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1. Specimens accessible by cryoET

Plunge freezing (< 10 pm) Plant cell

------
~umr

Animal cell

1 um Bacterium

: 400 nm —
Yao et al., Cell 2020
* Virus: e.g., Covid-19 100 nm
* Isolated or reconstituted systems: e.g., ciliary axoneme Virus
10 nm =
— Globular protein
InmE

Small molecule

Lin & Nicastro, Science 2018

1A Atom




1. Specimens accessible by cryoET

Hu et al., Cell 2017

100 pm

Plunge freezing (< 10 pm) Plant cell

------
~umr

Animal cell
10 pm

1um Bacterium

400 nm —
Serwas & Davies. Methods 100 nm
M?I Biol 2021 Virus
* Small/thin cells: e.g., minicells
TR - | . . | 10 nm
o * Peripheral regions of cells: e.g., mammalian cells =
. ——  Globular protein
1
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1. Specimens accessible by cryoET

Ready for cryoET

Small molecule

Plant cell
~— Animal cell
Bacterium
400 nm —
Virus
10 nm =
— Globular protein
1 nm _

Atom



1. Specimens accessible by cryoET

100 pm
Plant cell

I
>
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CEMOVIS
10 pm

1 um Bacterium

Ready for cryoET

400 nm —
100 nm
Virus
10 nm =
_ — Globular protein
* Cryo-sections =
InmE

Small molecule

Adapted from Thermo
Fisher Scientific (TFS) 1A

Atom




1. Specimens accessible by cryoET

100 pm
Plant cell

CEMOVIS Animal cell
10 pm

1 um  Bacterium

Adapted from TFS Al-Amoudi et al., J Struct Biol 2005 Berger et al., Nature Me




1. Specimens accessible by cryoET

Plunge freezing (< 10 pm) Plant cell

~— | Animal cell
CryoFIB milling —
Bacterium
Ready for cryoET
Virus
10 nm =
— Globular protein
e Cryo-lamellae 1nmp.
—  Small molecule
1 AI Atom




2. Five considerations for cryoET sample preparation



2. Five considerations for cryoET sample preparation

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

Negative stain EM

Radial spokes Dyneins

a.i" i




2. Five considerations for cryoET sample preparation

- Grid bar Organelle
Grld‘bar Foil Foil  |ce g l \
| }

2.2 EM grid => Grid / Foil materials

Side view — e - @ @ S

Fiducial marker

Top view

Grid materials Foil materials
Copper Gold Amorphous carbon
Nickel CuRh Gold
Titanium Molybdenum TiSi  SiN -
Silicor P r— Si0, SiC Modified from Russo & Passmore,

Tungsten Curr Opin Struct Biol 2016




. Five considerations for cryoET sample preparation

2.2 EM grid => Mesh / Hole size

Adapted from TFS

300 mesh

Sso
~<
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~.

Grid front side .

: ;t#"-l'?.'w e ™
- - » il

Z . - ey
g 9w > 1 ¥
’ |
A 3 " LN

Electrons

60°

T

-60°




2. Five considerations for cryoET 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.

" Cell2 .

N 2

-

L)

lancu et al., Nature Protocols 2006 Arnold et al., Biophysical Journal 2016



2. Five considerations for cryoET 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 Tin2=-210°C ~-195.8 °C

Vitreous ice e B

200 nin
[ ]

Tivol et al., Microsc Microanal 2008



2. Five considerations for cryoET 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

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



2. Five considerations for cryoET 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

Vitreous ice

* ‘ e

200 nen
[ ]

Tivol et al., Microsc Microanal 2008 Bhella D, Biophysical Reviews 2019



2. Five considerations for cryoET sample preparation

2.5 Plunger

AHomemade 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

Crossbeam (ZEISS)

Arctis
(Thermo Fisher Scientific)

thermosoartic

(Thermo Fisher Scientific ) -

Scios, Aquiclos 1/2 J




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
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

Chamber Pressure: 4.79E-5 Pa | lon Beam Current: -0.03 pA | Specimen Current: 0 pA

® |8 B Huwe [

AutoGrid shuttle 45°

Standard
Sample Shuttle

D

AutoGrid shuttle 35°

elp
- H+|300ns |'H7ssx512 Hﬂ (O] E| ==e]

shuttle 6 mm 35°

HPF sapphire

shuttle 3 mm 35°

HPF sapphire

shuttle 6 mm 35°

»> n

(@ Microscope Control)

g o 4 @
av!D/MM
Q

AutoGrid shuttle 35°

Emission Current:  §$13043 pA @ 18.31nA \ Electron Source Pressure: 7.31E-9 Pa | Temperatures: -194.8 °C / -187.7 °C

det x: -15.5001 mm | tilt

10:57:54 AM | CCD | y: 48.2057 mm | 0.0°

3

Lo |

O
& p1 2 p6

s1 s2 s3 s4 s5 s6 ~
Shuttle Controls
Selected Grid ) Grid 1 ® Grid 2
Go to: | Mapping [ | Milling [ |Deposition[
Temperature & Pressure A
@ Cryo Stage: -194.8 °C
@ Cryo Shield: -187.7 °C
O Chamber Pressure: 4.79E-5 Pa
@ Easylift A: N/A

Recording:

[05/19/2024 10:58 AM (Live)  [+]

Time
?

@) [epone ]

Tilt Calculation

© Holder Pretilt - 350° ‘ yE
e — P!
@ Milling Angle ‘ 30°

© Stage Tilt
[ Y-Z Correction

[00°

Cryo GIS Deposition
Gas ® Ptdep
Selected Grid Grid 1

Grid 2

Flow Duration {—I*l 00:02:00 ‘

Start \

Purge J

Sputter Coating

l Prepare for Sputtering }

Current ‘ 30.0 mA Pres:

sure ‘ 10 Pa |

Voltage | 2 V Run

Time ‘ 15 Sec |

[dtzlla]la](s]

Lamella Thickness

A 88

11:20 AM

T
CryoET




3.2.1 Prepare the system Purge the system

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

B FlowDDE V4.80 MBC FLOW-BUS host
File Communication FLOW-BUS Server Info
I . AT AAOCrL e . _I_ N mrakdH T d .
[ Flowview 8v1.23 PEN
UserTag USERTAG
Serialnr | TRANSFER o
Channel _{tl 1[>]ee GIS ROD
S| 28.6% | 28.6 % . ) :
0= & 100~ °> isolated I<':ooI|ng
: : as line
. s I J CRYO
50 & S00 LOADER
ol « : —
0 o " -
u,_: u,_: LN2
= 50.0T| 165.0 ma/s SC%JI.\[ITEE; full rotation
advanced | New | about | Esit | cryo-stage cryo-shuttle
R
DEWAR AQUILOS 2 LOADING STATION

Kuba et al., J Microsc 2021



3.2.1 Prepare the system _Purge the system ([xT)Microscope Control)

> Argon line (5 cycles)

File Edit

® Ellc.  [Moow [om  [& B

Detectors Scan Beam Patterning Stage Tools View Help

B\Q ® B [[+z2000s [][ree x5z [-] 060 1@

,,,,,
-

Vacuum

®) High Vacuum

O Sputter Vacuum

Number of Cycles

Eltls |
Chamber Pressure: 1.77E-4 Pa

Purge

SEM

System

Wake Up Sleep

Column -]
Beam On
- = [l#liz0n -]

GIS

High Voltage |=|+|2.00 kv ]

Magnification T8
[ Couple Magnifications

BEROAENEHRRARE

isolated cooling
gas line

Magpnification |—‘+|50 x |"

CRYO
LOADER

Beam b -3

Stigmator Beam Shift

Beam Deceleration

Stage Bias
[=l+[ov

On

SPUTTER
COATER

Scan Rotation

full rotation
cryo-stage

Scan Rotation |—‘+| 180.0 ° |"

Detectors

AQUILOS 2

Contrast | 1

Brightness | 4

1 | HFW det 21 | det x: 3.3083 mm | tilt
M | 116 mm | Nav-Cam M | CCD | y: 3.4435mm | 18.0° Aquilos

Specimen Current: 0 pA | Emission Current: % 114.01 pA & 6.10 nA | Electron Source Pressure: 1.02E-8 Pa |Temp\ 0 i ] | % a G

Chamber Pressure: 1.79E-4 Pa | lon Beam Current: -0.02 pA




3.2.1 Prepare the system _Purge the system ([xT)Microscope Control)

> GIS (2 mins)

32

thermoscentiic ~ File  Edit  Detectors  Scan  Beam  Patterning  Stage  Tools  View  Help v32.1.1 UserUser — 0O

‘ ® ? E|778x [*][z0000v  [-][10pa [-] & = ‘ @ ® B [-[+[300ns [+][7e8 %512 [-] R ﬂ BB B o) e =

@B s1 2 3 4 5 6«

Shuttle Controls i

Selected Grid ) Grid 1 ©® Grid 2

Go to: ‘ Mapping I ‘ Milling i ‘Depositionl

AL

Temperature & Pressure
@ Cryo Stage: -194.8 °C
@ Cryo Shield: -187.7 °C
O Chamber Pressure: 4.79E-5 Pa
@ Easylift A: N/A

®

Recording: 05/19/2024 10:58 AM (Live) ]Ll

E3 B E2 1 S = R B

GIS

—
kS

isolated cooling 5

gas line

Tilt Calculation

otation
‘ : RYO 70° © Holder Pretilt : : 350° yE .
iox
LOADER e o pd
© stage Tilt Bl

[ Y-Z Correction

Cryo GIS Deposition

Gas @® Ptdep
Selected Grid Grid 1 Grid 2

Flow Duration ||+ 00:02:00 |

full rotation
cryo-stage i

I Prepare for Sputtering I

Current | 30.0 mA Pressure |10 Pa
Voltage | 2 V Run Time | 15 Sec
wvaie Y [ ) EE]

Lamella Thickness

Distao
(0o | A D 9 11:20 AM

SPUTTER
COATER

15.5001 mm | tilt

HFW det
117 mm | Nav-Cam Nav-Cam 057 mm | 0.0° Aquilos

Chamber Pressure: 4.79E-5 Pa \ lon Beam Current: -0.03 pA | Specimen Current: 0 pA Emission Current:  §813043 pA  @18.31nA | Electron Source Pressure: 7.31E-9 Pa ITemperamres: -194.8 °C / -187.7 °C




3.2.1 Prepare the system Cool down the system

(@ Microscope Control)

thermoscientic + File  Edit  Detectors Scan  Beam  Patterning  Stage  Tools  View Help Va2id UserUser, . Ol
- | ..t} 0O 4 & p1 p2 p6
& & [ 778 ~|[ 30,00 K ~|[10 - B Z D9 ~|+[300ns |+|[768 x 512 |+| K& m |k m 2 h 4 2 -
‘ o 2 v| i [l v [-][10pa U@._‘ % 8 ns |o] 768 = £ & - O/ M B s1 2 3 4 5 s6

I Flowview 8v1.23

UserTag USERTAG

Channel {Il }I..
‘Set;mi'll: Measure
L 28.6%: | 28.6%

O

SEM

GIS

isolated cooling
gas line

Shuttle Controls

Q

Selected Grid O Grid 1 ® Grid 2

Go to: ‘ Mapping ] ‘ Milling ] ‘Deposition]
Temperature & Pressure )
@ Cryo Stage: -194.8 °C

@ Cryo Shield: -187.7 °C

O Chamber Pressure: 4.79E-5 Pa

@ Easylift A: N/A

®

E3 B E2 1 S = R B

Recording:  [05/19/2024 10:58 AM (Live) |~

—
kS

68 () o]

Tilt Calculation
F—1ipm—

otation

- 1650 165.0 majs
Hdvanzd|ﬂew .Hhml:IE'uil:I
M

Varies by instruments

SPUTTER
COATER

AQUILOS 2

e

ooooo

117 mm | Nav-Cam

ure: 4.79E-5 Pa | lon Beam Current: -0.03 pA | Specimen Current: 0 pA

ure: 7.31E-9 Pa [Temperatures: -194.8 °C/ -187.7 °C

C RYO 70 Aquilos © Holder Pretilt 350° yE .
H s
DER © Miling Angle [3.0° -
LOA ig) Ro enie 180.0 ° © Stage Tit iEl Go To
' . []Y-Z Correction
/i\/ Cryo GIS Deposition
/A Gas @ Ptdep

/i//" Selected Grid Y] Grid 1 Grid 2
. ¢ ‘\‘e\ \' Flow Duration ||+ 00:02:00 |
full rotation CR | ——
Cryo_stage Sputter Coating ?
’ Prepare for Sputtering I

Current | 30.0 mA ‘ Pressure |10 Pa
Run Time |15 Sec
i)zl )ls]

Voltage | 2 V

Runl

Lamella Thickness

(e J A 8 Q

-15.5001 mm | tilt

48.2057mm | 0.0° Aquilos

11:20 AM




3.2.2 Prepare the grids _Clip the grids

Vitrification
7]
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 . . _ Milling direction
CryoFIB Conventional AutoGrid FIB-AutoGrid 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

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

/4

T A\
f I 1
Marker HEIPY
.‘ e ,'p

\

Tilt axis




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

Vitrification
LT /7 Milling direction
CryoFIB Milling slot

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

o Y
Marker HE,

\

Rotate 90°

Pt sputter (Optional) | M .
Sample conductivity | 5;__}__ 1A A 0

Lamella milling
Preparation, Milling,
& thinning

IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity

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

IE; - Open Closed
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




3.2.3 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

e

Transfer
rod

6 = yZ
S B o/ o
\\~i /‘}/ 3

Autogrid shuttle

ransfer rod valve

L)% 'i".". x
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 ([xT)Microscope Control)
Vitrification —— T o B e O T
T N @-_\o o-m@wmm rjeqBEEY-B  Fr il
CryoFIB ' | ¥ R QU

Sample screening
Atlas & lamella sites

IFLM (Optional)

Target selection

Pt sputter
Sample conductivity

Pt GIS E- ‘

Protective coating A e R e

Pt sputter (Optional)  jikd
Sample conductivity

gl Scan Rotation

Lamella milling
Scan Rotation [=[+[1800° [+]

Preparation, Milling,
& thinning

IFLM (Optional)

Target confirmation

Pt sputter (Optional)
Lamella conductivity o

-«
O A// 24 HFW det 5/19/202 def -2.8795 mm | filt
& :39 AM 117 mm | Nav-Cam av-Cam 4:39:24 PM | CCD ) 29471 mm | 9.0°

I Chamber Pressure: 4.23E-5 Pa | lon Beam Current: 1021 pA | Specimen Current: 0 pA Emission Current:  $513086 JA @ 2.18 pA | Electron Source Pressure: 9.1E-9 Pa | Temperatures: -195.3 °C / -188.1 °C | | & 2B 9

CryoET




3.3 Sample screening Link Zto FWD ([xT)Microscope Control)

v321.1 UserUser — 0O

Vltrlflcatlon rmoscientiic ile Edit Detector: Beam Patternini g Stage Tools View Help
= k| o3
‘ & E]lzooo \zookv ~|[13pa O E|E|D ® B[z [][z072 x 2008 [-] &R ﬂmﬂjﬂ LA R % 5 g SO R

I T : =
CFYOFlB L \ L A e e e N Ny v [

Sample screening ; : e L e
Atlas & lamella sites Y | | @ e - ot B
; ¢ | 1 ' A [ B . L ” . . ~ i [¥] Compucentric Rotation [ Z-Y Link

1][2]

&

[E3E9EY

[1]

IFLM (Optional)

Target selection
v Touch Alarm Enabled

Pt sputter
Sample conductivity .
Pt GIS B - :

S/ 9/2024 2\% g B rr det HFW WD

Protective coating Rl e e

Pt sputter (Optional) \',!!J
Sample conductivity

Lamella milling

Preparation, Milling,
Tilt Correction

& thinning . ‘ - _ & ,
. "o 4 ] Dynamic Focus Tilt Correction
. +
Tilt Angle ‘Automatic :

IFLM (Optional) | : : 1< — »
Target confirmation ' . A o A Manual [+ 00-
i : N . . X | , Ly P Specimen Pretilt EEI:‘

Pt sputter (Optional)
Lamella conductivity > - 1 e }Bm,ﬂm

O 4/ /2024 HFW
& :39 AM 117 mm | Nav-Cam av-Cam 4:39:24 PM | CCD y: 2.9471 mm 90 05
I Chamber Pressure: 4.23E-5 Pa | lon Beam Current: 1021 pA | Specimen Current: 0 pA Emission Current:  $513086 JA @ 2.18 pA | Electron Source Pressure: 9.1E-9 Pa | Temperatures: -195.3 °C / -188.1 °C | | & 2B 9

CryoET




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 ~ File Edit Detectors Scan Beam Patterning

C—
FT B
b,_ .

alu E, LRI L

curr det HFW WD

13pA  ETD 104 um 7.0 mm
~ =

4/7/3094 HFW det
:39 AM 117 mm | Nav-Cam

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

Stage ols View Help

"% 5/1 curr det mode‘ —V F WD -
Aquilos e 43538 PM 30.00kv | 10pA | ETD | SE 880pum | 189 mm | -70°
w

|
J

5/19/2024 det x: -2.8795 mm | ftilt
4:39:24 PM | CCD y: 29471 mm | 9.0° Aquilos

Emission Current:  $513086 JA @ 2.18 pA | Electron Source Pressure: 9.1E-9 Pa | Temperatures: -195.3 °C / -188.1 °C |

(@ Microscope Control)

v321.1 UserUser — 0O

W Shuttle Controls

Selected Grid ) Grid 1

Go to: | Mapping | ‘ Mifing | ‘ Depuswtiun|

-194.8 °C

-187.7 °C
amber Pressure: 4.79E-5 Pa
syLift A: N/A

| Tilt Calculation

0 Holder Pretilt . 35.0° ‘

© Miling Angle |

0 Stage Tilt |u‘[] °

"l [ 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.ﬂ mA ‘ Pressure | 10 Pa

Voltage |2 V Run Time | 15 Sec |

iz ]lz]l«](s]




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

File View Microscope Options

Ma Maps 3.22

Ma MNew Project

I 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

W& Maps3.22
File  View  Microscope Options  Help

, | ] ’ cell-20230604

£

e =
v ¥ Gridl
¥ [ Tile Set (2)
® (] Electron Snapshot

= @
Tile Set (2)
Acquisition Type Electron
Tiles X, ¥ 4
Tile HFW 550 pm
Total HFW 2.035 mm
Resolution 2048 x 1768
Pixel Size 268.5547 nm
Dwell Tps
Frames 2 1
Reduced Area 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

2 & B B @

o

180.0

‘A @ Link

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 Options Help

‘ ] | cell-20230604

v & i TEMPLATE CryoTemplate
v ¥ Gridl

¥ [ Tile Set 2)

® [ Electron Snapshot

¥ ©
Tile Set (2)
Electron
5
550 pm
2,53 mm
2048 x 1768
268.5547 nm
Tps

L |

Select
Image acquisition time: 00:00:04

Estimated acquisition time: 00:03:05
Elapsed acquisition time: 00:00:34
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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 Maps3.22
File  View Microscope  Options  Help

‘ | ] \ cell-20230604

~ S i TEMPLATE Factory Template
- @ Gridl

¥ [ Lamella (4)
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# [ Lamella (2)
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# [ Electron Snapshot

B = ©

Name Tile Set (2)
Acquisition Type Electron
Tiles X, Y
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Total HFW
Resolution
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Dwell
Frames
Reduced Area

Image acquisition time: 00:00:04

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

4 of 30 images acquired; 287.57 MB
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candidate lamella sites

thermoscientific

(=]

S

Scan rotation

e
5
900 prn

1800 °

Link

Stage rotation




3.4 CryoFLM for tart selection

Vitrification

l T Electron column (SEM)
CryoFIB Imaging
Sample screening
Atlas & lamella sites I.' I

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

IFLM (Optional)

i Targetselection i I I
lon column (FIB)
Pt sputter Milling

Sample conductivity

Pt GIS

-
: : 0 Reflection and fluorescence imaging
Protective coating \ A
/ (iFLM)
Pt sputter (Optional) (/

Fluorescence
Sample conductivity 4‘ GIs
Lamella milling \ Objective: Piezo-driven, 20x, 0.7 N.A.,

Imaging
Preparation, Milling, ’ minimum FOV ~350 ym
& 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

Arnold et al., Biophys J 2016

milling (%

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




( ! Fluorescence Microscope Control)

3.4 CryoFLM _Focus with Objective

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

File Setup Help
Stage & Objective Control

[db L)

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

Microscope Control 1.3.0

~

Set Focus Position Go to Focus Position

Step Size (um) 1 v
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Live View
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Snapshot
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3.4 CryoFLM _Setting up imagining 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

4 Fluorescence Microscof pe Control 1.3.0
File Setup Help

Stage & Objective Control

O ©

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

Set Focus Position

Step Size (um)

Retract (-)

2662.37

Go to Focus Position

1 v

Advance (+)

Histogram Auto Contrast l:\ AC continuous

ective inserted Live View

( Obji

e
Channel  Binning Intensity Exposure Time
470nm v 2 v| 0.1 || 121 10.000 | [ms]
Gain: 1.2 Gamma: 0.7
1 (]

Snapshot
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Start Acquisition

(249.0, 2979.0)
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3.4 CryoFLM _Setting up imagining 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

U Fluorescence Microscope Control 1.3.0
File Setup Help

Stage & Objective Control

®© O

Current Relative Position (pm)  -0.00
Saved Focus Position {um) 2644,15

Set Focus Position Go to Focus Position

Step Size (um) i

Retract (-} Advan

ce{+)

Histogram Auto Contrast D AC continuous

( Objective inserted ¥

ive View

Fluorescence Reflection

Channel Binning fe] Intensity

Exposure Time
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Gain: 1.2 Gamma: 0.7
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k Snapshot
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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

@Acqunsmon Settings \

k Start Acquisition j

& Fluorescence Microscope Control 1.3.0

File Setup Help

Stage & Objective Control

®© ©

Current Relative Position (um)  -0.00
Saved Focus Position (um) 2644.15

Set Focus Position Go to Focus Position
Step Size (um) 1 v
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3.4 CryoFLM FLM-SEM alignment by Fine Alignment (Ma Maps)

Md  Maps 3.22

thermoscientific

File View Microscope Options Help
Cell 05192024 o @

TEMPLATE Factory Template Lamella sites

Workflow: Alignment Wizard X

¥ Layer Use the below controls to apply fine tuned adjustments to the layer
being aligned. Use the Precision slider to change the accuracy of the
changes. Use Ctrl + left mouse button to align layer from the viewer.

v [ LM-05192024_MIP it
= ARE 7 ! & -
A, 3 I AN L) et At B
¥ [JLm-05192024 Electron Precisi
g 3 : 24 . recision
¥ Grey RS 5 . S % G o g B bpdia 3 i Ee %
@ Lime e L : " s : il A X 5 Sl Gl o
@Lamella ; ‘
¥ [ Tile Set (2) (stitched)
EH Tile Set (2)

[ Electron Snapshot

—o-

Bl = @

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 um < Fine Alignment

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




3.4 CryoFLM _FLM-SEM alignment by Multi-Point Alignment

File

o]

v

-

O

Name

Pixels

Maps 3.22
View Microscope Options Help

cell-20230604

Lamella sites

s TEMPLATE CryoTemplate
@ grid2
¥ & 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
¥ [ Electron Snapshot (5)
] % Lamella (7)
# [] Electron Snapshot (3)

—o-
= @
Electron Snapshot (5)

6144 px x 4096 px

Pixel Size 96.35 nm x 96.35 nm

Physical Size 592 ym x 394.67 pm

]

No tile selected A JOB CONTROL

thermoscientific

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.

100 pm
(p—
Points 3] @ Link Rotation
Stage Axes

Mirror Image

200 pm i ( Multi-Point Alignment

Scan rotation 1800 ° A ¥ Link Stage rotation




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

W& Maps3.22 thermoscientific

File View Microscope Options Help

‘[\‘ceu-zozsosoa ‘-y'_, L Q j : v B =

Lamella sites

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)

FET) Tiha Cma £2)

®

200 pm

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




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

B Maps 322 thermoscientific

File  View Microscope  Options Help

| [ ‘ Cell_05192024

TEMPLATE Fagtory Template | Lamella sites ow Target

« @ Layer
~ @ [@Lamelia (3) * —————— —
Z-Height
® [roi
A e between
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~ © [@Llamella (2) Planes

® [ ro12) : | x (

® [ Fiducial - ¢
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FF Tile Set (2)

[ Electron Snapshot
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[ ET image_Reflection_1
Depth
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Pixel Size 249.09 nm x 249.09 nm
Physical Size 498.18 pm x 498.18 pm

Show metadata
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No tile selected A JOB CONTROL RUN Scan rotation 0 - i Stage rotation q00



3.4 CryoFLM _Define Fiducial & ROl markers for each lamella

Ma Maps3.22
File  View Microscope  Options Help
‘ | ] ‘ Cell_05192024
v &2 i TEMPLATE Factory Template v
- Layer
v @2 %lamella 3)
[3 ROl
® [ Fiducial (2)
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w @ [JLM-05192024
Grey ®
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[ Electron Snapshot
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ERE= @
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Zoom
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&
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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 . — _ -

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)

LTI [T 2 % » 3 TGO R £ 75 . 3 : S =4 Shuttle Controls
E FlowView & V1,23 . 5 V& 33 ; - g

Selected Grid @ Grid 1 O Grid 2

L.I"'.;HTa'g _I::|EFI 7 % : 55 3 3 ' ~ o : # .'77 i» 3 = .. i L . : ‘ ' 2% S : -. : Go to: | Mapping H Milling HDepcswtmn|

Temperature & Pressure
Cryo Stage: -19
@ Cryo Shield: -187.6 °C
Chamber Pressure: 4.75E-5 Pa

Recording:
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S
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(varies by instruments) |
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Voltage |2 V Run T\me|
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- Lt .
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3.5 Pt GIS (@ Microscope Control)

Vl t r | fl C atl on \ Shuttle Controls
|7 fw #, o e e
CryoFIB CuN " — =
b i L | ® Cryo Stage: -185.2 °C
Sample screening i | 10 Chamies esure: S08E.5 P
ik ; { EasyLift A: N/A
Atlas & lamella sites gl A 1 : | : ©
- §n ‘ i Recording: 06/04/2023 10:33 AM (Live) =
iIFLM (Optional) P 4 y
Target selection . ' .
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Sample conductivity
Pt GIS > Organometallic Pt protects sample surface during milling, S
Protective coating minimize curtaining and redeposition. o
@ Milling Angle [3p° i
Pt Sputter (Optlonal) ~ © stage Tiit et 4
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3.6 Pt sputter (Optional)

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

Upon completion,

reduce to 165 mg/s.
(varies by instruments)

(@ Microscope Control)

Shuttle Controls
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\
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Voltage |2 V Run Time

R T ]

Lamella Thickness




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
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v ARTIFICIAL FEATURES

HFW
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Pattern Depth

Cross Thickness
Milling Current
Cross Size

v MILLING ANGLE
Target Milling Angle
Clearance Angle
Enforce Target

HFW

v IMAGE ACQUISITION
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Resolution
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Enable Auto Focus

3¢ Preparation
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1.0 pm
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~ LAMELLA PLACEMENT
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thermoscientific

—zz Milling
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Correction Factor 0.50

~ DELAY

Delay time 0
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v ELECTRON REFERENCE DEFINITION
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Trench Width 1.0 pm
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Depth Correction 100.0 %

Milling Current 0.50 nA v
DCM Rescan Interval 120s

Number Of Patterns 1
Show Graphics v
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Depth Correction
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Milling Current
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Pattern Overlap

Pattern Type

x
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v POLISHING 1 - ELECTRON IMAGE

Resolution
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HFW
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Beam Current
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Depth Correction
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Milling Current
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& O
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Eucentric height & tilt calculation

AT  AutoTEM Cryo

Vitrification e e S

l T TEMPLATE LIST
CryoFIB

Sample screening
Atlas & lamella sites callyanfeng

IFLM (Optional)
Target selection

Pt sputter
Sample conductivity

Pt GIS

Protective coating

e

Pt sputter (Optional)
Sample conductivity

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

Target confirmation

Pt sputter (Optional)
Lamella conductivity
l T 2.4.3 (core 10.0.7.70)
CryoET
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Artificial Features (Optional)

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

AT  AutoTEM Cryo

File Project Site  ?

TEMPLATE LIST

e
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Plunge frozen grid

Cell-Jianfeng
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thermoscientific
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Micro-expansion joints

AT  AutoTEM Cryo

Vitrification he b e
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Lamella milling
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T 2.4.3 (core 10.0.7.70)
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Stepwise milling procedure ([AT) AutoTEM Cryo)

thermoscientific %
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3.7.1 Automated lamella milling Preparation ((AT) AutoTEM Cryo)

B AuoTeM Cryo thermosdientific B 5
File  Project Site ? Projects Templates AutoTEM-cell-05192024 X
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2.4.3 (core 10.0.7.70)



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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2.4.3 (core 10.0.7.70)




3.7.3 Automated lamella milling _Thinning

AT| AutoTEM Cryo

File Project Site 2z
:= SITE LIST

¥ Lamella (3)

8.0 pm x 3.0 pm
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3.7.3 Automated lamella milling _Thinning _example-lamella 1 ((AT) AutoTEM Cryo)

A AutoTEM Cryo thermoscientific
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3.7.3 Automated lamella milling _example-lamella 2 ([xT)Microscope Control)

Before milling After milling
I-beam I-beam E-beam E
L 75,— : &OpmAx 3.3&?’200.?% -




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
LT
CryoFIB
Sample screening
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3.10 Unloading grids (Video from TFS)

Vitrification
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Protective coating
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Some common cryoFIB workflow variants

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
e.g., for example-
lamella 4

CryoFIB

Sample screening
Atlas & lamella sites

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

IFLM (Optional)

Target selection

Lamella milling
Preparation, Milling,
& thinning
IFLM (Optional)
Target confirmation
Pt sputter (Optional)
Lamella conductivity
e.g., for example-
lamella 1

CryoFIB

Sample screening
Atlas & lamella sites

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Pt sputter (Optional)
Sample conductivity

Lamella milling
Preparation, Milling,
& thinning

Pt sputter (Optional)
Lamella conductivity

If CLEM is unnecessary

CryoFIB

Sample screening
Atlas & lamella sites

Pt sputter
Sample conductivity

Pt GIS

Protective coating

Lamella milling
Preparation, Milling,
& thinning

If CLEM is unnecessary
& no charging problems

e.g., for example-
lamellae 2&3



(Video from TFS)
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