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Department of Microbial Pathogenesis
Microbial Sciences Institute
yale University




Overview of cryo-ET tutorials

Time (EDT) Speaker Topic
10:00-11:00  Jun Liu (Yale) Introduction to Cryo-electron tomography
11:00-12:00 Digvijay Singh

(UCSD) cryo-FIB to prepare cryo-FIB samples
12:00-13:00 Lunch break

13:00-14:50  Jianfeng Lin (Yale)  Cryo-ET sample preparation tutorial and demonstration
14:50-15:00 Coffee break

15:00-17:00  Jun Liu (Yale) Cryo-ET data collection and reconstruction tutorial and
demonstration

Time (EDT) Speaker Topic
10:00-11:00  Raphael Park (Yale) Tomographic data segmentation tutorial and demonstration.
11:00-13:00 Muyan Chen (BCM) Subtomography averaging tutorial and demonstration in EMAN?2
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- What'’s cryo-electron tomography (cryo-ET)?

- What’s the difference between cryo-ET and single
particle cryo-EM?

- How should | prepare samples for cryo-ET?
- How should | collect cryo-ET data?

- How should | analyze cryo-ET data?

- How could | use cryo-ET effectively?

@ @junliulab
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- What's electron tomography

- The power of cryo-ET

- Key steps in cryo-ET:
- Sample preparation (Digvijay Singh & Jianfeng Lin)
- Data collection (Jun Liu)
- Image analysis (Raphael Park & Muyuan Chen)

- Some classic cryo-ET applications

@ @junliulab
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Thermo Fisher



Principle of Electron Tomography

2D projection images Back-projection
from different views to generate 3D reconstruction

€ v Koster et al., JSB 1997




original image

=90 — 90 deg

S deg increment

—80—-80deg -70-70deg —60—60deg —50-50deg

OV

2 deg increment

Koster et al. 1997



original image

1. Sample thickness (< 300nm)
2. Total doses (< 100e/A2)

3. Tilt iIncrement

4. Tilt range
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Koster et al. 1997



- Providing 3D snapshots of unique
biomedical complexes in their functional
environments.

- Bridging the information gap between light
microscopy and near-atomic resolution
techniques (such as cryo-EM or X-ray
crystallography).

@ @junliulab
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Ruska and his first electron microscope

AL

o

Ernst Ruska & Max. Kpoll 198 Helmut Ruska 1938, 1940

The Nobel Prize in 1986 awarded to Ruska for -
@ Ll designing electron microscope




Electron microscopy in Cell Biology

v

@junliulab Keith Porter et al. 1944
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ET provides unique 3D information
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The Nobel Prize in
Chemistry 2017

- :

© Nobel Media. Ill. N. © Nobel Media. Ill. N. © Nobel Media. Ill. N.
Elmehed Elmehed ElImehed

© Nobel Media AB. Photo: A. © Nobel Media AB. Photo: A. © Nobel Media AB. Photo: A.
Jacques Dubochet Joachim Frank Richard Henderson mafimata alinoue

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3 Eric Betzig Stefan W. Hell William E. Moerner

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Chemistry 2014 was awarded
jointly to Eric Betzig, Stefan W. Hell and William E.
Moerner "for the development of super-resolved

I.IIIIIIIIFIIIIIIIIIIIIIIII

fluorescence microscopy.

The Nobel Prize in Chemistry 2017 was awarded to Jacques Dubochet,
Joachim Frank and Richard Henderson "for developing cryo-electron

microscopy for the high-resolution structure determination of
biomoleculesinsolutionrlIIIIIIIIIIIIIIIIIIIIIIII




CryoET — bridging the information gap

Cryo-EM Cryo-ET Super-resolution
NMR microscopy
Crystallography
'VO- 1B, C/f\/ -CLEM, Sub-
Alphafold? omogram averaging)

@ @junliviab  Kellogg et al., Science 2018 Huang et al., Science 2008



- Key steps in cryo-ET:
- Sample preparation (Digvijay Singh & Jianfeng Lin)
- Data collection (Jun Liu)

- Image analysis (Raphael Park & Muyuan Chen)

@ @junliulab
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Thin specimen (less than 0.3um) Is required for high-resolution
cryo-c 1 imaging.

Protein, virus, thin cell (< 10 ym)
Fast freezing to achieve a frozen hydrated state

Large cell, tissue (> 10 ym)
High-pressure freezing

Cryo-section & Focused ion beam milling

X
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Thin periphery of large cells
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Schaffer et al., 2016
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change tilt angle

correct image
shift (coarse)

correct image

shift (fine)

adjust defocus

@ @junliulab

Koster et al., JSB 1997
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Frank: Electron Tomography
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Automated electron microscope tomography using robust
prediction of specimen movements

2005
David N. Mastronarde *

Boulder Laboratory for Three-Dimensional Electron Microscopy of Cells, Department of Molecular, Cellular, and Developmental Biology,
University of Colorado, Boulder, CO 80309, USA

SerialEM provides a flexible interface.
The script capabillity provides a relatively easy
way to add commands requested by users.

@ @junliulab
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SerialEM (David Mastronarde)

File Settings Camera Calibraton Focus Maco Tasks TiltSeries Process Navigator

| .

=1 [E] Buffer Status 2]

E: Montage Overview

Size:2116x2136 bin8  Tilt
Stage:-325.25,-23262  Def -40.00
A: Montage Center
B: Montage Overview

| [F] Buffer Controls 2]
( Copy Active Image to Buffer

Al B| c| p| E

New |

hd

SAVE A | Seave Active | To 1 %
_—| Options Memory =15 MB
Roll Buffers A-> C — Delete
v CopyonSavetoD
[~ Align to B instead of D/E
Read into Buffer E %

I Protect unsaved Record images
[~ Align on Save

- Area to show when screen down

[=1] e Low Dose Control ed!
v Low Dose Mode
View: 2300x Sp6 C26141%
v Continuous update of mag & beam
Define position of area
( ¢ None ¢ Focus ( Trnal

Position on tilt exis I 0.0C U

Weximum area separation: 0071 urm

(Additional beam shift

[~ Set Reset| 0.00,0.00

" Vie.  Foc. { Tn. € Rec. { Sea.

- Offsets for View

[~ BLANK BEAM when screen down

Blanked
= Oplions Unblank Search

Defocus: -60— Shift =et | Zero

| E| Image Display Controls 2]

Blk ~/ 7

wht ——————J [ 252
Bri o [T nvert
Con.,..;---' -

0.47

+|Options Zoom v

[~ Normalize beam through View

v Keep Focus and Trial identical
Copy current area mag & beamto

v Fl T R

:H,m';f‘uﬁedl Balance Shifts |

_—| _F| Foat| Dose] Microscope 2|
0.0355 nA 2300x

Def =40 .00um 1S  0.00um
obj 86.41% VAC [E88 6

=El Titt Control ed!
Tilt

000( Up | Downl To |

4| Options

-| F| Camera &Macro Controls 2
Setup | View | Focusl Tral | Record

Previewl End | FJE‘j'_iﬂ'w}l = oP

TargetDe{iI TargetDeiil Macro 3 |i|

@junliulab

I” Botate inter-area axis I ) deg

Intensity

|

K2 Direct Detection v

X

Mode: ICounted LI

—HW Processing
[v Backaground Subtraction

[V Gain Correction

Update HW Dark Reference |

O Health Status

Camera View

Setup: |Search v I

I Auto Exposure
Exposure (s) IO
o Start View |

[~ Focus Loupe
[V Auto Survey
[V Camera Inserted

R

Camera Acquire v

X

=10

I Registration point 1% " Corner peint (C)

Color |Blue Ll v Draw | Rotatewhenload | Foranchorsta

#1 Note: ISec 0 - montage01.st

[~ Acquire (A) I Tiltseries [ ey
Set FilaBranardios | lmacing Stato |

yiile at iterm = Newfile at gr

T Dararnatare | TEilename

—lAcquire map or image or run macro at this location automatically

Ut

J

Add Stage Pos Registration 1 =

Add Points [~ Collapse group_s
Add Polygon | Label Color X

Add iMarket 1 Blu -3252

Move ltem

[~ Drawallreg. I Drawnone

[~ Show Acquire area

Y Z Type Reg. Acq. No
-2326 118.7Map 1 4|
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Implementation of a cryo-electron tomography tilt-scheme optimized @Cmsmk
for high resolution subtomogram averaging

Wim J.H. Hagen, William Wan, John A.G. Briggs *
10 A B

L Continuous Tilt-Scheme Bidirectional Tilt-Scheme Dose-Symmetric Tilt-Scheme

@ @junliulab




FastTomo: A SertalEM Script for Collecting
Electron Tomography Data

Albert Xu, Chen Xu'

Department of Biochemistry and Molecular Pharmacology & Cryo-EM Core Facility
University of Massachusetts Medical School
Email: albert.t.xu@gmail.com, TChen.Xu@umassmed.edu

‘It achieves a speedup over conventional tracking methods by
minimizing the usage of off-target tracking shots, and instead
applies proportional control to the specimen Images.”

@ @junliulab
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Parallel cryo electron tomography on in situ lamellae

Fabian Eisenstein?, Haruaki Yanagisawa?®, Hiroka Kashihara®, Masahide Kikkawa? Sachiko Tsukita®,
Radostin Danev®*

808 in situ (G4)

C 708 in vitro (G4) e

70S mwvitro (F200) f  FsC
1.0-

a0 A NON &

' '
and

- [N Situ
0.5 = in vitro (F200)
in vitro (G4)

0.1439 s 5T T R s R ST e

108765 4 3
resolution [A]

40 30 20



Image analysis — Alignment & Reconstruction
MotionCorr2

IMOD
cMANZ

Applon-Protomo
Are lomo

A
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° > @junliulab
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Contents lists available at ScienceDirect Journal of
Structural

Journal of Structural Biology

ST SEVIER journal homepage: www.elsevier.com/locate/yjsbi

Automated tilt series alignment and tomographic reconstruction
in IMOD

David N. Mastronarde *, Susannah R. Held

Department of Molecular, Cellular, and Developmental Biology, University of Colorado, Boulder, CO 80309, United States

@ CrossMark

@ @junliulab
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Image analysis — Segmentation

IMOD
=MANZ

Amira




Segmentation (IMOD)
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Image analysis — Sub-tomogram averaging

EMAN?Z
|3
Peet
Dynamo
Relion
EmClarity




Picking 3-D sub-tomograms

junliulab Liu e . Nature 2006




Sub-tomogram averaging

Liu et al. Nature 2006



Hu et al. Cell 2017



A
immature HIV-1 particles  untreated AMACANCS
VLP

~300,000 copies were used to determine the 3.9A resolution structure.
@ Gjuniiuiab Schur et al., Science 2016



RNA base
stacking
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Routine single particle CryoEM sample

and grid characterization by tomography

Alex J Noble’, Venkata P Dandey'T, Hui Wei'?, Julia Brasch'?, Jillian Chase>*,

Priyamvada Acharya’>, Yong Zi Tan"?, Zhening Zhang', Laura Y Kim’,
Giovanna Scapin®, Micah Rapp’?, Edward T Eng', William J Rice’, Anchi Cheng’,

Carl J Negro’, Lawrence Shapiro?®, Peter D Kwong®, David Jeruzalmi**”-*,

Amedee des Georges®*®?, Clinton S Potter’?, Bridget Carragher'**

@ @junliulab
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NPC

‘Science presents three papers that piece
together this giant jig-saw puzzle, revealing a
near-atomic picture of the massive human
NPC. These studies build on decades of
painstaking work of biochemical
reconstitution, x-ray crystallography, mass
spectroscopy, mutagenesis, and cell biology;
use substantially improved cryo—electron
tomography reconstructions of the entire
human NPC; and leverage artificial
Intelligence to accurately model
components.”




Keyword:
Cryo Electron Microscopy

Keyword:
Cryo Electron Tomography

0 e

1960 1970 1980 1990 2000 2010

@junliulab




- What'’s cryo-electron tomography (cryo-ET)?

- What’s the difference between cryo-ET and single
particle cryo-EM?

- How should | prepare samples for cryo-ET?
- How should | collect cryo-ET data?

- How should | analyze cryo-ET data?

- How could | use cryo-ET effectively?
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