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Three Interrelated topics

* The specimen support

— Gold grids
— Nanowire grids

* The sample inice
— Description
— Alr-water interface

 Electron-specimen interactions
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Summary from last meeting

* Au-Au best grid (or nanowire grid)

» Most proteins (90%) are at the AWI

« Majority of proteins damaged by this?
— At least FAS Is (90%)

» Can we use graphene & 1-pyrCA to
Improve stability & get some nice
structures?
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Goals for today

 Electrons are ionizing radiation

Biological samples are damaged by electrons
— Proteasome
— Rotavirus VP6

Damage to the vitreous ice
Methods to reduce damage
Specimen charging
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Electrons interact elastic or inelastically

« Elastic Scattering electron-irradiation damage

— No change in / \

incident electron

elastic inelastic
energy* (electron-nucleus) (electron-electron)
scattering scattering
- - 1
« Inelastic scattering V y
electrostatic charging specimen heating
— Transfer of energy
tO Sample —» atomic displacement structural damage e—
— e-beam sputtering mass loss -
deposition, e.g. hydrocarbon contamination  ~—
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Electron exposure & radiation damage

Rad dose vs electron exposure (300 keV)
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When can we see radiation damage?

Increasing exposure

Resolution

! Micrograph

I super structure

1
i Residues, helices

037 low-resolution
information

D,, high-resolution
information
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Low resolution: bubble formation

Resolution

25e-/A2 ‘excess’ exposure

&2 COLUMBIA UNIVERSITY Glaeser (2016)
IN THE CITY OF NEW YORK
Meth. In Enzy. 579:19-50




Proteasome data

Frames Aligned mic

2.3
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Proteasome data

Frames

1

T1: Frames 3-12 T2: Frames 11-24
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« Randomly
assigned particles
to either even (E)
or odd (O) groups

e Compute FSC

(T1) Black  Frames: 3-12
(T2) Blue Frames: 11-24
(T12) Green Frames: 3-24
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Unpublished results

2.56 A
3.77 A
2.46 A

Wang et al. (2018)
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High and low threshold

T1: Frames 3-12 T2: Frames 11-24

Resolution

Low
Unpublished results
High
total: 16e/A2 Total: 39e/A2
M Frame: (22.75e-/A2) Wang etal. (2018
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Electron radiation increase heterogeneity

« E.g., T2 rotates relativeto T1
* Increased structural heterogeneity

Resolution

Unpublished results
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Other examples

Resolution

Frames 67-69 e

Frames 4-6 Frames 25-27 Frames 46-48 o
3.1-4.6 e-/A2 19.2-20.8e-/A2 35.4-36.9 e/A2 51.5-53.1 e/A2 ¢
2.9A 3.4A 4.1A 5.74
Rotavirus VP6
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Should we only use the first frames?

 Early frames have
less damage & are
less heterogeneous
but number of
particles (frames) Is a
very important factor
for high resolution
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Decrease In SNR due to damage
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Changes between early and late

Crames « Damage to residues

* |ncreased
heterogeneity

. Lower SNR

1

Early frames Late frames | yppublished

results
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Goals for today

 Electrons are ionizing radiation

Biological samples are damaged by electrons
— Proteasome
— Rotavirus VP6

Damage to the vitreous ice
Methods to reduce damage
Specimen charging
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Water molecules are damaged by radiation

Time (s) lonizing radiation
0
Physical stage Exc'taV \Onllatlon
1015 s | H,O" + e~
H,O
Phvsi h ical \ Ho‘l+ |2-|_ \ H,0*
ysico chemica H, + O('D) 4o
stage

l H,0 J H20

H'+ HO* H, + 2 HO HO® + H0f  HO '+ H,+ OH™ e,
10—12 s q
Chemical stage l
10—5 s | e_aq, H', HO', HOZ', OH_, H3O"', Hz, HzOz
\4

In pure water, many of the chemical intermediates shown in Fig. 3 have
no alternative but to react with each other, ultimately returning nearly
everything back to molecules of water. It is even believed that hydrogen rad-
icals and hydroxyl radicals can convert hydrogen gas and hydrogen peroxide
back to water (Le Caér, 2011). This very likely is why pure ice may appear to
be unchanged when irradiated in the electron microscope.
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Vitreous ice Is rearranged In the beam

« Structure factor of vitreous ice changes between each
frame — unaligned frames have strong Thon ring for ice

Amorphous carbon Vitreous ice

Alighed unaligned Aligned unaligned

&2 COLUMBIA UNIVERSITY Glaeser (2016)
IN THE CITY OF NEW YORK
Meth. In Enzy. 579:19-50




Ways to overcome specimen damage:

Small probe size
Cooling the specimen
Increase kV
Dose-weighting

Gold grids?
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Ways to reduce specimen damage

20—

Small probe size
Cooling the specimen
Increase kV
Dose-weighting
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Ways to reduce specimen damage

« Small probe size
» Cooling the specimen
* Increase kV Table3 | |
Characteristic dose for the removal of specified elements from organic
. . specimens irradiated with 80 keV electrons, determined by EELS (Egerton
« Dose-weighting o,
e Gold gnd g? Material Element D, (C/em®) at 300K D, (C/em?) at 100 K
Collodion N 0.002 0.25
0] 0.006 0.5
C 0.06 0.3
Formvar 0] 0.03 ~1
PMMA 0 0.06 0.5
C 0.5 0.8
Polycarbonate O 0.5 =5
Cl;¢Cu Pc Cl ~3 ~10
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Ways to reduce specimen damage

Small probe size —-— .
Cooling the specimen 5””“: .t Coronene CaqHs;
Increase kV o o} " ¢
Dose-weighting
Gold grids?

®
—
o
(=]
(=]

1000
500 ¢

200
100
20

100

]
=]
T

® CL-decay
O  CL efficiency 110
deposited energy
------ inelastic x-secn.

—
]
T

Cross-section (cm?2 x 10-18)
(A8) paysodeq Abieul]

n

[\

—4

] 1 1 ] 1 1 ] 1 1
01 02 05 1 2 5 10 20 50 100

Incident energy E, (keV)

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

Egerton & Malac (2004)
Micron 35:399-409



Ways to reduce specimen damage

Small probe size
Cooling the specimen
Increase kV
Dose-weighting

Gold grids?
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Everything Is a trade off; lower contrast

y(k) = 2m(—0.5AzAk? + 0.25CsA3k%)

H(k) = 1[siny(k) —Wcosy(k)]

1.0 1

100 kV
Area= 681 .

0.0 1

—0.51

=1.01

-0.51

-1.01

0.4

0.5

1.0 1

300 kV
Area=662 .|

0.0 1

—0.51

—1.0 1

-0.5 1

-1.01

0.0 0.1
&2 COLUMBIA UNIVERSIT
IN THE CITY OF NEW YORK

0.2 0.3
‘S{Datial frequency (k)

0.4

0.5

1.0 1

200 kV
Area=670

0.5 1

0.0 1

0.0 0.1 0.2 0.3 0.4 0.5

1.0 1

1000 kV
0.5 ] Area=650

0.0 1

0.0 0.1 0.2 0.3 0.4 0.5
Spatial frequency (k)



Ways to reduce specimen damage

« Small probe size
« Cooling the specimen
* Increase kV 0 —
» Dose-weighting G ol
w
- =
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Ways to reduce specimen damage

« Small probe size @ )
_ ] .| am-Cfilmon .- T+ ] am-C foil
« Cooling the specimen = {*™°™ ][t
* Increase kV ot ;
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Specimen charging

* lllumination results
In charging
 Charge changes the

path of incident
electrons.
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Summary

electron-irradiation damage ‘
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