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Course logistics

DAY 2: TUESDAY, MARCH 3, 2020

09:00 - 09:30 Registration/Information desk — SEMC conference room
Lecture 3 — NYSBC conference room

09:45 — 1045 Microscopes and tools of the trade
SEMC Staff

10:45 - 11:00 Break

DAY 3: WEDNESDAY, MARCH 4, 2020

09:00 - 09:30 Registration/Information desk — SEMC conference room

Lecture 4 —- NYSBC conference room
Algorithms and foundational math Partl:

Uade=il derivation/explanation of the CTF, FTs.

Algorithms and foundational math Partll:
10:35 — 11:30 reconstruction, classification, maximum likelihood.
Fred Sigworth (Yale University)

11:30 - 11:45 Break

Lecture 5 — NYSBC conference room
Data Analysis and reconstruction workflow
Amedee des Georges (ASRC/CUNY)

11:45 - 12:30




Course logistics

DAY 4: THURSDAY, MARCH 5, 2020

09:00 - 09:30 Registration/Information desk — SEMC conference room

Lecture 6 — NYSBC conference room
09:45 — 10:45 In.terpr_etation anc{ Limitations of $PA
Rich Hite (Memorial Sloan Kettering Cancer Center)

| Lecture 7 — NYSBC conference room
40:45 — 11:45 Validation Methods
Tom Walz (Rockefeller University)

Roundtable 4 — NYSBC conference room
11:45-12:15 EM challenges and new frontiers
Rich Hite, Tom Walz & others

‘ DAY 5: FRIDAY, MARCH 6, 2020

Registration/Information desk — SEMC conference room
09:00 - 17:00 ; :
room available all day except for practicals
Lecture 9 — NYSBC conference room
09:45 — 10:45 Fitting Atomic Models

Oli Clarke (Columbia University)

Lecture 10 — NYSBC conference room
10:45 — 11:45 Coordinate Refinement and Validation
Gira Bhabha & Damian Ekiert (New York University)

Roundtable 4 — NYSBC conference room
Making biological conclusions from cryoEM reconstructions.
Gira Bhabha, Damian Ekiert, Oli Clarke & others
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Course logistics
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» The mission of NCCAT is twofold: to provide nationwide »
access to advanced cryoEM technical capabilities, and to

assist users in the development of cryotM skills needed

for iIndependent research. NCCAT provides access to
state-of-the-art equipment required to solve structures to

: Our mission is to provide nationwide access to cryoEM
the highest possible resolution using cryoEM methods.

instrumentation and training needed for independent EM research.
Contact us at nccatinfo@nysbc.org
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News and Events

2020 Annual Meeting - Biophysical Society

Graphene Grids Workshop




CRYOEM: TECHNOLOGY ON THE RISE

microED
Chemistry Nobel prize 2017 Science breakthrough of the year
runner-up 2018

Single-particle cryo-electron microscopy (cryokEM)
is the Method of the Year 2015

nature\methods

Techniques for life scientists and chemists
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3 of he YEAR
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a(:(jes Dbchet
Joachim Frank
Richard Henderson

“for developing crvo-eiectron microscopy for the high-resolution structure
determinaiion of biomolecules in solvtion”

M Review on CRISPR-Cas9 specificity

M Reconstruction of dense neural populations

B Photoswitchable probe for photoacoustic imaging
B A refined force field for DNA simulations
W METHOD OF THE YEAR 2015




TECHNOLOGY ON THE RISE

CRYOEM
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WHAT IS POSSIBLE TODAY?




WHAT BROUGHT ABOUT THE
RESOLUTION REVOLUTIONZ? 2012-2014

Microscopes Direct Detectors Computers
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CRYOEM: TECHNOLOGY ON THE RISE
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Electron Microscopy

CRYOEM:
o
SCALE _
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CRYOEM: WHY ELECTRONS®?

Pros Cons

Small wavelength Damages sample

worse with faster electrons

Can be focused Poor penetration

better with faster electrons



MODALITIES | TOOLS

CRYOEM

lomography

2D arrays

Single-particle




CRYOEM: TOOLS

wAg

Light source SA_A” e- source
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MAIN PARTS OF AN EM

Electron gun

J ? ' Electron sources

Condensor aperture _ _ | =1 B
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Vacuum systems
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[ Image recording system




® ELECTRON SOURCES

What are the 3 main kinds of electron sources!

www.thermofisher.,com




® ELECTRON SOURCES

How fast are the electrons moving?
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https://www.youtube.com/watch!v=tYCET é6vYdYk



https://www.youtube.com/watch?v=tYCET6vYdYk

® ELECTRON SOURCES

How fast are the electrons moving?
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https://www.youtube.com/watch?v=tYCET6vYdYk

D ELECTRON SOURCES & TYPES OF CRYOEM:s
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@ ELECTRON SOURCES & TYPES OF CRYOEM

80-120 kV: |EM [230:Tecnai T12

il W or LaB6
L= High contrast & robust
= sub-nm resolution

TE 0 200 kV: |EM 2100F Tecnai F20, Talos, Artica
- e  FEG |
@ X 2+ A resolution (3.5-4 A)

/G\ 300 kV: |EM 3200F5C, cryo-ARM, Krios, Polara
o T FEG
Smaller effect on upwantec lens aberration
5-3 A resolution




@ ELECTRON SOURCES & TYPES OF CRYOEM

1-1.2 MV: Hitachi, |EOL
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S\ VACUUM SYSTEMS

Why do we need a vacuum!

| [
Y

am ="M\ Beam coherence - at STP mean free path ~| cm
me o= Insulation - interaction between e- and air
EiR=4 |

|

Filament - O2 will burn out source
ggn'ﬁ@

Contamination - reduce Interaction gas, e-beam and sample

]




S\ VACUUM SYSTEMS

What types of pumps do we have? . Mm 78~ 1 lor = 10 Fa

| atm = /60 Torr = /7.5x10% Pa
I
__}\*.-“‘-f . )‘
LUFY PVP / Rotary [-10-3 Torr |  >0.1 Pa
[><]
CHE N Diffusion [03-10¢Torr | 0.1-104 Pa
'X: i
I
% 6-109 4107
— Turbo | O |07 Torr ‘ | O-4+10-7 Pa
O _
o 9-1012 7_109
T IGP [107-10-"2Torr | 10-7-10 Pa

wikipedia.com



S\ VACUUM SYSTEMS

\ mm Hg = | Torr = 102 Pa
What types of pumps do we have! |

— 760Torr = /.5x104 Pa

J L G ‘ 0_9 T Vacuum (Supervisor) Cryo TSettmgsT C&ol_
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Camera 035 eb 4605 e-b 17
Buﬁeﬁank 0.19 25.85 33
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(Q LENSES

What types of lenses do we have!

Deflector 1 (shift)

¢ FOCUS Deflector 2 (tilt)

e Magnity

Lens

* Rotate

S N




Electron gun

Q LENSES Microscope Alignments T'_L \
What to do & what not to do
* Do: ==
S\
e Start at eucentric height and Condensor aperture
focus "
Specimen ve aperture

* Check if it is already good ==

before attempt : [ = ve lens

Intermediate aperture @

tion lens

* Align from top to bottom

Binoculars S [5< || Projector lenses
* Not to do: ]

° é”gﬂ without g way toLundo /[j) JFluorescent screen

/
° A“gn M(hen |E|§[‘ iS not Stab‘@ —
(etemperature) || 1mage recording system

Intermediate lens

| —




BDETECTORS Digital Cameras for TEM

e Photon converted » (,(,])  Charge Coupled Device
f?

e Direct Sensing e CMOS Complementary Metal

Oxide Semiconductor

phosphor -

mm T R

CCD CMOS CMOS

e

high d t .
I e Er Direct Detectors



BMDETECTORS Detector Performance Characterization

« MTF (Modulation Transfer e DQE (Detector Quantum
Transform) —fficiency)

» contribute to signal envelope * /N over spatial frequency
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BMDETECTORS Detector Performance Characterization

1 P | | |
~ K2 Summil {super-resolution)
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