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Biomolecular Interactions Sensed with Atomic Force Microscopy
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Biomolecules are able to specifically recognize and bind their
corresponding partner with high efficiency. This process plays a
pivotal role in biology, physiology and medicine (e.g., in the immune
system, cellular adhesion or inter- and intracellular signaling).
From the chemical point of view bio-recognition can be described
as a combination of non-covalent weak interactions including
electrostatic (ionic), hydrophobic, and van der Waals interactions
as well as hydrogen bonding. Furthermore, steric aspects, especially
the complementary structure of the two binding partners, are highly
relevant for complex formation and stability. Taken together all these
aspects determine both, the strength and the characteristic lifetime
of the bond. In addition to bulk techniques like nuclear magnetic
resonance, surface plasmon resonance, quartz crystal microbalance,
and other analytical and biochemical methods single molecule
approaches have been established. They allow following transient
phenomena like short-lived receptor-ligand intermediate states, rare
events, or population heterogeneity, which are otherwise not accessible.
For the determination of single receptor ligand interactions, apart
from bio-membrane force probe, and optical and magnetic tweezers,
atomic force microscopy (AFM) based molecular recognition forces
spectroscopy (MRES) offers the most versatile approach to explore
forces during the bio-recognition processes at the molecular level [1].

In MREFS the tip of an AFM cantilever is upgraded to a molecular
biosensor [2]. In case of commonly used silicon (or silicon nitride) tip
material usually a multistep procedure is performed. This can be done
by physisorption or more commonly by covalent coupling protocols:
(i) Amino functionalization [3] generates reactive sites on the AFM
tip to which (ii) hetero bifunctional distensible cross-linker (e.g.,
polyethyleneglycols) [2] are bound via their activated carboxylic acid
groups. The other end of the linker is used (iii) to couple the ligand of
interest. Alternatively, gold coated tips can be functionalized by using
thiolated linkers (e.g., SAM components [4] or DNA building blocks
like DNA tetrahedral [5]).

The biosensing tip is then repeatedly approached to and withdrawn
from a solid support presenting the receptor of interest. During the
contact time a receptor-ligand complex can be formed, which is
ruptured in the withdrawal phase. The force needed to separate the
binding partners is calculated from the cantilever bending in the
moment of rupture simply applying Hooke’s law for extending a
spring. By increasing the pulling velocity the originally thermally
driven unbinding process is shifted to a forced dissociation. According
to Evans theory [6] the rupture force at a given force loading rate, which
can be approximated by multiplication of pulling velocity and effective
spring constant of the AFM tip, is related to the rate of dissociation
and the width of the energy barrier of this complex. Thus, MRFS allows
exploring the energy landscape of a receptor - ligand interaction at the
molecular level.

Starting with the pioneering work in the nineties [7-10] force
spectroscopy has developed into a key technique to investigate
molecular forces on isolated molecules[11], artificial and natural
membranes [12-14] as well as on living and fixed cells [15-17]. In a
simple recent study [14] MRFS has been used to determine the energy
landscape between an artificial membrane embedded anchor proteins

for cytochrome c (cyt c) with cyt ¢ as well as with an primary amine
ended linker. Cyt ¢ is a water soluble protein playing an important role
in physiology as regulator in the electron transport. A special kind of
calixarene, the carboxylic acid derivate of calix [6] arenes (namely the
oct[6]CH,COOH calixarene), is expected to mimic the anchoring site
for cyt ¢ [18]. To investigate the molecular interaction forces, calix[6]
arenes were incorporated into a 1,2-sn-glycerodimyristoylfosfatidylch
oline (DMPC) bilayer. Cyt c was coupled covalently to the AFM tip via
a PEG linker, and force distance cycles were performed. These MRFS
experiments demonstrated specific binding of cyt ¢ to calix[6]arene
and yielded the binding parameters k ; (1.14 £ 0.59 s-1) and x, (3.98 =
0.63A). MRFS experiments with an amino-ended linker also resulted in
highly specific interactions with comparable values for k ; (2.74 + 0.66
s-1) and x; (5.91 +2.55 A) suggesting that both electrostatic and amino
group specific interactions between cyt c and CX cavity exist.

Summed up, molecular recognition force spectroscopy offers a
promising tool to investigate molecular interaction between single
molecules and natural and artificial particles like viruses or nanotubes
with their corresponding receptor immobilized on flat support, but
also on biomembranes and cells. It is expected that the high potential of
this technique together with technical improvements further increases
the number of applications.

References

1. Neuman KC, Nagy A (2008) Single-molecule force spectroscopy: Optical
tweezers, magnetic tweezers and atomic force microscopy. Nature methods
5:491-505.

2. Ebner A, Wildling L, Zhu R, Rankl C,Haselgruebler T, et al. (2008)
Functionalization of probe tips and supports for single-molecule recognition
force Microscopy. Top Curr Chem 285: 29-76.

3. Ebner A, Hinterdorfer P, Gruber H J (2007) Comparison of different
aminofunctionalization strategies for attachment of single antibodies to AFM
cantilevers. Ultramicroscopy 107: 922-927.

4. Zou S, Schénherr H, Vancso G J (2005) Stretching and rupturing individual
supramolecular polymer chains by AFM. Angewandte Chemie International
Edition 44: 956-959.

5. Leitner M, Mitchell N, Kastner M, Schlapak R, Gruber H J, et al. (2011)
Single-Molecule AFM Characterization of Individual Chemically Tagged DNA
Tetrahedra. Acs Nano 5: 7048-7054.

6. Merkel R, Nassoy P, Leung A, Ritchie K, Evans E (1999) Energy landscapes
of receptor—ligand bonds explored with dynamic force spectroscopy. Nature
397: 50-53.

7. Florin EL, Moy VT, Gaub HE (1994) Adhesion forces between individual ligand-
receptor pairs. Science 264: 415-417.

*Corresponding author: Andreas Ebner, Johannes Kepler University Linz,
Department for Applied Experimental Biophysics, Gruberstrasse 4020 Linz,
Austria, Tel: +43 732 2468 7637; Fax: +43 732 2468 7633; E-mail: andreas.
ebner@jku.at

Received July 06, 2015; Accepted July 20, 2015; Published July 23, 2015

Citation: Ebner A (2015) Biomolecular Interactions Sensed with Atomic Force
Microscopy. J Phys Chem Biophys 5: €127. doi:10.4172/2161-0398.1000e 127

Copyright: © 2015 Ebner A. This is an open-access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

J Phys Chem Biophys
ISSN: 2161-0398 JPCB, an open access journal

Volume 5 + Issue 4 « 1000e126


http://www.nature.com/nmeth/journal/v5/n6/full/nmeth.1218.html
http://www.nature.com/nmeth/journal/v5/n6/full/nmeth.1218.html
http://www.nature.com/nmeth/journal/v5/n6/full/nmeth.1218.html
http://link.springer.com/chapter/10.1007%2F128_2007_24#page-1
http://link.springer.com/chapter/10.1007%2F128_2007_24#page-1
http://link.springer.com/chapter/10.1007%2F128_2007_24#page-1
http://www.ncbi.nlm.nih.gov/pubmed/17560033
http://www.ncbi.nlm.nih.gov/pubmed/17560033
http://www.ncbi.nlm.nih.gov/pubmed/17560033
http://onlinelibrary.wiley.com/doi/10.1002/anie.200460963/suppinfo
http://onlinelibrary.wiley.com/doi/10.1002/anie.200460963/suppinfo
http://onlinelibrary.wiley.com/doi/10.1002/anie.200460963/suppinfo
http://www.ncbi.nlm.nih.gov/pubmed/9892352
http://www.ncbi.nlm.nih.gov/pubmed/9892352
http://www.ncbi.nlm.nih.gov/pubmed/9892352
http://www.ncbi.nlm.nih.gov/pubmed/8153628
http://www.ncbi.nlm.nih.gov/pubmed/8153628

Citation: Ebner A (2015) Biomolecular Interactions Sensed with Atomic Force Microscopy. J Phys Chem Biophys 5: e127. doi:10.4172/2161-

0398.1000e127

Page 2 of 2

Chilkoti A, Boland T, Ratner BD, Stayton PS (1995) The relationship between
ligand-binding thermodynamics and protein-ligand interaction forces measured
by atomic force microscopy. Biophysical Journal 69: 2125-2130.

Fritz J, Katopodis AG, Kolbinger F, Anselmetti D (1998) Force-mediated kinetics
of single P-selectin/ligand complexes observed by atomic force microscopy.
Proceedings of the National Academy of Sciences 95: 12283-12288.

10. Lee GU, Kidwell DA, Colton R J (1994) Sensing discrete streptavidin-biotin
interactions with atomic force microscopy. Langmuir 10: 354-357.

11. Nevo R, Stroh C, Kienberger F, Kaftan D, Brumfeld V, et al. (2003) A molecular
switch between alternative conformational states in the complex of Ran and
importin 1. Nature Structural Biology 10: 553-557.

12. Ebner A, Kienberger F, Huber C, Kamruzzahan ASM, Pastushenko, et al.
(2006) Atomic-force-microscopy imaging and molecular-recognition-force
microscopy of recrystallized heterotetramers comprising an S-layer-streptavidin
fusion protein. Chembiochem 7: 588-591.

13.

14.

Miller D J, Engel A (2007) Atomic force microscopy and spectroscopy of native
membrane proteins. Nature protocols 2: 2191-2197.

Poturnayova A, Leitner M, Snejdarkova M, Hinterdorfer P, Hianik T, et al.
(2014) Molecular Addressability of Lipid Membrane Embedded Calixarenes
towards Cytochrome C. J Nanomed Nanotechnol 5: 1-7.

. Lamprecht C, Plochberger B, Ruprecht V, Wieser S, Rankl C, et al. ( 2014) A

single-molecule approach to explore binding, uptake and transport of cancer
cell targeting nanotubes. Nanotechnology 25.

.Lehenkari P, Horton M (1999) Single integrin molecule adhesion forces in

intact cells measured by atomic force microscopy. Biochemical and biophysical
research communications 259: 645-650.

.Chen A, Moy V T (2000) Cross-linking of cell surface receptors enhances

cooperativity of molecular adhesion. Biophysical Journal 78: 2814-2820.

.Oshima T, Suetsugu A, Baba Y, Shikaze Y, Ohto K, et al. ( 2008) Liquid

membrane transport of cytochrome ¢ using a calix [6] arene carboxylic acid
derivative as a carrier. Journal of Membrane Science 307: 284-291.

J Phys Chem Biophys
ISSN: 2161-0398 JPCB, an open access journal

Volume 5 « Issue 4 « 1000e126


http://www.ncbi.nlm.nih.gov/pubmed/8580356
http://www.ncbi.nlm.nih.gov/pubmed/8580356
http://www.ncbi.nlm.nih.gov/pubmed/8580356
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC22823/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC22823/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC22823/
http://pubs.acs.org/doi/abs/10.1021/la00014a003
http://pubs.acs.org/doi/abs/10.1021/la00014a003
http://www.biotheory.umd.edu/PDF/nsb940.pdf
http://www.biotheory.umd.edu/PDF/nsb940.pdf
http://www.biotheory.umd.edu/PDF/nsb940.pdf
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200500445/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200500445/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200500445/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200500445/abstract
http://www.ncbi.nlm.nih.gov/pubmed/17853875
http://www.ncbi.nlm.nih.gov/pubmed/17853875
http://www.omicsonline.org/open-access/molecular-addressability-of-lipid-membrane-embedded-calixarenes-towards-cytochrome-c-2157-7439-5-202.pdf
http://www.omicsonline.org/open-access/molecular-addressability-of-lipid-membrane-embedded-calixarenes-towards-cytochrome-c-2157-7439-5-202.pdf
http://www.omicsonline.org/open-access/molecular-addressability-of-lipid-membrane-embedded-calixarenes-towards-cytochrome-c-2157-7439-5-202.pdf
http://iopscience.iop.org/0957-4484/25/12/125704
http://iopscience.iop.org/0957-4484/25/12/125704
http://iopscience.iop.org/0957-4484/25/12/125704
http://www.ncbi.nlm.nih.gov/pubmed/10364472
http://www.ncbi.nlm.nih.gov/pubmed/10364472
http://www.ncbi.nlm.nih.gov/pubmed/10364472
http://search.proquest.com/openview/02044b209bc3923cc094d409b54bf405/1?pq-origsite=gscholar
http://search.proquest.com/openview/02044b209bc3923cc094d409b54bf405/1?pq-origsite=gscholar
http://www.sciencedirect.com/science/article/pii/S0376738807006825
http://www.sciencedirect.com/science/article/pii/S0376738807006825
http://www.sciencedirect.com/science/article/pii/S0376738807006825

	Title
	Corresponding author
	References 

