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The institute concentrates on three
major research topics ranging from funda-
mental studies on the structure and dy-
namics of membrane proteins to the
investigation of the formation of su-
pramolecular structures at interfaces
and applied research in the field of bios en-
sor development. All the projects con-
cern interfaces both in a literal sense and in
terms of combining different disciplines
such as chemistry, physics, and biology.
The highly multidisciplinary team works
on the synthesis of lipids and polypep-
tides, the chemical modification of surfac-
es, the isolation of proteins, the applica-
tion of recombinant DNA technology, the
use of optical spectroscopy (FfIR, fluo-
rescence, circular dichroism) combined
with molecular-dynamics calculations as
well as with surface-sensitive techniques
(surface plasmon resonance, integrated
optics, Langmuir film balances, scanning
probe microscopies).

In the following, we give some repre-
sentative examples of our research.

1. Fundamental Studies on the Struc-
ture and Dynamics of Membrane Pro-
teins

1.1. Membrane Insertion and Folding of
Proteins

Protein integration into or transloca-
tion across membranes is a fundamental
process in procaryotic and eucaryotic cells.
The biosynthesis of almost all cellular
proteins begins in the cytoplasm. The in-
sertion of newly synthesized membrane
proteins into cellular membranes is in many

cases directed by N-terminal signal (lead-
er) sequences, that are removed from the
mature protein after ins.ertion. Complicat-
ed protein insertion and translocation ma-
chineries composed of water-soluble and
membrane-bound proteinaceous compo-
nents have been characterized genetically
and biochemically in prokaryotic and eu-
karyotic cells, but the detailed molecular
mechanism by which the nascent polypep-
tide chain is driven through the membrane
is unknown. However, there are several
examples of relatively small proteins which
insert into cellular membranes independ-
ently of a translocation machinery. Classi-
cal examples are the coat proteins of the
filamentous phages M13 and Pf3. This
suggests that such small proteins must
have the structural properties necessary
for targeting and translocating within their
primary amino-acid sequence.

The project concerns fundamental stud-
ies of membrane protein insertion and
structural folding using the coat proteins
of the filamentous phages Ml 3 and Pf3.
The 50-residue-long M13 coat protein is
synthesized in Escherichia coli cells as a
precursor, termed procoat protein, with a
classical 23-residue leader sequence at its
N-terminus. Procoat protein inserts into
the plasma membrane as a loop structure
in the presence of a transmembrane elec-
trical potential and is finally processed by
leader peptidase, yielding the mature trans-
membrane M13 coat protein. In contrast
to M13 coat protein, the 43-residue-long
PB coat protein is synthesized without a
leader sequence and the protein directly
transfers its N-terminus across the mem-
brane.

Horst Vogel studied Chemistry at the Univer-
sity ofWilrzburg/Germany. After his diploma
thesis in Physical Chemistry he went to the
Max-Plallck Institute for Biophysical Chem-
istry in G6ttingen, where he performed his
Ph.D. work on the 'Structure of lipid mem-
branes' in the Departments of Profs. M. Eigell
and A. Weller. In the following, he worked at
the Max-Plallck Institute for Biology in Til-
bingen/Germany, at the Biocenter of the Uni-
versity of Basel/Switzerland, and at the Karo-
linska Institute in Stockholm/Sweden, study-
ing the structure and dynamics of membranc
proteins. In 1994, he was appointed as a Pro-
fessor of Physical Chemistry at the EPFL,
where he is director of the Institute for Phys-
ical Chemistry of Polymers and Membranes.
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A combination of biochemical and bio-
physical techniques are applied to obtain
details of the protein structure as the pro-
teins trans locate across the membrane.
Genetic studies with mutant proteins have
allowed dissection of the membrane in-
sertion process into distinct steps. This
offers the possibility to observe and char-
acterize the conformational details of trans-
location intermediates of the wild type
and of different mutant proteins. The
project focusses on the following topics:
- The thermodynamics and kinetics of

the membrane insertion of the two
wild type and different mutant pro-
teins are investigated by spectroscopic
and calorimetric techniques in order to
distinguish different membrane trans-
location intermediates.

- Structural and dynamic details of the
translocation intermediates as well as
the final membrane-inserted state of
the proteins are investigated by fluo-
rescence spectroscopy using site-spe-
cific chemical labelling of suitable re-
porter groups.
Of particular interest for the present

project is the investigation of how trans-
membrane potentials influence the mem-
brane insertion process and subsequent
protein folding. Fluorescence measure-
ments allow observation of the transloca-
tion process in situ and thus provide im-
portant information on how an electrical
transmembrane potential influences the
translocation of charged residues across
lipid membranes.

1.2. Protein Structure Determination
by Fluorescence Spectroscopy

Detailed structural information of re-
ceptor proteins is important for the under-
standi ng of the mechanisms of ligand rec-
ognition and signal transduction and in
turn for the design of novel therapeutic
agents. In the case of membrane-integrat-
ed receptor, the determination of the three-
dimensional protein structure represents a
formidable task because of the difficulties
of obtaining and purifying sufficiently
large amounts of protein to produce crys-
tals for high-resolution X-ray or electron
diffraction. We are developing a new and
general method for protein structure de-
termination by fluorescence spectrosco-
py. Here, a fluorescent, nonnatural amino
acid is introduced at a known site into the
receptor protein by molecular biological
methods. Subsequently, intermolecular
distances are determined by measuring
the fluorescence resonance energy trans-
fer between the fluorescent, nonnatural
amino acid in the receptor and a suitably
fluorescently labeled ligand molecule

which binds to the receptor. Using a vari-
ety of different receptor mutant proteins,
allows the determination of distances,
which permit to fix the ligand in space and
define the three-dimensional structure of
the receptor. The method can be generally
applied to understand the molecular archi-
tecture and conformational changes of in-
tegral membrane proteins such as chan-
nels, G-protein coupled receptors as well
as protein-protein or ligand-protein inter-
actions, either in reconstituted systems,
membrane fragments or even intact living
biological cells.

2. Formation of Supramolecular
Structures by Selective Self-assembly
Processes

This project deals with the formation
of two-dimensional micro-scale structures
on solid surfaces. The preparation of these
structures makes use of the combined ap-
plication of the Langmuir-Blodgett tech-
nique and the formation of self-assembled
monolayers of sulfur-bearing molecules.
This combination allows the generation of
well-defined surface patterns with con-
trasting properties. Since the fabrication is
based on self-organizing principles, there
is no theoretical limit on the size of the
patterns created. Our motivation in creat-
ing these surface structures is to develop
micro- and nano-sized multichannel sen-
sor arrays. However, the potential for cre-
ation of structures below optical limits
makes this technique of great intrinsic
interest for all lithographic applications.

3. Development of Novel Biosensors
Based on Natural and Artificial
Receptors

Biosensors are devices based on the
specific recognition of an analyte of inter-
est by a biological component (enzymes,
antibodies, receptors, whole cells), and
the subseq uent transformation of thi s event
into an electrical, optical, or other signal.
Although it is only recently that biological
signal recognition, transduction, and am-
plification principles have been applied to
develop new analytical tools, biosensors
have already attracted intense interest in
many different fields such as medical di-
agnostics and control, environmental anal-
ysis, and monitoring of biotechnological
processes.

The potential for biosensor technology
is enormous and it will revolutionize cer-
tain areas of analysis and control. Howev-
er, in order to fulfill the high expectations

and to make biosensors practical, a number
of obstacles must be overcome.

Most of the existing biosensing princi-
ples rely on enzymatic reactions or anti-
gen-antibody interactions in order to de-
tect the analytes of interest. Although such
sensors have been quite successful in cer-
tain areas such as measuring the sugar
concentration in blood, in enzyme-based
analytics and immunodiagnostics, the
fields of application are presently still
quite limited. In order to overcome the
limitations of traditional biosensor appli-
cations, novel concepts have to be found
to improve the biosensors' stability to
increase their sensitivity by applying nov-
el physical detection techniques and, most
importantly, to open biosensors to other
biological signal recognition, transduc-
tion, and amplification principles. Our re-
search has entered a novel field of bios en-
sors by applying biological signal recog-
nition and amplification processes which
are based on either natural membrane pro-
tein receptors or tailor-made sensing mol-
ecules, that is artificial membrane-active
receptors, derived from natural precur-
sors.

Many central biological signal trans-
duction processes such as synaptic trans-
mission occur at the level of cell mem-
branes. It is therefore not surprising that
the biological function of membrane pro-
teins in general and neuroreceptors in par-
ticular can be modulated by pharmacolog-
ically active substances. Both the func-
tional understanding of molecular interac-
tions of receptors as well as their respec-
tive use in screening for effector com-
pounds are important aspects in drug dis-
covery. At present, the screening for new
pharmacologically active compounds still
follows traditional routes applying time-
consuming ligand binding studies and re-
ceptor function tests separately. It is a
major objective of our research to develop
novel principles for functional tests to
detect ligand-receptor interactions with
higher efficiency and sensitivity.

A central problem which has to be
sol ved in the project is the immobilization
of membrane receptor proteins in a func-
tionally active form on sensor surfaces. In
this context, we are developing a new
generation of biosensors by combining
improved membrane-immobilization pro-
cedures with novel ways of enriching the
concentration of receptor proteins on the
sensor surface by affinity binding.

For the project to be accomplished, a
multidisciplinary approach is necessary,
combining the expertise of membrane bio-
chemists and molecular biologists, chem-
ists, physicists, and silicon technologists
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ina col laborati ve effort between the EPFL
and the Universities of Lausanne, Gene-
va, Neuchatel, and Bern. Collaboration
with leading pharmaceutical companies
as partners within the project helps to
focus on developing novel analytical tech-
niques in general and drug screening in
particular. Collaboration with smaIl- and
medium-sized companies with experience
in the development of optical and elec-
tronical devices and equipment allows us
to transfer the know-how of the feasibility
studies for the construction offuture sens-
ing devices.

Within the project, three different class-
es of receptor systems are under investiga-
tion: i) Ligand-gated ion channels such as
the 5HT3 (serotonin), GABAA, and nico-
tinic acetylcholine receptors as examples
of pharmacologically important neurore-
ceptors. Here the intrinsic signal amplifi-
cation of a channel protein is used as a
detection principle. ii) G-Protein coupled
receptors such as the NK2 receptor for
introducing new principles for the sensing
ofligand-receptor interactions for this im-
portant class of receptor proteins. Both i)
and ii) might be applied to develop new
drug screening tests using a functional
assay. iii) Ligand-receptor interactions at
the membrane surface for investigating
the specific binding of antibodies to these
proteins. As representative examples, rel-
atively small lipid-attached polypeptides
(repeating NANP sequences which repre-
sent the major epitope of the protein cov-
ering the surface of the sporosite state of
the human malaria parasite Plasmodium
falciparum) and larger lipid-anchored pro-
teins such as the promastigote surface
protease (PSP) of the parasite Leishmania
are studied. Artificial ligand-gated chan-
nel proteins based on synthetic template-
assembled proteins are also used for de-
veloping a new concept of immunosen-
sors.

In order to detect different ligand-re-
ceptor interactions, surface sensitive tech-
niques are applied which can be divided
into two groups according to their sensor
supports: i) methods using gold surfaces
(impedance spectroscopy, piezoelectric
devices, surface plasmon resonance spec-
troscopy and microscopy) and ii) methods
which use hydrophilic substrates such as
glass or Ti02 surfaces (integrated optics,
fluorescence spectroscopy). The two dif-
ferent groups of techniques require differ-
ent strategies to immobilize the biological
components which are developed within
the different projects. It is important for
the success of sensors that the different
techniques deliver complementary infor-
mation and sensitivity which offers the

possibility to combine the different detec-
tion techniques within one sensor device
in order to improve its performance in
practical applications.
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