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Light microscopy




Why electron?
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Wavelength (hanometers)

De Broglie Wavelength: Electron mass: Energy conversion:
A=h/mv Me=9.1x10-31 kg 1 keV = 1.6x10-16 J
Electron:
Energy conservation: Voltage: Planck Constant:
E=mv2/2=eV V=200kV h = 6.63x10-34 J/Hz
Electron speed: Electron wavelength:

v ~ 70% speed of light A ~ picometer (10-12 m)



Electron microscopy
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Challenge in using electron microscopy for biology

De Broglie Wavelength:

Material Science A=h/mv

Energy conservation:
E=mv?2/2=eV

Electron speed:
v ~ 70~80% speed of light

Limitation:
Radiation Damage

MoS: at 0.39 A



Cryo-electron microscopy (Cryo-EM)

The sample is
transferred to a metal
mesh and excess
material removed.

3\
8y

i

The sample forms a thin
film across the holes in the
mesh when it is shot into
ethane at about -190°C.
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The water vitrifies

around the sample,
ETHANE which then is cooled by
liquid nitrogen during
the measurements in
the electron microscope.
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Cryogenic electron microscopy (Cryo-EM)

Why electron?
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Better resolution!
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Why cryogenic?

Protect biological sample!




Single particle cryo-EM




Single particle cryo-EM
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Resolution revolution in cryo-EM

1.2 A cryo-EM map
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Jacques Dubochet Joachim Frank Richard Henderson

The Nobel Prize in Chemistry 2017

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



What enabled the resolution revolution in cryo-EM: better microscope
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What enabled the resolution revolution in cryo-EM: better camera
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What enabled the resolution revolution in cryo-EM: better algorithm
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Bayesian statistics
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NEW cryo-EM workflow
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Cryo-electron tomography




Challenges In cryo-electron tomography
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3D reconstruction of sperm tail



Asymmetric distribution of novel non-motor protein complexes
(Radial Spokes)




In situ atomic resolution cryo-electron tomography

Article

Visualizing translation dynamics at atomic
detail inside abacterial cell
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SRF as electron source for Cryo-EM: Opportunities

FEG SRF Benefit
Brightness ~10'1 A sr'' m2 >1013 A sr'' m Sharper, higher SNR
Images
Enenrgy 200-300 keV MeV Thicker sample
Energy Spread 0.3-0.7 eV <0.1 eV Less chromatic
9y SP o ' aberration
Temporal coherence ns—ys fs—ps tlme-reslcz)ll\\,lled cryo-
Stability Hours Days Automation

tungsten/LaB6 guns (thermionic) = Schottky FEGs — cold FEGs — SRF



SRF as electron source for Cryo-EM: Challenges

e Radiation damages: Low dose, fast data collections, better detector
e Size & complexity: cryogenic infrastructure and vacuum systems

e Energy mismatch: compact and tunable cavities

e Integration with TEM optics

e Cost: Synchrotron vs tabletop instruments



Thank you!



