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Protocol for setting up SPA data collection using BIS method.

Before starting make sure that microscope is working correctly. On the microscope
computer TEM Imaging Analysis (TIA), Microscope software launcher, FEI-SEM server, and

Gatan remote TEM are running. On the Gatan K3 computer make sure digital micrograph

and SerialEM are running. Check network connections on the Gatan K3 computer.

This document is for core staff only and researcher that have been trained to use the

microscope.

Typical work flow for a single-particle data collection using beam-image
shift

Make folder on > Montage each grid
Gatan K3 computer (Map2Grids Script)
1 min
V 15 mins per grid

| Inventory Autoloader |

15 min

Collect Grid Square
\ 4 Montages
Check SerialEM SPA
Settings File and
Low-Dose Mode

15min

5 mins

Setup Multishot

==

Define position of
area Focus and check
beam

5 mins

Set Offset to View
and Search

2 mins

Write imaging
conditions to log file
(DosecCal Script)

Record

1 min
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Grid Square Map

5 mins

v

| Start data collection

5 mins

A 4

| Run CryoSPARC Live

10 mins

v

| Monitor data quality |
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1. On the Gatan K3 computer make a new folder in the X: directory to save your data. Make
sure that the X: drive has enough free space if it is full delete old data. Make sure the
data has been fully transferred to the longleaf cluster or the NAS before deleting the data.
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Windows File Manager
“This PC” = Capture Data (X) - K3Data = [new session file: date_initals]

ie 20250502_JDS_CBL

L K3Data
« - 4 » ThisPC » Capture Data (X) » K3Data »
Favorites R
B Error_20250226.png
& This PC B tomo.png
ke Desktop { Camera 18290184 System Repornt.zip
Documents B error_Q3_after_restartpng
I Downloads B error_20250213.png
B Music & DART_DM.png 4
& Pictures 202503025_IDS_CBL AV
B Videos 20250320_J0S_Calibration M
& Local Disk {C) 2025031405
& Data (E) 20250210 Vv_CBL
w» Capture Data (X)) ). 20250228_YJK_BR
L. 20250227 MJ_BR
J Libraries 20250226 JOS_BR
Documents 20252025 _CBL_BR
4 Music 20250219_J0S_RC
&, Pictures 20250221 _Mai
R videos 20250221 KEL
20250212 CBL_ W8
& Network b SerialEM_Scripts

20250113_)8_C8L
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At this point you are ready to start the session.

CryoEM Core s

2. Start the Autoloader Inventory on the microscope computer.

If the cassette slot is occupied by a cartridge make it blue using the mouse clicker, if empty
make dark grey.

Check temperature of the autoloader and column before starting the Inventory.

Check “Turbo Auto Off” on the Autoloader Option tab (blue arrow)

Autoloader (User) Kl Options
— Cassette — Yacuum
Dack Whdack & Turbo Auto Off [default
nd | | | | (defaut)
2 Left — Cartridge € Turbo Always On
Mouse Click = — Corko
| Initialize | |Loader-cyc:le| | Wacuum On
to change [ 10
l:l Inventory
COlOI’ (SlOt I — Caszette Unigack
L ¥ Leave cartridle on Cor
d puStage
state) B
B
4
3 Click inventory
.
' ' . to start
1% Click Edit .
SlOt State | Load | | Unload |
— Status
Temperature Control 4 Ctate Filling
— Status — Temperature State ———————————
All Mitragen Temperature Goto: i vl
— Dewar levels —— = |
Autoloader W% 3ndimn|| A | 6182025 x| 1:0825PM = |
Colurnn 3%  8h33mn Set  Mone
H =T tures —————————— | || — After Conditioni
Wa It for DDCE;n[Dera ures — er Con .| ioning
Holder 79.4 1938 °C Gota: IAII Mitrogen Temperature j !
Caszette g 1204 -152.7 °C =
autoloader to cool e e R E o [Enere0s =] roszEan =]
Autoloader Dewar 7RAK  -1944°C .
to -155 (should be Column Dewar 785K  A94°C ||| 3t More
green not red) Vacuum (Supervisor) 4 [} setiings
b efO re | nve ntO I'y. A Pressure unit: I Log = l
Accelerator Log
Colurnn 1 Log Prezzure color highlighting: IDefauIt 'l
Autoloader 27 Log
Dretection Lnit 16 Log
Buffer tank b6 Log
Backing line b5 Log
Col. Yalves Empty P
Click Inventory to start (should take ~15 mins)
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At this point the Autoloader inventory is complete with no errors on the microscope, as

CryoEM Core 20

shown in this image.

Optional do gain reference during the Inventory and direct alignment on evaporated

Autoloader (User) Kl

— Caszette
Diock

Wrdock:

—Yacuum
' Turbo Auto Of [default)

— Carlridge " Turbo &lways On
- CBLY — Control

Initialize: Loadercyele] | acuurm On
SN [cBL2

riventary

|

— Caszzette Undaoc

L] C Undock
- ¥ Leave cartridge on CompuStage
e ]
5]
]
[
[ Qi
N (Lacey

Edit Slot State

LLoad

Urnload

— Status

Temperature Control 4]

— Status

Al Nitrogen Temperature Go to: I j
. Dewar levels - [enwas =] TmEm L
Autoloader 7% 3h29mn || i

Calumn B2%  8h27mn Set  Mone

— Temperatures — After Conditioning

Dacker 1086 K -164.5°C -

Holder 794K -193.8°C Goto: IAII Mitrogen Temperature j
Cazzette gripper 95.7 K -177.5°C ey

Catidge aipper | 111K 620< ||| 2« ['679/2025 ] 10825 4
Autoloader D ewar 7.8k 194.4°C .

Column Dewar 785K Aadee | [| 56 More

State Filling

— Temperature State

aluminum or another TEM grid (not UltrAufoil).
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3. On SerialEM open the current Setting file for SPA.

“Settings” 2 20250325_SPA_45k” (Yellow arrow)

Or go to C:\Program Files\SerialEM\

Load one of the setting files
20250325_SPA_45K (normally use this — pixel size 0.8737 A)
20250427_SPA_73K (Pixel size 0.54925 A)

20250427_SPA_22K (Pixel size 1.7738 A)

Make sure Low-Dose Mode is checked in the Low Dose Control Panel (Blue arrow).

Check Record, View, Focus, and Search make sure the beam centered and camera
settings are correct for each.

To do this first in the microscope alignment tab select Beam shift and use the multi-
function XY knobs on the control panels to center the beam in Record mode. Then select
“Additional beam shift Set” in the Low-Dose Control panel to move the beam in View, Focus
and Search” using the multi-function XY knobs (do not select beam shift).

To change the beam setting or magnification ect...Click “continuous update” on the
Low-dose Control Panel. Normally you will not need to do this.

Written by Joshua Strauss and Clara Lenger 5
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4. Run the script DoseCal to write to the SerialEM log file what the imaging conditions
are.

“Script” =2 “Edit” = “Script1: DoseCal”

Navigate to a broken grid square or unload grid (preferred). Go to microscope computer
and under the Autoloader tab to unload the cartridge.

Go to record in low dose make sure the 70 micron condenser aperture is inserted and
centered. Make sure the imaging and camera parameters are exactly what you are using to
collect data.

Run “DoseCal” - pop-up: navigate to [new session file: date_initals] 2 “Ok”

{ It writes CS, Voltate, flux, total dose and pixel size to the log file}

If needed using a Cross-replica, evaporated aluminum, or carbon coated Quantifoil
grid align the microscope.

5. Montage each of the grids in cassette using script Map2Grids.

Before running script read the header and follow the instructions

Written by Joshua Strauss and Clara Lenger 6
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Read the script header for instructions.

MacroName Map2Grids

# Script map2grids modified from Wim Hagen

# Open Navigator, Setup Full Grid Montage 6 X 1@ overlap 23% for UF 15% for QF
# Low-Dose Search should be 62X Mag

# Have the C2 apt 150um inserted

# Complete inventory

# Modified by JDS 20200715

“Navigator” = “Open” to open the Navigator

“Script” 2 “Edit” 2 “2” (“Script2: Map2Grids”)
Edit the script Parameters
Edit “SetDirectory X:\k3data\” [new session file: date_initals]
Edit “cat”: each cartridge you want to montage

Edit “name” name of file or sample

# Parameters #EHHHAHBHHHHBRAHHEHERHVHRANA BB BB HIRRAH R

# set directory for saving images
SetDirectory X:\K3Data\20250325_JDS_CBL
cat = {1110 98 7 6 5} # change this which cartridge you like to montage

name = { apol apo2 apo2 apo4 apo5 apob apo7 apo8} # change this to the name of the sample
Parameters

Go to “Search” in low dose and make sure it is set to 62X with the C2 150 micron
condenser aperture inserted.

If Search is a different magnification, change it by checking continuous update in the Low
Dose Control and set the magnification to 62X. Alternative select the 62X 4uP in the
imaging state panel.

Check the Search beam on the FlueCam on the microscope. If needed center the beam
using by checking the “additional beam shift” in low-dose panel and beam-shift using the
multi-function XY knobs. If needed center the aperture in the Tab Aperture, click Adjust, and
center using the multifunctional ZY knobs.

Written by Joshua Strauss and Clara Lenger 7
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In SerialEM

“Navigator” - “Montaging and Grids” - “Setup Full Montage”

Window Heip

Read & Open...
Merge File...

Close
Montaging & Grids
Nav. Options

Import Map...
Backlash Settings...

Restore State

Setup Align/Realign..

Force Center Align

Erase Periodic Peaks in LD

Align with Rotation...

=

Setup Full Montage
Set Grid Limits

Find Holes in Regular Grid...

Divide Points into Groups

Set Group Radius

Set Multi-shot Parameters...

Set Hole Order for Regular Array
Combine Points for Multi-shots...
Show Shots when Show Acquire
Show Whole Area for All Points
Autocontour Grid Squares...
Reverse Contour Colors

Keep Colors for Polygons

Add Circle Polygon

In the pop-up click “Ok” normally you don’t need to change anything.

If needed, adjust “number of pieces” (default 6 x 10, full stage limit)

Check camera(K3), Mag (62), Bin (1), Overlap (20%)

“Save As” > Navigator [new session file: date_initals] = [fullgridmontage] = “Save”

“Script2: Map2Grids” = Run (takes about 15 minutes per grid).

AN

Alternative you can montage a single grid on the stage, as described above but don’t

run the script just Click “Start” on Montage Control Panel.
It will take ~ 15 mins to montage one grid.

At this point the montaging is done, and the maps are saved in the navigator.

Written by Joshua Strauss and Clara Lenger
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6. Collect grid square montages at each grid square you want to collect data at.
On SerialEM zoom into Full Grid Montage and add point to the center of the grid squares

Navigator = Add Points = stop adding points = mark points Acquire (A)

n Navigator ==l e
Label [+ Registiatonpoint 1— [ Comer point(C) Jud |

r

Color [Red ] #{Draw
#a Noté |
¥ Acquire (8) 1 I™ Newfie atitem New file at group
Set ITNGings Focus Pos|
AddStage Pos| pegisyisan j Braw | Allfeg. [~ Nano 7 Labels
AddPoints |~ Collapse [ ShowAcqure | Editmode | EditFocus
AddPolygon | \label__ Color_X___Y  Z Type Reg Acq Nole
L A Mk | B 3 500 Map1
— 2 Red -1377 1321 P
_Movalem | |3 Red 1633 210200 Pt 1
Updaie? | e
Go To XY
GaTaXYZ |
LoadPisca |

[ Nowhisp |

Sec 0+ Ful_Moniage_Camidge6_apot st
A

Delete e
Realign to kem

Find eucentric height (once at one grid square) using stage Wobbler on the microscope
computer and “Update Z” for Acquire points (Purple arrow).

m Navigator - |8 X

Label: 2 | Registration point 1 i‘ [ Cormer point(C) ﬂ
Color |Red « | [v Draw [ o

#2 Note: |

[v Acquire (&) [ | Newfile atitem | MNewfile at group
Set | | | | Focus Pos|

Add Stage Pos| Registration ‘Ii‘ Draw: | Allreg. [ Nene [+ Labels
AddPoints | [~ Collapse | ShowAcquire | Editmode [ EditFocus

Add Polygon Label Color X Y Z Type Reg. Acg. Note

Add At Marker 1 Blu -38 -15 00 Map1 Sec 0 - Full_Montage_Cariridge6_apob st
e Red -1377
Red -1699 2102 B53 Pt 1 A
Red -1995 2884 B53 Pt 1 A

Move ltem

Update 7
Go To XY

Go To XYZ

Go To Marker

2
3
4

Load Piece

Delete tem
Realign to ltem
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Change Search to 210 X maghnification.

Imaging state = select “Square Search SPA” (mag 210)

Or check continuous update on low-dose panel and change magnification of

Search. Uncheck continuous update when done.

Note for 200 mesh grids you will need to use mag of 115 not 210.

Check camera parameters in Search.

Carmera - Parameters - “square” - “OK”

Camera Parameters -- K3

Camera - Selects active camera

(" Ceta ® K3
r Il
Parameter set
(@ Search (" View ( Focus (" Tral ( Record (" Preview (~ Montmap
Parametersfor Search Copyfrom:| View I
Acquisition Binning Top [0
(" Continuous C 05
@ Single Image ®1 Left 834
Processin >
9 13 Botiom (4092
4
- Um.mrmahzect 5 Right [4926
(@ Gain Normalized 2 e
( -
s 2
Recenter
Binned size: 4092 x 4092
i SwapX&Y
Exposure fime [0.522 sec 77.70%77.70 um @ 19.0 nm P
Dritseting [0.0999  sec HEEEm
Minimum 00007 if not 0.0 Quarer | bt | Fu_|
Shutter mode =
. |
@& Beam blanking anly Wide Quarter ‘ Wide Ha
10%Less| 0% More|  Square |
Prmm e T Update Dose rate: Not calibrated
?pflaﬁng TIEE [ Dose Fractionation mode |
inear — |
® Counting S_a\
r Setup| _SetFie Optons |
[ Use conelated double sampling (CDS) Anti-aliasing Q
~ =

OK Acquire ‘

Cancel ‘ ﬂ

Written by Joshua Strauss and Clara Lenger
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Take an image of the grid square and copy the image to Buffer M and N in the Buffer
Controls pannel (Yellow Arrow).

Open new montage file

File > Montage Set up

Butfer Cantralz

=1 £l

Copy active image to buffer

ﬂ

| B| ¢] D] N New|
SAVEA | | veActve |

Tc::| hd
_— | Options Memory = 1856 MB
Roll Buffers A-> L —
| Alignto B instead of M/N
Read into Buffer O %

Delete ‘

| Protectunsaved Record images

Check camera(K3), Mag (210), Bin (1), Overlap (20%), Check move stage instead of
shifting image, check make map from each montage if navigator is open, check
close file when montage is done, check use Search parameters in low dose mode.

Montage Setup

Camera

Magnification

Number of pieces inX: [II il ¥ |I

Piece size in X 4092

Overlap inX: [410 y: (410

Minimum overlap: 20% i‘and ‘3 5
4092 x 4092 pixels
78.6 x 78.6 microns
[¥ Move stage instead of shifling image

[~ Image shiftin blocks. IS up to|35

Total Area:

210 | Binning 1J

Pixel size: 19.2 nm

4092
Reset ‘
micron

Update

[~ Skip pieces outside Navigator tem [0
-

[+ Make map from each montage if Navigator open
[¥ Close file when montage is done

-

[~ Use View parameters in Low Dose mode

[¢ Use Search parameters in Low Dose mode

[ Acquira with Multiple Record routine

[ Use continuous mode with setfling factor

]

-

|

Cancel ?

Written by Joshua Strauss and Clara Lenger
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Save As - Navigator (X:\k3data to [new session file: date_initals] 2 [MMM] 2>

“save”

Navigator = acquire at items = mapping = “GO” (1.5 min per point)

Parameters for | Mapping  Final Dalal

Prnimary Action
(@ Acquire and save image or montage
[V Make Navigator map

(" Acquire multiple Records
C Acouire tilt seres
("~ Run script |SquareCemer

brimaty Action-related
[~ Cycle defocus targetin autofocus, driftwait& TS
m |-2 to |-] umin 10 ﬂ steps
[T Adjustbeam tilt & astig forimage shift
[~ Do early return with sum of |0
[~ Use map hole vectors for shifts
~Acquire non-montage images in Low Dose with -
(" Record  View (® Search ‘

MONTAGES will be saved into the file:
MMM.mrc

frames

(no adjustment)

Task-related oplions
[~ Dohybrd Re

[~ Relaxstage after final movement

align to item/Align ta Template

[~ Skip Z moves in initial move and Realign
[~ Skip stage move to item if possible

General options
[~ Do subsetfrom index[l— to |4—
[~ No message boxwhen errors occur
[v Close column valves atend
[T Retract cameras atend
[T Send email at end

[T Hide unselected options

Save Parameters to File Read in Parameters

Tasks before or after Pnmary
[V Manage Dewars/Vacuum|

[~ _ Coma-free Alignment | &

(Push button to show controls)

Setup |

Every item

2y iernr

| ComectAstigmatism =
Condition Phase Plate I Even
Update Dark Reference I
Rough Eucentricity |
Eucentricity by Focus |
Autocenter Beam

Realign to ltem

Cook Specimen
Fine Eucentricity
Align to Template
Autofocus
Waitfor Drift
Run Script before Action I Every item
Scriptto run: I quareCemer l
Primary Action (Acqulre lmage) ocuurs
[T RunScriptafierAction | £
Scrptto run I# 1
[~ Hole Finder & Combiner | Euery it

F<HC TN TRC AL 10 18T TAT TR0 T4 TC T 147 ]

Every item, after

=

after

General controls for task: Correct Astigmatism
~How often to run task- —Position in sequence

@ Every I] il tems Move Up I
€ Onlyat it grauf Move Down |

C Only

minutes

C When moved > |40 um

l— Run atne ith @ labe

l_ Run e

C note starting «w.l

fter Primery Action

arest en

[T Hide unused tasks Restore Default Order I

Postpone Cancel |

2]

Written by Joshua Strauss and Clara Lenger
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7. Setup Multishot Record
Take search image on square with visible Quantifoil holes

On the Navigator panel Add 5 points in dice pattern as shown.

i (= Navigator =[O] x
Labet [§ [~ Regstrationpaint 1 :‘ [~ Comer paint(c) Jii |
Calor [Red =] ¥ Draw [ (m ’
£ Mote: |
I~ Acquire (8) [ Titseres [ r

Set megingState| [TS Pararvs] Filename] [Focus Pos|

AddStage Pos| Regisyaton 1 I’ Oraw. [~ Allreg [~ Nons [# Labsls
AddPoints | [~ Collapse [~ ShowAcquee [ Editmods [~ EddFocus
Add Polygon Label  Color X Y  Z Type Reg. Acq. Note

1 Bu 51 05 0 Mapl Sec 0-Ful_Manlage_Carndget_apoG st
—_— Of 1M1 12 575 P 1
Mave tem 3 of 712 213 571 P 1
UpdateZ n Of 2008 2895 556 Pt 1
|2-A Bl -4471 1265 575 Mapl Sec0- MMM mrc -
Go To XY A Blu 1750 2M40 571 Mapl Sec 1- MMM mec
S ToRE la-A Bl 2056 2818 556 Map1 Soc 2- MMM mrc -
TN | —
g Red 615 1643 574 PI 1
—_— | Red 666 1639 574 Pt 1
i 1 Red 672 1630 574 P11
12 Red 620 1693 574 P11
_acharMes |
Delate llom
Resiignto hem

Take view of center point. | f pointis away from center hole (# 8 as shown), place
marker in center of hole, navigator = shift to marker - “OK”

Point on carbon before Shift to Marker Point on hole after Shift to Marker

T L T
e

foca/Tue Scrgt Tasks TitSenes Pocess | Nowgatos| Window Hefo

Move stage to the center point.

Navigator panel 2 “Go to XY”

Written by Joshua Strauss and Clara Lenger 13
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Take a view, check that it’s centered (to center left mouse click and drag to move the
stage over the center of the hole.

Navigator - montage and grids = Setup Multishot Parameters

Click “Four corners of regular pattern” (Multiple Record Setup - Pink Arrow) to begin

Multiple Record Setup

[~ Do multiple Records within each hole
¥ Do Records in multiple holes
Multiplier of usuzl delay after shifing to hole: |15

Regularamay ofholes: 5 ijw 5 j [~ Hexgid
Spacing: 264 and 267 um  Maximum shift 7.5 um
c

r
Setimage shift values athales

For Comens of Regular Patiem | For Custom Patte |

i
Image shitshould be measured ol ¥ focus
Use o] Nawgss |
Step To and Adjustis | Aoph e Mygiustone ]

No adjustment transform available

[~ Save Record image
Early Retums for K2/K3.
@ Full sum retumed on all shots
" Early retum only on last shot
¢ Early retum on all shols
¢ Early retum. except for full sum on first shot
Number offrames in return (-1 for all;: |0

Extra delay sfter image shift [0 sec

[+ Adjustbeam it & astig to compensate for image shif
Coma versus image shiftwas calibrated at
5525% C2 spot 4. nanoprabe
Calibrate Comavs. IS | Test Mutishot Pasilions |

Diameter of circles to draw |22 um

0K Cancel ﬂ

Navigator

Navigator =8| x

Labet[5 [~ Registraion point 1 | [~ Comerpoint(€) [

Golor |Red x| F Draw [C

r

a9 Note: |
[ Acquirs (&) [ Titsenes [
Set | |

Add Stage Pos | Registraton 1 Draw: [~ Allreg. [~ Nene [~ Labsls
AddPoints | [~ Collapse [~ ShowAcquire [ Editmode [~ EditFocus

Add Polygon Label  Color X Y  Z Type Reg. Acq Note
1 Bu 51 05 00 Map1 Sec 0 - Full_Montage_Cartidge6_apob.st
See———- 2 of 1391 1332 575 Pt 1
Mok N 1 3 Of 1712 2113 571 Pt 1
4 Of 2008 2095 556 Pt 1
I teiie 1] . 1265 575 Map1 Sec0- MMMmrc -
IS To XY 3A Bu 17508 2040 571 Map1 Sec 1- MMM mrc
4-A Blu 20548 2818 556 Map1 Sec2- MMMmIc -
N 1666 574 Pt 1
Jerritind] 10 Red 666 1639 574 Pt 1
[ 11 Red 672 1630 574 Pt 1
12 Red 620 1633 574 Pt 1
Delete lem
Realign to lem

Select 1% point (#9 as shown -- Blue) in multishot 2 IS to XY (Green Arrow).

Take view.

If not centered, right click and drag to center.

Save Image shift (Multiple Record Setup).

Navigator.

Select 2" point (# 10 as shown)—=> IS to XY.

Take view.

If not centered, right click and drag to center.

Save Image shift (Multiple Record Setup).

Navigator.

Select 3" point (#11 as shown) =2 IS to XY

Take view

If not centered, right click and drag to center

Written by Joshua Strauss and Clara Lenger
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Save Image shift (Multiple Record Setup)
Navigator
Select 4™ point (#12) =2 IS to XY
Take view
If not centered, right click and drag to center
Save Image shift
Take Search and View image to check pattern over holes

Multishot Record - Change to 7 by 7 (or 5 by 5)

8. Set position of Focus beam
In Low Dose Panel, Define position of area focus = on View image left click on carbon
film between Quantifoil holes so the yellow circle in over the carbon.
Set “Position on tilt axis” for R1.2/1.3 that is normally -1.8 or 1.8 microns.

Then click None on the Low Dose Panel to switch back.

d ﬂ Low Dosze Contral ﬂ
v LowDose Mode
View:
[~ Continuous update (see tooltin)
Define position of area
" MNone (@ Focus< ( Trial I

Position onftilt axis: | -1.80 wu»

Maximum area separation: 1.09 um

Additional beam shift (and DF tilt)
[ Set Reset -0.15,-0.87

Offsets for: (© View (@ Search

Defocus:1970 -+ sif: Zero
Blanked
_ |Gptions Unblank

[ BLANK BEAM when screen down

[ MNormalize beam through View

|+ Keep Focus and Trial identical
Copy current area settings to

vl Fl 1] R| 8|
Balance Shifts

[v Rotate inter-area axis | 45 deg 500 nm

At this point Focus beam is over the carbon and not illumining the hole.

Written by Joshua Strauss and Clara Lenger 15
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9. Check Focus beam so it does not overexpose sample

In Low Dose panel, go to View to move the stage over a hole in SerialEM by taking images or
using the microscope control panels. To do this follow these instructions....

On the Microscope

Insert Flue Cam.

Make sure it is centered over the hole if not adjust the stage XY position.
On SerialEM.

In Low Dose Panel, Select Focus, and click additional beam shift check.
On Microscope Flue Screen.

Adjust position of the beam using the XY multifunction knobs so the beam is
centered.

On SerialEM.

In Low Dose panel, uncheck additional beam shift.

At this point you have confirmed that Focus beam is over the carbon and notillumining
the hole.

10.Check Offset to View and Search so Record, View and Search are over the same

area.

Written by Joshua Strauss and Clara Lenger 16
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When aligned the Record or Preview, View and Search will look like this (above)

On the Navigator (or using the FlueCam) add point or marker on an ice crystal go to XY (as
shown above).

Go to Record, search for ice, use Flu Cam on microscope computer, move stage to the ice,
take a Preview or Record.....if the image are not over the same area set offset for View and
Search in the Low-dose pane.

To do this....
Select offsets for View (Green arrow), take View image.
Uncheck move stage for big mouse shifts (Purple arrow).
Right click and drag to correct place onice = “set” in lose dose control (Blue arrow)
Re-check move stage for big mouse shifts (Purple arrow).
Select offsets for Search, take Search image (Green arrow).
Uncheck move stage for big mouse shifts (Purple arrow).

Right click and drag over ice = “set” in Low Dose panel (Blue arrow).

Written by Joshua Strauss and Clara Lenger 17
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Re-check move stage for big mouse shifts (Purple arrow).

;l _Fl Low Doze Contral _'?II
[v LowDose Mode

Search: 210x Spd C293.71%
[~ Continuous update (see tooltip)

Define position of area L =
@ MNone ( Focus ¢ Tral ;I _FI Image Alignment & Focus _'?I
Position on tilt axis: I 180  um Alignto N To Marker Clear |
Maxirmurm area separation: 1.09 urm Resetimage Shift | Autofocus |

ol il il LI EI EII _— | Options Def target=-1.00 um

Additional beam shift (and DFtiIt)—‘ I— Move stage for big mouse shifis

[~ Set Reset| Uncalibrated
Set Threshold Shift |

[ Correctbacklash in stage moves
[v Centerimage shift on tilt axis
Blanked Unblankl [~ Adjustimage shift betwveen mags

— | Options K i X
I:IELANK e ——— [~ Trim dark borders in Autoalign

[~ Normalize beam through View SetAutoalign Trim Fraction
[v Keep Focus and Trial identical [ Erase periodic peaks in Autoalign

Copy current area settings to
v I F I T R I S I
Balance Shifts |
[¥ Rotate inter-area axis | 45 deg

Offsets for: © View (& Search —
Defocus:19?{}il Shift Set | Zero

Take a Search, View and Preview image, the ice should be in the center of each image.

At this point the Search, View and Record are over the same area of the sample

Written by Joshua Strauss and Clara Lenger 18
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11. Copy image of handsome Quantifoil hole to buffer P

Go to a Quantifoil hole that has no ice contamination.
Take a View Image of it.

Crop image in Camera parameter if needed.

Process - reduce image (factor 3)> “ok”

Copy to buffer P (Buffer Control).

Process | Navigator Window Help

Min/Max/Mean Ctrisl |
Zero-tilt Mean Ctri+Z
FFT ShiftsF
Binned FFT Shift+B

V| veFFT Shift+L
v | Side by Side Shift+S
v | Automatic Single FFTs
Circle on Live FFT
___ Set Defocus for Circles
[V] Do cTF Fit on Click s
Set CTF Fit Options...
Rotate Left
Rotate Right
JCI0D ridge ™
| Reduce Image
Crop & Average
Make Color Overlay
Show Cross-corr
Autocorrelation
Fix Dark X-rays
Set Dark Criteria
Fix Image X-rays
Set Image Criteria

Written by Joshua Strauss and Clara Lenger 19
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12.Find-holes on each Grid Square Map.

Double click on a Grid Square (MMM) map in navigator panel

to openit.

Add points to the map using the hole finder.

Navigator - Montage and Grids = Find holes in regular grid.

Adjust hole size and periodicity as needed (Orange arrow).

To measure holes size Shift + Left mouse click, drag to draw line over

holes. look at log file for values.

Click “Find holes” (Green arrow).

Adjust sliders in the Hole Finder so the acquire points turn (pink) and

exclude holes (Blue or cyan, as shown).

t

Eeseh of el

=

33
%
¥
%
ot
o
;28
s
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Hole Finder ﬂ
Holesize[12  Pedodiciy[25  um(1213)

Maxmumener [005  microns [~ Hexgrid
¥ Exclude holes outside polygon
Fiflers totry

Gaussian sigmas [152.3

Median fiter iterations |3

Edge threshold percenties [24 3645
 Bracketlastfiter/threshokd values
Find Holes | SetSize/Period | ClearData |
ig: 30 the 24 # 260 size: 117 per 255
i, 24
24 Lowermeancuof 307
——————— | 309
W7 Uppermesncuof 3209
—_— |5
1657 SD cutof 6124

164
(1] Black picel % culol 164
N e
0 Distance from Edge 193

Show: ¥ Included [+ Excluded Toggle Points|

Layoutof points
& Zigzag ( AwayhomFocus  Ingroups

0K Cancel 7

ST

Hole Finder E‘
Holesize [12 Periodicity [25  um(12/13)
Maximum error [005  microns [~ Hexgrid
[¥ Exclude holes outside polygon
Filters o try

Gaussian sigmas |1.52.3
Median filter iterations |3

Edge threshold percentiles |24 3648
v Bracket |ast filter/threshold values

FindHoles | SetSize/Peiiod | ClearData

sig: 3.0 thr 24 # 260 size: 1.17 per 255

l———— 234
234 Lower mean cutoff 307
—————— | 309
307  Uppermeancutof 3209
—_— |6l24
1657 SD cutoff 61.24

| 164

00 Black pixel % cutoff 164
e ————

[} Distance from Edge 183

r

Show: [+ Included [+ Excluded Toggle Points|
Layout of points:

@ Zigzag ( AwayfromFocus  Ingroups
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Click “Make navigator point” (Hole Finder — previous page)

Color [Blue

#5

Add Polygon |

Note: [Sec

0 - MMM mec

Acquire (A) [ Tiltseries
Set

AddStage Pos| Ragighation 1 Draw
Add Points

v Diaw [~ Rotate when load

Allreg

None [ Labels

Colapse [ ShowAcquie [ Editmade [ EdtFocus
Y

Label

Color X

Z Type Reg. Acq. Note

oo 0- Ful_Moniage_Canidget_apos st

i
>
TP
!

L] Navigator [=]a] x

Labet[p-A [~ Regisiaion point \ﬁ 1l |

GaToXvZ |

Load Map

Delate izm

Reslign o tem|

>PPPPPERPEPER DD

Navigator > montage and Grids > combine points for multishot

Multiple Hole Combiner |z|

Combine points marked as Acquire
(@ Onimage in current buffer

(" Inside current polygon

i Insame group as current point

[+ Turn off group items outside image
[ Delete points | Tum offitem
if combined item has < :‘holes

[ Skip averaging of hole positions

Combine Points ‘ Undo | 2

[~

[v Display multi-shot before combine

Click “Combine Points”

Do this for each MMM Map.

At this point each of the Grid Square Maps (that are good) have Acquire Points over the

holes for data collection.
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13. Setup data collection

Open and edit data collection script, normally don't need to change anything. The defocus
range might need to be adjusted from experiment to experiment.

Normally set......

Touch = 0 {to move the beam away from the center of the hole}
Fixobj = 0 { to correct Obj Astigmatism}

TD_low=0to-0.5

TD_high=-0.5to0 -1.5

“Script” 2 “Edit” > “4” (“Script4: DataCollection_V6”)

HHBHH ISR ARSI RS BRI R SETTINGS St i A R I A I A

maxholeshift = 200 # max beam/image shift after hole centering in nanometers
driftcrit = 2.0 # Afsec

driftinterval =10 # seconds of delay between drift measurements
drifttimes = 7 # max no of drift measurements

TD_low = -0.00 # low defocus

TD_high = -0.50 #high defocus microns

delta = 0.25 # defocus step microns 0.1

touch = 0@ #set to @ for off

bms ft = 0.300

stagex = 1 # For QF grids set to hole size, if UltrAufoil set to @

fixobj =1 # set to 1 to enable and @ to disable

Adjust “Scripts” (Multishot Threshold) change the “numMultishot” value. As an
example for a 7x7 multishot set to 25, for 5x5 multishot set to 20.

MacroName Multishot Filter Threshold

# Writen JIDS on 4/10/22

# Run this script before action when using Data_Collection_V3

# change "numMultishot" before running, will skip points with have less Multishot holes than this

HHHHHHHSH R Settings #HHHHHBHEH IR

numMultishot = 25 # Threshold for aquiring multishot, less than this the item will not be aguired

B R A R R S R R S R R R R R R S R i

Camera - Parameters - record
As shown in the image.....
Check save frames.
Uncheck align frames.
Set File options = update basename to date - OK

Set folder - navigate to (X:K3Data\ [new session file: date_initals]
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Make folder [Data] navigate to [Data] > OK

Camera ~ Selects active camera
" Ceta ® K3

[ Metch pixel siz

Parameter sel
(" Search ¢ View (" Focus ( Trial

[~ Metch intensity  whe

Binned size: 5760 x 4092

Exposure tme 2397 sec

@ Record (" Preview (~ Montmap

Swap X8Y

File type

" MRCfile
@ TIFF (LZW compression)
" TIFF (ZIP comprassion)

[T Use extension mrcs

Current setiings will save
rawto TIF-LZW. binned

Parametersfor R@cord Copyiom | Ceta Positioning [~ Save one frame perfile
Acquisition Binning Top [0 [¥ Save mdoc file for each frame stack
@ e (2013 [+ Save 1 if Gain is selected
@® Single Image @1 Lef |0 )
2 [ Reduce normalized super-resalution frames by 2 with antialissing
Processing b Bumm[ﬁ
C4 i
- ) Pack lizad data as 4-bit
. lénnormahud S RighF780 [~ Pack unnommalized data as
ain Normalized 6 [~ Pack unnaomalized binned by 2 data as 4-bit not B-bit
8 EI Ko [~ Use non-standard mode 101 for 4-bit MRC files
Recentar I~ Save frames without rotationflip io standard origntation

Components for Folder and File Names

Dose: Not calibrated

Update

[ Alignframes et

[~ Use correlated double sampling (CDS)
[ Bin counting frames by 2

.

Anti-aliasing

Acquire | Cancel |

Dose rate: Not calibrated

?’:’“"“ =2 ¢ Dose Fractionation mods [lentekarss
inear
@ Counting Frame tme 004 sec 60 raw to TIF-LZW, binned

SetFile Options
SetFolder
I~ Save variable frame sums 11

050x036 um @ 0.087 nm w B :
Ise component in name of
Dnft setiing (00000  sec Gl Folder File
Minimum 0.0007 fnot 00 Quarer | Har | Fur | [™ [ Basename: [20250602
[ [ File name of current open file (minus extension
Sishegiore Wide Quarier | wida Half | Ly )
@ Beam blanking only [~ [¥ Label of Navigatoritem [ Only when Acquiiing atlems
lU%Leul 10% Mo"l Square I [v Sequential number starting from: D Digits: 3:|

[ Titangle

[ Month and day

[~ Hour. minute. second

[ Mumeric date (including year) and fime at start of name

[¥ Multiple Record hole number and position in hole
Format Base_Label_###_Hole-pos

Cancel

ﬂ OK

Navigator = acquire at items - final data = run script “DataCollection_V6”, run
script before action Multishot_Filter_Threshold = GO (couple hours)

Parameters for: Mappmg Final Data
Primary Action
" Acquire and save image or montage
[ Meke Navigator ma
™ Skip saving 1o fil
(‘ Acquire numtpleﬂecords

(® Runscript |DataCollection_V6

Primary Action-related
[~ Cycle defocus targetin autofocus, driftwait& TS

From 2o AT umir

Task-related ophons
ro o A6 Tampiats
[ Relax stage after final movement
[~ Skip Z moves in inital move and Realign
[~ Skip stage move to item if possible

General options
[~ Dosubsetfomindex[l 1o [i5
[~ No message boxwhen errors occur
[ Close column valves atend
[~ Retractcameras atend
I~ Sen
[~ Hide unselected options

miail at end

Save Parameters to File Read in Parameters

Tasks before or after Primary (Push button to show controls)

RE Manage DewarsNacuuﬂ oy ife

[~ _ Coma-free Alignment

[~ _Condition Phase Plate E iten

[~ _Update Dark Reference | £ ery it

[~ __Rough Eucentricity Every ite

[~ _Eucenticity by Focus ter

[~ __ Autocenter Beam ery ite

w Realign to ltem @y ite

] Cook Specimen ite

E Fine Eucentricity Bry te

- Align to Template Everyiten

. ¢ Autofocus Every it

] Wait for Drift e

¥ Run Script before Action |  Every item
Scriptto run: [Multishot_Filter_Thresholc v
= Pnimary Action (Main Scnpq occurs here ~———

[~ Run Scriptafter Action ite

‘General controls for task: Correct Astigmatism
~How often to run task Position in sequence

Move Up

Move Down

[k

EEE EEEE

It

[ Hide unused tasks

Restore Default Order

Cancel I Jid|

Postpone |

As shown in this image.

Written by Joshua Strauss and Clara Lenger
https://www.med.unc.edu/cryo-em/

23



At this point data is being collected, make sure to check the Gatan K3 computer.

14.Run CryoSPARC Live to assess data quality.
Typically, the MaxCTF fitis <5 A
Defocus range 5000 — 20000 A
Total motion < 50 pixels
Astigmatism is 0-600 A

Particle are visible and embedded in thinice.

iy "-4‘.\-‘)?9','

If the data quality is poor check the microscope, data collection parameters, serialEM

setup.

15.1f you are collecting data O/N or over weekend Run Argus2.py on workstation #2.
On WKS1 open the command terminal
CD to home directory (/home/cryosparc_user)
$cd~
Now run argus.2 and enter the directory where the data is

$ python3 ./argus2.py

Enter /directory/to/monitor : /mnt/k3data/20250603_JDS/Data
Do you wish to send additional notifications? Enter (y/n): n
Skipping additional notifications.

Argus is now monitoring /mnt/k3data/20250603_JDS/Data

If you type Y, You can add your cell phone or email to get a notification once data
collection stops.
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16. Monitor the data collection for 15-30 mins to make sure there are no errors on the
microscope side. If you are collecting data O/N please make sure the data quality is
good, argus2 is running, and that there are no errors on the microscope or camera.

The 2D Classes averages should have some ultrastructure, shape or elements of 2™
structure. Depending on the sample wait until 100-200 movies have been collected or
~5,000 particles in the class averages.

Before you leave the core check...

1. LN2 tanks onthe microscope.
2. No errors on the microscope, serialEM, or workstation.
3. Walkin the microscope room make sure nothing is out of place or missing.
4. Checkthe Gatan K3 computer make sure is has enough disk space.
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