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Sample preparation
for AFM






19.7 nm

-17.2 nm
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Substrates for preparation
of AFM samples



1. HOPG Highly Ordered Pyrolytic Graphite

(]
|
A YD

o A

A N
|
(]

|
\.f f\.f"-.,,

|
1 |
s.-"\,i.a"\.f TN

A
|
|
J‘. '\,‘I‘ \‘I' \'J \
| |
,.
|

)
i
)
:
Y
|
\
h

eKish’s graphite, waste in steel production

eHexagonal planar structure
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eC-C bond142 pm, layer-layer distance335 pm
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eConductive, highly hydrophobic

ePlanar structure
eSynthetic form of graphite, high chemical purity
eTraditionally — substrate for SEM, STM i AFM (= conductivity)

eImmobilization — spontaneous adsorption (- hydrophobicity)



1. HOPG Highly Ordered Pyrolytic Graphite

Large areas Small areas
visible layers atomically flat

0.0 hm 2,0 4,0 6,0 5,0

-5.0nm



2. Mica (muscovite)

e Cat’s silver, muscovite acc. to city
of Moscow

eChem. structure: K,0-Al,0,-SiO,
eHydrophilic surface
eEasy to be modified by chemical synthesis

e|mmobilization by chemical bonding
as well as ionic interaction

epKa ~ 3, physiological pH = negative surface
charge

eMica = silicate, hydrated SiO, (~ Si-OH)
from the chemical point of view
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2. Mica (muscovite)

Extremely flat on small and larger areas



3. Gold

e|lnert metal

eTraditionally in (bio)electrochemistry
(i.e. biosensors) - electrodes

eConductive - STM + AFM

eHydrophobic: spontaneous
non-selective adsorption of

Sputtered gold layer
‘image by tapping mode AFM

molecules (proteins, DNA, ...)

eSpecific chemical binding of thiols
(-SH) — organic molecules + cysteine

*Prepared usually by evaporation

eAdhesion layer for operation in
|IC]L||dS (AI/Cr/Tl) E Tunnellng

Cu rrent

Y

Gold




Contact Angle

4. Glass

e Amorphous noncrystalline structure A

eLab glass composition: 75% SiO, plus Na,O, CaO, borate and minor additives

¢Si-OH = from chemical point of view

e|ess hydrophilic comparing to mica

eRoughness much higher comparing to mica (production by pressing)
eNot suitable for individual molecules imaging with AFM

eTypically used together with optical microscopy — cell compartments, whole
cells

Negligiblewetting Goodwelting

(water —hydrophobic) (water — hydrophilic)

\

AFM — optical image overlap



Whole cells on glass
under AFM
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5. Plastic materials

mica

140

oughnessZ_ =
4 . T
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b
nm

Non-modified polystyrene (PS)

e Most of lab supplies made of plastic (PP, PE, PS)
* No functional groups to be used in covalent binding

e PS — hydrophobic - spontaneous non-specific adsorption of proteins
— usually as underlying support (i.e. for cell attachment)



Immobilization procedures



1. Proteins

Surface: mica or HOPG (extremely flat)

Protein: charge is given by IEP + pH _

Immobilization on mica: pKa (mica) < pH < IEP

I

v

IEP pH
no charge

OH OH OH OH
+ + +







Protein immobilization on HOPG

A. Spontaneous (non-specific) adsorption of protein = hydrophobic surface
(best results at zero charge pH = IEP)

HOPG

v

Lysozyme molecules on HOPG




B. lonic (specific) binding of molecules - creation of charge/chem. groups on
HOPG surface

HOPG

Adsorption of long chain
Electrochemical oxidation double-sided ions (C,¢/Cy;)
(E~2Vvs. Ag/AgCl)

COO- COO- COO HN. HN.  HN_  HN_  HN HOOC_HOOC_ HOOC_ HOOC. HOOC

s

e|lonic interation

*Covalent binding (i.e. via
NHS-esters)




2. DNA

Surface: mica or HOPG (extremely flat)

Immobilization problem:

DNA (sugar-phosphate bone) as well as mica — negative charge under
physiological pH

—> surface introduction of positive charge



OHOHOH OH OH OH

N(Et), - AT AT A A

S -
cat. ‘ ‘ | ‘ ‘ ‘

Silanization R
= chemical (covalent) modification of mica surface - CH,OH N CH,
- Aim: introduction of functional group P30
H,C O

- Applicable also for: glass, quartz, silicon, titanium, ... : CH,
- Strong basis catalysis R-propyltrimethoxysilane
- Procedure can monitored by water contact angle R Y
measurement

S/i—OH

A. DNA on mica

~
O O OH OH OH OH

silanization

hyd rophobization:




H,N HS

—/ P~o HN /7 Po
2
O o)
7 N
: . . —gi— (3-Mercaptopropyl)trimethoxysilane
(3-AminopropyDtrimethoxysilane ] MPTS

APTES o

3-(Ethoxydimethylsilyl)propylamine
APDMES



practical complication

F|22 Il?z -
R2 R1 R2 R1 O—SI—O~S|—O’/
|/ |/ H—O—H /]
/o—?u—o + /o—?u—o > RI o
RL O RL O -R,OH / \
\Rl R1 R1 /O—SI_O _________

e Especially with APTES during liquid silanization

e Even vapors of water can cause this effect

e Fixation for optical microscopy — expected factor
e |n contrary —in fixation for AFM — very disturbing

e Solution:

- silanization in vapours under vacuum (i.e. in desiccator

- monoalkoxysilanes — can not polymerize

3-(Ethoxydimethylsilyl)propylamine
APDMES
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Self-polymerization
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B. DNA on HOPG

HOPG

Adsorption of long chain
double-sided ions (C,¢/C;5)




3. Nanoparticles

Substrates for immobilization: mica / HOPG (smooth
surfaces), also gold, glass in selected cases.

Example: gold nanoparticles (AuNP) mercapto-silanized mica
(SH-mica):

HS
HS
/7 Po /
o) O O OH OH OH OH

N ]

(3-Mercaptopropybtrimethoxysilane
MPTS

SH-mica



Gold nanoparticles (AuNP)
conjugated with protein molecules:
protein = immobilization bridge




3. Bacteria, spores

Protein adhesive layer, i.e. pLL
(poly-L-lysine = introducing positive charge)

Standard coating on glass




5. Eukaryotic cells
A. Standard culturing on polystyrene dishes

Adhesive protein layers usually takes place
(i.e. pLL, RGD adhesion factors, fibronectin, etc.)

10 20 30 40 a0

0pm

BioAFM incl. Petri dish
heater for in-vitro
imaging of cell cultures



B. Fixation agents

e Adhesion of cells out of incubator (37°C, 5% CO,) is mostly problematic
e Allows study of cells in long term periods after removal from incubator
e Cell wall destruction

e Example: EtOH, acetic acid, paraformaldehyde, glutardialdehyde
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I AFM spectroscopy



Force Distance curves (FD curves)

Cantilever deflection

Distance (nm)



Force Distance curves (FD curves) eo
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Types of FD curves

Containing single binding event Containing multiple binding events
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ScanAssyst — automatic AFM
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ScanAssyst - principle
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A Ql mode
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(blue) materials. (B) Adhesion on a hard surface. (C)
Molecule—molecule and cell-surface detachment process LR ——
with three unbinding events. om0

Phys. Chem. Chem. Phys., 2015, 17, 2950-2959



Ql-imaging examples

b)

Fig. 10: Herpes Simplex Virus capsid imaged in liquid, scan size
300 nm x 300 nm. a) Height image (z-range: 100 nm) shows
substructure of the virus. b) In the adhesion image it is possible to
detect the sticky virus (data range: 200 pN). c) the substructures
can be also recognized in the elasticily image.

JPK supporting info

Flg. & Lving Cyanobacteris were measured ln buffer solution.
Sean aize 10 um x 10 pm, 2-rangs 4 um.

al 30 Teoography of the Cyanobacteria.

bl Efasticity image (data range: 40 kFa) shows the sofiness of the
bacteria.

o Adhesion image (dats rangs: 100 pi) lustrates 3 higher
adhesion region on top of the bacteriz



ntitative NanoMechanics (QNM)
70 C | 70

peak | : g0 APPROACH 'Y | WITHDRAWL 80
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0
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attractive forces /
(capillary, VdW, _
elstat) negatlve for.ces >
cantilever’ stiffness
indentation withdrawing

Peak force
- feed back control

PeakForce QNM = quantitative nanomechanical information (biological samples without damaging)
Based on Peak Force Tapping technology - probe is oscillated (~TappingMode), res. freq 1 - 8 kHz
(=sampling rate) depending on the tool).

Difference:

Tapping Mode — const. amplitude,

Peak Force Tapping maximum peak force on the probe (much lower comparing to contact mode —
biological samples)



PeakForce QNM on Bacteria

Leafbat s Enea [rim)

i i L T

(A) PeakForce QNM (250Hz) Sneddon modulus
(B) PeakForce curves
(C) Force volume Sneddon modulus image of the same
bacteria collected at a ramp rate of 2Hz. (Standard DNP-A
probe in water with 300nm modulation amplitude, Scan size
S5um.)

BrukerNano supporting info



AFM force mapping
Examples

Mapping receptors on living cells under physiological conditions

oo

e e T T

Topography (100 x 100 pm) Adhesion (100 x 100 pm)




Material properties mapping by AFM
Young’s modulus mapping
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Methods for YM measurement

Olympus 38DL PLUS

Hes

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

Measure the longitudinal and shear
(wood) " wave sound velocity of the test piece
using the appropriate transducers and
instrument setup.

Steel Base

.

' Base (Wood) [

Reference: Battelle PNNL MST Handbook, U.S. Department of Energy,
Pacific Northwest Laboratory



Cell Young’s modulus - methods

a Atomic b C
s force Cytoindentation
: microscopy )
photodiode Magnetic
twisting Cytoindentater
XYz Magnetic bead ¢ cytometry l
position-control
piezoelectric

—

r cantilever
- Nnc{iﬂna“zea
probe

glass substrate

Laser/optical e . Microfabricated post
d tweezerg Microplate f array detector

stretcher

Patterned
substrates

Red blood cell

EEEEEEEEEEEEEEEERER

g Micropipette h

i Substrate
aspiration

stretcher A Focal adhesion
Shear flow complex

ﬁ AN\ @\
— |

Soft membrane

Acta Biomater. 2007 Jul; 3(4): 413-438.



Measured curves were fitted to following function:

F(§)=——— VR &%

where Fis force, Eis Young modulus, o —face angle, 6 — tip-sample
separation, v — Poisson ratio:

E F [nN]
H=—
K
: Tip-sample separation =
L & correction of measured
\ ] curve (height) for cantilever
i — Height measured bending
% -« - - Tip sample separation
“—contact point [nrm]




Parabolic tip shape Four sided pyramid

Parabolic Four-sided pyramid

F:L\'Efigl'! a=.R.6 F E lana53 a=tana§
3

= 1=t 2

)

a = face angle, usually

given for SizNs-cantilevers a
« = radius of tip curvature

B = edge angle, usually

given for Si-cantilevers

EH

Spherical
2 2 o a. R+a
Fo E, a + R 1nR+a-aR 5=21n
| =1 2 R-a 2 R-a

R = radius of the sphere

EHT= 175KV Signal A = SE2 Date :24 Fab 2010
WD= 94 mm Signal B = InLens Time 16:59:58
Mag= B6IKX Mizing = Off Sample 1D =
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AFM in biomechanical characterization of cardiomyocytes

1 4 YYYrvy YYYYYYYYYYvYYYyvvyYyYvvrvevervvvvvyyvyy YYvvyvyvvyvyy L4 4

] et

e e T ey

LU g

T T
10““1 - T L

10s

e | Bk e -l e

i i = A Tieww Sugn Ourfmsreps =8 Jurkcum
2.

I




AFM CoreFacility
CEITEC MU



NTMDT NTgra Vita

Bruker FastScan Bio NTMDT Solver Next



AFM visualization of biomolecules and bioobjects

Force map

Cooperation:

\ \/\\

A
%\ gl b
A A RANAR YWY

T 1z
Height (maasu

= J. Hejatko — YM mapping
= P. Bouchal — YM mapping

16

= J. Palecek - DNA " A. Meli - CMC
= M. Pesl, V. Rotrekl CMCs " M. Kalbacova —TiO2 NT
=), Sladkova — CMCs " H. Kolafova - DNA

= |. Crha - sperms



Thank you for your attention!
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