtered back projection
« COMET Post refinement
+ BOB, AVS, VMD ... Visualization
Platforms

+ Compaq OSF1
« Linux RedHat, SUSE
*  Mac OSX

Noise reduction during 10 cycles of refinement
of an IgG using COMET
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COMET on Adeno virus data

Hexon density improvement with COMET
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GroEL at 6A

Two rings, each containing 7 identical subunits.

S.J. Ludtke, D.-H. Chen, JL. Song, D.T. Chuang, and W. Chiu (2004) Structure 12, 1129-1136

The GroEL model

Top view Side view
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Generated data

Signal/Noise 1.0 Signal/Noise 0.1

3D reconstruction

Top Side Slice

Reconstruction from 1000 images with signal/noise 1.0 by filtered backprojection.

COMET REFINEMENT

Comparison to model at S/N 1.0

Comet
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Comparison to model at S/N 0.1

Xmipp Backprojection

Fourier shell correlation

~15A ~10

Amoeba biology happens in 4D, NOT in 3D

Biochemical

Structural studies of Immunoglobulin G

TEM

AFM

CET
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Immunoglobulin G tomograms

The Xray structure of the Fab arms and the Fc stem, are shown docked
into a IgG tomogram (orange wire frame). The Xray protein coordinates
are from Protein Data Bank for IgG but with the different domains
disconnected to allow for large conformational differences

Connect for dynamics
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Equilibrium distribution
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Model of IgG Large Scale Dynamics of IgG2a

Antigen-antibody

NS encounter reactions:
v, simple laws explain
complex dynamics

Simple animation
Brownian dynamics (1000 steps of 1 nano second each)

L. Bongini, D. Fanelli, F. Piazza,
Distribution of angles between IgG subunits P. De Los Rios, 8. Sandin, M. Sanner, U. Skoglund
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