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After the conclusion of the Human
Genome Project it has become clear that
the next stage towards understanding
the machinery of life is the identification
of all its molecular components and as-
signment of function to each of them.
Concurrently, the realization that the dy-
namics of biomolecules may be intimate-
ly tied to their function has gained some
ground. Optical spectroscopic techni-
ques play a pivotal part in the elucida-
tion of this connection. Optical techni-
ques are unique in their ability to probe
biomolecules over a broad range of both
temporal and spatial scales, with minimal
perturbation to the function of the bio-
molecules. It is thus not surprising at all
that recent years have seen a huge
surge in the application of sophisticated
optical spectroscopies, which were first
developed by physicists and physical
chemists, to biological problems.

Biomolecular dynamics cover a grand
spectrum of timescales, from vibrational
motion on the femtosecond domain to
large-amplitude conformational changes
on time periods as long as seconds. Op-
tical spectroscopy can approach this
whole range, by using a variety of meth-
ods. A few typical examples might be ul-
trafast pump–probe spectroscopy on the
femtosecond timescale, time-resolved
single-photon counting for the resolu-
tion of picosecond to nanosecond dy-
namics, fluorescence correlation spectros-
copy on the microsecond time domain
and single-molecule fluorescence spec-
troscopy on time windows ranging be-
tween milliseconds and seconds. Inter-

estingly, a very large range of the “opti-
cal” spectrum is covered by these and
complementary techniques, from ultra-
violet to far infrared.

Since the scientists practicing different
types of optical spectroscopy come from
many scientific disciplines, they rarely
meet together to discuss the common
ground of their methodologies. A sym-
posium was recently held that assem-
bled, in one room, scientists from the
whole range of areas of optical spectros-
copy and allowed discussion and ex-
change of ideas to fertilize possible co-
operation and collaborations. This is a
report on the “Minerva-Gentner Sympo-
sium on Optical Spectroscopy of Biomo-
lecular Dynamics (OSBD)”, which took
place between 21st and 25th March
2004 in the Franconian cloister Banz
near N;rnberg, Germany. It was primarily
funded by the Minerva foundation of
the Max-Planck Society, which promotes
collaboration between German and Isra-
eli Scientists. The meeting assembled
around 100 participants, many from Ger-
many and Israel, but more than one
third of the participants came from
other countries, most notably from
North America and western Europe.

The six topical sessions of the meeting
were organized mostly by biological sub-
ject rather than physical technique, and
further discussions were held during two
poster sessions. A particular emphasis of
the program was on allowing research-
ers who study single molecules to com-
pare their methodologies and results to
those of researchers who study ensem-
bles of molecules. In this short report,
there is simply not enough space to dis-
cuss all the exciting science that was
presented in the meeting. Therefore, we
try to exemplify the richness of the sym-
posium by focusing here on only a few
of its topics. We apologize to those par-
ticipants whose work we do not mention
explicitly here.

Fluorescent Proteins

Proteins with built-in chromophores that
can emit light in the visible range of the
spectrum, the group of so-called fluores-
cent proteins, have revolutionized cell bi-
ology.[1] In combination with novel imag-
ing techniques, they are nowadays rou-
tinely used as protein labels, gene-ex-
pression markers, and reporters of cellu-
lar signals. It is essential to fully
understand their intrinsic spectrochemi-
cal properties to judiciously interpret ex-
perimental microscopy data. Lectures in
the meeting emphasized mainly the ex-
citing and novel information that can be
gleaned by looking at the photochemis-
try and photophysics of the fluorescent
proteins. Silvia V�lker (Leiden, The Neth-
erlands) showed how hole-burning opti-
cal spectroscopy at very low tempera-
tures can disentangle the complex elec-
tronic structure of such proteins by es-
tablishing a complete set of their vibra-
tionless 0–0 transitions. Green fluores-
cent proteins in general turn out to exist
in three different conformations, in two
of which their chromophore is deproto-
nated. These conformations can inter-
convert in both the electronic ground
and excited states.[2] The kinetics of the
proton transfer in the excited state was
at the center of a lecture given by Dan
Huppert (Tel Aviv, Israel). Huppert per-
formed time-resolved fluorescence meas-
urements to elucidate, in particular, the
mechanism of geminate recombination
of the ejected protons with the remain-
ing anionic chromophore following an
initial optical excitation of the green flu-
orescent protein (GFP). He found that,
rather than being localized on a specific
side group, the proton randomly walks
in the interior of the b-barrel protein,
before finally “finding its way back
home” to the chromophore.[3] Ulrich
Nienhaus discussed properties of red
emitting proteins that were recently pro-
posed as novel fluorescence probes by

[a] Prof. P. V�hringer
Facult� de Chimie, Universit� Louis Pasteur
67000 Strasbourg (France)
Fax:(+33)3-90-24-51-83
E-mail : vohringer@chimie.u-strasbg.fr

[b] Dr. G. Haran
Chemical Physics Department, Weizmann Insti-
tute of Science
Rehovot 76100 (Israel)
Fax:(+972)8-934-2749

ChemPhysChem 2004, 5, 1311 – 1313 DOI: 10.1002/cphc.200400287 A 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 1311

CONFERENCE REPORTS



his research group from the University of
Ulm (Germany).[4] These oligomeric var-
iants of GFPs with emission spectra dis-
tributed across the visible spectrum
carry the great promise of further ex-
panding the powerful toolbox of auto-
fluorescent protein probes available to
biologists. He particularly emphasized
the utility of fluorescence correlation
spectroscopy and single-molecule spec-
troscopy in looking at fast blinking dy-
namics of these proteins.

Time-Resolved Infrared Spec-
troscopy

Because of its ability to probe specific
groups within large molecules and to
provide detailed information about
structure and dynamics, infrared (IR)
spectroscopy has traditionally held a
strong position among the various opti-
cal techniques applied to biomolecules.
Recent years have seen a dramatic surge
in the application of time-resolved IR
techniques, and some of this excitement
was represented in lectures in the con-
ference. Klaus Gerwert (Bochum, Germa-
ny) showed how time-resolved IR differ-
ence spectroscopy can be used to study
intraprotein proton transfer via a hydro-
gen-bonded network of internal water
molecules.[5] He also demonstrated how
caged molecules can be used to initiate
fast reactions in proteins; the reactions
are then followed by time-resolved IR
spectroscopy. Friedrich Siebert (Freiburg,
Germany) focused his attention on rho-
dopsin, providing a detailed picture of
conformational changes accompanying
light-induced activation of the protein.[6]

Thomas Elsaesser from the Max-Born-In-
stitute (Berlin, Germany) pointed his fem-
tosecond IR lasers at the very basic prob-
lem of hydrogen-bond dynamics, by em-
ploying simple dimers of acetic acid as
model systems for hydrogen-bonded
base pairs in nucleic acids.[7] Using non-
linear optical techniques, he was able to
measure coherent vibrational motion
along the hydrogen-bond coordinate, as
well as to measure the lifetimes of the
OH stretching and bending modes. A
few years ago, Robin Hochstrasser pio-
neered 2D infrared spectroscopy, a so-
phisticated ultrafast nonlinear method
which is the vibrational corollary of the

familiar 2D NMR spectroscopy, and in
Banz he discussed new developments in
the technique, striving to make it ever
more powerful. Hochstrasser also
showed how 2D IR methodology can
yield novel information on vibrational
dynamics and structure in short pep-
tides.[8] In a combined effort, Peter
Hamm (Z;rich, Switzerland) and Josef
Wachtveitl (Frankfurt, Germany) applied
time-resolved IR spectroscopies on time-
scales from femtoseconds to millisec-
onds to follow the structural equilibra-
tion of small cyclic peptides, in which an
ultrafast conformational transition is initi-
ated by optically triggering a cis–trans
isomerization of an azobenzene group
integrated into the peptide backbone.[9]

Protein Folding Dynamics

The field of protein folding has been
burgeoning in recent years, much due to
the development of a series of new ex-
perimental techniques that have provid-
ed a wealth of novel information on the
basic events occurring during the folding
process. Indeed, the complex energy
landscape of proteins requires probing
with a spectrum of methods to obtain
proper understanding of structure and
dynamics. Elisha Haas of Bar-Ilan Univer-
sity (Ramat Gan, Israel) gave a broad
overview of the application of time-re-
solved fluorescence resonance energy
transfer (FRET) spectroscopy to charac-
terize conformational distributions of
proteins in folded and unfolded states.
In particular, he showed how different
parts of adenylate kinase organize on
different timescales during folding.[10]

The FRET methodology for elucidating
folding dynamics becomes particularly
useful when it is applied to individual
proteins as shown by Ben Schuler (Pots-
dam, Germany). Schuler pointed out that
the widths of FRET efficiency distribu-
tions of proteins at various stages of the
folding process contain dynamic infor-
mation pertaining to the reconfiguration
time of the protein chain in the unfolded
state.[11] Further information can be
gleaned by immobilizing proteins and
measuring long time trajectories as they
fold and unfold. Two lecturers discussed
the effect of pressure on the thermody-
namics of folding. Joseph Friedrich from

the Technical University in Munich (Ger-
many) elaborated on the fascinating el-
liptic form of the phase diagram of pro-
teins in the temperature-pressure plane
and showed how solvent interactions
change with pressure, as reflected in the
spectra of the chromophore of Zn-cyto-
chrome c.[12] Roland Winter (Dortmund,
Germany) showed that temperature–
pressure studies, combined with a varie-
ty of spectroscopic methods, can be
used to parameterize an empirical
energy landscape for a folding protein.[13]

He also discussed a sophisticated pres-
sure-jump spectrometer and its applica-
tion to folding.

Fluorescence Correlation
Spectroscopy (FCS)

FCS probes fluctuations in fluorescent
signals as a means to measure diffusion
coefficients of macromolecules, co-local-
ize cellular components or study confor-
mational dynamics. It has become the
method of choice for studying equilibri-
um dynamics of biomolecules on the mi-
crosecond-to-millisecond timescale. The
utility of FCS for measuring diffusion co-
efficients of biomolecules relies on care-
ful examination of the various parame-
ters involved in data fitting, mainly the
geometry of the excitation volume
probed. Indeed, J�rg Enderlein (J;lich,
Germany) presented some detailed cal-
culations and measurements that high-
lighted the limits of the technique and
underscored pitfalls and artifacts inher-
ent in its application.[14] Oleg Krichevsky
(Beer Sheva, Israel) described the appli-
cation of FCS to study monomer dynam-
ics in large DNA molecules, using poly-
mer theory to obtain detailed under-
standing of the motions probed.[15] Petra
Schwille (Dresden, Germany) presented
some new and clever multicolor versions
of FCS including fluorescence cross-cor-
relation spectroscopy which prove to be
highly informative with regard to molec-
ular interactions within live cells.[16]

The frontiers of optical spectroscopy
have been pushed to previously unima-
ginable extremes: The ultimate sensitivi-
ty limit of individual molecules has finally
been reached by methods that probe
matter with light. Likewise, ultrafast
lasers from the far-UV to the far-IR are
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now able to “see” molecules as they vi-
brate and tumble in “real time”. Transi-
ent electronic and vibrational spectra re-
corded on time scales between millisec-
onds and femtoseconds can reliably be
decomposed into kinetic schemes of
utmost complexity using sophisticated
numerical simulation techniques. It was
exhilarating to experience how all these
individual advances are nowadays being
used to unravel ever finer details of bio-
molecular dynamics. Indeed, the enor-
mous power and utility of optical spec-
troscopies (at the level of both ensem-
bles and single molecules) to experimen-
tally uncover this fascinating intricacy of
molecular dynamics and biological func-
tion was collectively acknowledged by
an overwhelming majority of partici-
pants. Since nearly everyone expressed
their great interest in a regular forum for

“Optical Spectroscopy of Biomolecular
Dynamics”, a committee was put togeth-
er that will initiate the organization of a
next meeting, OSBD II, to be held some-
where in Israel.
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