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- 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).   

Universität für  

Bodenkultur  - BOKU 



Where are we (DNBT)? 



Who are we - organisation? 

Dept. Nanobiotechnology 

Bioarchitectures 
Supr. Insp. 
Materials 

Biophysics 

Eva Sinner Erik Reimhult Jose. L. Toca-Herrera 

PhD students: 20 

MSc students: 17 

BSc students: 5 

Technical assistants: 6 

Full Professors / Chairs: 3 

Emeritus Professor: 1 

Associate Professors: 4 

Univ. Assist. /postdocs: 13 

Administration: 1 (+ 0.5) 

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



DNBT – Research Eva Sinner 

Nanobiotechnology I 

 

 -  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 

S SS S
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• Peptide P19 

• CHO membrane 

(with hPepT1) 

• Octadecanthiol 

• Lipid 

• CHO membrane 

(with hPepT1) 

• Octadecanthiol 

• Lipid 

• PC/Cholesterol 

vesicles 



DNBT – Research Erik Reimhult 

Nanobiotechnology II 

 

-    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  
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- 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, 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. 

 

The message today: 

A more pleasant message: visit us in Vienna 



The microscope and its cousins 

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) 

  

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 



Liquid cell – closed chamber 

- (Sub)nanometer resolution 

- Lower force limit: (dozens of) pN 

- You can exchange solvents at 

different temperatures  

The AFM...a blind microscope 

Nanoscale 1 (2009) 40 



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



AFMs am DNBT... (surface analysis, mechanics and molecular forces) 

Scanning probe microscope I 

Scanning probe microscope III 

Scanning probe microscope II 

Scanning tunnelling  microscope  
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Fibrinogen : an integrin activator 

10 nm 

100 nm 
0 nm 

63 nm 

Fibrinogen structure taken from: 

Coll. & Surf. B 2007, 57, 89-96 

 SMF – JLTH,  unpublished results 



10 nm 

0 nm 

a) 

b) 

10 nm 

0 nm 

b) 

d) c) 

Figure: a) AFM height image (250 x 250 nm2) of glutaraldehyde functionalized  

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

c) AFM height image (250 x 250 nm2) 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 SiO2 

t0 30’ 

>12h 2h30’ 1h 

25nm 

0nm 

15’ 

SbpA 

0.1 mg/ml 
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3130 
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0 nm 

20 nm 

2h30’ 

Bacterial crystals on silanes 

time SiO2 OTS APTS 

5’ X 31 21 

15’ 33 77 68 

30’ 62 96 83 

1h 80 99 85 

2h30’ 85 99 95 

>12h 98 100 100 

t0 

330 

700 

1030 1030 

1400 

Small 6 (2010) 40 



You can also check thermal stability of protein crystals  

or polymer brushes  

T°C 

0°C 100°C 

50 nm Contact AFM, NaCl 100mM 

0 nm 

0.8 nm 

Microscopy Research and Technique 65 (2004) 226  



T°C 

0°C 100°C 

50 nm Contact AFM, NaCl 100mM 

0 nm 

3.0 nm 
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Figure 4. (A) Deflection Error and (B) Height micrographs of a 100 µg/ml 

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). 

Interaction lipid bilayer / protein toxin 

(cooperation with C. Krittanai, Mahidol Univ. Thailand) 

Submitted to Langmuir, 2015 



B A C 

Figure 5. (A) Deflection Error and (B) Height micrographs of a 10 µg/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. 



You can combine AFM with QCM-D: mass adsorption, 

kinetics, mechanical properties and topography...and maybe 

to have an explanation.... 



AFM as dynamical „surface force aparatus“ 

and mechanical indentor 



Posibility to explore different 

Interactions (van der Waals,  

Electrostatic, hydrophobic,  

entropic...) and therefore to  

model them. 

FORCE – DISTANCE CURVES (I) 



Exploring intramolecular  

Interactions, mechanical 

properties of polymers, cells 

hydrogels.Possibility to test 

existing theories and to 

develop „new ones“. 

FORCE – DISTANCE CURVES (II) 





AFM as a force and mechanical machine: it offers… 

• Alternative to conventional 

methods of denaturation 

(e.g. heat, acid, chemical 

denaturant). 

• Single molecule 

experiment. 

• Well defined reaction 

coordinate. 

• Direct comparison with all-

atom MD simulation. 

• Possibility to observe rare 

events 
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Analytical Chimica Acta, 479 (2003) 87 



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.  

Specific forces 

Nature 397 (1999) 50 



Non-specific forces (albumin – ibuprofen) 
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Xu =  0.6 nm  
Koff = 0.055 s-1 

Possibility of molecular recognition !! 

Submitted to Colloids and Surfaces B, 2015 



AFM as a mechanical pulling machine on (single) polymers 



Gene 

Misfolded protein 

sequence A 

sequence B 

Folded  protein 

Unfolded 

 protein function Why?  How? 

Why not? 

How? 

Example: tackling the protein folding problem 

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



Tenascin and titin I27 have a similar fold: 

What about their resistance to force? 

A 

A' 

C 

F 
G 

B 

C' 

E 
D 

Titin I27 

A 
B 

E F 
C 

C' 

G 

Tenascin 



1 

2 

3 4 

∆L 

F 

1. Non-specific adhesion   2.  Unfolding of one domain 

3. Unfolded protein stretching   4. Protein detaches 



Interpreting traces: First problem,  

   which ones are the good ones ? 

Analytical Chimica Acta, 479 (2003) 87 
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Protein Science, 11 (2002) 2179  

Nature, 442 (2003) 446 

“Similar” proteins unfold mechanically in a different way 
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at rates below ~ 25-
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Experimental limitations: need for MC and MC 

PNAS 99 (2002) 12143  



AFM as (dynamical) mechanical indentor 



Local deformation 

Global deformation 

Probe-to-cell displacement 
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AFM as compressing mechanical machine  

on lipid bilayers, polymer brushes, hydrogels, cells…  



+ CONTACT AREA 

[contact mechanics of 

a purely elastic body] 

f 

Z 

= YOUNG’S MODULUS 

[elasticity parameter] 

-  small deformations (1-5%) 

 

-  cells = purely elastic bodies 

 

     F = Cte * E* I2 

 

Force-distance based approach: molecular interactions, 

biomaterials elasticity 



Every tip shape has its model.... 



Indenting lipid (cholesterol) bilayers 



Weisenhorn et al 

1993 

Radmacher et al 

1996 

Human platelet 

elasticity 

Langer et al 

2000 

Mechanical estimulation of 

choclear cell stereocilia 

Force-indentation of 

 lung carcinoma cells 

AFM – mechanical machine on cells: preliminaries 



Force-distance curves: surface charge influences the  

mechanical properties -  HepG2 cells 

0.0 3.0x10
-13

6.0x10
-13

9.0x10
-13

1.2x10
-12

0.0

1.0x10
-10

2.0x10
-10

3.0x10
-10

4.0x10
-10

5.0x10
-10

cells on PEI

F
o

rc
e

 (
N

)

Indentation (m
2
)

cells on PSS

PEI 

PSS 

  small deformations 

 

  cells = purely elastic bodies 

  191 ± 14 Pa (PSS, anionic)  

 

  941 ± 58 Pa (PEI, anionic) 

Microscopy Research and Technique 72 (2009) 957  



Making RBC look younger – inducing cell shape change  

Soft Matter 8 (2012) 3716 



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.  



However until here we have  

used a „classical“ approach 



Force-distance based experiments – MCF-7 cells 

Surface 

chemistry 
concentration 

S-lattice 
Square (p4) lattice symmetry,  

a=b=14nm, γ=90º  X 

mass 

 SiO2, APTS, OTS, PSS 

Bilayer1700ng/cm2 

 Exception 

PEI 2950ng/cm2 

 Linear increase 

(difussion) until it reachs 

a plateau on silanes 

Dissipation 
More rigid layers at 

hydrophobic surfaces 

Less energy dissipates at 

lower conc. 

Speed 
Increases at Hydrophobic  

substrates 

Increases at high SbpA  

Concentration 



  purely elastic bodies 

 

 

 

 

 

 

 

  viscoelastic bodies 

f 

t 

relaxation 

f 

t 

f 

t Z 

loading unloading relaxation 

constant  

deformation 

t 

Mapping cells with the force-time based approach: relaxation 
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Force-time based experiments: how do MCF-7 cells relax 



-  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 
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Force-time based experiments: exponential behaviour 



P 

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

 

- two simultaneously-occurring processes are detected 
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What about at looking at the parts: 

Force-time based experiments (bi-exponential behaviour)  



Journal of Biomechanics 43 (2010) 349 

Stress Relaxation Microscopy (STREM): imaging decay parameters 



Nanotechnology 21 (2010) 445101 

Force-time and height-time based experiments 



Cytochalasin D disrupts the actin cytoskeleton  

   (E2 and 2 should be more affected) 

Stress relaxation and creep – actin-depolymerizing drug  

Nanotechnology 21 (2010) 445101 



We are happy: This is nice and problematic at the same time! 

Actin-depolymerizing drug: results shown in another way  



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

Taxol stabilizes microtubules and therefore cell division  



Data obtained from literature the literature of the Young’s modulus of different 

eukaryotic cells is illustrated here.  

There is lots of room for improvement!!! 



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 



  Binding biocolloids (1-2 µm) in solution  
 

  Particle/surface and particle/cell interaction 

 

 Local pH determination 

 

 Contact area evaluation? 
 

Fluorescence assisted microscopy – colloidal probes 



Application to (living cells) and interfaces using colloid 

probes 

Microscopy Research and Technique 73 (2010) 746 



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  

Application: delivering carriers to single cells 



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

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



- 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 

„interfaces“) 

 

- 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. 

The message of today (reprise): 



Dr. Rafael Benitez  - UNEX, Spain 

Dr. Jaoba Iturri – BOKU, Austria 

Dr. Kathryn Melzak  - BOKU, Austria 

Dr. Susana Moreno-Flores  - BOKU, Austria 

Msc. Alberto Moreno Cencerrado - BOKU, Austria 

Msc. Sudarat Tharad - Mahidol Univ., Thailand 

Dr. Aitziber Eleta - NanoGune, Spain 

Dr. Veronica Saravia  - UdR, Uruguay 

Dr. Maria Vivanco  - BioGUNE, Spain 

Dr. Guillermo R. Lazaro - Univ. Barcelona, Spain 

Prof. Aurora Hernandez - Univ. Barcelona, Spain 

Prof. Ignacio Pagonabarraga - Univ. Barcelona, Spain 

I would like to thank the people from my group and others 

who showed me that cells and proteins/polymers are interesting: 

Prof. Helmuth Möhwald – MPI. Germany 

Prof. Jane Clarke - Univ. Cambridge, UK 

Dr. Robert Best - NIH, USA 

Dr. Susan Fowler - Univ. Cambridge 

Anette Steward - Univ. Cambridge, UK 

Prof. Uwe Sleytr - BOKU, Vienna 

Prof. Dietmar Pum - BOKU, Vienna  



Thank you for listening  

and for inviting me !!! 



Zener’s model  
(Riande E. et al, Polymer viscoelasticity, Stress and strain in practice. Marcel Dekker 2000 ) 
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E0, E1 ,E2 = compressive elastic moduli 

 

h1, h2  = viscosity 

For constant deformation: 

  1 2
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t t

t E Ae A e
  

 

  

the solution is 

STRESS RELAXATION 

A1, A2, 1, 2 

1 2
1 2

1 2

,
E E

 
  

2 1 0A B r r r         
0 0A B r     

Force-time based experiments: the model (Zener) 



For a constant strain/deformation 

  1 2

0 0 1 2

t t

t E Ae A e
  

 

  

and the solution gives 

STRESS RELAXATION 

A1, A2, 1, 2,0 

1 2
1 2

1 2

,
E E

 
  

For a constant stress 

and the solution gives 

  1 20
1 2

1

x t x t
t C e C e

G


  

  

CREEP 

C1, C2, x1, x2,0 

2 2

1 1 0 2 1 1 0 2

1 2

2 2

4 4
,

2 2

r r r r r r r r
x x

r r

     
 

Elastic modulus, relaxation time and viscosity ??? 

0 0A B r      2 1 0 0r r r B     

Force-time based experiments: the whole model (Zener) 
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A nice alternative to the „standard“ model ... 



The model is based on an equation similar equation of 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. 





Outlook (III)…going on  



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 

 

Key idea (?) 



Combining force-distance and force-time approaches.  

Designing own tips to have a clear surface contact interaction 


