Talos TEM (120kV) SOP - CPOS Cryo EM 2025-07-29
V1.12024

Talos TEM (120kV)
Standard Operation Protocol
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Preparation

Condition Checking

1. Checkthe condition of the vacuum (<20 logs) in the UI. The statues are green.

| Setup Search Tune CCDcamera ¢ |*

Vacuum (Supervisor) Kl

Status: . U Closed)
Accelerator 1 Log
Column 6

Detection Unit 12

Nitrogen level Low

Turbo Zero speed (0.0%) ‘

2. Close the column valve.

3. Reset the stage to the home position (X/Y/Z: Opm) by clicking on Holder.
| conrol | Fie | si¢|*]

Positions / tracks

Delete All Clear Tracks

Stage control
| Power step (178 ... 8) S
Go Add Update | Delete [JXY separately above W‘ ¥
{ <
Auto Euc Height | Find Tracksl
Besel
Holder XY A
Alpha wobbler Wobbler
0 5 10 15
[ ]
Alpha toggle
_Setpha | [ 78]
S st 21
X: -0.00 um A: -0.00 deg
NG 0.01 um
Z. 0.01 um Cool. BM-C: Stable
Filament Activation

1. Click on Filament to activate the filament. Do not modify the settings. The settings
should be:

a. Heatto: 38
b. Emission mode: Eco; 5pA

2. ltwill take approximately 10 minutes for the status to change to Emission stable.
The filament will then be ready.
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Filament (Expert)

Status: Filament off

System Cooling

PoOobd=

heatto:[2{ 38 [B]

Status: 03:55 mins remaining

Half-fill the cold trap dewar with LN, on the ground.
Put the copper wires into the dewar.

Fill the dewar with LN, using a bottle.

Cover the dewar with foam. The LN2should be enough for 3-4 hours of operation.

Re-fill LN, when the Nitrogen level is low.

l Setup Search Tune CCDcamera ¢ |°

=4

| b,

2025-07-29

Heat to: -3+ 38

Status: Emission stable

I Setup Search Tune CCDcamera  *|°

Accelerator
Column
Detection Unit
N
Turbo

Vacuum (Supervisor) Kl

ero speed (0.0%)

Accelerator
Column

Vacuum (Supervisor) D

D ‘ i
Nitrogen level 0K

ero speed (0.0%)
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Sample Loading

** Open the Velox software before loading the sample if you plan to use it forimage
capture.

1. Take out the specimen holder from the tray. To prevent the holder from sliding out of
the station, grip the middle of the station and the holder with both hands.

Single-tilt specimen holder in a holder station Holder tip with a sample clamp
\]

Holder station = 1 T

Filter paper

2. Place afilter paper under the holder tip.
3. Carefully remove the plastic cap.
4. Use the pin to slowly lift the sample clamp.
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5. Usingtweezers, place the grid on the holder tip.

6. Gently tap the holder to position the grid.
7. Secure the grid with the sample clamp using the pin, then remove the pin.
8. Rotate the holder to ensure the grid is fixed at the tip and not falling onto the filter

paper.

9. Remove the specimen holder from the station, being careful not to touch the brass
holder assembly.

10. Use a dust blower to remove any dust from the rod.

11. Double-check that the stage is set at the home position.

12. Insert the rod into the TEM, aligning the pin of the holder with the mark on the TEM.

13. Push the rod to the end until the mark on the holder aligns with the edge of the hole.
The red light will illuminate.

|
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14. The vacuum pump will start automatically. Wait for the vacuum to stabilize; when
the red light turns off after the countdown (~ 90 to 180 seconds), proceed.

** IMPORTANT NOTE: Step 15 must be performed (1) immediately (2) after the
countdown. Otherwise, the vacuum will crash, and Cryo-cycle (~ hours) will be
required.

15. Turn the knob anticlockwise.

Turning direction

16. Slowly insert the rod further into the TEM.
17. Wait until the vacuum reaches below 20 logs before starting the experiment.
18. Select Single Tile and click the arrow button before proceeding.

EV{{E‘!A’SeIect Specimen Holder: Single Tilt , N &
| LM 210 x Spot size:
: : Focus step:
TEM Bright field C2 Lens:
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Microscope Operation

Find the target area

1. Openthe column valve.
2. Utilize the control panel to adjust the magnification and intensity.
3. Move the stage to position the target area at the center.

Adjust eucentric height

1. Low magnification is preferred. Set the magnification to LM mode
2. ldentify a feature and position it at the center of the screen.
3. At Stage2, click Wobbler.

Stage? Kl | Control | Fle | s <«
Pasitions / tracks
Delete Al | Clear Tracks
Stage control
Power step (1/8 .. 8) & 18

Go Add Update | Delete [CIXY separately above @x

I &
Auto Euc Height I Find Tracks

v

5
;3

E |
x
>

|
i

Alpha toggle
SetAlpha | [ 15]*
_I:l Stage? v Z—II

4. The image will appear to "move" on the screen.
5. Use the Z axis buttons on the control panel to adjust the stage height and minimize
the movement of the object in the image.
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Focus the image

1. Click on Eucentric focus on the control panel to set the defocus to zero.
2. Setthe Focus step to 3 by adjusting the bottom knob (yellow) at Focus.
3. Use the top knob (green) at Focus to focus the image.

Diffraction Wobble !u'cnn\nc

) X Spot size: 4 Objlens: 85.4467 % | X: 1.2¢
. Focus step: 3 Defocus: -46.00 pm|Y: 1.3¢
field (C2Lens:  45330% Screen:  0.000nA|Z: 0.0

4. When the stage is at eucentric height and the image is in focus, the contrast will be
minimal.
5. Toincrease the contract, set defocus by adjusting the focus knob as the step 3.

Acquire image

1. Perform alignment if necessary, following the instructions in the "Alignment"
section.
2. Open software Velox.
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3. InAcquisition - Velox, configure the exposure time for viewing and capturing.

m Acquisition - Velox
File Edit View Optics Detectors Help

S + [0 4096x40% v + [ 4096x409%6 v

€~

2s v
Layout v Annotations ¥

M Show on toolbar
Mode Acquire
Readout area and size 4096 x 4096 v Readout area and size - + [0
Exposure time 500ms v Exposure time =i =
Frame combining Rich Frame combining =" B
Advanced Reduce Noise
Shutter Pre-specimen Advanced
¥ Disable shutter during imaging Shutter Pre-specimen

Image correction Dark And Gain Image correction Dark And Gain

Restore defaults Restore defaults

Blank beam when idle Blank beam when idle

Resume view after acquisition Resume view after acquisition

4. Use theicons to switch between live view and acquisition modes.
m Acquisition - Velox
File Edit View Optics Detectors Help

o + [0 409 x4096

2s

Layout » Annotations ¥

5. Preview the captured images Process - Velox.

Acquire diffraction pattern for crystal structure analysis

Diffraction mode is used to obtain information about the crystal structure and orientation
of materials. However, when switching the microscope to diffraction mode, the intensity
can be very strong, potentially damaging the camera. Therefore, caution is necessary when
using this mode. Here, we use a Graphene Oxide (GO) TEM grid as an example.

1. Align the microscope with the appropriate beam and position the sample at the
eucentric height. This ensures that the sample is centered and at the optimal
position for imaging.

2. Insert screenin Ul.

3. Change the magnification to SA mode, set the spot size to 4, and locate the position
of the GO on the grid.
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Lt

Seup Tine | COD canas [1]5 [ _Mode Help

Gl+-00 no@EE ensaeen] (0] @] o

!
[Vecuum Guporvaon 1]

A ] Xulcs —

& i S Spot size: 4 Obj Lens: 86.1831% | X- = - |

ETV scfs-:u;::; SA 73000 x F::u:‘:teep: 3 Dej!oceun: 0nm ¢ 323{1 :$ A -0.00.deg
croon : - Dose rate: 9.20 elA’s S . o219mA -

% Nomal s TEM Bright field ey dooss% z 11.22 ym Cool. BM-C:  Stable

4. Click the Diffraction button on the control panel to switch from imaging mode to
diffraction mode.
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5. Usethe mouse wheel or adjust the histogram to change the contrast. If necessary,
adjust the focus for optimal clarity of the diffraction pattern.

===
4 Ot Lons: 861831 % X -36.01 A -0.00 Spot se. 4 Oty Lons: 061031 % 7 .

L P deg D 420 mm T i e s 00030
TEM Bright field e s z 1122 m Cool BIAC. _ Stable TEM Bright field G s z 1.22pm Cool, BM-C: _ Stable

6. After making these adjustments, you should be able to see the diffraction pattern

D 420 mm

clearly.

7. Capture the images in Ul. (NEVER use Ceta Camera for diffraction image capturing)

4

File Mode Help

+ 00N * Insert Screen | o [}w“ ()

camera ‘1’

)pened)d
1 Log
5 Log

12 Log
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Acquire atlas / grid map

1. Set magnification as 84x and use 150um at C2 aperture.

i "

S90 Sesch Tune CCD camss

E[+~700 na
| Vacuum Supervison K1 Y
Status: A Vacuum (Opened) || ¢
Accelesstor ; Leg.
e 12 len
oo
Zewo spoed (0.07)

i Talos [FE -]

WX
It | |

B Spot size: 4 Obj Lens: 6.0764 % X- -36.13 um A: -0.00 deg
WE Y Focus step: 4 Defocus: 2596 mm \ 2360

R Dose rate: 0.00 e/A% Screen current 277nA| ¥ 00 m

R3 C2Lens: 99.899 % Z: 11.22 pm Cool. BM-C: Stable

2. Open software SerialEM.

3. Goto eucentric height: Tasks = Eucentric Rough.

4. Open Navigator: Navigator—> Open.

5. Setup Montage: Navigator > Montaging & Grid - Setup Full Montage.

es Process Navigator Window Help

Open
Read & Open...
Merge File...
Save
Save As...
Close
Montaging & Grids > Setup Corner Montage
Nav. Options s Setup Polygon Montage
Setup Full Montage
Transform ftems Set Grid Limits
Undo Transformation
P aisiooioml_.a__Ala
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o — T - [ = I
Montage Setup File Properties i
FITTING TO NAVIGATOR AREA: Change mag ~File type — 5

to adjust number of pieces. Changing mag. -Save images to ‘ ]
binning. overlap, or "Move stage” will refitto area @« MRC stackfile E

. - " HDF stack file L
Magnification: 84 :l Binning: 1 :' TR B fone Imag s oare) ‘
Pixel size: 168 nm ‘ ¢ Series of TIFF files listed in an Autodoc file ]
| Number of pieces in X: |4 ﬂ N |6| i' I [ i
Piece size in % |4096 5 I4096 ile =
 JPE( i
Overlap in%: [288 |233 |
l -Image data treatment {
| Minimum overlap: 6% i‘ and |1 micron ~Save nonfloatdataas— -When saving 16 bitdata—— | *
E ~ P .

TotalArea: 15520 x 23136 pixels Byl Hncsis sbove 32757
2608 3887 microns Update | @ Integers ¢ Divide by 2 -
¢ Unsigned integers " Subtract 32768 L

v Move stage instead of shifting image
I~ Image shiftin blocks, ISup to |35 i

| [~ Skip pieces outside Navigator item ID ‘ £35H

to ki

sctan ignore listof pieces

~Metadata

v Make map from each montage if Navigator open ! ~Save in extended header—

[” Close file when montage is done v Tiltangle
v Intensity
v Stage position

[~ Use Montage Mapping. not Record parameters

1 R 1eters i L Jose mode
v Magpnification
I’ U I~ Exposure dose
[T A
Maximum number of montages: I
it (Be generous) R
V¥ Tu on for =010

32 v Save extra information in a .mdoc' metadata file

L 16tk seliet e gty ke moitags [ Skip this dialog in future (re-enable in File menu)

4 0K | Cancel l :;_I i 0K | Cancel | l‘

6. Press Startin Montage Controls window.

1 0.
+#| _F| Image Alignment & Focus 7| -I ;:
| Fl Montage Controls 21 R

= 1

Start l Prescan | I 0 ZI | |Fr:
_— | Options CurrentZ 1R1‘
Bin: Overview 1 i] Prescan 2 :;—J Frz
¥ Correct drift Ri¢
e ycus with heigh ;:
v Show overview at end R:
[v Align pieces in overview 1
v Treatas very sloppy montage Fre
[T Assess multiple pe Ry

C 06 20020 w2

7. Toview the montage, you can access HPC and load module imod.

$ module load imod
$ 3dmod
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8.

Open the mrc file in 3dmod.

2025-07-29

@ 3dmod Startup@cryoem01

Start program as
Lk Use cache, set to: ® Sections Megabytes
# [3dmod - open Info and image windows|
3dmodv - open Model View window only I” cache images as tiles or strips

3 I Fill cache upon startup
I~ Use previous directory for file chooser if no files entered yet
Image files form a pyramid at multiple resolutions
Image file(s): Select... l
———— I Flip Y and Z sizes by rotating around X

Model file: | Select... | [ Load non-byte data in as 16-bit integers

Piece file(s): select... | [ Show RGB images as grayscale

Loadimage stbset (nimbered fmm.0) Open I Load model without scaling coordinates

X from: | to: I” XYz window | [~ Load FFT without mirroring data on left side
Y from: to: I” Model View I” Load montage as single frames
Z from: [ to: ¥ Zapwindow | Load montage pieces & Unaligned Aligned

[” slicer " Show images as montage in X by
Binby |1 Hinxy, |1 Hinz

Scale image intensities: to 0, to 255
When files must be scanned to find scaling
® Do full scan for true min and max
Scan subset to estimate min and max
Scan subset to estimate mean and SD

I” Modify MRC file header with values from scan

ok Cancel Help |

Gigabytes

- g lution |0 == -
Angle file: ’— Select... Read EER file with super-resolution |0 _:‘_J Z summing |1 _1:1

I” Do not load single-image files as sections or volume stack as times

Vs-aligned
inYy

The whole image can be viewed.

4 v ML A

10. To get the individual images, you can use mrc2tif in imod.

$ module load imod
$ mrc2tif
$ mrc2tif <filepath.mrc> <tiff name>

11. The files will be generated automatically in the root folder.
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Alignment

Microscope alignment is crucial for image quality. Follow these steps to adjust alignment if
necessary:

The beam is not at the center / The light at the screen is not even.

Beam Shift

1. Press Eucentric Focus on the control panel.

Y Magnification

2. In Ul, select Beam shiftin Direct Alignments.

Direct Alignments

- Gun Tilt
i Gun Shift
- Beam tit pp X

Beam shift
— 121

" Fotation center

Dessohe

I;i Direct Alignments ~ ~ E]

3. Reduce the beam size by adjusting the intensity on the control panel.
4. Move the beam spot to the center by adjusting MF X/ Y on the control panel.
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5. Click Done after adjustment.

Direct Alignments

Gun Tit

Gun Shift

Beam tit pp X
BeamtitppY
Beam shift

Center C2 aperture
Rotation center

] -

[=] Diect ignments  + ]

Beam tilt ppX/ ppY

1. Press Eucentric Focus on the control panel.

2. In Ul, select Beam tilt ppX or Beam tilt ppY in Direct Alignments.

[

Beam shi
Center C2 aperture
Rotation center

[ Auto help

[S] Direct Alignments X]

3. Reduce the beam size by adjusting the intensity on the control panel.
4. You will see a shaking spot on the screen. Adjust MF X/ Y to reduce the shaking.
5. Click Done after adjustment.

The beam is not circular.

Adjust condenser stimatism

If you find that the beam is not circular on the screen:

Reduce the beam size by adjusting the Intensity.
Click Condenser at Stigmator.

Adjust MF X/ Y to change the shape of the beam.
Click None to exit the mode.

Pobd-=
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The shape of the thon ring is not circular.

Adjust objective stigmatism

1.
2.
3.

Switch to high magnification (e.g.73kx).
Move the stage to carbon film.

To ensure the intensity will not damage the detector, spread the beam size that is
larger than the screen.

In Velox, activate the live mode.
m Acquisition - Velox

File Edit View Optics Detectors Help

Observe the thonringin FTT mode.

a. Checkthe size of the thon ring. Adjust defocus (e.g. -2um) to enhance
visibility of the thon ring.

Defocus Opm Defocus -2um

b. If the contrast of the thon ring is low, increase exposure time in velox.
2s

®
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6. Click Objective at Stigmator.

7. Adjust MF X/ Y to change the shape of the beam.

8. Click None to exit the mode.

The beam is not concentric when the intensity is changing.

1. Reduce the beam size by adjusting the Intensity.
2. Move the beam to the center by adjusting the ball onto the panel.
3. Click Adjust at the Apertures — Condenser 2.

Condenser2 (100 ||

Enlarge the beam size by adjusting the Intensity.
Use MF X/ Y to move the beam to center.
Uncheck Adjust at the Apertures - Condenser 2.
Repeat the steps 2- 3 times.

No g b

The contrast of the image is low.

Insert objective aperture
If you would like to increase the contrast at high magnification, you can insert objective

aperture.

1. Click Object at Apertures.

Condenser2 100

|| obiecive 100 ][ Adust

2. Afterinserting the aperture, check Stigmatism and adjust if necessary.

Note: Inserting an aperture may enhance contrast but could lower image resolution.
Consider this trade-off when adjusting.
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After Experiment
1. Close the column valve.

2. Turn off the filament.

Filament (Expert) Filament (Expert) D
Heat to: /1 33 [&] < Filament Deat to: =
it , S e e ]
; : s 0. 50.
Emission Emission
Mode: |Eco v B s [Elm Mode: |Eco v B s [E]ua
0. 10. 0. 10.
.
Status: Emission stable ( Status: Filament off )
& = o

3. Unload the sample. Pull the rod from the TEM until it stops. Rotate the rod
clockwise. And pull again slowly.

4. Carefully place the holder back to the holder station. Unclamp the grid with the pin.
Rotate the holder to drop the grid onto the filter paper.

5. Putthe plug at the TEM.

6. Remove the LN2 cooling bottle in TEM and place a towel at the bottom of the copper
wires.

7. Check with staff if there is another scheduled for the next session. If not, perform
Cryo Cycle.
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L 1em

File Mode Help

R+~-00 ma
I cyo Tsetings | convol JHINEN
Cryo cycle durat

Setup  Search Tune CCD camera ¢ *

Accelerator 1 Log

Column 6 Log e z
Detection Unit 12 Log [Iaemo N A
Nitrogen level Low [[] &uto Cryo Cycle

Turbo Zero speed (0.0%)

P
Col. Valve
Closed Turbo pump /Cr@

VA

8. Sign the logbook and take away your own belongings.

Data Transfer

Note: The data stored on the local computer will be removed on the 1t working day of each
calendar month.

1. Refer CryoEM Microscope Data Management User Guide to transfer your data
using FileZilla.

2. Inyour own computer, use FileZilla or other similar SFTP client software to
download the data from the SFTP server.

SFTP

Important Note:

Host: cmsftp01.cpos.hku.hk

Username: contact staff for CMSFTP account
Password: contact staff for CMSFTP account
Port: 22

Files uploaded to FileZilla are just temporary. All data residing in the SFTP
server will be removed after 14 days.

There will be no backup of the data.

Please make sure you have successfully downloaded the data to your local
computer within 14 days.

Do notdisclose your Username and Password to others.

I
O
Ole

Host: cmsftp01.cpos.hku.hk
Username: your HPC account
Password: your HPC account
Port: 22
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