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Structural biology from cells to molecules – resolution scales

Tissues Cells

1 mm 100 µm 10 µm 1 µm 100 nm 10 nm 1 nm 1 Å

Organelles Biomolecules Atoms

Light microscopy Super resolution

SAXS

Scanning EM

Transmission EM

X-ray crystallography

NMR

Single particle analysis

Electron Tomography

MicroED

Scanning Probe Microscopy

Ref. from KP Wu
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Understanding how biomolecules interact and function

Yeast spliceosome

Yigong Shi Lab

COVID-19

Richard J Kuhn, 2016, Sciense.

Sriram Subramaniam,2021, Plos Bioloby.

Zika virus

How is the TEM image formed?

• Thin specimen scatters electrons.
• Interference between scattered and unscattered electrons gives 

phase contrast image (similar to X-ray film).
• Image is a 2D projection of the original 3D object.
• 3D structure can be determined from a set of multiple views.
• Beam damage ultimately limits the resolution (low electron dose is 

used).

Ref. from KP Wu

SPA (ice) SPA (stain)

Low-dose mode to protect cryo-samples
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Purification

CryoEM workflow

Cryo-Tomography

Sample Preparation

Cryo-Transfer &

Imaging Acquisition

Single Particle Analysis

Vitrobot（thin Ice）

Vitrification:
• Rapid freezing prevents crystallization

(~106 ˚C/s)
• Ethane liquified at -88˚C.
• Water and specimen fixed in a vitreous, 

amorphous state.
• If cooling is too slow, or temperature is not 

kept below -137 ˚C, crystalline ice is formed. Particles are kept in a native state by embedding them 

in a thin layer of vitrified water- very weak contrast. 

MicroED

Grids preparation

Sample solution
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J. Am. Chem. Soc. 2019, 141, 51, 19983

J. Am. Chem. Soc. 2019, 141, 15, 6136

3mins

ref. 3D Electron Microscopy Dr. Colin Palmer

Single Particle Analysis

doi.org/10.1107/S1600576720013096

https://doi.org/10.1107/S1600576720013096
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ref. Scheres’group Dr. Xiaochen Bai 

Preferred orientation

Contaminants 

Journal of Biological Chemistry. 2021 Oct 16; 297(4):101238

Sample preparation
Complex protein

Protein oligomeric or complex states can be validated by AUC, SEC-MALS, Mass 
Photometry, or native gel prior further EM data collection.

Science (2021)

Membrane protein

NSMB (2017),24,1107-1115

Symmetric single protein

KP-Wu lab

50
70

650 kDa

Single Particle Analysis: step by step examples

Ref. from KP Wu
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Tools & 
Experimental operation

務必使用圓形的cryo box

樣品損壞

汙染 &
實驗後保留時間

Observation of the ice embedded virus

Ice embedded

virus

Electron

Micrographs

(2D images)



2024/9/20

8

Single Particle Analysis

Pick Box Cull Align Projection(3D)

CEM1 CEM2 Vitrobot CEM3 CEM4

JEM-1400 Tecnai F20 Type IV Talos Arctica Titan Krios G3

120 kV 200 kV 200 kV 300 kV

#2
#3

• Autoloader
• V VPP

• Autoloader
• VPP

Gatan CCD Gatan CCD
DE-20  

Falcon 3EC Gatan BioQuantum (K3)
Falcon 3EC 

Yu-Hua Huiju Irene Hsiung
Kondo

Screening                                                Data Collection
Cryo-EM

Negative staining

Open to everyone

Gatan BioQuantum (K3)
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＊Twenty representative amino acids

The 1.51 Å cryo-EM structure of apoferritin at ASCEM
＊ Residue 15~42

(PDB: 9IUY)
＊ Cryo-EM map (1.51 Å)

(EMD-60915)

＊ 2D class averages (EMPIAR-12240)

Mg

H2O

Tyr32

Phe41

H2O

Tyr34

Glu27

Asn25
Gln23

Ile20

H2O

Asp15

Asp42

Asn21

Met37

Glu17
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3 hrs 740,000 particles ~2.5Å
~2019

TF-20
2 months 74,000 particles ~5.5Å
~2012

Masahide Kikkawa,東京大学 医学系研究科
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doi.org/10.1016/j.cell.2015.03.049

The CTF is the Fourier transform of the objective 
lens point spread function

Wavelength of the radiation used (λ): EM operating at 300 kV = 0.02 Å X 0.6 =0.012 Å 

J. Chem. Inf. Model.2020, 60, 2458−24692461
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Ice embedded virus particles
(cryoEM micrographs)

Quarterly Reviews of 
Biophysics. 2021;54:e4

DOI: 10.1142/9781848164666_0001

The Objective aperture 
enhancing contrast by 
blocking out high-angle 
diffracted electrons

Nicola Pinna

Energy Filter Module
The use of an energy filter removes 
inelastically scattered

Journal of Structural Biology: X
Volume 7, 2023, 100085

http://dx.doi.org/10.1142/9781848164666_0001
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• SPIDER
• Auto3dem

• Relion
• cryoSPARC

• CisTEM
• EMAN2

Procedures

Acquire Movies Instead of Micrographs
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Key improvements: Beam-induced motion can be corrected

`

(i) digital direct-electron detectors yield data of unprecedented quality and 

allow recording movies during exposure; 

(ii) computer programs to realign the movie frames may correct for sample 

movements that are induced by the electron beam.

Methods 2016

Drifts of each frame are 
divergent but can be aligned.

Ref. from KP Wu

Key improvements: direct electron detector matters

https://cryoem.slac.stanford.edu/s2c2/sites/s2c2.cryoem.slac.stanford.edu/files/Cameras%20for%20Cryo-EM%20Stanford2019-Booth.pdf Ref. from KP Wu
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Ice embedded virus particles
(cryoEM micrographs)

View
1

View
2

View
3

View
4

View
5

Orientation determination
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• SPIDER
• Auto3dem

• Relion
• cryoSPARC

• CisTEM
• EMAN2

Procedures
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https://topaz.csail.mit.edu

Select minimal particles manually

TOPAZ training

TOPAZ particle picking

TOPAZ particle extract

Ref. from KP Wu
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• SPIDER
• Auto3dem

• Relion
• cryoSPARC

• CisTEM
• EMAN2

Procedures

The power of cryo-EM 3D classifications – separate 3D conformers

PmrA complexes with RNA polymerase, Nucleic Acid Research (2023)

Ref. from KP Wu
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Non-uniform refine    3DVA
Local  refine                          3DFlex

From microscope to structure, in minutes.
CryoSPARC Live™ is a platform for real-time cryo-EM data quality assessment and decision making during a collection.
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Molecular weight vs difficulty for cryo-EM structural targets

Subramaniam S, 2016, Cell

Hemoglobin
64 kDa
3.6 Å

3.2 Å
3.2 Å3.6 Å

2.8 Å

Michael & Elizabeth, 2020. J Chem Inf Model

CryoEM SPA – Success Factors

Key concepts:
Protein size (dimension/molecular weight) is large enough to be 
”seen” in micrographs.
High purity and good homogeneity of sample.
Symmetric proteins are easier cases.

A specimen with thin ice layer made carefully
>1-million particles are suggested to collect for data process.
Well clean-up for junk particles for 3D reconstructions

Diverse orientations are needed
Good computation resources accessible.

Ref. from KP Wu
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Grid types
• Different type

• Lacy
• Holey (hole size and spacing)

• Different hole size 
(R1.2/1.3 , R2/1, R2/2, …) 
• Quantifoil
• C-flat

• Different material:
• Cu, Au, Mo, etc…

• Grid support:
• GO
• Carbon film

• Special grids:
• Affinity grids
• Grids with nano wire
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Automatic image acquisition software
(EPU)

Different Grids
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~1 day 4500 -7000 movies, 1-3TB

Thermo Scientific

~70   movies / hr (1/hole)

~105 movies / hr (2/hole)

~140 movies / hr (3/hole)

TITAN Krios (AFIS)

~230 movies / hr (1/hole)

~281 movies / hr (2/hole)

~310 movies / hr (3/hole)

Talos
(condenser aperture 30um)

~120 movies / hr (1/hole)

~180 movies / hr (2/hole)

~240 movies / hr (3/hole)
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Dr. Danny Hsu

Dr. Kuen-Phon Wu

Dr. Ting-Fang Wang  

Dr. Chia-Seng Chang  

Dr. Tung Hsu

Dr. Wah Chiu

Dr. Sumio Iijima

ASCEM Crew

Dr. Andrew H.-J. Wang

Clipping
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Vitrobot 代操作 1000/case 

https://reservation.iis.sinica.edu.tw/servlet/SignInHandler
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https://cryoem.ibc.sinica.edu.tw/


