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COST Domain: Biomedicine and Molecular Biosciences (BMBS)

European network on applications of Atomic
Force Microscopy to NanoMedicine and Life
Sciences

COSTACTION TD1002

AFM4NanoMed&Bio

The main objective of the COST Action TD1002 is to further develop and
transfer the biophysical achievements of Atomic Force Microscopy to
NanoMedicine and clinical research.

13/12/2010 — 12/12/2014

COST Action TD 1002 is now over.

However activity of the group continues.

If you are interested in AFM Summer School please visit AFM BiolMed Summer School GRENOBLE
2017.

COST ACTION TD 1002 (2010-2014)

https://afmbiomed.orqg/

“*

This COST Action aims to organize
scientific and technological cooperation
with experts of different backgrounds.
This transdisciplinary Action relies on
scientists from different fields such as
physics, chemistry, mathematicians,
biochemistry, biology and medicine, as
well as those in more recently developed
and developing fields such as genomics,
proteomics, metabolomics and
microscope design assembly of synthetic
and biological molecules, which is critical
for the understanding biological functions
at the nanoscale. A Trans-Domain COST
Action is believed to provide a key
strategic platform and community to
bundle these research activities.”

“COST (European Cooperation in Science and Technology) is a funding organization
for research and innovation networks. Our Actions help connect research initiatives across
Europe and beyond and enable researchers and innovators to grow their ideas in any science
and technology field by sharing them with their peers. COST Actions are bottom-up networks
with a duration of four years that boost research, innovation and careers.”

https://www.cost.eu/
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THE REPORT (ON POLYACRYLAMIDE GEL)

3500 _\ﬂ 4 . s —
3000 4 » . P L4 .
oo $ “° 3 JPK (NanoWizard lII)
25004 & |75 het PR -8 LEN
) o . : Bruker (Catalyst and
o ’ % ‘Q‘ * | b .
= 2000 ¢ o " 2 B I R R ot — Multimode)
2 1500 [T of & Park System (XE120)
E < Conventional Procedure Asylum (MFPSD)
r 3500 -| & SNAP _ [SNAP “OFF”]
'E 3000 - /)
W 2500-
20004 | *"s Tee Vel 233 e e — MFP3D @ Bremen
ses . [SNAP “ON"]
1500 -
1 2 3 4 5 6 7 8
PA Gels
Force-Volume (10 pum)? / (10 pixels)?
CP-PNP-SiO-C Z scan rate = 1 Hz (tip velocity of 8 um/s)
Si0, D=6,62 um | _Zrange=4um
. . Trigger deflection = 50 nm (~ trigger force of 2.5 nN)
T”angmar cantilever in water at room temperature.
K [nominal] = 0.08 N/m Center of the gel piece (75 x 25 mm?)
K [LDV] ~ 0.05 N/m Modeling : HERTZ
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WHY ? (SOURCE OF ERROR)

* Hypothesis 1. The force constants used in analysis (calculated from the AFM thermal spectra) were
wrong
=> No effect of the software/equipment whatever K is obtained by LDV or not.

* Hypothesis 2. The different gels exhibited different elastic moduli (E) since their properties changed
because of time or travel conditions
=> No, there is no ageing of the gel (re-checked at Bremen before and after)

* Hypothesis 3. The deflection sensitivity had been calibrated erroneously, which would affect the force
and indentation values calculated.
=>YES!

“Measurements of soft hydrogel samples with a well-defined elastic modulus using different AFMs
revealed that the uncertainties in the determination of the deflection sensitivity and subsequently
cantilever’s spring constant were the main sources of error. SNAP eliminates those errors by
calculating the correct deflection sensitivity based on spring constants determined with a

vibrometer.”

[N.B. : other possible systematic (and hence constant) error sources like problems in calibrating AFM thermal spectra (Sl § 2)
or in analyzing thermals (SI 83) and the accuracy of the fitting procedure (S| 8§7)
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GO BACK TO BASIC

E (what we want)

|

F — K_ AZ (what we measure)
K [N/m]

) by LDV (no need of S)
i) By Thermal Tune (need S’)

S’ = amplitude sensitivity (cantilever is free)

AZ [m] = S[m/V].Photodiode Output [V]

l

S = deflection sensitivity (cantilever is on contact)
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THE SNAP “9 STEPS”

1. MANDATORY : use a cantilever with well-characterized (known) force constant (e.g. using LDV)
2. Use a tip with well-defined geometry (e.g. spherical)

3. On your AFM software, calibrate the deflection signal [on very stiff surface] in_ the same buffer that will be

used later in the real experiment => S,rsoFTWARE

4. Do not change laser adjustment or instrument settings, which will affect the deflection calibration.

5. Record a thermal tune (far away from the surface)

6. Analyze the thermal tune using the JAVA applet to obtain the apparent force constant in the AFM
(Kticorrectea) @nd the correction factor A, then recalculate the deflection sensitivity with

SCORRECTED = )"SAFMSOFTWARE

8. Enter this two new values (Kqiicorrected & Scorrecten) 0N the AFM software

7. Do you experiment of interest : record force curves or force maps

8. Analyze the force curves with the Hertz model or any other appropriate model to extract elastic moduli

values (using the JAVA applet or others software, i.e. AtomicJ, Nanoscope Analysis, etc.)
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LASER DOPPLER VIBROMETRY (LDV)

LASER

. .- SPLITTER | c p“lvtaﬁ

Nanotechnology \\
\.? | SPEIET?;‘R 1
Pa
PAPER MIRROR BRAGGCELL e ”] LENS
Accurate and precise calibration of AFM cantilever spring . o ‘f;]\ /\J\&
P~~" /

constants using laser Doppler vibrometry ‘/»'\v ‘
Richard S Gates® and Jon R Pratt® ‘ "< i SAMPLE
Published 24 August 2012 » 2012 I0P Publishing Ltd DETECTOR SPLITTER N

Nanotechnology, Volume 23, Number 37

https://iopscience.iop.org/article/10.1088/0
957-4484/23/37/375702

* SAA-HPI-30 0.25N/m, k certified, controlled end radius, 5-PK

* RTESPA-150-30 5N/m, k certified, controlled end radius, 5-PK

+ RTESPA-300-30 40N/m, k certified, controlled end radius, 5-PK
*» RTESPA-525-30 200N/m, k certified, controlled end radius, 5-PK
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THE DRAFT (SI 88) — STEP #1 : TILT CORRECTION

Cantilever Tilt of the instrument
(Bruker 11°, JPK 10°)

1. Calculate of the correction factor k

Cantilever name

Spring constant determined with a vibrometer Keibrometer :

Cantilever tilt of your instrument (o):

Calculate the effective (tilt corrected) force constant Kritcomrected Using the following equation:
1

cos?a LDV

effective (tilt corrected) force constant Kriicorrected: I

kTieranected = kuibrameter *

AFM

[adapted from H. Schillers slides “AFM in cancer research —
some basics for biomechanical measurements”
Courtesy J.L. Pellequer CEA@IBS]

Question : is the tilt already taken into account in the thermal tune software of AFM ?
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THE DRAFT (SI §8) — STEP #2 : THE K FACTOR

Set the k factor in your software to a value of 1.1. This number may be called amplitude
sensitivity correction or similar. [N.B. : K = 1.1 for the soft

triangular cantilevers ! ]
K factor: 1.1 !

“The vibrational modes of a cantilever are different for a free cantilever (as
used in athermal) and a supported cantilever (as in contact with the sample),
so the sensitivity factor used for converting photodiode signal (measured in
volts) to cantilever deflection (in nanometers) is different for the two
situations. Since the amplitude sensitivity of a free cantilever cannot be
calibrated easily in AFM, usually a correction factor kK is used, to calculate
the amplitude signal from the measured deflection signal.”

DeflectionSensitivity free

DeflectionSensitivity fixed

N.B. little bit confusing on the applet : “We believe that 1.08 is a good value for

soft triangular cantilevers used in bio-AFM” |
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THE JAVA APPLET : THERMALFIT APPLICATION

| 5| ThermalFit Application

( ) — O *
1 Loadfile I Do Fit Screen Shot SHO Lorentzian
( ) is Power log Plot Temperature [25.0 Amp (DC) |1.283E—12 C1 |2.33UE—'1? Amp (DC) I2.UUSE!—1‘I
FitAfterLoad Old Kappa |'1.UUU Q I’IS.? c2 |5.?956+U4 Q |15.520
/ NewKappa [1.100 Omegad  [7482.4 Omegad  [74717
X scaling Lower Freq. |12E|E| White Moise |3.591e-14 White Moise |9.84De-‘13
¥ scaling Upper Freq. [3000 Chi(Ava)  [6.290e-48 Chi(Avg)  [6.432¢-43 Integration
Force Const. |1,355e-02 IForce Const. I1,3589-U2 KthJAVA
(3) PSD data Neflaction Corection Factor
SHO fit Which k?
PSD Data —— Lorentzian fit METELE v
InterFerometer k |4.EIDDE-D2

10

3162

] —

[Pm2iHz]

0.316

For most instruments : Enter the kappa value your software
used in the field old-kappa. Enter 1.08 as new-kappa. This
value will be used by the application.

For BRUKER : Enter 1.0 as old-kappa regardless of what
you used in the Nanoscope software. Enter 1.08 as new-
kappa. This value will be used by the application.

1 10
Log Frequency [kHz]

100

Cantilever Tilt

IF Tilt Corrected k 4.181e-02
Lambda Corr. Factor ID.5?2
;l B -’fth JAVA
KTiltcorrected

Scorrectep = A-SoLp

Thermal Fit Application

Holger Doschke & Manfred Radmacher
University Bremen, Biophysics

Ver. 1.0, 09 Oct 2017

http://www.biophysik.uni-bremen.de/start/radmacher-group/data-analysis/

(2)

-> KTlLTCORRECTED
=> A\

http://www.biophysik.uni-bremen.de/start/radmacher-group/data-analysis/thermalfit/thermal-fit-instructions/
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THE JAVA APPLET : THERMALFIT APPLICATION
- LOADING A FILE -

Frequency (kHz) PSD Power (m3/Hz)

B [E]
3E.14638% 2.2287836e-24
Data Import 76.292778 3.498037e-24
Thi li : . Al IiEn I fd I 114.43917 3.8383391e-24
15 application imports)ASCII files, which have two columns of aata 152 .58556 5.14019448-24
column 1 is the frequency and column 2 is either the amplitude or the 12@.73195 5.1156671e-24
power, more technically it is the PSD (power spectral density) or the 228.87834 5.1765885e-24
ASD (amplitude spectral density). You have to check, which quantity 2567.02472 7.3931468e-24
your instrument actually exports. ASDs will be of the order of pm 565.17111 2. 77372048-24
. 3432.,3175 4.4295185e-24
{10e-12), PSDs will be on the order of 10e-24. You have to set the 381 .4630 5. @18257e-24
radio button "is Power" accordingly. 419 .6182%9 5.@821863e-24
Units of the data are expected to be "Hz" or "m” or "m*m". 457 . 75668 7.6143955e-24
If your data, have different units, e.g. they are scaled in kHz, you can 495.98308 5.1421815e-24
use the xscaling or yscaling for correcting this, e.g. by using a scaling 534.04944 4.6135733e-24
572.19586 4,.58566472-24
factor of le3. 618.34222 3.8822072e-24
You may want to download a sample file here. EAZ . 48865 3.8054433-24
BE6.63581 3.7392454e-24
724.781432 3.2833485e-24
762.9278 3.1658123e-24
F01.87422 3.68352=-24
83%,22858 3.28625593e-24
B77.367 2.1798421=-24
015.51337 2.9459178e-24
053.6597C 2.4333547e-24
991. 88815 2.37724593e-24

(downloadable file as a sample/example)
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THE JAVA APPLET : HERTZFIT APPLICATION

|£:| HertzFit Application

— O x
Load file | Screen Shot | Retract w | Force Const. | 0.047 Deltal |1.DDUe—DB E-Modulus | 40721
Do Fit | Sphere w | Tip Angle | 1.0 Delta2 |8.DDUe—DB Defl. Offset |2_5039—1D
X scaling |'1.UUD [¥] Subtract Tilt Tip Radius |3_DBe—DE Threshold ||'1_DDUe—DB Contact Pt |=1._EE'1e—D?
Y scaling |'1.UUD [¥] Iterative Offset Poissan Ratio |D_DDU Thickness |'1_DDD ChiSquare |3_4-2'1e—'18
10
200 Force vs Indentation
180 Force Data to analyze 8
160 =
=
T 140 £ ¢
E 120 S 4
S 1o £
2 & 2
T a0
= o
40
20 ] 20 40 80 20 100 120 140
o o Indentation [nm]
20 — .
300 200 100 0 00 -200 300 400 0 5000 £ 4 Residuals
zheight [nm] o 2
=
2o
200 O 10 20 30 40 50 GO0 O B0 90 100 110 120 130 140 150
120 Raw Force Data Indentation [nm]
160
= 140 80 i
E 1m0 IOQ Force vs Indentation
S 100 Z 85
2 =0 z
2 &0 £ 00
g e
w0 = i
20 05 v L wa ’._..-
o . - o
200 To0 800 500 400 300 200 100 o .2 wop 88 88 B4 82 B0 FE TE T4 T2 70 68
z height [nm] log Indentation [m]
14:47:00 Young: 39287 ~
14:47:05 MNew Threshold 1.0E-8 Hertz Fit Application
14:47:05 Slope: 0.427

14:47:05

Young: 40721

Holger Doschke & Manfred Radmacher
w University Bremen, Biophysics
Ver. 1.0, 10 Nov 2017

http://www.biophysik.uni-bremen.de/start/radmacher-group/data-analysis/hertzfit/hertz-fit-downloads/

Az \
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SNAP, USEFUL ?

2500+
1 & mFPaD iAsuem) Method of Conventional Procedure SHAP
T & Catatyst (Brukes) Mathod of force deflection [}
| # Marewizard (JFK) L Mathod constant sensitivity
5000 | determination calibration 2000 2
i w
T . thermal ansalysis =%
& .
o 4500 — 1 using tha LFM Force curve g 1500
@ + o software E i
= ] < thermal analysis o
T 4000 — 2 using the JAMA Force curve = 1000
% 7 + i e applet 8 ] } } @ { %
n
SRR PRl
=1 1 wibromaler by w
7 35004, ¢ 3 dbromelerty | orcs cunve soo] 13 } I ¢ ¢ } ¢
= . @
T} ]
- ibromete:
3000 — . 4 e LY SHAP 2 4 6 B 10 12 2 4 €& 8 10 12
1 4 + cell sample
2500 —
' ' ' ' Figure 3. Mechanical propertles of MDCK C11 cells. Elastic modull were determined by participating labs
1 2 3 4 with and without the application of SNAP (using the deflectlon sensitivity extracted from AFM thermal spectra
Method with Java applet). Data represent peak value and the width of the histograms of Youngs modull determined

Figure 2. SNAP reduces the vartability of mechanical measurements on n different locations.
Elastic modult of the same gel measured with three different instruments using the same kind of colloidal
probes. The data were then analysed with different methods numbered from 1 to 4. In 1 to 3 ones, the deflection
sensitivity was calibrated with a force curve on a stiff substrate and the force constant was determined from the
analysts of the thermal with the AFM software (1); from the analysts of the thermal with the JAVA applet {2} and
from the vibrometer measurements (3). In method 4, SNAP was applied: the force constant was measured using
the vibrometer and deflection sensitivity was re-calibrated with the correction factor .

Figure 4. Values of the correction factor lambda (A) 1dentified for each applied SNAP. Lambda values presented
a5 box-plot showing raw data (spheres), standard deviation (whiskers), 25 and 75 percentile (box) and the
medtan (horizontal line).

by fitting a Gausstan function locally around the peak value {see Methods section for details). The average and
standard deviation of all typical values for each lab (Le. each cell sample) are deplcted as colour bars showing the
increased reproductbility of SNAP (green) compared to the conventional {red) one.
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