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Cryo-EM Principle and Application
For
JEM-2100Plus Transmission Electron Microscope

Speaker: Yieng-Chieh Hung
P

JieDong Co., Ltd
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Water % in our body

The body is 60% water by weight

Adult man Adult woman Senlors
60% 55% 50-55%
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Light microscopes

1 pm 100 nm 10 nm

Electron microscopes
Tnm 0.5nm

Sample Transfer in Cryo EM

Virus sample
(liquid)

TEM
(Vacuum)
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Hydrophilization for TEM grid and support film
Rk A

DII-29020HD (Glow discharger)

Sample
solution

TEM grid B —

Before treatment After treatment

Carbon support film for cryoTEM

2025/9/25
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Lacey carbon film
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Ice Crystal

Y )
o \ .
¢ Cooling process,r ,_\{-/ Warming process * -
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Ice growth Ice recrystallization
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Ice crystal formation during different cooling rate
Cooling rate

Slow

Ultrafast

P Freeze Temperature
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Cryo Plunge(Ice Embedding)

X-section of Cu grid

Plungi
e ¢ Ethane or Propane

),

#HRMEAMRD I
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Ice Embedding (Cryoplunge)

Ethane or Propane

TR R
Specimen grid holder

R A RS
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Cryo sample transfer

CryoSysiem 6000

Cryo Plunge sample

Lock and quickly transfer to
tube with LN2 Storage in LN2 Tank

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

JIE DONG CO., LTD,

Cryoplunge  ##smxs

R A RS
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Plunge rod (firing —

A —— Ethane temperature controller
position)

- Blotting timer
Temperature/humidity meter

Ethane temperature audible alarm on/off

Plunge tweezer securing point Securing screw for humidity chamber

Humidity chamber (removable)
1” specimen loading port Right side GentleBlot™ blotter

(left side blotter opposite)

Safety shield —-'

Retation connector

- LN2 workstation (small cover removed)
Start (starts blotting/
plunging cycle)

et (closes shutter at base of blotting chamber)

PR 2 3)
2., LTD,

15

Keep Ethane at liquid phase
b4 mp -182.76 *C (90.34 K)
Ethane pot temperature 28 b.p. e

Ethane temperature controller
Preset for ethane temperature

Ethane temperature up/down push buttons

Blot timer countdown

3~5 sec
Blotting timer Blot time
Blot time adjustment
Relative humidity 92-97%
Temperature/humidity meter
Temperature
Ethane temperature warning lamp Ethane pot audible alarm ON/OFF N ERMBARSS

rJ JIE DONG CO., LTD.
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Cryo Transfer holder

EM-CTH10

#HRMEAMRD I

JIE DONG CO., LTD,

Cryo Holder into workstation

1. Cooling Workstation => cooling holder
2. Connect Temp. controller = make sure down to -170°C
3. Tools Pre-cooling = Transfer sample to holder

TR &
Specimen grid holder

Dewar flask

TEM Cryo holder
(7 A PR 8]
1L DONG COn L.
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914 High tilt Cryo Transfer holder (x2)

Figure 2. Model 914 cryo-transfer holder Specifications
in the workstation.

Drift rate at 0° tilt (rrymin)

Resalution at 0° tilt {nm)

Observable area at 0° tilt (mm?)
Diameter (mm)

Observable area at 80° tilt (mm?)

Standard spacimen cup/holder tip Beryllium copper
material

Figure 8. Inserting the specimen grid into the Quickload specimen securing Loty

mechanism. Nurnber of grids 1
Diameter (mmj 3

Max. grid thickness (um) 25
Cryogen Liquid nitrogen
Min. operating temperature {*C} Less than -170

Time to reach min. operating ~30
temperature (min)

Dewar capacity (mL) 175

Hold time at min. operating EREBAMRLS

temperature (h) JIE DONG CO., LTD,

Specifications

. - ; Drift rate at 0° tlt (nmyjmin) 15
Figure 1. Workstation with model 910 holder inserted. Resoltion at 0% it fnm) ol
Observable area at 0° tilt (mm?) 4.10

Diameter (mm) 23

Observable area at 60° a-tit' 0.69
{mm?)

Specimen carrier material Berylium copper

Capacity
Number of grids 20r2
Diameter {mm) 3
Max. grid thickness {um) 100

Cryogen Liquid nitrogen
Min. operating temperature (°C) Less than -170

Time to reach min. operating ~30
temperature (min}

Dewar capacity (mL) 175
Figure 2. Tip of model 910 helder showing Splitring Hold i at Frin, Bpevsting 35-4

! ; temperature (h) .y Az
specimen securing mechanism. oo a i 3?. B 11}‘ 7ﬁ' [{:3 @ “-J
JIE DONG CO., LTD.




Procedure for Cryo EM

CryoSystem §000

Pumping station

Glow Discharge

Cryo Plunge
Cryo transfer holder

Cryo Transfer holder

#HRMEAMRD I
JIE DONG CO., LTD,

CGU JEM-2100 Plus Configuration

| xRl
seoL S

e X-MaxN TSR EDS

3

« JEM-2100 Plus (CR)
STEM (BF/HAADF)

@ * ShotMeister
GATAN * Temography
* JADAS
* One View Camera
*  Cryo Plunge :
* Cryo Transfer holder JDc |
BAAF

24
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Cryo Pole Piece

modulation
I ~sample generator

objective lens
aperture holder

#HRMEAMRD I
JIE DONG CO., LTD,

Attachment for TEM

EDS

STEM system

JEOL 2100 Plus

Digital image system

(0.27 nm for CR)

26
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Advanced Photo Control software

* Anti Drift System(ADS)
TR A

» Ultimate Dose Control(UDC)
A 2

* Limitless Panorama (LLP)
AU

* Sequential Acquisition (SQA)

B7IH &

. H.FURUKAWA
SYSTEM ' FRONTIER INC.

JIE DONG CO., LTD,

Anti Drift System(ADS) #oB 4%

Sample #1: Graphite
Mag: JEM 2100F

i R A RS
JIE DONG CO., LTD.
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i #HREEAR

JIE DONG CO

1/2000

Long exposure Short exposure

R A RS
JIE DONG CO., LTD.
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Anti Drift System(ADS) #Bi #
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0.25sec x 20

i #HRMEAMRD I
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Anti Drift System(ADS) 8% #

0.25sec | #REGARL
JIE DONG CO., LTD.
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Anti Drift System(ADS) Ui #

0
(- i #RUGARLS

JIE DONG CO., LTD,

Anti Drift System(ADS) Ui #5

Without ADS With ADS PPTETYT

JIE DONG CO., LTD.
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4x4pum

! 15,000x15,000[pix]

Deflector : 3x3
Motor : 2x2
total : 36images

I #HRMEAMRD I
).

JIE DONG CO., 1

JEM-2100LaB6(HRP)
Camera:

Gatan Orius SC1000A
Acc Volit :

200kV
original Mag -

x15k
Specimen courtesy
JEOL LTD.

16
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Limitless Panorama (LLP) & 334 3%

P -In—-—- \ -:-hr: '.-‘-us_-w s

9x0.9 Hm Deflector : 5x1

Motor : 2x1
25000x2600 [pix] total : 10 images

iﬁi%wﬁ%%%

JIE DONG CO., LTD,

Limitless Panorama (LLP) & 334 3%

TEM :

JEM-2100LaB6(HRP)
Camera :

Gatan Orius SC1000A
Acc Volt :

200kV
original Mag :

x12k
Specimen courtesy
JEOL LTD.

Iﬁﬁﬁwﬁm%@
JIE DONG CO., LTD.
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Limitless Panorama (LLP) & EE

2500 (500 x 500) images

I #HRMEAMRDI

JIE DONG CO., LTD,

T

Minimum Dose System (MDS)

Search mode Focus mode Photo mode
(low mag)

ERM A RS
JIE DONG CO., LTD.
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Minimum Dose System (MDS)

Mode

oFf _Searen | Focus | Proto set|

" Photo Set : ‘|  Focus  Phato
x10k~x100k Seam Baring
1~10i
et Timme [G
Defiactor
i Hand Ware

@ Soft Ware
Coit
& Gun Align1  Beam Shm  SPOT Align
™ Gun AtignZ ~ Beam Tit

x10k~x100k N
Brighter than Photo set x 000 v [0
Focusing

Adjust OL stig

=1 Detay Time: [0 sec(0-50)

Diff shadow image o . A :
R Lo magnification at Mag mode i MDS can assign for multi function keys of
2 TR R control panel.

#HRMEAMRD I
JIE DONG CO., LTD,

MFS (Multi Function System)-UDC

File(E)  Window(w)

4

d |_ Mode 2 |_ Mode 3

HFrea | e ||| TR )
e | | MFs Preference | | Editor
L ]

1:1 Detail

Fod S4itng | Function Selet
ModeMame  AutaGtat  Aute Ghot Pauing Tems s Tgnors Cride

Model  Mede 1 o oN 200 (msed - Plow {msad

FiMedes Mode2 an @ Imeec)  co ;- ¥ ]

FModed Moded an tmeee co - ¥ i)

YMedes  Moded on

FMedes  Mode3 an -

R A RS
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Negative staining Ice embedding

(by Uranyl acetate, UO,(C,H;0,),)
#RUGARLE
JIE DONG CO., LTD,

Cryo-EM of Influenza Vaccine strain

20070927 NIBSC JEM: 0089

ERM A RS
JIE DONG CO., LTD.
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TEM image of COVID-19

COVID-19
Feb 2021

CovVID-19
March 2020

(U. K. Variant)
i e

#HRMEAMRD I
JIE DONG CO., LTD,

Ebola Virus

R A RS
JIE DONG CO., LTD.
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Sequential Acquisition (SQA) 5 7| ¥+ &

20 nm

o

CTF{nm")
CTF(nm’")
Normalised power
spectral density (nm'’')
o

Mormalised power D

spectral density (nm’’)

Normalised power
speciral density (nm')
g

o
e

1 2 3 1 2 a L H 3

Reciprocal length (nm’') Reciprocal length (nm”') Reciprocal length (nm')

#HRMEAMRDI
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Sequential Acquisition (SQA) 5 7| ¥ &

ERM A RS
JIE DONG CO., LTD.
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3D Temography

TEM + o)

Transmission Electron Microtomography

\! CT stands for “

#HRMEAMRD I
JIE DONG CO., LTD,

Principle of CT Method

Specimen Tilting Projection Back-Projection

R A RS
JIE DONG CO., LTD.
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Tilting angle:

+60 - -60 deg.
(2.5 deg.step)

Magnification:

- x 20k

g ONE [BDC) 2418 7RAD
JIE DONG CO., LTD.

Porus Particle
(Sirica)

equipment
JEM-2200FS
with GATAN MSC

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

Data courtesy of the NEDO

R A RS
JIE DONG CO., LTD.
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#HRMEAMRD I
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Ti_ K map.bin
Fe K map.bin
Al K map.bin
O K map.bin

[

U '@n;-!vﬂm

R A RS
JIE DONG CO., LTD.
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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

#HRMEAMRD I
JIE DONG CO., LTD,

Zernike Phase Plate

~— Beam
Sample

Aperture plate _

Sin[x(k)]  Cos[x(k)]

¥

BT 74 —hAMR Kaneko et al., J. Electron Microsc. 54:79, 2005

R A RS
JIE DONG CO., LTD.
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Composition of the PTEM

Specimen

Objective Lens
(ZPCP)

Phase Plate
Phase plate holder

Amorphous Carbon film

Thickness to shift the
electron phase n/2

#HRMEAMRD I
JIE DONG CO., LTD,

Caulobacter (15 1% 7

4 i n = :
Caulobacter Cb13b1a cells collected on a JEOL 2200FS 200kV energy-filtered FEG-TEM equipped with the ZPC
system. Cells imaged under low-dose conditions and a defocus of & micrometers, without (a) and with ZPC (b). Data

was collected in Dr Prof. Kuniaki Nagayamals lab at the Okazaki Institute for Integrative Bioscience in Japan.

JEOL 2200FS with phase plate
I DONG Con LD

27
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230-nm-thick frozen-hydrated liver section

b %
PP, in focus No PP, 20 pm underfocus

Tomographic reconstruction

Marko et al. (2006) Proc. IMC-16, Sapporo 1:100 —::vl :{.,

#HRMEAMRDI
JIE DONG CO., LTD,

Cyanobacteria in CTEM and PTEM image

A. Hilberﬂ phase contrast image|
| at 300kV
NO fix, No stain, Ice embedded

B . CTEM image at 300kV
NO fix, No stain, Ice embedded

C . CTEM image at 100kV
Y ( Fixed by Osmium| Epoxy
embedded, thickness ~

100nm )
Kaneko et al., J. Electron Micros. 54

ERM A RS
JIE DONG CO., LTD.
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#RApEF

T4 virus(JEM-2200FS with phase plate)

Courtesy of Radostin Danev (Okazaki Bioscience center) 35 L6 PR A
JIE DONG €
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OneView Camera
No compromises

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

High-Speed + Full Resolution

...delivered at the same time, all the time.
@ GATAN AMETEK

65

Image of gatan OneView

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

R A RS
JIE DONG CO., LTD.
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K3 Camera

Next generation counting camera

for cryo-electron microscopy

K3

68
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GATAN

A Comparison of Detectors

Traditional Fiber-Coupled
Camera (CCD or CMOS)

e

Scintillator
e to light conversion

—_— Fiber optic
light image transfer

+— CCD or CMOS sensor
light to charge conversion

Limiting factors:

Direct Detection Camera

€ /Active detector
e direct to charge

~

low-Z Si sensor

» Electron scattering in high-Z-seintitator—
. Zetror EEE.EEE.HE.g IEe ophe
. EE.EEEEE. gEF gFE'I IOr OpHe

Electronic read noise

Support

69

...Until Direct Detection and Electron Counting!

32
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CRYO ARM 200/300

9
JEOoL
Accelerating voltage: 200 & 300 kV
Electron gun: Cold FEG — [ = ey
Cryo pole piece
Omega filter
Hole-free phase plate - : —
Camera: GATAN K3 -
i ‘ 4
¥

Auto acquisition software: JADAS . i

; #HRMEAMRDI
JIE DONG CO., LTD,

72

Cryo ARM 300 data

The highest resolution 1.53 A achieved by cryoEM 2019.02

mouse apoferritin

ERM A RS
JIE DONG CO., LTD.
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Typical plant cell

10-100 pm

: : Poliovirus
Chloroplast Trypanosoma (protozoan) . Al 30 nm
2-10 pm s
W 25 polong HIV (AIDS virus) @
Chlamydomonas 100 nm
(green alga)
5-6 pm DNA molecule
. N 2 nm diameter
,,,,, . Mitochondrion H d 3
’ fodi 1-5um uman re -
Hen's egg B blood cell =1
65 mm 7-8 pm diameter =,
&
=
o '

T4 bacteriophage =
@ Escherichia coli 225nm long
. - (bacterium) =
Neuron 1-5pmiong : (
x . : cell body Tobacco mosaic virus
visualization 70 pm 300 nm long
Light microscopes
Electron microscopes
Tmm 100 pm 10 um 1 pm 100 nm 10 nm Tnm 0.5nm
74

M B-galactosidase

B 1 s
B

243 Ar CRYO ARM™

* Three-dimensional calibration image of f-galactosidase obtained using a cryo-electron microscope (CRYO ARM™ 200)
with an accelerating voltage of 200 kV

ERM A RS
JIE DONG CO., LTD.
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Glasgow
Lumazine synthase by Glasgow CRYOARM 300

s SCMI ( = “)
J  @SCMICryoEM iy

2.4 angstrom structure of Lumazine
Synthase, solved from 22,000 particles
imaged on the SCMI CryoARM 300 with the
DE64 operated in bin x2 counting.

Data courtesy of Prof. David Bhella (SCMI)

76

VIB
GroEL by VIB CRYOARM 300

GroEL micrograph Faurier Shell Carrelation

Fal resolition = L5 Angatoas

Local resalution

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

77
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Akishima demo machine

Final resoluion = 3A

Innexin-6 gap junction channel

achann a

Spatial frequancy ( 1/A)

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 A (at FSC = 0.143) 78
Sample by courtesy of Prof. A. Oshima (Nagoya University)

78

PyJEM

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

The script run on TEM remotely

R A RS
JIE DONG CO., LTD.
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Purpose of PyJEM

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

Researcher

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

Industrial Developer

PyJEM is useful to
ok

Example of the PyJEM script

Sample script “Tilt 10 degree and Get image”

import os

from PyJEM import TEM3 < Define macro in this script
from PyJEM import detector

_Stage = TEM3.Stage3()
_detector = detector.Detector("STEM BF IMAGE") < Shortcut

000~ O W1 fs R

18|folderPath = os.getenv("HOMEDRIVE ) + os. ge‘tenv( HD.. PATH") + "\\Desktop\\PyJEMdata”
11|if not os.path.exists(folderPath}):# ; : ;

12 os.makedirs(folderPath) Create a folder on Desktop
1.
14|writeImageName = folderPath + "\\image"” % Define image name
15
16|_Stage.SetTiltXAngle(18) Tilt X = 10 degree

_detector.snapshot("jpg"”, True, writeImageName, False) Get image

28 Created on Fri Nov 2 20:37:83 2018
21

22 {@author: yaoyama

S

Python skill is necessary to use PyJEM.

Users have to know these commands. T
JIE DONG cnPj.J‘.‘fr;.

37
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PyJEM Function

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

(2)
X, V, z, tilt x, tilt y, piezo control

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

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

#HRMEAMRD I
JIE DONG CO., LTD,

Python Package
T T S

Scipy Scientific calculation
Numpy High speed calculation
Matplotlib Graphic
Sympy Symbolic calculation
Pandas Time series data processing
PyQT GUI
OpenCV Image processing

Scikit-learn Machine Learning

seaborn

R A RS
JIE DONG CO., LTD.
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PyJEM system installed in TEMCenter PC

2 Anaconda Cloud
O Anaconda MNavigator
B8 Anaconda Prompt
1P IPython
7 Jupyter QTConsole
@ Reset Spyder Settings

Python editor

in Windows menu is corresponding
to PyJEM system.

#HRMEAMRD I
JIE DONG CO., LTD,

PyJEM function in JEM-1400HR

TEM Center fioe JEM-1400 Flash ] . __ . .
FeF) Vel ComwsiC) Applcaton(A) Measueh) MySsling(S) Window(W) PyJEM function in
ST —— JEM-1400HR

vis. |

o) Coo) (o] oo ) RN ||
sefling

& Step :
Terget : 120,00 an}“nﬂ
HI Scheduling

o [

= Step -
vt 66078 vy N

: &
Wt H

|
-ﬁ [deg]

R A RS
JIE DONG CO., LTD.
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Python editor “Spyder”

TEMCenter

< (1) Write the script here

By using and , Users

can edit and the PyJEM script can run.
#HREBARLDI

JIE DONG CO., LTD,

Script for Tomography (movie)

R A RS
JIE DONG CO., LTD.
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Hardware and Software requests for PyJEM

Windows 7 ~ Windows 10 ~ Windowns 11 (64 bit)
Python 3.5~3.10
Python library (scipy, numpy, OpenCV, PIL, matplotlib etc.)
Sample script code
Manual

Offline Package

(JEOL TEM External control library)

#HRMEAMRD I
JIE DONG CO., LTD,

Virtual TEM for develop & testing (off-line)

Operations and sharing model of PyJEM
Download “.F 7ner

Seript

o~ Code 3

Python
+PyJEM

+Script sharing
-We are planning to prepare a repository on the
GitHub to let customers share their scripts as
—We also keep publishing our scripts at the site.
+Information sharing
~Use GitHub as a forum.

- We provide a place of community
for Customers.

R A RS
JIE DONG CO., LTD.
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GitHub (open source for JEOL PyJEM)

dmaekawa Remove document sorce code &8 v 6121b6c- 2 weeks ago ) 62 Commits

B docs — User manual Update manual 1.3.9.3650 last month
| viem —— Virtual TEM viem file (python 3.5- 3.10) 2 years ago
[ README.md bug fix: not enough a offline data file and crash the offline i... last year

3 requirement.txt update document last year

GitHub website  https://github.com/PyJEM/PyJEM?tab=readme-ov-file

- #HRMEAMRD I
JIE DONG CO., LTD,

PyJEM User Manual

PyJEM is a Python package that provides control TEM, capture live image, and so on. This
document introduces how to install PyJEM, FAQ. and simple script code

« Introduction

o Summ

o Environmer

o Functions
o Connection model

o Forum (Message Board)

Installation

o 1.Miniconda
o 2.vjem (virtual env)
o 3.PyJEM install

o 4.PyJEM update

o Appendix

tector)

o Sample code (TEM3)

o Sample code

o Sample code (eds)

o More customize

.

API Referen:

o Subpa

o Submodules

ages

o Module contents
« What is New

o Version 1.1.0

o Version 1.1.1

o Version 1.2.0

o Version 1.3.0

R A RS
JIE DONG CO., LTD.
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Getting started

1. Confirm a virtual environment

Confirm that the operating PC has the recommended environment{viem) to run PyJEM.

1.1 Verify that Miniconda is already installed.

If the command raise error, please jump the Install Miniconda.

1.2 Verify that vjem is already installed.

If the command raise error or not exist viem, please jump the Create viem.

2. Activate vjem environment

Activate the viem on command line.

conda activate ***

Example

Activate python3.8 environment.

(base) C:\Users\JEOL\Desktopiconda activate viem3s
(vien3g)

\Users\JEOL\Desktop2python
10 | packaged by conda-forge | (def

copyright™, “credits™ or "1

s May 12 2017,
for more information

5:49) [MSC v.1000 64 bir (AWHDS4)] ¢

3. Import the PyJEM library

Execute the following command on the command line.
>3+ daport Pylen
If output the following error on import, please jump the Install PyJEM.

555 import PyJEM

Traceback (most recent call
st line 1,

wotFoundError: No module named 'PYJEM

4. Confirm the communication.

4.1 TEM3 package

333 from PyJEn import 1O
333 TEM3. connect()
True

If the result of the execution is True, it is successful. but if the result is False, please confirm the
following.

» TEMExternal is installed the operating PC.
4.2 Other package

»33 from PyJEN import detectar
» tor. get_attached_detector()

["Hao!

If the result of the execution is

RMBATRLS

EDONG CO., LTD.

Probably because the IPaddress in the package configuration is not corrected. please try the
Change IP address

Python Scripting in gatan GMS

R A RS
JIE DONG CO., LTD.
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Python example in GMS

PythonCameraTest.py

1

2 prins( * a* )

3 print( "Listing all registered cameras: \n" )

4 pzint( * arace n* )

s

€ C = M. GetNumbexzO2C . o
= B e function outputs to DM Results window.
8

% W for camID in range(0, nCams):

10 camera = DM GetCameraByID( camID ) . .

1 function pops up dialog

12 print( "\ ID=", camID , ")~ )

13 prins( "\ me: ", o ra.CetName( ) )

14 pxint( * ion: ¥, camera.GetDevicelocation( ), "}~ )

15

1€ sx, sy = camera.GCetSize( )

17 print( "\t\t\t Size: ", s=x, "x*, sy, " pixel” )

18

15 s, psy = camera.GetPixelSize( ) Access to acquisition from

20 print( "\r\t\t Pixel: ™, psx, "x*, psy, " micrea™ )

21

22 del camera

a3 Access to all and functionality within
24 facquire image from active camera

2 camera DM.GetActiveCamera( ) GMS

2€

2?7 camera.PrepareForAcquire()

28

29 img = camera.AcquireImage() Full exposure of to

30 img.ShowImage () . . . el. .
31 . . allowing for integrated acquisition and analysis
32 del camera Both Python & DM script can be edit

[l Show on all workspaces
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