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Course logistics: main topics

Section | : EM fundamentals

Section 2 : EM crystallography

Section 3 : Tomography

Section 4 : Single Particle Analysis Short Course
March 16-20

Section 5 : Future perspectives
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ourse logistics: main topics

(O 1 week.

£, Morning lectures.
L Afternoon practicals.
] March 16-20, 2026.

S students/postdocs $375.
staff/Pls/professionals $450.
industry $625.

7 Room/Accomodations NOT
included.

B JOIN THE WAITLIST.

Standard applications will close
December 15, 2025. Late
applications will be considered up
to January 2, 2026.

Accepted applicants will be notified
early January 2026.

For more information email
nccatuseroffice [at] nysbc.org

Single Particle Short Course
March 16-20, 2026

NCCAT will offer a 1 week workshop focused on the theory and practice of single-particle analysis. The mornings are
filled with lectures and stimulating round table discussions. The afternoons provide hands-on practicals to reinforce
fundamental concepts and topics covered earlier in the day.

Short-course Agenda

Monday, March 16, 2026

Session Type Lecturer Topic
Joachim Frank
. Lecture 1 - . :
Morning — (Columbia Intro and overview of SPA
y University)
Roundtable
Morning 1 students Flashtalks from students
Afternoon Lecture 2 SEMC staff Sample preparation for biological samples
Afternoon Practical 1 SEMC staff cryoEM sample prep and grid prep stations

Tuesday, March 17, 2026

Session Type Lecturer Topic

Morning Lecture 3a SEMC staff Microscopes and tools of the trade

Morning

B s
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r
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Course logistics: Wednesday practical

February 4, 2025

Sample preparation practical
-one session or
-tWO sessions!
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¢ Journal club and practical recap

¢ Considerations for biological
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6



Scale of biology
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1ISE

technology on the r

cryoEM

in progress

2017

1986

NR-PostTCeRRF,4,(16)

POstTCORRF o401 (10)

PostTCORRFEF-G, 4, (7.4)

50SeRRFeEF-GetRNA,

50SeRRF$EF-Gy 4 (12)

30SeIF3,,,, (10)

30SetRNA, ., (10)

the next chapter

Frank et al. (2017)

Henderson et al. (1986)




1ISE

a technology on the r

cryokEM

Tomography
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How are samples prepared for cryoEM?

Biochemically
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How are samples prepared for cryoEM?
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How are samples prepared for cryoEM?

Vitrifying a biological sample
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How are samples prepared for cryoEM?

Vitrifying a biological sample

>99.999%

<0.001%

R >100,000
~3l potential
SRS C imaging
et 0 O targets;
BN ey mostof

L them are
<3nl

not usable.

aﬁ))




ke?

X
O
O
7
L

What do EM gr

15

W SEMC

% NYSBC



What do EM grids look like?

Common Materials

Copper
Nickel
Gold

Aluminum

Carbon_

Molybdenum

Titanium

Stainless Steel

Formvar
https:/ /www.tedpella.com/grids_html/

7@ NYSBC W SEMC g




Rim Width:
Thickness:

Diameter:
Pitch:

350-400um.
approximately 25um thick.

3.0 to 3.05mm
Is 1"/mesh or 25.4mm/mesh

PELCO® Grid Size

Square Mesh

50

75

100
150
200
300
400
500

Pitch um

Example 200 mesh pitch = 25.4/200 = 127um

Hole um

508
339
254
169
127
85
64
51

Bar um

What do EM grids look like?

Rough grid parameters

% Trans-mission

425
284
204
125
90
54
38
28

33
55
50
44
37
31
26
23

70
70
65
60
50
40
35
30
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What do EM grids look like?

TERMINOLOGY

Grid (Cu, Au, Mo, etc...)
* mesh

Foil (C, Au, etc...)

* Continuous

* lacy

* holey (hole size and spacing)

Loy

FORMVAR ONLY SUPPORT FILMS

EM-TECSILICON NITRIDE
SUPPORT FILMS

SN

-
- —

HOLEY CARBON SUPPORT FILMS LACEY CARBON SUPPORT FILMS

FORMVAR / CAREBON
O PLRTT R VE

L JE——

. . e

- VAT o= O A NN T,

TEM CALIBRATION & TEST STANDARDS

TEM GRID STORAGE BOXES

tetps:/fedpescemific com/product-categorytem-supples/tem-support-4ims/
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What do EM grids look like?

TERMINOLOGY

e Protochips.com

19




What do EM grids look like?

TERMINOLOGY

Cho, Hye-Jin & Hyun, Jae-
Kyung & Kim, Jin-Gyu &
Jeong, Hyeong & Park, Hyo
& You, Dong-Ju & Jung,
Hyun. (2013). Measurement
of ice thickness on vitreous
ice embedded cryo-EM
grids: investigation of
optimizing condition for
visualizing macromolecules.
Journal of Analytical
Science and Technology. 4.
10.1186/2093-3371-4-7.

Quantifoil grid Lacey carbon grid

C-flat grid

NYSBC § § SEMC gl



electron microscope grid
ice embedded
protein particles
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amorphous carbon membrane
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TERMINOLOGY

ice embedded
protein particles

Holey gold foil on gold mesh grid

Advantages:
Prevents differential thermal contraction when freezing
Reduces beam-induced specimen movement

Combined with direct detector technology allows for
near atomic resolution

Disadvantages:
Difficult to find focus due to lack of amorphous substrate

22 NYSBC § SEMC




What do EM grids look like?

Gold grid

L L S AL P Al
- - - . )
L we . v

Amorphous carbon

Russo & Passmore, 2015




What do EM grids look like?

RMS particle displacement (A)

Gold grids

Exposure time (msec)
300 600

6 9
Fluence (e /A%)

12

14.7

Russo & Passmore, 2015

A. 80S ribosome movement during
irradiation supported by amorphous

carbon and gold using same imaging
conditions.

Apoferritin density maps using same
imaging conditions and identical
processing for B. carbon and C. gold

substrates. B. is at 25 A and C. 8 A

resolution.

7@ NYSBC W SEMC L



What do EM grids look like?

RMS particle displacement (A)

Gold grids

Exposure time (msec)
300 600
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resolution.
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How are samples prepared for cryoEM?

Vitrification process

* Liquid ethane is a suitable coolant.
e Liquid nitrogen boils on contact, which makes it a poor coolant for cryo-EM.

e Cooling speed faster than 10°-108 K/s ensure the formation of vitrified ice.

C

i
Hexagonal
§ 1 um
S 1C0 nm |-
10nm |
| nm @——-
O A R
o U e TR Cooling speed
Setup of liquid ethane Cooling speed & Different forms of ice contamination
(Image from Wen Jiang) forms of ice

Jacques Dubochet et al., 1988
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How are samples prepared for cryoEM?

Vitrification process







A hypothetical scenario during cryoEM grid preparation

http://weelookang.blogspot.com/2010/06/ejs-open-source-brownian-motion-gas.html

30



A hypothetical scenario during cryoEM grid preparation
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A hypothetical scenario during cryoEM grid preparation
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What issues arise?

BT
2%y

Aggregating in ice Preferred Particles not Rejecting 90% Particles
orientation going into holes of particles disappearing in
ice

7@ NYSBC




What issues arise?
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What issues arise?

. VPP

e Thinner ice

Protein denaturation/Dissociation of protein complex

e Continuous carbon film
« Graphene oxide
e Cross-linking (GraFix)

Preferred orientation

e Tilt stage

e Cross-linking

e Detergent

« Glow-discharging conditions

e Support film (Graphene oxide)

« Image analysis (3D classification)

Flexibility

« Focused classification (subtraction)

e Multibody refinement

Filamentous protein

e Segmented analysis

e Multiple blots
§ @SEMC [EE

o Affinity grids
a2 NYSBC




Reagents for improving vitrification of Cryo-EM

grids used in single particle analysis.

—-{(’H CH—J——{CH,CH———4CH:CH~}——

¥ S S

L2~ 040

Molecular Formula:
(C6.2H10.301.35N0.65Na0.35) 35

Molecular Weight:
approx. 8 kDa

CAS#:1423685-21-5

« Amphipol A8-35

e A short amphipathic polymer that is
specifically designed for membrane
protein stabilization. The surfactant
possesses a very high affinity for the
transmembrane surfaces and allows
to solubilize membrane proteins in a
detergent-free aqueous solution




Reagents for improving vitrification of Cryo-EM
grids used in single particle analysis.

Surfactants and Cryoprotectants

Fluorinated Octyl Maltoside (FOM)
Hexadecyl-trimethyl-ammonium Bromide (CTAB)
n-Decyl-3-D-Maltoside (DM)
n-Decyl-a-D-Maltoside (DaM)
n-Dodecyl-3-D-Maltoside (DDM)

Sodium Deoxycholate

Triton X-100

Tween 20

CHAPSO

Amphipol A8-35

Glycerol

Amount
100 ul
100 ul
100 pl
100 pl
100 ul
100 ul
100 pl
100 ul
100 ul
100 pl

1 ml

Conc.
0.41% (w/v)
0.34% (W/V)
0.87% (W/V)
0.46% (W/V)
0.09% (w/v)
1.66% (W/V)
0.15% (W/V)
1% (W/v)
2.5% (W/V)
5% (W/V)

30% (W/v)

CMC

0.07% (w/v)
0.03% (W/V)
0.09% (W/V)
0.08% (w/v)
0.01% (w/v)
0.17% (W/V)
0.01% (W/V)
0.01% (W/V)

0.5% (W/V)

Class

non-ionic detergent
cationic detergent
non-ionic detergent
non-ionic detergent
non-ionic detergent
anionic detergent
non-ionic detergent
non-ionic detergent
zwitterionic detergent
anionic surfactant

cryoprotectant

https://www.mitegen.com/product/cryo-em-vitrification-starter-kit/

e [1] Noble et al. (2018) Routine Single Particle

CryoEM Sample and Grid Characterization
by Tomography. DOI: 10.7554/elLife.34257.
[2] Thonghin et al. (2018) Cryo-electron
microscopy of membrane

proteins. Methods 147:176.

[3] Drulyte et al. (2018) Approaches to
altering particle distributions in cryo-
electron microscopy sample

preparation. Acta Cryst. D 74:560.

[4] Glaeser et al. (2017) Opinion: hazards
faced by macromolecules when confined to
thin aqueous films. Biophys Rep 3:1.

[5] Gatsogiannis et al. (2016). Membrane
insertion of a Tc toxin in near-atomic
detail. Nat. Struct. Mol. Biol. 23:884.

[6] Efremov et al. (2015) Architecture and
conformational switch mechanism of the
ryanodine receptor. Nature 517:39.
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https://www.mitegen.com/product/cryo-em-vitrification-starter-kit/

Reagents for improving vitrification of Cryo-EM

grids used in single particle analysis.

PDB Release Date |PDB |Protein Additive
2020-01-08 6PWN [(MscS mechanosensitive channel 0.01% f-OM
2019-09-04 6KG7 |(Piezo2 mechanosensitive channel 0.65 mM f-FC8
2019-08-28 6QT!l [Nicotinamide nucleotide proton channel 0.05% CHAPS
2019-08-07 6R7L |SecYEG translocon 0.2% f-OM
2019-02-06 6EOH [TMEM16 scramblase 3 mM f-FC8
2018-12-19 6N3Q [Sec protein-translocation channel complex 3 mM f-FC8
2018-11-07 6H3l |Type 9 secretion system translocon 1.5mM f-FC8 or 0.7 mM f-OM
2018-10-24 6DMR |TRPVS ion channel 3 mM f-FC8
2018-10-17 6D3R |CFTR 3 mM f-FC8
2018-09-26 6HJR |Influenza Hemagglutinin 2% Octyl Glucoside
2018-08-08 6FO0 [Ryanodine receptor 1 0.2% f-OM
2018-08-01 6CJQ |SthK CNG Potassium channel 3 mM f-FC8
2018-05-23 5YX9 |TRPC6ion channel 0.5 mM f-OM
2018-01-31 6COV |P-Glycoprotein transporter ABCB1 3 mM f-FC8
2017-12-27 6B5V [TRPVSion channel 3 mM f-FC8
2017-12-13 6BPQ [TRPMS8 channel 2% DMSO

nttps: / /www.anatrace.com/Landing /2020 /Mar20-Newsletter

Glaeser, RM, et al.
(2017) Biophys Rep 3(1), 1-7.

Noble, AJ, et al. (2018) Nat
Methods 15(10), 793-795.

Drulyte, | et al. (2018) Acta
Crystallogr D Struct Biol 74(Pt 6),
560-571.

Chen, J, et al. (2019) J Struct
Biol X Volume 1. DOI: 10.1016/
J.yjsbx.2019.100005

2 NYSBC @ SEMC L
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Preparing EM ready samples

THE OPTIMIZATION
WORKFLOW

Structure determination by cryo-EM.

A systematic approach to 3D structure
determination is shown. In the left column,
the major steps are listed. Each step should
be performed successively and only after
one has been completed successfully should
the scientist move onto the next step. In the
second column, example data are shown
for ribosomes (details in text). Scale bars
on the micrographs are 500 A. Each step
should be evaluated with the criteria listed
in the third column, returning to earlier
steps for troubleshooting.

Step Exampie data

1 05— w-
= A5

3)

(kD

—~ 3
5
< 2.
&
<

_ Protein 3o Sm =
Preparation = g 1
T - .
- —_

MW

o

A

2

Negative
. stain

A
3

Diagnostic
[ cryo-EM

A
4

Initial cryo-
— EMdata
collection

A
5

Y Volume (mL) °

l
|
!
}

Evaluation criteria TEM
*Composition
*Purity, homogeneity
Stability (bufier
composition}
‘Biochemical activity
| m
‘Discrete panicles =
-Stability <
*Particle size and shape g
4| «Stability = m
| *Particle size and shape o]
! Panticle distribution vs § ol
| concentration o i
*High resolution 2D classes T §
“Initial 30D model “':)r &
‘Orientation distnbution m g
-Particle yield a8

180"

High res cryo- . &=5¢ o
. EM data PR S YA
collection

zﬁ’J)

Tilt-pairs / validation
‘Motion siatistics
*Angular accuracy

*Local / overall resolution
+Conformational states

pu3 ybiy
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Other methods

Improving Current CryoTEM Grid Preparation Methods

Accurate pL dispensing Thin films without blotting
Voltage waveform on dispense head Droplet impact
+ - + - T, -
- JUuL
Dandey VP, Wei H, — —
Zhang Z’ Tan YZ’ Uropiet spreading
Acharya P, Eng ET, S —
Rice WJ, Kahn PA, .
Potter CS, Carragher '
B. Spotiton: New - | -
features and " (’,.::r\'.;.x;;.:n::::: LT IOT \
applications. Journal v | “
of structural biology.
2018:202(2):161-9 | il ' =
M H | _.l Cenlar !| ning
,-" v
Programmable number of droplets — =

Venkat Dandey Hui Wei
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Other methods

Improving Current CryoTEM Grid Preparation Methods
. ——

Dandey VP, Wei H,
Zhang Z, Tan Y/Z,
Acharya P, Eng ET,
Rice WJ, Kahn PA,
Potter CS, Carragher
B. Spotiton: New
features and
applications. Journal
of structural biology.
2018;202(2):161-9

Venkat Dandey Hui Wei
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Other methods

Improving Current CryoTEM Grid Preparation Methods

e B
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CS. Opt

nanowire

wicking"
grids. J Struct Biol.

:202(2):170-4.

2018

Video loop

Single frame from loop

Hui Wei

Venkat Dandey




Other methods
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Other methods

Improving Current CryoTEM Grid Preparation Methods

Wei H, Dandey VP,
Zhang Z, Raczkowski
A, Rice WJ,
Carragher B, Potter
CS. Optimizing "self-
wicking" nanowire
grids. J Struct Biol.
2018;202(2):170-4.

Single frame from loop Video loop

22 NYSBC § SEMC EE
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Other methods

Improving Current CryoTEM Grid Preparation Methods

uL of sample required for each
grid; ~2nL on grid
L L
0
O
O
-
>
Wei H, Dandey VP,
Zhang Z, Raczkowski . 0400
A Rice WJ. Usable area: ~0-10%
Carragher B, Potter
CS. Opt|m|z|ng "self- 3 UL Of Sample enough fOI‘ >100
wicking" nanowire grids; ~500pL on grid
grids. J Struct Biol. —
2018;202(2):170-4. o
e
O
Q.
)
Venkat Dandey Hui Wei Usable area: ~100%
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What is chameleon?

The Spotiton Project: Commercialization

Spotiton concept: 2011 Chameleon: 2019

o
o
9
— ==lit=®l]| dE,
ST QU &
i -y [ ’;_“ f‘:;:f-'flj_“-?:ii S M il ﬁ
” cryogen I 'f. i ttplabtech .-.- ‘
ﬂ drawer | ‘ I

i sptlabtech

Alex Wei Chase Budell
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What is chameleon?

Chameleon on a good day
n228pr‘22b mb0422 gr4 00007g‘r‘__000018qu'1 v02 00002h1n 000
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Ice thickness mean per square

What is chameleon?

Carbon foil

4 AN
» SriiSr et R
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ExposureThickness

What is chameleon?

350

300 1

A
=)

N

o

o
L

%
©

ot

o

o
1

Carbon foil

Carbon/

Batch 413

GridName = EC017g1 | SpotToPlungeTime = 101.0

ExposureThickness

Batch 392

GridName = EC022g2 | NanowireType = SPT

OnSgRadialDistance

200 400 600 800
OnSqRadialDistance

chameleon

t
—




What iS ChameleOn ? Where is the ice relative to the grid?

g \
- |
- - - —
-

Grid geometry

~1000 nm

< >

] ~20 nm ——

Vitreous ice ideal -> typical thickness

@ NYSBC J & SEMC



What iS ChameleOn ? Where is the ice relative to the grid?

Does the substate determine this?

2 NYSBC J § SEMC




What iS ChamEIQOn ? Where is the ice relative to the grid?

S . - e - - - . b= 28 o - S5 o - oS S - _ - c b =
B O By B d S g -3 AR TN d Y3 ¥ W T AR S ol v o g s R - o S - ok a A0 She BU< T AR S e v o g A0 She Bho - Eamgiay oo G e v o e T ea o BUY L AR S o e v o g R - Fafl SR 2 G < o d B . e

Add a graphene layer under the substrate

. 100nm

No graphene (8 mg/ml) Graphene (8mg/ml) Graphene (0.8 mg/ml)

7@ NYSBC W SEMC X,



What iS ChamEIQOn ? Where is the ice relative to the grid?

Cryo FIB-SEM

Service Mode Service Mode

3/4/2022 dwell HV HFW WD mode det |

: :% tilt
%: tilt 3/4/2022 dwell HV HFW WD mode det i ' ' o AR()
o 25.0 ° 2:56:29 PM 1.00 ps 2.00 kV 5.97 um 3.8 mm SE ETD - R s AL

7@ NYSBC W SEMC L



Spotiton

?

ide of gr

Sample application s

What iS ChameleOn ? Where is the ice relative to the gr

mode det

54 PM 1.00 ps 2.00 kV 42.6 pm 3.9 mm SE

WD

HFW

HV

3/24/2022 dwell

0.0 ° 2:58

o
T
(WK

55

NYSBC
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f(‘gs
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What iS ChamEIQOn ? Where is the ice relative to the grid?

Opposite side of sample application

tilt 3/18/2022 dwell |HV HFW WD mode det
19.0 ° 2:13:56 PM 1.00 ps 2.00 kV 42.6 pm 3.9 mm SE ETD

22 NYSBC § SEMC




What iS ChameleOn ? Where is the ice relative to the grid?

And why does this happen?




WHAT DOES A GRID LOOK LIKE®

B

tilt  3/24/2022 dwell HV  HFW
0.0 ° 2:58:54 PM 1.00 ps 2.00 kV 42.6 pm 3.9 mm SE ETD Helios




e Schmidli, Claudio & Rima, Luca & Arnold, Stefan & Stohler, Thomas & e Razinkov, |., Venkata P. Dandey, Hui Wei, Z. Zhang, D.

Syntychaki, Anastasia & Bieri, Andrej & Albiez, Stefan & Goldie, Melnekoff, W. Rice, Christoph Wigge, C. S. Potter and B.
Kenneth & Chami, Mohamed & Stahlberg, Henning & Braun, Thomas. Carragher. “A new method for vitrifying samples for

(2018). Miniaturized Sample Preparation for Transmission Electron ” : , _
Microscopy. Journal of Visualized Experiments. 2018. 10.3791/57310. cryokM.” Journal of structural biology 195 2 (2016): 190-198 .



How are samples prepared for cryoEM?

What about thicker samples?
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Sample

Milling
Grid preparation

How are samples P

Towards Automation for
In Situ CryoEM

Lift out

Tilt Image: 1/56

Automated Data Collection
(Leginon, etc.)
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How are samples prepared for cryoEM?

HOW THIN DOES THE SAMPLE NEED TO BE?

750 nm thick

50 nm
Bacteriophage (¢12) E. coli, Salmonella, Cyanobacteria

wmNysBC § @semc KB



How are samples prepared for cryoEM?

CLEM workflow

Vitrified cell
or tissue




How are samples prepared for cryoEM?
STEP 1: Vitrify sample

Plunge Freezing
-Rapid freezing in liquid nitrogen (LN2)-cooled
liquid ethane

High Pressure Freezing (HPF)
-Rapid freezing at LN2 temps and high
pressure

64



How are samples prepared for cryoEM?
STEP 1: Vitrify sample

Takeaways
Sample: cells (adherent, suspension) -Vitrify up to ~10 um of

sample
SEMC Equipment: Leica EM-GP, Gatan -One-sided blotting

CP3, manual plunger

Bottlenecks: sample concentration,
sample buffer, preferred orientation of
sample on grid, plunge freezing
parameters, grid mesh, support film,
warming up, ice thickness, vitrification

65



How are samples prepared for cryoEM?
STEP 1: Vitrify sample

Sample: cells, tissue

SEMC Equipment: Wohlwend HPF Compact 01

Bottlenecks: sample amount, sample
concentration, sample buffer, ice thickness,
warming up, pressure, vitrification

2 NYSBC @ SEMC JI:



How are samples prepared for cryoEM?
STEP 2: Cryo-LM e

-Do | have cells? Where?
-Is my target fluorescing?

Sample: vitrified cells on bare or clipped
grid

Airyscan with Linkam Cryostage

Bottlenecks: sample concentration,
sample location, support film, laser
damage, ice thickness, autofluorescence,
warming up

67



How are samples prepared for cryoEM?

STEP 3: Cryo-FIB milling

- File Edit Detectors 2am
| @ | #Em e

-

ample: vitrified cells on a clipped grid

SEMC Equipment: Helios Nanolab G3 FIB-SEM,
Leica VCT, VCM, & ACE

ell HV HFW
00ns = 30.00kV | 298 pm

x.\

‘ Application Status

—rt
i Merages —m e p——
S i a0

Bottlenecks: sample concentration, preferred &=~ -
orientation, imaging & milling parameters, grid =~
mesh, support film, grid orientation, beam

damage, charging, pole touches, dropping holder,

image correlation, warming up, catching fire, ...
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How are samples prepared for cryoEM?
TEP 3: Cryo-FIB milling

Grid overview/atlas images with electron
and ion beam

GIS Platinum coat for 5 seconds

Mill large rectangular trenches on either
side of each lamella site

Continue thinning lamella by milling on
each side until <300 nm thickness

4. 2/18/2020 dwell HV HFW 1 mm
° 10:54:50 AM 1.00 ps 5.00 kV ' 2.99 mm Helios

)
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f(‘gs




How are samples prepared for cryoEM?
TEP 3: Cryo-FIB milling

1) Grid overview/atlas images with electron
and ion beam

2) GIS Platinum coat for 5 seconds

3) Mill large rectangular trenches on either
side of each lamella site

4) Continue thinning lamella by milling on
each side until <300 nm thickness

« 2/12/2020  dwell HV HFW
1:47:42 PM 500.00 ns 5.00 kV 3.02 mm

@ SEMC




How are samples prepared for cryoEM?
STEP 3: Cryo-FIB milling

Grid overview/atlas images with electron
and ion beam

GIS Platinum coat for 5 seconds

Mill large rectangular trenches on either
side of each lamella site

Continue thinning lamella by milling on
each side until <300 nm thickness

:{'.o. 2/5/2020 | dwell HV HFW

*e® | 2:23:12 PM 300.00 ns 30.00 kV 59.5 pm

zﬁ’);
>

71



How are samples prepared for cryoEM?
STEP 3: Cryo-FIB milling

Grid overview/atlas images with electron
and ion beam

GIS Platinum coat for 5 seconds

Mill large rectangular trenches on either
side of each lamella site

Continue thinning lamella by milling on
each side until <300 nm thickness

o 2/5/2020 dwell HV  HFW | 10 pum
1XJ 3:27:24 PM 1.00 ps 5.00 kV 29.8 pm Helios

7@ NYSBC

72



if done
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How are samples prepared for cryoEM?
STEP 4: Cryo-ET o <oum

Sample: whole cells or lamella on clipped grid <§ %

Detector

SEMC Equipment: TFS Titan Krios 300kV TEM W|th el
Energy filter + direct detector l T e

“ «— .7f‘—|
Bottlenecks: sample concentration, sample buffer, b B ’

3D reconstruction 3[) reconstructio

preferred orientation, grid mesh, grid orientation, ofindividua epurizaion nd
support film, warming up, ice thickness,

vitrification, stage stability, beam damage,

contamination, ...

Alignment & Extractlons

§ @SEMC L

% NYSBC




How are samples prepared for cryoEM?

Mouse fibroblasts Diatoms Microsporidia

a2 e

Transfected adhesion signaling protein tagged with Auto-fluorescence.
GFP (green) and F-tractin marker with mApple (red).

Greg Alushin (RU) Wei Dai (Rutgers) Gira Bhabha (NYU)
a2 NYSBC § SEMC BE




How are samples prepared for cryoEM?

Lamella Rods Capillaries

- ~e -
— - .

with
lift-out

° 110008 x |[ETD

% NYSBC

W SEMC



Kotaro
Kelley
(NRAMM)

llaries

Cap

Coarse-mill

N

with X
Group
100 nm (BN L)

Rods

0

. Pittsburg)

IV

Zach Freyberg,

(Un

with
lift-out

How are samples prepared for cryoEM?

Lamella
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How are samples prepared for cr
0s o

Desmosome Pancreatic cells

Alex Noble

(NYSBCQ), Zachary
Radostin Danev Julia Brasch Freyberg
(MPI) (COLU) (U. Pitt.)

250 nm Z-Slice: 22/212 bin=8, Ip=15.8, thick=1500 Z-Slice: 11177 bin=8, Ip=15.8, thick=1250

Z-Slice: 1/28 bin=8, Ip=25.0, thick=200

4 ¥ c 3 | r V(Lo b y - ,.- . >
Ml “0' : ho‘n l' ’}:a".“’ g ,’. - il ‘ ' Rlbosomes
A : ' AR ~ 4 PSS < : :
: 1 Yo%, IS o ) N AR (3 ) ',‘:',' AUA I.g'. ’ ", {q"
. \Y S el A ’ T DALY AR, p i AN TS [ |
e S 1Tk A A A it SATEA o E T Y : GME DN Lot M e
AR IO = AN K S0 A58 V- L N L . al ¥ NN v P - LYY A

G . Stephanie Stephanie | G = ~ Jillian
IS Siegmund Siegmund | ~ Chase
' (COLU) (COLU) (CUNY)

Z-Slice: 10/118 bin=8, Ip=31.3, thick=1250 250 nm ZSlice: 17/56 bin=8, Ip=31.3, thick=400

@ NYSBC J§ @ SEMC JRE

Z-Slice: 10/142 bin=8, Ip=31.3, thick=1500
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How are samples prepared for cryoEM

Micah Rapp (COLU)
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cryoEM merit badges

US CryoEM Center Merit Badges

Broadening access to high-resolution cryoEM for biomedical researchers and cultivating a skilled workforce.

What are cryoEM merit badges?

A merit badge qualifies a user for independent use of specified How do | earn one? +
instrumentation and is cross-honored at the three US cryoEM
service centers. These proficiency badges are awarded in three
main skill areas: What are the steps to earn a merit badge? +

® sample preparation
® microscope operations What do | do with a merit bodge7 T

® data processing

If you are not a center user, we hope the merit badge framework
may still be useful by organizing cryoEM training materials into
practical units relevant for specific steps of a cryoEM workflow.

B _t 2 _t What merit badges are available?
e S p a C | C e S Available merit badges reflect current instrumentation and best practices at the US national cryoEM centers. Each badge has associated

background reference material, a standard SOP agreed upon by the three national centers, a knowledge quiz to test familiarity with essential
theoretical background and the SOP, and an independence test checklist to guide practical training and supervised practice. They are in constant
revision and construction and may evolve over time (versions are dated to keep track). Currently available badges have colored buttons below
that link to their individual pages. Badges still under construction will become available as they are completed. If you have particular requests for
badges you would like to see expedited or that you don't see here, let us know!

emonstration of
proficiency

Sample Preparation
The start of a cryoEM project

TFS Vitrobot Leica EM GP Grid Clipping

CRYOGENIC WORK CRYOGENIC WORK CRYOGENIC WORK

Plunge freezing and instrument Plunge freezing and instrument Grid clipping,
certification for Vitrobot Mark IV certification for Leica EM GP or GP2
LEARN MORE

LEARN MORE LEARN MORE

https://www.cryoemcenters.org/merit-badge/

7@ NYSBC



cryoEM merit badges

Sample Preparation
The start of a cryoEM project

TFS Vitrobot Leica EM GP Grid Clipping

Plunge freezing and instrument Plunge freezing and instrument Grid Clipping Certification

certification for Vitrobot Mark IV certification for Leica EM GP or GP2
LEARN MORE

LEARN MORE LEARN MORE

Autoloader SPT Labtech chameleon

Cassette Loading and Autoloader Docking Use of the chameleon for blot free
Certification vitrification

LEARN MORE LEARN MORE

https://www.cryoemcenters.org/merit-badge/

22 NYSBC § SEMC K7




cryoEM merit badges

g
NS Broadening access to high-resolution
C ryo E M cryo-electron microscopy and tomography
TRANSFORMATIVE HIGH RESOLUTION
CRYO-ELECTRON MICROSCOPY
HOME CryoEM CENTERS CURRICULUM DEVELOPMENT CryoET CENTERS EVENTS RESOURCES

< return to all badges

TFS Vitrobot Mark IV

Category: Sample preparation
Sub-category: Cryogenic work

Plunge freezing and instrument certification for Vitrobot Mark IV.

Essential base knowledge

Knowledge quiz

Center Specific Policies

Demonstration

Figure 2. Ethane Holder. A) Spider. B) Brass Ethane Cup. C) Gridbox Holder.
D) Base / Liquid Nitrogen Container. E) Anti-contamination Ring.

Supervised Practice :
Figure 1. Vitrobot assembled

Biacticaliest and turned on. A) Screen.
B) Environmental chamber with
Recertification period blottlng pads'

C) Humidifier. D) ethane lift.

® Sample preparation merit badges are valid for ~1yr.

e Recertification (to maintain active status) requires passing the practical test with one
center staff member. If supervised training is needed to pass the practical test, this can be
arranged.

@ NYSBC § §SEMC KE



cryoEM merit badges

N7

7/7‘/\“:\\ Broadening access to high-resolution
C ryo E M cryo-electron microscopy and tomography
G ELECTHON MICROSCOPY
HOME CryoEM CENTERS CURRICULUM DEVELOPMENT CryoET CENTERS EVENTS RESOURCES

< return to all badges

TFS Vitrobot Mark IV

Category: Sample preparation
Sub-category: Cryogenic work

Plunge freezing and instrument certification for Vitrobot Mark IV.
Essential base knowledge
Knowledge quiz

Center Specific Policies

6]

Demonstration

E

Supervised Practice

£

Practical test

Recertification period

® Sample preparation merit badges are valid for ~1yr.

e Recertification (to maintain active status) requires passing the practical test with one
center staff member. If supervised training is needed to pass the practical test, this can be
arranged.

L.LL.

Begin Quiz: Merit Badge Knowledge Quiz - TFS Vitrobot Mark IV

When you're ready, fill in your infomation and click the "Start the Quiz" button

Test of foundational knowledge for Vitrobot use. You must answer 20 of the 23 questions

correctly to pass. You may take the quiz multiple times.

First Name

2.edu/cryoVR

A\’J)

NYSBC
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