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Bodenkultur - BOKU =

Founded in 1872.

First offered study programs: Agricultural-, Forestry studies,
Environmental Engineering, Food Science and
Biotechnology, and Landscape Planning and Environmental
Studies.

Today BOKU offers 9 Bachelor and 25 Master programs for
more than 12.000 students (with about 2000 non-Austrians).

Figures: 2600 workers, about 2000 students finished their
degress, 2166 publications (685 SCI), 41.7 Millionen Euro
(Projects).
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Who are we - organisation?

Dept. Nanobiotechnology

Supr. Insp.

Bioarchitectures Materials Biophysics
Eva Sinner Erik Reimhult Jose. L. Toca-Herrera
Full Professors / Chairs: 3 PhD students: 20
Emeritus Professor: 1 MSc students: 17
Associate Professors: 4 BSc students: 5
Univ. Assist. /postdocs: 13 Technical assistants: 6
Administration: 1 (+ 0.5)

We are also hosting PhD and MSc students of other universities or institutes!



DNBT — Research Eva Sinner
Nanobiotechnology |

- Synthetic biology is the engineering of biology: the synthesis of complex,

biologically based (or inspired) systems which display functions that do not
exist in nature
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DNBT — Research Erik Reimhult
Nanobiotechnology Il

- Supramolecular (bio)materials - nanoscale building blocks enables
controlled interfacial assembly

- (Bioinspired) liquid-liquid interfaces allow energy mimization by attaining
ordering of adsorbed nanoparticles
- Dispersed nanoparticles can be used as antennas for external actuation of

interfacial (membrane) properties without causing structural or environmental
degradation




The message today:
- Use the AFM if you get the change, there is a lot of room
and also there is alot of room at the top.
- It is a great technique to ,,visualize* molecules, membranes, cells, etc.

- There many theoretical questions to solvem either involving the
way we measured or concerning the result interpretation (theory).

- Questions concerning tecnical development are always going on:
new measuring modes, combination with other techniques, etc.

A more pleasant message: visit us in Vienna
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The optical microscope is already old:
Salvino D’ Armate invented the first eye
glasses around 1280

The fluorescence/confocal microscopes are
younger...Marvin Minsky developed the confocal
around 1957

The resolution depends on the diffraction limit
(hundreds of nanometers) \
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n: refractive index (1.33 for water)
Lambda: ligth wavelength (400-700 nm, visible)
Theta: aperture angle of the lense



Scanning Probe Microscopy is...

- (a local) surface sensitive technique
- the sensor used has micro-nanometer dimensions

Scanning Probe Microscopy does...

- 3D pictures of sample topology
- Map generation of the sample surface properties
- Interaction forces as a funcion of distance



The AFM...a blind microscope
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Liquid cell — closed chamber

processor

controller

position/pressure
detector

- (Sub)nanometer resolution

- Lower force limit: (dozens of) pN

- You can exchange solvents at
different temperatures

scanner

Nanoscale 1 (2009) 40



FIGLIRE 248 Some comemon tip artifacts. (a3 Imoging tip shape on sharp sample f#eanres. The line profile differs from the sample profle soce the
curvature radivs of the tp & larger than the size of the eampls feature. The ardered patiern of spikes appaar s round s po s in the esulting SPM image.
Heowever the measured height ik, )15 close to the actual height. (B) If the pottearn piich w is smaller than the cursature mdivs of the ip. the meamred
haight undermstimates the adual beight. The spois inthe SPMimages ap pear brger and tght to one another. (o) A tapered tip may produce sithier square or
trangular Eatures identically obented throughout the SPMimage. i) & double-tip probe generstes line profiles and ineges exhibiting doubled features.

Moreno-Flores and Toca-Herrera, Hybridizing Surface Probe Microscopes, 2013, CRC Press
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AFMs am DNBT... (surface analysis, mechanics and molecular forces)

Scanning probe microscope Il

Scanning tunnelling microscope _ _
Scanning probe microscope lll
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Atomic force microscopy of long and short
double-stranded, single-stranded and triple-stranded
nucleic acids

Helen G. Hansma®, Irene Revenko, Kerry Kim and Daniel E. Laney

Department of Physics, University of California, Santa Barbara, CA 93106, USA

Received October 5, 1995; Revised and Accepted December 21, 1895
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Figure 5. Entire lambda DNA molecules. 48 000 bp on mica. (A) Image of a well-extended linear molecule assembled from overlapping AFM images. (B) A rare
circular molecule. Ethidium bromide (200 ng/ul) was present in the buffer. (C) Coiled or tangled molecules such as this one are most common. (D. E) Entire extended
lambda DNA molecules captured in single 10 pum scans. Scale bars 1 um.



Fibrinogen : an integrin activator
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Fibrinogen structure taken from:
Coll. & Surf. B 2007, 57, 89-96
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Figure: a) AFM height image (250 x 250 nm?) of glutaraldehyde functionalized

gold substrate. The cross section of its profile is shown in (b).

c) AFM height image (250 x 250 nm?) of immobilized HSA proteins with glutaraldehyde.
The white circles indicate single HSA. The cross section (d) shows that protein-protein
Distance is about 8 nm.



Protein crystal formation on SiO,

SbpA
0.1 mg/ml




Bacterial crystals on silanes

2h30’ 85 99 95
>12h 98 100 100

Small 6 (2010) 40



You can also check thermal stability of protein crystals
or polymer brushes

T°C

0.8 nm

Onm

Microscopy Research and Technique 65 (2004) 226
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Interaction lipid bilayer / protein toxin
(cooperation with C. Krittanai, Mahidol Univ. Thailand)
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Figure 4. (A) Deflection Error and (B) Height micrographs of a 100 pg/mi
Cyt2Aa2 protein film measured in contact mode in the presence of PBS. Scale

bars correspond to 200 nm. (C) Height Profile of film defect, as obtained from
the arrow drawn in (B).

Submitted to Langmuir, 2015



Figure 5. (A) Deflection Error and (B) Height micrographs of a 10 pg/ml
Cyt2Aa2 protein film measured in contact mode in the presence of PBS. Scale
bars correspond to 200 nm. (C) Height profiles, as obtained from the white
arrows in (B), corresponding to the width (blue) and length (red) of a protein
aggregate.



You can combine AFM with QCM-D: mass adsorption,
Kinetics, mechanical properties and topography...and maybe
to have an explanation.
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You can combine AFM with QCM-D: mass adsorption,
Kinetics, mechanical properties and topography...and maybe
to have an explanation....
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AFM as dynamical ,surface force aparatus”
and mechanical indentor
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FORCE - DISTANCE CURVES (I)

Posibility to explore different
Interactions (van der Waals,
Electrostatic, hydrophobic,
entropic...) and therefore to
model them.
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FORCE - DISTANCE CURVES (ll)

Exploring intramolecular
Interactions, mechanical
properties of polymers, cells
hydrogels.Possibility to test
existing theories and to
develop ,new ones".



MICROSCOPY RESEARCH AND TECHNIQUE 76:870-876 (2013)

A New Automatic Contact Point Detection Algorithm for AFM
Force Curves

RAF.A_EL BENITEZ '* SUSANA MORENO-FLORES ** VICENTE J. BOLOS,* anp JOSE LUIS TOCA-HERRERA®®

Deparmem of Mathematics, Centro Universitario de Plasencia, University of Extremadura, Avda, Virgen del Puerto 2,
10600 Plasencia, Spain

Deparﬂnm: aff Na anaBiotechnolagy, Institute for Biophysics, BOKU - University of Natural Resources and Applied Life Sciences Vienna
BDRUJ Muthgasse 11, 1190 Vienna, Austria

Bmw.rfaee-t Unit, CIC BmmaG[i"NE Paseo Miramon 182, E-20009 San Sebastian-Donostia, Spain
‘Department of Mathematics for Economies, Faculty ﬂfEmnﬂmm% University of Valencia, 46022 Vilencia, Spain

KEY WORDS atomic force microscopy; force measurements; batch processing; automatic con-
tact point detection

ABSTRACT A new method for estimating the contact point in AFM force curves, based on a
local regression algorithm, is presented. The main advantage of this method is that can be easily
implemented as a computer algorithm and used for a fully automatic detection of the contact
points in the approach force curves on living cells. The estimated contact points have been com-
pared to those obtained by other published methods, which were applied either for materials
with an elastic response to indentation forces or for experiments at high loading rates. We have
found that the differences in the values of the contact points estimated with three different
methods were not statistically significant and thus the algorithm is reliable. Also, we test the
convenience of the algorithm for batch-processing by computing the contact points of a force
curve map of 625 (25x25) curves. Microse. Res. Tech. 76:870-876, 2013. 2013 Wiley Pericdicals, Inc.



AFM as a force and mechanical machine: it offers...

« Alternative to conventional
methods of denaturation
(e.g. heat, acid, chemical
denaturant).

e Single molecule
experiment.

« Well defined reaction
coordinate. Ixe

« Direct comparison with all-

Transition State ('TS)

A Native (N) Denatured (D)
\

atom MD simulation. k,(F)=vrexp(-f(AGrs_y —FX,))
« Possibility to observe rare =k, (0)exp(fFx,)

events

Analytical Chimica Acta, 479 (2003) 87



Specific forces
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Unbinding forces for streptavidin- biotin and avidin-biotin systems
measured with atomic force microscopy as a function of the pulling rate (speed).

Both systems interact via specific forces, that is as ligand-receptor.

Nature 397 (1999) 50



Non-specific forces (alboumin — ibuprofen)
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Submitted to Colloids and Surfaces B, 2015



AFM as a mechanical pulling machine on (single) polymers

LVDT Piezo Positioner

/

Split Detector

Gold backing

Solvent
Droplet

Protein

Y :
gold coated slide

Sing4 cantilever



Example: tackling the protein folding problem

Proteins fold into a unique 3-dimensional structure (co-operatively!!!)

Gene

seqguence A

Unfolded /
sequence B

Why not?

\4

Misfolded protein




Tenascin and titin 127 have a similar fold:
What about their resistance to force?
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Interpreting traces: First problem,
which ones are the good ones ?
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Analytical Chimica Acta, 479 (2003) 87



“Similar” proteins unfold mechanically in a different way
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Experimental limitations: need for MC and MC
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PNAS 99 (2002) 12143



AFM as (dynamical) mechanical indentor



AFM as compressing mechanical machine
on lipid bilayers, polymer brushes, hydrogels, cells...

Local deformation

()

RS e

Deflection

»

Probe-to-cell displacement




Force-distance based approach: molecular interactions,
biomaterials elasticity

+ CONTACT AREA — YOUNG’S MODULUS
[contact mechanics of = [elasticity parameter]
a purely elastic body]

- small deformations (1-5%)

- cells = purely elastic bodies

F=Cte*E*I?



Every tip shape has its model....
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Indenting lipid (cholesterol) bilayers
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AFM — mechanical machine on cells: preliminaries

1993 1996 2000
Weisenhorn et al Radmacher et al Langer et al
Force-indentation of Human platelet Mechanical estimulation of
lung carcinoma cells elasticity choclear cell stereocilia
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Force-distance curves: surface charge influences the
mechanical properties - HepG2 cells

5.0x10™ 7

cells on PEI
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Indentation (m®)

@ small deformations @ 191 + 14 Pa (PSS, anionic)
@ cells = purely elastic bodies @ 941 + 58 Pa (PEI, anionic)

Microscopy Research and Technique 72 (2009) 957



Making RBC look younger — inducing cell shape change

hefore during after after 10x
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Soft Matter 8 (2012) 3716
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summary

3 nN for 10s,
repeated 10x,
may not cause
shape change
(shape changes
were scmetimes
observed at 3 nN)

summary

6 nN for 10s
causes shape
change
(positive control
for the 3 nN

expernment)



Membrane energy is a function of:
the membrane curvature, the area
difference between the two membrane leaflets,
and cytoskeleton deformation.

Minimisation of the membrane energy causes
the lipid translocation, with the relaxation of the
cytoskeleton being an additional driving force.
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However until here we have
used a ,classical” approach



Force-distance based experiments — MCF-7 cells
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Mapping cells with the force-time based approach: relaxation

Taadine ¢+ relaxat @ purely elastic bodies
¢ | loading | relaxation junloading f

@ viscoelastic bodies

constant f
deformation relaxation




Force-time based experiments: how do MCF-7 cells relax

force (nN)




Force-time based experiments: exponential behaviour

f(NN)

MCF-7 cells

OA b .

Ho 2_- 4 nN
Q 21 3nN
S -1

1 ’ I .
T 4 t(s)

- at initial loads = 1nN cell relaxation is more complex than the reported
predictions on cells

- monoexponential decays are not suitable to describe cell mechanical
behaviourunder these conditions



What about at looking at the parts:
Force-time based experiments (bi-exponential behaviour)

f (NN)

MCF-7 cells

—— 4nN
3nN
2nN

VT

res (x10™°)
, O Rk N

2 ' 4 t (s)

- bimodal decays: the proposed model fits reasonably well (r > 0.8)

- two simultaneously-occurring processes are detected



Stress Relaxation Microscopy (STREM): imaging decay parameters

Height map (A+A,)/Al

N e
OO 0.2 04 06 08 10 12 14 16 1.8 20

e AFAIN (ON/M)..

Journal of Biomechanics 43 (2010) 349



Force-time and height-time based experiments
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Stress relaxation and creep — actin-depolymerizing drug

Cytochalasin D disrupts the actin cytoskeleton
(E2 and n2 should be more affected)
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Nanotechnology 21 (2010) 445101



Actin-depolymerizing drug: results shown in another way
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We are happy: This is nice and problematic at the same time!



Taxol stabilizes microtubules and therefore cell division

abs def (um)
smart

O = N W BN

l ' l L l 1 l 1 l J

load (nN)

plack symbols -- control (3 Incubation days)
blue symbols -- taxol treated (3 incubation days)

Figure 3. Stress relaxation parameters: total decay amplitud vs initial load; relaxation times vs
initial load; total amplitude versus deformation; and deformation versus load

Manuscript in preparation...once we manage to understand the results ©



There is lots of room for improvement!!!
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Data obtained from literature the literature of the Young’'s modulus of different
eukaryotic cells is illustrated here.



fluid - AFM | solid

fluid acm solid

Comparison of relaxation times s for molecules and cells, and instrumental
frequencies f, where f = 1/(2*pi*t). The relaxation times range from 3 ps
for bulk water up to values of seconds for whole cells.

Analytical techniques that probe at high frequencies relative to 1/t will elicit
solid behavior, while techniques that probe at frequencies or speeds that are slow
relative to the relaxation events will elicit fluid behavior.



You can also combined force measurements with
local fluorescence microscopy



Fluorescence assisted microscopy — colloidal probes

0.8 um

@ Binding biocolloids (1-2 pm) in solution
@ Particle/surface and particle/cell interaction
@ Local pH determination

@ Contact area evaluation?




Application to (living cells) and interfaces using colloid

probes
»

Microscopy Research and Technique 73 (2010) 746



Application: delivering carriers to single cells

Combining force-time and fluorescence microscopy we aim to:

- Monitor the incorporation of carriers through the different pathways
(e.g. mechanically-induced membrane fusion, endocytosis)

- Unveil the forces & time scales involved



Technical developments going on: Raman, SPR, STED...

|
] PHOTODETECTOR

FIGURE 6.20 The combined AFM-SPR technique. An AFM head encompassing the piezo
scanner, the cantilever, the aligning laser, and the photodetector can be mounted on the sam-

ple platform, whereas SPR is performed from the underside.

Fig. 2: Combined NanoWizard® 3 AFM and Nikon based STED
system in the Iaboratory of Prof. Alberto Diaspro from lT in
Genua, ltaly.

Moreno-Flores and Toca-Herrera, Hybridizing Surface Probe Microscopes, 2013, CRC Press



The message of today (reprise):

- Use the AFM if you get the change, there is a lot of room and
also there is a lot of room at the top.

- It is a great technique to ,,visualize“ molecules, polymers,
cells, etc.

- It Is a great technique to measured imechanical properties of
molecules, polymers, cells, etc. (also interactions between
winterfaces*)

- Still theoretical questions to solve (either involving the way
we measured or concerning the result interpretation).

- New technical development is always on: new measuring
modes, combination with other techniques, etc.
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Thank you for listening
and for inviting me !!!



Force-time based experiments: the model (Zener)

Zener’'s model
(Riande E. et al, Polymer viscoelasticity, Stress and strain in practice. Marcel Dekker 2000 )

Eo AAAA

] E,. E; ,E, = compressive elastic moduli

o__/\/\/\/\/ " hy, h, = viscosity

For constant deformation:
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Force-time based experiments: the whole model (Zener)

For a constant strain/deformation

6+ Ao +Bo =1r,g, H

and the solution gives

o(t)=Eyg + A&e%D+ Aze@

STRESS RELAXATION

g

A Ay Ty, TyE

For a constant stress

“ r,é+re+r,e=Bo,

and the solution gives

g(t):ﬁ+C e +C, ey
G,

—r +4/r —4rr,

CREEP

a4

Cy, Gy, Xq, X5,00

Elastic modulus, relaxation time and viscosity ??7?

«/ —4rr,
2r,



Namokcchaniogy 21 (0T 444101

5 Moomo- Hioro o' al

Appendiz. Caloulation of elastic moduli and
visooaities from siress relaxmSon and cresp
experiments: fener's medel

Figure 3 shows he visooekelic modedl ussd i mepresenl e
ceil's betmvion In his. model I sess cw1 be spi sio e
suim ol Lk legrme

o =0g 40 + 07, CATR
Alse e have e Inllowing agqualions:
oy = K
th o (A2}
;_Fi-i. Iwi =12

o = Eg 40 40 (A3}
PR S PO PR
m W
) B BN B &
& = fEy+ E| + Ex) — (_-+_]+ P
o A tw/ITERTET

(AS)
Muliplviag aquation (4.7 by S and equalion (A4 by
5 + 35 and afier anding thess equations ko (A_5) we el

F 4 AB 4 Bo = rof £ NE 4 fe (AB}
— K — K - L =
m.-.___t.;%.E_il%.ru_“,:._

B+ B+ BB+ )i = By + i + Ex

AL Experimeais af conmoe siraie siees relsmmion

L us consider e parioular e of & ool son () =
wg. Then aquation (A5 reduces o

& + At + Bo = fpin. ATH

The genersl sobslica bo equaSon (A7) Bes Dhe Form
afl = quru + o], whene ogff) s e gznenl suiion of
L Iomogeenus eqmion § + AF + 8o = Dend opil] B
2 parliopks soloSon of (A7) Sioe the righl-hand skl of
agualion (A.T) 15 constenl we may fnd o ooeslenl padiouler
mum';ﬁr:- = Epg On e ofer baod, the generl
soluBon of the omogenes squalion e the Tomm osil) =
A 0 g goa % giih Ty = f fori = 1,2 Thamrfoe Be
peneral soluiion of symiion (A T) is

ot = Egig + A | dge i, [AE}
A2 Experimeats af conrian Belpil: creep

Comssdering aow 4 oonslen| siress o) = op equalin (A&}
Lk (ke [irm

A 4 iyl 4 e = Bog. (AT

The particular solition ko (his Squason s geen by the
consml feaction epif) = 22 = §. The peeral soliloa

b-:m-nguuuqﬂu:rj+n&+rb.: = 0 Is ghve
by edlh = Coe™ + O™, 1) @ 17 e e ook of the
characiarislic polynomisl r1? 46X 4 rp which ee given By

—f1 4 1] —dmn
— .

(A
Rol e mil wnd oegalhe, bemuse f — dopn =

ri-lrh';.+E;:-——il-rh';.+E;:-|’+%|§- ~ 0. Ths lhe
senarel solution B equation (A5 is

eil =E N T e {AIT)

—\.l'|—,‘ll.l'i|—-l-|"|.l':|
I = I —————

AT (frisininp pRrOmeierT

Wiz assume we have experimenially oblsines] o signab thal
Follow Fapes's moxde]. Then we haee

il = Ag+ Aig " 4 AgelE (I
el = Cp 4 Creft 4 Cge™, [ WE]]

To obvlain the coefliciznis Ex, E;, Ez, 53, 1o @d gy fom
fie experimenial cosfScienis Ag, Ty, T, Cp, I od I, we
ESSNEE WE KW O B3 e Ky 15 0 easily obleined as

Az
Ey=— (A
1y

Wi can in lum e value of rp o ils defingSon and
En g = BB = L Knowing . we can obisin ) and e
il.u'l::dn::;.-ﬁrg.h mulsEplying the 2apressions of 5
2001 £y, oy = il Al = S — . We Bumoblin ry

5] =E [F W]
and ry 35
[ 1 1
= —fI — P —m{I: + Iz} (A.I5)

Wi can @en peeerle the eapressions of £ end r o lerms
of Ep, 1, 11, ry ad ey 55 follows

E+EB=n-E
E  E {l |}. (AT

—t—=n - El— 4=
oW noE

Fgualions (A 17 are 2 sysiem of beo Baer equalion with
o makacwns (5 md £ The solulion gives

1
Hl:ﬁ—[ﬁ+m{t—%—%}]
oo (ALE)

s=rpl-3-7)

T -]

S charkery 21 20001 A0

which foms o
Ap[ 1 I«: 1 I 'J
B=— 14 “+ =
-8B\ "on T nn T ooy
L
— (A1T)
I ]

Ey = Az l[ 1 1 1 I]

T RI-D\ T nm Im

@5 & imciion of the experimenisl pemmess. Onoe £ mnd £
&E known, £ & possible 1o cakculate b visoosilies ) @l

by subsliingon into el resperiive ool
ApTy ! 1 1 1
= Eyf = 1
= = [1| —'E;I{ tom e I|l‘:|E':f}
|
_ A
N I LT ] : l‘

Ay 1 | 1
= Eir = - - - - Ij.
LT ﬁ:-l[ Iy OT Ih



Table 1
Selected published values of diffusion coefficient obtained by FCS.

Model® Composition” Tracer” T[°CF Phase® FCS*® D [um® s~ Ref.
GUV DLPC Dil-Cao 23 sp 44409 [86]
GUV DLPC Dil-Cao 25 sp 3.0+06 [218]
GUV DLPC Dil-Cyg sp 6.5+0.5 [216]
GV DOPC/SM/Chol 2/2/1 D0y 20 2 z 6.14+0.5

i 25402 [222]
GUV DOPC/DSPC 1/1 Dil-Cys 15, sp 65+0.4 [219]
GV DOPC/DSPC/Chol 5/5/2 Dil-Cyg ! sp 51404

I 013+ 0.02 [219]
GUV DOPC/DSPC/Chol 1/1/1 Dil-Cyg sp 1.440.1 [219]
GUV DLPC/DPFPC3/2 Dil-Cay 25 ! sp 5+1

I 0020+ 0,004 [218]
GUV POPC Dil-Cyg RICS 7+3 [170]
SLE m DOPC Rh DHPE z 42404 [129]
SLBm DOPC/Chol 7/3 Rh DHPE £ 1.1+0.2 [129]
SLBm DOPC Rh DHPE £ 40405 [129]
SLBgq DLPC Rh DMPE 23 sp 26402 [203]
SLE m DOPC/5M/ Chol BodChol 2 2-fs 34403

I 011-+£0.02 [153]
SLBm DOPC/5M/ Chol DiD [ 2-f3 1.5+0.1

It 0.16+0.04 [153]
FPM DPhPS Rh DOPE sp 8.1+0.4 33]

* Abbreviations: m, mica; g, glass; q, quartz; FPM, free-standing planar membrane, see the reference for details.

b Abbreviations: DLPC, dilauroyl-phosphocholine; DOPC, dioleoyl-phosphochaline; DSPC distearoyl-phosphocholine; DPPC, dipalmitoyl-phosphocholine; DPhPS, diphytanoyl-
phosphoserine; SM, sphingomyelin; Chol, Cholesterol; DOPE, dioleoyl-phosphoethanolamine; DHPE, dihexadecanoyl-phosphoethanolamine; Rh, Rhodamine; Bod, Bodipy.

© Ambient if not specified otherwise.

4 Phase specified if more phases coexisted in the sample,

® Abbreviations: sp, single-point FCS; Z Z-scan FCS; 2-fs, 2-focus scanning FCS.



A nice alternative to the ,,standard‘“ model ...

Il pubs.acs.org/Macromolecules

Indentation of Highly Charged PSPM Brushes Measured by Force
Spectroscopy: Application of a Compressible Fluid Model

José Luis Cuellar, Irantzu Llarena,* Sergio Enrique Moyﬂj:k,i’§ and Edwin Donath”

"Institute of Biophysics and Medical Physics, Faculty of Medicine, University of Leipzig, Leipzig, Germany
CIC biomaGUNE, Paseo Miramoén 182 C, 20009 San Sebastian, Spain
§Departrnent of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027, China

© Supporting Information

ABSTRACT: Highly charged dense poly(sulfopropyl methacrylate) polyelectro-
lyte brushes were indented with an atomic force microscopy (AFM) tip as well as
with an 8 um silica colloidal probe at different ionic strengths ranging from
Millipore water to 1 M NaCl. The force response during indentation was fitted to a
phenomenological equation analogous to the equation of state of a compressible
fluid. In this way, internal energy and brush thickness were obtained as a function
of ionic strength. Long-range forces decayed exponentially with distance. The
characteristic decay lengths were much larger than the Debye screening lengths at
the respective ionic strengths. It was therefore concluded that long-range repulsion
was due to compression of a loose corona of polymers in front of the dense part of the brush. The size of the indentor determines
which region of the brush can be explored by AFM. The tip probes the denser parts of the brush, while with the colloidal probe
the corona of the brush can be investigated. The obtained fits of the experimentally measured force distance curves were used as
regularization tools for obtaining the brush swelling pressure or “force per unit area” as a function of brush compression. The
swelling pressure as a function of brush thickness, &, followed over a wide range a power law close to ~h~> This approach

allowed deriving fundamental brush parameters on a thermodynamical basis like the compressibility as a function of thickness.
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Figure 4. Forces versus distance curves measured with the AFM tip at
different salt concentrations. From left to right the salt concentration
was 1000, 100, and 10 mM NaCl and Millipore water. The solid black

lines represent the least-squares fits of the experimental data to eq 2.
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Figure 5. Forces versus distance curves measured with the colloidal
probe at different salt concentrations. From left to right, the salt
concentration was 1000, 100, and 10 mM NaCl and Millipore water.
The solid black lines represent the least-squares fits of the
experimental data to eq 4. The light gray solid line represents the
best fit for the case of 10 mM NaCl without taking into account the

The model is based on an equation similar equatjea-ef:state of a compressible fluid.

The model provides the brush thickness, the internal energy, and of the compressibility
(as a function of ionic strength, e.g molecular arrangement of the polymer chains) as the
ionic strength changes. as applied to nanotechnology.

Alternative when the measured force indentation relationships were inconsistent with linear

elastic theories.



HYBRIDIZING
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MICROSCOPIES

Toward a Full Description
of the Meso- and Nanoworlds

SUSANA MORENO-FLORES
JOSE L. TOCA-HERRERA

(cC) CRC Press
A‘,' wior & inancs Group
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Key idea (?)

But proteins don't just fold one time and that’s it.
Mechanical unfolding of proteins may be important in
translocation and degradation and in mechanically
active proteins

For some proteins resisting unfolding may be important



Combining force-distance and force-time approaches.
Designing own tips to have a clear surface contact interaction

OPEN a ACCESS Freely available online & PLOS one

Integrin-Specific Mechanoresponses to Compression and
Extension Probed by Cylindrical Flat-Ended AFM Tips in
Lung Cells

- 1,3 ;. - 1 . 1,4 " 5 -1,4,5
, Tomas Luque *°, Alicia Gimenez , Marta Puig '~, Noemi Reguart”, Ramon Farre "7,

1,3,5 Sy

-1,2,3
Irene Acerbi '~

Daniel Navajas'>?, Jordi Alcaraz'

1 Unitat de Biofisica i Bioenginyeria, Facultat de Medicina, Universitat de Barcelona, Barcelona, Spain, 2 Llaboratorio di Tecnologie Biomediche, Dipartimento di
Bioingegneria, Politecnico di Milano, Milano, Italy, 3Institut de Bioenginyeria de Catalunya (IBEC), Barcelona, Spain, 4 Institut d'Investigacions Biomédiques August Pi i
Sunyer (IDIBAPS), Barcelona, Spain, 5 CIBER de Enfermedades Respiratorias (CIBERES), Bunyola, Spain

Abstract

Cells from lung and other tissues are subjected to forces of opposing directions that are largely transmitted through
integrin-mediated adhesions. How cells respond to force bidirectionality remains ill defined. To address this question, we
nanofabricated flat-ended cylindrical Atomic Force Microscopy (AFM) tips with ~1 pum? cross-section area. Tips were
uncoated or coated with either integrin-specific (RGD) or non-specific (RGE/BSA) molecules, brought into contact with lung
epithelial cells or fibroblasts for 30 s to form focal adhesion precursors, and used to probe cell resistance to deformation in
compression and extension. We found that cell resistance to compression was globally higher than to extension regardless
of the tip coating. In contrast, both tip-cell adhesion strength and resistance to compression and extension were the highest
when probed at integrin-specific adhesions. These integrin-specific mechanoresponses required an intact actin
cytoskeleton, and were dependent on tyrosine phosphatases and Ca®* signaling. Cell asymmetric mechanoresponse to
compression and extension remained after 5 minutes of tip-cell adhesion, revealing that asymmetric resistance to force
directionality is an intrinsic property of lung cells, as in most soft tissues. Our findings provide new insights on how lung
cells probe the mechanochemical properties of the microenvironment, an important process for migration, repair and tissue
homeostasis.




