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Bio Atomic Force Microscopy (BioAFM)
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Jak funguje AFM

‘ Vertical tip position

: . X
‘ Cantilever deflection
X
Copyright @ NT-MDT SI 2018 www ntmdt-si.com

EPCEITEC

AFM (Atomic Force Microscope)
= Zrodiny tzv. Probe microscopies = skenujici prébou
= Posun hrotu nad vzorkem = topografie povrchu

= DalSivlastnosti vzorku (tuhost, adhezivita) z analyzy signalu
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AFM visualization of biomolecules and bioobjects




FORCE-DISTANCE CURVES

AFM indentation

= AFM cantilever = nanosensor

= Force-distance curve (FDC) - describes DFL

interaction/deformation 2

= FDC =Young’s modulus, adhesivity, rigidity, etc.

-10 0 10 z

Copyright © NT-MDT SI, 2018 www.ntmdt-si.com
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Imaging is not enough...
Hyaluronan-myeloperoxidase complex

NADPH

oxidase Superoxide
2 Z \z\jismutase

__H.0,

chiorite g}@{_‘)

EPCEITEC

MPO (Myeloperoxidase) Reduces

Endothelial Glycocalyx Thickness

Charge
Endothelial cell i ‘g‘ & Heparin
éié Glycocalyx e [ N Matrix metalloproteinase
c Neutrophil g ..: o Y Adhesion molecule

Hyd ogen
roxide \jlyeloperoxndase

Core protein Sdet sheddmg

Kashish Manchanda, et al. Arteriosclerosis, Thrombosis, and
Vascular Biology. 2018;38:1859-1867

Study by Stepan Solny



Imaging

myeloperoxidase

Molecular complex




FDC analysis

Young’s modulus

Experiment +

FDC recording

Cantilever

F F [nN]

——— Height measured
- - - - Tip sample separation

\—contact point [nm]

EPCEITEC

Tip (indenter) definition

Four-sided pyramid

E tane _, tan a
= . a=

I-v* 2 V2

a = face angle, usually
given for SixMs-cantilevers

e :

p = edge angle, usually
given for Si-cantilevers
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Vertical deflection: extend (nN)

Vertical deflection: extend (nN)
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FDC automatic analysis
Young’s modulus
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FD curve recording and analysis
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- For tissue engineering
ForceMapping as imaging method
- Collapsive material
- Soft material (macroscopic view)

46.5 kPa

SP helght

1.0

1.3 MPa

Samples by group of Matthias Nowak, IST, Vienna



Chromatin only Chromatin-BAF
Chains composed of ellipsoids Granular structure, grains

SUMMARY composed of fibers (?) (~17nm)




. T ——
AFM as destructive sensor b
FDC, Rupture events i Hieddni lokdlnich
z 4r extrému
C :. ! Zgp=4.9nm
A A = A i
e W Approach | B
I‘“z_“'“ B Retract g 2 Fi=3.0nN
D B 2 |
i_: 7 ‘_________..---' E o 1k
i Fa -
E A oA W Ry et R . 00909090 " e— =
L " i Zap=6.8nm
IV e 50 5 10 15 20
> Tip-Sample separation [nm]
z piezo displacement (nm) PLB = phospholipidic bilayer
= PLB=Phospholipidic Bilayer (= cell membfane in-vitro)
* Force application = bilayer rupter (=rupfure event)
= Z=PLB thickness
= F=PLBstrength
CICEITEC = Difficult automatic analysis ey s



Manual curve processing

phospholipid  spingolipid cholesterol  bolalipid

_ . P

Force (nN)

PLB thickness 3.7 nm

=4 nm

>

Separation (nm)

H Channel data

— Image Data Deflection Error

— X Data Type z |

— Sens. DeflSens 43.00 nmy/V

— Plot Units Force |

— Spring Constant 0.7000 MN/p—

— Display Mode (Deflection Error vs. SEDQ Sepa ration Signal
— Plot Invert Normal —
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Height Sensor

Deflection Error
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Marker Pair 1
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= Channel data
— Image Data Deflection Ermor
— X Data Type z |
— Sens. DeflSens 43,00 nmyV
— Plot Units Force |
— Spring Constant 0.7000 N/m
— Display Mode Deflection Ermor vs. Ch2: |
— Plot Invert Normal |
— Phase Offset 0.00 ms |
— Fit Type None |
— Active Curve Retract |




Single-molecule force —
spectroscope (SMFS)

Extension

Unfolding of two
Ig molecules

=

Unfolding of molecule Unfolding of all four
of interest Ig molecules

»W

http://biomechanicalregulation-lab.org/smfs

Force dependency of biochemical reactions measured by single-molecule force-clamp spectroscopy
lonel Popa Pallav Kosuri Jorge Alegre-Cebollada Sergi Garcia-Manyes Julio M. Fernandez
Nature Protocols June, 2013



Protein immobilization

+
+

= Glass A vy € T €
' . | v 8 B Unfolding force
lonic interaction \ e 5 -
_ \ \ / h Adhesion force
[_sio, ] " \ ¥ (= immobilization)

- Cysteine (SH-) tags

Extension (nm)

-F~1nN -2 Ok for most of the unfolding forces

= Ni-NTA

-F~50pN

Adhesion force > Unfolding force

- OK for spectrin, ankyrin or C2 domains

- NOT sufficient e.q., for Ig-domains
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Probe (cantilever and tip) selection

= Gold-coated tip (few types on the market)
= Very soft k<0.01 n/m)
= Silicon Nitride material (typical for operations in liquid)

= Smalleris better (lower noise in liquid)

EPCEITEC CEITEC at Masaryk University 20



Probe (cantilever and tip) selection

- Olympus Biolever and Bruker MCLT-AU - most of publications

= Discontinued ®

OLYMPUS Micro Cantilevers

Product Measurement p

Home
features example

Horme > Productline >  Biolever

Silicon cantilever for AGC BIOLe
mogde

Cantilevers for Biological Sample Measurements In Water

Material
Both side Gold coating
Probe apex Silicon Nitride
© BL-RC150VB-HW
(210 chips/box, Strip Typs) Lever Silicon Nitride

Coating Metal
° BL-RC150YVEBE-C1

(24 chips/box, Pre—separated chips) Probe side Gold

Reflex side Gold

BL-RC150VB-HW, BL-RC150VB-C1

EPCEITEC CEITEC at Masaryk University 21



robe (cantilever and tip) selection

= New cantilever types

= Ordered - to be tested

HQ:CSC38/Cr-Au

musch

12 vwonescn

AFM Probe with 3 Different Gold Coated Contact Mode

AFM Cantilevers

Manufacturer: MikroMasch

Coating: Gold Overall
AFM tip shape: Rotated

This probe features 3 cantilevers

F | 20 kHz C | 0.09N/m
F | 10 kHz G 0.03N/m
F | 14 kHz C | 0.05N/m

Applications

Life Science AFM Probes

L 250 pm
L | 350pm
L 300 pm

Conductive AFM Probes

How to optimize AFM scan parameters @

NPG-10

A B c

Geometry
¥ B Triangular

Frequency (KHz)
Nom: 23

Min:16

Max: 28

Spring Const (N/m)
Nom: 012
Min: 0.06
Max: 0.24

€242,25 (EUR)

* Sold in packs of 10

Tip Radius (nm)
Nom:30
Max: 90

Length (um)
Nom: 205
Min: 200
Max: 210

Overview

Au coated tips, 4 Cantilevers 0.06-0.35N/m

‘Width (um)
Nom: 40
Min: 35
Max: 45

Tip Specification

Gold coating on the tip side makes functionalizing the

tip easier (e.g., using thiol chemistry)

= -

SHIPPING INFO

© Buy more & save!
©@  PROBE SELECTION GUIDE

EMAIL US

Questions? Free, Online Consulting J+44 2476 85 52 00

Cantilever Specification

Cantilever Orientation diagram can be found I
DNP probes have less than 2deg of cantilever Conta
The nominal stress specification for NP probes

NAN@
@RLD

INNOVATIVE TECHN@®LOGIES

Type: PNP-TR-Au

Cantilever Data* Cant. 1

Shape

Resonance Frequency

Force Constant

Length

Mean Width

Thickness

AFM PROBES

HOW TO BUY

ABOUTUS  CONTACT

BLOG

AFM PROBES
CATALOG

Pyrex-Nitride Probe - TRiangular Cantilevers Au coated

Triangle

67 kHz

0.32 N/m

100 pm

13.5 pm

500 nm

17 kHz

0.08 N/m

200 pm

28 pm

500 nm

Pyrex-Nitride oxide

[5] More images

sharpened, pyramidal tip

CEITEC at Masaryk University
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Experimental settings

ATOMIC FORCE MICROSCOPE

ForceRobot® 300

Automated Force Spectroscope

JPK NanoWizard 3

Label-free, single molecule technique
Measure forces between and within molecules.
Characterize molecular and receptor-ligand
interactions and protein (un)folding events. Target
individual molecules. -

ForceRobot measurement head

Fully automated

200,000 Force curves per day

Powerful software for efficient data collection, processing,
and evaluation. Automated laser and detector alignment.
Standardized auto-calibration procedures.

EPCEITEC



Experimental settings

Modes of operation

A)

—//V

. Protein folding/unfolding; Mechanisms of enzyme catalysis

. Force measurement with high speed of feedback gain - 0.1 to 5 milliseconds

. Typical settings: F = 50-500 pN, pulling speed 1 um/s

. Difficult interpretation

100 pN

C)

40 nm

Force-clamp mode
“sawtooth” pattern

100 nm

Length-clamp mode
“staircase” pattern

. For multidomain proteins (native multi-domain proteins (such as titin, tenascin or spectrin)

. Typical settings: F = 50-500 pN, pulling speed 1 um/s, no feedback driving

Steps during
polyprotein unfolding
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TCTT
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g
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- - 4
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?JJ
Extenaion (nm)
D) -

0 20 40 &0 80 100

step size (nm), A/,



Data processing

JPK Data Processing software

. Predefined functions
. Batch processing of curves

. Data sorting

B2 JPK Data Processing
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Nanomechanical mapping of living cells

Optical microscop Confocal microscopy AFM

’\i. | o
.

, _ Tesowa Motivation
Young's modulus mapping 45,0
'

-

40,0

.o = Stiffness (Young's modulus) mapping
N —> stiffness = basic parameter of any material

30,0

25,0

= Elasticity-phenotype relation ship

20,0
15,0

0o * Mechanobiological characterization

5,0
0,0

Driving of instrument properties (QNM, Ql)
EICEITEC ]



Vannale madqulus (YM) of materials

Ceramics

Porous ceramics
& 100
Glasses

50190

Metals and alloys

Woods and wood products

Y e M Tissue’s Young Modulus

13 400 Tissue elastic modulus (E) is given by the resistance offered by the

Composites tissues to deformation effects, i.e. the tissue stiffness.
8 h 200
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Rubbers
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Confocal vs. AFM

Confocal microscopy
= DAPI nucleus staining
= Actin staining by Phalloidin

150 kPa
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540
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Force Mapping on single cells

NARDONE, Giorgia, Jorge Oliver-De La CRUZ, Jan VRBSKY, Cecilia MARTINI, Jan PRIBYL, et al., 2017.
YAP regulates cell mechanics by controlling focal adhesion assembly. Nature Communications [online]. 8,

ncomms15321.



Cellular nanomechanics AF%, mapping - correlation with
By means of AFM uorescence microscopy
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NARDONE, Giorgia, Jorge Oliver-De La CRUZ, Jan VRBSKY, Cecilia MARTINI, Jan PRIBYL, et al., 2017. YAP regulates cell mechanics by
controlling focal adhesion assembly. Nature Communications [online]. 8, ncomms15321.
GOLAN, Martin, et al. Front. Physiol., 29 June 2018



60 min

20 pm

SP height profile (12 hours)

*kk

—— NON IR
—&— IR

30% E [ []
} 20 pm

GOLAN, Matrtin, et al. IEEE transactions on nanobioscience 2018. 17(4), 485—497




cultured

thawed

NON IR IR NON IR

IR

ring radial
structure

not present in
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population

Phenotypes in cells 25 min after plating

advanced
radial structure

linear
stress fibers

stress fibers

with multiple disrupted
microdomains microfilaments structure
36%

9,5%

Cytoskeleton
staining
(Phalloidin/DAPI)
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g 30
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Timeline
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GOLAN, Matrtin, et al. Front. Physiol., 29 June 2018
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Cell-adhesion experiments

20

[

Relative value to uncoated

ow 17w
30w 50 W
pulsed 33%  pulsed 33%

Cernochova, P., Blahova, L., Medalova, J. et al. Cell type specific adhesion to surfaces functionalised
by amine plasma polymers. Sci Rep 10, 9357 (2020). https://doi.org/10.1038/s41598-020-65889-y

EPCEITEC

== Adhesion Fo = Work Wp

33w
100 wW
pulsed 33%

' B Num. of tlevents

150 W
150 W
continuous

Relative adhesion of cells to
plasma modified surfaces

Force (pN)

400

200

-200

-400

www.jpk.com

I | |
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Position (um)



Other applications of AFM-based biomechanics

Cell scratching = cell adhesion

Large Plateau AFM Tips

EPCEITEC



Other applications of AFM-based biomechanics

oy

F) | i i

Ti=n man]

Setup scheme MCG = mechanocardiogram

Cardiac cells biomechanics

=

T e b b

‘ s [ [ 11
HHH |
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e
1 v 0

“‘ ‘i ‘ ] =

Pesl M, Pribyl J, et al. 2016 Biosensors and Bioelectronics 85 751-7
@ CEITEC Pesl M, Pribyl J, et al. 2016 J Mol Recognit n/a-n/a
Pesl M, Acimovic |, Pribyl J, et al. 2014 Heart Vessels 29 834—46



Typical DFL vs. time curves recorded as a result
of various drug treatment

Base line (Thyroid medium) Isoproterenol (activator)

BM“M W }D o

Metoprolol (betablocker) T Caffeine

Pesl M, Acimovic I., Pribyl J., et. al. Heart Vessels 2013



Combination with other techniques

CytoSurge Fluid FM
module

CYTOSURGE’

SINGLE CELL ADHESION SPOTTING

NANO-PRINTING NANO-INJECTION

INTO SINGLE CELLS

COLLOIDAL SPECTROSCOPY

NANO-EXTRACTION
FROM SINGLE CELLS

SINGLE BACTERIA ADHESION

ISCLATION OF
SINGLE CELLS

Typical Modulus Range (MPa)

1000+
100 3
104 [ e 107
> L i}
1o ®
00.1 T T T T T 10t
Artery, Brain, Elastin, Skin, LDPE, HDPE, Keratin, Collagen,
Cornea, Silicane, Ligaments PTFE, Actin  Tendon, Bone, Teeth
Heart Valves, Cartilage
Hydrogels
18007 —
16004 ’
14004 |5* '
12004 |* ‘
> ] a0,
21000
T 8004 © oisplecementlym)
3 4
600+
400
2004
0+

Nanolndentation
Single point indentation curves

Biomatter Modulus
Characterization Spanning 6 Orders of Magnitude

0 20 40 60 80 100 120 140 160
Displacement (upm)

10°

10°

- 105

- “05

Typical Modulus Range (Pa)

\

zmxi\ig\\g ‘

(]
N

“

MultiElectrode Array
Extracellular Cell Potential
Cardiac cells and Neurons

s A=

AFM + MEA
= electromechanical (de)co

Averaged EFP and Cell height signals
T T T




FluidFM — microfluidic force microscopy

=

S — pre—

https.//www.news-medical.net

EAPCEITEC 2020/21 Innovations



Anal Bioanal Chem (2011) 399:2313-2329

lectrode array

— microe

MEA

cellular electrophysiology
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Raman microscopy
On bio samples

Lochocki, B., Boon, B.D.C., Verheul, S.R. et al. Multimodal,
label-free fluorescence and Raman imaging of amyloid
deposits in snap-frozen Alzheimer’s disease human brain
tissue. Commun Biol 4, 474 (2021).
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pathology sections suto-flucrescence Raman measurements

Ex: 470 nm; Erc > 500 nm under kdertical conditions
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Raman microscopy
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AFM-based biomechanics
On a tissue level
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Core Facility
NanoBiotechnology
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Standard operations of the CF

- BioAFM microscopy — biomolecules, nano-objects
- Stiffness mapping — cells, tissues

- Combination of AFM with other technigeus (BF/fluorescence microscopy)

2020/21 Innovations

* FluidFM — microfluidic force microscopy
« Raman chemical mapping

« MEA — micro-electrode array cell electrophysiology

EPCEITEC
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BioAFM - living cells and tissues
JPK NanoWizard 3 and 4 with extended scanning range

PRE-ASSEMBLED FluidFM# PROBE HOLDER

{7
=

+ CytoSurge FluidFM module + Biosoft Nanolndenter



BioAFM — molecules, nanoobjects, molecular complexes

Bruker Dimension Icon FastScan and MultiMode S8HR
NTMDT Ntgra Vita



Raman microscopy, SPR affinity biosensor, Upconverting particles UCNP reader

Renishaw InVia Raman microscope

Bionavis SPR biosensor device
Labrox UPCON reader




Bioelectrochemistry, Cellular electrophysiology

Autolab Modular potentiostat
MultiChannel MEA2100Lite



echnology and Expertise
List of services

Cells — mechanical properties
Cells - imaging

Biomolecules - imaging
Nano-objects imaging

Raman-AFM combined microscopy
Raman microscopy
Electrochemical measurements

Nanodeposition system

© O

SPR biosensor
10. Scanning of upconversion luminescence

11. Multielectrode array recording of cellular potential

FULL SERVICE / MEASUREMENT only / DATA PROCESSING only



User Training = 2019 —2021: 6 workshops

= Over 200 participants

= Workshop content shared online — youtube, Data Storage

Workshop title m Main objectives No of participants

Atomic Force Microscopy (AFM) _ Combined characterization of biosamples by AFM, practical applications,
April 16-17, 2019 _ 20
for Bio Applications hands-on session

Characterization of nanoparticles o . ) ) o
. . Characterization of nano-objects and proteins by AFM, practical applications,
and proteins by Atomic Force [RIV\ACIOECY b0k ) ] 25
hands-on session

Microscopy
Spring Workshop on BioAFM ) Theoretical background and new aspects of bio-AFM microscopy, sample
. April 6-8, 2020 _ _ _ Canceled
Microscopy preparation, hands-on session, social event
Introduction to Raman Introducing the Raman microscope Renishaw inVia, User samples

June 231, 2020 o 12
microscope Renishaw inVia characterization

(Bio) Atomic Force Microscopy _ _ . _
October 1st, 2020 Basics of AFM, Sample preparation techniques, Data processing 80

(bioAFM), Basic Course

Introduction to JPK NanoWizard o ) Introduction to a new JPK NanoWizard AFM system combined with -
& ; P a )
C 4 AFM microscope Y CytoSurge and Nanolndentor module

52



User Survey

173. Have you used Nanobiotechnology (Nanobio) core facility?

Vybér z moZnosti, zodpovézeno 323x, nezodpovézeno Ox

Moznosti odpovédi Responzi

® Yes 32

© No 291
32 (9,9%)

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80%

291 (90,1%)

176. Do you have any comments about service quality?

Textovd odpovéd, zodpovézeno 13x, nezodpovézeno 310x

Podil @ CF personel is underestimated
@ Everything ok.

© 0K

© excellent

“ No

@ lespecially welcome help with adjustment of measurement parameters

9,9 %
90,1 %

85%  90%  95%  100% © Staff is always willing to help, experts in their fields.

@ prompt measurement but until now no results processed

© Dr Pribyl has excellent knowledge not only in AFM area

175. Service quality: How satisfied are you with service quality at Nanobio?

Matice vibéru z moZnosti, zodpovézeno 32x, nezodpovézeno 291x

- ® Not
Odpovéd ®] | o) 3 4 ® 5 applicable/can
not answer
Ease of access (clear presentation of services, prices and access modalities) v g 00 2 1(3,1%)
; A (78.1%) (9.4 %) (94%) '
Project specific support (core facility is willing and able to provide detailed quidance and 26 3 00 3 0
additional support on top of the standard services) (81,3%) | (9,4 %) (9.4 %)
Expertise of the core facility staff 7 ! 00 2 1(3,1%)
2 b (844%) (3.1%) (94%) '
Professional and friendly service (I feel welcome when contacting core facility staff, | get 28 1 00 3 0
quick and competent answers to my questions and requests) (87,5%) (3,1 %) (9.4 %)

e T e | s ||

 wew  Tsem] |
wew e

28 (87.5%)
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95%  100%

© Excellent service, facility is willing to help with anything needed. Always available for your questions.
@ Jan Pribyl was a great help during our intense measurements on AFM NanoWizard 3.
@ (2x)no

“ N/A

@ 20 samples per month

@ Possibly some software for volumetric analysis

@ pink gloves

@ Nanoparticle characterization, stability studies - DLS, zeta-potential. On a regular basis..

© noidea

© Nap room, so that the short stay of AFM measurement would allow more data measured by the visitor, into very late hours and with short
periods of sleep
®.

“no




Technology offers for industrial partners

Cooperation with industrial partners (http://industry.ceitec.cz/), Daniela TrSova manages this topic.

Bio-AFM microscopy imaging and biomechanical studies

AFM microscopy (structure and mechanical properties) of bio-samples (biomolecules, cells, tissues) under semi-
physiological conditions (37 °C, liquid media).
= Raman microscopy of biosamples
Raman mapping of biosamples (molecular complexes, cells, tissues) with high resolution (~ 500 nm)
= Drug testing on cardiac cells
Biomechanical (bioAFM) and electrical field potential signal as a response to drug exposition. Human stem cells
and/or primary animal cells can be used. ! Coordination with Vladimir Rotrekl RG — essential!!!
» Tuneable hydrogel system
The new system of stable and Robust biocompatible hydrogel system with tunable mechanical properties.
! Coordination with Vladimir Rotrekl RG — essential!!!


http://industry.ceitec.cz/

Booking system

Under development for last 2 years..

EPCEITEC

Planovaci tabule ~ Seznam rezervaci  Pozadavky ~  Infrastruktura ~ Pivodni verze @ & @ 8@

Vyberte sluzbu pro pozadavek

Other

Biomolecules - imaging
Zobrazovani biomolekul (proteiny, DNA, makromolekuly) a jejich komplex(. Standardni podklad - slida (mica), lze pouZit i jiné - HOPG, kfemik, kovove elektrody, atp. Metody:
poklepovy rezim, PF-QNM, QI, Force Volume. Vyhodonoceni a export dat.

Cells - imaging

Buné&éné kultury ve standardni Petriho misce (TPP 93040), lze pouZit i misky pro konfokalni mikroskopii (vhodny typ nejprve konzultujte s nami). Fixovane (napf. PFA) burky na skle.
Metody — kontaktni maéd, QI, PF-QNM, Force Volume. Post-processing a export dat. MoZzna kombinace s optickou mikroskopii (BF, fluorescence, konfokalni mikroskopie) - mozZnost
nezavislého nebo overlay snimkovani. Mistnost je vybavena CO2 inkubatorem a malym laminarnim boxem. UV sterilizace prostoru.

Cells - mechanical properties

Buné&tné kultury ve standardni Petriho misce (TPP 93040), lze pouzit i misky pro konfokalni mikroskopii (vhodny typ nejprve konzultujte s nami). Metoda Force-Mapping,
biomechanicka charakterizace kardiomyocytd. Vyhodnoceni naméfenych dat matematickymi modely (Hertz-Sneddon, DMT, JKR, atd.), post-processing. MoZna kombinace s optickou
mikroskopii (BF, fluorescence, konfokalni mikroskopie) - moznost nezavislého nebo overlay snimkovani. Mistnost je vybavena CO2 inkubatorem a malym laminarnim boxem. UV
sterilizace prostoru.

Electrochemical measurements
Elektrochemicky analyzator pro voltametricka, amperometricka a impedanéni méfeni (EIS) na riznych typech elektrod a sensord. MoZnost dvoukanalovych méfeni, vysoka citlivost,
nizky $um. SW Autolab Nova pro analyzu dat.

SPR biosensor

Dvoukanalovy prtoény SPR (bio)sensor vyuZivajici metody rezonance povrchového plasmonu. Sledovani a charakterizace optickych vlastnosti tenkych vrstev a jejich zmén v realném
¢ase — v kapaling i nasucho. Velmi &iroky uhlovy rozsah diky pouZiti goniometru. VyuZiti 2 vlnovych délek umoZfiuje méreni indexu lomu a tlouétky vrstev. Ddle lze simultanné
provadét elektrochemicka méfeni. MoZnost sledovani a charakterizace interakci biomolekul bez potieby jejich znaeni, jeden vazebny partner musi byt imobilizovan na povrchu

méficiho &ipu, druhy je volny v roztoku. Uréovani kinetickych parametrd, vazebnych konstant & méreni koncentrace riznych analytd.

Nano-objects imaging
Zobrazovani nano-objektl (nanoéastice, nanotrubiéky, nanodratky, atp.) a jejich komplexd Standardni podklad - slida (mica), lze pouZit i jiné - HOPG, kiemik, kovové elektrody, atp.
Metody: poklepovy rezim, PF-QNM, QI, Force Volume. Vyhodonoceni a export dat.

CEITEC at Masaryk University
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Data Sharing

» Medium Storage of MU — complicated for external users

* OneDrive — limited space to 1 TB

= |T manager missing

711025-Core Facility Nanobiotechnology ADR 10.03.2021 17:34:28
711025-Core Facility Nanobiotechnology-BIOLOGY ADR 04.02.2020 14:32:55
711025-Core Facility Nanobiotechnology-CF_Internal ADR 16.04.2021 14:08:04
711025-Core Facility Nanobiotechnology-Guides ADR 04.04.2021 21:07:03
711025-Core Facility Nanobiotechnology-Workshops ADR 18.12.2020 13:10:26
_ MACHINES_backups ADR 04.12.2020 10:06:32
_Guides ADR 04.04.2021 21:07:03
_Software ADR 17.03.2021 13:03:19
_Workshops ADR 18.12.2020 13:10:26
A-beta ADR 19.02.2021 18:01:57
Andrej Besse ADR 23.03.2020 12:45:00
BIOLOGY ADR 04.02.2020 14:32:55
BOUCHAL ADR 21.12.2019 17:34:19

Sharing of

= Data

»  Workshop content
= Software

=  Guides



CF involvement in the |
Correlative Microscopy project

Integration of our CF in the project correlative microscopy has been proposed in the Strategic Plan of the Central European Institute of
Technology at Masaryk University for 2021-2028, section "At the frontiers of technology: Correlative approaches to connect dynamics and structure

of living systems."

Correlative AFM-STED microscopy highlight a new and essential aspect and generate a warning: Fluorescence techniques cannot characterize all
the products derived from the in vitro aggregation of misfolded proteins. Therefore, the combination of microscopic techniques brings a better

understanding of the physiological processes.
Mechanical properties (AFM), calcium levels (fluorescent dyes), and cellular potential (MEA) — mechano-physical-electrical coupling

"Mikroskopie" (= Microscopy) educational project and in the LLL remote training and propagation project started in the time of the corona crisis.



High-Resolution Correlative Microscopy: Bridging the Gap between Single Molecule Localization Microscopy

and Atomic Force Microscopy
P.D. Odermatt et al., Nano Lett. 2015, 15, 8, 4896—4904
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Figure 3. Experimental procedure and representative correlated AFM/dSTORM images. Experimental procedure (a—h): (a) The AFM cantilever is
centered in the optical field of view of the camera by translating the inverted microscope in x- and y-direction. (b) The sample is moved, and a region

-
niensity
: ’
|
-
. =
a1
= =
=
]
[ ]
|

F-Actin fibers study

Figure 2. Independent performance of AFM and dSTORM on the
combined AFM,/SMLM system. (a) AFM image of F-actin deposited

Figure 1. Correlative AFM-SMLM: instrument setup. (a) Schematic



Let's all the measurements end up with this...
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Conclusions

BioAFM microscopy - more than just imaging method

Easy combination with other methods

Sample range from molecules to tissue slices

Mechanobiology - information related to the pathophysiology

EPCEITEC
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Thank you for your attention!
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