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Cryo-EM Principle and Application 
For

JEM-2100Plus Transmission Electron Microscope

Speaker: Yieng-Chieh Hung
洪英傑

JieDong Co., Ltd
捷東公司

CryoEM的原理及應用

The body is 60% water by weight

Water % in our body
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葉綠體

粒線體

神經元

錐蟲 原蟲

衣藻

綠藻

紅血球

大腸桿菌

菸草鑲嵌病毒

愛滋病毒

小兒麻痺症病毒

T4噬菌體

去氧核糖核酸

Virus sample
(liquid) TEM

(Vacuum)

How to transfer?

Sample Transfer in  Cryo EM
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Hydrophilization for TEM grid and support film
親水性處理

Carbon support film for cryoTEM

5

6



2025/9/25

4

Ice Crystal

Ice crystal formation during different cooling rate

Temp. R. T. Freeze Temperature

Cooling rate

Slow

Ultrafast
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Cryo Plunge(Ice Embedding)

Ethane or Propane

X-section of Cu grid

LN2

1:將所需要工具（如丙烷.grid holder.攝子等)先浸泡在液態氮預冷.
2: 待丙烷凝固後,將樣品迅速置入丙烷中浸泡(丙烷可預防冰晶)
3: 將樣品移至grid holder中.

放置樣品處
Specimen grid holder

Ice Embedding (Cryoplunge)

Zoom-in

Ethane or Propane

notch
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Cryo sample transfer

Cryo Plunge sample 

Storage in LN2 Tank
Lock and quickly transfer to 

tube with LN2

Note: to Prevent Frost, keep sample in LN2 full time

Cryoplunge 冷凍衝頭裝置
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m.p.
b.p.

Keep Ethane at liquid phase

3~5 sec

92-97%
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Open
Close

Open
Close

Cryo Transfer holder

液態氮
LN2

放置樣品處

Specimen grid holder

Dewar flask

工具預冷處
TEM Cryo holder

1. Cooling Workstation   cooling holder
2. Connect Temp. controller  make sure down to -170oC 
3.   Tools Pre-cooling  Transfer sample to holder

Cryo Holder into workstation
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914 High tilt Cryo Transfer holder (x2)

910 Multi-Specimen Single Tilt Cryo-Transfer Holder
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Glow Discharge

Cryo Plunge

Cryo Transfer holder

Pumping station

TEM

Procedure for Cryo EM

CGU JEM-2100 Plus Configuration

捷東公司

• JEM-2100 Plus (CR)
• STEM (BF/HAADF)

• One View Camera
• Cryo Plunge
• Cryo Transfer holder

• ShotMeister
• Temography
• JADAS

• X-MaxN TSR EDS
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Cryo Pole Piece

JDC捷東公司

JEOL 2100  Plus
(0.27 nm for CR)

Attachment for TEM

STEM system

EDS

Digital image system
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Advanced Photo Control software

• Anti Drift System(ADS)

抗飄移

• Ultimate Dose Control(UDC)

低劑量

• Limitless Panorama (LLP)

無限拼接

• Sequential Acquisition (SQA)

序列對焦

Anti Drift System(ADS)抗飄移
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Long exposure Short exposure
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Anti Drift System(ADS)抗飄移

Anti Drift System(ADS)抗飄移
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Anti Drift System(ADS)抗飄移

Without ADS With ADS

Anti Drift System(ADS)抗飄移
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Limitless Panorama (LLP) 無限拼接

Limitless Panorama (LLP) 無限拼接
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Limitless Panorama (LLP) 無限拼接

Limitless Panorama (LLP) 無限拼接

37

38



2025/9/25

18

Limitless Panorama (LLP) 無限拼接

Search mode
(low mag)

Focus mode

Minimum Dose System (MDS)

Photo mode

Mag.
Brightness
Exp. time

Electronically shift (target)
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MFS (Multi Function System)-UDC
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Influenza virus (流感病毒)

Negative staining Ice embedding

(by Uranyl acetate, UO2(C2H3O2)2)
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COVID-19
March 2020

COVID-19
Feb 2021

(U. K. Variant)

TEM image of COVID-19

Ebola Virus

45

46



2025/9/25

22

Sequential Acquisition (SQA) 序列對焦

Sequential Acquisition (SQA) 序列對焦
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TEM CT

CT stands for “Computerized Tomography”. 

Transmission Electron Microtomography

+

3D Temography

Principle of CT Method

Back-ProjectionProjectionSpecimen Tilting
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Gyroid

Tilting angle：
+60 - -60 deg.
(2.5 deg.step)
Magnification：
×20k

Porus Particle
(Sirica)

500nm

equipment
JEM-2200FS
with GATAN MSC

condition
-60deg. >> +60deg. 
1deg. step
Zero loss image

Data courtesy of the NEDO
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3D EDS

Ti_K_map.bin
Fe_K_map.bin
Al_K_map.bin
O_K_map.bin
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Other Advanced Technology for Bio

• Phase plate (improve contrast)

• EELS (energy filter & Improve Contrast)

• Direct Detection camera (high sensitivity camera)

• Cryo Auto TEM (Cryo sample auto-exchange)

• …… and more
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Composition of the PTEM
(phase contrast TEM)

Specimen

Phase Plate
Phase plate holder

Objective Lens
(ZPCP)

Amorphous Carbon film

Thickness to shift the 
electron phase /2

1m

Caulobacter (柄桿菌)

JEOL 2200FS with phase plate
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靜電式相位板

Matsumoto 提出之靜電式相位板結構圖

T4 virus(JEM-2200FS with phase plate)

Courtesy of Radostin Danev (Okazaki Bioscience center)
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OneView Camera
No compromises

High-Speed + Full Resolution
…delivered at the same time, all the time.

25fps @4k*4k
300fps @512*512

66 Chevron SSZ-57 zeolite (4k x 4k)

Image of gatan OneView
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High Speed
25fps @4k*4k
300fps @512*512

Next generation counting camera 
for cryo-electron microscopy
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Limiting factors:
• Electron scattering in high-Z scintillator
• Electron back-scattering from fiber optic
• Scattering of light in fiber optic
• Distortions from fiber optic
• Electronic read noise

Scintillator
e- to light conversion

Fiber optic
light image transfer

CCD or CMOS sensor
light to charge conversion

e-

Active detector
e- direct to charge

Support

e-

z

Traditional Fiber-Coupled 
Camera (CCD or CMOS)

Direct Detection Camera

low-Z Si sensor

A Comparison of Detectors

…Until Direct Detection and Electron Counting!

Fiber optical coupled CCD K2 Summit
(300 kV; 3 s dose fractionation; drift correction)

Image courtesy of Prof. Yu Han, KAUST
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CRYO ARM 200/300

Accelerating voltage: 200 & 300 kV

Electron gun: Cold FEG

Cryo pole piece

Omega filter

Hole-free phase plate

Camera: GATAN K3

Auto acquisition software: JADAS

Cryo ARM 300 data
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Lumazine synthase by Glasgow CRYOARM 300

Data courtesy of Prof. David Bhella (SCMI)

Glasgow

GroEL by VIB CRYOARM 300

http://www.cryo-em.be/

VIB
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Innexin-6 gap junction channel

Experimental conditions
Sample: Innexin-6 (Caenorhabditis elegans)
Microscope: CRYO ARM300 ( 300kV CFEG) with Gatan K2
Software used for image acquisition : JADAS ( 1974 images)
Number of particles: 91,613(Initial pickup), 37,767 (for 3D reconstruction)
Software used for image analysis: Relion3
Resolution: 3.0  Å (at FSC = 0.143)

Sample  by courtesy of Prof. A. Oshima (Nagoya University)

90º

Akishima demo machine

PyJEM
a Python based Scripting system in order to control JEOL TEM automatically. 

Network connection to TEM

The script run on TEM remotely

Users freely edit a script for their purpose.
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Purpose of PyJEM

Researcher

I have developed a new method to 
observe a nano-structure by using TEM.  
Can your company develop a new 
software for this method?

Industrial Developer

PyJEM is useful to create a new software!

My work is almost routine.  Everyday I observe 
same kind of samples with same acquisition 
condition.  I want to do this automatically.

Example of the PyJEM script

Define macro in this script

Shortcut

Create a folder on Desktop

Tilt X = 10 degree
Get image

Define image name

Python skill is necessary to use PyJEM.
Users have to know these commands.

Sample script “Tilt 10 degree and Get image”
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PyJEM Function

(1) Lens control
Magnification, Brightness, Detector In/Out etc.

(2) Stage control
x, y, z, tilt x, tilt y, piezo control

(3) Image capture
TEM/STEM image capture, Image size, Image format etc.

(4) Auto-Function
Auto-Focus, Auto CB, Auto-Stigmator

Python Package
FunctionPackage

Scientific calculationScipy

High speed calculationNumpy

GraphicMatplotlib

Symbolic calculationSympy

Time series data processingPandas

GUIPyQT

Image processingOpenCV

Machine LearningScikit-learn
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PyJEM system installed in TEMCenter PC

Anaconda3 in Windows menu is corresponding 
to PyJEM system.

Python editor

PyJEM function in 
JEM-1400HR

PyJEM function in JEM-1400HR
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Python editor “Spyder”

TEMCenter Spyder

(1) Write the script here

(2) Click here to run the script

By using Jupyter Notebook and Spyder, Users 
can edit and the PyJEM script can run.

Script for Tomography (movie)

Of course, GUI can be made by Python.

TEMCenter PC installed in JEM-2100Plus
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Hardware and Software requests for PyJEM

PC
Windows 7 、Windows 10 、Windowns 11 (64 bit)

Anaconda 3.4
Python 3.5~3.10
Python library (scipy, numpy, OpenCV, PIL, matplotlib etc.)
PyJEM

Sample script code
Manual
Offline Package

TEMExt (JEOL TEM External control library)

Virtual TEM for develop & testing (off-line)
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https://github.com/PyJEM/PyJEM?tab=readme-ov-fileGitHub website

Virtual TEM

User manual

GitHub (open source for JEOL PyJEM)
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Python Scripting in gatan GMS

From GMS 3.4
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Python print() function outputs to DM Results window.

Python input() function pops up dialog

Python example in GMS

Both Python & DM script can be edit

• Access to acquisition from Camera, DigiScan, EELS…

• Access to all NumPy and SciPy functionality within 
GMS

• Full exposure of DM object-model to Python
allowing for integrated acquisition and analysis
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