Krios Cryo-TEM (300kV) SOP - CPOS Cryo EM

V1.0 2024
Krios Cryo-TEM (300kV)
Standard Operation Protocol
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Cassette Loading

1. Prepare the grid clipping station materials as shown below.
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2. Putthe cassette into the station with gloves or cassette forceps. Use the designated
cassette for 300kV.
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4. Add adequate liquid nitrogen to the station. Do not exceed the level indicated in the
below photo.

5. Fillthe cab with liquid nitrogen and cover it with plastic cover.

]
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6. Contact our staff for grid clipping and cassette loading.
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7. Click Inventory when the temperature reaches -170°C or below as shown in the
software “TEM User Interface”.

Vacun| Autolosder |Seach | AB > {File Mode Help
+ 7
I options
| = Cassett — Vacuum
[ Dock @ Turbo Auto OIf (defaul)
| — Cartridge [ O Turbo Always On
{ 12 — Control
i l 1 l 7 ‘, & !l:i&é‘":l ‘f.";.'-'jl ‘7:',;51: AN I_K;:I
10 |
g |
8 [ —asselle Unaock
; { [[] Leave cartidge on CompuStage
5 |
4
3
2
1

| |Edt Slot State

=

Temperature Control Kl [ State ] Filling _

| = Status
| All Nirogen Temperature Suppress AutoFil for: B 763 min

AutoFill starts in: 4 h 25 min

| Reminder before filling starts: I_:;;SOo' min
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8. After finishing inventory, the slots with grid are indicated in blue. Select the slot and
click “Load”. When the selected grid is loaded into TEM, the slot becomes yellow.

[k 44
Autoloader (User) M|l Autoloader (Usen K}/
E ette ———————— — 117 [ — Cassette TIT

= ;éssétlé -

[ Stage |
Unload I

— Status

Parameter Setup

1. Open the software EPU. Click “Preparation” to start.

BV EPU

| Preparation Atlas Auto Functions (31)

Saved Preferences
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2. Copythe pre-setfile from D:\ to your folder and import.

thermosc

Atlas Auto Functions EPU

& Preparation
Spot Size 9

Ill. Area (um) 900.00

C2 Aperture 50

Dracate Atlac v  Camera Falcon 4i v Exp.Time (s) 1.00 v -+ "m "ba'l Q 125x
G Get Set < (um) 0.00

S
Pl

Preset Selection Camera Settings
v Tasks

Acquisition and Optics Settings @ Import Settings

Exposure Settings

Optics Settings

Atlas Optics Alignment & v 4 > ThisPC > Data(D;)
Calibrate Image Shifts
Organize v New folder
Activate Phase Plate
I Desktop * A Name Date mod
& Downloads 130K-1.2-1.3um-0.68umbeamsize-300mesh.sxml
%| Documents 215K-1.2-1.3um-0.45umbeamsize-300mesh.sxml
& Pictures ¢ 165K_EFTEM_200mesh-1.2_1.3um_0.53umbeamsize.sxml
021024Krios_ShikangLiang 130K-1.2-1.3um-0.65umbeamsize-300mesh.sxml
CPOS_Trista | 130K-1.2-1.3um-0.65umbeamsize-200mesh.sxml
105K-1.2-1.3um-0.85umbeamsize-300mesh.sxml 8/26/2024
wa Data (D:)
+ 105K-1.2-1.3um-0.85umbeamsize-200mesh.sxml
iL y
kab 81K-1.2-1.3um-1.lumbeamsize-300mesh.sxml 8/26/2024
This PC | 165K_EFTEM_300mesh_1.2_1.3um_0.53umbeamsize.sxml 8/23/2024
I Desktop 81K-Lacey.sxml 6/13/202

**The magnification settings in the pre-set files are not recommended to change
without adjusting the dose as it could damage the detector (camera).

For any adjustment of the pre-set files, please consult CPOS staff.
There are 4 magnifications settings in EPU:
1. Atlas (lowest magnification):
Itis used for generating the map of the grid.
2. GridSquare

The optimal magnification is keeping 1 complete square in the field of view.
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3. HoleEucentric Height

The optimal magnification is obtaining 1 complete hole with 4 partial holes in the
field of view.

4. Data Acquisition (highest magnification)

The magnification is determined by the desired resolution. Generally, the target
resolution is about 3 times the pixel size of the image acquired.

Pixel size = Target resolution / 3

Once the pixel size is determined, the corresponding magnification can be chosen
according to the magnification calibration table.
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Microscope Krios--HKU
Magnification Calibration Date 2023/08
High Tension 300 kV
BM-Falcondi EF-Falcondi
(;iMM“::z') Pixel Size(A) EFS-ZEI\TOI:II:)Q. Pixel Size(A)
1700 46.77 2250 56.57
2200 36.29 3600 35.01
2850 27.77 4800 26.66
3800 20.80 6500 19.41
5000 15.75 8700 14.55
6500 12.05 11500 11.16
8700 8.767 15000 8.571
11000 7.084 19500 6.255
14000 5.644 26000 4.735
18000 4.422 33000 3.747
22500 3.528 42000 3.057
29000 2.744 53000 2.417
37000 2.165 64000 1.972
47000 1.683 81000 1.571
59000 1.344° 105000 1.210°
75000 1.051 130000 0.9557"
96000 0.8229 165000 0.7393
120000 0.6473" 215000 0.5835
155000 0.5165 270000 0.4656"
195000 0.4014° 350000 0.3613
250000 0.3133"

For example, if the target resolution is 3,&, the pixel size should be around 1A. Therefore,
130kX should be chosen as the magnification of data acquisition.

**If you want to increase the magnification in the existing pre-set file, the dose will
decrease. Therefore, the intensity and spot size should be adjusted. The dose should be
measured and confirmed at the green region.

**|f you want to decrease the magnification in the existing pre-set file, the dose will
increase. Before measuring the dose, itis highly recommended that to reduce the
intensity for protection and adjusted with caution. If you are not certain in the
procedure, please contact staff for assistance.

Page | 8



Krios Cryo-TEM (300kV) SOP — CPOS Cryo EM
V1.0 2024

Image Shift Calibration

To align the images taken under different magnification, calibration of image shiftis a
necessary procedure before start of the experiment.

1. Create a new session at Atlas. Fill in the name and choose image format. Select
Z:\EPU\Atlas\ as output folder.

BV EPU

v @& Preparation Atlas Auto Functions EPU

(] s

New Load
Session Session

New Session

Name: Supervisor_20240429_141648

Image format: ® MRC TIFF
Output folder: Z\EPU\Atlas

Set as default storage folder

Apply
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2. Atthe Screening, select one grid.

Preparation Atlas Auto Functions EPU

Y Start Position Closeto center v Close Col. Valves

Number of Tiles

Atas Settings
Vv Tasks

Session Setup

Single Atlas

3. Enter “9”in the box of Number of Tiles and Start. The system will scan the center of
the grid for 9 tiles. Find a feature (can be broken corner/ ice) as reference forimage
calibration.

U EPU

& Preparation Atlas Auto Functions EPU

v
> E> . Y Start Position Close to center v lose Col. Valves

Skip  Stop Number of Tiles 9

Acquisition Aheks JELLMIGS Options

Vv  Tasks
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Here are some examples of the features that can be used for image shift calibration.

AN e

DA

4. To get afocused image, auto-eucentric and auto-focus should be done. At the tab of
Auto Functions, click either Autoeucentric by beam tilt or Auto-eucentric by
stage tilt to move the sample stage to correct plane of eucentric height. Then, click
Autofocus to adjust the beam current and lens to focus the sample automatically.

BV EPU

v @&  Preparation Atlas Auto Functions EPU

> II . Presets Autofocus v Desired Defocus (ym) 0.000 Auto Stigmate No

Start Iterate to (pm) -5.000 Use Three Image Method No
Focus Method Objective lens v

Execution Preset Selection

Auto Function Settings

v Auto-Functions (TEM) Negative Beam Tilt
Autofocus

Auto-eucentric by beam tilt

Auto-eucentric by stage tilt

Autostigmate
Autocoma

Drift stabilization

> Calibrations
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5. Afteridentifying the feature, acquire images in different magnification. Check if the
feature in located at the center of the images in all magnification. If the image of the

feature shifted, click Calibrate Image Shifts for calibration.

@  Preparation Atlas Auto Functions EP

Presets GridSquare v  Camera Falcon 4i
C,|mpc,Atlas

(> Expo L
Hole/EucentricHeight

Data Acquisition
Autotocus
v T Drift Measurement
s Zero Loss
oo Thon Ring
Atlas Optics Alignment

Camera Settings

Calibrate Image Shifts

Activate Phase Plate

6. Ifthe image of the feature shifted, click Calibrate Image Shifts for calibration.
Select AutoEucentric to adjust the stage height to appropriate position. Then, click
Acquire to collect the images at different magnifications.

thermoscientific

Atlas (155%)

Data Acquisition (130000X)

Hole (11500X)

Page |12



Krios Cryo-TEM (300kV) SOP - CPOS Cryo EM
V1.0 2024
7. Iftheimage is not aligned, double click the correct region at the image of lower
magnification. A blue cross indicates the correct position.

8. Click Store calibration when finished.
thermoscientific

U EPU

v @ Prepoation  Atlas  AutoFfunctions  EPU

© S o H A

Tutorial Auto  Acquire  Reset Store
Eucentric Calibration  calibration
GridSquare (470X)

Atlas (155X)
- 2

v Tasks
Acquisition and Optics Settings
Atlas Optics Alignment
Calibrate Image Shifts

Activate Phase Plate

20 pm
= O B 4 1106l

Hole (11500X) Data Acquisition (130000X)
8 a1

Microscope State A
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Altas

After image shift calibration, acquire the maps of all grids in Atlas. Select all grids in the
cassette, remove the number from the Number of Tiles and click Start.

BV EPU

v @& Preparation Atlas Auto Functions EPU
» ¢ - ~N Start Position Closetocenter v  loseCol.Valves &2
U

W
Skip  Stop Number of Tiles

Acquisition AU e
Vv Tasks

Session Setup

Acquinng

Single Atlas
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Grid Screening

1. After acquiring the whole map, the condition of the grid can be investigated under
different magnifications. Here are some examples:
a. AtAtlas or low magnification, the evenness of the ice can be investigated.
The darker parts implied thicker ice layer.

b. AtAtlas, the square with round corner, broken square, and dark spots can be
observed.
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c. At GridSquare, the aggregates and ice can be observed.

d. At HoleEucentric Height and Data Acquisition (high magnification), the

sample can be seen.

Set EPU for Data Acquisition

1. Atthe tab of EPU, create a new session.

Preparation Atlas Auto Functions

reate Session

Start

2. Setup the session.

a. Session name: Username_date_time
Grid type: choose the appropriate grid type
Session type: select Manual.
Acquisition Mode: Select Faster.
Image format: Select either MRC or TIFF.
Output folder: Z\EPU\Output

"~ 0 Qo0 o

EPU
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3. Click Apply.

BV EPU

Start
Session Creation

Preparation

Session Setup

Preparation

Atlas Auto Functions EPU

Session name:
Grid type:
Session type:

Acquisition Mode:

Selected workflow:
Selected dataset:
Selected grid:

Image format:

Output folder:

Email recipients:

Session

General session settings
CPOS_20240429_151047_31
L]
Automated ® Manual

Accurate ® Faster

Athena settings

Output settings

® MRC TIFF
Z\EPU\Output

Set as default storage folder

Email settings

4. After setting up the session, more setups are shown in the list at the left panel.
5. Inthe session of Square Selection, all the squares are selected as default.
Therefore, click Unselect All to remove all selections.

BV EPU

v & Preparation
Select All ™\
UnselectAll ! oy

nsele Show
Invert

Selection Processing

Start
Session Creation
Preparation

Session Setup
Square Selection

Hole Selection

Template Definition

Template Execution
Execution

Automated Acquisition

Atlas Auto Functions EPU

g Order

thermoscientific
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6. Selectthe target square and right-click. Click Select.

Select

Add new grid square here

elect Hole

Open tile

Move stage here

Move stage to grid square
Show processing order
Export image

Export image with overlay
Zoom 1:1

Zoom to fit

7. According to your selected square, the software suggests several squares to you
and indicates as green dash squares. If you want to select the suggested square,
right click and Select.
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**Never select squares at the x/y position over 950um.

8. When more than one square is selected, the squares will have blue numbers which
indicate the sequence. The sequence can be changed when you click Change.

BV EPU

v & Preparation Stiae A4yto Functions EPU

@ 7]

Show | Change

Selection
Start
Session Creation
Preparation

Session Setup
Square Selection
Hole Selection
Template Definition

Template Execution
Execution

Automated Acquisition
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9. After selecting the squares, click Hole Selection. Click Auto Eucentric to ensure
the sample stage moves to the correct height. When you click Acquire, the image of
1t square will be shown on the screen. Find a square with obvious holes by clicking
Previous Square and Next Square, i.e. the boundary of the hole is obvious.

v @& Preparation Atlas Auto Functions EPU

>< > =
Auto Acquire  Previous  Next Measure Find  Remove Holes Prepare all Redo
Eucentric Square Square HoleSize Holes Close To Grid Bar Squares  Preparation

Tools Acquesstion Nawgate Selection Automated Preparation
Start
Session Creation
Preparation

Session Setup

Coinvn Calartinn

Hole Selection

1EIIpIaLE Ueiovn

Template Execution
Execution

Automated Acquisition
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10. Click Measure Hole Size. Adjust the size of the hole and distance of two holes.

Preparation Atlas Auto Functions

6 «

Auto Acquire  Previous Next
Eucentric Square Square
Start

Session Creation

Preparatlon

Session Setup

Square Selection

Hole Selection
Template Definition

Template Execution
Execution

Automated Acquisition

1+

—
Measure
Hole Size

EPU
-
Find Remove Holes
Holes Close To Grid Bar

>

Prepare all
Squares

(&

Redo
Preparation
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11. Click Find Holes and Remove Holes Close to Grid Bar. The green circles in the
image indicate the holes selected.

futo Function

g 6_ ’/ Select All ’ O

Measure  Find Remove Holes  Selection Unseloct A Prepare all Redo

HoleSize Holes CloseToGridBai  Brush Invert Squares  Preparation

@

12. When Selection Brush is selected, the cursor becomes a orange circle. The
unwanted holes can be removed by clicking. The size of the brush is adjusted with
holding Shift at the keyboard and scrolling the mouse scroll wheel.

Selection
Brush
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13. After selecting the holes in one square, click Next Square to process manually or
click Prepare all Squares to process automatically.

BV EPU

v @&  Preparation Fias ~uw Functions EPU

S @ @% 2 Ql o e p O

5 2 lect All
Auto Acquire Previois  Next Vleasure  Find Remove Holes | Selection I Prepare all Redo

Eucentric Squar: Square doleSize Holes |CloseTo GridBar| Brush Invert Squares  Preparation

Selection Autc ted Preparation

14.To define template, move stage to a hole and acquire an image at the magnification
of HoleEucentric Height. In the view of field, there should be one complete hole at
the center and four partial holes at the edges. If the magnification is not correct,
adjustitin the Preparation tab. Click Find And Center Hole. The center hole is
identified as yellow circle.

Atlas Auto Functions

(EImport /™ A N
A % G+ (] /N

Acquire  FindAnd  CEPOt 0 Acquisition Drift Show/Hide Delay after Image Shift (s) 0.50
Center Hole Area ® Auto Measurement Area  Tilt Axis  Minimum stage settling time () 5.00

quisition  Hole Centering Tem

Start

Session Creation

Preparation

Session Setup
Square Selection
Hole Selection

l Template Definition

iempiate £xecuton

Execution

Automated Acquisition
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15. Click Add Acquisition Area. The green circle indicates the beam. It should not
cover the other circles. The green square is the image taken by the camera. It should
be located in the center hole. Click Add Autofocus Area. The purple circle should
be put at the carbon film. Minimize the region of overlapping with holes.

BU EPU

thermoscientific

v @& Preparation Atlas

\Q (= Import J N Distance from foil hole center: 324.605 nm
a < @ Q) (4] (+] /N

Acquire  FindAnd  CEPOt T acquisition Drift Show/Hide Delay after Image Shift (s) 0.50 Defocus list (um)

Hole Aros Auto  Measurement Area  Tilt Axis  Minimum stage settling time (5) 5.00 = -16,-18,-20,-22,-24

16. Click the green circle and set the defocus list. For example, if you set -1.6, -1.8, -2.0,
-2.2, -2.4, The images will be taken with these 5 defocus.

thermoscientific

Auto Functions EPU

% N/ Distance from foil hole center: 324.605 nm
+] o LN ;
Acquisition Drift Show/Hide Delay after Image Shift (s) 0.50 Defocus list (um)
Area Auto Measurement Area  Tiit Axis

Minimum stage settling time (s) 5.00 « -16,-18,-20, -
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After determining the defocus list in template setting, set the middle value of the
defocus list at Defocus in Thon Ring in the tab of Preparation. For the above example,
the defocus set in Thon Ring should be -2.0.

BV EPU

v @& Preparation Atlas

Presets Atlas v
(= ImporAtlas
(* Expor

Hole/EucentricHeight
Data Acquisition
Autofocus

W € Nirift Moaciromant

2 4 Thon Ring
ACGUIST R sanine s nises emssssssges

Atlas Optics Alignment

Alignments and Autocorrection

Auto Functions

Camera Falcon 4

There are severalitems needed to be align / autocorrect before data acquisition:

e Align beam shift and beam tilt
e Measure dose rate and set dose

e Energyfilter alignment

e Autostigmate
e Autocoma

1. Move the stage to an empty space. Choose the magnification of Data Acquisition.
In the software TEM User Interface (Ul), click Direct Alignment.

| L

= 7O e DR e R n Y

SA 130 kx
nP EFTEM

- None -
Alignments
Apertures
| Application Preferences |
1Autoloader (User)
Calibrations
CCD/TV Camera
Control Pads

FEG Register;

Filter

PEELS

Phase plate

o o Stage?

Stigmator

System Status
Temperature Control
| Vacuum Overview
—'Workspace Layout

Direct Alignments v |X
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2. Press Eucentric Focus on the control panel. Select Beam Shift.

Direct Alignments

-~ Gun Tilt A
- Gun Shift
- nP Beam tilt pp X
1 sl=f=111 i UL Y

- l'omo Beam s ift

- Center C2 aperture

» Rotation center v
Done [] Auto help

3. Adjustthe knobs of X and Y on the control panel to move the beam to center.
Increase the intensity / reduce magnification to center the beam. Click Done after
adjustment.

4. Click either nP Beam tilt ppX or nP Beam tilt ppY. Adjust the knobs of Xand Y on
the control panel to achieve the least “shaking” of the spot. Click Done after
adjustment.

Direct Alignments

-~ Gun Tilt A

-~ nP Beam tilt pp X
~nP BeamtitppY

: il Ceam sShirt

- Tomo Beam shift

. Center C2 aperture

- Rotation center v

Done [J &uto help
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5. Before measuring dose, check if the beam current at Ul. If the value is smaller than

5 nA, click Flash.

E-CFEG Control (Expert) I
Operate | Gun Lens: 2

Fash

Vopt: 3634V  Bdractor: 3650V

: a124 394V
Beam current: 55nA
— e

6. In EPU, go to Data Acquisition, click Measure. Check the Dose Rate. The setting is
appropriate if the white line is in the range of green. Otherwise, intensity and spot

size should be adjusted accordingly.

thermoscientific

Measure e/px/s

Mode Counted W Dose(e/A?) 4239 v — + «
e/A¥/s

Fractions EER v Exp.Time (s) 7.71 vi—$g,
Align Yes v Fractions (Nr) Frames (Nr): 1855

Exposure Settings

7. Settarget dose. 40 or 50 e/A%is commonly used. The exposure time will be adjusted
accordingly.
8. In Sherpa, align the energy filter with the following buttons:
a. Zero Loss: Center

b. Isochromaticity: Tune
c. Geometric and Chromatic Distortions: Tune Magnification and Tune

Distortions

Sherpa 3.1.1

Help

View

Zero Loss

Isochromaticity
[ measure ]| Tune 1] 2

Geometric and Chromatic Distortions
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9. Move the stage to carbon film. Click Auto Functions and adjust the stage height by
clicking either Auto-eucentric by beam tilt or Auto-eucentric by stage tilt.

BV EPU

#& Preparation Atlas Auto Functions

\ £
> II - Presets Autofocus

Start

Execution Preset Selection
v Auto-Functions (TEM)

Autofocus

Auto-eucentric by beam tilt

Auto-eucentric by stage tilt

Autostigmate
Autocoma

Drift stabilization

> Ccalibrations

10. Click Autofocus and start.

11. Click Autostigmate and start.

12. Click Autocoma and start.

13. Change the magnification in preparation and back to high magnification. Click
Autocoma again. Repeat this step for several times to stabilize coma.
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14. After alignment, start the experiment by clicking Automated Acquisition in the tab
of EPU.

BV EPU

v @&  Preparation Atlas Auto Functions EPU

Start

Acquisition
Start

Session Creation
Preparation
Session Setup
Square Selection
Hole Selection

Template Definition

Template Execution

Execution

I Automated Acquisition

15. When the images are acquired, select Close Col. Valve so that the valve will be
closed automatically when the experiment finished.

thermoscientific

“ Status

eck col
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16. When the firstimage is acquired, you can check if the dose and exposure time is
closed to your setting. You can also check the progress and the estimated time for
the whole acquisition. The time required for the experiment depends on several
factors, including exposure time, dose, focus recurrence, drift measurements, etc.

Data Transfer to HPC Server

1. Login HPC serverin EMShark. Username and password are provided by IT team.

2. Select Project path from the folder: /home/lab_(your lab)\(username)

3. Click New Folder.

Path Select

home/lab_CryoEM/cryoem
PATH
home/lab_CryoEM/cryoem/240K_Glacios_Apo
home/lab_CryoEM/cryoem/cryosparce
home/lab_CryoEM/cryoem/Trista 20240613 _screencapture

home/lab_CryoEM/cryoem/Trista_20240703

home/lab CrvoEM/crvoem 20240027

4. Enterthe new project.

Open

Open

Open

Open

Open

Select

Select

Select

Select

Select
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5. Select raw data path: /krios/(the name set in EPU session created), refer to step 2
atthe session Set EPU for Data Acquisition, page 16). Click Select.

Path Select

PATH

K105/ apoTer- 103K-Test vpen oeecl p
krios/Apo_130K_20231205_105834_93 Open Select
krios/ZChen Open Select
krios/CPOS_Trista_20241007_125343_77 Open Select
krios/NI_lab Open Select
krios/300924B1G4_Collec_SL_20241002_132938_91 Open Select
krios/050924B1G1_SL_20241003_154532_61 Open Select

6. Select the other options as below:

e Dataformat: all

e Data sources: EPU

e K2 Camera Data: off

e ApplyforAl

e Transmission: Copy

e Auto stop time 24 hours after.

7. Click Start.

8. When data transfer finishes, click Stop. Otherwise, other users cannot transfer
data.

9. Logout EMShark.
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Checklist before leaving the lab

1. InUl, click Unload to unload sample. Close valves at Vacuum.

**|f you will leave for more than 10 minutes, please close the valves.

|j,

Vacn{m Autoloader  Sdarch  Alignmer ¢ | * 'F“e_ Me
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2. Prepare and cool down the loading station. Request staff assistance to unload
sample.

3. Sign the log book.

4. Close the EPU software.

5. Stop the transfer in EMShark.
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