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Ernst Ruska (1906-1988) designed the first TEM in 1931 
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Albert EinsteinLouis De Broglie

Physics

for his services to Theoretical Physics
For  his discovery of the wave 
nature of electrons

Chemistry

for developing cryo-electron microscopy for the high-resolution 
structure determination of biomolecules in solution

development of crystallographic electron microscopy and 
his structural elucidation of nucleic acid-protein complexes
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Magnetic electron lens

Ernst Ruska and  Max Knoll (1931)

18e                 Development of Cathode rays 
1897     J.J. Thomson  Electron discovery

1926              Hans Busch theoretical discovery: a short magnetic coil
can concentrate an electron beam as a glass lens does
on light rays 

Engineer for development of 
cathode-ray oscillographs

1/ change the trajectories of electron beam
2/ control the focal length by means of the 
coil current (Busch eq)

Wikipedia tube de Crookes
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Ec=1/2 mv2= e.V

A electron submitted to electric field with a tension V

λ=h /(2e.m.V)1/2≈ 12,25/ √V  Ǻ 

m1=m0 /(1-v2/c2)1/2 

Albert Einstein ( relativistic effects on electron)

nm
VV 2610

23.1




For high tension,  v> c 3 108 m/s

Correction for the mass

A particle with a mass m and a speed v  is
characterized by a wave length :

λ = h/(m.v)

1924 Louis de Broglie Duality wave length-particle

Ernst Abbe criteria Resolution of light microscope  limit ~ /2 (d =0,61.λ/n.sinα)

At 75 kV  and aperture of 20 mRad
 = 0.04 Ǻ
Resolution limit=2.2 Ǻ
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Electron incident
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λ=h /(2e.m.V)1/2≈ 12,25/ √V 

A particle with a mass m and a speed v  is
characterized by a wave length :

λ = h/(m.v)

1924 Louis de Broglie Duality wave length-particle

Electron microscopy measures the Coulomb potential distribution
≠ x-ray crystallography determines the electron density

Strong interaction with the nucleus 

qe=Z e / V x rn

Only elastically scattered 
electrons contribute to the 
theoretical image intensity

Inelastically scattered 
electrons produced an 
unwanted background

qn= e / V x re
Di=20/Z  De
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Bacteriophages. 

(Helmut  Ruska, 1941-1942)
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Tobacco mosaic virus 
embedded in phosphotungstate
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1982

Aaron Klug

1922 Sir Lawrence Bragg  Xray crystallography
1962 Max Perutz John Kendrew First structure of proteins

1962 (Cambridge) turn to electron microscopy because it produces IMAGE

1954-1962 Xray crystallography on TMV

1/ Preparation artefact, radiation damage
2/ Artificial means of contrat enhancement
3/ image formed depends on operating condition, focussing, aberrations

4/ Large depth of defocus: all features along the direction of view are superimposed
in the image

Raw image is not easily interpretable without procedures for image processing

Limitation 
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1982

Aaron Klug

3 Dimensional reconstruction of an object from a set of 2D projections

Tail of bacteriophage T4

Resolution ~ 30 Ǻ
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1982

Aaron Klug

DeRosier and Klug Nature 1968

3 Dimensional reconstruction of an object from a set of 2D projections

3D specimen

Transmission image 
Is a projection

Direction of view

2D Fourier transform

are

Section of 3D Fourier 
transform

Reconstruction by Fourier
Synthesis using all sections

3D map
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1975

7 A resolution, embedded in glucose 0.5% 

Richard Henderson

Electron diffraction

image
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LOW DOSE
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Jacques
Dubochet
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Bacteriophage T4 Semliki forest virus
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Joachim
Frank

Nobel Lecture 
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Bacteriophages. Negative

staining
cryoTEM

Ernst Ruska (1906-1988)

1931 1970 1990 2000 2008

1981
Vitrification Dubochet .

De Rosier and Klug

3D reconstruction

1968 

. 

3D structure bacteriorhodpsin

1975 
2012

Film sensitive to electrons CCD DED

Zhang et al 
Nat struct biol
,2013

Dengue virus
(icosaedral)

Microtubule( helical)

R H Wade
Biochemistry 2001

Macromolecules Symmetrical assemblies Tomography

Bohm ,.. Baumeister
2001, current biology

McMullan and Henderson. 
Direct electron Detector comparison

2014
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Illustration by Martin Högbom/The Royal Swedish Academy of Science

CryoEM revolution in Structural Biology
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b Galactosidase 450kDaRichard Henderson
Nobel Lecture 
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PIP2 bound in a1 subunit
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Hemoglobin
64 kDa  3.2 A
R Danev, 2017

Streptavidin
52 kDa  3.2 A
H-W Wang, 2018
BioRxiv
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Richard Henderson
Nobel Lecture 
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Richard Henderson
Nobel Lecture 
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Chemistry

Structural 
biologyCryo EM

NMR

X-RAY


