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1. In situ specimens accessible by cryoEM
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1. In situ specimens accessible by cryoEM
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1. In situ specimens accessible by cryoEM

Ready for cryoEM
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1. In situ specimens accessible by cryoEM
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1. In situ specimens accessible by cryoEM

100 pm
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1. In situ specimens accessible by cryoEM
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2. Five considerations for in situ sample preparation



2. Five considerations for in situ sample preparation

2.1 Validation of the sample quality e.g., Negative stain EM & Reactivation of flagellar axoneme

Negative stain EM

Radial spokes Dyneins
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2. Five considerations for in situ sample preparation

- Grid bar Organelle
Grld‘bar Eoil Foil 1ea g 1 \
v L

2.2 EM grid => Grid / Foil materials

Side view — v — @ ® L

Fiducial marker

Top view

Grid materials Foil materials
Copper Gold Amorphous carbon
Nickel CuRh Gold
Titanium Molybdenum TiSi  SiN .
Silicor Alurviriaen Si0, SiC Modified from Russo & Passmore,

Tungsten Curr Opin Struct Biol 2016



2. Five considerations for in situ sample preparation

2.2 EM grid => Mesh / Hole size
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2. Five considerations for in situ sample preparation

2.3 Fiducial markers e.g., 10-nm BSA-treated colloidal gold e.g., 1-um Magnetic beads for FLM
for tilt series alignments and SEM/FIB microscopy.
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2. Five considerations for in situ sample preparation

T, .= -182.8 °C ~ -88.6 °C
TLP= '189.7 OC - '42.2 OC

2.4 Cryogen e.g., LE or 37% LE-63% LP mixture T n2=-210°C ~-195.8 °C

200 nn
| e |

Tivol et al., Microsc Microanal 2008



2. Five considerations for in situ sample preparation

T, .= -182.8 °C ~-88.6 °C
TLP= '189.7 OC - '42.2 OC

2.4 Cryogen e.g., LE or 37% LE-63% LP mixture T n2=-210°C ~-195.8 °C

Without glycerol 5% glycerol

200 nn
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Tivol et al., Microsc Microanal 2008 Moravcova et al., J Vis Exp 2021



2. Five considerations for in situ sample preparation

T, .= -182.8 °C ~-88.6 °C
TLP= '189.7 OC - '42.2 OC

2.4 Cryogen e.g., LE or 37% LE-63% LP mixture T n2=-210°C ~-195.8 °C
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2. Five considerations for in situ sample preparation

2.5 Plunger

Homemade EMS-002 (EMS) EM GP2 (Leica)  Vitrobot Mark IV (TFS)  Cryoplunge™3 (Gatan)



3. Tutorial of major steps of cryo lamella preparation



Examples of cryoFIB milling instruments

Arctis Cryo-Plasma-FIB
(Thermo Fisher Scientific)

Crossheam Scios, Aquilos 1/2 Hydra Bio Plasma-FIB
(ZEISS) (Thermo Fisher Scientific ) (Thermo Fisher Scientific )
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3. Tutorial of major steps of cryo lamella preparation (with Vitrobot & Aquilos 2)




3.1 Prepare frozen-hydrated cells on an EM grid

Vitrification
LT
CryoFIB

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
| T
CryoET

__—Tweezer

Vitrobot B uff er
Aclar

\\ )\Fter paper

Plunglng

Liquid ethane




3.2 Transfer the grids to Aquilos 2

Vitrifilca1t_ion 1. Prepare the Aquilos 2.
CryoFIB 2. Prepare the grids.

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
| T
CryoET

3. Transfer the grids to the Aquilos 2.



Aquilos 2 & Software used in this tutorial

In Support PC In Aquilos 2 PC

@ Flow DDE m Microscope Control v32.1.1
[ Flowview (I8 Maps 3.22

u Fluorescence Microscope Control 1.3.0

m AutoTEM Cryo 2.4.3




3.2.1 Prepare the system _Select the Shuttle type

Vitrification
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Sample screening
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Shuttle Controls

Lamella milling 0

AutoGrid shuttle 35°
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IFLM (Optional)

Target confirmation
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Lamella conductivity
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®
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T
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3.2.1 Prepare the system Purge the system

» Cooling-gas line, Loading station (>0.5h)

M FlowDDE V4.80 MBC
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FLOW-BUS Server Info
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3.2.1 Prepare the system _Purge the system ([xT) Microscope Control)

> Argon line (5 cycles)

thermoscientfic File Edit Detectors Scan Beam Patterning Stage Tools View Help
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Chamber Pressure: 1.79E-4 Pa | lon Beam Current: -0.02 pA




3.2.1 Prepare the system Purge the system

(@ Microscope Control)

> GIS (2 mins)
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3.2.1 Prepare the system Cool down the system

thermoscie File Edit Detectol Scan Beam Patterning Stage Tools View Help

(@ Microscope Control)
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3.2.2 Prepare the grids _Clip the grids

Vitrification
1)
CryoFIB

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
| T
CryoET



3.2.2 Prepare the grids _Clip the grids

Vitrification

T . . _ Milling area
CryoFIB Conventional AutoGrid FIB-AutoGrid

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning

IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity

T
CryoET Adapted from Wagner, et al., Nature Protocols 2020




Mark the AutoGrid rim to facilitate orienting the lamellae during grid loading

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
| T
CryoET

. . Milling direction
Conventional AutoGrid FIB-AutoGrid ¥

Milling slot

/4

T A\
f I 1
Marker HEIPY
.‘ e ,'p

\

Tilt axis

Adapted from Wagner, et al., Nature Protocols 2020; Schaffer et al., JSB 2017



Mark the AutoGrid rim to facilitate orienting the lamellae during grid loading

Vitrification
LT / Milling direction
CryoFIB Milling slot

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning

IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity

| T4

CryoET

Marker HEY
& L ,'p

\

Rotate 90°

Tilt axis

Adapted from Wagner, et al., Nature Protocols 2020;
Schaffer et al., JSB 2017



Poor orientation causes occlusion at high tilt angles & inaccurate focusing

Good orientation Poor orientation

‘al., JSB 2017




3.2.3 Transfer the grids _Load grids to Autogrid shuttle

Vitrification Milling direction Autogrid shuttle

T - Open Closed
CryoFIB N\ %

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
| T
CryoET




3.2.3 Transfer the grids _Load shuttle to Transfer rod

o

-
(‘/ TES; Wagner et al., Nature Protocols 2020



3.2.3 Transfer the grids _Load shuttle to Transfer rod

77 % - 4V
,I‘v &:\{J‘//;

Transfer
rod

Autogrid shuttle

ransfer er valve

LR

- \\ } A%
T Al Ak ARY
£ }t 4,‘ TR AT
Ea %"
a0
LA
B ;. i’

Transfer rod*‘yalve
control lever

TFS; Lam & Villa,
Methods Mol Biol
2021; Wagner et al.,
Nature Protocols 2020



3.2.3 Transfer the grids to the Aquilos 2 (Video from TFS)




3.3 Sample screening _Setup E-beam

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites
IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
T
CryoET

Edit Detectors Scal Beam Patterning Stage Tools View
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85

4:38:53 PM | 2.00 kV 2000 x 13pA | ETD 104 ym A Aquilos oo 4:35:38 PM | 30.00 kV 10pA | ETD SE 88.0um | 189 mm -70°
P ) L

z./ /2024 HFW det u 5/19/2024 | det | x -2.8795mm | tilt
:39 AM 117 mm | Nav-Cam 4:39:24 PM | CCD y: 29471 mm | 9.0°

20 .-M|@B.Mm Py

(@ Microscope Control)

v321.1 User:User — [

B a9 2 3 4 5 o6 o~

Vacuum

® High Vacuum
O Sputter Vacuum

Number of Cycles

Chamber Pressure: 5.09E-5 Pa

Column

| Beam On ‘

Magnification
[®] Couple Magnifications

Beam Deceleration

Stage Bias

Detectors

Contrast | ‘. L1

Brightness |1 :




3.3 Sample screening Link Z to FWD ((xT)Microscope Control)

Vltrlfl Catl O n scentiic v i Edit Detectors Scan Beam Patterning Stage Tools View Help v321.1 User:User — [ X
l T ® |# Dl [low FHow  Ho B[z] o-|@wmm = |e & T

CryoFIB . AT e TR T G B
oy ! : & :' »‘ eSS, X 'A-_ e P, ‘...v..' - K 5 X ‘-15,5001mm

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

\715 :

Compucentric Rotation [] Z-Y Link

Pt GIS

Protec‘“ve Coa‘“ng S e | 57192004 | HV mag B | curr det | HFW A ——20 ym —— = s 5/:9_/'20‘24” ‘H\./ curr det mod.ev HFW WO Frotstont -I—Apm—{

4:38:53PM | 2.00kV | 2000 x 13pA  ETD | 104 ym 4 Aquilos e 4:35:38PM | 30.00kV | 10pA | ETD | SE 880um | 189mm | -70° Aquilos
P B L

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling, . : [ 4 ‘ )
& th'nn'ng 3 ‘ P - ' > - i Tilt Correction

] Dynamic Focus Tilt Correction

i FL M (Opt|0nal) ; . . ’_ ! » ' h TitAngle [Automatc |~
Target confirmation : . S Ty Manual (-] 00"

. Specimen Pretilt -H 0° ‘
Pt sputter (Optional)
Lamella conductivity e

O 4/ /2024 HFW det u 5/19/2024 | det | x -2.8795mm | tilt
' :39 AM 117 mm | Nav-Cam V- 4:39:24 PM | CCD y: 29471 mm | 9.0° Aquilos

I Chamber Pressure: 4.23E-5 Pa | lon Beam Curent: 1021 pA | Specimen Current: 0 pA Emission Current:  $$130.86 pA @ 218 A | Electron Source Pressure: 9.11E-9 Pa | Temperatures: 195.3 °C / -188.1 °C | | & 2B 9
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3.3 Sample screening Quickly check the grids

Vitrification
T
CryoFIB
Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
T
CryoET

thermoscentiic v File Edit Detectors Scan Beam Patterning Stage Tools View

#EBlo [ffoow Fem  H@

~ —— 500um———
Aquilos
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mag H det HFW WD
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*W

2

4/2/2024 HFW det

11:13:39 AM 117 mm | Nav-Cam Nav-Cam

Chamber Pressure: 4.23E-5 Pa ‘ lon Beam Current: 10.21 pA | Specimen Current: 0 pA Emission Current:  §% 130.86 pA

5/19/2024 H‘./ i curr i det mode g HFV’J 3 WD rotatlon
4:35:38 PM | 30.00 kV 10pA | ETD SE 88.0 um | 18.9 mm -70°
v

S

5/19/2024 | det
4:39:24 PM | CCD

x: -2.8795 mm | tilt
y: 29471 mm | 9.0°

@ 2.18 A | Electron Source Pressure: 9.11E-9 Pa | Temperatures: -195.3 °C / 1881 °C |

Aquilos

(@ Microscope Control)

v321.1 User:User — [

W shuttle Controls
Selected Grid ) Grid 1
Go to: Mapping ‘ ‘ Mifling | ‘ Depcswtiun|
Temperature & Pressure
Cryo Stage: -194.8 °C

Cryo Shield: -187.7 °C
2 Chamber Pressure: 4,79E-5 Pa

Time

'J-ujlﬁml |
ey

Aquilos

Tilt Calculation

© Holder Pretilt —v >

@ Milling Angle |
O StageTit  [00° |
P [ Y-Z Correction
Cryo GIS Deposition
Gas @ Ptdep
Selected Grid Grid 1 Grid 2

Flow Duration . 00:02:00 |

Start ‘ Purge |
Sputter Coating

‘ Prepare for Sputtering

Current | 30.0 mA | Pressure | 10 Pa

Run Time | 15 Sec

b2z ]le]l=]

Voltage | 2V




3.3 Sample screening Create a Maps Project

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites
IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
| T
CryoET

Ma Maps 3.22

File  View Microscope  Options Ma New Project

@ Project Name

thermoscientific

| cell-20230604
~ < H#ii TEMPLATE Factory T

Project Description

®

~  JOB CONTROL

RUN




3.3 Sample screening Take a snapshoot of the grid

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
T
CryoET

& Maps3.22
File  View Microscope Options  Help

| | 1] ’ cell-20230604
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>
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¥ [ Tile Set 2)
® [ Electron Snapshot
—
B = O
Tile Set (2)
Electron
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550 ym
2.035 mm
2048 x 1768
268.5547 nm
Tus
L B
Select
Image acquisition time: 00:00:04

Estimated acquisition time: 00:01:36
Elapsed acquisition time: 00:00:00

0 of 16 images acquired; 157.15 MB

FROM MICROSCOPE TO MICROSCOPE

No tile selected

A JOB CONTROL

RUN

thermoscientific

Gl e | (E e

ok @

A ¥ Llink

Stage rotation




3.3 Sample screening _Set up Tile Set & Run atlas acquisition

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites

IFLM (Optional)
Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)
Target confirmation

Pt sputter (Optional)
Lamella conductivity

T
CryoET

M8 Maps3.22

File  View  Microscope

D ’ cell-20230604

v &2 i TEMPLATE CryoTemplate
v ¥ Gridl

¥ [ Tile Set 2)

® [ Electron Snapshot

F ©
Tile Set (2)
Acquisition Type Electron
Tiles X, Y 5
Tile HFW
Total HFW 2.53 mm
Resolution 2048 x 1768
Pixel Size 268.5547
Dwell Tps
Frames 1
Reduced Area Select
Image acquisition time: 00:00:04
Estimated acquisition time: 00:03:05
Elapsed acquisition time: 00:00:34
4 of 30 images acquired; 287.57 MB

FROM MICROSCOPE TO MICROSCOPE

No tile selected Acquiring images...

A JOB CO JTROL

STOP

thermoscientific

S
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g B &8

i R
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3.3 Sample screening Add

Vitrification
T
CryoFIB
Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)
Target confirmation
Pt sputter (Optional)
Lamella conductivity

T
CryoET

Ma Maps 3.22
File  View Microscope Options  Help

I | 1] ’ cell-20230604

~ & i TEMPLATE Factory Template
- ® Gridl

% [3 Lamella (4)

# [g Lamella (3)

# [ Lamella (2)

@ [ Lamella

& [ Tile Set (2)

#@ [ Electron Snapshot

=l

Name

Acquisition Type

Tiles X, ¥

Tile HFW

Total HFW

Resalution

Pixel Size

Dwell

Frames

Reduced Area Select
Image acquisition time: 00:00:04

Estimated acquisition time: 00:03:05
Elapsed acquisition time: 00:00:34

4 of 30 images acquired; 287.57 MB

FROM MICROSCOPE TO MICROSCOPE

No tile selected A JOB CONTROL

candidate lamella sites

thermoscientific

(=]

L

Scan rotation

e
p s

900 pm

180.0

A ® Link
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3.4 CryoFLM for target selection

Vitrification
l T Electron column (SEM)
CryoFIB Imaging
Sample screening
....... Al @ lEmslasios V]
:  IFLM (Optional) i
Target selection I I
Pt sputter Milling
Sample conductivity -
i GIS : Reflection and fluorescence imaging
Protective coating N A -
_ /7 (iIFLM)
Pt sputter (Optional) ( / GIS Fluorescence
Sample conductivity 4‘ Imaging
Lamella milling \ ‘ ’ Objective: Piezo-driven, 20x, 0.7 N.A.,
Preparation, Milling, minimum FOV ~350 uym
& thinning
. Load-lock
IFLM (Optional) Cryo-shuttle 1 .
Target confirmation o \—Transfer rod
Vacuum chamber = e Rotation cryo-stage
Pt sputter (Optional)

Lamella conductivity
| T
CryoET



Fiducial markers & X-Fiducials for accurate FLM-SEM alignment and target positioning
1-um Magnetic beads

X-Fiducial

Before
milling

Z-Height
between
Focus
Planes

X-Fiducial

Distance to projected
target position

After [
milling |

Adapted from https://cryoem101.org/chapter-2-et/




3.4 CryoFLM _Focus with Objective

( ! Fluorescence Microscope Control)

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites

------------------------------------------------------

IFLM (Optional)

Target selection

------------------------------------------------------

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)
Target confirmation

Pt sputter (Optional)
Lamella conductivity

T
CryoET

4 Fluorescence Microscof pe Control 1.3.0
File Setup Help

O ©

Absolute Piezo Position (um) ~ 2662.37
Saved Focus Position (um)

Set Focus Position Go to Focus Position
Step Size (um) X v
Retract (-) Advance ( +)
Histogram Auto Contrast D AC continuous
Objective inserted Live Vi

( Stage & Objective Control \
i

eeeeeeeeee

anne ol g (] V4 XposUre ime
aom v| 2 v| o1 [F]rel [10.000 | [ms]

Gain: 1.2 Gamma: 0.7
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Snapshot
Stack Acquisition Settings
Fluorescence Emission Intensity Exposure Time
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Pos. Start (um) iU.O <! Number of Slices |2

Pos.| End@m) [0.0 |2] SiceDistanceum) [0.000 |

Start Acquisition

(249.0, 2979.0)

6/4/2023

.
¢ | 201:02pM | 30.00 kv

/2023

HV

det
11PM | CCD | y: -6.1440 mm | 17.0° Aquilos

Shuttle Controls ‘%
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o to: | Mapping |) Milling ‘ | Deposition |

m

det mode | HFW WD rotation —— 100 pym —
ETD SE 592 um 19.1 mm -70° Aquilos

M‘ “ ﬁzr 4 Ro ﬁeﬂ\?rwﬁ

x: 43.5855 mm | tilt




3.4 CryoFLM _Setting up imaging parameters

( ! Fluorescence Microscope Control)

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites

......................................................

IFLM (Optional)

Target selection

......................................................

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
T
CryoET

& Fluorescence Microscof pe Control 1.3.0
File Setup Help

Stage & Objective Control

O ©

Absolute Piezo Position (um)  2662.37
Saved Focus Position (um)

Set Focus Position Go to Focus Position

Step Size (um) 1 v
Retract (-) Advance (+)

Histogram Auto Contrast D AC continuous

( Objective inserted Li W

TP
Channel  Binning Intensity Exposure Time
aoom v [2 v for e [10.000 | sl
Gain: 1.2 Gamma: 0.7
] ]
k Snapshot
Stack Acquisition Settings
Fluorescence Emission Intensity Exposure Time
Ossm @ [00 Elea (5000 | e
[ 4700m ® [50 [Z]ree (50000 | fms]
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Reflection Emission  Intensity Exposure Time
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Pos. | Start (um) |0.0 | Number of Slices 12 ‘

Pos.| End m) [0.0 [2] siceDistance(um) [0.000 |

Start Acquisition

(249.0, 2979.0)

Save Name

Lmage_neﬂecnonl Build Cache

Export 3D tiff | [] Auto Save




3.4 CryoFLM _Setting up imaging parameters

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites

......................................................

IFLM (Optional)

Target selection

......................................................

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)
Target confirmation

Pt sputter (Optional)
Lamella conductivity

T
CryoET

u Fluorescence Micrescope Centrol 1.3.0

File Setup Help

Stage & Objective Control

O ©

Current Relative Position (um) -0.00
Saved Foous Position (um) 2644,15

Set Focus Position Go to Focus Position
Step Size (um) i ~
Retract (-) Advance (+)
Histogram Auto Contrast| ] AC continuous

( Objective inserted Live View

Channel Binning a Intensity Exposure Time
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Gain: 1.2 Gamma: 0.7
{ ] ]
k Snapshot

Stack Acquisition Settings
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Save status: 0

Save Name
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Save Destination

( ! Fluorescence Microscope Control)

Save

Export 3D tiff | [] Auto Save
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( ! Fluorescence Microscope Control)

3.4 CryoFLM _Setting up Z-stack

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites

------------------------------------------------------

IFLM (Optional)

Target selection

------------------------------------------------------

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
T
CryoET
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File Setup Help

Microscope Control 1.3.0

Stage & Objective Control
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Current Relative Position (um) -0.00

Saved Focus Position (um)

Set Focus Position

Step Size (um)
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Histogram Auto Contrast
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Live View
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Gain: 1.2 Gamma: 0.7
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Snapshot
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tion /
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3.4 CryoFLM FLM-SEM alignment by Fine Alignment (Ma Maps)

thermoscientific

File View Microscope Options Help

Cell_05192024

TEMPLATE Factory Template Lamella sites

Workflow: Alignment Wizard

Use the below controls to apply fine tuned adjustments to the layer
being aligned. Use the Precision slider to change the accuracy of the
v [ LM-05192024_MIP ; o : w3, ; 3 AL changes. Use Ctrl + left mouse button to align layer from the viewer.
P Sall = e e
Electron
¥ Grey A = . = : .

¥ [ Lm-05192024

Precision
y : 1 " s 3
¥ Lime e i PR i ; ) $5%

[@ Lamella ; ; i g R SEe ; . : S ; 6
@ [ Tile Set (2) (stitched) ;
EH Tile Set (2)
[ Electron Snapshot
—
O = ®
Name

image_Reflection_1_MIP

Pixels 2000 px x 2000 px

Pixel Size 249.09 nm x 249.09 nm

Physical Size 498.18 pm x 498.18 pm

200 pm < Fine Alignment
No tile selected

A JOB CONTROL

Scan rotation 1800 ° A ¥ Link Stage rotation

-700 °



3.4 CryoFLM _FLM-SEM alignment by Multi-Point Alignment (Ma Maps)

WA Maps3.22 thermoscientific

File View Microscope Options Help

1 ] | cell-20230604

Lamella sites

Workflow: Alignment Wizard X

The viewer below displays the data that will be moved. Select distinct
alignment points by right mouse click and then choose ‘Place Point’.
Next find the same features in the viewer to the left and place the
points in the same way. Use the ‘Snapshot’ feature to acquire more
images if needed.

TEMPLATE CryoTemplate

¥ & Image_300nm_fluor_green_stack_15_MIP
- @ Image_300nm_fluor_green_stack_15
¥ @ Image_300nm_fluor_blue_stack_15_MIP
# @& Image_300nm_fluor_blue_stack_15
W [ Electron Snapshot (5)
¥ [@ Lamella (7)

® (] Electron Snapshot (3)

—

O P @)

Name Electron Snapshot (5)
Pixels 6144 px x 4096 px

Pixel Size 96.35 nm x 96.35 nm

Physical Size 592 ym x 394.67 pm

100 pm
—

Points 3] @ Link Rotation
Stage Axes

Mirror Image

0 200 pm i ( Multi-Point Alignment
—_—

No tile selected A JOB CONTROL Scan rotation 1800 ° A ¥ Link Stage rotation




3.4 CryoFLM _FLM-SEM alignment by Multi-Point Alignment (Ma Maps)

M Maps3.22 thermoscientific

File View Microscope Options Help

‘F cell-20230604 |E\ ma QY ! 2 : Y )

Lamella sites o + &

TEMPLATE CryoTemplate
[] Image_reflection_fluor_red_stack_15
[] Image_reflection_fluor_green_stack_15
¥ [ Image_reflection_fluor_green_stack _15_MIP
® [] Image_reflection_fluor_blue_stack_15_MIP
[] Image_reflection_fluor_blue_stack_15

# [ Electron Snapshot (4)
@ Lamella (4)
% Lamella (3)

[TT) Tiha Cma 1)

®

200 pm

No tile selected A JOB CONTROL N Scan rotation 180.0 Stage rotation




3.4 CryoFLM _Define Fiducial & ROl markers for each lamella (Ma Maps)

M Maps322 thermoscientific

File  View Microscope  Options Help
| L | Cell 05192024 | + ‘ w | Q
TEMPLATE Factory Template < . Lamella sites ,‘: + Tarqet

Zoom

~ @ layer
Semi-log ————— — —
~ @ [@lamella (3)

@ [ Rol Invert Z-Helght

between

® [ Fiducial (2) Auto Focus
v @ [@Llamella (2) Planes (

® [ ROI2) [ L x

® [ Fiducial . 3 | > <

- _ X-Fiducial
[ LM-05192024_MIP B & SR - g S oA 2 ! L ]

~ ¥ []1M-05192024 F A _‘.'_' etee . Distance to projected

B Grey _ , e » ¥ target position

Lime
[@ Lamella

[] Tile Set (2) (stitched)
FEE Tile Set (2)

[ Electron Snapshot

O = ®

MName image_Reflection_1
Depth

0pm 1 '

Plane 17 of 41 (8 pm)

Pixels 2000 px x 2000 px
Pixel Size 249,09 nm x 249.09 nm
Physical Size 49818 pm x 498.18 pm

Show metadata

100 pm

Mo tile selected A  JOB CONTROL RUN Scan rotation X A @ Lnk Stage rotation 700 °



3.4 CryoFLM _Define Fiducial & ROl markers for each lamella

- ¥

Depth

0 um
Plane
Pixels
Pixel Size

Physical Size

No tile selected

A Maps3.22
File  View Microscope ~ Options Help
‘ | 1 l Cell_05192024
. & i TEMPLATE Factory Template v
- Layer
v ¥ [@lamelia(3)
[ )
® [ Fiducial (2)
- [@ Lamella (2)
(A RoI2)
[3 Fiducial

[ LM-05192024_MIP

[ Lm-05192024
Grey
Lime

@ Lamella

[ Tile Set (2) (stitched)

FH Tile Set (2)

[ Electron Snapshot

image_Reflection_1

. 20 ym

21 of 41 (10 pm)

2000 px x 2000 px
249.09 nm x 249.09 nm
498.18 pm x 498.18 pm

Show metadata

i o, B

thermoscientific

s B B @

Lamella sites v < v b + @&
Zoom
Semi-log
Invert
Auto
o
3
Y 3
Fiducial b g
v‘ " ;
S
Fiducial (2)
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T
— 0
A JOB CONTROL RUN Scan rotation

(ma Maps)

Target
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Focus
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X-Fiducial
B
Distance to projected
target position

100 pm

1800 ° A ¥ Lnk Stage rotation -70.0



3.5 Pt sputter

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites

IFLM (Optional)
Target selection
Pt sputter (Optional) Inorganic Pt minimizes charging, ensure targeting and precise milling.
Sample conductivity . I T

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
| T
CryoET

Schaffer et al., JSB 2017



3.5 Pt sputter (Video from TFS; @ Microscope Control)

S Y P I o > = ; 3 et )8 by 7 % 5 - e =) Shuttle Controls
E FlowWiew 8 V1.23 ; 5 Ve 53 ; o g

Selected Grid ~ ® Grid 1 O Grid 2

Go to: Mapping | Milling HDeposltmn‘

Temperature & Pressure
Cryo Stage:
@ Cryo Shield: -187.6 °C
hamber Pressure: 4.75E-5 Pa

Tilt Calculation
wD det | WV ourT frame 33 1t W o Jrr il D W

v & HV J wD W Holder Pretilt |
B35 ETD 200KV 13pA B39ms S3lpm 4&50° The 5 b &N ZE PM 200ns  3000RV  S40mm 19.0mes B9 e Thermotsher Somtéic

f;’ L 4 SN \ A /4 ) @ Milling Angle | .
B - y 3 ’ LS Go To
! 3 © stageTit  [00° |

[] ¥-Z Correction

Cryo GIS Deposition
Gas @ Ptdep
Selected Grid Grid 1 [ Grid 2

Flow Duration ‘

| Start

Increase to 210 mg/s | e
(varies by instruments) | = R

Current [300 mA | Pressure [10Pa
Voltage | 2 VV Run Time ‘

Run

A - '
® 1 o Lamella Thickness
w 130 - .
% 07036 e HPW det ' 12 /2010 et 31987 mm  nk Distance
v 3888 mm 15T mm  Nav-Cas Thermotuher Sommtfic 105840 s | CCD 1.4 mm 007 Thermaotisher Soentfic

Chamber Prexsure: 14 P2 lon Bearn Curent: -0.04 pA& | Speamen Cumre: 2.04 pA Emumen Cumert:  § 1161 pA @213 pA | Electron Source Presure: 1.870-8 Fa




3.5 Pt GIS (@ Microscope Control)

Vitrifi Cati O n ; ] : Curtalnlng Shuttle Controls

T ! Selected Grid @ Grid 1 O Grid 2
Go to: | Mapping | | Milling | ‘ Deposition|
C ry 0 F I B Temperature & Pressure ]
@ Cryo Stage: -195.2 °C
1 ® Cryo Shield: -188.2 °C
Sam p I e S C reen I n g O Chamber Pressure: 5.02E-5 Pa
@ Easylift A: N/A

Atlas & lamella sites ®

IFLM (Optional)

Recording:  [06/04/2023 10:33 AM (Lve) ||

Target selection Wl I Pt layer
Pt sputter .
Sample conductivity .
PLGIS Wit an intact Pt layer With a broken Pt layer o
Protective coating y y ® Holder Precit g
Pt sputter (optional) Organometallic Pt protects sample surface during milling, o ey &
Sample conductivity  minimize curtaining and redeposition. —
Lamella milling — = Omin
Preparation, Milling, STE s LI T B
& thlnnlng Gas . Pt dep | Start | | Purge
IFLM (Optional) Selected Grid Grid 1 (] Grid 2 |S””“” i |
Target conflrmation Flow Duratior |_ +| 00:02:00 | e ] e
Pt Sputter (Opt|0na|) | Start | | Purge | Voltage 2V RunTime [155ec |

Lamella conductivity
| T
CryoET

rnvate |\indlhes) 3 ][ ][5 ]

Duration varies by samples / instruments ol o




3.6 Pt sputter (Optional)

(@ Microscope Control)

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

]> (Optional) Inorganic Pt minimizes charging, ensure targeting and
precise milling.

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity
| T
CryoET

Shuttle Controls

Selected Grid @ Grid 1 O Grid 2

Go to: | Mapping | | Milling | ‘ Deposition|
Temperature & Pressure )
@ Cryo Stage: -195.2 °C

® Cryo Shield: -188.2 °C

O Chamber Pressure: 5.02E-5 Pa

@ Easylift A: N/A

@

[06/04/2023 10:33 AM (Lve) [~

Recording:

Tilt Calculation

© Holder Pretilt VE
@ Miling Angle )
© Stage Tilt see

[ ¥-Z Correction

Cryo GIS Deposition
Gas © Ptdep

Selected Grid Grid 1 Grid 2

Flow Duration |=|+| 00:02:00 |

Start

Sputter Coating

| Prepare for Sputtering |

Current | 30.0 mA Pressure
Run Time

Voltage 2V

Renvare TR A ]

Lamella Thickness




3.6 Pt sputter (Optional) (@ Microscope Control)

Vi t r i f i C at i O n Shuttle Controls
Selected Grid @ Grid 1 O Grid 2
l T Go to: | Mapping | | Milling | ‘ Deposition|
C ry 0 F I B Temperature & Pressure ]
. @ Cryo Stage: -195.2 °C
@ Cryo Shield: -188.2 °C
Sam p I e S C reenl n g E FlDW.I'.lrlEW E- 1Il||'-| .23 f E?Sz;nljl:te;:ﬁessure: :?;E—S Pa
Atlas & lamella sites ®
LzerTag 'JSEF{TAG Recording:  [06/04/2023 10:33 AM (Live) |~
IFLM (Optional) Serialnr | ;
Target selection Channel | < I 1| = I o 9
Setpoint  Me
Pt sputter :| tﬁ?’ém ;ﬁ:«,
Pt GIS reduce to 165 mg/s. 80 il : —
Protective coating (varies by instruments) 60§ 60- © Holder Preti e
. 40 = 40_: @ Miling Angle - - i
Pt sputter (Optional) 2 » . O StageTit o L
Sample conductivity i iz conecien
- - T. = Cryo GIS Deposition
Lame”a m|”|ng :| 165.0 mg/s T ® Ptdep
0 . Selected Grid Grid 1 Grid 2
Preparatl_on,_ MIIIIng! I_l"!"-'::l""'a""'::"i""':| _lN'EW _I_I'ﬂ'bm-"t Exit Flow Duration |=|+| 00:02:00 |
& thinning Start
IFLM (Optional) |S””“” A |
Target confirmation e
Current Pressure
Pt S p u tter (Opt|0na|) Voltage 2V Run Time
Lamella conductivity —
l T Lamella Thickness

CryoET



3.7 Automated lamella milling using AutoTEM Cryo (aT]

Vitrification
T
CryoFIB

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)

rget confirmation

Pt sputter (Optional)
Lamella conductivity
T
CryoET

AT AutoTEM Cryo

File Project Site

TEMPLATE LIST

e

Default template (Aquilos)
Plunge frozen grid

Cell-Jianfeng
Plunge frozen grid

2.4.3 (core 10.0.7.70)

?

lon HFW Oversize

Milling Angle

v EUCENTRIC TILT

Maximal Tilt Step
Preparation HFW
Resolution (guided)
Electron ACB

lon ACB

Electron AutoFocus
lon AutoFocus
Precise Coincidence

Rough Centering

v ARTIFICIAL FEATURES

HFW
Distance from lamella
Pattern Depth

Cross Thickness
Milling Current

Cross Size

“ MILLING ANGLE

Target Milling Angle

Enforce Target

HFW

~ IMAGE ACQUISITION

lon HFW Oversize

Resolution

Enable ACB

Enable Auto Focus

3¢ Preparation

30.0 pm

Not Available

200.0 pm

7.0 pm

1.0 pm

300.0 nm

0.30 nA v

8.0 pm * 8.0 um

160.0 pm

120 %

536 x 1024 v @4ps

v LAMELLA PLACEMENT

lon HFW Oversize

120 %

thermoscientfic

—zz Milling

Lamella Size 10.0 pm

Correction Factor 0.50

~ DELAY

Delay time 0

Estimated start time Sunday, June 4, 2023
Beams Off v

Safe s Ld

» REFERENCE DEFINITION
v ELECTRON REFERENCE DEFINITION

Enable Auto Focus "

Enable ACB

~ STRESS RELIEF CUTS

Trench Width 1.0 pm

Trench Depth 10.0 pm

Trench Height 6.5 pm

Trench Offset 5.0 pm

Depth Correction 100.0 %

Milling Current 0.50 nA v
DCM Rescan Interval 120 s

Number Of Patterns 1
Show Graphics v

» REFERENCE REDEFINITION 1
' ROUGH MILLING

Pattern Offset 1.0 pm
Front Pattern Height 5.0 pm
Rear Pattern Height 5.0 pm
Depth Correction 120 %
Front Width Overlap 1.5 pm

Rear Width Overlap 1.0 pm

Milling Current .0 nA v
Pattern Type Rectangle ~
DCM Rescan Interval 1205

* 3.0 pm

15 pm

1.0 pm

Templates

Final Thickness
Enable Windows

~ DELAY

Delay time
Estimated start time
Beams Off

Safe

v POLISHING 1

Pattern Offset
Overtilt

Depth Correction
High Voltage
Milling Current
DCM Rescan Interval
Pattern Overlap

Pattern Type

X

AutoTEM-cell-05192024 X

%-Thinning

200.0 nm

0 0

Sunday, June 4, 20
v

v

150.0 nm

0"

160.0 %

30 kV v

50 pA w

rossSection v

v POLISHING 1 - ELECTRON IMAGE

Resolution

Enable ACB

Enable Auto Fecus
HFW

Add lamella to HFW
Notification

High Voltage

Beam Current

v POLISHING 2

Pattern Offset
Overtilt

Depth Correction
High Voltage
Milling Current

RS D Tl

1536 x 1024 v @3
70.0 pm
v
2k v
3 pA ~
0 pm
0"
160.0 %
30 kV v
30pA w



Eucentric height & tilt calculation

AT AutoTEM Cryo

Vitrification e o e 2

l T TEMPLATE LIST
CryoFIB

e

Sample screening

AtIaS & |ame"a Sites Cell-Jianfeng

IFLM (Optional)
Target selection

Pt sputter
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Artificial Features (Optional) ([AT) AutoTEM Cryo)
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Micro-expansion joints

AT AutoTEM Cryo

Vitrification e o s
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Stepwise milling procedure ([AT) AutoTEM Cryo)
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3.7.1 Automated lamella milling Preparation ([AT) AutoTEM Cryo)

X
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3.7.1 Automated lamella milling Preparation ([AT) AutoTEM Cryo)

B AutoTEM Cryo thermoscientific
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3.7.2 Automated lamella milling _Milling ([AT) AutoTEM Cryo)
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3.7.3 Automated lamella milling _Thinning

AT AutoTEM Cryo
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3.7.3 Automated lamella milling _Thinning _example-lamella 1 ([AT) AutoTEM Cryo)
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3.7.3 Automated lamella milling _example-lamella 2 (@ Microscope Control)

Before milling After milling
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3.7.3 Automated lamella milling _example-lamella 3 (30x accelerated video)




3.8 CryoFLM target confirmation _example-lamella 4
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3.9 Pt sputter (optional)

Vitrification
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3.10 Unloading grids (Video from TFS)
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Some common cryoFIB workflow variants

CryoFIB
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(Video from TFS)
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