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• 前 言

• 电镜(扫描和透射)构造及基本原理

• 基本操作步骤

• 单颗粒冷冻电镜（Single-Particle Analysis，SPA)

• 冷冻断层扫描（Cryo Electron Tomography，Cryo-ET）



For developing cryo-EM for the high-resolution structure
determination of biomolecules in solution

2017年诺贝尔化学奖与冷冻电镜

1. Richard Henderson改进了传统电子显微镜，

取得了原子级分辨率的图像；

2. Joachim Frank开发了图像合成算法，能将

电子显微镜模糊的二维图像合成清晰的三维

图像；

3. Jacques Dubochet发明了迅速将液体水冷

冻成玻璃态以使生物分子保持自然形态的技

术。



From blobology to atomic resolution







Fig. 2: GABAAR reconstructions.









Why electrons?

•The electron is a subatomic particle, with a negative elementary electric charge.



p=mv   
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•Scanning Electron Microscope (SEM) 

•Transmission electron microscope (TEM)

•Scanning transmission electron microscope (STEM)



A scanning electron microscope (SEM)
is a type of electron microscope that
produces images of a sample by
scanning the surface with a focused
beam of electrons. The electrons
interact with atoms in the sample,
producing various signals that contain
information about the sample's
surface topography and composition.

Scanning Electron Microscope (SEM) 



Cryo –SEM 制样过程



关于电镜图像的“颜色”



Cryo -SEM







透射电镜的基本构造

Electron microscope constructed 
by Ernst Ruska in 1933



Instrumentation of EM



Three different modes in low dose





From Two-Dimensional Projections to Three-
Dimensional Reconstructions 





































单颗粒冷冻电镜（Single-Particle Analysis，SPA)

Protein                    Freeze grid                                 Imaging                           Data collection 

Final density map                         3D reconstruction                               2D class average





How to stabilize membrane proteins?

2. Nanodisc

Gao et al., Nature 2016









Negative staining                                                 Cryo-EM















K2 Direct Electron Detection Cameras
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Yifan Cheng, UCSF Professor,
HHMI Investigator 



Negative-stain EM of TRPV1

Negatively stained TRPV1  inDDM in amphipols



Cryo-EM of TRPV1 using Tecnai TF20 microscope and TemF816 8kX8k CMOS camera



Picking and 2D classification of TRPV1 Cryo-EM particles collected on 
Polora TF30 microscope



3D reconstruction of TRPV1 calculated from TF30 data.





Single particle analysis

Advantages of single particle analysis

• Does not require crystals

• Samples can be partially inhomogeneous

• Physiological conditions possible

• Requires small amount of sample

• Rapid - many steps automated

• May eventually even be possible in vivo

• Radiation damage

• Precision of image alignment

• Numbers of particles averaged

• Conformational heterogeneity

• Orientational preferences

Limitations





Cryo-electron tomography (cryo-ET)
is a three-dimensional imaging technique that makes it possible to analyse the

structure of complex and dynamic biological assemblies in their native conditions.



Effects of tilt increment and missing wedge



Focused Ion Beam



Cryo-Tomography Workflow

Step one: Sample 
Preparation

Step two: 
Cryo-LM

Step three: 
Cryo-FIB Milling

Step four: 
Cryo-TEM Tomography

Step five: 
Reconstruction 
& Visualization



Cryo-focused Ion Beam （Cryo-FIB）Sample Preparation  
低温聚焦离子束方法制备样本



Yao et al., 2020. Cell



Workflow of cryo-ET/cryo-CLEM
(Correlative Light and Electron Microscopy)

Tao et al., 2018. J Neurosci.



Liu et al., 2020. Nat Neurosci.







http://cryo-em-course.caltech.edu/cryoem_welcome
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