
University of Linz
Austria

Einzelmolekulare Erkennungs-Kraft-Mikroskopie/Spektroskopie:

Eine neue Methode für die Analyse von Rezeptor/Liganden-Wechselwirkungen

Peter Hinterdorfer

Antrittsvorlesung

JKU Linz

05-03-2010



University of Linz
Austria

Einzel-Molekül-Biophysik mit dem

Atom-Kraft-Mikroskop

(AFM; Atomic Force Microscope)

Peter Hinterdorfer

Antrittsvorlesung

JKU Linz

05-03-2010



Überblick

� Einführung Nano-Bio-Physik

� Atomkraftmikroskop (AFM)

� Wechselwirkung Virus/Zelle

� Antikörper

� DNA-Sequenzierung

� High-Speed BIO-AFM



Überblick

� Einführung Nano-Bio-Physik

� Atomkraftmikroskop (AFM)

� Wechselwirkung Virus/Zelle

� Antikörper

� DNA-Sequenzierung

� High-Speed BIO-AFM



1940 1960 1980 2000 2020 2040 time

1 m

1 dm

1cm

1mm

100 µm

10 µm

1 µm

100 nm

10nm

1 nm

0.1 nm
inorganic/organic/supramolecular structures

chemistry

physics
Based on

biological 

principles,

chemical, 

properties 

& physical 

laws

mechanics

electronics

material design

m
iniaturization Sys

te
m

 in
te

gra
tio

n

n
a
n

o
m

ic
ro

m
a
c
ro

dogs

blood

vessels

hair

bacteria

virus

proteins

atoms

size

molecular
biology

At the Central Meeting PointAt the Central Meeting Point



• Consider a human hand

How Big is a Nanometer?

white blood cell

skin

DNA atoms
nanoscale

Source: http://www.materialsworld.net/nclt/docs/Introduction%20to%20Nano%201-18-05.pdf
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Development of NanotechnologyDevelopment of Nanotechnology



History Single Molecule PhysicsHistory Single Molecule Physics

“In the first place it is fair to say that we are 
not experimenting with single particles any 
more than we can raise Ichtyosauria in the 
zoo“.
Erwin Schrödinger, Brit.J.Phil.Sci 3 (1952).

„…it could very well occur that biophysics (in 
the next decade) could become dominated by 
single molecule techniques“.
Joseph M. Beechem, Biophys.J 67 (1994).

(1887 – 1961)       (250M – 93M B.C.)
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AFM (Atom-Kraft-Mikroskop)

Binnig, Rohrer; Nobelpreis 1986



Material: Si oder Si3Ni4

Auf der Rückseite mit einer 

dünnen Reflexionsschicht

Beschichtet

Geschärfte Spitzen CNT-Spitze EBD-Spitze

Erzielbare Auflösung ist limitiert durch den Spitzenradius und dem Aspektverhältnis

Sensor: Tip on Cantilever



Imaging Modes

Contact ModeContact Mode

Tapping ModeTapping Mode
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Force Measurements

Sir Isaac Newton
(1643-1727)

Hook’s law:

F = - k * x

k = spring constant
x = deflection



Sensitive Force Measurements

Tip-Surface Forces Single Molecular Forces



Single Molecular Sensing
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Riener et al., Anal. Chim. Act. 497 (2003) 1367

Tip Chemistry (via flexible linker)



unspezifisch Spezifisch via NHS-PEG-Aldehyde

Polysterene Nanopartikel (80 nm)

EM Pictures: Functionalized Tips



cantilever

tip

antibody

lysozyme

mica

Interaction Forces:
Single Antibody/Antigen Pair

Hinterdorfer et al., PNAS 93 (1996) 3477, Nanobiol. 4 (1998) 177



Topography & RECognition
TREC Imaging



Medical Sensing - TREC on MyEnd cells

Size of VE-cadherin 
microdomains
from ~ 30 nm
to ~ 250 nm


