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The interactions of molecules with solid surfaces form the basis 
of important technological applications such as heterogeneous 
catalysis. 

The underlying mechanisms may now be investigated in atomic 
detail as will be illustrated by selected examples. Under contin-
uous-flow conditions, systems of this kind can exhibit a rich 
variety of spatiotemporal pattern formation, as described in the 
framework of nonlinear dynamics and characteristic also for quite 
different phenomena in nature.

Reactions at Surfaces: 
From Atoms to Complexity

Prof. Dr. Gerhard Ertl
ertl@fhi-berlin.mpg.de

Fritz-Haber-Institut 
der Max-Planck-Gesellschaft
Faradayweg 4 – 6, 
14195 Berlin (Germany)
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As compared to electron microscopy and to scanning probe 
microscopy, the optical selection of individual molecules or nano-
particles in a far-field microscope has distinct advantages. Laser 
excitation is often noninvasive, can reach far beyond surface layers 
and commands a wide range of time-resolved and frequency-
resolved spectroscopic techniques. Optical signals provide unique 
insights into the dynamics of nano-objects. [1] I shall illustrate the 
applications of single-molecule optics to dynamics with recent 
topics from our group.

1) We study single gold nanoparticles by photothermal and pump-
probe microscopy. We detect their acoustic oscillations launched 
by a pump pulse. !2] This opens up uses of individual gold nano-
particles for local plasmonic, mechanical, and chemical probing.

2) We probed the approach of the glass transition in supercooled 
glycerol by following the rotational diffusion of single fluorescent 
molecules (see Figure 1). We found large differences in local visco-
sity, with exceedingly long memory times (days). We associate this 
heterogeneity of the supercooled liquid to a solid-like structure. 
Macroscopic rheology experiments[3] confirm that the glass former 
displays many of the well-known attributes of soft glassy rheology 
(yield stress, shear thinning, aging ...). Indeed, the shear modulus 
of the material changes by more than two orders of magnitude 
upon two weeks' aging at 205 K.

3) Photothermal microscopy opens the study of nonfluorescent 
absorbers such as molecular aggregates or conjugated polymers. 
By combining photothermal contrast with fluorescence, we shall 
gain new insight into complex relaxation phenomena, such as 
those causing blinking.

Nano-Optics: 
A Window on Structure 
and Dynamics at Molecular Scales

Prof. Dr. Michel Orrit
orrit@molphys.leidenuniv.nl

Molecular Nano-Optics and Spins
Leiden Institute of Physics, 
Leiden University
Leiden 2300 RA (The Netherlands)
http://www.monos.leidenuniv.nl
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Figure 1: Rotational diffusion of single dye 
molecules in glycerol at 204 K. The molecules 
tumble as the image is scanned, leading to po-
larization fluctuations (coded as color changes). 
The long memory (more than hours) of tumb-
ling rates suggests solid-like walls separating the 
supercooled fluid into liquid compartments with 
different local viscosities.
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One of the great challenges of 21st century chemistry is to convert 
abundant energy-poor molecules into energy-rich molecules by 
using sunlight as the energy source. Hydrogen from water is such 
a solar fuel. 

However its production and use currently depend on noble metals 
such as platinum, which is expensive and not abundant enough. 
Viable renewable-energy systems will require new catalysts made 
from earth-abundant materials, cheap and robust. I shall describe 
our bioinspired strategy, which aims to reproduce hydrogenase 
active sites, and leads to remarkable cobalt- and nickel-based 
(photo)catalysts for hydrogen production.

From Enzymes to Nanocatalysts: 
The Case of Hydrogenases

Prof. Dr. Marc Fontecave
marc.fontecave@cea.fr

Laboratoire de Chimie et Biologie 
des Metaux,
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Universite Joseph Fourier
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38054 Grenoble Cedex 9 (France)

College de France
11 place Marcelin-Berthelot, 
75231 Paris Cedex 05 (France)
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p53 is directly inactivated by mutation in some 50 % of human 
cancers. Some 30–40% of the mutations simply lower the stability 
of the core domain so that it melts close to or below body temper-
ature. We have shown in principle that it is possible to reactivate 
p53 by small molecules that bind to and stabilise it. To understand 
further the structure of the protein and hence the rational design 
of drugs, we are solving its structure at high resolution. We are 
faced with twin problems: the tetrameric protein consists of 1572 
residues, some of which are in well-structured domains but others 
are intrinsically disordered or natively unfolded; and the important 
core domain is intrinsically unstable and not well suited to syste-
matic study. We have solved the structure of the core domain in 
solution by state-of-the-art NMR methods and found structural 
reasons for its instability. We have engineered a more stable 
variant, which is biologically active, and have solved the crystal 
structures of oncogenic mutants in this framework. We solved 
the quaternary structure of the full-length tetrameric complex by 
combining high-resolution structural information on the folded 
individual domains with NMR, small-angle X-ray scattering and 
electron microscopy, which should be a paradigm for solving other 
complex proteins that are involved in the cell cycle.

The mutation Y220C occurs in about 70 000 to 80 000 new cases 
of cancer per annum. The mutant is highly destabilised and dena-
tures rapidly at body temperature. Our structural studies revealed 
that the mutation forms a surface cavity that appears to be a prime 
target for small molecules to bind to and stabilise the protein. In 
silico design identified a series of molecules that might bind in the 
cavity. We screened those and the second and third generation 
derivatives and found small compounds of drug-like properties 
that raise the melting temperature of the mutants and restore its 
activity.

The Tumour Suppressor p53: 
From Structure to Drug Discovery

Prof. Dr. Sir Alan R. Fersht FRS

arf25@hermes.cam.ac.uk

Cambridge University and 
MRC Centre for Protein Engineering
Hills Road, Cambridge, CB2 0QH 
(UK)
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The development of tools to control materials on the nanometer-
length scale has catalyzed the development of a new class of 
solar-energy-conversion devices. The prototype of this new family 
of devices is the dye-sensitized solar cell (DSC). These devices 
operate in an entirely different fashion from conventional silicon  
p-n junction devices, as they achieve the separation of light 
harvesting and charge-carrier transport. A nanostructured and 
mesoporous layer of titanium dioxide is the key to the efficient 
operation of this device, and continued research has resulted in 
devices with power conversion efficiencies over 11 % and excellent 
stability. Here I shall describe the mechanism of operation of the 
DSC, illustrate the benefits of the meso structure used, and high-
light some of the recent advances and challenges to be overcome 
with this technology.

Molecular Photovoltaics 
and Mesoscopic Solar Cells

European Science Foundation Lecture

Prof. Dr. Michael Grätzel
michael.graetzel@epfl.ch

Laboratory for Photonics 
and Interfaces, 
Swiss Federal Institute of Technology
1015 Lausanne (Switzerland)
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The programmable nature of nucleic acid hybridization has 
inspired a number of applications beyond their natural function 
in heredity. Peptide nucleic acids (PNA) are endowed with 
attractive properties for this endeavor as they are more stable 
and have higher affinity than their natural counterparts. Several 
applications from our laboratory to program the self-assembly of 
small molecules into microarrays, template chemical reactions, 
or display multimeric ligands will be presented.

Translating Instructions into Function 
by Self-Assembly

Prof. Dr. Nicolas Winssinger
winssinger@isis.u-strasbg.fr
http://www-isis.u-strasbg.fr/
winssinger/

Institut de Science et d'Ingénierie 
Supramoleculaires (ISIS)
Université de Strasbourg – CNRS
8 alleé Gaspard Monge, 
67000 Strasbourg (France)
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Although autofluorescent proteins starting from the GFP of Ae-
quorea victoria have revolutionized molecular and cell biology, they 
have major limitations, such as irreducible size (>200 residues) 
and optical spatial resolution (conventionally >200 nm). To cir-
cumvent these limitations, we are developing genetically encoded 
tags for electron microscopy. Controlled local photogeneration of 
singlet oxygen (1O2, the metastable excited state of O2) is useful 
for generating electron-microscopic contrast, rapidly inactivating 
proteins of interest, reporting protein proximities over tens of 
nanometers, and ablating cells by photodynamic damage. Arabi-
dopsis phototropin, a blue-light photoreceptor containing flavin 
mononucleotide (FMN) as its chromophore, can be engineered 
into a small (106-residue) singlet oxygen generator ("miniSOG"), 
which absorbs maximally at 448 and 473 nm. Quantum yields for 
fluorescence and SO generation are 0.30 and 0.47. MiniSOG binds 
endogenous FMN very tightly (dissociation constant ~0.1 nM), so 
cells upregulate their total FMN to keep miniSOG saturated, 
without any obvious toxicity in the absence of illumination. Al-
though the green fluorescence of miniSOG is weak and bleachable, 
it shows that fusions of miniSOG to a variety of proteins in mam-
malian cells appear to localize correctly, even inside organelles
when appropriate. After fixation, illumination of miniSOG to 
generate 1O2 efficiently polymerizes 3,3'-diaminobenzidine into 
an osmiophilic deposit, enabling correlative electron microscopy 
with spatial resolution on the order of nanometers. In an initial 
biological application, electron microscopy shows that the closely 
related cell-adhesion molecules SynCAM1 and SynCAM2, separa-
tely fused to miniSOG, predominantly localize, respectively, to the 
presynaptic and postsynaptic sides of mammalian CNS synapses. 
MiniSOG might do for electron microscopy what GFP did for 
optical microscopy.

Breeding and Building Molecules 
to Spy on Cells and Tumors

Prof. Dr. Roger Y. Tsien
rtsien@ucsd.edu

Howard Hughes Medical Institute and 
Department of Pharmacology
310 George Palade Laboratories 0647
University of California, San Diego
9500 Gilman Drive, 
La Jolla, CA 92093-0647 (USA)
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Autofluorescent proteins are also of very limited direct utility in 
human patients, because humans are too thick and opaque for 
most applications of fluorescence, and introduction of foreign 
genes into patients faces formidable technical and ethical barriers. 
We therefore remain interested in synthetic molecules with novel 
amplifying mechanisms for homing in on diseased tissues. Acti-
vatable cell-penetrating peptides (ACPPs) are polycationic cell pe-
netrating peptides (CPPs) whose cellular uptake is minimized by a 
polyanionic inhibitory domain and then restored upon proteolysis 
of the peptide linker connecting the polyanionic and polycationic 
domains. Local activity of proteases able to cut the linker causes 
amplified retention in tissues and uptake into cells. Tumor uptake 
of ACPPs is up to four times higher with a matrix metalloprotein-
ase substrate (PLGLAG) as the linker than with a negative control 
composed of D-amino acids.

Conjugation of ACPPs to macromolecular carriers such as den-
drimers prolongs pharmacokinetics and increases delivery of the 
payload (Cy5 or Gd-DOTA or both in the same molecule) to tumor 
for far-red or MR imaging.[1] The dual-labeled probe with Cy5 and 
Gd-DOTA enables whole-body MRI followed by fluorescence-
guided surgery. Such fluorescence guidance improves tumor-free  
survival in two animal models.[2] Chemo-therapeutic drugs also 
gain efficacy when targeted to the tumor by ACPPs. Thrombin-
cleavable ACPPs accumulate in atherosclerotic plaques and 
experimental stroke models, so vascular pathologies can also be 
imaged. Thus the ability of ACPPs to deliver imaging and thera-
peutic payloads with enzymatic amplification to protease-expres-
sing tissues in vivo offers clinical potential. 

Furthermore, we have used phage display to discover peptides that 
home in on peripheral nerves. When these peptides are fluores-
cently labeled and injected intravenously, all the peripheral nerves 
become fluorescent for a few hours without apparent physiological 
effects. A custom-built multispectral fluorescence imager then 
permits the surgeon to overlay the fluorescence images of the 
tumor or atherosclerotic plaque vs. the nerves on the traditional 
reflected-light color image continuously in real time. We believe 
such molecular fluorescence guidance will greatly improve surgical 
accuracy.

[1] "Activatable Cell-Penetrating Peptides Linked to 
Nanoparticles as Dual Probes for in vivo Fluores-
cence and MR Imaging of Proteases", E.S. Olson, 
T. Jiang, T. A. Aguilera, Q.T. Nguyen, L.G. Ellies, 
M. Scadeng, R. Y. Tsien, Proc. Natl. Acad. Sci. USA 
2010, 107, 4311-4316.

[2] "Surgery with Molecular Fluorescence Imaging 
Using Activatable Cell-Penetrating Peptides 
Decreases Residual Cancer and Improves 
Survival",  Q. T. Nguyen, E.S. Olson, T. A. Aguilera, 
T. Jiang, M. Scadeng, L. G. Ellies, R.Y. Tsien, 
Proc. Natl. Acad. Sci. USA 2010, 107, 4317-4322.
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The creation of molecular (nano)containers – crystalline or amor-
phous, rigid or soft – is a very fascinating field at the cross point 
of different disciplines. Our effort, in this talk, focuses on the 
synthesis and use of crystalline materials, zeolites L, which are 
transparent, stiff, nanocontainers. They are made of hundreds of 
parallel, aligned, one-dimensional channels that can be filled with 
molecular dyes or other responsive molecules. The selective and 
spatially resolved functionalization of these nanocontainers can 
lead to multifunctional systems. [1] Furthermore, selective 
functionalization of the channel entrances leads to the self-
assembling of the zeolites, and the assembly process can be 
extended to living organisms such as bacteria. [2] The use of 
appropriate light-responsive components in combination with 
the smallest zeolites (30 nm) has been very successfully applied 
for the labeling, targeting, and killing of antibiotic-resistant 
bacteria. [3] Also, the use of such materials for in vivo applications 
has been very recently explored and will shortly be illustrated. [4]

At the end of the talk I wish to shift my attention to hosting 
materials that possess a photo- and electroactive framework. 
Molecular luminescent noncovalent linked porous materials [5]

will be introduced as a new possible scaffold for sensing.

Nanomaterials: 
Properties, Assemblies and Biomedical 
Applications

Prof. Dr. Luisa De Cola
decola@uni-muenster.de

Westfälische Wilhelms-Universität, 
and CeNTech
Mendelstrasse 7, 48149 Münster 
(Germany)

M. Busby, H. Kerschbaumer, G. Calzaferri, 
L. De Cola, Adv. Mater. 2008, 20, 1614.

Z. Popovic, M. Otter, G. Calzaferri, 
L. De Cola, Angew. Chem. 2007, 119, 6301; 
Angew. Chem. Ind. Ed. 2007, 46, 6188; 
Z. Popovic, M. Busby, S. Huber, G. Calzafer-
ri, L. De Cola, Angew. Chem. 2007, 119, 9056; 
Angew. Chem. Ind. Ed. 2007, 46, 8898.

C. A. Strassert, M. Otter, R. Q. Albuquerque, 
A. Höne, Y. Vida, B. Maier, L. De Cola,
Angew. Chem. 2009, 121, 8070;
Angew. Chem. Int. Ed. 2009, 48, 7928.

M. M. Tsotsalas, K. Kopka, G. Luppi, 
S. Wagner, M. Law, M. Schäfers, L. De Cola,
ACS Nano 2010, 4, 342.

M. Mauro, K. C. Schuermann, R. Prétot, 
A. Hafner, P. Mercandelli, A. Sironi, 
L. De Cola, Angew. Chem. 2010, 122, 1244; 
Angew. Chem. Int. Ed. 2010, 49, 1222

´

´

579801004_pa_FL_Chemistry.indd   10 04.05.2010   10:28:09



©  2010 Wiley -VCH Verlag GmbH & Co. KGaA, Weinheim.

Ribosomes are the universal cellular machines that produce pro-
teins according to the genetic code instructions. Using structural 
methods, supported by comprehensive mutagenesis experiments 
and quantum mechanical calculations, we have identified in all 
contemporary ribosomes an internal architectural element that 
might represent the ancient version of an RNA machine capable 
of forming peptide bonds. In the contemporary ribosome this 
architectural element is comprised of 180 nucleotides arranged 
in two substructures with backbone folds that are related to each 
other by an internal twofold symmetry, and confines a void that 
provides the stereochemistry required for successive peptide 
bond formation, hence facilitating the polymerase function of 
the ribosome in elongating the nascent proteins.

The extremely high conservation of this element throughout 
all known kingdoms of life implies its existence irrespective of 
environmental conditions. The universality of the structure of 
this region, its central location within the modern ribosome, 
and the fold of the RNA backbone of this region that resembles 
motifs identified in "ancient" as well as "modern" RNA molecules 
of comparable size, indicate that this region might represent the 
ancient ribosome.

The Ribosome: 
The Remnant of an Ancient RNA 
Apparatus

Prof. Dr. Ada Yonath 
ada.yonath@weizmann.ac.il

Department of Structural Biology, 
Weizmann Institute
Rehovot 76100 (Israel)
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Supramolecular chemistry is actively exploring systems undergoing 
self-organization, that is, systems capable of spontaneously generating 
well-defined functional supramolecular architectures by self-assembly 
from their components, on the basis of the molecular information
stored in the covalent framework of the components and read out at 
the supramolecular level through specific noncovalent inter-actional 
algorithms, thus behaving as programmed chemical systems.

The design of molecular-information-controlled, "programmed" and 
functional self-organizing systems provides an original approach to 
nanoscience and nanotechnology. The spontaneous but controlled 
generation of well-defined, functional molecular and supramolecular 
architectures of nanometric size through self-organization represents 
a means of performing programmed engineering and processing of 
functional nanostructures. It offers a very powerful alternative to nano-
fabrication and to nanomanipulation for the development of nano-
technology.

Supramolecular chemistry is intrinsically a dynamic chemistry in view 
of the lability of the interactions connecting the molecular compo-
nents of a supramolecular entity and the resulting ability of supra-
molecular species to exchange their constituents. The same holds 
for molecular chemistry when the molecular entity contains covalent 
bonds that can form and break reversibly, so as to allow a continuous 
change in constitution by reorganization and exchange of building 
blocks. These features define a constitutional dynamic chemistry (CDC) 
on both the molecular and supramolecular levels.

CDC introduces a paradigm shift with respect to constitutionally static 
chemistry. The latter relies on design for the generation of a target 
entity, whereas CDC takes advantage of dynamic diversity to allow 
variation and selection. The implementation of selection in chemistry 
introduces a fundamental change in outlook. Whereas self-organization
by design strives to achieve full control over the output molecular or 
supramolecular entity by explicit programming, self-organization with 
selection operates on dynamic constitutional diversity in response to 
either internal or external factors to achieve adaptation.

Applications of this approach in biological systems as well as in 
materials science will be described.

The merging of the features – information and programmability, 
dynamics and structural diversity, constitution and selection – points 
towards the emergence of adaptive and evolutive chemistry.

Perspectives in Chemistry: 
From Supramolecular Chemistry 
towards Adaptive Chemistry
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