Cryo-electron microscopy
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3DEM. Why and when?

Structure across range of resolutions and samples



3DEM. Why and when?

Easier than crystallography? Membrane Proteins

Yeast mitochondrial ribosome
Amunts et al. Science 2014

TRPV1 ion channel
Liao et al Nature 2013



3DEM. Why and when?

Solve structure “in situ”

B. D. Engel, M. Schaffer, S. Albert, S. Asano, J. M. Plitzko and W. Baumeister:
In situ structural analysis of Golgi intracisternal protein arrays. Proceedings of
the National Academy of Sciences USA, September 8, 2015



3DEM. Why and when?

Mixed samples, populations

N Fischer et al. Nature 2010



Five things we need for 3D EM

1. Preparation methods which preserve 3D structure
2. A microscope which allows us to image the sample
3. Different views of the object

4, Computational approaches for producing 3D
reconstructions from projections

5. Approaches for assessing our 3D reconstruction and
Interpreting it in terms of biology



Sample preparation methods

Requirements for sample preparation:

3D structure preserved at appropriate resolution
Sample thin enough for electron beam preparation

Sample stable in a vacuum



3DEM. Sample prep (brief)

1. Negative staining

2. Vitrification (for cryo-EM)









Micrograph of negatively
stained sample



3 mm

Bridget Carragher



The microscope



Titan Krios electron microscope



Movie from the Baumeister lab, Max-Planck Institute for Biochemistry



What is a cryo-EM image?

It is a projection image



What is a cryo-EM image?

It is @ noisy projection image



It is noisy because of limited electron dose

Slide: Andy Hoenger



Limited exposure

Grant and Grigorieff. eLife 2015;4:e06980. DOI: 10.7554/¢eLife.06980

High-resolution information is lost as exposure accumulates



What is a cryo-EM image?

It is @ noisy projection image



What is a cryo-EM image?

It is a noisy projection image modulated by a transfer
function



What is a cryo-EM image?

How to go from this to a 3D reconstruction?



From 2D image to 3D structure

Key concept

We need different views of our
object.



From 2D image to 3D structure



From 2D image to 3D structure

Single particle EM

The particles are
randomly oriented. Each
Image of the particle gives
us a different view



From 2D image to 3D structure

Key concept

We need to average many images









Movie from the Baumeister lab, Max-Planck Institute for Biochemistry



From 2D image to 3D structure

Computational tools for producing a 3D reconstruction
from projections

CTF correction
Filtering

Alignment
Classification
Averaging

Angle assignment

3D reconstruction
Refinement
Sharpening/weighting



Find the particles within the image




Extract the particles from the image



Averaging is going to require alignment...



Align the particles — rotationally and translationally

Bettina
Boettcher



Classify and average similar images:
Example: F-type ATP-Synthase, Bettina Boettcher

Bettina
Boettcher



Classify and average similar images:
Example: F-type ATP-Synthase, Bettina Boettcher

And then use to improve the alignment... iteration

"



Angle assignment

How to these views all relate to each other?



Angle assignment

Slide: Bettina Boettcher



If you have a starting model:

Projecting a model and compare images to the projections

(projection matching)



Next — generate the 3D reconstruction

In real space or in Fourier space.



3D reconstruction by back projection

A. Frangakis



3D reconstruction by back projection

A. Frangakis



Once we have a model, we can
compare new images to the
model to work out their
orientation... and refine our
structure to high resolution.

(projection matching)



Ilterate...

Nogales E , Grigorieff N J Cell Biol 2001;152:F1-F10

© 2001 The Rockefeller University Press J C B



Interpreting structures

Barford lab Subramaniam lab



A.Hoenger



2D crystallography



MicroED

Tamir Gonen, Janelia/HHMI



In situ or In vitro?

Complex systems Simple systems
Components in situ Purified components in vitro
o -
Low-resolution “blobs” High-resolution detalil

Cryo-electron tomography  Single-particle cryo-EM



Movie from the Baumeister lab, Max-Planck Institute for Biochemistry



Cryo-electron tomography

Julia Mahamid et al. Science 2016;351:969-972 Ribosomes at 28 A resolution

Published by AAAS



Subtomogram averaging
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Multiple conformations/states

N Fischer et al. Nature 2010



Abeyrathna et al. eLife 2016;5:e14874

3DEM. Why and when?

Solve multiple conformations from same sample



Multiple conformations/states

Solve multiple conformations from same sample

Bai et al. eLife 2015:4:€11182



(A) Three views of a cryo-EM map of the 80S ribosome from yeast (32), with arrows indicating
four key conformational changes associated with the elongation work cycle of the ribosome.

Ali Dashti et al. PNAS 2014;111:17492-17497

©2014 by National Academy of Sciences



Multiple conformations/states

Ali Dashti et al. PNAS 2014;111:17492-17497



Summary

Cryo-EM can be used to:

Determine structures at a wide range of resolution
Determine structures within complex environments
Determine multiple structures from mixed samples

Determine conformational landscape of proteins, or energy
landscape of proteins.



