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Cryo-Electron Microscopy

1. Aim: Toimage moleculesin native
agueous environment, i.ein a hydrated
form, in vitreousice.

2. In older, lower resolution method, viz.
negative staining, specimen coated with a
heavy atom, e.g. uranyl

3. Trap important confor mations by
rapid freezing : equivalent to time-

I esolved measur ements

4. Low contrast : need lots of averaging
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Scientific Background

Three Main types of Analysis and resolution:

1. Single Particle Analysis 7-10 A

2.Electron Crystallography of ordered
specimen, i.e. 2-D crystals ~3A (in plane of

crystal)

3.Electron Tomography ~100 A
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Single Particle Analysis

*Applied to large complexes, viz.
Virus particles, ribosomes, etc

*Resolution 7.4 A
Need many viewsfor averaging

*No crystalsrequired

23 July 2004 MRC - LMB, Cambridge



h .'."_ o T
< i . i
r 1 ] 1 i !
ol i VO Sl
-y [ . T
5 A e e
<l bt oy
l N » bt B
o N e e |
i . &
- e T
s fp FL s
Ly Fe L
s J U R TEUTNL
= '-'-r":l""'-Jl.l"i"'."'. B 'Frl-- Cw
y o 8k 4 " s -
T e e -
- ol R el e A g g
Rl T L LS T e :
5 s e s a2
I R R S 3 e
z = . L e o
L] - <L .l g Lr-"‘- |
o L - i ]
i 1 X
ST R e Y P et 3 B
= i 4 ._l'l' e B0 L
g gk " b - :
T P g - e e '?-.
k s ik ity
g oo Lo i k
ek, 1T E4S ALEN g T, Wiy
g B B AL ':r"‘q"-'ﬂﬂf' i
: - r LR . o Cd
'-.}_.-' iy r""_'i"'." ..|__'" .-‘,r,.l..;\.._ e i
e ALK s Al "m i Nl B
e

8 R i e ey e i ;

& &

Bottcher, Wynne& Crowther Nature 386,88-91
23 July 2004 MRC - LMB, Cambridgg;9g7) Y 5

k-




)
=
g5
09
&..
O o
cC
S
S, @
=g
9
S5
B 8
mZ
©
o)
o
2
@)
as}
=
|
@)
o
=
m
v
m o m
= 3
— =
~ ™
I > N



Electron Crystallography

«2-D crystals required

*Averaging donein crystal

*Main application: membrane proteins
(but not exclusively)

Near-atomic resolution (~2.5 A).
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Electron Microscope CM12

Base plate

Insertable
gate valve

Phosphor

Fibre optics
Preamplifiers
Peltier cooling Element
Water jacket

"ul’at:uum Cﬂﬂhﬂg CCD drive
system water pulses

Farugi & Andrews NIM A392, 233 236
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Electron Diffraction Studies on Bacteriorhodopsin
(with R Henderson and S_Siibramaniam)
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Courtesy R.Henderson 10
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PSF

100,000

10,000

1000

100

Point spread function in camera

PSF ph ng::h or CEED
fwhm B3ums 37ums
fw 10%m | 122ums | 71ums
fw 1%m 192ums | 113ums

37ums
pixel size at phosphor
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FILM
Main Advantages

Very good resolution
Ease of archiving

New LMB Scanner (R.H.): High speed, small
programmable pixel size> 1 um, very high accuracy in
both position and optical density.

Disadvantages

Not on-line, delays due to processing and scanning

Poor S/N for weak exposures — fog, dust.
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High Resolution | maging
Detector Reguirements

1. Electronic detector with computer contr ol
2. Number of independent pixels:4000 by 4000
3. Size 20 —-50 pm

4. High senditivity, no noise

5. Radiation hardness important ~1 MRad

6. Readout time not critical (mostly)
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Semiconductor Detectors (pixel detectors)

Good spatial resolution(?); no intermediate light
conversion step in the phosphor or fibre optics

Photon (electron) Counting —no noise(?)
Fast Readout — multiple frames per image
Compact size (limited space in microscopes)
Tiling essential for adeguate ar ea cover age

Cooling not required(?)
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Direct Detection in Silicon Pixel Detectors

» Hybrid Pixel Detectors (Poster ...)

Pixellated silicon detector, bump-bonded to
readout chip with same size pixels

CMOS Detectors (Thistalk)

Pixellated silicon, readout built into each pixe
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M APS Backqground

Monte Carlo smulations of 120 keV electronsin silicon, 4 umthick
lateral spreading of charge, ~1 pm,.
energy deposited: ~2.4 keV - >> Readout noise (~ 100 e)
Monolithic Active Pixel Sensor (MAPS) —designed at RAL
Size: 525 by 525, 25 um pixels
Non-Radhard, standard 0.5 um CM OS technology
Each pixel in MAPS contains four diodesin the sensitive epi-layer
Electronsdrift to oneof the four diodesin pixel
Charge summed from all diodes and converted to a voltage
One ADC per column; all pixelsin arow read out in parallé

Detector parameter Stested so far: Spatial resolution,
sensitivity (or efficiency) and radiation har dness
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| maging of 100 mesh grid in MAPS
Gel/100pixels Bel/pixel
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Fourier Transform of grid image on MAPS

MTF at Nyquist frequency : 52%
compared to film
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RIDA0D - Bingle electron eve nts

ADC Response for Single Electrons
at 40 keV and 120 keV

i
|
i
L
5
:
i

Mean = 53+/-18

[TT"%
.

40 keV
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Integrated AT'C umits

GRIDE - Bingle electron events

Mean = S0+ /-28

120 keV

Humber of evenk=s

Integrated ADC units
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Distribution of ssignal in ADC unitsfrom
single electron hitsat 120 keV

0.2
0.8 5.2 1.4
0.0 3.8 29.9 3.6 -0.2
1.6 3.1 1.0
0.1

Total =50 ADC Unitgelectron from 152 events.
25% of signal in adjacent pixels (13% at 40 keV)
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Radiation Damage

A series of exposuresof thegrid recorded on two detectors
recorded asthe accumulated dose was gradually increased.
Both behaved in a similar way.

Even with ~10,000 electrons per pixel,

the changein the background level (pedestal?) could be seen
In the form of an outline image of the previous grid pattern
on blank exposures.

After 250,000 electrong/pixel, the detector was still usable, but
after 600,000 to 900,000 electrons/pixd, the detector was
unusable.

Total Dose: 10,000-15,000 Rads.
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MAPS:. Summary at 120 keV

Sengitivity:
Noise:
Signal/Noise:

Resolution:

Radiation Hardness:

23 July 2004

~50 ADC Unitg/electron

~2 ADC Units

~25

52% of film at Nyquist Freguency
(Similar to film at 40 keV)

10-15 Krad . Needs improvement!
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FET of 100 mesh grid at 120 keV: Medipix2

Nyquist Frequency, 76% compared
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FFT of 100 mesh grid: Film

Was Faruqi
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Vermiculite

Diffraction Pattern from Vermiculite
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Medipix Summary

Efficiency: very high, all energy absorbed in S detector
Resolution: 76% at Nyquist Frequency (if film 100%)
Vth = (60 keV) eliminate charge sharing

Radiation Tolerance: No signs of damage with 6 MRads of
120 keV electrons; readout
el ectronics protected by 300 pm of
Slicon

Farugi, Henderson and Tlustos, IWORID2004 (Glasgow)
submitted
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