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Background/aim: Successful attempts have been made to extract membrane proteins from living
fibroblast 3T3 cells using the atomic force microscope (AFM) where chemically modified AFM tips
with covalent crosslinkers were introduced to form covalent bonds between the amino groups of the
cell surface molecules and the modified AFM tip during a brief contact. The same method using force
curve mode of the AFM is now applied on human as well as bovine red blood cells to extract the
major membrane proteins on their surface, i.e., glycophorin and Band 3.
Methods: Gold coated silicon nitride probes were modified with covalent crosslinkers such as SPDP
(N-succinimidyl 3-(2-(pyridyldithio) propionate) which are reactive to amino groups. Fresh red blood
cells were obtained from human and bovine blood. Poly-L-lysine coated glass was used to attached the
red blood cells. The unbound cells were washed away to avoid tip contamination during AFM
operation. All the force curves were taken in an isotonic solution of phosphate buffer of pH 7.4 at
room temperature.
Results: Analysis of the force curves collected on the red blood cells using modified tips often showed
a long extension of the sample up to a few micrometers having single or multiple force peaks and with
the final rupture force in the range of 0.3 to1.5 nN, which is similar to or slightly higher than the force
in our previous protein extraction work [1]. In reference experiments where unmodified tips were
used on the cell surface, no specific adhesion interaction was observed.
Conclusions: Protein extraction from a living cell using an AFM followed by identification of
extracted proteins can be a reliable method in the future for spatio-temporal nano-analysis of a single
living cell for cellular level diagnosis.

[1] R. Afrin, H. Arakawa, T. Osada and A. Ikai, Cell Biochem. Biophys., 39 (2003) 101.
[2] R. Afrin, T. Yamada and A. Ikai, Ultramicroscopy (2004, in print).
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Abstract:
The passage (translocation) of a biopolymer through a narrow membrane pore has received
considerable attention in recent years. In particular, single molecule translocation experiments allow
detailed investigations of such translocation processes, which now has to be understood from a
theoretical point of view. Two fundamentally different transport mechanisms are distinguished: (i) For
(highly) charged biopolymers, like DNA, electric fields is used to induce the translocation.
Experiments reveal a threshold-like behaviour of the flux (number of DNAs passing through the pore
per unit time) of single-stranded DNA molecules through the pore as a function of applied voltage.
Above the threshold the flux depends exponentially on voltage. A theoretical model of the process is
developed, in which it is shown (see ref. 1 below) that the behaviour above is essentially caused by
entropic confinement effects in the nanopore. (ii) For less charged polymers, such as proteins, the
translocation is guided by chaperones (binding proteins) which due to their binding to the biopolymer
drive the passage. It is shown (see ref. 2 below) how the interaction between chaperones and the
translocating biopolymer act to drive the translocation dynamics, and in detail how the rate of
translocation depend on the different types and concentrations of chaperones on both sides of the
membrane.
[1]. T. Ambjörnsson and S.P. Apell, Z. Konkoli, E.A. Di Marzio and J.J. Kasianowicz. Charged
polymer membrane translocation. J. Chem. Phys. 117, 4063 (2002).
[2]. T. Ambjörnsson and R. Metzler. Chaperone assisted translocation. Physical Biology 1, 77
(2004), cond-mat/0405093
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Background/aim: Tremendous number of different proteins demands new ways of their description.
Even the protein sequence can not give the complete information since its biochemical activity is
defined by its ternary structure, in particularly, the charge distribution on the protein surface. It
resulted in intensive investigations of the proteins surface on the basis of experimentally determined 3D structure of these macromolecules. It is very difficult and complicate way. The aim of our paper is
to develop a new approach for simple description of the distribution of charged groups on the
molecule surface. This approach is based on investigation of interior entropy of multi-charged
macromolecules.
Results: The interior entropy of multi-charged macromolecule is caused by the high degree of
degeneracy with a multi-charge state of a polyvalent ion such as a protein molecule in an aqueous
solution. The greater the number of available states Z(q) corresponding the fixed value of the
polyvalent ion charge q, the greater is the internal entropy of this charge state and entropic part of free
energy FS. The charge state of any protein is changed as the pH of the surrounding solution changes:
q=q(pH). So, an entropic trap appears in any gel-based system if pH values are not constant inside the
system. The proteins are trapped in the place where the number of their states Z(pH) is maximal. The
observation of these traps has been seen on a standard immobilized pH-gradient strip and on a special
chip having discrete fixed pH values in different points. Both the chip and the strip were immersed
into an aqueous protein solution. The distribution of trapped molecules along the strip (chip) is fixed
as an optical density change along the strip. This distribution is the imprint of charge distribution on
the protein surface at different pH values. The charge distribution is defined by ionized ionogenic
groups of the protein. The number of ionized ionogenic groups is defined by the protein sequence and
the microenvironment of each ionogenic group inside the molecule. The most essential that
microenvironments are depend on the internal organization (ternary structure) of the molecule and
does not change with pH. So, the experimental pH dependence of optical density is the same map of
the protein as its sequence. It is possible to say that it is entropic map. The simple verification of this
statement is a change of these entropic maps after protein denaturation, for example. It has been
observed too.
Conclusion: For the first time, the existence of entropic traps for globular proteins is predicted
theoretically and experimentally proved. It provides the simple way for description of surface charge
distribution. The simple estimates of the entropic part of free energy FS have been done. The
alternative explanations of the effect are discussed. The different applications of the effect are
suggested.
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Lars Kastrup, Hans Blom, Christian Eggeling and Stefan W Hell
Department of NanoBiophotonics, Max Plank Institute for Biophysical Chemistry
Am Fassberg 11, DE-37077 Göttingen, Germany. Tel: +49-551-201-1360. Fax: -1085
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We have performed fluorescence correlation spectroscopy (FCS) in reduced focal-volumes engineered by stimulated
emission depletion (STED) [1]. In STED-microscopy the focal-volume of excitation is superimposed by an engineered
stimulated emission depletion volume, which limits the fluorescence emission from parts of the excitation volume. Focal
engineering by STED is here achieved by the use of a circular half-wave retardation phaseplate that covers half the area of
the back aperture of an objective lens (Leica objective 63x, N.A 1.2W). As a result, destructive interference occurs in the
geometric focus while two axially offset intensity maxima along with two weaker laterally offset maxima are formed (see
inset-image in Fig. 1 below). Simulations have shown that this STED intensity-distribution is particularly suitable as the
effective focal-volume becomes increasingly spherical (axial dimension equals lateral). Therefore a similar diffusion time
arises in the x,y- and z-directions, in sharp contrast to different focal-shape parameters normally used in FCS [2]. The
correlation curves in the left part of Fig. 1 show the results. Without stimulated emission depletion (black curve), the focal
volume is the usual confocal with lateral- (τ1) and axial diffusion-times (τ2) equal to 30 and 230 µs, respectively. Applying
the STED-beam with increasing power, we can re-shape the focal-volume and make it smaller (grey curve). As can be seen
in the right part of Fig. 1, the fitted axial diffusion-times (τ2) approaches the lateral diffusion-time (τ1) in the left figure.
With further improvements, we hope to reduce the focal spot size to 50-100 nm in all three directions, which should allow
us to study single fluorescent molecules at micromolar concentrations. This would then fulfil a wish and need in
fluorescence-based bioanalytical studies to detect single molecules, one by one, even at higher concentrations [3]. At
present, commonly used confocal microscopes applied in the detection of single molecules, using diffraction-limited
observation volumes (lateral size ~200nm; axial ~ 500-800 nm), only allow for single molecules to be detected up to
nanomolar concentrations. The STED-FCS technological concept has the potential and possibility, to provide a flexible
pathway to improve fluorescence spectroscopic techniques so they can work at the single molecule level even for
biologically more relevant concentrations.
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Fig.1 LEFT: measured autocorrelation curves with and without stimulated emission depletion (STED). Image-inset shows
the normal excitation focal-volume (left) and the intensity distribution using the phaseplate (right) that redistributes the
intensity of the STED-beam so it generates null intensity in the center and preserves the intensity in the wings. These wings
(above/below and sides) are the parts that deplete the fluorescence and shrink the detected focal-volume. RIGHT: fitted
axial diffusion-times from the measured autocorrelation curves with increasing STED-power.
[1] S.W Hell et al., Opt. Lett., 19, 780 (1994)
[2] R. Rigler et al., Eur. Biophys. J., 22, 169 (1993)
[3] T.A. Laurence et al., Science, 299, 667 (2003)
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Background/aim: In order to understand the deeper mechanisms of energy transfer and related structural
transitions in biomolecules such as proteins or DNA, one has to treat the latter (at least partly) from the first
principles standpoint. That is, the classical framework is not sufficient for this purpose, and quantum effects
should be accounted for explicitly. Nowadays it is common to approach the problem with so-called ab initio
quantum mechanical (QM) calculations based on more or less strict solution of the Schrödinger equation for a
given electronic structure or state [1,2]. Even though these QM calculations are in large part very accurate
(almost exact), usually the aim can only be achieved under rather simplified conditions of pure vacuum, while
the system is considered as being completely isolated, so that the total energy is conserved. During recent
decade many attempts to combine QM methods with the ansatz of classical thermodynamics for the
surroundings have appeared. Basically, the idea is to simulate the entire system consisting of a biomolecule and
its environment within the canonical framework, T = const, while iteratively solving the most important part
with the aid of QM. Yet, the problem is how to treat properly the intermediate region between the quantum and
classical parts.
Thus, there is a necessity in development of a QM approach that is naturally founded on the canonical
conditions. Moreover, such an approach exists, namely, the Feynman Path Integral method, which has by now
been developed into a powerful computer simulation scheme [3,4]. The aim of our work is to further develop
the latter so as to make it possible to treat large hydrocarbonic molecules.
Methods: A Bead-Fourier Path Integral Monte Carlo (BF-PIMC) method is employed, as being the optimum
combination of the two original PIMC models: The high temperature spring-bead and Fourier series
approximations for “virtual trajectories” of quantum particles [3]. In order to reduce the computer time
demands, the nuclei and closed shell electronic structure are supposed to be approximated with the use of
appropriate pseudo-potentials calculated in advance, i.e. prior the actual BF-PIMC simulation for the outer
electrons, making up covalent bonds.
Results: A state-of-the-art BF-PIMC program is being developed. Up to now, as important tests, the hydrogen
atom and molecule have been successfully simulated and the corresponding exact analytical data have been
reproduced.
[1] B. Durbeej and L. A. Eriksson, J. Am. Chem. Soc. 122, p. 10126 (2000)
[2] M. Aida, F. Inoue, M. Kaneko, M. Dupuis, J. Am. Chem. Soc. 119, p. 12274 (1997)
[3] P. N. Vorontsov-Velyaminov, M. O. Nesvit, R. I. Gorbunov, Phys. Rev. E 55, p. 1979 (1997)
[4] Y. Zhao, T. Yamamoto, W. H. Miller, J. Chem. Phys. 120, p. 3100 (2003)
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First passage times of pulling-assisted DNA unzipping
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We investigate the voltage-driven transport of hybridized DNA through membrane channels. As
membrane channels are typically too narrow to accommodate hybridized DNA, the dehybridization
of the DNA is the critical rate limiting step in the transport process. Using a two-dimensional
stochastic model, we show that the dehybridization process proceeds by two distinct mechanisms;
thermal denaturation in the limit of low driving voltage, and direct stripping in the high to moderate
voltage regime. Additionally, we investigate the effects of introducing non-homologous defects into
the DNA strand.
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Active Feedback Electrophoresis: A New Way to Trap and Manipulate Small Objects
Adam E. Cohen* and W. E. Moerner†
*
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We present a technique for trapping and manipulating nanoscale objects in solution at room
temperature. Laser tweezers have opened a new realm of biophysics by allowing one to manipulate
beads tethered to biomolecules. However, it is awkward to trap beads smaller than ~100 nm because
the laser power required becomes too large. It would be advantageous to be able to trap individual
nanoscale objects, and even to trap biomolecules without having to tether them to beads.
Our device uses microscopic imaging and active feedback to induce an electrophoretic drift in a
particle that exactly cancels its Brownian motion. Four microfabricated electrodes are arranged
around the corners of a square. A poly(dimethyl siloxane) (PDMS) stamp confines the particles in the
z-direction to a thin fluid layer above the electrodes (Fig 1). We use fluorescence video microscopy to
track the diffusion of a single particle. An active feedback circuit applies voltages to the electrodes
such that the electrophoretic drift is always counter to the displacement due to Brownian motion,
thereby maintaining the particle at a user-selected location in the x-y plane. Unlike laser tweezers, this
scheme scales favorably for ever-smaller particles. As of May 2004 we have been able to trap and
manipulate 200 nm fluorescent microspheres by this method. We are working to decrease the size of
the object trapped, and eventually to trap individual fluorescent molecules.
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Figure 1 Active feedback electrophoresis cell to trap nanoscale particles. a) Top view. b) Side view.
The statistics of the feedback voltage contain valuable information about the charge and mobility of
the trapped particle. This information may be used to identify fluctuating conformations and charge
states of an individual particle. We are currently investigating other ways in which to overcome
thermal fluctuations with active feedback.
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Background: The development of sophisticated fluorescence markers and cloneable fluorophores
(e.g. green fluorescent protein) has led to an explosion in their applications and established
fluorescence microscopy as one of the most powerful tools within molecular cell biology [1]. While
fluorescence microscopy is of great practical importance today, some problems persist. These include
the cytotoxicity and photo-instability of many fluorescence dyes. The cell is studied under far from
natural conditions as the distribution and function of targeted molecules may be seriously altered by
the marker molecule. For these reasons it is desirable to establish contrast based on the biomolecules
themselves through their intrinsic fluorescence or vibrational properties. This is traditionally achieved
by single-photon excitation, for which the weak signals of interest have to compete with a strong
fluorescence background. It requires excitation in the high-frequency range, resulting in low
penetration depth and photo-bleaching effects. These difficulties can all be overcome by multi-photon
excitation. Near infrared (NIR) excitation light with larger penetration depth generates here signals in
the visible wavelength range, free from the fluorescence background. High intrinsic 3-dimensional
resolution is achieved without the need for confocal detection, due to the non-linear processes
involved. With the aim to integrate these novel multi-photon microscopy techniques into applied
biological research, we are presently setting up a facility for non-linear microscopy at the Center for
BioPhysical Imaging, Chalmers University, Sweden.
Methods: By simultaneously coupling three different, but synchronized, laser beams into a
microscope, imaging of a wide selection of biomolecules in unstained, living yeast cells is
accomplished. Unique for this multi-photon microscope is that the wavelength of the laser beams are
widely tunable in the NIR regime, which allows us to select the most optimal multi-photon excitation
process for the biomolecule(s) studied: 2-Photon Fluorescence (2PF) and Lifetime IMaging (FLIM),
Second Harmonic Generation (SHG), Coherent Anti-Stokes Raman Scattering (CARS), etc [2].
Results: Time-series of images of living yeast cells collected by means of the non-linear processes
CARS and 2P-FLIM show the potential of multi-photon microscopy.
Conclusions: Non-linear microscopy enables selective imaging of biomolecules and supermolecular
structures in living biological cells at low excitation intensities and high 3-dimensional resolution
without the need for exogenous labeling. Thus, long-term monitoring of dynamic processes such as
chemical and structural changes of biopolymers without interference in their natural environment can
be achieved in vivo. Intra- and inter- cellular concentration changes can be followed in real time, also
those involving the many smaller signaling substances and metabolites to which no markers can be
attached.
[1] J. R. Lakowitcz, Principles of fluorescence microscopy (Plenum Publishing Corp., New York),
(1999)
[2] W. R. Zipfel, R. M. Williams, and W. W. Webb, Nat. Biotechn. 21, 1368, (2003)
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Background: Biological membranes consist of a large variety of proteins and lipids, which are
specific for each cell type and each organelle. Recently there has been a heated debate on the role of
the lipid diversity for biomembranes function. It became increasingly clear that the membrane
components display a complex phase behavior, resulting in enthalpy, volume and compositional
fluctuations. The ultimate result of the fluctuations is a control of the elastic properties of the
membrane and the formation of domains on all length scales. These domains, in the biological context
often called “rafts”, are thought to control the lateral distribution of important membrane proteins, and
to influence diffusion processes and communication between such proteins.
Methods: We investigated mixed lipid membranes with calorimetry (VP-DSC, MicroCal), and a self
built fluorescence correlation spectrometer, using a Nd-Yag cw laser, and an inverted microscope
based on a high aperture water immersion objective by Olympus. Two avalanche photodiodes
recording photons of perpendicular polarization were used to measure fluorescence traces. The
autocorrelation profiles of the fluorescence signal were analyzed with a statistical thermodynamics
model (Monte-Carlo simulations) using calorimetric information [1].
Results: We measured the heat capacity profiles of lipid mixtures and simulated them with Monte
Carlo simulations to obtain the thermodynamics parameters of the system Simultaneously, we
recorded fluorescence autocorrelation traces of labeled lipids dissolved in these systems to investigate
how the coexistence of solid and liquid domains influences the diffusion characteristics within these
membranes. We then simulated the FCS experiment with Monte Carlo simulation. We were very well
able to describe the FCS profiles exclusively on the basis of the thermal information obtained from
calorimetry. This allows us to analyze Monte-Carlo snapshots to get a deeper understanding of the
underlying principles of domain formation.
Conclusions: The complex diffusion patterns in mixed lipid systems is a consequence of domain
formation on all length scales, including domains much smaller than the microscope focus. One can
understand the diffusion characteristics and the dynamics of domain formation on the basis of the
thermal fluctuations of the system obtained by calorimetry. The good agreement between simulation
and FCS experiments justifies the analysis of simulation snapshots to obtain a microscopic picture of
phase separating membranes.
[1] A. Hac, H. Seeger, M. Fidorra, and T. Heimburg. 2004. Biophys. J. (in revision).
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Background/aim: During the last decade, laser trapping technique has been actively applied to the
investigations of macromolecules, DNA and RNA, in polymer physics and biophysics. Owe to the
difficulties of direct trapping on such single molecules around 300 K, currently most of the studies on
laser trapping utilize the experimental technique to grasp micrometer beads, being attached to a single
macromolecule, instead of the direct trapping. A few studies have demonstrated that to highly packed
DNA with out any beads is efficiently manipulated and transported by optical tweezers [1]. Present
study achieves laser trapping on an elongated single DNA molecule, without the attachment of any
micro-beads.
Methods: Experimental observations and optical trapping were performed on a fluorescent
microscope with a large-aperture oil-immersion objective lens. A Nd:YAG laser (CW,
TEM00) for optical trapping was introduced into the objective lens by a dichroic mirror and focused to
a point about 1 µm in diameter on the observation field. The laser power was 500 mW.
Results: Figure 1 shows an experimental result of optical trapping. A fluctuating random coil DNA is
observed in fluorescent microscopy as shown in the left panel of Fig. 1. When the laser irradiate to the
DNA molecule, the DNA is pulled into the focus and compressed inside the trapping potential. The
compressibility ratio comparing with a free coil is about 1/50 in volume. The fluorescent images and
the mean square displacement of the trapped DNA suggest that the DNA keeps coiled state, which is
conformed by the observation of kinetics process after the laser-off.
Conclusions: We have demonstrated that infrared focused laser stably traps a single T4 DNA
molecule being coil state. This technique will be applicable to analyze a time development of a single
polymer chain in external potential.
[1] M. Ichikawa, Y. Matsuzawa, Y. Koyama and K. Yoshikawa, Molecular Fabrication: Aligning DNA Molecules as
Building Blocks, Langmuir, 19, 5444 (2003).
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There are many biological functions that involve movement of motors along a filament or polymeric
molecule. The motors use chemical energy to propel themselves along the track. The interpretation of
single molecule experiments which study them is in many cases model based. These models typically
ignore the effect of the heterogeneous track (such as DNA). Independent of the microscopic details,
these descriptions lead to a motion described by a biased random walker.
Using exact results and general arguments it will be shown that disorder leads to anomalous dynamics
of motors. Most notably, experiments should exhibit a region where the displacement of the motor as a
function of time grows sublinearly. The implications on the interpretation of experiments on RNA
polymerase, DNA polymerase / exonuclease and others will be discussed.

[1] Yariv Kafri, David K. Lubensky, David R. Nelson, Biophysical Journal, in press.
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Theory of channel-like "blinking" at single molecules.
Single molecules are proven to be the material cause but not the efficient cause of biological functions. The
"causa efficiens" is proven to be the law of entropy in Einstein's superior formulation. Exactly following the
physical origin of Brownian motion and diffusion, and of the fluorescent emission of photons after Einstein's
entropy-based quantum theory, the channel-like "blinking" of the quantum yield results from the same causa
efficiens as does the channel-like "electrical noise" of membranes. Hamiltonian fluctuations result for the same
reason, explaining the spectral jumps observed at single molecules. These phenomena are inexplicable by the
hitherto Copenhagen interpretation of quantum theory. Experimentally, single enzyme induced channel-like
fluctuations in lipid bilayers and in single hydrolytic reactions are predicted in detail. Acetylcholinesterase and
the cholinergic excitation of nerve by catalysis of acetylcholine are established: Visualisation by single
molecule study in optical patch clamp is now predicted.
The key idea is to assure the impossibility of the violation of the second law of thermodynamics from the start.
Probability is a physical reality then prior to any view-point of the observer. It is even prior to representation in
time and space. Any observable ni is merely an argument of that probability W(ni). It is impossible to realise
any machine that, without manipulation, reproducibly alters this probability. Probability is not plausible, in
contrast to view-points i, so observers have constructed such machines based on other principles than
probability W(ni) = exp S(ni). Entropy S is skaled on the proper Boltzmann constant. To assure this principle in
statistical physics, it is not sufficient to supplement a Boltzmann factor exp (- energy/ kT) because probability
law is not assured from the start. The consequence then is that the universal validity of this law of probability is
no more seen, the view-point of the observer dominates the theory although no fundamental law of nature does
depend on the view-point of the observers, the meaning of temperature T is reduced to a mean, and, basically,
the key second law is lost by thinking in terms of energy or matter or the historically first law of
thermodynamics. Planck never was tired to stress this point, although judging such error impossible to abandon.
Einstein has based all of his statistical theories on this inversion, placing entropy first as an analytical potential
S(ni), and never choosing the view-point of the observer as a foundation of physics but only to check the
validity of the theory.
The proper entropy S(ni) now unifies the "living" as it did the "non-living". Hydrated single molecules do
possess proper entropy that may be imagined as interfacial. The consequences of the second law of
thermodynamic do therefore unify the observed ni with the result that the thermodynamic forces and the wellobserved thermodynamic fluctuations of single molecules unify or embrace so different view-points ni from
nanotechniques and spectroscopy that this evident consequence of the most fundamental law in physics appears
paradox to any other theory starting in contrast from the observed view-point ni. This is the reason why single
molecules exhibit fluctuating Hamiltonians in contrast to quantum mechanics, and "channel-like" quantum
yield, since aqueous interfaces of membranes exhibit proper entropy S(ni), too, even though there electrodes
will see them first in history.
References:
Boltzmann, Einstein, Bohr, Schrödinger, Wigner, Eyring, Eigen, Orrit, Rigler, Xie.
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Protein motions are emerging as a key property of cell-membrane dynamics because they are both a
probe of membrane microstructure and because they have a major influence on reaction kinetics
within cell membranes. Recent experimental studies of protein mobility in cell membranes have
revealed that individual surface cell receptors may diffuse freely or exhibit non-Gaussian sub-diffusive
characteristics ([1] and references therein). Transitions between transport modes have also been
observed. The traditional understanding of protein mobility as the free Brownian diffusion of a
limited mobile fraction has therefore been called into question.
We show that the peculiar characteristics of protein motions can be represented accurately by a
microscopic model comprising of free Brownian motion punctuated by occasional immobilising
trapping events. In this approach the membrane is regarded as a random array of continuously
changing traps with the distribution of escape times having a divergent mean. Model predictions for
distributions of jump-lengths and mean-square displacements are shown to be in close agreement with
a reanalysis of existing single-particle tracking (SPT) data. An example of this is illustrated in Fig 1
which shows a comparison of model predictions with SPT data for MHC class II Fab-phycoerythrin
on fibroblasts at 20ºC. The model is seen to predict correctly the occurrence of power-law growth in
the mean-square displacements, <x2>, of proteins at short times where <x2>%t2α; the occurrence of a
transition to sub-diffusive transport at long times characterised by <x2>%tα and the non-Gaussian
distribution of jump-lengths. The reanalysis of the SPT data has also led to the first identification of a
super-diffusive mode of transport. The occurrence of super-diffusion is predicted by the model.
[1] M.J. Saxton and K. Jacobson, Annu. Rev. Biophys. Biolmol. Struct. 26 (1997)

Fig 1: Plot of log <x2> against log dt, with linear regression fits, and histogram of jump lengths over a
single timestep with Fox function and Gaussian pdfs.

A01-014
Interaction of Chlorinated Phenols with DPPC liposomes: Raman Spectroscopy
and ab initio calculations
E. Koglin, A. Csiszár and E. Klumpp
Institute of Chemistry and Dynamics of the Geosphere: ICG-IV Agrosphere
Research Center Juelich, D-52425 Juelich, Germany
E-mail: e.koglin@fz-juelich.de
Phospolipids like DPPC spontaneously form multilamellar vesicles (MLV) with water
mimicking the lipid bilayer structure of cell membrane and its features. Incorporation of chlorinated
phenols into Dipalmitoylphosphatidylcholine liposomes (DPPC) results in drastic changes of the
lamellar structure and the phase transition behaviour in the DPPC bilayer. In this paper FT-Raman
spectroscopy was the main focus to evaluate the organisation and thermal transition properties of
DPPC liposomes with and without the presence of 2,4-dichlorophenol (DCP). The combined
application of several other experimental techniques, such as freeze-fracture TEM, differential
scanning calorimetry (DSC), small and wide angle X-ray scattering (SAXS and WAXS) have been
very helpful in the study of the conformational dependence of Raman frequencies and intensities in the
bilayer of DPPC and DPPC/DCP liposomes.
Secondly, Raman spectral parameters, such as band frequencies, intensities, widths and shapes were
analysed. Analysis of those parameters yield information on conformer population, reorientational
fluctuations, hydrogen bonding, packing and phase transformations of the lipid bilayers.
In addition, in this paper we present quantum mechanically (Semiempirical methods, Hartree-Fock,
Density Functional Theory) calculated Raman frequencies and intensities which will be interpreted
along with the experimentally observed frequency shifts and intensities.
Experimentally inaccessible information, e.g. differences in Raman cross section between trans and
gauche bonds, is typically the type of information that might be recovered from ab initio quantum
mechanical calculations. Therefore, we have investigated the applicability of ab initio calculated
Raman spectra using C8, C10, C12 and C16 acyl chains as models to describe parts of the Raman
spectrum of DPPC and DPPC/DCP. The two terminal bonds of the DPPC hydrocarbon chain can not
be characterised as main trans or gauche C-C. Therefore, we have only considered the remaining n-3
main chain C-C bonds as having either trans or gauche character. In all cases we have found a good
comparison to the experimental data (1). All calculations are performed with the Gaussian or DGauss
suite of programs on a CRAY supercomputer (IBM p690-Cluster, SV1ex , T3E).
(1) E. Koglin, R.J. Meier, Computatinal and Theoretical Polymer Science, 9(1999)327
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Using the method of secondary ion mass-spectrometry the yield of positive ions from LiF, KCl,
CsI has been investigated during the bombardment by electrons and Ar ions with the charge q=1-6
with in the range of energy E=0.02-1 KeV. It has been shown that the increase in q and E of
bombarding ions gives the rise in the yield of Li+, K+,Cs, F+, Cl+, I+ and slightly affects the yield of
molecular ions (MnXn)+.
Inelastic sputtering has its hold on charge and occurs at q> 2. Potential energy of MCI is spent
on the formation of neutrals X and double - ionized anions X+. Double - ionized ions M2+ have not
been found in the mass-spectra for all the initial values of the charge q. During the electron
bombardment of alkali-halide crystals the multiple -charged ions M2+, X2+, M3+, X3+ have been found
together with atomic and molecular ions. Their occurrence is connected with the Auger effect as a
result of excitation of inner shells of cations and anions.
The rise of the MCI share results in the yield of one-charged ions. From the comparison
of ion emission taking place under the action of the both beams, it has been concluded that ionization
of the lattice atoms by electrons is more effective than by ions.
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Background/aim: The CBPI is a user and development facility for advanced optical microscopy,
including single molecule imaging, and optical manipulation, funded by SWEGENE (the Postgenomic
Research and Technology Programme in South Western Sweden). Our main techniques are laser
tweezers combined with confocal imaging, total-internal reflection fluorescence microscopy (TIRF)
and fluorescence life-time imaging (FLIM). The center is also engaged in development of Raman and
CARS (Coherent Anti-Stokes Raman Scattering) imaging methodology, nano-optics applications and
microfluidic devices.
The center is situated at the Chalmers campus, Göteborg, Sweden. More information can be found at
http://www.swegene.org/biophysical_imaging or http://www.fy.chalmers.se/bioimaging/. A visit to the
center during the ICBP 2004 conference can be arranged through the authors.
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Background: Progress in instrumentation over the last decade, mainly the development of microscopes
coupled to high throughput spectrometers equipped with CCD detectors, has revolutionized the field of Raman
scattering, i.e. inelastic light scattering from vibrational excitations. This is particularly true for surfaceenhanced Raman scattering (SERS) from molecules adsorbed on metal (Ag, Au) nanoparticles. SERS, and other
surface-enhanced spectroscopies, originates in the enhanced optical near-fields around metal nanoparticles that
support shape and size dependent Localized Surface Plasmon Resonances (LSPR’s). It is now possible to
perform Raman spectroscopy on isolated nanoparticles and nanostructures with a temporal resolution better
than one sec. and with a spectral quality that previously required macroscopic samples and hours of integration.
As a result, single molecule (SM) sensitivity in SERS was discovered a few years ago. This finding revitalized
the SERS field and points towards interesting applications in ultrasensitive analysis and detection of
biomolecules.
Results & Discussion: We have investigated the SM SERS phenomenon experimentally, mainly using heme
proteins as probes [1], and theoretically, mainly using Mie theory [2]. The experiments showed that SM SERS
signal came from aggregated particles, the minimal aggregate being a dimer. The measured enhancement factor
for the heme, of the order 1010, and the SERS polarization anisotropy for dimers, was found to be in good
agreement with Mie theory calculations, if it was assumed that the molecule was located in the gap between
particles. A later extension of the theory, which includes the molecular dynamics in a density matrix formalism,
allows us to calculate simultaneously Raman and fluorescence emission from resonant molecules near metal
particles.
Spectral fluctuations, a hallmark of SM spectroscopy, are common in SERS, also in experiments far from
single molecule stochiometry. By analyzing the temporal characteristics of the SERS signal from non-resonant
analytes, mainly amino acids, we found that much of the SM dynamics originate in surface-enhanced
photochemical degradation of the analyte followed by formation of chromophoric species, which dominate the
SERS signal despite their low concentration [3]. However, photochemical transformations can be almost
completely suppressed by anchoring the molecule to the metal surface via specific bonds, for example thiol or
selenol groups. These findings highlight the need for proper surface functionalization in bioanalytical SERS
applications.
It is also interesting to utilize nanofabrication in order to achieve controlled SERS properties. We have
produced a variety of tunable plasmonic nanostructures using electron-beam and colloidal lithography [4].
These structures, which include isolated nanoparticle pairs, holes and rings, are not only interesting for SERS
applications, but are also important substrates for fundamental nano-plasmonics research.
[1] H. Xu et al.,PRL 83, 4357 (1999); ChemPhysChem 4, 1001 (2003); E.J. Bjerneld et al.,
J. Phys. Chem. B 106, 1213 (2002).
[2] H. Xu et al., PRE 62, 4318 (2000); PRL 89, # 246802 (2002); subm. ms.
[3] E.J. Bjerneld et. al, JPC A 108, 4187 (2004); F. Svedberg et al., in ms.
[4] L. Gunnarsson et al., APL 78, 802 (2001); J. Aizpurua et al., PRL 90, # 057401 (2003);
J. Prikulis et al., Nano Lett. 4, 115 (2004); L. Gunnarsson et al., JPC B, to appear.
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Solvent dynamics play an important role in the control of electron transfer reactions. It occurs
in a very complex multidimensional landscape and its kinetics can display different temperature
behaviors. In certain regimes, simple descriptions, like Marcus theory, successfully describes the
solvent influence via a single collective coordinate. We propose an approach to study the kinetics of
solvent through the measurement of first passage times (FPT) of reaction events. By measuring the
mean and high order moments of FPT and its associated distributions, the approach can reveal the full
solvent kinetics in electron transfer reactions controlled by solvent, and it can integrate the singlemolecule experiments, theory and simulations. The method is tested on a simple model in which the
solvent molecules are represented by Ising spins, and the solvent interaction energies by the Random
Energy Model. This simple model displays transition temperatures that can be probed and related to
single molecule experiments. At high temperatures, exponential kinetics is observed, and there are
multiple parallel kinetic paths leading to the reactive state. At intermediate temperatures, nonexponential kinetics appears, revealing the nature of the distribution of local traps on the landscape
and, as a result, discrete kinetic paths emerge. At very low temperatures, exponential kinetics is again
observed; the dynamics on the underlined landscape is dominated by escaping from a single deep trap.
The ratio between FPT moments is proposed to be a good variable to quantitatively probe these kinetic
changes. The potential applications of the current results to single molecule electron transfer are
discussed.
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Background/aim: Eukaryotic genes are under repressive control of chromatin, whilst nuclear matrix
organizes chromatin for further regulation by demarcating it into successive loops (5-100kb). The
landmarks anchoring DNA to matrix are called S/MARs (Scaffold/Matrix Attachment Regions).
Chromatin loops seem to be maintained topologically independent by S/MARs. It thus becomes
important to predict S/MARs and investigate on its functioning.
Methods: DNA is imposed on large amount of torsional stress by nucleosomes. Following the
work[1], we suppose that S/MARs are base unpaired regions most accessible to torsion-induction. We
employ Benham model[2] to calculate the stress-induced unwinding probability profile for the selected
DNA segment, and take regions with high score as S/MARs or other signals involved in biological
processes.
Results: In our prototype, repetitive sequence of histone gene cluster, we first predict unpaired regions
as S/MARs (Fig.a) in accordance with experimental results. To further investigate how they may
contribute to gene regulation, we suppose S/MARs serve as barriers to torsion stress. We select out the
single-cluster region without flanking S/MARs, and carry out similar calculation for a second profile
(Fig.b). Peak regions which never appear in Fig.a can now be related to biological processes e.g.
coordinate regulation of these five genes.

Fig. a

Fig.b

Reference:
[1] Bode J., et al. Science (1992), vol.255: 195-197.
[2] Craig.J Benham, et al. J.Mol.Biol (1997), vol.274: 181-196.
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Background/aim: It is known that between an ionic solution and the lipid molecules which compose a
biomembrane exist electrostatic interactions. These interactions were shown to be crucial for lipids
phase transition, membrane fusion processes and ion transport. By measuring the activity of
alamethicin oligomers within a biomembrane, we show that calcium ions promote the transversal
diffusion of alamethicin peptides across the membrane.
Methods: Current recordings through alamethicin oligomers were carried out by using folded bilayer
membranes formed on a 25-µm thick Teflon septum clamped between two Teflon chambers. A bilayer
was formed on an aperture of 100-µm diameter in the septum and the dynamics of alamethicin
insertion into it was monitored in the voltage-clamp mode.
Results: At neutral pH and in the presence of calcium ions, we observed an increase in the number of
alamethicin monomers which oligomerize within the membrane, forming a multi-substate nanopore.
The electrical conductance of any individual substate as well as the oligomerization kinetics of
alamethicin monomers within the membrane remained un-affected by calcium.
Conclusions: We argue that calcium ions binding within the interface between the hydrophobic and
the hydrophilic region of the biomembrane causes an alteration of the dipole potential. This is seen to
influence the translocation rates of alamethicin from the solution adjacent to the biomembrane and
lead to an augmentation in the subunit composition of the alamethicin oligomers.
[1] Luchian, T., Ho, S. S., Bayley H., Angew. Chem. Int. Ed. 42, 1925-1929 (2003)

Fig. 1. Electrical recording of alamethicin activity inserted in a phospholipid biomembrane, studied in
1 M NaCl, pH 7.5 and -30 mV potential difference in the absence (panel a) and presence (panel b) of 1
mM calcium
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Background/aim: We study the system involved in manipulation of individual molecules with optical
tweezers, modeling the processes of pulling molecules of RNA that break the secondary and tertiary
structure obtaining single strand RNA [1,2]. We consider a minimal model in order to reproduce the
experimental setup that is formed by the RNA molecule connected to two polymers (called handles)
and a bead trapped in the optical potential, attached to one of the handles.
Results: Initially we analyze the unfolding-refolding behavior of a cooperative two-states RNA
molecules in equilibrium and non-equilibrium regime. The model qualitatively reproduces the
experimental results (see Fig.1 (a) and (b)) and allows us to investigate the influence of the bead and
handles on the unfolding reaction:

Figure 1: From left to right (a) Experimental force extension curve (FEC) for the p5ab RNA hairpin [1]. (b) Force
extension curve (FEC) obtained from our model. (c) Experimental force extension curve (FEC) for the P4-P6 domain of
L21 RNA [2]. (b) Force extension curve (FEC) obtained from our model.

A main ingredient of our model is to consider the appropriate statistical ensemble and the
corresponding thermodynamic potential describing thermal fluctuations in the system. We then
investigate several questions relevant to extract thermodynamic and kinetic information from the
experimental data. Finally we address the more general problem of a multidomain RNA molecule with
Mg2+ tertiary contacts [3,4] that unfolds in a sequential way (see Fig.1 (c) and (b)) and propose
techniques to analyze the breakage force data in order to obtain the reliable kinetics parameters that
characterize each domain.
Conclusions: In this work we analyze the minimal system required to interpret the data extracted from
RNA pulling experiments. Through our model we obtain some interesting results for quantities that are
amenable to experimental checks. We find a relation between the area under the experimental FEC
and the unfolding free energy of the molecule ∆G0 and also a generic relation between the fraction of
molecules that unfold (refold) at least twice during the unfolding (refolding) and the mean dissipated
work.
[1] D. Liphardt, B. Onoa, S. Smith, I. Tinoco and C. Bustamante, (2001) Science 292, 733-737
[2] B. Onoa, D. Dumont, J. Liphardt, S. Smith, I. Tinoco and C. Bustamante, (2003) Science 299,
1892-1895
[3] P. Zarrinkar and J. Williamsom, (1994) Science 265, 918-923
[4] X. W Fang, P. Thiyagarajan, T. R. Sosnick and T. Pan, (2002) Proc. Natl. Acad. Sci. USA 99,
8518-8523.
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With the increasing of publicly available genomic data and demand for higher throughput
method for comparative gene mapping, the classical methods becomes difficult as the size and
complexity of a genome increases. An approach entirely performed in vitro and designated as
HAPPY-mapping is available. However, this very attractive method has not yet come into general use.
This is probably due to the reason that faithful amplification of the starting DNA material must
imperatively be completed before analysis of marker distribution within the HAPPY-panel. In the
absence of faithful and non-specific amplification, markers that are physically linked will appear
unlinked, or more distant than they actually are. Several attempts devoted at amplifying minute
amounts of DNA have been reported with mild success or are very expensive to apply them in high
throughput genome analysis in plants. These have encouraged us to devise an amplification procedure
with the end in view of applying the HAPPY method.
Here we introduce a Cassette-Ligation-Mediated-PCR as an adjunct to other methods. The
approach is based on designing a specific cassette and following steps; 1) completely digestion of
target DNA using an appropriate restriction enzyme, 2) ligation of cassette with restriction site of
corresponding restriction enzyme, 3) perform the first polymerase chain reaction (PCR) using outer
cassette-specific primers, 4) second PCR using primers designed for inner sequences specific to the
known region. Since the 5’-end of cassette is not phosphorylated, a nick will occur between the
ligation site of the 5’-end of cassette and the 3’-end of the target DNA. In the first PCR, second strand
synthesis from cassette primer will stop at the nick and prevent non-specific amplification. Only the
second strand will synthesize and will be used as the template of DNA synthesis of the complementary
strand. The 2nd PCR, using inside primers, will result in a high yield of a more specific product from
known sequence and could be used for marker typing. This protocol so far is able to amplify infinitum
minute amounts of DNA, irrespective of the size and complexity of the genome. To demonstrate the
efficiency of this amplification method, we chose to map several EST-based markers on barley
genome. Using this protocol, very high-resolution maps could be developed for any plant genome
mirroring the impact that RH mapping has had in mammalian genetics.
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A force-extension formula for native DNA is derived from a previously
obtained non-equilibrium Ginzburg-Landau type model for DNA replication
and cell cycle regulation [1,2]. In that model the DNA double helix, charged
with its pre-replication protein complexes (pre-RCs), ϕ being the number of
pre-RCs, N the total number of pre-RCs, and ξ=ϕ/N the relative number of preRCs, behaves dynamically like an elastically braced string with a nonlinear
intermolecular driving force, F(ξ) = -(κ/2)ξ(1-ξ)(2-ξ), in which ξ may be also
interpreted as the relative deformation, and κ as spring constant. This nonlinear
force switches sign in compliance with the cell cycle, which requires an
attractive interaction in the G1 phase (ξ<1) for the assembly of pre-RCs, a
repulsive interaction in S phase (1<ξ<2) to induce the partial disassembly of
pre-RCs, and then again an attractive dynamics in G2 (2<ξ) in order to
terminate DNA replication and inhibit re-replication. Including the corrections
for dependence on lattice spacing in the double stranded (ds) DNA, and
identifying κ with 3kBT/2p, where kB is Boltzmann´s constant, T temperature,
and p the persistence length, this force-extension formula assumes a form
identical to that obtained by stretching a single dsDNA molecule, F(ξ) = (kB/Tp)(ξ +(1/4)/(1-ξ)2-1/4) [3].
References:
1 L. Matsson. J. Biol. Syst., 9 (2001) 41-65.
2 L. Matsson. J. Biol. Phys., 27 (2001) 329-359.
3 J. F. Marko and E. D. Siggia, Macromolecules 28 (1995) 8759-8770.

A01-024
Single Molecular Analysis of Chaperonin GroEL Fluctuations under Nucleotides
Takuya Miyazaki1, Yasuaki Okumura1, Yasushi Kawata2, Yuji C. Sasaki1
1. SPring-8/JASRI JST/CREST (Sasaki Team) 1-1-1 Kouto, Mikazuki, Sayo, Hyogo 679-5198, Japan
2.Tottori University 4-101 Koyama-minami, Tottori 680-8552, Japan
Telephone +81-791-58-0833 Fax +81-791-58-2512 E-mail takuya-m@spring8.or.jp

Background/ Aim
It is well known the chaperonins functions are an essential factor for the correct folding processes of
many proteins, both in vivo and in vitro. The stable functional mechanism including the
conformational changes of chaperonins such as GroEL have been elucidated in great detail. But it is
not so obvious about smaller motions, so-called fluctuation. In this study, in order to detect these
fluctuations of GroEL in the chaperonin cycle, we utilize a new single molecular x-ray detection
system; it is called diffracted x-ray tracking (DXT). This technique observes the x-ray diffracted spot
from gold nanoparticle which is labeled with the single molecules. In other words, analysis of these
diffraction spots can determine the conformational changes of each protein with picometer accuracy.
Method
We used white x-ray of SPring-8 BL44B2 with highly sensitive detector. We prepared the GroEL
variant (GroEL A133C). We succeeded in constructing gold nanocrystals (~20 nm) whose crystal face
grew to one-dimension. These nanocrystals were labeled chaperonin GroEL A133C via thiol group of
Cys residues. These labeled GroEL were fixed on the glass through bifunctional reagents. We xirradiated these labeled GroEL for 1 sec and captured 30 images every 29 msec. We monitored
diffracted spots from gold-GroEL, under the conditions presence or absence of nucleotide (ATP or
ADP or ATP-γ-S).
Results and Conclusions
We chose approximately 50 diffraction spots under the each condition and analyzed them. In results
of analysis, the fluctuations of GroEL were very active when nucleotide was absence. And it indicates
that GroEL has high intramolecular flexibility. In contrast, when nucleotide was presence, the
fluctuations of GroEL were decreased and some diffraction spots appeared to vibrate. Furthermore,
this tendency seemed to occur notably when under the condition of ADP. We think that these results
are proper because GroEL can form stable ADP complex and that nucleotide may be concerned in not
only the conformational change of GroEL but the advancement of molecular stability. The
phenomenon that the fluctuations of GroEL are decreased by nucleotide may conceivably be related to
the chaperonin function mechanism. We are planning to observe the fluctuations of GroEL-substrate
and GroEL-GroES in the future.
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Background: Protein-carbohydrate interactions are essential in many biomolecular recognition
events, such as inflammation, cell-cell recognition and adhesion, immunochemistry and human blood
group type determination. A great deal of interest has thus arisen in isolation of medically important
oligosaccharides. The study concentrates on fungal 42kDa chitinase from Trichoderma harzianum [1],
a naturally chitin degrading enzyme, containing an extended binding site providing a number of strong
and specific interactions with up to 6-7 sugar units. Since these interactions come from a limited
number of loops, the structure of chitinase (α/β-barrel fold) provides an excellent platform for directed
evolution studies. By mutating first the functional amino acid(s) and then altering the substrate
specificity by locally directed saturation mutagenesis the functionality of a protein can be changed
from a degrading enzyme to a specific binder.
Methods: In this study our aim is to obtain atomic level information of the binding and to gain a
deeper understanding of the factors determining the interactions between an oligosaccharide and a
protein by using extended molecular dynamic (MD) simulations with explicit water. In addition to a
conventional force field, a novel soft-core potential [2,3] originally developed for a priori modelling
of surface loops of proteins without additional restraints was used here to the whole binding site of the
modelled protein.
Results and conclusions: While experimentally determined three-dimensional structures were not
available for the enzyme of interest, structural models were constructed based on the known structures
of homologues. Experimentally determined sugar-protein complex structures of related chitinases were
used in the initial simulations to evaluate the suitability of the force field parameters and simulation
procedures. Classical MD (Gromacs) with a conventional force field and with a soft-core potential
[2,3] is used to explore the conformational space of the chitinase loops and to study the functional
behavior of the N-acetylglucosamine oligosaccharides and their derivates. Trajectories obtained from
the simulations are used in analyzing the binding, especially the hydrogen bonding and hydrophobic
interactions occurring via N/O-acetyl or O-methyl groups. The results from modeling are compared
with the experimental data (mutagenesis, mass spectroscopy and nuclear magnetic resonance).
Computational studies with the experimental work aim at development of neolectins, i.e. proteins
selectively binding to given oligosaccharide structures, achieved by deactivating and engineering
fungal chitinases towards the desired specificity and affinity.
[1] H. Boer, N. Munck, J. Natunen, G. Wohlfahrt, H. Söderlund, O. Renkonen, A. Koivula, submitted
2004.
[2] K. Tappura, M. Lahtela-Kakkonen, O. Teleman, J. Comput. Chem. 21, 388 (2000).
[3] K. Tappura, Proteins, 44, 167 (2001).
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The mononuclear blue copper proteins (cupredoxins) are ubiquitous metalloproteins found in plants
and bacteria, which show an intense absorption near 600 nm. The members of this class of relatively
small (10-20 kDa) metalloproteins have attracted much interest for a subject of vigorous
physicochemical investigation. In the cupredoxins, they have an impotant role of the action as electron
transport agents in nature due to their facile electron transfer dynamics coupled with ready
accessibility of Cu(I) and Cu(II) oxidation states.
It is generally accepted that a more precise and accurate understanding of the dynamic
properties of proteins would be of significance in explaining motional contributions to protein
stability, folding, reactivity at active site, and so on. Proteins experience a wide range of dynamic
behavior in terms of amplitudes of the motion and the time scale of motion. The time scale of motions
ranges from femtoseconds up to milliseconds and slower. The presence of the fast dynamics of the
protein (nano- to picosecond time scale) contributes to temperature factors in X-ray structures and to
nuclear magnetic resonance (NMR) spin relaxation. The fast dynamics of proteins in their natural
liquid environment has been investigated by NMR spin relaxation. The NMR relaxation is caused by
fluctuating magnetic fields surrounding a particular spin. The fluctuation arises from the reorientation
of the entire protein molecule in solution and/or from local motions. From the experimental relaxation
data, spectral densities of the protein can be estimated. Recently, the estimation of spectral densities
has been proposed by molecular dynamics calculations.
In this study, we investigate vibrational dynamics near the active site of azurin by molecular
dynamics (MD) calculations and estimate RR spectrum of azurin to compare the experimentally
mesured RR spectrum with that obtained from MD calculations in terms of correlation functions. We
also investigate local backbone dynamics of azurin by molecular dynamics calculations and estimate
spectral densities of azurin, which can be directly derived from the experimentally mesured relaxation
parameters with minimal assumptions, in terms of simulated order parameters and local correlation
times. We discuss the fast dynamics of azurin in relation to liquid environment.
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Background/aim: In spite of the biological significance of chromatin, detail mechanism on its
structural transition has not been clarified yet. Here, we have studied the conformational change of
individual reconstituted chromatin complex in order to shed light on the intrinsic property of
“chromatin condensation.”
Methods: We performed the observation of reconstituted chromatin by fluorescence microscopy and
atomic force microscopy (AFM). Based on a statistical analysis of the conformation, we interpret the
free energy of a chromatin complex.
Results: It becomes clear that there exists a large discrete transition between the dense and dispersed
states in the reconstituted chromatin (see Fig. 1(A-C)). Based on an analysis of the spatial distribution
of the nucleosome cores, we deduced an effective interaction potential as U(r) = -2.4r-9 + 12r-23, where
r is the distance between nucleosomes normalized with the diameter of a nucleosome. Considering the
apparent potential, thus obtained, together with elasticity of the DNA chain, we propose a hypothesis
on the condensation of nucleosomes. Figure 1(D) shows the free-energy profile of chromatin with
various numbers of nucleosomes n. With an increase in n, the free energy of the condensed state
becomes the absolute minimum.
Conclusion: It is found that chromatin undergoes a first-order phase transition.
Acknowledgment: This Work is collaboration with Laboratory of Plasma Membrane and Nuclear
Signaling, Graduate School of Biostudies, Kyoto University.

Figure 1 (A-C): AFM images of reconstituted chromatin. The mass ratio [histone]/[DNA] is 1.0 in (A)
and 1.3 in (B, C). In picture (A), nucleosomes are dispersed in the chromatin, whereas in (B) the
condensed and dispersed parts coexist. In (C) the chromatin is entirely condensed. (D): Free-energy
profiles of a nucleosome and corresponding schematic representations. n is the number of
nucleosomes in a single chromatin complex and is the normalized density of nucleosomes.
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Background/aim: To elucidate conformational changes involved in different functional states of a
protein, it is necessary to bring large ensembles of molecules into a particular state for the duration
required by the conformation determining technique. By combining vibrational (Raman) spectroscopy
with electrophysiological techniques (voltage-clamping), our aim here is to develop non-invasive
methods that allow us to monitor conformational changes in situ and in vivo while maintaining strict
control over the functional states of the investigated membrane proteins.
Methods: Artificial phospholipid membranes (DOPC in decane) were formed over a 2 mm hole in a
teflon support immersed in a two-compartment membrane chamber filled with a 0.1M HCl solution.
The membrane chamber was provided with a quartz window allowing microscopic detection of
membrane presence (black membrane), and also conveniently situated to allow for Raman
spectroscopic measurements. For this pilot study we have chosen gramicidin A (gA) as the candidate
membrane protein due to its well-known structure and electrophysiology. Gramicidin A was added to
the system either as a 1 ppm solution in ethanol or directly to the DOPC-decane solution (the
formation of active gA-dimer channels was ensured by a brief incubation). Spectra were measured
with a DILOR-XY CCD Raman spectrometer with a confocal microscope. The spectra were excited
with an Argon laser, producing light of about 300 mW at a wavelength of 514.5 nm aimed
perpendicularly to the membrane through the HCl solution. The laser was focused onto the membrane
using a field lens (N.A. ~ 0.7) that was placed in close proximity to the membrane. Currents through
the membrane were simultaneously measured with electrodes placed on each side of the membrane,
and were amplified with a Patch Clamp Amplifier (A-M systems, Model 2400).
Results: With this setup it was possible for us to obtain spectra from a black membrane, even though
the sample membrane volume was less than 0.1 picoliter (the membrane was approximately 5 nm
thick, and only a circular area of less than 150 µm in diameter was irradiated). The presence of the
bilayer membrane and of active gA-dimer channels was confirmed using electrophysiological current
measurements.
Conclusions: During this work we have shown that it is possible to obtain useful vibrational spectra
from phospholipid bilayer membranes in situ in our developed chamber using only picoliter sample
membrane volumes. By using electrophysiological methods, these spectra may be correlated with the
functional state of the membrane proteins. Future work will aim at improving the spectral signal to
noise ratio by increasing protein concentrations while maintaining the membrane integrity, and to
develop these methods for applications under in vivo conditions, taking advantage of resonance and
SERS methods.
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Background: Phthalocyanine molecules have been studied for many years by different spectroscopic
techniques due to the possibility to use them in several optical and electronic applications1. Their
structural similarity to porphyrins and to many active sites of natural enzymes, makes them also very
interesting for biomimetic applications2. This study allows one to finally identify the origin of the
anomalous intensity ratio between the pyrrole and benzene carbon contributions to the C 1s XP
spectrum of H2Pc, for many year under debate3. For the first time a complete description of the shakeup structure of the molecule is given.
Methods: The photoelectron spectra of phthalocyanine are taken with an ESCA 300 spectrometer4, an
ultra high vacuum system that facilitates in situ preparation of the sample. The theoretical spectra are
computed with ECH-TDDFT (equivalent core hole approximation and time-dependent density
functional theory), which has proven to be a useful technique, tried out by computing the satellite
structure of benzene6.
Results: The detailed shake-up structure of metal-free phthalocyanine has been computed. The
ionization potentials of the chemically inequivalent carbon atoms are calculated as well as the
transition energies and the intensities of the shake-up features connected with the different chemical
sites. The theoretical calculations show that shake-up features associated with the benzene carbons fall
very close in energy to the pyrrole main line. This implies that an intensity contribution to the benzene
carbons hidden under the pyrrole-related spectral intensity has to be considered in a fit of the
experimental data. In this way, an excellent agreement between the the molecular stoichiometry and
the experimental intensity ratios has been obtained.
Conclusions: A complete description of C 1s shake-up satellite structures of H2Pc is reported in this
study for the first time, both with respect to the electron transitions as well as with their ionization
potentials. This study identifies the origin of the anomalous intensity ratio between the pyrrole and
benzene carbon contributions to the C1s XP spectrum of H2Pc as due to a benzene-related shake-up
contribution hidden under the pyrrole main intensity feature.
[1] S. Riad Thin Solid Films 370:253, 2000,N. Nakaura et al., Surf. Sci. 398:143, 1998
[2] H. Grennberg et al., Angew.Chem. Int. Ed. Engl, 32:263, 1993; J. Wöltinger et al., Chem. Eur. J.
5:1460, 1990; F. Bedioui Coordonation Chem. Rev. 144:39, 1995
[3] Y. Niwa et al., J. Chem Phys., 60:799, 1974
[4] T. Schwieger et al., J. Phys. Rev. B, 66:155207, 2002
[5] U. Gelius et al., J. Electron Spectrosc. Relat. Phenom. 52:747, 1990
[6] B. Brena, S. Carniato and Y. Luo, to be published
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Background/Aim: All biomolecules have original light absorption ranges, which depend on the
molecular structure, constituent amino-acids and amino-acid sequence. Especially, many proteins have
light absorption range in the 280 nm area derived from specific amino-acids (Tyr and Trp). It is known
that bio-molecules, which absorbed these range light, release the light energy as the thermal energy
due to irradiative transitions. It is expected that the heat generated from bio-molecules affect the
structural fluctuation of bio-molecule itself and even the efficiency of molecular activities. In this
study, we tried to observe structural fluctuations of single bio-molecules due to 280 nm light
irradiation using a single molecular technique using x-rays called diffracted x-ray tracking (DXT).
Methods: DXT monitors x-ray diffraction spots from a nanocrystal, which is tightly labeled with
individual single molecules. Dynamics of individual single molecules were linked with observed
diffraction spots, so behaviors of each molecule can be determined (Fig. 1). Nanocrystals used in this
study was gold nanocrystals, which was fabricated at the size of about 15 nm using vacuum
evaporations [1]. The features of DXT are the extremely high accuracy, and the stability of the signal
intensity in physiological conditions. This experiment was conducted in the white x-ray mode of
beamline BL44B2 in SPring-8.
Results and Discussion: In this study, we detected that various bio-molecules (GFP, GroEL, β2microglobulin, etc) behave slightly fluctuations,
which are obviously different from normal
White X-rays
Diffracted X-rays
Brownian motions, immediately after 280 nm light
irradiation. Our study makes it clear that this
phenomenon is caused by the thermal energy
Light Flash
（280nm）
released from bio-molecule itself, which absorbed
the
light energy.
Recently, we confirmed that this thermal energy
due
to nonradiative transitions increases the rate of
molecular activities (e.g. ATP hydrolysis activity of
molecular chaperon GroEL).
This result indicates the possibility that the
Substrate
artificial bio-molecule operated light absorption
Fig. 1 Schematic drawing of
amounts or ranges using gene manipulations can
diffracted x-ray tracking using GFP.
realize higher-efficiency molecular activities due to
lights.
[1] Y. Okumura, T. Miyazaki, Y. C. Sasaki, Thin Solid Films, in press (2004).
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Background/aim: The DNA and RNA bases absorb strongly in the 200 - 300 nm range, which
renders living matter potentially vulnerable to the UV components of sunlight. This is not the case,
however, since within 1 picosecond the trapped UV quanta are dissipated into heat [1]. The ultrashort
S1 lifetimes indicate that any photochemical reaction in the excited state must take place on a time
scale of hundreds of femtoseconds to compete non-radiative return to the ground state. These nonradiative mechanisms provide polynucleotides with a high degree of intrinsic photostability and
constitute one of the most important mechanisms of abiogenic evolution on the primordial Earth [2].
Methods: In this work we present the results of the calculations of reaction paths and the
corresponding energy profiles in excited electronic states of selected DNA bases and their dimers
using multireference ab initio methods. Adenine and cytosine are considered as examples of the
former systems while guanine-cytosine Watson-Crick (WC) base pair represents the latter.
Results: For isolated bases the calculations reveal two different classes of the reaction pathways
which lead to the conical intersection (CI) with the ground state. The first involves in-plane bond
stretching coordinate in the low-lying excited states of 1πσ* character while the second involves outof-plane deformation of the hetero-aromatic ring in the lowest 1ππ* manifold [3,4]. For the guaninecytosine WC base pair, additional mechanism of deactivation is identified [4]. This involves electrontransfer followed by single-proton-transfer processes between the bases. These reaction paths lead to
CIs with the electronic ground state and provide a pathway for ultrafast radiationless deactivation [5].
Conclusions: The findings suggest that CIs of the excited electronic states with the electronic ground
state play an universal role in the photochemistry of aromatic biomolecules (amino acids and DNA
bases) in the gas phase. The conical intersections are the origin of the exceptional photostability of
these compounds, which has lead to their selection at the very beginning of the biological evolution.

[1] Pecourt, J.-M. L.; Peon, J.; Kohler, B. J. Am. Chem. Soc. 123 (2001) 10370.
[2] Mulkidjanian, A. Y.; Cherepanov, D. A.; Galperin, M. Y. BMC Evol. Biol. 3:12 (2003).
[3] Sobolewski A. L., Domcke W., Dedonder-Lardeux C.and Jouvet C., PCCP 4, 1093 (2002).
[4] Sobolewski A. L. and Domcke W., PCCP, in press (advance article Jan. 2004).
[5] Conical Intersections: Electronic Structure, Dynamics and Spectroscopy, Eds. W. Domcke, D. R.
Yarkony and K. Köppel (World Scientific, Singapore, 2004).
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Bacteriophage T4 gene 32 protein (gp32) is a single-stranded DNA (ssDNA) binding protein,
and is essential for DNA replication, recombination and repair. While gp32 binds preferentially and
cooperatively to ssDNA, it has not been observed to lower the thermal melting temperature of natural
dsDNA. However, in single molecule stretching experiments, gp32 significantly destabilizes lambda
DNA. In this study, we develop a theory of the effect of the protein on single dsDNA stretching
curves, and apply it to the measured dependence of the DNA overstretching force on pulling rate in the
presence of the full-length and two truncated forms of the protein. This allows us to calculate the rate
of cooperative growth of single clusters of protein along ssDNA that are formed as the dsDNA
molecule is melted by stretching, as well as determine the site size of the protein binding to ssDNA.
The rate of cooperative binding (ka) of both gp32 and of its proteolytic fragment *I (which lacks 48residues from C-terminus) varies non-linearly with protein concentration, and appears to exceed the
diffusion limit. We develop a model of protein association with the ends of growing clusters of
cooperatively bound protein enhanced by 1-D diffusion along dsDNA, under the condition of protein
excess. Upon globally fitting ka vs. protein concentration, we determine the binding site size and the
noncooperative binding constants to double-stranded DNA for gp32 and *I. Our experiment mimics
the growth of clusters of gp32 that likely exist at the DNA replication fork in vivo, and explains the
origin of the “kinetic block” to dsDNA melting by gp32 protein observed in thermal melting
experiments.
In addition, we performed a different set of single molecule DNA stretching experiments in the
presence of gp32. In these experiments we stretch dsDNA into the overstretching transition, and
monitor relaxation of the applied force at the fixed molecular extension. From these measurements we
are able to determine a much longer relaxation times of dsDNA melting in the presence the protein
that binds slowly and cooperatively to ssDNA. We are also able to measure equilibrium DNA melting
force lowered by the presence of gp32. This force is analogous to the DNA equilibrium melting
temperature lowered by the protein. We measure both the equilibrium and the pulling rate-dependent
melting force of DNA as a function of concentration of gp32 and its two mutants in solution of
variable ionic strength. This allows us to characterize both kinetics and thermodynamics of these
proteins association with ds and ssDNA as a function of solution ionic strength. Comparison of the
binding characteristics of gp32 and its mutant *I that lacks C-terminal domain argues that it is the
conformational change within the C-terminal domain, which controls the DNA melting ability of
gp32. According to our results, this ability of gp32 can be strongly regulated by the solution ionic
strength.
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Since the discovery of the relaxation mode in polymer glass at 1965, the investigation concerned
with the relaxation mode of the material has been carried out vigorously. In glass system, it is well
known that α-relaxation and β-relaxation modes exist in the system, and ones modes correlate with the
glass transition. On the other hand, the neutron scattering experiment in polymer, it is recognized that
the α-relaxation and β-relaxation indicate the structural and segmental relaxation, respectively. Thus,
the system relaxation is an important character indicating the macroscopic dynamics of the system,
and the importance of clearing the relaxation mechanism is enhanced.
Recently, we have investigated the flexibility of structure in the azurin protein (see fig.1) by means
of MD simulation and found that some residues show the conformational jump motion. In this study,
we analyze these jump motion of each residue in long time range and report the contribution to the
structure. The observation of jump motion carried out by calculating the root mean square
displacement (RMSD) of the each residue. From these results, we have accurately detected the jump
motion and estimated the residence time (RT) and number of jump motion. Additionally, we have
classified the kind of jump motion by estimating the displacement lengths of jump.
Figure 2 shows the typical jump motion of residues. We can evidently see two types jump motion in
this figure. These jump motions are also shown in other residue. The averaged RT of large jump
motions and small ones are 1.51 ns and 77.86 ps, respectively. These time ranges are close to the
frequency range of the structural and segmental relaxations.

Figure 1: Structure of azurin.

Figure 2: Observation of two type jump motions.
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Background/aim: Stability of protein structure has been studied by means of thermochemical
experiments. However, global conformational changes of protein in vivo, such as chaperone mediated
refolding and membrane transportation are induced by physical interaction between proteins. Recent
advances in experimental techniques enable us to study these conformational changes of proteins by
focusing on their mechanical properties in single molecular level. The aim of this study is to reveal the
mechanical stability of GroES, a co-chaperonin from E. coli. GroES is a heptameric protein of 10 kDa
subunits and forms a dome-like quaternary structure. This protein unfolds and refolds reversibly even
at a high concentration of 12 mg/mL and thus it is a good model protein to study folding of oligomeric
proteins. Equilibrium denaturation of GroES by Gdn-HCl has revealed that unfolding of GroES is
expressed in a three-state model: GroES dissociates firstly into marginally stable monomers and then
they subsequently unfold completely at higher concentrations of Gdn-HCl.
Methods: A single peptide variant of GroES (ESC7) was constructed by linking each adjoining
termini pair of GroES subunits with short peptides. To manipulate ESC7 mechanically, a variant of
ESC7 with two cysteines at the N-terminus and a His-tag at the C-terminus was constructed. Single
molecule of CESC7H was immobilized between the probe and the substrate of an atomic force
microscope and stretched mechanically.
Results: A force-extension curve obtained from the mechanical extension of CESC7H showed a
distinct “sawtooth” pattern and each apex of the pattern was assigned as an unfolding event of a single
GroES-subunit counterpart. The subunit counterparts unfolded one after the other with force of about
50 pN.
Conclusion: Each subunit counterpart of CESC7H was relatively stable against force. On the other
hand, chemical denaturation of wild-type GroES revealed that each subunit is only marginally stable.
Mechanical stability of proteins may be determined mainly by their local secondary structure rather
than their global thermodynamical stability.
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Background: H. pylori is a Gram-negative, rod-shaped bacterium that colonizes the human and primate
gastric mucosa, where it causes infections and chronic inflammations. Attachment of bacteria is a prerequisite
for colonization and thus for subsequent infection. H. pylori expresses a number of surface-associated adhesins,
i.e. adhesion molecules, of which BabA is the best described. It has been shown that BabA binds specifically to
the fucosylated blood group antigen Lewis b and related ABO-antigens [1]. Knowledge of the mechanisms
involved in specific adhesin-receptor interactions of H. pylori is important for the development of new antiadhesive compounds. Such compounds could be “tailor-made” to inhibit the specific adhesion of H. pylori and
could therefore form a basis for new drug-designs for anti-adhesive therapy. However, a study of the full impact
of specific H. pylori adhesion calls for in situ techniques capable of detecting the minute forces at pN-level that
are involved in the BabA-Lewis b interaction. Optical tweezers are a laser-based technique that has the power to
measure quantitatively the adhesive force acting on a single bacterial cell.
Method: A force measurements system based upon optical tweezers has been used to assess the adhesion
force of individually H. pyroli on a Lewis b-coated bead [2]. The sample (~25 µl) constitutes a mixture of
bacteria, functionalized beads with a diameter of 10 µm, and Lewis b-coated beads with a diameter of 3.2 µm
suspended in phosphate buffered saline (PBS). A typical measurement starts by trapping and mounting a single
bacterium by the optical tweezers onto a large bead attached to the coverslip. Next, a Lewis b-bead is captured
by the optical tweezers. This bead serves two purposes; it provides a surface onto which the bacterium can bind
and it acts as an indicator of the force mediated by the binding. Before a measurement takes place the force of
the optical tweezers is calibrated using a technique based on the power spectrum of the Brownian motion. The
Lewis b-bead is then brought into contact with the bacterium. A measurement starts by slowly moving the cover
slip at a rate of 0.5 µm/s. The force mediated by the bacterium-bead binding displaces laterally the Lewis bbead from the center of the optical trap. This displacement is continuously monitored and converted to a force
by means of the calibration constants.
Results: A typical measurement gives the force mediated by the bacterium-bead interaction as a function of
the distance between the two beads, as displayed in the Figure below. The average maximum force among 10
series of measurements with bacteria expressing the BabA adhesin (17875 Leb) amounted to 93 pN. The
number of adhesins involved in a typical interaction was estimated to be ~75 from a geometrical consideration.
This yields a lower limit of the force mediated by one adhesin molecule of ~1 pN. A number of control
measurements with a different type of H. pylori, devoid of BabA (17875babA1A2), showed significantly lower
forces; the average maximum force among 9 series was only 27 pN. This finding thus also supports the
conclusion that the force mediated by bacteria expressing BabA adhesion (17875 Leb) can be associated to
specific Lewis b – BabA interaction.
1. T. Borén et al. “Science 262, 1892-1895 (1993).
2. E. Fällman, S. Schedin, J. Jass, M. Andersson,
B.E. Uhlin and O. Axner, Biosensors &
Bioelectronics, 19, 1429-1437 (2004).
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Aim and Methods: Force spectroscopy (FS) of single (bio)molecules and molecular complexes is currently a
valuable research tool not only to study these molecules and their interactions, but also to recognize specific
antigens (antibodies), to distinguish between mono- and polyclonal antibodies, and so on. Recently we proposed
to perform FS experiments exploiting simultaneously with the quasistatic pulling off also a small (0.5 – 1 nm
amplitude) dithering of the AFM tip [1]. Using a lock in amplifier, dependence of the dithering amplitude on the
pulling off force F and extension z can be studied. It was shown that if the frequency of dithering is sufficiently
lower than the first resonance frequency of an AFM probe, such an amplitude is inversely proportional to the
acting spring constant k of the system “AFM cantilever + molecule under the stretching”. The value of k for the
cantilever is known which gives a possibility to measure directly, in the real time, and independently from the
static F(z) data, the value of an acting spring constant k=dF/dz as a function of F and z. This information should
be considered at equal footing with static FS data and is very helpful for analysis of single molecules or
molecular complexes and their interactions. We believe that any FS experiment should be completed with such
direct measurement of the spring constant.
Results: Using a commercially available Veeco AFM, standard silicon nitride cantilevers with the nominal
spring constant of 0.06 N/m and standard method of chemical fixation of peptides onto the tip and substratum
surfaces, we have performed the first direct measurements of k for the following single molecule complexes:
bovine serum albumin (BSA) – polyclonal antibody to BSA, avidin – biotin (biotinilated BSA has been used as
a “biotin”), and fibrinogen – fibrinogen (contrary to the first two, this is an example of non – specific
interaction). For BSA – Ab BSA complex, a narrow distribution of the values of the complex’ stretching at the
moment of a single bond rupture zrupt (average value 14 nm) and spring constant at this same moment krupt
(average value 17 ± 3 pN/nm) has been observed together with the positive correlation (direct proportionality)
between zrupt and krupt values. Quite the contrary, for avidin – biotin complex we have observed a broad
distribution of both zrupt (10 – 80 nm) and krupt (8 – 40 pN/nm) values and statistically sound inverse
proportionality between them. Very broad distribution of the values of zrupt (which attain 150 nm) has been
observed for non – specific interactions between fibrinogen – fibrinogen molecules; the measured value of krupt
ranges from 3 to 8 pN/nm without any sound correlation with the value of zrupt. Despite an apparent
contradiction between these results, they can be quite reasonably explained in the frame of a Worm – Like –
Chain (WLC) polypeptide model: compact and “poorly stretchable” BSA – Ab BSA complexes are
characterized by narrow distribution of the contour length, while avidin – biotin and fibrinogen – fibrinogen
complexes are characterized by broad distribution of this length, which leads to qualitatively different results.
Numerical values of k also can be explained in the frame of WLC model.
Further perspectives of the method will be discussed.
[1] L.A. Chtcheglova, G. T. Shubeita, S. K. Sekatskki, G. Dietler, Biophys. J. 86, 1177 (2004)
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Processes in which a fluorescent dye is used near a metallic interface play an important role in
the working principle of a number of devices of great practical importance; for example solar cells,
OLED and sensors. In addition, gold has become on of the most commonly used substrates in many
experimental techniques, especially in bio-sensing.
In this work, we demonstrate that fluorescence of single molecules in the nanometric vicinity
of a thin gold film can be effectively excited and detected (fig. 1d) through the film with an epiillumination scanning confocal microscope (fig. 1a).
Different modes of illumination (fig. 1a, b and c) and a full theoretical treatment of the
fluorescence signal indicate that both excitation and emission are surface-plasmon mediated, leading
to a high confinement of the focus along the optical axis. This confinement can be advantageous for
the study of surface bio-reactions by means of single molecule fluorescence. Remarkably,
fluorescence detection is more effective through the gold film than from the air side and the number of
photons detectable from a single dye is increased by the presence of the metal film for one orientation.

d)

Figure 1. a) Experimental set-up with full beam illumination. b) High incidence angle illumination. c) Low incidence angle
illumination. d) Typical full-beam fluorescence micrograph of single molecules through the gold film.
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Background/aim: Electronic structure calculations and Car-Parrinello molecular dynamics have
become important tools for a detailed understanding of chemical reactions. However, only processes
with low activation energy can be spontaneously observed, while in other cases the reaction has to be
guided along a chosen reaction coordinate. Whenever the reaction occurs with a significant charge
rearrangement, a proper descriptor of the charge itself can be considered as the natural reaction
coordinate. We introduced a definition of dynamically restrained electrostatic potential (D-RESP)
derived charges that is variational with respect to the electronic and atomic degrees of freedom. Here,
we show that with a D-RESP dependent potential, it is also possible to drive a rearrangement of the
electronic charge distribution and eventually induce electron transfer reactions.
Methods: We introduce a new QM/MM based method to drive electron transfer reactions. Our
approach uses the D-RESP charges of the quantum atoms1 as a reaction coordinate and allows to
estimate the free energy barrier of the electron transfer process. Moreover, it provides an accurate
description of the electronic structure changes and of the nuclear reorganization associated with the
reaction.
Results: We use the method to describe the electron-transfer induced dissociation of the m-chlorocyano-benzene radical anion in aqueous solution2. The reaction is triggered by solvent reorganization
by a change in the coordination water shell around the cyano nitrogen atom. At the onset of the
reaction, charge-spin segregation is observed. The negative charge is transferred to the leaving Cl,
while the spin density localizes on the non-saturated carbon atom of the benzene ring. The calculated
free energy barrier of dissociation is in good quantitative agreement with the experimental data3.
Conclusions: Thus, our method turns out to be accurate enough to estimate the free energy barrier
associated with radical anion decomposition. This type of study can be extended to the ET description
in biological systems, and can find practical applications in cases where a charge transfer is connected
to a complex geometric reaction coordinate and therefore traditional thermodynamic integration6 is
difficult to apply.
[1]Laio, A.; Gervasio, F. L.; VandeVondele, J.; Sulpizi, M.; Rothlisberger, U. To appear in JPC 2004;
Laio, A.; VandeVondele, J.; Rothlisberger, U. J.Phys.Chem.B 2002, 106, 7300-7307.
[2]Sulpizi, M.; Laio, A.; Rothlisberger, U. To appear in JPC 2004.
[3]Neta, P.; Behar, D. J.Am.Chem.Soc. 1981, 103, 103-106; Meot-Ner, M.; Neta, P.; Norris, R. K.;
Wilson, K. J.Phys.Chem. 1986, 90, 168-17.
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We show single-file electrophoretic transport (E ~ 15 V/cm) of labeled double-stranded DNA
molecules in nanoscale lipid membrane channels having radii of approximately 150 nm. Individual
DNA molecules were detected and counted during their passage through the nanotube using confocal
LIF microscopy equipped with a single-photon avalanche diode detector. The strong confinement to a
channel of molecular dimensions ensures a filed presentation of the DNA coils past the detector,
which allows a detection efficiency close to unity and identification of DNA size from its linear
relation to the integrated peak intensity. In addition to providing a nanotechnological device for
identification and quantification of single macromolecules or biopolymers, this system provides a
method to study their conformational dynamics and transport in cell-like environments.
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Mammalian tubulin, a globular protein, mostly distributed in living cells in the dimeric α(450 amino
acid residues)-,β(445 amino acid residues)-form, can polymerize in vivo and in vitro into microtubules
(MTs) – longitudinal dynamic assemblies, involved in numerous cellular functions, including cell
division and signaling [P. Dustin. Microtubules (1984), Springer Verlag, Berlin]. Conventionally,
tubulin polymerization starts (t = 370 C) upon chelating the terminal, Oγ and Oβ, oxygens of the
guanosinetriphosphate (GTP), embedded into the tubulin matrix (GTP site), by the magnesium (Mg2+)
cofactor. Previously, it was shown that tubulin polymerization occurs in vitro upon irradiation of
tubulin solution by the electron beam without the Mg2+ cofactor and GTP [A.A. Tulub, Biophysics
(2003), V. 48, P.18]. In the current in vitro study we observed tubulin polymerization upon a series of
femtosecond laser impulses in the presence of GTP, but without the Mg2+ cofactor. The experiments
involved a series of impulses, generated by the Ti:sapphire laser in the 800-700 nm region, directed on
the tubulin solution (C = 5×10-6 mol/l) in the presence of taxol (C = 10-4 mol/l), a natural polymer,
conventionally used as MT stabilizer in vitro experiments [R.C. Weisenberg et al. Biochem. (1968), V.
107, P. 4466]. The results, obtained from both experiments, electron beam irradiation and a series of
femtosecond laser impulses, are identical. We observed increase in intensity at 720 nm (first harmonic
generation) and 365 nm (second harmonic generation, SHG); these bands can be uniquely assigned to
absorption of hydrated electrons, which show tendency to accumulate in the shell of biological water
[three to five layers, composed of water molecules; K. Nandy and B. Bagchi, J. Phys. Chem. B (1997),
V. 101, P. 10954], surrounding each tubulin subunit. Accumulation of electrons in biological water,
accompanied by their hydration, proceeds over femtosecond - nanosecond time interval and reaches its
maximum in 50–70 ns since the first impulse start (zero point). The hydrated electrons generate an
additional, nonlinear by nature, polarization effect, responsible for SHG and many-fold increase in
strength of the initial electric field. The results are supported by model calculations, based on the
assumption of positive (negative) feedback, appearing on interaction of charge transfer exciton (CTE)
dipoles (electron + hole) with the applied electromagnetic field [A.A. Tulub. Future Generation
Computer Systems (2004), in press]. Many times increased electrostatic fields, appearing around each
tubulin dipole (protein core + biological water; the dipole vector is directed from α− to β− tubulin
subunit), favor attraction of these dipoles in solution, thus producing nucleation centers for further
tubulin polymerization. Specifically, the obtained results explain the appearance of GTP tubulin caps
at the ends of growing MTs.
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Background/aim: Optical Tweezers[1] (OT) have become an essential tool of single molecule
biophysics and single steps have been resolved for myosin (~36 nm) and kinesin (~8 nm). However,
observation of single steps (~0.3 nm) for nucleic acid dependent motors (polymerases, helicases)
remains elusive[2]. Similarly, resolution of sub-steps during the catalytic cycle of a molecular
motor[3] might require higher resolution. Therefore, this work is aimed at improving the resolution of
OT in order to facilitate application to RNA polymerases and hexameric helicases.
Methods: An OT instrument, which employs a back focal plane interferometry (BFPI) for position
detection [4], has been constructed around a commercial inverted microscope. Different sources of
noise (seismic, acoustic, electronic and optical) have been identified and eliminated or reduced. Laser
pointing instability was found as the strongest source of low-frequency noise and was minimized using
a custom made beam stabilizer. High frequency noise was minimized by replacing forced air cooling
with watercooling in instruments with acoustically loud fans. Increased BFPI sensitivity has been
achieved by optimizing the detection geometry. The improved OT is being applied to RNA
polymerases from dsRNA viruses.
Results: The effect of reducing laser pointing instability, eliminating acoustic and electronic noise is
presented. We characterize the performance of our instrument by three parameters: SNR, resolution,
and long-term stability. A signal-to-noise ratio improvement of ~2 orders of magnitude has been
achieved compared to an earlier version of our OT [5].
Conclusions: We present the construction of our instrument together with signal-to-noise ratio
measurements. The performance data shows an imrovement in resolution and stability indicating that a
single base-pair spatial resolution could be possible in the future. Preliminary results showing in-vitro
translocation of bacteriophage φ6 RNA polymerase prove the suitability of our instrument for studying
single molecular motors.
[1] Lang M.J. and Block S.M, Resource Letter: LBOT-1: Laser-based optical tweezers, Am. J. Phys
71 (3), 201-215, 2003.
[2] Shaevitz J.W. et al., Backtracking by single RNA polymerase molecules observed at near-base-pair
resolution, Nature 426, 684-687, 2003.
[3] Lister I. et al., A monomeric myosin VI with a large working stroke, EMBO J., 23, 1729-1738,
2004.
[4] Gittes F. and Schmidt C.F., Interference model for back-focal-plane displacement detection in
optical tweezers, Opt.Lett. 23 no. 1, 7-9, 1998.
[5] Wallin A. et al., Mechanical characterization of molecular motors using optical tweezers, Proc.
XXXVIII Ann. Conf. of the Finnish Physical Society, March 18-20, 2004, Oulu, Finland
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Using fluorescence correlation spectroscopy (FCS) we show that macromolecules in the cytoplasm
exhibit a size-dependent anomalous sub-diffusion, i.e. the mean square displacement v(t) of the traced
particles grows less than linear in time (v(t)~tα, α<1). By accompanying these observations with model
simulations and in vitro experiments we show that this behavior is a generic consequence of molecular
crowding [1]. In other words, the anomality of the diffusion yields a quantifiable measure for the
crowdedness of a fluid on the molecular scale. We further show that integral membrane proteins in the
endoplasmic reticulum and the Golgi apparatus also move sub-diffusively. This is most likely caused
by binding events that arise during the process of protein sorting [2]. We further show by computer
simulations of reaction-diffusion systems that anomalous sub-diffusion stabilizes and enhances the
formation of Turing patterns [3,4]. The frequent occurrence of anomalous sub-diffusion may thus play
a role in cellular pattern formation, e.g. the emergence of membrane domains.
[1] M. Weiss, M. Elsner, F. Kartberg & T. Nilsson, submitted.
[2] M. Weiss, H. Hashimoto & T. Nilsson, Biophys. J. 84, 4043 (2003).
[3] M. Weiss, Phys. Rev. E 68, 036213 (2003).
[4] M. Weiss & T. Nilsson, Trends Cell Biol. 14, 267 (2004)
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Investigations of the intramolecular dynamics of single biomolecules help to elucidate the native
structures and functions of such molecules. For both, a qualitative as well as quantitative,
characterization of the dynamics, an adequate theoretical model is necessary. Such models have been
developed in the past by Rouse and Zimm for polymeric systems without and with hydrodynamic
interaction, respectively. Extensions taking semiflexibility into account have also been provided [1].
Recently, first measurements of the intramolecular dynamics of semiflexible polymers by fluorescence
correlation spectroscopy (FCS) have been presented [2,3]. The measurements exhibit various
unexpected effects. Assuming a stretched exponential decay of the dynamic structure factor, the fit to
the FCS correlation function yields exponents which seem not to be consistent with expectations from
Zimm theory and its extension to semiflexible polymers. To account for the observations, a detailed
theoretical model is necessary. We will present such a theoretical description based on the semiflexible
chain model of Ref. [1]. The theoretical analysis provides results consistent with the experimental
findings and explains the observations. Both, the diffusive motion and the intramolecular dynamics
contribute to the decay of the FCS correlation function. By the theoretical description, it is possible the
separate the individual contributions. Moreover, the time regime can be identified, there the FCS
signal is determined by intramolecular dynamics only. This is of particular interest, because then the
intramolecular dynamics is measured directly.
In this contribution , I will present the theoretical model and discuss the FCS signal. Particular
attention will be paid to the influence of chain stiffness and label density on the FCS correlation
function. The theoretical results will be compared with measurements on DNA molecules and actin
filaments.

[1] L. Harnau, R. G. Winkler, P. Reineker, J. Chem. Phys. 104, 6355 (1996)
[2] D, Lumma, S. Keller, T. Vilgis, J. O. Rädler, Phys. Rev. Lett. 90, 218301 (2003)
[3] R. Shusterman, S. Alon, T. Gavrinyov, O. Krichevsky, Phys. Rev. Lett 92, 048303 (2004)
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Recent development in the technique of single molecule observation and manipulation enables us
to examine directly the statistical properties of individual small systems. [1] Among such single
molecule manipulation, mechanical unfolding experiments with laser tweezers or an atomic force
microscopy have been widely studied for the last decade. [2] In these experiments, the non-trivial
force response and large hysteresis have been observed.
On the other hand, most biopolymers can be considered as semiflexible polymers rather than
flexible polymers. Nevertheless the property of a semiflexible polymer is not clear especially on its
ordered folding structure. Thus, in this work, we perform molecular dynamics simulation of
mechanical unfolding cycle in a flexible and semi-flexible polymer.
It will be shown that a semiflexible polymer exhibits large hysteresis in the force response even at
the slow operation, while a flexible polymer does not exhibit hysteresis. The hysteresis area in a
semiflexible polymer is less sensitive to the operating speed than that in a flexible polymer. In
addition, we observe the saw-tooth-like and constant force response reflecting the ordering on the
folded structure. The hysteresis in the force response cycle is discussed in terms of the difference of
the pathway between elongated and folded states. It is expected that the hysteresis remains even at the
slower operation in actual experiments.
[1] N. Yoshinaga, K. Yoshikawa and S. Kidoaki, J. Chem. Phys. 116, 9926 (2002).
[2] M. Rief, M. Gautel, F. Oesterhelt, J. M. Frenandez and E. Gaub, Science 276, 1109 (1997).

Fig. 1. Typical snapshots of a semiflexible polymer in the
pulling process. (a) initial toroidal state. (b) phase
segregated state at intermediate stage. (c) coiled state. The
scale bar shows 5 a, where a is the diameter of a monomer.
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Background: Phthalocyanines (Pc), molecules are related to porphyrins. Extensively research has been done on
different Pc’s1 since they are used in many different optical, electronic2,3 and medical applications4. Their
structural similarity with the active sites of many natural enzymes makes them also interesting in biomimetic
catalytic applications5. In order to understand and improve the applications of Pc’s it is of value to understand
the electronic structure of the molecule.
Methods: The experiments where performed at the undulator beam-line I5116 at the Swedish national
synchrotron radiation facility MAX-Lab in Lund. The sample preparation was made in situ. The calculations
were carried out at the gradient-corrected Density Functional Theory (DFT) level using the program deMon7.
Results: We present here a XAS study of a molecular film of FePc deposited on a Si(100) substrate. The
experimental data are supported and interpreted by theoretical calculations at the gradient corrected DFT level.
For the first time a detailed description of the atomic contributions to the experimental intensity is given with
respect to the different N atoms present in the molecule and to the x, y, and z directions. The result indicates
that the molecules are standing on the surface, with the two- dimensional molecular plane almost orthogonal to
the surface plane in an ordered film.
Conclusions: For the first time, the intensity contributions to the N 1s XAS experimental results for FePc from
the chemically different N atoms present in the molecule have been identified by DFT calculations. The
computed XA spectra are in excellent agreement with the experimental results.
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Background: Self-assembly as a tool for nanofabrication is of great interest in the development of novel
biomimetic materials and sensors. Gold nanoparticles are suitable building blocks due to the possibility to
chemically alter and control their functionality1. They also have interesting and useful optical properties,
making them attractive in biosensor design. Functionalization of gold nanoparticles by designed synthetic
polypeptides with switchable dimerization properties is a step towards a nanosized Lego for the construction of
complex hybrid materials and sensors.
Methods: The polypeptides were synthesized on a Pioneer automated peptide synthesizer (Applied Biosystems)
using standard fluorenylmethoxycarbonyl (Fmoc) chemistry. Citrate stabilized gold nanoparticles with an
average diameter of 13 nm was as kind gift from professor Chad Mirkin. Characterization of modified gold
nanoparticles have been performed by TEM, SPR, CD-, UV-VIS-, and IR-spectroscopy.
Results: Gold nanoparticles have been modified with synthetic polypeptides with switchable dimerization
properties. When dimerized, the peptides fold into four-helix bundles. Homodimerization was induced by
lowering the pH below 5 resulting in an immediate but reversible aggregation of the modified particles leading
to a large redshift in the absorbance spectra, fig 1. Dimerization was confirmed by an increase in α-helix content
of the immobilized peptides observed by CD-spectroscopy, fig 1B (inset).
Conclusions: A novel switchable material consisting of gold nanoparticles modified with homodimerizing
synthetic polypeptides has been developed. The long-term goal is to modify synthetic polypeptides with
recognition units for studies of analyte induced dissociation of nanoparticle aggregates.
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Fig 1. A: Aggregation of gold nanoparticles upon dimerization of immobilized polypeptides. B: Dimerization,
and thus aggregation, was controlled by varying the pH of the solution.

[1] R. Elghanian, J. J. Storhoff, R. C. Mucic, R. L. Letsinger, C. A. Mirkin, Science, 1997, 277, 1078-1081.
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Background/aim: Self-assembled monolayers of organic molecules immobilized on Au surfaces have
many possibilities for various application fields, such as novel functional surfaces, due to tailored
groups attachable to the end group of the molecules. Especially, if DNA is used as a functional end
group, this DNA can be further modified in order to establish linkage to other bio-molecules hence
leading to potential applications in bio-sensing as a new bio-compatible surface. Recently, many
research groups addressed not only the properties of immobilized DNA layers but in particular of
DNA/Mercaptohexanol (MCH) mixed layers on Au. Here, MCH may physically remove loosely
adsorbed DNA and passivate the surface between chemically adsorbed DNAs by its hydrophobic
interaction. For this reason, it is important to assess these MCH effects and thereby control DNA
adsorption in detail. We present investigations on such MCH effects and DNA's adsorption
mechanisms.
Methods: We used thiolated DNA labeled by a fluorescent dye on the opposite end. In order to
investigate MCH effects we monitored the fluorescence during MCH treatment. DNA's desorption and
conformation change (shrinking or stretching) becomes observable by quenching effects of the
fluorescent dye close to the metal surface. After having prepared mixed layers, we analyzed the DNA
surface density by electro-chemical measurements to investigate the adsorption mechanisms1.
Results: We succeeded in the in-situ measurement of the desorption of loosely adsorbed DNA which
is associated with a conformational change of DNA on the surface. After adding MCH, chemically
adsorbed DNA takes an “up-right” position. According to the surface density measurement the
chemically adsorbed DNA immobilization process can be explained by diffusion limited Langmuir
adsorption. We observed a strong dependence of this process on the ion concentration of DNAcontaining aqueous solution.
Conclusion: We demonstrated MCH effects on DNA layers by optical measurements. In addition, we
investigated the DNA immobilization process while controlling the DNA surface density using the
study of these immobilization mechanisms.
[1] A. B. Steel, T. M. Herne, and M. J. Tarlov, Anal. Chem. 70, 4670-4677 (1998)
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Abstract:
Mammalian cells are able to establish intercellular connections with nanotubes, creating complex
networks. These structures facilitate selective transport of organelles and membrane vesicles [1]. In
relation to this we attempt to artificially connect immobilized cells and liposomes by lipid nanotubes.
Different materials contained in the liposome can then be transported to the cell by simple diffusion or
moving-wall-driven flow. With this system it is possible to introduce certain substances into the cell or
to detect substances which are secreted from the cell and are diffusing over the nanotube to the
liposome. One of the challenges of this project is to create a connection which is stable over a longer
time period to be able to visualize transport over the nanotubes. On this basis it is planned to create
more complex networks of this kind. Cells can be connected to each other with intermediate
liposomes, which could be used e.g. as a reservoir for certain substances or as a container receiving
secretion products from the connected cells. Once such this system is developed, it will be a great tool
for intercellular transport kinetics.
References:
[1] A. Rustom, Science, Vol. 303, Issue 5660, 1007-1010, (2004)

A02-049
Lateral Mobility of Tethered Vesicle-DNA Assemblies
Jason J. Benkoski, Fredrik Höök
Chalmers University of Technology, Gothenburg, Sweden
email: benkoski@fy.chalmers.se, phone: 46 31 772 6118
fax: 46 31 772 3134
Background/Aim: Lipid membranes are particularly attractive for use in biochemical assays because
of their resistance to nonspecific adsorption and their unique ability to host transmembrane proteins.
Although ideal for use in many surface-based detection techniques, supported lipid bilayers can make
the incorporation of proteins problematic due to the steric constraints of the underlying substrate. A
recently developed strategy overcomes this obstacle by tethering liposomes to supported lipid bilayers
via cholesterol-tagged DNA. Such structures make it possible address the location of specific
recognition sites on an individual basis, which can be exploited for novel biodetection schemes.
Methods: The DNA tether is formed by first adding the cholesterol-DNA to the solution in contact
with the supported lipid bilayer. The cholesterol then spontaneously embeds itself within the
hydrophobic interior of the bilayer, forming a mobile anchor. Finally, a suspension of vesicles
decorated with the complementary cholesterol-DNA is added, and the DNA pairs hybridize to
complete the assembly. The lateral mobility of these nm-scale lipid assemblies was measured using
florescence recovery after photobleaching (FRAP). Three variables were tested in all: vesicle size,
tether length, and anchor size.
Results: The diffusion coefficient was measured to be significantly lower than that expected for free
vesicles in suspension. It was neither sensitive to the size of the vesicles nor the length of the DNA
tether. However, changing the anchor size from one cholesterol to two resulted in a decrease of the
diffusivity by a factor of 3. Perhaps even more notable was the fact that hybridized single cholesterolDNA without vesicles was found to diffuse 18 times faster than the tethered vesicle assemblies and
over six times faster than the lipid molecules in the bilayer.
Conclusions: The lateral diffusivity of tethered vesicle assemblies appears to be controlled by the
diffusion of the cholesterol anchors despite the fact that anchor diffusion is not the slowest process.
This discrepancy is believed to arise from the fact that each vesicle is tethered to the bilayer by
multiple DNA pairs.
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Background/Aim: Phospholipid vesicles and supported bilayers have become a major pathway in the
design of devices for biorecognition detection. To expand the capabilities of such biochips, it becomes
desirable to direct and control the assembly of lipid structures into more sophisticated architectures.
Methods: As one step towards this goal, we demonstrate the reversible, light-regulated desorption of a
new class of polymer from lipid bilayers. The neutral, hydrophobic polymer embeds itself within the
bilayer under mild pH and ambient conditions. However, it contains side groups that can undergo
excited state proton transfer (ESPT). The polymer therefore behaves as a polyelectrolyte when
exposed to UV light. With the ensuing increase in hydrophilicity, the molecule is spontaneously
ejected from the bilayer.
Results: Quartz crystal microbalance measurements with dissipation monitoring (QCM-D) have
recorded such transient kinetics, and have shown that the polymer is reincorporated into the bilayer
when the light stimulus is removed. In addition, a rapid buffer rinse during light exposure results in
efficient removal of the polymer from the system. Three polymers were tested in all: a polyanion, a
polycation, and a polyzwitterion. The synthesis of the monomer, performed by a Wittig reaction under
relatively mild reaction conditions, made it possible to synthesize each polymer in a single step.
Conclusions: The reaction has therefore provided a platform to perform a more general study of this
new class of polymer.
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Background/aim: The fabrication of bio-micropatterns by soft lithography [1] has attracted
considerable interest in the last years, in view of their possible use in a wide number of applications. In
particular, the selective deposition of the metalloprotein Azurin (Az) from P. aeruginosa by
microcontact printing is desirable for biomolecular electronics [2] due to its natural electron transfer
role. In the present work we investigated, by Atomic Force Microscopy (AFM), the conformational
arrangement of the printed Az molecule through the resulting height distribution of the metalloproteins
after printing
Methods: Elastomeric replicas of hard masters were realized by in situ polymerization of the
Poly(dimethylsiloxane) (PDMS). A few drops of the protein solution were cast on the patterned side of
the replica and gently dried with a N2 stream. Immediately after solvent evaporation, the proteincoated elastomeric element was placed onto the prepared SiO2 substrates under its own weight. After
peeling-off the replicas, the patterned substrates were rinsed in antibody solution for indierct immunofluorescence.
Results: The immunofluorescent pattern shows the achieved µCP pattern of Az after the polyclonal
antibody incubation, clearly indicating that the proteins were deposited in a stripe-geometry
reproducing the master pattern (Fig. 1). In order to investigate the conformation of proteins in the
patterned regions, tapping-mode AFM images were taken in air on unlabelled samples. The size of
individual proteins were measured by taking the maximum height of the molecule minus the height of
the local background. This allows to determine the height distribution [3] of the Az after the µCP,
which was found to be centred slightly below 2 nm and therefore to assess the degree of
conformaitonal deformation (with respect to the protein native size, around 4 nm) which can be
induced by the lithography process.
Conclusions: We demonstrated µCP on Az metalloproteins. The resultinng immuno-flouorescence
optical observation demonstrated the good contrast achievable by the lithographic process. AFM
assessed the degree of conformational deformation probably induced by the lithography process.
[1] Y. Xia, G. M. Whitesides, Angew. Chem. Int. Ed. 37, 550 (1998).
[2] R. Rinaldi, A. Biasco, G. Maruccio, R. Cingolani, D. Alliata, L. Andolfi, P. Facci, F. De Rienzo, R. De Felice, E.
Molinari, Adv. Mat. 14, 1453 (2002).
[3] M. J. Waner, M. Gilchrist, M. Schindler, M. Dantus, J. Phys. Chem. B 102, 1649 (1998).

Fig.1. Immunofluorescence micrograph of the
obtained Az pattern. The white bar indicates a 100
µm length.
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Background/aim: Molecular assemblies prepared by the successive deposition of proteins and
oppositely charged polyelectrolytes have been used as biocompatible coatings and sensitive layers of
optical biosensors [1]. The influence of ionic strength and pH on the adsorption of polycation
diethylaminoethyl-dextran (DEAE-dextran) and polyanion sodium dextran sulfate (DS) on a
preadsorbed bovine serum albumin (BSA) monolayer was investigated to find out the factors
controlling the multilayer formation.
Methods: The adsorption of BSA from the phosphate buffered solutions (PB) on a polystyrene film
deposited on a ZnSe reflection element and the successive adsorption of the polyelectrolytes was
observed in situ using FTIR multiple internal reflection spectroscopy
Results: Polycation DEAE-dextran was adsorbed at pH= 8.5 on BSA above its isoelectric point
(pIBSA=4.9) and polyanion DS was adsorbed at pH=4.0 on BSA below pI from the buffer containing
different NaCl concentrations (3 - 0 M). The polyelectrolytes did not adsorb at high NaCl
concentrations. The adsorption of DS or DEAE-dextran on BSA was observed at NaCl concentrations
below 1.7 M or 0.3 M, respectively. Polyanion DS started to adsorb at pH~ 6.1 even if BSA was still
negatively charged above its pI. DEAE-dextran adsorbed only if BSA was oppositely charged.
Conclusions: Electrostatic interactions ruled adsorption of polyanions and polycations on BSA
monolayer. They could be controlled by pH and ionic strength of the adsorption solutions.
[1] E. Brynda, M. Houska, A. Wikerstål, A. Brandenburg, Biosensors and Bioelectronics, 17, 665-675
(2002)
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Fig. 1: The absorbance of DEAE-dextran (ADD) on BSA monolayer from PB at various pH and NaCl
concentration of 0.15 M (
) and 0.066 M (
)
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Background: Surface or interface modification by polyethylenoxide (PEO) units is frequently used to
control interaction of single biomolecules or complex biological units with inorganic materials or other
engineering polymers. The preparation of micropatterned polyethylenexide layers is one attempt to
control these interactions within well defined lateral motifs. Our experiments demonstrate new
approaches for the preparation of micropatterned ultrathin PEO layers and focus on the structure
formation of ultrathin PEO layers, especially on the influence on non-equlibrium crystallization
processes in confined systems, and demonstrate the use of PEO as “electron beam resist” and the
ability of micropatterned PEO hydrogel layers to act as bioactive layers.
Methods: We used micro-contact printing and electron beam lithography for surface heterogenization
and local control of wetting properties during formation of ultrathin PEO films. Morphologies of these
films was characterized by light microscopy in combination with AFM techniques and Scanning
electron microscopy (SEM). The interaction of aminoterminated PEO molecules with DNA was
studied by fluorescence microscopy:
Results: The preparation of ultrathin PEO layers by dip-coating results in polymer films which are
initially amorphous and which remain long time stable with respect to crystallization on µm sized
isles. Crystallization can be nucleated by AFM tip contact or surface defects. The lamella growth
process within the ultrathin PEO layers (t < 10 nm) is strongly diffusion controlled and consequently
results in highly branched lamellae growth morphologies. (Fig.1). PEO layers bearing structural
elements from the diffusion controlled self-assembly process can be further patterned and linked to the
surface by electron beam lithography (Fig.1). By swelling experiments we could demonstrate that
ultrathin crosslinked PEO hydrogel layers are formed.
The increase in initial layer thickness ( t > 10 nm) causes a change in the self-assembly
(crystallization) process which is accompanied by a loss of branching morphology. Terminating
endgroups of the PEO molecules can be used as reactive centers for the immobilization of
biomolecules. We immobilized fluorescence labelled DNA within the PEO hydrogel structures
through interaction with aminotermerminated PEO molecules (Fig.2).
Conclusions:
1.) E.Meyer, H.-G. Braun; Control of Morphological Features in Micropatterned Ultrathin Films,
Adv. Eng. Mat. xx, xx (2004) accepted
Fig.1: PEO dendritic
lamellae resulting from
DLA growth. The
lamellae are attached to
surface by ebeam
lithography

Fig.2:
PEO
hydrogel
layers
with
aminoterminated
end-groups
selectively
interacting
with DNA molecules
(YOYO stained)
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Planar semiconductor field effect devices based on silicon-on-insulator (SOI) technology have
immense potential for applications in sensing, such as for label-free, fast, and time resolved detection
of (single) biomolecule binding events due to their great sensitivity to surface potential changes [1].
Easy to apply, stable, and reproducible functionalisation of the silicon surface is a prerequisite for the
practicability of such devices. Phosphonate films are particularly suitable since these dense selfassembled monolayers (SAMs) bond strongly to the native oxide surface of silicon and can be
functionalised with tailored substituted endgroups [2].
We assembled organophosphonate monolayers comprising different substituted endgroups and diverse
alkyl chain length on highly p-doped <100> silicon substrates. Stability and current blocking
properties were investigated over time by cyclic voltammetry and impedance spectroscopy. The results
were compared to bare and silanised reference samples.
Hydroxyundecylphosphonic acid SAMs revealed a current blocking of 97% at the reductive peak
voltage of the reference. After a storage time of six weeks in nitrogen atmosphere the current was still
reduced by 93%. Impedance spectroscopy measurements of this layer showed an over 60 times larger
charge transfer resistance compared to bare silicon. Octadecylphosphonic acid layers revealed a less
pronounced current blocking in the voltammetry but an even larger increase in the AC resistance in the
impedance spectra.
We prepared sub-micron sized SOI transistors by using high resolution semiconductor nanofabrication
techniques. The devices were operated in an inverted metal-oxide-semiconductor-field-effect-transistor
(MOSFET) mode with an additional in-plane-gate electronic functionality.
Utilizing electrical transport measurements we succeeded to sensitively detect variations in ionic
strength or the physisorption of polyelectrolytes, down to a resolution of <0.5e-/100nm².
Organophosphate films on the native silicon oxide show excellent stability in wet and dry conditions.
Moreover the easy preparation is exquisitely applicable for sensor functionalisation. In addition we
show the functional efficiency and high sensitivity of SOI in-plane-gate transistor structures.
Hence organophosphonate monolayers on arrays of sub-µm SOI transistor structures can combine to
yield novel device implementations for bio-sensing applications with fast response, high sensitivity
and spatial resolution.
[1]
[2]

M. G. Nikolaides et al., ChemPhysChem, vol. 4, 1104-1106 (2003)
K. S. Midwood et al., Langmuir, vol. 20, 5501-5505 (2004)
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Aims: To study protein unfolding upon adsorption at polar and hydrophobic interfaces, respectively,
and compare the effects of the two. Further, to investigate correlations between characteristics of the
native-state structure and the ability to retain this structure upon adsorption.
Methods: We use a two-dimensional lattice model, similar to the HP model used in protein folding
studies [1]. The method used is obtaining the ground-state structures of a set of model proteins of
length twenty amino acid residues by means of an exhaustive enumeration search.
Results: The unfolding is found to proceed by a large loss of native contacts. The effects of polar
interfaces are found to be similar to those of for hydrophobic interfaces, but with a much weaker
interface coupling strength. For the model proteins on a hydrophobic interfaces, we find that the
probability of being adsorbed in the native state is correlated to the magnitude of the folding energy of
the native-state structure, the thermal stability (or energy gap) for that structure, and the interface
energy for native-state adsorption [2].
[1] K.F. Lau and K.A. Dill, Macromolecules 22, 3986 (1989)
[2] S.D. Chakarova and A.E. Carlsson, Phys. Rev. E 69, 021907 (2004)

Fig.1. A model protein can either be adsorbed in its native-state structure or denature due to the
interface interactions.
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Introduction
The immobilization and stabilization of biological molecules for the development of biosensors and
bioreactors is a very interesting subject, for both scientific and industrial applications. For this reason
the immobilization of proteins, such as enzymes and DNA, is the subject of intense scientific scrutiny
for the last decade. The prerequisites for a suitable immobilization matrix for biomolecules are the
ability for effective stabilization, and the ability for applications in different platforms. The
integration of nano-biosystems with sensitive optical or electrochemical detection techniques can lead
to the development of novel biosensing systems with improved analytical characteristics. The basis
for this can be found in the use of novel, well structured materials compatible with both the
biomolecules and the analyte environment.
Novel materials that are beginning to find application in the design of biosensing systems include
carbon nanomaterials, liposomes and well structured semiconductor surfaces. Application of these
novel nano-biosystems requires first of all the elucidation of the interaction between the biological
molecule and the surface of the material used. Information on the imposed biomolecule
conformational changes when they interact with these materials, can aid in optimizing the stability and
the sensitivity of the resulting system.
Results
In this work we will present the use of the above-mentioned novel materials for enzyme and DNA
immobilization and stabilization. We will also present data form the spectroelectrochemical analysis
of the interactions between the biomolecules and the matrix. Finally we will present the new
possibilities of using these materials for the development of biosensors with novel transduction
schemes.
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Background and Aim
Membranes attached to solid supports are of wide interest as model systems for studying the lateral
organization of lipids and proteins in cell membranes and for modelling interactions with molecules in
the water phase[1]. More generally they provide biofunctionalization of solid surfaces with potential
technological applications. Supported membranes are suitable for study with scanning probe
microscopies such as AFM, thereby enabling measurements with superior spatial resolution and
providing complementary information to optical fluorescence microscopy. The preparation of
supported membranes is traditionally carried out via either (a) fusion of unilamellar vesicles with the
support surface or (b) via transfer from a monolayer trough of two consecutive lipid monolayers to
form a bilayer. Depending on the system composition, these techniques may result in membranes
containing structural defects or may fail to produce a membrane. For these reasons an additional
preparation scheme is desirable.
Methods and Results
Lipids deposited from an organic solvent onto a support surface organize in lamellar bilayer structures
and by using a spincoating procedure highly uniform lamellar coatings are obtained[2]. AFM imaging
of lamellar POPC lipid films shows that complete coverage of the support can be obtained with the top
sheets exhibiting a dewetting pattern. In air, lipids orient with a conformation where acyl chains are
pointing outwards. Hydration of the lamellar film in liquid water stimulates detachment of all lipid
layers except the bottom membrane neighbouring the hydrophilic support surface (at P in figure).
Supported membranes prepared in this way are essentially defect-free and can be prepared with
complex lipid mixtures. A further advantage is that lateral reorganization of lipids into domains takes
place on the support upon hydration thereby suppressing the formation of artefacts in the domain
structure.
[1]
[2]

A.C. Simonsen, U. Bernchou Jensen, N.J. Færgeman, J. Knudsen, O.G. Mouritsen.
FEBS Letters 552, 253-258 (2003)
U. Mennicke, T. Salditt, Langmuir 18, 8172-8177 (2002)
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Planar lipid bilayers have been widely used as model systems to study transport processes and
molecular interactions occurring at biological membranes, including conduction through ion channels
and the effects of pharmacologically important molecules such as anaesthetics and antibiotics on
membrane such processes. The instability of completely freestanding lipid bilayer membranes (BLM)
of more than a few square mm in area and the often highly variable area and thickness has led to the
development of bilayers achored to solid supports. These stable systems in the main have relied on
anchoring lipids of one leaflet of the bilayer to an oxide or gold surface. However, the electrical
impedeance of such anchored bilayers is generally orders of magnitude smaller than that of the
biologically relevant freestanding BLM. Further, the impedance of the (Gouy-Chapman) ionic double
layer that forms at the interface between gold substrates and an electrolyte is comparable to that of the
bilayer itself and can dominate the total impedance of anchored bilayers on gold substrates. Further,
X-ray and neutron scattering methods to study the structure and attachment of molecules on the gold
substrate as well as the BLM are made very difficult because of the high atomic number of gold and
the difficulty in producing atomically flat surfaces.
In contrast atomically flat silicon surfaces are readily produced, the silicon has a low atomic number
and the relatively low value of the dielectric constant of Si (~11) reduces problems arising from the
ionic double layer.
We have developed a methodology for the co-valent attachment of functional organic molecules to
silicon [111] surfaces. This is currently an area of intensive research because if its potential
applications for passivating or bio-functionalising semiconductor devices for potential biosensors.
Some results are presented of the attachment of alkenes with protected functional groups to the
Si(111)-H surface to form ordered and very stable monolayers attached to the surface via Si-C bonds.
After deprotection hetero-bifunctional linkers can then be coupled to the functional group. Using this
general approach we have produced hybrid bilayers attached to the silicon surface.
We present results of the attachment and structure of various organic moieties, including hybrid
bilayers using X-ray reflectometry, and X-ray photoelectric spectroscopy as well as high resolution
electrical impedance spectroscopy.

^ Telephone: +61 2 93544554 Fax: +61 2 93854484 Email: h.coster@unsw.edu.au
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An adult-derived hippocampal progenitor cell (AHP) has the capability of self-renewal and to give rise
to neurons and glia, and thus can be called a neural stem cell. The two differentiation pathways can be
controlled by subjecting the AHP cells to specific differentiation molecules. So far, these molecules
have been introduced to the cells through the medium, but our goal was to design substrates, which in
a controlled manner would promote AHP cell attachment and their differentiation.
Our first surface functionalization strategy was based on adsorption and/or PDMS stamping of
differentiation cues. These simple studies showed that controlling differentiation from the substrate
indeed is possible.
Our second strategy was based on phosphatidylcoline supported phospholipid bilayers, which have
been proven to be a non-interactive and a non-denaturating surface for biomolecule immobilization,
thus a good background. By functionalizing the phosphatidylcoline bilayers with particular cues,
specific cell responses could be evoked.
We have modified phosphatidylcoline bilayers with a 19-mer peptide containing the IKVAV
pentamer, which is known to promote attachment and neurite outgrowth of PC12 cells. The peptide
was immobilized onto the bilayer through a reaction between the terminal cysteine (thiol) on the
peptide and a maleimide functionality introduced to the bilayers as a small fraction of maleimidoterminated phospholipids. The formation of the supported phospholipid bilayer and its modification
with the peptide was followed with the Quartz Crystal Microbalance with Dissipation technique
(QCM-D), which monitored (1) the mass of the species adsorbed to the sensor surface in the ng/cm2
range and (2) indicated the rigidity of the adsorbed film. The function of the immobilized peptide was
verified through the recognition by the anti-IKVAV antibodies and in cell attachment studies.
PC12 cells, readily attached to the peptide-modified bilayer surfaces, while no cells could be seen on
plain phosphatidylcoline bilayers and bilayers functionalized with the maleimido-terminated lipids.
The same specific behavior was seen for the AHP cells. Currently, the aim is to investigate the
differentiation and long-term behavior of AHP cells on the 19-mer IKVAV modified phospholipid
bilayers and to continue the development of the described approach by functionalizing the bilayers
with differentiation factors.
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The interfacing of oxide based microelectronic devices with biological components requires
methods for assembling biomolecules on their surfaces in a controlled manner. Examples include
biosensors, chip-based diagnostic assays and biomaterials used for implants and tissue engineering. A
key problem in the design of analytical devices in contact with biomolecules is the non-specific
adsorption of biological species, particularly proteins, which can limit their performance. Surfacebound poly(ethylene glycol) (PEG) is a powerful reagent to construct protein repellent surfaces on
various substrates. Most procedures reported to yield PEG layers on oxides require several steps and
thus decrease the surface controllability. To overcome the problems encountered during PEG surface
modification, we have synthesized three novel reagents, which combine a trichlorosilane functionality
with a long alkylchain (11 CH2’s) and the protein resistant properties of short methyl capped PEG
units (i.e. PEG 3, PEG 4 and PEG 6) to generate robust coatings for glass and metal oxides. Tantalum
was used as a substrate because of its wide use as a biomaterial and the high chemical stability of its
thin passivating oxide. The molecular architecture of the deposited silane layers and the PEG chain
conformation was studied using contact angle measurements, XPS, AFM, RAIRS and ellipsometry.
The non-specific adsorption of normal human serum (dilution series) and its 4 most abundant proteins
(HSA, IgG, holo-transferrin and fibrinogen) was elaborated using quartz crystal microbalance with
dissipation monitoring (QCM-D™) and confocal fluorescence microscopy. The protein repellent
properties of the PEG silane SAMs were shown to be strongly correlated to the PEG chain length, the
PEG conformation and the molecular architecture. Based on dissipation-frequency plots, the PEGfunction was linked to an increased entrapment of H2O in the adsorbed protein layer. The correlation
between the PEG length and the viscoelastic properties of the adsorbed protein film lead to a better
insight into the phenomenon of protein repellence. Future work will involve the deposition of mixed
PEG silane SAMs to further improve the protein resistant properties.
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Protein adsorption and exchange play an important role in many technological applications, such as
biomaterials (e.g., implants, contact lenses), biosensors or food packaging. Still, the process is not
fully understood and many controversial theories about the reversibility of protein adsorption and
other puzzles and paradoxes exist. With a single channel grating coupler instrument we are able to
measure the adsorption and exchange of proteins on various surfaces (that differ, e.g., in their
hydrophobicity). These measurements have led us to the development of a new model, which is based
on the assumption that each protein has several different conformations in the adsorbed state with
different footprint sizes and binding energies, separated by energy barriers. Proteins can adsorb to or
desorb from the surface and make transitions between the conformations. Numerical simulations of
large numbers of proteins - supplemented by analytical calculations - allow us to reproduce the
experimental data, identify the conformations of proteins, and understand the mechanism of protein
adsorption and exchange in more details.
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Background: In biological systems, the structure of water and the resulting forces near surfaces or
macromolecules play a crucial role determining the specific bio-molecular functionality. An example is the
adsorption of proteins on surfaces: Polyethylene glycol (PEG)-based coatings are known for their capability to
render a surface resistant to non- specific protein adsorption. Since both PEG and the proteins are hydrated
structures, and water, due to its dipole moment and hydrogen-bonding capability, is a highly coordinated liquid
network with a number of unusual properties, understanding the structure of liquid water is of great importance.
Methods: Using the extended Surface Forces Apparatus (eSFA) we have carried out measurements of film
thickness and refractive index of poly(ethylene glycol) films during loading and unloading cycles in aqueous
solution. The poly(ethylene glycol) films were anchored to the surface via electrostatic interaction of a poly(Llysine) backbone.
Results: The observed interaction force is predominantly repulsive, nearly elastic and can be reasonably
described by polymer brush scaling theory and electrostatic double layer forces. The film thickness decreases
with increasing temperature as a result of the decreasing solubility of PEG in water. Surface force isotherms
measured at high resolution reveal ubiquitous sub-nanometer film-thickness transitions suggesting the existence
of structural forces at the molecular level due to large equilibrium structures in the highly hydrated polymer
film.
Conclusions: The underlying molecular mechanisms affect the interaction of macromolecular solutes with the
surface, which is directly relevant for the biological response towards PEG-ylated surfaces in aqueous
environments.

Fig. 1. (a) Surface force isotherms of the PLL(20)-g[2.9]-PEG(2) covered mica surfaces in aqueous solution at
different conditions. (b) Magnification of the surface force isotherm between two PLL(20)-g[3.5]-PEG(5)
covered surfaces. Dicrete film thickness transitions are observed (indicated with rectangles).
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Fibroblast growth factors (FGFs) are secreted proteins involve in a wide range of physiological
processes from proliferation to differentiation [1]. Their activities are mediated inside the cells via
their receptor: the FGFR which is a transmembrane protein with an intracellular domain possessing a
tyrosine kinase activity [2]. In addition, the heparan sulphate chains of proteoglycans (HSPG) are
known to coordinate the interaction of FGFs with their receptors at the cell surface [3].
Signal diversity generated by the FGFs may be a reflection of the different combinations that
exist between the different elements forming the complex:
i) Multiple isoforms of FGFR (4 genes encoding over 48 isoforms), which may be differentially oligomerised with
multiple FGFs (22 genes encoding over 30 different proteins) and HSPG co-receptor (possessing different patterns of
sulfations) [1].

ii) The ternary FGFR:FGF:HS complex probably exists in a number of different stochiometrie states
[4,5,6].
To study the complex FGFR:FGF:HS we constructed recombinant receptors corresponding to
the ligand binding domain of FGFR1IIIc with either a carboxy-terminal GPI anchor or a strep-tagII.
These proteins are termed FGFR1-GPI and FGFR1-Strep respectively. CHO cells have been used for
the stable expression of both proteins. In this system, multiple glycosylated forms of the recombinant
receptors are observed. FGFR1-Strep protein has been purified by affinity chromatography. Nglycanase enzyme is used to obtain deglycosylated FGFR1-Strep. Optical biosensor binding
experiments show that the extent of binding of the receptor to a heparin-derived dodecasaccharide is 5fold greater when the receptor is deglycosylated. Similar results are observed by quartz crystal
microbalance-dissipation (QCM-D): the removal of the N-glycans from the FGFR1 causes a 2-fold
increase of the binding of the receptor to a heparin tetrasaccharide.
These results suggest that N-glycosylation of the receptor negatively regulates the receptor
interaction with HS.
[1] ORNITZ D.M. and ITOH N. (2001). Fibroblast growth factors. Genome Biol., 2, 1-12.
[2] JOHNSON D.E et al., (1993). Structural and functional diversity in the FGF receptor multigene family. Adv. Cancer
Res., 60, 1-41.
[3] FERNIG D.G. and GALLAGHER J.T. (1994). Fibroblast growth factors and their receptors: an information network
controlling tissue growth, morphogenesis and repair. Prog. Growth Factor Res., 5(4), 353-377. Review.
[4] PELLEGRINI L. et al., (2000). Crystal structure of fibroblast growth factor receptor ectodomain bound to ligand and
heparin. Nature, 407(6807), 1029-1034.
[5] SCHLESSINGER J. et al., (2000). Crystal structure of a ternary FGF-FGFR-heparin complex reveals a dual role for
heparin in FGFR binding and dimerization. Mol. Cell., 6(3), 743-750.
[6] SPRINGER B.A. et al., (1994). Identification and concerted function of two receptor binding surfaces on basic
fibroblast growth factor required for mitogenesis. J. Biol. Chem., 269(43), 26879-26884.
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An often raised question with respect to applications of the quartz crystal microbalance technique is
whether the shear oscillation of the sensor surface influences the measured events. This is indeed a
relevant question, especially since solid proofs for bond rupture at elevated amplitudes was recently
presented [1,2]. In part inspired by these observations, our QCM-D device (Quartz Crystal
Microbalance with Dissipation) has been further developed to operate in a dual frequency mode, the
secondary mode (5MHz or 35MHz) for continuous excitation at variable driving amplitudes (from 1V
to 10V). This while still maintaining the possibility to perform combined f and D measurements – a
combination that was not implemented in previous work.
In order to test the device, we chose the well established process by which intact vesicles
adsorb and decompose into a planar supported lipid bilayer on SiO2, known to be very sensitive to
external perturbations. Up to driving amplitudes of 2V of the secondary mode, the adsorption behavior
is essentially unaffected in both cases, whereas it becomes significantly affected at driving amplitudes
above 2V in the 5MHz case. These results thus nicely demonstrate the possibility to implement
variable driving amplitudes, and prove that an entirely new dimension will be possible to explore in
detail.
[1] M. A. Cooper, et al, Nature Biotechnology, 19:833-837 (2001)
[2] F. N. Dultsev, et al, Langmuir, 16:5036-5040 (2000)
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Background/aim: Physico-chemical properties of ultrafine silica (UFS) allow to immobilize on its surface
various biologically active chemical compounds [1]. UFS itself also possess biological activity [2] which fact is
a precondition for synthesis on its base of nanomaterials for biological purposes. The interaction of initial UFS
with the cell surface was investigated, as well as the effect of chemically modified UFS on cell activity.
Methods: Chemical methods of concentration measurements of chemical compounds in solutions [3,4] and
adsorption technique were used for synthesis of nanocomposites on the basis of UFS and biomolecules. Method
of temperature-programmed desorption mass spectrometry was used for examination of adsorption layer [5].
Biological activity of nanocomposites was estimated using laser-doppler spectroscopy [6] and microscopy.
Studies were conducted with bovine reproductive cells and human erythrocytes. Investigation of contact
interactions of UFS with cell surface the measurement of proteins and carbohydrate concentrations were used.
Results: UFS while interacting with cell surface are located at their surface as aggregates. Their binding with
the surface is caused by electrostatic interaction of UFS nanoglobulae with some terminal carbohydrates with
cell surface receptors (for example N-acetylneuramine acid). So-called surface proteins also participate in this
process. Chemical structure of graft functional groups and ligands predetermines the amount of biomolecules
bound to cell surface. A series ob biocomposites based on initial UFS and UFS modified by carbohydrates
and/or bovine serum albumine were synthesized and their biological activity was investigated in suspensions
with reproductive cells. It was found out that chemically modified by biomolecules UFS caused non-destructing
effect on human erythrocyte membranes in comparison with initial UFS.
Conclusions: It was found out that the effect of initial UFS and UFS-based nanocomposites depended upon their
concentration in cell-containing suspensions. It was found out also that in some cases it was possible to prolong
life duration of reproductive cells.
N.P. Galagan, T.V. Kulik, V.A. Pokrovskiy acknowledge Science&Technology Center in Ukraine for financial
support of this study, Project #3103.
[1]. Chuiko A.A., Tertykh V.A., Lobanov V.V. In: Medical chemistry and clinical application of silicon
dioxide. Ed. A.A. Chuiko. Naukova dumka, Kiev. 10 (2003)
[2]. Lutsyuk N.B., Pentyuk A.A., Chuiko A.A. In: Medical chemistry and clinical application of silicon dioxide.
Ed. A.A. Chuiko. Naukova dumka, Kiev. 372 (2003)
[3]. Lowry O.H., Rosenbrough N.J., Farr A.I. et al. J. Biol. Chem. 193 265 (1951)
[4]. Aminoff D. Biochem J. V.81, 2 384 (1961)
[5]. Pokrovskiy V.A. J. Therm. Anal. and Calorimetry 62 407 (2000)
[6]. Vlasenko V.V., Galagan N.P., Kulik T.V. et al/ VII Polish–Ukrainian Symposium on theoretical and
experimental studies of interfacial phenomena and their technological application. Lublin, Poland, September
15-18, 312 (2003)
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Background/Aim: Diatoms are microscopic algae that produce intricate silica cell walls, called
frustules. These structures have well-defined pore classes that characterise the species of diatom. In
this way a particular species is able to produce porous silica containing several highly monodisperse
pore sizes. The ability to culture relatively large amounts of diatom frustules supports the
investigation of pore size distribution in bulk samples with a small angle scattering technique. In this
work, we compare SANS scattering curves for three species of diatoms with internal porosity
visualised from frustule sections examined under TEM. We comment on the relative merits of each
approach for determining the internal porosity of diatom frustules.
Methods: SANS were collected from three samples of known packing density using two instruments at
the Hahn Meitner Institute (Berlin). The V12a instrument1 is a bent crystal diffractometer which
collects the slit smeared scattered intensity using cold neutrons ( =4.76Å). The V4 instrument2 is a
conventional pin-hole SANS instrument. The path length of sample was chosen to minimise the
effects of multiple scattering. Using the two instruments, and numerically slit smearing the data from
V4, data was collected over a wide q-range. TEM was performed on embedded and sectioned diatom
frustules to the reveal the internal structure.
Results: Slit-smeared neutron scattering curves from frustules could be obtained over the q-range 104
<q<10-1 Å-1, where q=4π sin 2θ/λ (2θ is the scattering angle and λ the neutron wavelength). When
scaled for the packing density of frustules the scattering curves are similar. The curves diverge at a
length scale equivalent to the pore visualised with EM techniques. The limiting high q behaviour of
the scattering curves is equivalent to the Porod law for a smooth interface.
Summary: The small angle scattering of neutrons provides an insight into the average structure of
diatom frustules over a range of range of length-scales. The smallest of these length scales is not
accessible by TEM, and points to a basic unit of construction of the frustule. This is consistent with
current knowledge on the biosynthesis of frustules3. This knowledge is placed in the context of
synthesis of technological porous silica.
References:
[1] http://www.hmi.de/bensc/instrumentation/instrumente/v12/v12.html.
[2] http://www.hmi.de/bensc/instrumentation/instrumente/v4/v4.html
[3] Sumper, M., Science, 295, 2430-2433 (2002).
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Background/aim. It is known [1] that metabolic activity of microorganisms increases at the presence
of dispersed materials however the mechanism of this phenomenon remains uncertain. The effect of
increasing of chromosomal and plasmid transformation in bacteria under the clay minerals action has
also no explanation [2]. It is clear that the presented phenomena are the consequence of sorption
interaction between cell surface and solid particles. Thus, the aim of investigations was to study the
influence of silicon dioxide particles on electrosurface properties of bacterial cells.
Methods. The microelectrophoretic method [3] was used to study the interaction between bacterial
cells and solid particles (highly-dispersed pure silicon dioxide). The following cultures of gramnegative and gram-positive bacteria have been investigated: Methylomonas rubra, Pseudomonas
aureofaciens, Pseudomonas batumici, Bacillus subtilis.
Results. It was established that the "anomalous" increasing of ζ-potential of the cells under addition of
silicon dioxide in bacteria suspension took place. The cell ζ-potential increased to value which
essentially exceeded the ζ-potential value of silicon dioxide particles although in accordance with
theoretical prerequisites based on the published data [3,4] the cell ζ-potential must have a tendency to
approach the ζ-potential of silicon dioxide particles. Such tendency is due to the particles sorption on
the cell surface and formation of an envelope around the cells composed of the sorbed particles.
The detected effect took place for the cells treated by the carbonyl cyanide mchlorophenylhydrazone (for transmembrane potential dissipation) and lanthanoids (Sm3+ and Dy3+)
which are the specific inhibitors of mechanosensitive ion channels. Thus, the increase of the cell ζpotential is not the consequence of the double electric layer polarization. It was determined that for
cells inactivated by ultraviolet the increase in bacterial ζ-potential was observed whereas the heatinactivated (70 °C) cells did not possess this property. It is known that the proteins under heat
treatment denature irreversibly. So, in the cells inactivated by heating the proteins components of the
outer membrane lose the ability for conformational transitions. Taking into account the fact that for
such cells the effect of ζ-potential increase has not been observed, it is possible to assume that
increase in the cell ζ-potential during the contact interaction with the silicon dioxide particles is a
consequence of conformational transitions of the cell surface components represented by proteins,
probably porins.
[1] Filip Z. In: Microbial adhesion. Ed. by K.C.Marshall. Springer-Verlag, Berlin, Heidelberg, New
York, Tokyo. pp.251-282 (1984).
[2] Lee G.-H., Stotzky G. Soil Biol. and Biochem. 31, 1499-1508 (1999).
[3] Marshall K.C. J. Gen. Microbiol. 56, 301-306 (1969).
[4] Globa L.I., Gordienko A.S., Garbara S.V., Rotmistrov M.N. Microbiol. Zh. (Ukraine) 45, 22-26
(1983).
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Background/aim: The atomic force microscope (AFM) allows the observation of single biomolecules
in their native environments with unprecedented resolution and signal-to-noise ratio [1]. An additional
advantage of the AFM is its ability to observe changes of these molecules in time. However, both
measurement speed and force sensitivity are limited by the properties of the used cantilevers. More
specifically, the measurement speed is limited by the resonance frequency of the cantilever, while a
low spring constant and again a high resonance frequency are required to obtain a high force
sensitivity (low thermal noise). These requirements can be met by reducing the dimensions of current
cantilevers by at least an order of magnitude [2].
Methods: We have produced pure silicon cantilevers with typical dimensions 15x4x0.2 um, and
resonance frequencies in the MHz range. To be able to perform scanning force microscopy with
ultrasmall cantilevers, a new AFM has been built, with an interferometer-based deflection sensor, and
including a high-resonance-frequency scanner, to allow fast scanning.
Results: The cantilevers have been characterised in vacuum, to determine their mechanical properties.
The design of the cantilever allows to evaporate a 4x4 um reflective coating on the back of the
cantilever, thus enhancing its reflectivity for the deflection sensor, without serious degradation of
mechanical properties and without inducing thermal drift. Compared to beam-deflection-based AFMs
[3,4], our deflection sensor is compact, and allows easy alignment to the ultrasmall cantilevers,
without requiring optical access. These properties make the sensor not only well-suited for
measurements in liquid, but also for use in (ultra-high) vacuum and at low temperatures. According to
preliminary tests, our sensor detects the cantilever position with a resolution in the range of fm/√Hz.
Further testing will include scanning force microscopy on biological samples.
Conclusions: We have built an AFM capable of using ultrasmall cantilevers. These cantilevers allow
to enhance measurement speed and force sensitivity, making them a promising tool to study
conformational changes of biomolecules in real-time.
[1] A. Engel and D. J. Müller, Nat. Struct. Biol. 79, 492 (2000).
[2] D. A. Walters et al., Rev. Sci. Instrum. 67, 3583 (1996).
[2] M. B. Viani et al., J. Appl. Phys. 86, 2258 (1999).
[3] T. Ando et al., PNAS 98, 12468 (2001).

A02-069
Nano-Mechanics on Proteins and Cell Membranes
Atsushi Ikai
Graduate School of Bioscience and Biotechnology
Tokyo Institute of Technology, Yokohama, Japan
TEL:+81 45 924 5828 FAX:+81 45 924 5806
aikai@bio.titech.ac.jp

[Aim] We investigated the mechanical heterogeneity of the internal structure of several globular
proteins and cell membranes. For this purpose, we employed the force spectroscopy method based on
the force curve mode of atomic force microscopy. In the first example, a globular protein molecule
was covalently sandwiched between the AFM tip and the silicon substrate using bifunctional covalent
cross-linkers and pulled from its N- and C-termini. In the case of cell membrane, covalent cross-links
were formed between the AFM tip and the cell membrane proteins. Proteins were pulled out of the
membrane when the tip-substrate distance was gradually increased. The purpose of this study is to
collect experimental data that help us understand the mechanical basis for the manipulation of the
biological architectures using nano-mechanical technology of recent advancement.
[Results] Three globular proteins, carbonic anhydrase, calmodulin and OspA showed distinctive force
peaks while being mechanically unfolded from their end residues signifying that significant degree of
mechanical heterogeneity exists in the internal structure of globular proteins. The mechanics of cell
membrane protein extraction was characterized by an extensive elongation of membrane structure up
to ~1 micrometer followed by an abrupt jump of the cantilever back to its horizontal position. When
the magnitude of this jump in nm was converted to the rupture force by multiplying with the spring
constant of the cantilever, the force was in the range of 0.3 - 0.6 nN in the case of fibroblast surface
[1].
[Discussion] The brittleness of the fracture pattern of the internal structure of globular proteins is a
striking observation and suggests that the coexistence of soft and tensile parts together with hard and
brittle substructure could be a typical feature of globular proteins. We like to propose that such
structure is an important aspect for the enzyme to perform as a catalyst in the reaction of splitting
strong covalent bonds. In the case of membrane proteins, the basic structure of the globular protein is
perturbed by the insertion of hydrophobic segments to traverse the hydrophobic interior of the lipid
bilayer membrane. We have shown that the anchoring force of the membrane protein is of significant
magnitude compared with the ligand-receptor interaction force under a common loading force range
and approached the force to mechanically unfold globular proteins by force. It is thus important to
keep the force small enough not to unfold functional parts of membrane proteins in various nanomechanical manipulations of the cell membrane. The mechanical hierarchy of protein-based biostructures as revealed in our study will be an important step for the understanding of the construction
principles of such systems.
[1] A. Ikai and R. Afrin, Cell Biochem. Biophys. 39 257 (2003).
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The biological membrane is mainly composed of lipid bilayer. In the past studies, the lipid
bilayers have been prepared on the solid supports using several procedures, such as LangmuirBlodgett and spin coating method. In these methods, however, it is difficult to introduce the other
components (integral membrane proteins, etc) into the membrane. Furthermore, these methods are not
appropriate for the study about membrane perturbation, for example, induced by some reagent,
because the processes of the membrane preparation are irreversible. In order to avoid these
drawbacks, the lipid bilayer should be formed spontaneously from the aqueous solution in which lipid
molecules are solubilized somehow. In this study, we investigated the solubilization behavior of
dioleoylphosphatidylcholine (DOPC) by non-ionic surfactant, octyl-β-D-glucoside (OG) to clarify the
properties of mixed micelle composed of OG and DOPC. The properties of OG/DOPC layer formed
on the solid support in the solution were also examined, and were related to those of the mixed
micelles.
The phase diagram relevant to the solubilization of DOPC by OG was created by UV
spectroscopy. Dynamic light scattering (DLS) was used to measure the hydrodynamic radius of mixed
micelles at 25oC. Infrared spectra of OG/DOPC layer generated on the germanium surface dipped in
the solution were measured by ATR-FTIR spectroscopy.
DLS measurements showed that the hydrodynamic radius of the mixed micelles
decreased with the OG concentration, at a constant DOPC concentration. The concentration of the
coexisting monomeric OG and the mole fractions of OG and DOPC in the mixed micelles were
determined from the analysis of the OG and DOPC concentration dependencies of the size of mixed
micelles. Consequently, the mole fraction of OG in the mixed micelle was found to increase linearly
with monomeric OG concentration.
In the ATR-FTIR spectra of the OG/DOPC layers generated on the germanium surface in the
solution of various concentrations of OG and DOPC, the absorbance ascribed to C-H stretching
vibration in the range of 3015~2780cm-1 was observed to largely increase with the DOPC
concentration, at a constant OG concentration. This result suggests that the amount of DOPC in the
layer increases with the increase of the DOPC mole fraction in the mixed micelles, and that the DOPC
molecules in the layers are in equilibrium with those in the mixed micelles.
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Background/aim: Although the application of animal cells to artificial organ in the field of organtherapy has become an active and established industry, various problems arise during xenograft. One
of the most difficult problems is the immune reaction caused by complement response. In this study
we have developed a more efficient method to purify sCR1 (soluble complement receptor type I)
which can be used to suppress the complement activation and prevent inflammation during xenograft.
We here report a successful observation by transmission electron microscopy (TEM) of sCR1 and the
non-glycosylated sCR1, aglyco-sCR1, prepared according to our novel purification method.
Methods: The CHO (Chinese hamster ovary) cells (DUXB11) are used to produce human sCR1. Our
purification method consists of a two-stage cell culture (cultivating cells in serum medium followed by
serum-free medium), and a two-stage column purification by means of heparin and gel filtration
column chromatography. The activity of sCR1 is analyzed by the reaction with factor I and C3ma.
Tunicamycin was chosen to form the non-glycosylated sCR1, aglyco-sCR1, by removing the glycochains. Aglyco-sCR1 is purified by almost the same method for sCR1. Both sCR1 and aglyco-sCR1
proteins are examined by TEM (Philips Tecnai F20).
Results: For the two-stage purification, the heparin column not only bound sCR1 selectively but also
condensed sCR1 to a concentration 10 fold (400 g/ml) higher than that obtained from cell supernatant
(40µg/ml). HPLC gel filtration column chromatography showed a single significant peak, and SDSPAGE indicated only one band close to 220 kDa, suggesting high purity of sCR1 in the final product.
The co-factor activity assay showed that sCR1 retained its activity and the similar result was also
found for the purified aglyco-sCR1. In electron microscopy, sCR1 molecule monodispersed in an
appropriate surfactant (n-Decyl-beta-D-maltopyranoside) was found to be square-shaped with a side
length of 11.6 nm, whereas aglyco-sCR1 was a disc-like shape with a diameter of 8.2 nm having a
concave at its center, and formed larger oligomeric disc-like shaped assemblies with a diameter of 19.0
nm.
Conclusion: The difference in morphology between sCR1 and aglyco-sCR1 on TEM should be
understood as a consequence of the lack of the glyco-chains may facilitate aglyco-sCR1 to form
oligomeric disc-like architectures so as to stabilize the structure in the solution. These facts may
suggest that glyco-chains play an important role in the functions of glyco-protein. Moreover, the lower
activity of aglyco-sCR1 in comparison with that of sCR1 to suppress the complement activation may
be due to the assembly formation and the dynamic changes occurring in protein morphology as well as
to the loss of the functionally important glyco-chains.
[1] H. Kato, T. Inoue, N. Ishii, Y. Murakami, M. Matsumura, T. Seya and P-C. Wang, Biotechnol. Bioprecess Eng. 7, 67-75
(2002)
[2] N. Ishii, H. Kato and P-C. Wang, Enzyme Microb. Technol. 33, 482-487 (2003)
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Background/aim: Surface plasmon fluorescence spectroscopy with grating couplers is an effective
method in DNA detection. Injecting the chromophore labelled target of interest results in a major
increase of fluorescence signal, coming from both, the bulk and from surface- bound species. We tried
to reduce the bulk jump using the principle of fluorescence quenching by resonance energy transfer.
Method: Instead of using the target solution only, a mixture of the target to be detected labelled with
the donor Cy5 and another sequence that exhibits a mismatch 1 with the target and labelled with the
acceptor dye Cy5.5 was used. Upon the excitation from the donor to the acceptor, no bulk jump is
observed and washing does not change the signal.
Results: The bulk jump can be reduced and upon injecting the target we can monitor the signal
coming from the surface only. This can be used in an effective way for fast DNA detection.
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Background/aim: Supported phospholipid bilayers are widely used as a model system of biological
membranes. An advantage of supported layers over vesicles in suspension is that the samples can be
investigated by surface sensitive techniques such as atomic force microscopy (AFM). Although the
thermodynamic properties of vesicles in solution have been thoroughly investigated, little is known
about the solid to liquid phase transition in supported lipid bilayers.
Methods: The properties of mica-supported bilayers have been investigated by AFM. The bilayers are
two-component systems consisting of 1,2-dimyristoyl-sn-phosphatidylcholine (DPPC) and 1-stearoyl2-oleoyl-sn-phosphatidylcholine (SOPC) phospholipids, and are prepared by vesicle fusion. By AFM
we were able to follow the complete solid to liquid transition followed by the liquid to solid transition
in a single AFM experiment.
Results and conclusions: Using vesicles with a lipid composition of 80% DPPC and 20% SOPC we
can easily prepare polycrystalline bilayers. Upon increasing the temperature we observe interfacial
melting and upon cooling from the completely liquid state we observe nucleation-growth. Our data
show that the phase transition in the top (distal) monolayer is decoupled from the phase transition in
the bottom (proximal) monolayer. Furthermore we observe that the solid phase of the distal monolayer
grows epitactically yielding identical grain-boundary structure in the two monolayers.

Fig. 1. A phase diagram of the supported DPPC-SOPC bilayer with cartoons showing the phases of the
monolayers at different temperatures.
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Results are presented on the effort of finding a suitable model membrane system consisting of
a hydrophilic support and a model membrane deposited thereupon. Such composite systems are of
major interest in the context of biosensor development. They are as well required for the application of
some advanced experimental techniques as AFM studies. The structural sandwich chosen here
consists of a crystalline Si-surface, a soft polymer cushion, and a model membrane. Ideally, it shall
mimic all natural features of a biomembrane including the hydrophilic environment on both bilayer
sides, and the lateral mobility of the membrane constituents. Only then it may permit access of
additional molecules to interact with the bio-interface, and a repartition of the interfacial components
in response to the interaction.
Experiments with hydrophobic polymer cushions revealed a depletion of water along the
interface and the complete absence of free water on the inner side of the supported bilayer. Therefore,
a soft cushion of hydrophilic water-swellable polymer is now studied as an alternative. The polymer
layer itself has a thickness of several nanometers; it can be prepared as electrically neutral or with a
terminating positively or negatively charged interface. Iits purpose is to detach the membrane
mechanically from the underlying solid surface but still maintain it in place, provide sufficient
hydration conditions, and, in the charged varieties, offer a tool for the controlled position of
membranes with charged compounds. Neutron reflectivity combined with proper contrast matching
provide structural information in the z-direction perpendicular to the film surface over a length scale of
1 – 500 nm at a resolution down to about 0.2 nm. The information acquired is the one-dimensional
density profile perpendicular to the surface.
Here we report on the formation of lipid bilayers (DMPC, DOPC, E-DOPC) onto selfassembled polyelectrolyte (PE) cushions of alternating layers of the oppositely charged polymers
poly(allylamine hydrochloride) (PAH) and deuterated poly(sodium-4- styrenesulfonate)(d8-PSS) on Si
substrates. The lipid layers are either deposited by spontaneous fusion of lipid vesicles from their
suspension in water, or applied by spin-coating the lipid from its organic solution. Experiments with
net negatively PSS terminated PE cushions at moderately low lipid concentration and a temperature
above the temperature of the main phase transition of the DMPC yield smooth lipid layer. In the case
of spontaneous vesicle fusion the coverage was not as good as in the case of hydrophobic supports.
However, a uniform coverage with a single DOPC layer was obtained after the direct application of
lipid molecules from their organic solution using the spin coating technique. In that case, we even
have evidence for a thin water gap that separates the lipid layer from its supporting cushion.
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Background/Aim: Neuronal acetylcholine receptors (nAChR) are ligand-gated pentameric cation
channels composed of two different subunits, alpha and beta. Alpha7 subunit is capable to form
functional homomeric AChRs. Like the other transmembrane proteins, it depends on the presence of a
lipid bilayer or a lipid layer mimicking a biomembrane for proper function. The aim of the study
presented here was the functional expression of the nAChR-alpha79 receptor in P19 embryonal
carcinoma cells and its incorporation into artificial lipid membranes.
Methods: P19 cells were transfected with the pcDNA3.1 vector carrying mouse nAChR-alpha79
cDNA as the insert. Total membranes were isolated from transfected P19 cells. In order to show the
presence of the receptor on transfected cells, Northern and Western blot analyses were done. For the
construction of an artificial lipid membrane, first, glass substrates were covered with gold (ca. 50 nm).
The laminin peptide P19 containing an SH group at the N-terminus was self-assembled on the gold
surface to form an anchoring peptide layer. Subsequently, the carboxyl group at the other end of the
peptide was activated with EDC/NHS for covalent coupling of 1,2-dimyristoyl-sn-glycero-3phosphoethanolamine (DMPE). This procedure provided a hydrophobic surface for vesicle spreading.
Phosphatidylcholine (PC) vesicles prepared by extrusion through a 50 nm pore size filter were used for
the completion of the lipid bilayer. All steps were monitored in real time by Surface Plasmon
Resonance Spectroscopy (SPR). The step-by-step setup of the tethered lipid bilayer was also
monitored with a Schlumberger Impedance/Gain Phase Analyzer.
Results: The expression of AChR was verified on the transcriptional level by performing Northern
blots. The endogenously expressed AChR of the mouse stem cell line used for transfection yielded a
noticeable background signal in the Western Blot experiments. For the tethered artificial membrane
setup, optimal P19, DMPE and PC concentrations were determined by examining the SPR kinetic
curves of the different steps using different concentrations of the chemicals. From the impedance
measurements, the capacitance was found to decrease from ca. 75 µF to ca. 10 µF upon formation of
the bilayer.
Conclusions/Future Plan: The artificial lipid membrane was extensively characterized by SPR and
impedance spectroscopy and seems to be suitable for the membrane protein study. The next step will
include the incorporation of AChR into this membrane to study its functionality by SPR and
impedance measurements.
Acknowledgments: The authors gratefully acknowledge the Research Fellowship provided to FNK
by the Alexander von Humboldt Foundation.
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Background/aim: The current available artificial heart valves are highly thrombogenic requiring life
long medication for the patients. If the heart valves could be modified to be less thrombogenic it might
be possible to reduce the amount of medication. In this experiment a previously studied heparin
coating [1, 2] was compared with a new version in order to optimize the performance.
Methods: A Single Chamber Accelerated Life Tester (SCALT) was used to expose the heart valves to
a heart imitating stress. The surface composition was studied with photoelectron spectroscopy (PES) at
BL I411 of the Swedish National Synchrotron Source MAX [3].
Results: The mechanical stress during the SCALT test caused a decrease in the heparin signal,
possibly due to bond breaking in the heparin chains. However, a thicker coating with a novel
conditioning layer proved to be more durable, as fewer heparin chains were broken.
Conclusions: A new non-thrombogenic coating (heparin) has proven promising in PES-studies after
SCALT-testing.
[1] E. Kristensen et al, Biomaterials 24, 4153-9 (2003)
[2] M. Johnell et al, Journal of Thoracic and Cardiovascular Surgery 124 (2):321-332 (2002)
[3] M. Bässler et al, Nucl. Instrum. Meth. A 469 (3): 382-393 (2001)
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Background and Aim: The ability to target pharmacologically active molecules to specific targets in
the body has been actively pursued ever since Ehrlich first envisaged the use of “magic bullets” for the
eradication of disease (1,2). Interest in this research field enhanced heavily in nowadays after the new
advancements in the technology, namely “Nano technology”. Now it is quite evident that, to deliver
drugs in some areas of our body (for example –
brain) we
would like to have the assistance of nano sized
particles.
To deliver the drugs in to the brain, blood brain
barrier
(BBB) posses an insurmountable obstacle for large
sized
particles. However recent studies showed that only
nano
particles can overcome this barrier (3). Our aim is
to deliver
drugs deep into the brain to cure
brain tumors with out producing any collateral
damages
Fig.
1
Schematic
diagram
of
Nano
bomb
to healthy cells. For this purpose we have designed a nano particulate system named as Nano bomb
[Fig. 1], which may be able to deliver the drugs in to the tumor sites by detecting the tumor cells, by
coupling a nano particulate drug, bio compatible polymer and tumor sensing aptamer sensors. For
fulfilling our system, as first step, we have developed a new bio polymer from Citral which can be
coated on nano particulate drug.
Methods: We have developed polymer citral by plasma polymerization method, which may be the
only method can be adopted to coat thin polymer films on nanoparticles (4). For characterization of the
polymer film, we have employed IR, ESCA, SEM, AFM, Contact angle measurements, Zeta potential
measurements and for bio compatibility studies we did platelet adhesion and other feasible studies.
Results and Conclusion : The results obtained in this study demonstrate that the polymer developed
from Citral is a highly biocompatible one and can be utilized for our Nano bomb system.
References
[1] S.J.Douglas et. al,CRC Critical Rev. in Therapeutic Carrier Systems, 3 (3),233 (1987)
[2] C. A. Haberzettl, Nanotechnology, 13, R9 (2002)
[3] J.Kreuter, Advanced Drug Delivery Reviews, 47, 65 (2001)
[4] K. Jono, H. Ichikawa et.al, Powder Technology, 113, 269 (2000)
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Mass dependent nm order Surface Interface Modification of an immiscible Ag/Co bilayered thin
film under controlled ion beam irradiation
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Abstract
Structural modification due to ion beam irradiation of an immiscible bilayer thin film, Ag/Co
(~25nm), deposited sequentially on Si (001) substrate by magnetron sputtering was studied by x-ray
reflectivity and atomic force microscopy. Irradiation was done under identical conditions by rastering
with 150 keV Ar+ and Kr+ ion beams. For both the cases ion fluences were 1×1014 and 5×1014
ions/cm2. Reflectivity measurements were done with Cukα1 radiation obtained from a rotating anode
x-ray generator coupled with a triple axes diffractometer. Reflectivity data were collected in specular
condition and fitted with a non-linear least square-fitting program. From that the film thickness,
surface and interface roughness and electron density profile (EDP) along the growth direction were
found out. It is observed that ion mass dominated roles in modifying the interface. In case of Argon
ion irradiation the thickness decreased and electron density increased for both the fluences and at
lower fluence, the interface became sharper than the as-grown sample. For Krypton ion irradiation, the
interface broadened and Ag moved into Co over a longer distance and bilayer nature destroyed. These
observations were explained from the ballistic mixing effect of Ag and Co at the interfaces. As Ag/Co
is an immiscible system with high positive heat of mixing, diffusion Ag into Co or Co into Ag is ruled
out. For lower fluence Ar+ irradiation, the interface became sharp indicating movement or segregation
of Ag and Co atoms into their respective zones and for higher fluence Ag moved inside Co over a
short distance. From TRIM calculation of range and stopping it is found that at Ag/Co interface energy
loss due to nuclear stopping is comparatively high indicating ballistic effect of mixing. For Krypton
ion irradiation, nuclear stopping cross-section is nearly one order higher than the electronic energy loss
causing large Ag materials transfer to Co region. So bilayer nature of the film was destroyed.
From the atomic force micrographs (AFM), it was observed that the top surface in all the cases got
modified and larger mound formed under higher ion fluences. Higher mass irradiation caused larger
mounds formation.
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Interaction of vitamins B1 and B6 with partially methylsilylated silica nanoparticles in aqueous
medium: adsorption and mass spectrometric study
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Background/aim: High-disperse silica (HDS) is widely used as a carrier of biologically active
molecules. Such bionanomaterials are characterized by regulated pharmacokinetics and evident
synergetic effect. Chemical modification of HDS surface expands the functional abilities of silica,
allows to improve its adsorptive properties and to increase the variety of adsorbed molecules. The
present work is devoted to the investigation of interaction between fumed silica nanoparticles (Ssp~200
m2/g) with partially methylsilylated surface and biomolecules, namely vitamins B1 (thiamine chloride
hydrochloride) and B6 (pyridoxine) in aqueous medium.
Methods: Partial hydrophobization of HDS surface was performed via gas-phase chemical
modification by dimethyldichlorosilane and trimethylchlorosilane. Using the IR- and UV spectroscopy
methods the influence of aqueous solutions acidity, surface modification degree and the nature of
grafted methylsilyl groups on adsorption of vitamins on silica matrixes is studied. Chemically
modified silicas, free vitamins and obtained silica-vitamins nanobiocomposites then were investigated
by means of temperature-programmed desorption mass spectrometry in order to elucidate what kind of
silica active sites and parts of vitamins molecules are responsible for binding.
Results: We found out that ion-ion interactions between thiamine cations and negatively
charged groups of the adsorbent surface were the main contributors in the vitamin B1 adsorption from
aqueous solutions on silica. Substitution of the part of surface silanols by methylsilyl groups resulted
in decrease of limiting adsorption value at pH 7.1. This value depended on the type of grafted
methylsilyl groups and was higher for trimethylsilylated silica in comparison with dimethylsilylated
one. At pH 3.8 the increase of hydrophobic interactions at the interface adsorbent – adsorbate was
observed, being dependent on the type of grafted methylsilyl groups. It was higher for
dimethylsilylated silica. The results of mass spectrometric investigations have shown an essential
difference between the character of free thiamine thermolysis and that for thiamine adsorbed on silicas
from aqueous solutions at pH 7.1. Volatile products of thermal decomposition of vitamin adsorbed on
unmodified and modified silicas were identical. This fact indicates that hydroxyl groups of thiamine
and silica were responsible for binding of vitamin with adsorbent surface at neutral acidity of aqueous
solution. Chemical modification of silica surface by methylchlorosilanes affected only the rate of
certain thermolysis stages of adsorbed vitamin. As for the vitamin B6, we revealed that it adsorbs
better on modified silica in comparison with unmodified one at all pH range. This is due to additional
interaction between the adsorbate and hydrophobic parts of silica surface. At this the adsorption value
at pH 6.2 had a maximum at surface methylsilylation degree of 0.1, being higher for the
trimethylsilylated in comparison with dimethylsilylated silica.
Conclusions: Results obtained indicate that partial hydrophobization of initial silica surface is
the perspective approach for increase it’s adsorptive capacity in relation to water-soluble organic
compounds (biomolecules) when the conditions of effective electrostatic interactions are absent.
* – Corresponding author
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Background: The interaction between a colloidal particle and an cell membrane in aqueous solution is
of great importance in biological systems. As a rule this interaction is considered as the interaction
between the solid particle and an membrane surface. In this case the influence of the charged state on
the internal interface of the cell membrane is neglected. The membrane is the boundary between two
mediums with the different own bulk properties which forms the potential barrier between them [1].
The theoretical arguments presented in this work show how the potential barrier height h in the model
membrane (the transmembrane potential) forms depending on the screening properties inside and
outside of the cell and the charged states on the internal and external interfaces of the membrane.
Methods: In the present work we considered two water solutions of the electrolyte with different ion
concentrations (inside and outside of the cell), which are separated by the membrane, which consists of
the lipid bilaeyrs with thickness L ~ 60 – 80 Å (the ion concentrations inside and outside of the cell
were chosen close to the physiological solution). For simplification of calculations we supposed that
the dielectric constant in all system is equal to the dielectric constant in the water ε = 80 . With this
assumption the image potential V j0 ( x) provides continuity of at the membrane interfaces and uses a
common energy reference level (the level of the structured water). The distribution of the image
potential V j0 ( x) is calculated, using the Green’s functions of the nonlocal Poisson equation [2]. The
common potential-energy barrier V (x) with the taking into account the charged states at the internal
σ 1 and external σ 2 interfaces of the membrane is determined.
Results: In the framework of nonlocal electrostatics it was shown that the potential barrier height in
the membrane h increases with increased its thickness L . The membrane potential is determined by
the screening characteristics outside and inside a cell (for a simplicity we made use of the simplest
Debye-Huckel approximation) and by the charged state of the interfaces. The further lateral
modification of the potential barrier shape may be determined by the taking into account of the
microscopic structure of the interfaces (the microscopic structure of the lipid bilayer along the
interfaces and the individual microscopic structure of the proteins) [3].
Conclusions: The distribution of the transmembrane potential outside of the cell is calculated. It is
found that the interaction potential of the charged particle (or an ion) in the aqueous solution with the
model membrane is sensitive to the charged state σ 1 at the internal interface and the ions concentration
inside the cell.
[1] R.B.Gennis. Biomembranes. Molecular Structure and Function. Springer-Verlag, 1989.
[2] L.G.Il’chenko, T.V.Goraychuk. Surf. Sci. 478, 169 (2001).
[3] A.A.Kornyshev, S.Leikin. Phys.Rev.A 40, 6431 (1989).
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Background/aim: Molecular-scale knots have recently been tied in DNA strands and single actin
filaments with aiming of constructing manipulation tools. In this work we created knots in lipid
membrane material and used them as a mechanical tweezer.
Methods: Micromanipulation methods were used to construct networks of surface immobilized lipid
vesicles interconnected by suspended lipid nanotubes. Lipid nanotubes cross each other at different
levels so that they form multi-layer system. Lipid molecules were labelled with fluorescent dye and
fluorescence microscopy was used for networks visualization.
Results: We have shown a design of network of lipid vesicles connected by the lipid nanotubes which
evolve towards knotted nanotube formations as the result of self-organization and micromanipulation.
Estimated size of the knot is comparable with the radius of lipid nanotube. We also showed that such
knots can be used for capturing and manipulating small submicron objects. In our example it was
another nanotube suspended between two liposomes and passing through the knot. The estimated force
required to translocate an object is in the range of pN.
Conclusions: Self-organizing nanotube networks in combination with transport control might be used
to develop novel nanoscale manipulation tools, and also have implications for biological systems.
[1] Lobovkina T., Dommersnes P., Joanny J.-F., Bassereau P., Karlsson M., Orwar O., PNAS.
2004; 101: 7949-7953.

Fig. 1.
Fluorescence micrographs and 3D graphic display showing a trefoil knot around a suspended
nanotube. The inset shows an expanded representation of the suspended trefoil knot. Scale bar, 15µm.
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Electric field effects play an important role for electron transfer reactions of proteins at interfaces.
These effects can be studied by mimicking biological interfaces with electrodes coated with selfassembled monolayers (SAM) of bi-functional thiols, onto which proteins can be immobilized [1]. In
this work, we have determined the electric field strength in the SAM/protein interfaces by means of
the electrochemical Stark effect on the ν(C≡N) stretching vibration of nitrile-terminated thiols that
were incorporated into the SAM. The ν(C≡N) stretching vibration was measured by surface enhanced
Raman spectroscopy (SERS) and surface enhanced infrared absorption spectroscopy (SEIRAS) for
SAMs on Ag and Au electrodes, respectively. In the latter set-up, an attenuated total reflection (ATR)
Kretschmann configuration was employed, in which a rough, nano-structured Au-layer is attached by
chemical deposition onto a silicon ATR crystal [2]. Spectra were measured as a function of the
thickness of the SAM and the electrode potential as both parameters control the electric field strength
on the SAM surface. The results indicate that the local electric field strength is in the order of 109 V/m,
which is comparable to maximum values estimated for biological membranes.

[1]

D. H. Murgida, P. Hildebrandt, J. Am. Chem. Soc. 123, (2001).4062-4068

[2]

K. Ataka, J. Heberle, J. Am. Chem. Soc. 125, (2003).4986-4987
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Background:
Theoretical apporaches which focus on the diffusional properties of single macromolecules (DNA) in
confined micro- or nanochannels predict a strong dependence of molecular mobility on channel
geometry (size) and molecular conformation (radius of gyration). For the study of single molecule
dynamics “state of the art” spectroscopic techniques like fluorescence correlation microscopy (FCM)
can be used. Our experimental approach focuses on the realization of a setup of confining micro- and
nanosystems which are suitable for FCM-experiments in order to test the theoretical models.
Methods and results:
Approriate closed microchannel systems are made from PDMS by softlithography. Master structures
are generated by electron beam lithography. In order to quantify the diffusional behaviour of single
DNA molecules in 3d channels with decreasing size it is important to reduce not only the width of the
channels (2d) but also all 3 dimensions inside of a individual setup. This can be experimentally
realized by 3d electron lithography in which the local depth of irradiated and developed ebeam resist is
controlled by the local electron dose applied. Fig.1 shows an example in which a sinusoidal shape is
transferred as depth profile into an ebeam resist layer.
Beside the geometry of channels the diffusion properties of molecules can be additionally influenced
by the material properties of the channels. Microstructured PEO layers which are both crosslinked and
bound to the surface by electron beam lithography are used as transport carrier system for the
molecules.
The movement of DNA molecules inside the microsytem is controlled through an electrical ratchet
principle in which the brownian motion of charged molecules is triggered by an asymmetric electrode
system in an appropriate geometrical arrangement.
Electrodes arranged in a ratchet geometry are included in the channel system inducing the molecular
flow of DNA. A representative layout of the nanofluidic system design is schemed in Fig. 2.

Fig.1: Surface topography of a PMMA
resist generated by 3d ebeam lithography.
The height profile is defined by a damped
sinusoidal function.
(AFM micrograph)

Fig.2: Combination of fluid (1) and
ratchet system (2)
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Background/aim: Muscle contraction and other aspects of cell motility, e.g. axonal transport and
migration of cancer cells in metastasis involve ATP-driven cyclic interactions between myosin motor
proteins and actin filaments. We are now developing novel nanotechnology based assay systems for
gaining deeper insights into these processes. We also aim at developing high-throughput drug testing
systems, e.g. for anti-cancer drugs.
Methods: Topographically and chemically defined protein binding tracks of width down to 100 nm
(see Montelius et al, this meeting) were produced using electron beam lithography combined with
chemical vapour deposition of trimethylchlorosilane (TMCS) onto silicon dioxide. Proteolytic myosin
motor fragments (heavy meromyosin; HMM) were added followed by fluorescence labelled actin
filaments and ATP-containing assay solution. HMM induced actin filament sliding was observed by
means of fluorescence microscopy.
Results: Actin filament sliding was limited to the TMCS derivatized nanometre-sized tracks (Fig. 1)
with a sliding velocity of 4.66 ± 0.12 µm/s (mean ± SEM; n = 28 ; 25 oC). The velocity was
independent of track width and not significantly different from that observed on non-patterned TMCS
surfaces suggesting that the tracks do not orient the HMM molecules in any preferential way. The
actin filaments entered the tracks from a loading zone and were then propelled by HMM for distances
> 900 µm demonstrating efficient guidance and rectification of actin filament sliding. This is
consistent with theory based on the flexural rigidity of the actin filaments, the HMM surface density
and the strength of binding between actin and myosin. The theoretical treatment suggests highly
efficient rectification for all track widths below 400 nm (a majority of the tracks studied).
Conclusions: The results have important implications for actomyosin function in greatly confined
cellular compartments e.g. in the nerve axon. Furthermore, the observed rectification of sliding on
predetermined tracks facilitates high-throughput drug screening allowing automated velocity readout
and controlled addition of drugs.

20 µm
10 µm
Fig. 1. Sum of two fluorescence microscopy snapshots (0.2 s exposure time) at 6.0 s interval
showing the sliding of two actin filaments (encircled) to the left on a 100 nm wide track about
0.8 mm from loading zone. This and 5 other tracks indicated by weakly fluorescent lines.
Note sliding during the observation period only on the 100 nm track at top of image.
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The pulmonary surfactant is a mixture of surface active substances, which are presented at the
air/water interface of the mammalian lung. The important surfactant proteins, SP-B and SP-C, are
important for the dynamic adaptation of the surface tension of the alveoli during the breathing cycle.
SP-C facilitates the respreading of films from multilayers that have been formed during the
compression [1, 2]. It has been reported that insertion of the α-helical (C-terminal) part of SP-C into a
lipid bilayers occurs when protrusions are formed at high surface pressures [3]. We are interested in
the role of S-palmitoylation for the formation of lipid-protein protrusions. In consideration of these
fatty acid chains may act as an anchor between two bilayers, identified as protrusions.
Our experimental model systems are composed of the major surfactant phospholipids (DPPC/DPPG
80:20 mol %) with SP-C or truncated SP-C (SP-C 17±palm). Truncated SP-C17 ± palm lacks the C-terminal
segment of native SP-C and is either used in palmitoylated (SP-C17 +palm) or non-palmitoylated (SPC17 –palm) to investigate the role of S-palmitoylation. Film balance technique, fluorescence light
microscopy (FLM) and scanning force microscopy (SFM) have been used to investigate biophysical
properties and the topography of lipid-peptide monolayers.
We could show that the N-terminal part of SP-C is not able to build up protrusions and to stabilize
bilayer formation. These observations are supported by an IRRAS study performed by Bi et al. [4],
which shows that the protein fragment becomes more exposed to the water subphase at high surface
pressure suggesting a squeeze out of the peptide from the hydrophobic region of monolayers.
These results support the idea that the C-terminal part of SP-C plays a major role in multilayer
formation during the breathing cycle in pulmonary surfactant.
[1] R. Qanbar, S. Cheng, F. Possmayer, S. Schürch, Am. J. Physiol 271, L572 (1999)
[2] K. Nag, J.G. Munro, K. Inchley, S. Schürch, N.O. Petersen, F. Possmayer, Am. J. Physiol. 277,
L1179 (1999).
[3] H-J. Galla, N. Bourdos, A. von Nahmen, M. Amrein, M. Sieber, Thin Solid Films 327-329:, 632
(1998).
[4] X. Bi, C.R. Flach, J. Perez-Gil, J. Plasencia, D. Andreu, E. Oliveira, R. Mendelsohn, Biochemistry
41, 8385 (2002)
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Gene therapy refers to transmission of DNA encoding a therapeutic gene of interest into
appropriate target cells or organs with consequent expression of the transgene. Over the past several
years, this approach has been increasingly considered as a modality for the treatment of variety of
genetic and acquired diseases. However, the success of gene therapy is predicated on the development
of gene transfer vectors (nano non-viral vectors) that are safe and efficacious.
In the present work we describes interesting cationic liposomes containing novel cationic
cholesterol derivatives and biosurfactants which are produced by microorganisms growing on waterinsoluble substrate. Among liposomes with conventional cationic lipids and cholesterols, our
liposomes with a novel cationic cholesterol with a hydroxyethyl amino head group was the most safety
and efficacious in the gene transfection. In addition, our results by AFM and CLSM advocate the
involvement of sequential three steps in gene transfection mediated by the cationic liposomes:
endocytotic internalization of the lipoplexes (liposome-DNA complexes) into the target cells,
endosome-liposome fusion whereby DNA gets released from the liposomes and moves towards the
nucleus of the target cells and microtubule organization apparently involved in trafficking the
transfected foreign genes to lysosomes. AFM shows the sizes of liposomes in nanometer were
important for the efficiency of endocytosis, CLSM shows the involvements of membrane fusion
between liposome membranes and lysosomes in the target cells by fluorescence energy transfer
method, and YFP tagged tubulin demonstrated that cationic liposomes were transported along
microtubules to lysosomes. That is, endocytotic internalization of the lipoplexes (liposome-DNA
complexes) into the target cells, endosome-lysosome fusion whereby the DNA gets released from the
liposomes and moves towards the nucleus of the target cells and microtubule organization apparently
involved in trafficking the transfected foreign genes to lysosomes. This nano- and microassemble
techniques for non-viral vector system described here will contribute techniques to medical and
pharmaceutical applications (1-4).
1) Biochem. Biophys. Res. Communication 289, 57-61 (2001).
2) Gene Therapy, 8, 1669-1673 (2001).
3) Neurosci. Lett., 325, 29-32 (2002).
4) Bioorg. Medi. Chem. Lett., 12, 1299-1302 (2002).
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Background/aim Resently, cell-sized liposome have been known as good demonstration tools giving
the quasi-cellular environment of biochemical reactions such as enzymes, channels or membrane
dynamics [1]. We reported that the neutral phospholipid (i.e. DOPC, EggPC) liposomes spontaneously
transform to the three-dimensional tubular network in the presence of various gangliosides [2] or
cholesterol. Such tubular structures were identified as having hydrophilic tunnel connecting the
liposomes (-100nm in diameter and 20-30 m in length, Fig. 1). We also reported the cell-sized
liposomes which could incorporate the gene-expression system as biochemical reactor [3]. Here we
describe liposomal networks as a connected chemical reactor system.
Methods: Two types of cell-sized liposomes are prepared by natural swelling method. The one was
encapsulating in vitro gene-expression system (without DNA) and the other was including rsGFP (redshifted green fluorescent protein) coding plasmid DNA. After mixing them gently, ganglioside GM3
was added for the connecting liposomes to network formation. The gene expression was checked by
fluorescent microscopy and SDS-PAGE.
Results: The gene expression of rsGFP started by mixing two components though the pipe, and the
green fluorescence signal of GFP was directly observed by fluorescence microscopy. The result
suggests that the hydrophilic molecules such as DNA or water soluble enzymes could pass through the
tubule of networks, and the process should be triggered the reactions.
Conclusions: We reported that the protein synthesis triggered by tubular network formation of cellsized liposomes. This system contributes as building materials to constructing micro-reactor or
supporting functional membrane proteins.
[1] P. Walde, S. Ichikawa, Biomol Eng., 18, 143 (2001), A. Karlsson et al., NATURE, 409, 150
(2001).
[2] K. Akiyoshi et al, FEBS Lett., 534, 33(2003).
[3] S.-i. M. Nomura et al, CHEMBIOCHEM, 4, 1172(2003).

Fig 1. Tubular network structure based on cell-sized liposomes. (left)fluorescence
microscopic image, (right) TEM image of the tubular part.
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Background/aim: Hydrogen bonding between DNA bases is one of the main interactions that control
the conformation and hence the biochemical function of nucleic acid molecules [1]. Apart from the
Watson-Crick model for base pairing, DNA bases can form other hydrogen-bonded complexes that
lead to different DNA structures, like G-quadruplexes or i-motifs [1]. In spite of the increasing
evidence for the existence and in vivo function of these DNA structures [2], a convincing biophysical
model for their stability is still missing.
Methods: We have combined STM experiments and DFT calculations to study the geometry of selfassembled islands of the DNA base guanine (G) molecule deposited under UHV conditions onto a
Au(111) substrate by means of thermal evaporation.
Results: G molecules self-assemble into a hydrogen-bonded network of G-quartets, whose structure
corresponds perfectly with the quartet structure of telomeric DNA [3] determined by X-ray
crystallography [4]. The strong preference of G molecules to form quartets can be explained by a
cooperative effect that strengthens the hydrogen bonds within the G-quartet network over the
hydrogen bonds in isolated dimers.
Conclusions: Cooperative effects in the DNA base interaction are fundamental for the formation and
stability of G-quartet structures. This result underlines the necessity of going beyond the picture of
isolated hydrogen bonds in order to properly describe the interactions between biomolecules.
[1]
[2]
[3]
[4]

R. R. Sinden, DNA Structure and Function (Academic Press, San Diego, ed. 1, 1994)
D. Kipling, The telomere (Oxford University Press, Oxford, ed. 1, 2002)
W. I. Sundquist and A. Klug, Nature 342, 825 (1989)
G. Laughlan, A. I. H. Murchie, D. G. Norman, M. H. Moore, P. C. E. Moody, D. M. J. Lilley
and B. Luisi, Science 265, 520 (1994)

Fig. 1. a) STM image (8 × 8 nm2) of the self-assembled G molecules on Au(111), and a zoom-in
image of the unit cell compared with the structure of the G-quartets. b) DFT calculated
formation energies as a function of the number of H-bonds.
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The outer surfaces of all plants are covered by a thin superficial layer, composed of various lipids
termed the plant cuticular membrane. This layer is predominantly responsible for protection and
regulation of water loss but also provides the main barrier to the penetration of foliage applied
herbicides [1]. To overcome this barrier, herbicides are formulated into complex, multi-agent
preparations to improve retention, wetting at the waxy leaf surface. The precise nature of the
agrochemical droplet – leaf surface interactions is poorly understood[2]. Scanning electron microscopy
and contact angle measurements provide an indication of these interactions however they provide little
chemical information and cannot localize specific formulation component with features on the leaf
surface.
Here we have applied time of flight secondary ion mass spectrometry (ToF-SIMS) and atomic force
microscopy (AFM) to study the interaction of selected formulation surfactants (Synperonic A7 and
A20) and an active ingredient, (Sulfosate) post application to a leaf surface. Utilizing ToF-SIMS
imaging we were able to spatially map, to a resolution of 20 µm specific chemical components within
individual deposits and directly follow there desorption from the leaf surface. Figure 1 illustrates
typical chemical maps from a Sulfosate and A7 deposit recorded over time. The surface chemical
information provided by SIMS also allowed us to detect changes in the native leaf surface chemistry in
the presence of the surfactants. Changes in wax morphology at a submicron scale were also observed
in the presence of the surfactants by using AFM operated in a liquid environment. These chemical and
morphological changes indicate plasticization or soloubilization of the leaf surface waxes.

24 hours

48 hours
Figure 1. Positive ion image overlay of Sulfosate + A7 surfactant deposits after 24 and 48 hours. The
C3H5O+ ion (A7) is illustrated in red and the C3H9S+ ion (Sulfosate) is illustrated in blue. Image size is
6.2mm x 6.2mm.
[1] Kerstiens, G. Trends Plant Sci, 1, 125-129, (1996)
[2] Spillman, J, J. Pest.Sci, 15, 97-106, (1984)
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Background/aim: The abilities of modern methods for the study of surface phenomena are strongly limited in the
case of nanosized systems. The limitations are caused by large surface area, by variety and lability of surface active
sites in nanosystems, i.e. just by those properties, which make nanosystems efficient, diverse and variable matrices
for adsorption of biologically active molecules. The aim of present work is development and testing of temperatureprogrammed desorption mass spectrometry (TPD MS) as a tool for studies of ultrafine species and nanocomposites,
in particular those including biomolecules.

Methods: TPD MS is simple in its basic concept. As in many other methods, the sample under
investigation is heated linearly. The temperature ramp rate is to be chosen slow enough to prevent
temperature gradients in the sample. Volatile products of decomposition are studied by EI mass
spectrometry. This scheme allows, first, to identify with high reliability the products evolved from the
solid under the effect of temperature. Second, it allows following the non-isothermal decomposition
process occurring in surface complexes.
After the volatile products of desorption and decomposition have been identified and the kinetics of
non-isothermal reactions studied, reasonable conclusions may be drawn about the initial surface
structure of the sample, about intermediate stages of decomposition and about the final result of
heating [1].
High-surface area nanomaterials are best suited to the TPD MS technique. The reason is that the
high surface area makes available a large quantity of the compounds of interest decomposing during
the relatively slow experiment. This provides dramatic (several orders of magnitude) increase of
sensitivity in comparison with bulk samples.
Results: A set of experimental results will be presented concerning desorption and decomposition
kinetics of biomolecule complexes on the surface of ultrafine (10-100 nm) pyrogenic oxides (silicon
dioxide in particular) as carriers for pharmaceutical preparations. Data on polymer adsorption by
nanosized samples, on biocompatible implant coverage and native biological samples obtained my
means of TPD MS will be discussed. TPD MS data concerning surface reactions of carbon nanotubes
will also be examined [2].
Conclusions: Main applications of the TPD MS technique are:
1. Studies on adsorption-desorption processes of biologically active molecules adsorbed by the surface
of environmental nanomaterials and in biological species.
2. Material science, investigation of thermal stability and mechanisms of decomposition of composite
(and biocomposite) materials.
3. Investigation of adsorption of medical preparations on high surface area carriers, aimed at
optimization of their effect in uptake as pharmaceuticals.
[1]. Pokrovskiy V.A. J. Therm. Anal. and Calorimetry 62 407 (2000)
[2] Gromovoy T.Yu, B. Palyanytsya B.B., Pokrovskiy V.A. et al. J. of Nanosci. and Nanotech. 4, 1/2
77 (2004).
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Background/aim: Monolayers of short DNA
molecules tethered to solid substrates have been
attracting considerable attention during recent
years
based on the fundamental interest in the
complex behaviour of multiply charged
macromolecules at the solid/liquid interface and
largely
driven by applications (‘DNA-chips’). Active
manipulation of DNA on surfaces is highly
desirable in order to investigate and enhance the
functionality of the grafted layers.
Electrical control over the DNA-strand
conformation on a metal surface is especially
appealing as it constitutes an efficient and yet
straightforward
method.
A
particularly
interesting, yet undisclosed aspect is to investigate the dynamics of the surface-tethered
macromolecule as it is repelled from, or attracted to the surface upon reversing the charge of the metal.
Methods: By applying negative and positive potentials to the DNA supporting gold electrodes, we can
induce a switching between a ‘standing’ and ‘lying’ layer conformation, while probing the strand
orientations in a contactless mode by fluorescence techniques. We employ time resolved measurement
techniques as well as frequency response analysis to assess the molecular dynamics of the DNA
strands on the surface.
Results: We present studies on the molecular dynamics of oligonucleotides, which perform
electrically induced rotations around their tethering points when reversing the charge on the supporting
surface. We show that the observed dynamics are correlated to the accumulation of solution ions at the
liquid/metal interface, i.e. the charging of the electrochemical double layer. The influence of solution
salinity, which determines the strength of electrostatic interactions, on the switching dynamics is
discussed. Further, we elucidate the implications of hybridisation (a transition from single to double
stranded DNA) on the molecular switching. It is demonstrated that intrinsic molecular properties
influence the switching behaviour.
Conclusion: The newly introduced method allows fundamental investigations of the molecular
dynamics of surface tethered (bio) polyelectrolytes. Moreover, it establishes a novel approach to
sensing applications in nano-biotechnology. Here, monitoring the switching dynamics of a surface
grafted probe layer can be used to detect specific binding reactions to target molecules.
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Background/aim: Roughness is a mesoscopic feature of many surfaces, but besides being a common
feature roughness can also influence a process taking place at the surface. Numerous important
examples are found in physics and biology, for example protein adsorption and cell adhesion. In order
to study these processes many different methods exist, eg. quartz crystal microbalance (QCM),
ellipsometry etc. Roughness will, however, impose an additional complication from an experimental
point of view, since it will distort the measurement. To extract useful results from these techniques,
one must thus gain a thorough understanding of how roughness influences the result of a measurement.
Our study aims at clarifying how roughness affects a QCM measurement, in order to properly interpret
previous results from protein adsorption studies.
Methods: We prepared tantalum surfaces with varying roughness by depositing tantalum onto goldcoated quartz crystals using a varying angle of incidence of the tantalum flux. The layer was around
50nm thick which is thin enough not to affect the resonance frequency of the unloaded QCM. The
roughness was measured using contact mode atomic force microscopy (AFM). A detailed
characterisation was done in order to take into account the possible multiscale structure of the
roughness. Upon characterisation, the quartz crystals are used in the QCM experiment, which consists
of a measurement of the location and width of the resonance frequency when liquids with different
density and viscosity are used. We use solutions of water and sucrose with sucrose concentrations
ranging from 0 % to 40 %. According to [1] this enables us to separate the additional contributions to
the resonance frequency shift and resonance broadening due to liquid located in the pores and due to
non-laminar flow.
Results: Our results from the AFM analysis show that the crystals produced by the oblique incidence
deposition method indeed create crystals with varying roughness (rms roughness from approx. 1.5nm
to 30nm). Furthermore, from the QCM experiments we find a markedly different response in the shift
in resonance frequency for different roughness, while the width of the resonance is almost unchanged.
Conclusion: Based on our data we conclude that the main mechanism adding to the frequency shift is
an inertial contribution due to trapped mass, whereas the non-laminar flow of liquid over the crystal
plays a minor role, as the trapped mass only contributes to the frequency shift, while non-linear flow
will contribute both to resonance frequency shift and width of the resonance.
[1] L. Daikhin et al., Anal. Chem. 74, 554 (2002)
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The quartz crystal microbalance-dissipation (QCM-D)8 is a device that determines the mass of
adsorbates upon a surface and also provides viscoelastic information about the structures formed by
the adsorbates. This viscoelastic information comes from a quantity known as dissipation. From both
values the QCM-D can give insights into the conformation and orientation of the species adsorbed.
The aim of the studies presented here is to give a new prospective to the fibroblast growth factor
(FGF) receptor-ligand signalling complex9 using the QCM-D. The complex has three constituents, the
FGF ligand and two membrane-bound receptors, FGF receptor (FGFR) [a receptor tyrosine kinase]
and heparan sulfate proteoglycans (HSPG).
The strategy employed has been to immobilise on the QCM-D crystal surface either a heparin-derived
saccharide as a proxy for the HSPG receptor or to form a biomimetic membrane, an hybrid bilayer
membrane (HBM)10 with the HSPG inserted into the membrane, in this case glypican. Heparin-derived
oligosaccharides were immobilised via their reducing end to a carboxylic acid terminated alkanethiol.
The surfaces were then interrogated with various FGFs or an engineered soluble FGFR1
[immunoglobulin loops II and III and the acid box of the FGFRIIIc].
We have been able to show that different growth factors, binding the same immobilised heparinderived octasaccharide, produce complexes with very different properties. An example of this is FGF1, which on a mass bound basis is far more dissipative than HGF/SF (hepatocyte growth factor/scatter
factor) even though HGF/SF is four times the mass of FGF-1 and we expected, to be more ‘flexible’11.
We have also succeeded in constructing an HBM with 1,2-Dipalmitoyl-sn-Glycero-3-Phosphocholine
(DPPC) and 1,2-Dimyristoyl-sn-Glycero-3-Phosphocholine (DMPC) upon an decanethiol selfassembled monolayer (SAM). Interestingly even though the DMPC alkly chains are only 2 carbons
shorter than DPPC this small structural change makes a large difference in the production of the lipid
films. Whereas DPPC produces a full monolayer, DMPC never produces a layer with the predicted
frequency change which would suggest a monolayer with 100% coverage upon the decanthiol SAM.

8

Rodahl M. et al., (1997), Simultaneous frequency and dissipation factor QCM measure-ments of
biomolecular adsorption and cell adhesion. Faraday Discussions, 107: 229-246.
9
Fernig D.G. and Gallagher J.T. (1994). Fibroblast growth factors: an information network controlling
tissue growth, morphogenesis and repair. Prog. Growth Factor Res., 5: 353-377.
10
Plant A.L. (1993), Self-assembled phospholipid/alkanethiol biomimetic bilayers on gold. Langmuir,
9 (11) 2764-2767.
11
Rudd T. et al. (2003), A gravimetric analysis of protein–oligosaccharide interactions. Biochem. Soc.
Trans., 31 (349–351)
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Dielectrophoresis (DEP) is the motion of polarizable particles in a non-uniform electric field. The
effect arises from the interaction of the field together with the induced dipole moments of the particles.
The fact that particle motion can be achieved with both DC and AC fields has made DEP an important
tool for the manipulation, separation and characterization of microscopic particles in biomedical and
nanoelectronics research [1].
The response of a single polarizable particle to an applied electric field can be quite accurately
described by theory. However, experiments [2,3] and theoretical studies [4-6] have shown that manybody interactions resulting from particle aggregations can lead to quite unexpected effects in view of
the particle manipulation. The particle-particle couplings do not only affect the DEP velocity, but can
also change the direction the particles are moving to.
We have used, to our knowledge for the first time, molecular dynamics simulations to study
nanoparticle dielectrophoresis. As an initial simulation system, we have used a dilute, non-conducting
colloidal suspension. This approach has given quantitative information on the fundamental limitations
of DEP due to Brownian motion of the manipulated particles. In addition, we have studied changes in
the DEP velocity due to particle aggregation. The results of the modeling are compared to
experiments and their implications on nanoparticle manipulation in real electrode systems will be
discussed.

[1] P. J. Burke, "Nano-dielectrophoresis: Electronic Nanotweezers", Encyclopedia of
Nanoscience and Nanotechnology (American Scientific Publishers, 2004).
[2] M. Washizu et al., IEEE Trans. Ind. Appl. 30 (1994) 835.
[3] T. Müller et al., J. Phys. D: Appl. Phys. 29 (1996) 340.
[4] J. P. Huang, M. Karttunen, K. W. Yu, and L. Dong, Phys. Rev. E 67 (2003) 021403.
[5] J. P. Huang, K. W. Yu, G. Q. Gu, and M. Karttunen, Phys. Rev. E 67 (2003) 051405.
[6] J. P. Huang, M. Karttunen, K. W. Yu, L. Dong, and G. Q. Gu, Phys. Rev. E 69 (2004)
051402.
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Aims: Today, most of the joint prostheses consist of metallic components articulating against polymer
counterparts of which more than 10% need revision after only 10years. Also, the clinical effects of
metallic ion releasing implants. This is expensive and significantly reduces the quality of life of the
patients. Considering the need of an aging population and growing demand, implants should exhibit a
lifetime more than30 years this demonstrates the need for more wear–resistant and biocompatible
materials such as ceramics. From this point of view, investigation and preparation of Alumina–
Zirconia composites, as the new types of super-strong ceramic materials which is tougher and more
crack-resistant could be good choice for preparing implants and could extend the lifetime of the
artificial hips and even allow the development of artificial knee joints.
Methods: A novel ceramic processing technique based on nano-sized particles colloidal processing
with a new systematic standard preparation method has been developed and used to produce high
quality and biocompatibility nano-composites applied for orthopaedic implants.
Results: Of this work represent the necessary basis for the development of compositional gradient
composites that combine e .g the advantages of high wear resistance of Alumina and the high fracture
toughness of Zirconia for preparing high quality and bio-compatibility implants.
Conclusions: In the future a new generation of functional gradient biomaterial, possibly in the form of
nano-Composites, could be developed and acquire a niche on the biomaterials market.
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Background/aim: In order to realize efficient biosensors as protein arrays or to develop
biocompatible materials, we need a precise understanding of protein adsorption on various surfaces.
Proteins adsorbed on metallic substrates are therefore the subject of a lot of studies over these last
years and give rise to a broad scientific interest.
Methods: We study a green fluorescent protein mutant 2 (GFPmut2) monolayer adsorbed on platinum
(111) substrates. In order to characterise the vibrational and electronic properties of such layer, we use
two-color sum-frequency generation spectroscopy (2C-SFG) [12].
Results: In a first time, we show that the
GFPmut2 form a fairly ordered monolayer on the
platinum surface by performing spectroscopic
measurements under different polarization
combination and by imaging the surface by
atomic force microscopy.
In a second time, we attest the keeping of the
GFPmut2 electronic properties after adsorption on
metallic substrate by observing with 2C-SFG two
electronic transitions corresponding to the
adsorption and fluorescence energy levels (see
figure). These features are related to two different
conformations of the protein: the B-(anionic) and
forms.
Finally, we underline a particular coupling
phenomenon between the GFPmut2 vibrational
electronic properties. This is revealed by the
occurrence of two doubly resonant sum-frequency
generation (DR-SFG) processes for molecules
having both their Raman and infrared transition
moments in a direction perpendicular to the
sample surface.

[12] L. Dreesen et al., Langmuir (2004), accepted.
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Background/aim: Plasmon resonance properties of metal nanoparticles depend on the particle size, shape and
dielectric environment. In order to control the plasmon resonance properties, we have fabricated novel gold and
silver nano-objects. The particle dimensions and gap size can be used to tune the particle plasmon resonance
wavelength. In addition, the nanoparticles are predicted to exhibit locally large electromagnetic field
enhancements.
Methods: Metal nano-objects were prepared on a surface by combining colloidal lithography, metal film
evaporation and ion beam milling, an extension of previously published methods.1-3 Optical properties of the
nanoparticles were characterized using single particle (Fig. 1 C) and ensemble measurements.
Results: The fabrication process produces a large number of metallic nanoparticles on a surface with uniform
size and identical orientation as shown in Fig. 1 A. Optical properties of the nanoparticles are controlled by
changing the size of the colloid mask and by controlling the gap width using sample rotation between
evaporations (Fig. 1 B). Calculations of the near-field intensity as a function of incident light wavelength show
large size- and shape-dependent local electromagnetic field enhancements.
Conclusions: Gold and silver metal nano-objects with tunable plasmon resonance properties were fabricated on
a surface with well-defined structure and uniform orientation. The implementation of the nanoparticles in
plasmon resonance enhanced fluorescence spectroscopy and surface enhanced Raman spectroscopy will be
investigated. In addition, the nano-objects have potential application as label-free biosensors or as optical
nanotweezers.
[1] U. Ch. Fisher, H.P. Zingsheim, J. Vac. Sci. Tech.19, 881, (1981).
[2] J.C. Hulteen, R.P. Van Duyne, J. Vac. Sci. Technol. A. 13, 1553, (1999).
[3] J. Aizpurua, P. Hanarp, D.S. Sutherland, M. Käll, G.W. Bryant, F.J. Garciá de Abajo, Phy. Rev. Let. 90,
057401-1, (2003).
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Fig. 1. Characterization of nano-objects. A) Scanning electron microscope image of 200-nm diameter gold
particles fabricated on silicon. B) SEM image of 400-nm diameter gold particles with different gap angles. C)
Light scattering spectrum for a single 400-nm diameter gold particle acquired using a confocal microscope in
dark field mode.
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It is becoming increasingly evident that magnetic nanoparticles are a powerful and versatile
tool in medicine and biology1. More recently, ultrasensitive and rapid magnetic immunoassay
techniques have been developed in which the fine magnetic particles were used as labels for
antibodies2,3 . Antibody tagged magnetic particles were reacted with their antigen in sample. This
bound antibody-antigen complex adsorbed on the solid phase was aligned with weak magnetic field
and remanent signal specific to bound complex only is measured by sensitive magnetometer.
The synthesis of ferrite magnetic nanoparticles in the nanometer order having single domain
and large saturation magnetization is of immense importance for diagnostic applications. The magnetic
nanoparticles (Mn0.5Zn0.5Fe2O4 ferrite) were synthesized by citrate precursor method4 using iron(III)
citrate, manganese nitrate, zinc nitrate in stoichiometric proportion.
X-ray diffraction pattern of fine particles obtained on calcinations at 1500C were recorded and
showed the formation of cubical spinel structure. The SEM micrographs of magnetic nanophase
materials were recorded on Jeol 840A SEM, showed spherical, irregular shape particles of size in 20100 nm range along with clusters of nanoparticles as shown in Fig.1. The ferrite particles obtained by
citrate method is small and provide greater flexibility with grain size and size dependent properties.
The magnetic particles were coated with bovine serum albumen (BSA) and silanes in phosphate
buffered saline. Monoclonal antibodies against PPR virus inflicting animals are to be coupled with
activated magnetic nanobeads. MAB labeled beads will be used for sensitive and rapid detection of
respective antigen/ microorganism/ biomolecules.
1µm

Fig.1: SEM micrograph
showing
the
ferrite
magnetic nanoparticles
of various shapes and
size along with clusters
of nanoparticles

References:
1. U.Hafeli, W.Schutt, J.Teller and M.Zborowski., eds, Scientific and Clinical Applications of
Magnetic Microspheres, Plenum, New York (1997)
2. R.Kotitz, H.Matz, L.Trahms, H.Koch, W.Weitschies, T.Rheinlander, W. Semmelr and T.
Bunte, IEEE Trans. Appl. Supp. 7, 3678(1996)
3. Y.R.Chemla, H.L.Grossman, Y.Poon, R. McDermott, R.Stevens, M.D.Alper and J.Clarke,
PNAS 97, 14268(2000)
4. A.Verma, T.C. Goel, R.G. Mendiratta and M.I.Alam, Mater.Sci.Eng.,B60, 156(1999)
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Background/aim: The possibility to monitor the formation/dissociation of interfacial complex of analyte A and
immobilized receptor B by various transducer-based systems can give the unique information regarding the
composition and formation mechanism of intermolecular complexes. The aim of the present investigation is the
development of approach for extraction the information from the sensor responce that corresponding the
formation of A~B complex against an unspecific background of different nature.
Results: The binding kinetics for transducer–based sensors needs to take into account the coupled effects of the
heterogeneity and mass transfer limitations, which in turn can lead to deviations from ideal (Langmuir)
behavior. Moreover, for multicomponent chemical media (MCM) the composition of the sample itself
introduces the reaction heterogeneity. So, both surface and sample associated unspecific processes can mask the
specific (A~B) interactions. The first one is connected with unspecific binding of analytes, alternation of
receptor selectivity, mass limitations near the surface, etc. The second one connects with possibility of different
MCM components interact with the same receptor centers.
It was found that many kinetic dependencies are adequately described by the function of the type: ∆f(t)=
∆f0(t)⋅(1-exp(-(t/τ)β)) (1); where ∆f0 – saturation level, τ – characteristic time, and β – parameter. At β = 1 the
equation (1) transforms into classical Langmuir dependence; if t→0 (1) transforms into Bangham-Bart equation
with power law time dependence. Moreover, the equation (1) is very similar to KWW equation (KohlrauschWilliams-Watts, “stretched exponential” function); so, it is reasonable to suppose and general physical
mechanism which determines the origin of such dependencies. It is known, that KWW enables to adequately
describe the physical phenomena, the characteristic feature of which is the presence of the set of relaxation
periods in the system: the relaxation of the system in the conditions of the stochastic fluctuations has
nonexponential form (1). This conclusion doesn’t depend on the microscopic physical model of the process, and
is determined explicitly by the stochastic nature of the relaxation process.
A common view is that the two states (free and adsorbed) split into a large number of substates that have a
different exponential kinetics for the transition. The observed kinetics is the result of averaging over an
ensemble of molecules with different exponential relaxation rates; the well known inverse relation between the
exponent ß and the width σ of the barrier height distribution (heat of adsorption or rate constants), - σ = 1/ ß, valid for a rather broad range of ß -values. For fully disordered nonspecific systems (diffusion limit) the ß values is 0.5, for specific one-to-one interaction ß = 1. So, the increasing of the analyte concentration results in
narrowing the distribution width and correspondingly increasing the ß - values.
Conclusions: The kinetic analysis for few chemical and biochemical MCMs (e.g. cell lysates, etc.) shows the
presence of the correlation between parameter β and concentration of specific analyte in MCM. The mechanism
of the process is proposed and discussed.
This work has been supported by the INTAS projects (01-00257 and 01-002382).
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Background/aim: Recently, a new experimental approach involving porous silicon (PS) as crystallization
promoter for protein molecules has been introduced [1]. PS layer (about 10µ) used for protein nucleation was a
nano-structured material with typical pore and skeleton size of the order of 10 nm or less made on standard
silicon wafer by electrochemical etching. Large single crystals of different types of proteins have been grown on
the same porous silicon substrate at under-saturation conditions [1]. Aiming to explain these amazing results,
we report a theoretical model of enhanced protein nucleation and crystallization on porous silicon surface.
Results: A new mechanism of local supersaturation based on the specifics of the morphology of the porous
silicon surface is suggested. The porous silicon is treated as a fractal self-affined structure while the pores are
considered as fractal self-similar objects. The upper scale of self-similarity is of the order of the pore diameter
Lc= 10nm, the minimal scale is of the order of the c-Si interatomic distance. It is shown that the effective
density of protein molecules on PS surface is much more than the density n of the same molecules on regular
silicon surface: nef=n(nL2c)(D-2)/2>>n, D>2 is the fractal dimension of the pore surface. It results in high local nef
values sufficient for nucleation of proteins at under-saturation conditions in solution.
In addition, the self-affine fractal surface of PS exhibits quasi-periodicity that can facilitate long-range ordering
of the nucleated molecules, i.e. the crystallization process. In common case, the period does not coincide with
lattice constant of molecule crystal. However, PS is a so-called “soft “substrate: it has very small elastic
constants in comparison with bulk material due to nanoscale dimensions of nanowires [2]. So, the substrate can
be deformed during the initial stages of the crystal growth tuning the periodicity to that of the growing crystal.
The anomalous large scaling range of PS surface (from silicon interatomic distance up to 100 nm [3]) is
favorable for the crystallization of wide range of big macromolecules.
The next favorable moment is also connected with the porosity. According to [4], the stress energy in the
growing crystal can be radically reduced due to the pores existing on the substrate surface.
Conclusion: Porous silicon appears to be protein nucleation and crystallization promoter due to unique
combination of its geometrical (fractal) and mechanical properties. The fractality provides local supersaturation
and space periodicity while the elasticity facilitates tuning of the substrate to the specific protein molecule. The
fractal properties of the porous silicon can be tailored to wide range of proteins by modifying PS fabrication
conditions. So, the porous silicon can be considered as a universal substrate for protein crystal growth.
[1] N. E.Chayen, E.Saridakis, R.El-Bahar, Y.Nemirovsky, J.Mol.Biol. 312, 591(2001).
[2] D. Bellet, Elastic properties of porous silicon, In “Properties of Porous Silicon, ed.
L.Canham, EMIS Datareviews series No.18, INSPEC, 1997.
[3] N.Happo, M.Imamatsu, K.Horii, Phys.Stat.Sol.(a) 182, 233 (2000).
[4] S. Luryi, E. Suhir, Appl. Phys. Lett. 49 (1986) 140-142.
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Background/aims: The properties of materials surfaces have long been implicated in the response of
cells and tissue in the vicinity. A number of studies have shown that surface topography strongly
influences the behaviour of adjacent cells. A few examples of specific interactions exist exist with
topography in the microscale e.g. promoting mineralisation of bone forming cells in vitro. Recent
work has shown that nanoscale topographic structures can influence the functional properties of
adsorbed proteins where the topography is of a similar lengthscale 1,2. This opens the possibility to
utilise topographic nanostructures to template a macromolecular functionality in order to control
cellular interactions. In this work we report on the interaction of cells with cylindrical nanostructures
and highlight a specific response induced in the membranes of the adsorbed fibroblasts.
Methods: The surface of polymeric materials were patterned via a colloidal lithography approach 3
giving large areas of short range ordered arrays of 100nm diameter 160nm high cylindrical
topographic nanostructures see ref 3 and 4 for more details).
Telomerase immortalised Fibroblasts (hTERT BJ-1 Clonetech lab. USA) were seeded at 1.5 x 104 per
cm2 in 9% foetal calf serum containing media) and cultured for 4 days. Some samples were fixed and
fluorescently stained for actin, tubulin, clathrin or dynamin. (for more details of culture, fixing or
staining see reference 4). Other samples were prepared for TEM or SEM).
Results: Fibroblasts were seen to interact with individual cylindrical nanostructures via pseudopodia
at the edge of the cell membrane5. TEM result indicated that some cells were attempting to endocytose
the columns. Fluorescence microscopy showed high concentrations of clathrin and dynamin in contrast
to cells on flat controls. The distribution of clathrin and the TEM images indicate that clathrin coated
vesicles are being formed where the cell membrane are in contact with the cylindrical nanostructures4.
Conclusions: Fibroblast interaction with cylindrical nanostructures leads to a specific clathrinmediated attempted endocytosis of the columns. The nanostructures are not however internalized the
specific interaction. These observations have implications for nanomaterials science in areas such as
cell transfection and drug delivery.
1. D.S.Sutherland et al. Macromol. Biosci.1;6, 270-273 (2001)
2. F.A. Denis et al Langmuir 18;3, 819-828 (2001)
3. P. Hanarp et al. Coll. Surf. A 214 23-26 (2003)
4. M.J. Dalby et al. Exp. Cell. Res. 295;2 387-394 (2004)
5. M.J. Dalby et al. Biomaterials 25;23 5415-5422 (2004)
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Background/aim: The specific bonding of DNA base-pairs provides a method of DNA
nanotechnology to directly assemble nanoparticles or other molecules, as well as a method of DNA
computation to solve complex problems. Here, we demonstrate programmable step-by-step assembly
of DNA nanostructures with the ability of positionally addressing nanoparticles and other molecules
on a nanometer scale.
Methods: DNA strands used in DNA nanostructual assembly were designed in multiples of 23-base
strands of orthonormal base sequences specially designed to prevent mis-hybridization and stable selffolded structures. Beginning with annealing A1, B1, … units, the DNA nanostructures were assembled
hierarchically: AN unit was made by assembling AN-1 and BN-1 units constructed at the previous step.
The structures were constructed through hybridization, ligation and impurity-removal at every step.
Results: The sizes of DNA nanostructures were evaluated using gel electrophoresis at every assembly
step. The hierarchial DNA structure A4 at the fourth assembly step was imaged using AFM (Fig.1).
Conclusions: From the well-ordered AFM image we can consider the DNA nanostructures were
constructed according to the design.
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Fig.1. (a) An AFM image of A4 on the scale of 200×200 nm. (b) The schematic representation of A4.
Triangles represent ligated sites.
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Biological membranes are frequent subject of investigation at molecular modelling. Their structure and
functions determine biological processes in many respects. One of the interesting problems affected at study of
membranes is a study of their barrier and transport functions. It is known that for hydrophilic substances which
are the majority of biological molecules they are a barrier. Thus, in reality passive transport is possible for
hydrophobic substances.
In this work two types of membrane were modelled by method of molecular dynamics: one of
hydrocarbon (mono-and bilayers of n-tetradecane) and the other of lipid (bilayer of POPC – 1-palmitoyl-2oleyl-sn-glycero-3-phosphatidylcholine). The membranes being investigated were sufficiently hydrated (15 and
44 molecules of water per 1 molecule of tetradecane and POPC, correspondingly). As molecules which
interaction with a membrane and possible transport through it were studied were taken single atoms, functional
groups of atoms, molecular oxygen, aminoacid residues of variable degree of polarity and hydrophobicity (Ala,
Asp, Gly, Phe, Trp, Val), and also carbon nanotube of 13,5 Å in diameter and 35 Å in length (“armchair” type
of arrangement of the atoms). The model of water selected for calculation was TIP3P. The calculations were
carried out in Amber99© force field. In addition the thermostat on the base of collisional dynamics was used.
Periodic conditions were realized in two types of thermodynamic ensembles – NVT and NPT (at isotropic and
anisotropic pressure). Barostating was carried out with the help of Berendsen’s barostat.
Initially it was supposed to observe spontaneous transport of the more hydrophobic molecules. As it was
found, the process at 300 K can be registered during a calculation (which didn’t exceed 10 ns) only for oxygen,
at that at temperature rise up to 2000 K oxygen permeate into the tetradecane membrane only in NVT-ensemble
whereas at the NPT-conditions capable of system volume fluctuations oxygen does not get inside demonstrating
thereby decrease of its hydrophobicity (that may be connected with reduction of entropic contribution to the
hydrophobic effect). At room temperature the behaviour of the remaining molecules at the interface correlated
with their size, polarizability and charge (for comparison experimental aminoacids hydropathy scale and Born
law for transfer of spherically symmetrical particles to hydrophobic medium were applied). Not having a
possibility to observe spontaneous transport of molecules through a membrane, it is necessary to mark surfaceactive properties which the molecules showed.
For speedup of transport processes a force (either stationary or alternating) of the magnitude from 0,2 to
10 kcal/mol/Å per atom was applied to the molecules under study. During the calculation again penetration
through a membrane was observed only at forces high enough (more than 3 kcal/mol/Å). The relation of
penetration speed to the frequency of external field tells about probable existence of a resonance frequency
determining the characteristic time of necessary rearrangements of such structured medium as a membrane.
Calculated from Stokes-Einstein relation characteristic viscosities and diffusion coefficients of molecules in the
medium non-linearly depend on sizes of the latter and applied force that gives cause to suppose different
nonequilibrium modes of molecules dynamics at rather big external forces or to consider requirement of greater
statistical confidence of these computingly expensive calculations.
The work was supported by RFBR (project No 01-04-49302), Ministry of Industry, Science, and
Technology of Russian Federation (No 40.165.11.0102), Ministry of Education of Russian Federation (No I0431), and Moscow Government (No 1.1.49 and No 1.2.8).
[1] K.V. Shaitan, M.D. Ermolaeva, S.S. Saraikin. Ferroelectrics. 220, 205 (2000).
[2] K.V. Shaitan et al. Chem. Phys (Russian). 22 (2), 57 (2003).
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To investigate mechanical cell-substrate interactions, we used force-sensitive cell-adhesion substrates
microfabricated by micropatterning silicon wafers [1].
Substrates with various spatial arrays of
Cell
vertical cantilevers (sensors) were
patterned using photolithography and
deep reactive ion etching. SEM and
Attachment
lateral force microscopy were used to
pad
characterize the spring constant. The
micron-range
dimensions
and
organization of sensors in the design
Embedded
allowed cells to bridge and deflect
cantilever
multiple sensors at a time, and multiple
sub-cellular forces to be detected.
Human vascular endothelial and fibroblast cells were cultured for time lapse experiments on a
microscope equipped with reflected differential interference contrast (DIC) optics and an on-stage
incubator. Cell traction forces were measured by displacement of the geometrical centers of cantilever
attachment pads with respect to their resting state. Forces associated with attachment and migration,
and hence cell morphology, were of particular interest.
We detected forces associated with attachment, spreading, and migration. Image analysis performed
using custom written macros both mapped cantilever deflections by the cells, and allowed calculation
of their force-vectors. The forces measured were in the nano-Newton range, and were greatest in the
cell periphery. Force detection thresholds were such that direction was always visible.
With live fluorescent membrane probes (CM DiI and PKH26) and a GFP-modified AHP (adult
derived hippocampal progenitor) line we can currently image the cell and substrate in separate
channels. These force measurements are dynamic, without the artifacts commonly associated with
fixation. Ultimately the aim is to use cells with various fluorescent protein-modifications (actin,
vincullin etc.) to visualize cytoskeletal organization and focal adhesions in conjunction with force
transduction to the substrate.
[1] S. Petronis et al .J. Micromech. Microeng. 13 November 2003
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Background/aim: Conductivity of DNA is potentially relevant for sequence specific recognition of
DNA as well as for molecular electronics. Conductance properties are likely to be sensitive to the
interaction of the DNA molecule with the substrate surface, deformations of the molecule, and
ambient conditions. These may explain the variety of conductance behaviour observed so far [1]. We
use have used electrophoresis [2] and dielectrophoresis for guiding and trapping DNA and aim at
conductivity measurements, eventually at the single molecule level, to investigate the effects of
varying conditions.
Methods: Finger-tip type gold electrodes are fabricated with electron beam lithography. The electrode
separation is 50-200 nm. Dielelectrophoresis is applied for trapping the DNA and conductivity
measurements are performed.
Results and conclusions: We have succeeded in trapping small amount of DNA bundles between the
electrodes. Preliminary conductivity measurements show metallic behaviour with high resistance.
Repeated measurements are required before conclusive statements.
[1] For a review, see e.g. R.G. Endres, D.L. Cox, and R.R.P. Singh, Rev. Mod. Phys. 76, 195 (2004).
[2] S. Tuukkanen, J. Virtanen, V. Hytönen, M. Kulomaa, and P. Törmä, Rev. Adv. Mater. Sci. 5, 34
(2003).

Fig. 1. AFM image of the electrodes.
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Background/aim: The G-protein coupled receptors (GPCRs) represent one of the largest protein
families in nature. These seven-helix transmembrane receptors are essential for many physiological
processes in our body and also involved in many of our diseases. Due to their functional importance,
substantial research has been done to understand the mechanism of activation and binding of the Gprotein. We are focusing on the Alpha 2A-Adrenergic Receptor to find the minimum sequence
recognition for the G-protein. A stable element with high specificity and affinity towards the G-protein
could be very useful in e.g. screening processes for drug discovery or G-protein purification processes.
Methods: In this study, three short polypeptide sequences were designed to mimic part of the second
(GPR-i2C17aa) and third intracellular loops (GPR-i3N, GPR-i3C) of the Alpha 2A- Adrenergic
Receptor. In order to keep the total charge of the peptides the same, a modified form of GPR-i2C17aa
with two additional arginine residues was also synthesized (GPR-i2C19aa). The peptides were
chemically adsorbed to gold surfaces using thiol-chemistry. Interactions between adsorbates of the
synthetic receptor-derived peptides and bovine brain G-protein were studied with surface plasmon
resonance (SPR) technology. To verify the chemical bond to the surface and to study the composition
of the peptides, X-ray photoelectron spectroscopy (XPS) and infrared (IR) spectroscopy were used.
Results: The affinity and selectivity studies with SPR showed that GPR-i3N and GPR-i2C19aa
functionalized surfaces had the highest affinity for the G-protein. The highest selectivity, for the Gprotein, compared to the reference protein Immunoglobulin G, was found for the GPR-i3C
functionalized surfaces. Chemical binding between the peptides and surface was verified with XPS.
The IR spectroscopy measurements showed strong amide I and amide II absorption bands verifying
the presence of peptides.
Conclusion: We have, in earlier research, shown the importance of arginine in G-protein
interactions.1,2 Both the GPR-i3C and GPR-i2C19aa peptide sequences contain five arginine residues
but the GPR-i3C sequence is the only one with specificity towards the G-protein. Consequently it is not
just the presence of arginine that is important but also how the arginine residues are distributed in the
peptide sequence.

[1] R.M. Petoral Jr, K. Uvdal, Colloids and Surfaces B: Biointerfaces 25, 335 (2002).
[2] R.M. Petoral Jr, A. Herland, K. Broo, K. Uvdal, Langmuir 19, 10304 (2003).
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Background/aim: The aim of this work is to develop novel scanning probe techniques to investigate
electron transfer in important components of the photosynthetic transport chain and in active
chloroplasts and thylakoid membranes.
Methods: Using Langmuir-Blodgett (LB) techniques, monolayer and multilayer films of chlorophyll a
(Chl a) were prepared on solid supports. The structure of the films was investigated by atomic force
microscopy (AFM). Electron transfer between photo-excited Chl a films and electron donor/acceptor
molecules in solution was probed using scanning electrochemical microscopy (SECM). This approach
utilises a mobile ultramicroelectrode (UME), typically with a diameter of 50 nm to 50 m, to detect
the local concentration of a target electroactive mediator close to the interface of interest and is a
powerful technique for non-invasively probing localised properties of biological interfaces.1.
Results: The structure of LB thin films of Chl a deposited on mica and glass substrates was
characterised by AFM. Heterogeneity of the thin films was evaluated at the nanoscale level, and
revealed formation of aggregates with height typically > 20 nm. Current work aims to correlate spatial
organisation of Chl a films with photo-electrochemical activity. It has been suggested that in aerated
electrolyte solutions, cathodic photocurrents are observed at hydrated Chl a films deposited on
transparent semi-conductor electrodes, due to the reduction of oxygen.2,3 We have probed this directly
using SECM, by electrochemically following the transient change in oxygen concentration close to the
chlorophyll film upon illumination. By varying the tip-substrate separation and thereby changing the
effective mass transfer rate, the electrode response could be modelled to extract kinetic parameters of
the electron transfer between photo-excited Chl a and oxygen (or between Chl a and alternative
electron donors/acceptors).
SECM has also been used to probe the photosynthetic activity of isolated chloroplasts. In this
application an UME is positioned above a single chloroplast and held at a potential to detect oxygen.
Upon illumination, oxygen evolution is observed. Extending such experiments by using exogenous
redox-active mediators is allowing further elucidation of photosynthetic redox processes in individual
chloroplasts.
Conclusions: This initial work has demonstrated that SECM can be used to probe electron transfer
processes at photosynthetic membranes. Further work will focus on investigating the photosynthetic
activity of thin films of chlorophyll and single chloroplast under a range of illumination conditions and
in the presence of different redox mediators to investigate the key steps in the electron transport chain
reaction.
[1] A. L. Barker, C. E. Gardner, J. V Macpherson, P. R. Unwin and J. Zhang, in J. F. Rusling (Ed.),
Biomolecular Films: Design, Function and Applications, Marcel Dekker, New York, (2003), p253.
[2] E. P. Suponeva, S. Hotchandani, B. A. Kisselev, C. Arbour, J. Electroanal. Chem. 387, 123 (1995).
[3] A. G. Volkov, M. I. Gugeshashvili, G. Munger, R. M. Leblanc, Bioelectrochem. Bioenerg. 29, 305 (1993).
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Background/aim: Inserting genes into cells have been a goal of scientific research for many years.
Investigating the mechanism of DNA condensation is important not only for gene delivery, but also
for understanding natural biological processes that requires DNA condensation. This condensation is
generally done by compacting the DNA and packaging it into something that will facilitate its uptake
into cells. In order to densely pack DNA into condensed structures the repulsive forces along the
phosphate backbone must be overcome. Polymers have been used to neutralise this electrostatic
repulsion in order to condense DNA.
Methods and resuslts: Three different polymers were used to compact DNA into binary or ternary
complexes. In this context, we applied atomic force microscopy for imaging the DNA-polymer
complexes deposited on mica in air. Condensed structures were imaged for all kinds of complexes.
The height and diameter distributions have been calculated and compared to those obtained with other
techniques. Results obtained confirms the best complexation conditions give the more compact
structures.

* Corresponding author. E-mail: cedric.volcke@fundp.ac.be.
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Since Ghadiri et al. first synthesized the peptide nanotube (PNT) in 1993, PNTs have attracted the great
interest of many scientists. These materials have a spontaneous stacking of cyclic peptides (or peptide
nanorings; PNRs), which consist of an alternating sequence of D- and L-amino acid residues (D,Lpeptide). Because of their peculiar periodic structures with an open-ended hollow core, Ghadiri proposed
their utilization as ion channels. Recently, Kim et al. suggested the possibility of their use as amphiionophores in both gaseous and aqueous phases. Here, we theoretically study the details of the electronic
and molecular structures of the ion-PNR and -PNT clathrate complexes to integrate nano-bioscience with
host-guest chemistry. We adopt various guest ions, such as halogen anions as well as alkaline metal (AM)
and alkaline earth metal (AEM) cations, in a variety of host-PNRs having LL-penta-, DL-hexa- and DLocta-backbones. The optimization of their geometries has been carried out by ab initio Hartree-Fock
calculations with 6-31G** basis sets for the cation-included complexes and with 6-31+G* basis sets for
the anion-included complexes, accompanied with normal vibration analysis. Our ab initio calculations
reveal that the PNRs enclose all the present cations and anions, and have the potential to be amphiionophores. Although the optimized structures strongly depend on the kind of captured ion as well as the
size of the PNRs, the resulting forms are classified into the three types shown in the figure. Two of them
are referred to as a volcano (a) and a disk (b) by Kim while the third is a new type (c), which we refer to
as a “waffle”. These resulting forms are well characterized in terms of Rion/RPNR, where Rion and RPNR are
the radius of the guest ion and that of the host PNR, respectively. When a clathrate PNR has the disk form
(b), the inter-ring interaction via hydrogen bonds causes spontaneous stacking and the clathrate PNT
results (d). We have also studied ionophores, in which foreign ions are trapped by the side chain of amino
acids.
Fig.1. Optimized structures of F-/penta-CP (RIon/RCP=1.27) (a), F-/hexa-CP (RIon/RCP=0.75) (b), F-/octaCP (RIon/RCP=0.43) (c), and Na+-containing PNT (d).
[1]M. R. Ghadiri et al. Nature 366 324 (1993) [2] Kim et al. J. Phys. Chem. B 102 461 (1998)
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Investigations of electron transfer (ET) processes of metalloproteins oriented on metallic surfaces
can advance fundamental understanding of natural ET mechanisms as well as offer potential
applications such as development of biosensors. To this end, immobilization of proteins with
biological functions on solid/liquid interfaces is an essential step. On the basis of surface molecular
architecture, monolayers of the blue copper protein azurin and the multiple-copper enzyme nitrite
reductase (NiR) have been effectively assembled on Au(111) surfaces modified with thiol-containing
organic compounds. The molecular orientations of the proteins are well controlled through interactions
between specific surface residues in the proteins and functional end group on the spacers. Surface
electronic structures and interfacial ET are systematically mapped by electrochemistry and in situ
scanning tunneling microscopy (in situ STM). Interfacial ET of azurin through alkanethiol monolayers
illustrates subtle distance dependent features. Electrocatalytic waves of NiR have been obtained on
NiR-cysteamine-Au(111) monolayers in the presence of the substrate nitrite with cathodic catalytic
currents following a Michaelis-Menten pattern. The results would be significant for example for
biosensor application of NiR in environmental NO2- monitoring.
1. J. Zhang, Q. Chi, A. M. Kuznetsov, A. G. Hansen, H. Wackerbarth, H. E. M.
Christensen, J. E. T. Andersen, J. Ulstrup, J. Phys. Chem. B, 2002, 106, 1131-1152.
2. Q. Chi, J. Zhang, J. E. T. Andersen, J. Ulstrup, J. Phys.Chem. B, 2001, 105, 46694679.
3. J.Zhang, A.C.Welinder, A.G.Hansen, H.E.M.Christensen, J.Ulstrup, J.Phys.Chem. B,
2003, 107, 45, 12480-12484.
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Figure 1. Upper left: the blue copper protein azurin. Lower left: voltammogram of azurin
on C12H25SH/Au(111), in 50 mM NH4Ac pH 4.6, scan rate 2 V.s-1. Upper right: the blue
copper enzyme nitrite reductase (NiR). Lower right: catalytic voltammetry of NiR on
cysteamine/Au(111) (solid line) in the presence of 100 and (dotted line) 0 µM KNO2, in 5
mM NaAc pH6.0, scan rate10 mV.s-1.
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The Visualization of Molecular Mobility; A Novel Method for Quantitative Measurement of
Protein
Michihiko Aki1, Tsuyoshi Fujihara1, Shunsaku Takeishi1, Ulrich Rant2, Marc Tornow2, Shozo Fujita1,
Gerhard Abstreiter2, Naoki Yokoyama1; 1 FUJITSU LIMITED, 10-1 Morinosato-Wakamiya, Atsugi
243-0197, Japan; 2 Walter Schottky Institute, Technische Universitaet Muenchen, Am Coulombwall
3, Garching, D-85748, Germany; Tel. +81-46-250-8234, Fax. +81-46-250-8844, E-mail:
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Intensity of fluorescence

Higher concentration
of Avidin

Enzyme-linked immunosorbent assay and western blotting assay are available for quantitative
measurements of protein. However, even if we get reliable results, these methods require acquiring
technical skills and require several hours. We describe a new method of visualization of molecular
mobility for a quantitative measurement of protein. The method leads to simple and quick treatments.
Nucleotide probes attached biotin and a florescent dye, were adsorbed on an Au electrode. The
fluorescent dye was effectively quenched on an electrode (Fig. 1.a). When the probes were released by
an electric field induced on the
electrode, its quenching did not take
b
place. Then the intensity of fluorescence
was
quickly increased (Fig. 1.b). A mount of
c
probes remaining a detection area were
a
depending on its diffusion velocity,
which was inversely proportional to the
square root of its molecular weight.
0
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Fig. 1. Intensity of fluorescence over time. The electric field was
probes bonded with avidin was
induced on the electrode from 25 to 35 s. The avidin
increased, because the molecular weight
was
conce ntr ation was 0 fM and sub fM – sub nM.
20 times larger than without it. We determined the correlation between the decay time of fluorescence
of the probes and the concentration of avidin from sub fM to sub nM by using the method of
visualization of molecular mobility (Fig 1.c).
[1] S. Takeishi, et al., J. Chem. Phys. 120, 5501 (2004)
[2] U. Rant, et al., Biophys. J. 85, 3858 (2003)
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Construction of a Multianlyte Fiber-Based Imaging Biosensor for Enzyme Detection
Rosa Alvis 1,2, 3, J. Chance. Carter2, Mary T. McBride2, Tom S.Wilson2, Bill W. Colston1,2
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University of California, Davis, 2Medical Technology Program, LLNL,
3
Center for Biophotonics Science and Technology.
Corresponding author: alvis1@llnl.gov, phone: +1 925 422-1968
Aim: Multianalyte, in-vivo enzyme biosensors are being developed using a unique platform called
MidAS (microdot array sensors). MidAS utilizes inkjet printing technologies to “print” arrays of
indicator chemistries on the polished surface of optical fiber image guides. These printed chemistries
contain a FRET-based (fluorescence resonance energy transfer) polypeptide substrate, specific to a
target enzyme, in a photopolymerizable monomer matrix. Simple spectroscopy techniques are used to
image the “printed” microdot arrays and to detect fluorescence changes resulting from cleavage of the
FRET-based polypeptide substrate by the enzyme. The target of this study is matrix metalloproteinases
(MMPs), a family of enzymes that participate in the breakdown of the extracellular matrix. MMPs
were chosen because their activity is directly correlated to many diseases such as periodontal disease
and stroke, which would greatly benefit from an in-vivo diagnostic biosensor. By quantifying the
concentrations of multiple enzymes present in a physiological environment we can assess disease
states and progression.
Methods: The first two MMPs that we want to target include collagenase (MMP-1, MMP-8) and
stromelysin (MMP-3). The in-vivo measurement will be made when the tip of the fiber is introduced
into the physiological environment that contains the enzymes. Those enzymes will diffuse through the
polymer matrix and will cleave the fluorogenic substrate that undergoes fluorescent resonance energy
transfer (FRET) before being cleaved in the presence of a specific enzyme. In these preliminary
studies, we will describe the solution-based aspects of enzyme biosensor development, the inkjet
printing process for creating enzyme biosensors, and preliminary data describing our first generation
fiber-based enzyme biosensor.
Results: We have successfully printed and polymerized several
microdots on the tip of a 500-µm image guide. Each microdot
overlaps several fibers in the bundle and could contain a different
polypeptide substrate specific to the target enzyme. Since each
fiber optic delivers light that is spatially distinct from its neighbors,
it is possible to simultaneously identify each microdot and perform
parallel assays by imaging the tip of the fiber bundle.
Acknowledgment: This work was performed under the auspices of the U.S. Department of Energy by
the University of California, Lawrence Livermore National Laboratory under contract No. W-7405Eng-48, with funding from LDRD Program
References:
[1] Weiss, S., The New England Journal of Medicine, 1989, 320(6): 365-376
[2] Villela, B., R. B. Bartolucci, A. A., and Birkedal-Hasen, H. J. Periodont Res.,
1987, 22:209-211
[3] Wieb Van Der Meer, B. Coker, G. Chen, Resonance Energy Transfer. VCH publishers Inc., 1994.
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Dynamics of complex formation between natural and luminescent conjugated polyelectrolytes –
a surface plasmon resonance study
Per Björk, Nils-Krister Persson, K. Peter R. Nilsson, Peter Åsberg, Olle Inganäs
Biomolecular and Organic Electronics
IFM, Linköping University, SE-581 83 Linköping, Sweden
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The need to selectively detect biological molecules has accelerated during the last decade. A cheap,
flexible and label free system with easy handling would be of great value. The use of conjugated
polymers (CPs) compatible with aqueous environment is one application that shows large potential for
this. Here, a biosensor matrix of a CP with zwitterionic peptide like side chains is reported.
The water-soluble polythiophene, with zwitterionic side chains, is spin-coated onto substrates.
Comparison with known emission and absorption behavior in different buffer systems [1] have been
used for basic characterize of the formed matrix. Biomolecules can couple non-covalently to the
polymer layer via electrostatic and hydrogen bonding [2, 3] and this creates possibilities to imprint
biomolecules into spin-coated polymer films with maintained functionality. By imprinting with a
biomolecule (DNA, protein, antibodies), a sensor matrix is formed to which a complementary
biomolecule can interact. Surface plasmon resonance (SPR) has been used to study the dynamics of
these poymer-biomoleuclar interactions and also to evaluate the biosensing functionality.
Emission and absorption measurements in different buffer systems confirm that the polymer matrix
can undergo structural and conformational changes on surfaces [4]. Thus, the polymer in the matrix is
still assessable and can be used for sensor applications. The polymer-biomolecular interaction studies
done with surface plasmon resonance (SPR) reveal a well performing sensor matrix, with high affinity
for DNA hybridizations as well as for protein detection [4]. The responses are distinct and specific. A
directional dependence for antibody binding is also observed. The polymer layer possesses the
characteristics needed for biochip applications and micro array techniques.
[1] K.P.R. Nilsson, M.R. Andersson, O. Inganäs, J. Phys. Condens. Matter 14, 10011-10020 (2002)
[2] K.P.R. Nilsson, O. Inganäs, Nature Mater. 2, 419-424 (2003)
[3] K.P.R. Nilsson, J. Rydberg, L. Baltzer, O. Inganäs, Proc. Natl. Acad. Sci. U.S.A 100, 1017010174, 2003
[4] P. Björk, N.-K. Persson, K.P.R. Nilsson, P. Åsberg, O. Inganäs, submitted
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The Use of SPR for Detection of Viral Antigenes in Real Samples
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Background/aim: One of the most urgent problems in modern virology is rapid, low-cost and adequate
detection of intact viruses and their fragments in ambient media, clinical samples (for human and animal
viruses), foodstuff and affected parts of plants (for plant viruses). There exist many techniques for
detection of virus specific proteins and nucleic acids, but only few of them can detect intact virus particles.
At the same time the techniques using optoelectronic transducers are easy and rapid. One of the most
efficient techniques which is widely used for rapid detection of biospecific interactions is that of surface
plasmon resonance (SPR).
Methods: The investigations with the SPR technique were performed using a SPR-spectrometer
“BIOSUPLAR” developed at the V. Lashkaryov Institute of Semiconductor Physics of the National
Academy of Sciences of Ukraine. Classical biological methods as ELISA, fluorescent antibodies
method and immunoprecipitation were used for comparison.
Results: In the classical SPR approach SPR signal change is due to variation of parameters of the molecular
ensemble of interacting molecules in the vertical plane. However, the shift of the SPR minimum depends not
only on the layer thickness but on the refractive index variation within the layer. Therefore the molecular layer
compactness will also affect the response due to refractive index variation. If, at the same time, the surface
structure thickness can be fixed (due to specificity of the interaction process and constant form of the interacting
components), then the shift of the SPR minimum will be a one-valued function of the biomolecular ensemble
compactness. In this work we consider an approach that enables us to realize such a possibility. For this we
make use of (i) the protein A specificity towards Fc fragment of immunoglobulin, and (ii) the formation of
previously obtained virus−virus specific antibodies complex. Depending on the relative concentration of virions
and specific antibodies, the virion−n⋅Ab complexes will have different numbers (n) of Ab per virion. This
determines compactness variations within the complexes, as well as in their packing at the surface. At that the
average thickness of the whole complex will remain approximately the same, due to statistical character of
interaction between the antivirus immunoglobulins and a system of corresponding epitopes at the virus surface
(about 800 for TMV). That is, in this case the shift of the SPR minimum will now depend on the layer
parameters in the horizontal plane. The advanced approach makes it possible to avoid the restrictions put by the
SPR technique on the size of the particles studied. With the example of Nicotiana tabacum the development of
the viral infection in the plant was studied by the mentioned approach. The agreement between SPR and ELISA
methods was achieved. The possibility of the use of SPR approach for detection of viral antigens has been
shown in our work on the example of the structure protein of potato virus X, hexon of adenovirus 2 and viral
capsid antigen of the Epshtein-Barr virus.
Conclusions: The proposed approach extends the possibility of various SPR spectrometer for a broad
range of virology objects and can be easy realized using wide spectrum of commercially available
instruments.
This work has been supported by the INTAS project INTAS-2001-2382. Authors also wish to thank Drs L.F.Didenko, L.M.Nosach
and N.V.Nesterova for kindly given viral proteins (structure protein of potato virus X, hexon of adenovirus 2, viral capsid antigen of
the Epshtein-Barr virus respectively) and specific antisera.
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In recent years, there has been an increasing need for the detection of low concentrations of (bio)chemical
substances with a low molecular weight such as contaminants, hormones and drugs. Biosensors could provide a
rapid and convenient alternative to conventional analytical methods for monitoring these substances in various
application fields. However, in general common biosensor systems and surfaces are often not sensitive enough
for direct detection of these low molecular weight compounds. Therefore, our research focuses on the
development of biosensors with enhanced transducer capabilities as well as improved biological interfaces. We
chose gold surfaces in combination with Self-Assembled Monolayers (SAMs) of thiols as a platform for the
immobilization of biological receptor molecules because of their compatibility with existing biosensor systems.
In previous research, the use of SAMs of thiols on gold surfaces has shown several advantages concerning
specificity and reproducibility for final biosensor applications [1]. However, the main disadvantage of this
approach is the low antibody immobilization on these two-dimensional thiol surfaces compared to threedimensional surfaces e.g. dextran layers, dendrimer layers or polymers. In order to overcome the above
mentioned disadvantages of thiol layers, we use reduced antibody fragments ((Fab’)2, Fab’ and ½IgG) in
combination with an oriented immobilization, to allow for an increased immobilization degree of active
antibodies per sensor surface area, hence facilitating higher biosensor responses.
The presented research describes the optimization of the antibody (anti-IgG) fragmentation using different
enzymatic and chemical reduction methods. The fragmentation protocol was evaluated using SDS-page and
FPLC. The immobilization capacity of the obtained anti-IgG fragments was assessed using different protocols.
Both random and oriented immobilization methods were evaluated. In addition, the remaining antigen binding
capacity of the immobilized anti-IgG fragments was evaluated. Surface Plasmon Resonance (SPR) technique
was used for the online monitoring of the
immobilization of the different anti-IgG
fragments and the recognition of their
corresponding antigens.
The optimized anti-IgG fragmentation protocol
in
combination with the oriented immobilization
method, results in a two times higher
recognition signal of the specific antigen.
Therefore, we can conclude that the increasing
the
amount of oriented Fab’ molecules on the
sensor
surface amplifies the final biosensor signal.

[1] Frederix, F. et al., Langmuir 19(10), p 4351 (2003)

Fig 1: SPR IgG recognition signals obtained
for the different immobilized anti-IgG
fragments.

A03-116
Controlling the Adsorption Properties of Organic Photosensitive Materials: New Possibilities for
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Background: One of the most perspective directions in the development of sensor technique at
present time is establishing of universal sensor equipment that would be able to recognize a wide
range of substances, including both single chemical compounds and multicomponent mixtures (such as
alcohol drinks, foodstuff and medicaments) [1]. An approach for recognizing of multicomponent
mixtures is combination of sensors into array. Each multisensor array has its own selectivity profile
i.e. the ability of effective recognizing of fixed number of chemical compounds.
In this work the novel approach to forming the selectivity profile of sensor array is suggested. This
approach lies in the controlling the adsorption properties of sensitive coatings by external influence on
them. This method will allow to the essentially simplification of the measurement procedure (there is
no necessity of changing of sensors’ combination in the array for different researched objects).
Utilizing a sensitive layer of organic photosensitive material and the illumination as an external effect
one can change the free surface energy state of the film and, consequently, its adsorption properties.
Light with different wavelength will exert different influences on the sensitive film. So the
illumination of sensor’s coating by light with different wavelengths will allow increasing the amount
of information from the sensor element.
Methods: Sensor elements based on 10 MHz AT-cut quartz plate with silver electrodes on its opposite
sides (QCM) was used in experiments. As sensitive layers for QCM sensors three types of
metallophthalocyanines (PcM) were used: lead phthalocyanine (PbPc), copper phthalocyanine (CuPc)
and metal free phthalocyanine (H2Pc). (These materials have strong adsorption bands in the visible
region of spectra [2].) The probe was saturated alcohol vapor.
Results: Dependences of sensor responses of the illumination wavelength and intensity were obtained.
It was shown that the nature of the central metal ion of PcM exercises a significant influence on the
character of these dependences. This implies that it is possible to vary wide-ranging adsorption
properties of PcM by choosing a central metal ion or injecting different peripheral substitutes.
It is demonstrated that the adsorption equilibrium on the surface of the illuminated sensor comes a 510 times faster than that for sensor in darkness. So the utilizing of the illumination of sensor’s surface,
coated by photosensitive material seems to be justified for making measurements faster.
Conclusions: Results observed permit to suppose that the given approach can be effectively utilized
for the creating of sensory arrays for different purposes controlled by light. In fact this will permit to
increase the virtual number of sensors by choosing the respective program of the illumination.
Moreover, utilizing of the illumination makes measurements faster.
[1] D.S. Ballantine et. al., “Acoustic Wave Sensors-Theory, Design, and PhysicoChemical Applications”, Academic Press, 1996
[2] J. Simon, J.-J. Andre Molecular Semiconductors Springer-Verlag Berlin Heidelberg 1985
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Diffusion processes at the interface of two liquids under gradients of concentration and diffusion
constants
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Background/aim: Ionic diffusion processes play a major role on the outcome of electrophysiology
experiments due both to their contribution to the ionic transmembrane transport and to the phenomena
taking place at the measuring instruments interface. As most of the time heterogenities in biological
mediums with respect to ionic diffusion constants are disregarded, we intended to look upon the
general case of ionic diffusion at the interface of two liquid on which gradients of these constants can
no longer be neglected.
Methods: We developed a theoretical model for the diffusion potential which emerges at a aqueous
interface, under gradients of concentration and diffusion constants. The experimental validation of our
model was achieved through potential difference measurements of the diffusion potential between two
solutions containing NaCl and glycerine solutions of various concentrations.
Results: On a relatively limited domain of the electrical charge mobility ratio, we have noticed that
the experimental results are in good agreement with the theoretically inferred diffusion potential
values. This demonstrates that the resulting relation for the diffusion potential inferred from our model
may be applied for other cases, as well.
Conclusions: The diffusion potential modification in the presence of glycerine proves once more its
ability in modifying the ionic diffusion constants for sodium and chloride. When the ionic solutions
contains an indefinite quantity of glycerine or an unknown substance able to modify diffusion
constants of sodium and chloride, we may infer that unknown concentration and the new ionic
mobility ratio, through relatively simple measurements of the diffusion potential.
[1]. Ove Sten – Knudsen, Biological membranes, Cambridge University Press . (2002)
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Fig. 1. The dependence of the diffusion potential on the mobility ratio values corresponding to the
various glycerine. The comparison between experimental data (solid line) and the predicted values
(dotted line) of the diffusion potential are shown.
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Introduction
The design and development of biosensors requires knowledge on the interaction between the
biomolecules and the immobilization matrix. Information regarding the conformation and dynamics
of immobilized proteins can lead to the design and development of appropriate immobilization
matrices that will provide enhanced protein activity. Research in the field of protein-matrix
interactions has been confined to a few proteins (such as BSA) while there are very few reports
involving catalytic enzymes (mainly cytochrome c).
Recently, sol-gels have emerged as very attractive materials for protein and enzyme immobilization.
These materials are expected to play an important role in biosensor membrane technology, since they
can provide an environment for enzyme stabilization and signal transduction. The biocompatibility
and the ability to fine-tune the physicochemical properties of these materials make them ideal for the
development of biosensor systems, while at the same time they allow the direct study of the entrapped
proteins, since they can be made IR transparent. However, fundamental research is still needed to
elucidate the properties of these materials that are responsible for the observed protein stabilization,
and improved enzymatic activity.
Results
In this work we report the use of sol-gel materials for the development of an acetylcholinesterase
amperometric biosensor. Initial studies of the protein-sol gel interactions were performed using
mainly IR and Impedance spectroscopy. Based on the results obtained from these extensive studies,
the analytical characteristics of this biosensor system were optimized.
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Multichannel photoplethysmography biosensor
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Background/aim: The non-invasive optical diagnostics methods are fast and painless, with
reduced risk of infection. One of such methods is photoplethysmography (PPG) where the tissue backscattered light (slightly modulated by the blood volume pulsations) is detected and analyzed. In
conjunction with electrocardiography, it can provide useful information about human’s cardiovascular
system.
Methods: A portable four-channel photoplethysmography sensor device comprising also an
electrocardiography channel was developed at University of Latvia to detect simultaneously biosignals
from different parts of the body and to analyze their shapes. The device consists of a set of optical
contact probes, signal interface and a laptop PC.
Results: Clinical tests were performed with healthy persons and hospital patients having
vascular occlusion problems at arm or leg arteries. Results showed significant differences in pulsewave transit times in occluded and non-occluded extremities.
Conclusions: The diagnostic potential of the developed approach and biosensor device has been
confirmed.
Reference
J. Spigulis, R. Erts, M. Ozols. A portable two-channel PPG cardiovascular sensor device. - SPIE Proc.,
Vol. 5138 (Photon Migration and Diffuse-Light Imaging), 2003, pp. 65-71.
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Polypyrrole Based Cholestrol Biosensor
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The development of conducting polymer based biosensor is an active area of research in the
field of medical technology. Polypyrrole (PPY) is one of the most important conducting polymers
used for the immobilization of the enzyme to develop an enzyme electrode for the biosensing devices.
Electrochemically synthesized PPY films possess superior mechanical strength and are thermally
stable in air..Enzyme choloxidase (ChOx) has been successfully electroentraped with in the PPY.
ChOx was in aqua’s solution of electrolyte p – tolune sulphonate and monomer pyrrole and apply the
potential between 0.3 and 0.7 volt to deposit the ChOx entrapped PPY on the platinum disc electrode.
These electrodes are used for cholesterol oxidation. Time has been taken for film preparation is around
30 minutes for each electrode. Two electrode systems (i.e. one working and another counter) is used in
present study. The properties of Immobilized ChOx in PPY based cholesterol biosensor was evaluated
on the basis of enzyme activity, amperometric response, effect of cholesterol, concentration effect of
PH, and stability measurements. The PPY-ChOx has been found to show a maximum response at PH
7.0 and temperature 450C. The films were found to provide repeatable and reproducible results within
the range of + 5%. It is therefore observed that this enzyme electrode can be used for cholesterol
estimations for a period of one month.

email address: mkgaur1@rediffmail.com
phone: +91 565 2763366, Fax: +91 565 2763364
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Background/aim: DNA microarrays have become an essential and widely used tool enabling large
scale access to valuable genetic information. However, information about expression and posttranslational modifications of proteins, as well as about their interactions and biological activity is not
available at nucleic acid level. Thus, in order to understand biochemical processes it is necessary to get
information from proteomics on a large scale by employing protein microarrays.
Detection of protein-protein interactions on microarrays by fluorescent labels is a very
sensitive method, even capable to detect single molecules. Nevertheless, label coupling to biological
molecules can alter their native structure and thus their functionality. Moreover, some rare proteins
may be lost during this time consuming and expensive process. These disadvantages can be avoided
by using label free detection techniques. We introduce a novel label free optical method for analysis of
protein – protein interactions by employing the native fluorescence of proteins.
Methods: Alteration in the environment of the two aromatic amino acids tryptophan and tyrosine may
lead to variations of the excited state lifetime. Therefore a change of the fluorescence decay may be
observed, when the target molecule binds to the immobilized protein. Furthermore, an increase in
fluorescence intensity due to the fluorophores in the captured molecule can also provide information
on protein-protein binding.
The intrinsic fluorophores were electronically excited at around 280 nm by a frequency
tripled Ti:Sa laser delivering pulses of approx. 200 fs length. The fluorescence kinetics before and
after incubation with a binding partner was measured in a spectral range of 300 – 360 nm by Time
Correlated Single Photon Counting technique. Since a lot of materials luminesce in the range of
detection, binding and blocking chemistries as well as substrates had to be optimized for low UV
fluorescence.
Results, conclusions: Protein – protein, protein – oligonucleotide (aptamer) and antigen – antibody
interactions were detected by measuring changes in the native fluorescence of proteins. Alterations in
fluorescence decay time as well as in intensity were used for establishing the binding. By measuring
intrinsic protein fluorescence we were able to detect at least 4000 molecules per 1 µm2. Although the
sensitivity is superior when using labels, the advantage of our method is that no chemical modification
is required.
This method is even more promising in a case of protein – small molecule or oligonucleotide
interaction assays, as fluorescence decay times of a free protein and its complex with the binding
partner can differ considerably but independently of the captured molecule size. Cancer diagnosis, in
particular, distinction of cancerous and healthy cells by using native protein fluorescence is a central
goal of our future work.
[1] H.M. Striebel, P. Schellenberg, P. Grigaravicius, and K.O. Greulich, Readout of protein
microarrays using intrinsic time resolved UV fluorescence for label free detection,
Proteomics 4, 1703 – 1711 (2004)
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Background/aim: The development of materials capable of detecting changes in biological samples is
of great interest, due to their potential for being used as analytic tools. Conjugated polyelectrolytes
(CPEs) have been used as detection elements for various biomolecular interactions and conformation
changes, through alternations of conditions for photoinduced charge transfer or excitation transfer and
through conformations changes of the polyelectrolyte chains1, 2. Under conditions that destabilize the
native state, proteins can aggregate into fibrillar assemblies, known as amyloid fibrils. This
phenomenon is a hallmark of many devastating diseases known as the amyloidoses. We use
conjugated polyelectrolytes as sensitive optical probes to detect and monitor fibrillation in proteins3,4.
Methods: Bovine insulin and chicken lysozyme are used as model proteins for amyloid fibril
formation. Changes in optical characteristics, through absorbance and emission spectroscopy, of
polythiophene derivates upon interactions with protein in different stages of fibrillation are detected.
The anionic poly(thiophene acetic acid) (PTAA) and the monodisperse zwitterionic poly((3,3''-di[(S)5-amino-5-carbonyl-3-oxapentyl]-[2,2';5',2''])-5,5''-terthiophenylene hydrochloride) (PONT) are the
polythiophenes used. As reference techniques CD, TEM, AFM and the conventional optical probes
Congo Red and thioflavin T are used.
Results and Conclusions: The changes in optical properties of PTTA at pH 7.4 upon interaction with
native insulin, an abs. max. of 434 nm, and fibrillar insulin, an abs. max. of 463 nm, is a color shift
from yellow to orange, clearly visible to the human eye. The alternations in emission characteristics
are consistent with the absorption measurements. The interaction with native protein results in a nonplanar polymer backbone and separated polymer chains, whereas fibrillar protein induces planarization
of the polymer backbone and aggregation of the polymer chains. The zwitterionic PONT is usable as a
probe for amyloid fibril formation at acidic pH. Interaction between PONT and native insulin gives an
emission max. of 600 nm, whereas fibrillar insulin results in two clear emission peaks, the one at 600
nm and one at 560 nm, and an increase of emission intensity with several orders of magnitude.
Furthermore, kinetic studies of amyloid fibril formation have successfully been performed with both
polymers.
In conclusion, we have shown that a negatively charged CPE and a zwitterionic CPE can be used as
novel optical probes for the detection of the formation of amyloid fibrils. The formation of amyloid
fibrils is reflected as an alteration of the geometry and the electronic structure of the bound
polyelectrolyte chains and has so far been detected by absorption and emission, but electrical detection
of these transitions will most likely be possible.
[1] K. P. R. Nilsson, Nat Mater, Nilsson, O. Inganas, 2, 419, (2003)
[2] K. P. R. Nilsson, J. Rydberg, L. Baltzer and O. Inganäs, Proc Natl Acad Sci U S A, 100, 10170, (2003)
[3] K. P. R. Nilsson, A. Herland, P. Hammarström, O. Inganas submitted
[4] A. Herland, K. P. R. Nilsson, J. D. M. Olsson, P. Hammarström, P. Konradsson and O. Inganäs. Manuscript in progress
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Dept. of Appl. Phys., Chalmers, Göteborg: fredrik@fy.chalmers.se, Phone: +46-31-7726116, Mobile
Phone: +46-708-951239, Fax:+46-31-7723134
Background: In the search for sensor concepts
compatible with label-free array-based analysis of
biomolecular interactions, the localized surface plasmon
resonance (LSPR) phenomena associated with
nanometric structures of noble metals currently attracts
much attention. In analogy with the classical SPR
100 nm
concept, the optical properties of these structures are
Figure 1. AFM image of Au film
utterly sensitive to changes in the interfacial refractive
(~20 nm) on SiO2 perforated with of
index (optical density).14 In this paper, we present the use
~100 nm wide holes.
a nanometric structure that is, in essence, the inverse of
particles: cylindrical holes (∅~100 nm) in a ~20 nm thick Au film supported on a planar SiO2
substrate (Fig. 1).15 In particular, we show how the LSPR-field, being localized to the voids of the
holes, combined with the ability of SiO2 to promote spontaneous supported phospholipid bilayer
(SPB) formation, facilitate studies of lipid-membrane mediated biomolecular recognition.16
Methods: A combined analysis employing quartz crystal microbalance with dissipation (QCM-D)
monitoring, liquid phase atomic force microscopy (AFM), UV-Vis spectroscopy and Dark-Field
microscopy (DFM), was used to (i) determine the solution conditions required for SPB formation in
nanometric holes, (ii) a discrimination between SPB patches and adsorbed vesicles within individual
holes, (iii) a colorimetric analysis of the field enhancement within the hole regions and (iv) a
demonstration of the compatibility of the concept with label-free array-based sensing with a lateral
resolution below 10×10 m2.
Results: We demonstrate the successful formation of nanometric SPB patches on the SiO2 bottom of
the nanometric holes. The introduction of a small fraction of biotinylated lipids, followed by specific
NeutrAvidin-biotin binding to the SPB patches, demonstrate a signal enhancement within the holes,
compared with the planar Au regions, of more than 50. Specific detection of molecular recognition
reactions originating from the SPB regions only, was verified through coupling of cholesterol
modified single stranded DNA,17 followed by specific detection of hybridization kinetics. When
extended to DFM analysis, protein binding with sensitivity in the zeptomole regime was obtained.
Conclusions: It is clear that the possibility to selectively modify different regions of substrates of this
kind gives a mean to probe nonhomogeneous LSPR fields. Such data will significantly aid the
development of electrodynamic descriptions of LSPR systems of this kind, being critical for a
translation of the obtained responses into quantifications of refractive index changes and mass-uptake
estimations. The challenges of the future are thus related to how the various parameters that defines
the optical properties of the substrate, such as film thickness, hole diameter and hole density, should be
varied to optimize the sensitivity of this type of sensor concept.

14

Haes, A. J. et al. J. Am. Chem. Soc. 2002, 124, p 10596
Prikulis, J. et al. Nano Lett.; 2004; accepted
16
Dahlin, A, 2004, submitted
17
Svedhem, S. et al. ChemBioChem.; 2003; 4, p 339
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Background/Aim: Biosensors with a maximum signal to noise ratio (SNR) are desirable. However,
current biosensors have not sufficiently addressed or minimized the noise either in operation or in
theory for the continuous determination of analyte in a non-steady state system in real or nearly real
time. A general object of our research is to provide improved sensors and sensing methods wherein
the effect of interferants are minimized. Our model allows the removal of interference from the
detecting region in a system for the continuous determination of analyte concentration in a non steadystate system in near real time.
Evanescent wave biosensors, based on encapsulated labeled analytes, have been
developed [1]. Optical affinity glucose biosensors work by enclosing a given concentration of labeled
glucose in a semipermeable membrane. Glucose can diffuse in but the labeled glucose cannot diffuse
out. One major problem with today’s evanescent wave biosensors is the background noise that results
from unbound labeled analyte within the field region. Thus, we have sought to minimize this noise in
a similar
system through sequestration of the unbound labeled molecule.
Methods: According to this model, a competitive binding biosensor’s SNR is
substantially increased by the use of a labeled exogenous molecule or substance that contains at least
three moieties. The larger labeled molecule encapsulated within the semi-permeable membrane of the
evanescent wave biosensor cannot pass through unlike the analyte within the sample which is free to
traverse the membrane. At least one of the subunits of the novel molecule (Moiety 1) is similar (or
identical) to the analyte, thus enabling detection in this competitive binding assay. Moiety 1 is the
ligand which binds to a recognition receptor bound to the fiber-optic core. Moiety 2 is the flourescent
label. Moiety 3 of the novel molecule is a foreign epitope that is not present in the milieu (or too large
to traverse the semipermeable membrane) but recognizes the sequestering receptor outside the field
region contained within the semi-permeable membrane. To increase the SNR further, we have
proposed Moiety 3 to include a secondary non-interfering label which would bind to the sequestering
receptor attached to a secondary detection pathway (e.g., another fiber optic-core) within the overall
detecting system’s semipermeable membrane.
Results: The fluctuation of analyte concentrations in the tested sample affects the interaction between
the labeled molecule and its receptors. Moiety 1 if displaced from the recognition receptor by the
analyte within the sample is then sequestered to the other receptor type (i.e., sequestering receptor)
through the interaction of Moiety 3, thus increasing the SNR.
Conlusion: Sequestration of the unbound labeled analyte increases the SNR.
[1] Golden JP, Anderson GP, Rabbany SY, et al. IEEE Trans Biomed Eng 1994; 41: 585-591.
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Background/aim: We are looking at different approaches for constructing liposome arrays on sensor
chips. In this work hydrophobic anchor groups were used to selectively modify a dextran hydrogel (fig
1a) and attract liposomes (or micelles) from solution (fig 1b). Liposomes act as model systems for
cells and organelles in biological organisms. The aim of our work is to develop a micro array sensor
chip for the parallel analysis of several lipid systems, e.g. to be used for high throughput screening
(HTS) in the pharmaceutical industry.
Methods: Micro-contact printing was used to selectively modify a carboxylated dextran surface
(CM5) with hydrophobic alkyl chains. The characterization of the surfaces and interactions with lipids
was monitored with microscopic wetting, fluorescence (fig 1c) and imaging surface plasmon
resonance (SPR) (fig 1d).
Results: µCP proved successful for modifying dextran with a hydrophobic pattern of alkyl chains. The
modified regions’ ability to attract liposomes was comparable to Biacore’s L1 chip, which is
illustrated by the real-time sensorgram taken with imaging SPR in figure 1d.
Conclusions: Adsorbed liposomes didn’t dissociate noticeably over a 24h-period, which indicates that
the dextran modified with alkyl groups is a favorable environment, probably owing to its flexible,
three-dimensional structure. Unmodified dextran also proved to have low non-specific adsorption of
liposomes and was an effective barrier for lateral liposome migration. Further real-time analysis of
biomolecular interactions with the liposomes is easily achieved with our setup.
a)

b)

c)

d)

Figure 1: a) Schematic description of the array. b) Assumed adsorption behavior of liposomes on alkyl-modified dextran.
c) Fluorescently labeled liposomes after adsorption. d) Real-time sensorgram taken with imaging SPR, showing the
liposome interaction kinetics of the liposomes with the two regions of the chip.
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Background/aim: The aim of this study was to demonstrate the prospects of applications of the novel
carbon-based pharmaceuticals, namely - enterosorbents and fullerenes in biomedical gerontology.
Methods: We present the results of our own studies as well as the analytical review of the literature
data that were available up to now.
Results: The dietary enterosorbent, SKN non-coated nitrogen-containing carbon, was found to
increase the mean value of male Wistar rats' life-span by 43%, that is comparable with the life-span
prolongation effects of the calorie-restricted diets [1]. Some antioxidants, like butylated
hydroxytoluene, when regularly administered into the diets, were found to increase the life-spans of
the animals up to 30% (see references in [2]). The discovery of new carbon allotropes, the fullerenes
(Kroto et al., 1985), has furthered the searching of novel carbon-based drugs. Various water-soluble
multi-hydroxyl fullerenes (fullerenols), such as C60(OH)n, demonstrating antioxidant properties have
been synthesized recently. Furthermore, endohedral metallofullerenes (M@C2n) were synthesized,
which are carbon clusters that contain metal atoms (M = La, Sc, Y, etc.) trapped within a fullerene
cage. M@C2n hold much promise as the contrast agents for magnetic-resonance imaging. For example,
relaxivity of Gd-fullerenol has turned out to be 20-folds higher than that of Gd-DTPA derivatives,
which are in current clinical use as contrast agents [3]. While Gd-DTPA accelerates the NMR
relaxation of water protons owing to its large dipolar magnetic moment and long electron spinrelaxation time, the “spin leakage” of the fullerene shell of M@C2n supplies a more effective
relaxation mechanism through the contact coupling of the delocalized unpaired electrons of M@C2n
with the nuclear spins of the solvent molecules [4]. Furthermore, M@C2n with the appropriate particleemitting radionuclides inside, among them, beta-emitting 89Sr, 90Y, 47Sc, 64Cu, 149Pr, 153Sm, 166Ho, and
177
Lu can be synthesized, while advances in the molecular biotechnology provide targeting vectors to
deliver therapeutic doses of the ionizing radiation with high specificity for the treatment of the cancer
metastasis tumor cells.
Conclusions: Thus, the fullerene-based compounds, due to their unique physical and chemical
properties, provide obvious prospects for designing novel paramagnetic probes and therapeutic
radiopharmaceuticals with solitary biomedical features.
[1] V.V. Frolkis, V.G Nikolaev, G.I. Paramonova et al. Biomaterials, Artificial Cells, and Artificial
Organs, 17, 341-351 (1989).
[2] V.V. Frolkis, E.N. Gorban, V.K. Koltover. AGE (J. Amer. Aging Ass.), 13, 5 (1990).
[3] M. Mikawa, H. Kato, M. Okumura et al. Biocon. Chem., 12, 510 (2001).
[4] V.K. Koltover. Carbon, in press (2004).
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Background/aim: The ability to produce the antibodies against various compounds (including haptenconjugates) predetermines their using as molecular recognition elements for both individual sensors
and sensing massifs since it enables to purposefully form the sensor elements with definite chemical
functionality. In the present work the use of the antibody modified Qurtz Crystal Microbalance (QCM)
transducers for detection of drugs in gaseous phase is considered; in particular, detection of
ethynylesstradіol in water samples by measureing their headspace concentration was demonstrated.
Methods: For experiments a full-automatic QCM setup with 10-MHz quartz crystals transducers with a
measurement step of 1 s were used.
Results: The possibility to use the immunosensor for direct detection of steroids in the water solutions
by measuring their headspace concentration was tested for ethynylesstradіol water solutions using
antiserum produced in rabbit. Initially cleaned quartz plates (AT cut with Ni-Ag electrodes) were
processed in serial by guanidine thiocyanata (0.12
M)
50
and protein A (50 µg/ml) for formation the
0
-50
immobilization support for immunoglobulins from
specific anticerum. The exposure of the protein A -100
-150
modified QCM in specific antiserum (1:1000 -200
b
dilution) provides stable and reproduced layer of -250
-300
immobilized antibodies. All sensitive elements after
-350
preperations stored in insulated vials above the water -400
a
surface at room temperature (water saturated -450
vapour). The typical experimental frequency -500
0
50
100
150
200
cycle
variation for the antibody modified sensitive
elements versus time taken for two different ethynylesstradіol 450
concentrations in water (a – 100 ng/ml; b – 10 ng/ml) are 400
shown in Fig.1: both absolute values of frequency variation 350
and rate constants are depended on the ethynylesstradіol 300
concentration. The concentration dependence presented in 250
Fig.2 shown that linear dependence of saturation level of 200
sensor response versus ethynylesstradіol concentration take 150
place in very wide range (0.001 ÷ 100 ng/ml).
100
Conclusions: Qualitative analysis of the observed responses
50
of the biosensor system evidences that at least for water
1E-4
1E-3
0,01
0,1
1
10
100
concentration,ng/ml
samples the saturation levels of sensor response are quite
sensitive for ethynylesstradіol concetration in the solution (and in headspace). It was found a near
logarithmic dependence between saturation level of sensor responses and ethynylesstradіol
concentration in solution.
This work has been supported by INTAS grants (Projects 00-00870 and 01-0257).
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Lipid bilayers containing 5% NTA-lipids supported on SiO2 have been used as a template for efficient
immobilization of oligohistidine-tag containing single-chained antibody fragments (scFv) directed
towards cholera toxin (CT). It was demonstrated that his-tagged scFvs is equally efficiently coupled to
the NTA/Ni2+ containing lipid bilayer from a purified sample or the expression supernatant, thereby
avoiding time consuming protein purification steps. Independent on whether the coupling was made
from the supernatant or from the purified sample, the template was proven efficient for antigen
detection, in this case verified via the quartz crystal microbalance with dissipation monitoring (QCMD) technique using the antigen CT (Mw ~85 kD). For increased affinity scFvs having a double
histidine tag is also used. Via a secondary amplification step utilizing GM1 containing vesicles, i.e. the
membrane receptor for CT, sub-nanomolar concentrations of CT was detectable with QCM-D. Due to
the inert properties of the lipid bilayer, the antibody template is also inert towards binding of serum,
which allows for antigen detection in crude solutions which is a really important property of a
biosensor.To allow for detection in crude solutions high affinity couplings are of utmost importance,
here demonstrated by the double histidine tagged scFvs. Furthermore, the coupling strategy was also
utilized for creation of protein array templates. The template was, however, based on novel DNA-array
design, using streptavidin-based DNA-immobilization on gold spots, surrounded by a pure lipid
bilayer on SiO2, but with the aim to be used as a protein array rather than a DNA array. The latter was
accomplished using DNA-modified lipid vesicles, directed to predefined cDNA spots via
complementary hybridization, where the protein-array concept was proven utilizing scFv-modified
lipid vesicles utilizing NTA/Ni2+-based coupling for detection of fluorescently labeled CT.
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Background/aim: It is a growing tendency to de-centralize bioanalysis from central laboratories to the
near patient setting. Even further, the ultimate goal is to bring bioanalysis for medical applications or
environmental monitoring to individual homes.
Indeed, such a goal requires highly available measuring platforms, able to perform generic
determinations suited with assays of diverse formats.
The computer screen photo-assisted technique (CSPT [1, 2]) utilizes standard computer sets and web
cameras as measurement platforms, with the capability of online spectral fingerprinting of colorimetric
and fluorescent test. Here we will demonstrate through several examples and the theoretical
description of the method, its capability for fulfilling the summarized goals.
Methods: the CSPT measuring procedure can be specifically adapted to each target assays, however,
we discuss here a generic measurement as might be the case for classification of assays with multiple
color (or fluorescent) reporters.
In a CSPT experiment, the light source is provided by a region of the computer screen that illuminates
the assays with a specific color sequence. Typically a set of colors mimicking the human perception of
the visible spectrum is used. Simultaneously, the image of the assay under these different illuminations
is captured with a conventional web camera. After numerical processing of the acquired video stream,
distinctive signatures of the different samples, retaining key spectral features, can be used for
classification purposes and whatever evaluation is demanded by the considered assay.
Results: The CSPT approach is used here to demonstrate the evaluation of different bioassays and
prospective dyes. Firstly a test using pigment granules containing cells (Xenopus laevis) is used for
detecting different drugs causing pigment dispersion and aggregation. Secondly, an ELISA tests for
the detection of anti-neutrophil cytoplasm antibodies (ANCA) used for diagnosing patients with
chronic inflammatory disorders is demonstrated. Finally, the fingerprinting of fluorescent dyes
commonly present as multiple indicators in bioassays is shown and its classification ability compared
with standard visible absorption/emission spectroscopy (Fig. 1).
Fig. 1. Comparable principal components (PCA)
CSPT
classification of 6 different fluorescent dyes using CSPT
Spectroscopy
S1
measurements
and standard spectroscopy as input data. T first
S2
S3
three components account for more than 90% of the total
S4
S5
variance.
S6
[1] D. Filippini, S. P. S. Svensson, I. Lundström, Chem.
Commun. 2 (2003), 240-242.
[2] D. Filippini, I. Lundström, Appl. Phys. Lett. 81 (2002),
3891-3893.
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perivascular spaces
I. Marchenko
Department of biophysics, physical faculty, Krasnoyarsk State University,
79, Svobodny Aveny, Krasnoyarsk, Russia, 660041
tel: 7-3912-440841, fax: 7-3912-448781, e-mail: marchenko@lan.krasu.ru
According to the literature, the aqueous fluid is move out from an eye on special ways of outflow.
There are anterior and back ways of outflow. The anterior way of outflow (basic) is a schlemm’s canal
system. The back way of outflow - perineural spaces of an optic nerve and perivascular spaces retinal
vascular system.
The purpose of this study was to investigate outflow of an intraocular liquid from structures of an eye
through perineural spaces of an optic nerve and perivascular spaces retinal vascular system of
experimental animals.
In this work eyes of the rabbits of breed "Shinshilla". They were treated in accordance with the ARVO
resolution on the care and the use of animals in ophthalmic and vision research. All rabbits were
anesthetized. Then, intraocular in vitreous humor under a right angle to an optical axis entered 0,01 ml
of a marker.
The rabbits were sacrificed 5 – 7 mines after introduction of a marker in vitreous humor. After a face
of animals it was made enucleation both eyes of animals. Then, eyes placed in the reservoir with liquid
nitrogen. The frozen eye was fixed in microtome. Then the back pole of an eye was cut by a horizontal
cut for registration of a marker in perivascular and perineural spaces.
An output of a marker through these spaces on an external surface of an eye was not registered.
Results of experience testify to carry vitreous liquids from vitreous humor in a blood channel, instead
of in perivascular and perineural spaces. It speaks about absence of outflow of a liquid from vitreous
humor through these formations and contradicts the data of the literature.
The Research is executed at financial support of the Ministry of Education of the Russian Federation
(Code of the grant А03-2.12-260).
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Background/aim: Since its invention in the early 1990’s multiphoton microscopy has proven its
adeptness at imaging deep in living tissue with submicron resolution. However, this technology is
hindered by the rigidity and bulk of the current platform which essentially necessitates a dedicated
room, obstructs access to endoscopic imaging and prevents its application to large animals. From the
onset it was realized that these obstacles may be overcome by delivering the required laser pulse
through optical fibers, however conventional fibers have been plagued with pulse broadening and high
modal disorder preventing their use in this role. Microstructured photonic crystal fibers have been
investigated for their promise in overcoming these barriers.
Methods: A Ti:sapphire laser (Tsunami, Spectra Physics) producing 100 fs pulses at 790 nm with an
80 MHz repetition rate was used to launch pulses down a 25 micron core high numerical aperture
(NA) microstructured fiber (Crystal Fibre) of length 3.2 m. Diffraction gratings were first used to
provide a negative chirp to the incident pulse in order to compensate for linear group velocity
dispersion and then the light was coupled to the fiber using a low NA lens. A home built CCD beam
profiler was used to image the output beam. Finally, the output pulse duration was measured using a
home built autocorrelator.
Results: We have been able to maintain 160 fs pulses through over 3m of fiber delivering up to 3.5nJ
per pulse. For typical imaging powers of ~100 mW pulses as short as 120 fs were easily achieved.
These values have been obtained without comprising the spatial quality of the beam. Profiles of the
delivered beam show elliptical symmetry and cross-sections through the peak fit a Gaussian extremely
well, indicating the dominance of the lowest order (TEM0,0) mode. This is also supported by
measurements of beam divergence which fit Gaussian diffraction well. The mode also showed a
robustness when the fiber was bent and jostled. In addition, although the fundamental mode is excited
by coupling in at low N.A., higher order modes are also available which allow possibility of
fluorescence epi-collection through the fiber. Early measurements indicate fairly high collection
capabilities which would make the fiber ideal for use in a multiphoton endoscope.
Conclusions: Microstructured photonic crystal fibers seem ideally suited for the development of a
flexible and functional multiphoton system, allowing the directed delivery of extremely short,
Gaussian pulses over distances greater then 3 m, and the potential collection of the induced
fluorescence.
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Cantilever based Biosensor: Piezoresistive detection of SNP in DNA
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The nanomechanical motion of an AFM cantilever generated due to biomolecular interactions at
the cantilever surface can be used for label free detection of biomolecules like DNA at low
concentrations and in the fluid phase.1 The mechanical bending that is induced by a change in
surface stress due to the molecular attachment can be converted into an optical signal using
LASER or an electrical signal using a piezoresistive element.2 In the present study, the
piezoresistive detection method has been used due to the inherent advantages of integrated
readout and possibility of experimentation in opaque liquids.
The cantilever based biosensing method has been exploited for detection of Single Nucleotide
Polymorphism (SNP) in a 12 nucleotide long DNA section by monitoring the complementarity
between the immobilized single stranded (ss)-DNA probe and the target ss-DNA samples
(Fig.1). Two cantilevers with gold coating have been functionalized with the sensing probe via
gold-thiol interaction. The utilization of two cantilevers appears important for cancelling the
error signal that can generate from motion induced by a change in temperature, pH etc. The
sensitivity is currently 0.1 µM but experiments are in progress for detection at lower
concentrations, and also with temperature control. The ‘on’ chip readout should enable us to
analyse a wide range of biological interactions of medical relevance and studies based on DNARNA, LNA-DNA, DNA-protein interactions are in progress with the aim of constructing a
compact sensor device for general clinical utility.
1. J. Fritz, M. K. Baller, H. P. Lang, H. Rothuizen, P. Vettiger, E. Meyer, H. –J. Güntherodt,
Ch. Gerber and J. K. Gimzewski, Science 288, 316 (2000).
2. Cantion A/S, Lyngby, Copenhagen, Denmark (http://www.cantion.com/).
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Fig. 1: The electrical signal due to DNA hybridization. (Inset: Cantilever motion due to
the adsorption induced change in surface stress).
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Objective: The objective of the present study is to assess the influence of fluid flow on MSC seeded
onto 12 filaments PLDLA scaffolds as well as MSC proliferation and differentiation. Material and
methods: MSCs were isolated from rat bone marrow and expanded in alpha-MEM + 10 % FBS
supplemented with dexamethasone, Ascorbate2-phosphate and β-glycerophosphate. Knitted 12 or 4
filament Poly-L,D-lactide (PLDLA, L/D) 96/4 scaffolds were used (Table 1).
Single fibre diameter
Distance of the fiber bundles
Distance of the single fibers
Porosity

4 fil.
80 ±10µm
0.24±0.1mm
0.03±0.01mm
38 %

12 fil.
35±10µm
0.23±0.1mm
0.04±0.2mm
40 %

At passage P3-P5 12 filament scaffolds were soaked for 1 hour in a MSC cell suspension at 106
cells/ml and then placed in 50 ml cell culture tube. Constructs were then cultured either on a stoval
low profile roller at 6 rpm or left still. At day 28, DNA content, ALP activity and calcium content
were determined. 4 and 12 PLDLA filament constructs were prepared as aforementioned and DNA
content, ALP activity and calcium content were determined every 3 days from day 0 to day 40 (n=3).
Results: DNA content (87000 ± 23000 versus 56000±13000cells per scaffold), ALP activity (64 ± 20
versus 2±1 UI), and calcium content per scaffold (289 ± 34 versus 21 ± 6 ng /construct), were
significantly higher in dynamic culture when compared to static cultures. No significant differences in
DNA content, ALP activity or calcium content between the different scaffolds with different fiber
thicknesses.
Discussion and Conclusions: MSCs proliferation and differentiation was significantly enhanced
when fluid flow was applied. A 10 fold increase in calcium content per scaffold was observed when
MSCs were cultured in the presence of fluid flow. PLDLA scaffolds were able to support MSC
differentiation towards an osteogenic phenotype. Further investigations are needed to assess the in vivo
osteogenicity of these constructs.
Acknowledgements: This research was supported by grants from the EU [PROJECT N° QLRT-200000487 (chondral and osseous tissue engineering “Spare parts”), Spare Parts Project QLK6-CT-200000487], the Technology Development Center in Finland (TEKES, Biowaffle Project 40274/03 and
MFM Project 424/31/04), the Academy of Finland (Project 73948) and the Ministry of Education
(Graduate School of Biomaterials and Tissue Engineering). The authors wish to thank Dr Benoit from
the service de pharmacie, Lariboisière for her help in this study.
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Background: Surface plasmon resonance sensing constitutes one of the most sensitive and versatile
techniques for quantifying biomolecular recognition reactions. Traditional devices are based on
functionalized extended flat metal (Au/Ag) films, for which prism or grating coupling can be used to
excite surface plasmon polaritons (SPP). However, these surface modes are spatially extended, which
limit the ultimate spatial resolution, and therefore sensitivity, achievable. The corresponding
excitations in metal nanostructures, so called Localized Surface Plasmon Resonances (LSPR’s), can,
on the other hand, be confined to sub-wavelength dimensions. LSPR effects therefore open up a wide
variety of nanoscale biosensing schemes.
Methods and Results
Gold nanostructures, including particles, rings and holes, were prepared by colloidal lithography,
while silver nanoparticles were prepared by classical colloidal synthesis. These samples support
LSPR’s of different character, from classical “particle plasmons” to hybridized LSPR-SPP excitations.
The optical response were investigated both by ordinary UV-VIS-NIR extinction spectroscopy, for
which the signal is averaged over millions of objects, and by elastic scattering experiments in a darkfield microscopy set-up, for which spatial resolution is only limited by diffraction. The variation in the
LSPR spectrum with a change in the refractive index of the surrounding medium was found to be
identical in the two types of experiments, although absolute peak positions differ because of the lack
of absorptive contributions in the scattering experiments. Importantly, the spectral quality in the
microscopic experiments is high enough for resolving the very modest variation in interfacial
refractive index associated with biomolecular recognition reactions at the metal surface. This is
illustrated in the figure below, where different steps in the biofuntionalization of a nanostructure
consisting of nanometric holes in a 20 nm Au film is followed at a resolution of ~7x7 m (see also
poster by F. Höök et al.). Further results in this direction, including biosensing experiments based on
single nanoparticles, will be discussed.
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Investigation of cell membrane processes is highly desirable for understanding of fundamental
functions of biological systems. We designed a novel biomimetic sensor, composed of conjugated
polydiacetylene (PDA) matrix embedded within lipid vesicles. The system is capable to detect various
biological events occurring within lipid membrane through rapid colorimetric as well as fluorescent
transitions.
Lipid/PDA assay has been applied to analyze interactions of membrane-active peptides with lipid
bilayer. The colorimetric response of the sensor is correlated to extent of peptide-membrane binding
and permeation and provides quantitative evaluation of sensitivity of that binding to composition of
the lipid moieties. The assay could clearly discriminate between modes of action of two major types of
membrane–lytic peptides, such as toxins and cell-selective antibacterial peptides.
For further characterization of peptide-lipids interaction we employed a recently developed
fluorescence spectroscopy technique – solvent relaxation in biomembranes (SR). The assay facilitates
direct observation of viscosity and polarity changes of membrane microenvironment through
evaluation of time-dependent Stokes' shifts and relaxation times. Results obtained from solvent
relaxation experiments corroborate colorimetric response of PDA-based biosensor.

References:
[1] Sheynis, T., Sykora, J., Benda, A., Kolusheva, S., Hof, M., & Jelinek, R.
Eur. J. Biochem., 270, 4478–4487, (2003).
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Chem., 278, 13838–13846, (2003)
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Biomembranes have a variety of important functions in living system. Besides forming an envelope to
the cell, they have a regulatory function, serving as a barrier to the transport of matter between the cell and
the outside world.

Important step in understanding plasma membrane interactions is investigation of

biological processes on native intact cells.
We developed a unique biosensor system of polymer nano-patches incorporated into the ghost cell
surfaces. The cell sensor is based on assemblies of polydiacetylene (PDA) which undergo dramatic and
rapid blue-red as well as fluorescence transitions, induced by structural perturbations. The colour and
fluorescence changes can serve as unique detector of cell membrane perturbations. We show that the new
biosensor system can be applied for studying numerous biological processes, such as membrane fusion,
ligand-receptor interactions, drug action and others.
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Background: At present the most common method employed for the detection of DNA hybridization
involves measuring the fluorescence from DNA labeled with fluorescent tags. The equipment required
for such measurements is both expensive and immobile. A low-cost, label-free method of
hybridization detection is therefore highly desirable. We have explored DNA hybridization detection
based on the principle of the formation of a charged double layer at a metal electrode/electrolyte
interface when DNA binds to the surface of the electrode. Compared to the bare electrode surface the
presence of the double layer results in a potential drop across the interface and a change in the
interface capacitance.
Method: Two types of structure have been investigated for the electronic detection of hybridization:
Metal-Insulator-Semiconductor (MIS) capacitors and Metal-Insulator-Semiconductor-Field-EffectTransistors (MISFETs). The detection principle is based on the intrinsic charge of the DNA molecules
and the formation of a charged double layer when the DNA immobilizes onto the metal gate of a MIS
or a MISFET. The MISFET devices are based on poly-crystalline silicon thin-film transistors (poly-Si
TFTs), which have a number of benefits over conventional technologies, including low-cost
fabrication on glass or plastic substrates and integrated electronics for signal conditioning and
detection [1].
Results: Easily detectable shifts (>300mV) in the transfer characteristics (gate voltage versus sourcedrain current) of the TFT devices have been recorded upon single strand DNA (ssDNA)
immobilization on the gate surface and again when the complementary stand DNA (cDNA) hybridizes
onto the immobilized strand. The same detection principle has also been applied to MIS capacitor
structures. Large shifts in the capacitance-voltage (C-V) characteristics of these structures have been
observed upon DNA immobilization and hybridization.
Conclusions: We have demonstrated the electronic detection of DNA hybridization using poly-Si
TFTs and MIS capacitors based on detectable changes in the DNA double layer formed at an
electrode/electrolyte interface. However, the technique is not limited to DNA hybridization and is
generally applicable to any biomolecular interaction that affects the surface potential at an
electrode/electrolyte interface. Low-cost and disposable micro-arrays with portable instrumentation for
the analysis of DNA hybridization and other biomolecular interactions have a wide range of
applications, namely in the rapidly developing fields of genomics and proteomics.
[1] F. Yan, P. Estrela, Y. Mo, P. Migliorato, H. Maeda, S. Inoue and T. Shimoda, Appl. Phys. Lett,
submitted.
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Background/aim: Chemotaxis is the stimulated, directed migration of cells in response to a gradient
of chemotactic factors. Chemoattractants recruit white blood cells during inflammation. We take
advantage of this when designing microscope compatible model biosensor surfaces/matrices where
cells may be directed towards a specific area. In detail, the aim was to synthesize and immobilize
analogues of the fMLF chemoattractant peptide family on transparent surfaces, characterize the
deposition and evaluate the surface-related activation of neutrophil granulocytes.
Methods: Potent fMLF receptor agonist N-formyl-Tyr-Nle-Phe-Leu-Nle-Gly-Gly-Gly-Cys and
“dummy” N-formyl-Gly-Gly-Gly-Cys peptides were synthesized via solid phase peptide synthesis,
purified using HPLC and finally analyzed with MALDI-TOF. Approximately 120Å gold was
deposited on high quality coverslips, and the peptides were attached to the gold surface via mixed selfassembled monolayers (SAMs) of maleimide- and hydroxyl-terminated EG4 disulphides (Fig. 1).
Immobilization was characterized using null ellipsometry, contact angle and infrared reflectionabsorption spectroscopy measurements. Neutrophils were then isolated from whole blood, loaded with
cytosolic calcium probe fura-2, and subsequently exposed to model surfaces. The morphology of the
neutrophils and the intracellular calcium response were evaluated using ratio imaging.
Results: The mixed malemide- and hydroxyl-terminated EG4 disulphide SAMs were typically 15Å
thick. Additional peptide layers were ellipsometrically detectable when ≥10% of the EG4 disulphides
were maleimide-terminated, generating agonist layers from 2-15Å, and “dummy” layers of 1-6Å (for
maleimide-termination ranging from 10-100%, respectively). Ellipsometry agreed with contact angle
measurements. When exposed to cells, the agonist surface rapidly recruited neutrophils and the cells
responded with extensive spreading and intracellular calcium transients within minutes. The “dummy”
peptide generated no apparent signs of cellular activation, and the cells maintained a spherical
morphology and no changes in cytosolic calcium were recorded.
Conclusion: fMLF peptides maintain bioactivity and bioavailability after immobilization on mixed
SAMs of maleimide- and hydroxyl terminated EG4 disulphides on gold.

Fig. 1. Peptide binding to mixed SAMs of malemide- and hydroxyl-terminated EG4 disulphides on gold.
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The lowest excited electronic state of molecular oxygen, singlet molecular oxygen (a1∆g), is an
intermediate in many oxidative degradation reactions [1, 2]. Of particular significance are the roles
played by singlet oxygen in processes that can kill biological cells (e.g., necrosis and apoptosis) [3]. In
this regard, singlet oxygen is an acknowledged intermediate in photodynamic cancer therapies where a
photosensitizer incorporated into undesired tissue or a tumor is irradiated with visible light [4]. In this
process, singlet oxygen is produced via energy transfer from the photoexcited sensitizer to ground
state oxygen (X3Σg-). We now demonstrate that, upon irradiation of a photosensitizer incorporated in a
cell, singlet oxygen can be detected from that cell via its weak near infrared phosphorescence (a1∆g →
X3Σg-). Thus, one can now consider the application of direct optical imaging techniques to the study
of singlet oxygen at the cellular level. Moreover, the data recorded indicate that singlet oxygen may
diffuse over appreciable distances in the cell which is significant when considering the role of singlet
oxygen in mechanisms of cell death.

[1] C.S. Foote, Science 162, 963 (1968)
[2] C. S Foote, E. L. Clennan in Active Oxygen in Chemistry (eds. C. S. Foote, J. S.
Valentine, A. Greenberg, J. F. Liebman,) 105-140 (Chapman and Hall, London, 1995).
[3] I. E Kochevar,., M. C. Lynch, S. Zhuang, C. R. Lambert, Photochem. Photobiol., 72, 548 (2000)
[4] T. J Dougherty,. et al. Photodynamic Therapy. J. Natl. Cancer Inst. 90, 889 (1998)
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Abstract
In the present work, trials were carried out to study the effect of gamma irradiation on
germination, growth, dielectric, fluorescence and light absorption properties of wheat. The irradiation
doses were 0, 1.5, 2, 2.5, 3, 5, 7 and 10 Krad. The obtained results clearly confirmed the absolute
superiority of the 2.5 Krad treatment, which significantly increased the germination percentage, plant
height, root length and dry matter of shoot and root. Fluorescence and light absorption spectra of the
chlorophyll attributed to different exposure doses of wheat grains supported the superiority of the 2.5
Krad irradiation dose in stimulating the photohormonal activity and this could explain the increased
germination capacity of wheat grains as well as the higher initial growth rate of wheat plant.
The dielectric properties of the different chlorophyll samples were measured in the
frequency range from 20 to 105 Hz. The data were fitted properly to obtain the permittivity,
conductivity and Cole-Cole parameter which could be used as a measuring tools to describe accurately
the plant growth. The obtained results are in good agreement with the morphological properties.
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At present, available literature crystallographic data indicate, that tetrapyrrole compounds found in
natural systems (photosynthetic light-harvesting complexes and reaction centers, hemoproteins,
vitamin B12) are characterized by different nonplanar conformations caused by the interactions with
the protein environment. Moreover, conformational dynamics and nonplanarity of tetrapyrrole
molecules due to steric hindrance effects take place in the systems modelling the energy and electron
transfer processes in vivo.
The detaled theoretical analysis (semiempirical PM3, DFT, and TD-DFT calculations) of the nature of
nonplanar conformations of the sterically encumbered mono-meso-phenyl –substituted
octaalkylporphyrins in the excited triplet state has been carried out. It was found that the
octaethylporphyrin-meso-phenyl molecule in the triplet excited state may occur in the highly
nonplanar conformation characterized by the out-of-plane displacement of the single Cmeso-Cphenyl bond
and the increased overlap of the porphyrin and the meso-phenyl ring. For the sterically strained
porphyrins, the transition into this nonplanar conformation is accompanied by the essential decrease of
the triplet—singlet energy gap down to 0.45 eV, in contrast to 1.33 eV for the planar conformation. A
remarkable accord between experimental results and theoretical calculations on T1→Tn absorption
spectra provides additional support for the conformational reorganization leading to the formation of
the nonplanar distortion of the octaethylporphyrin-meso-phenyl molecule in the triplet excited state.
On the basis of the quantum-chemical calculations for the mono-meso-nitro-phenyl–substituted
octaethyllporphyrins it has been shown that experimental differences in the value of the rate constant
of photoinduced electron transfer processes from tetrapyrrole macrocycle to NO2 group under
changing of the position of this group in meso-phenyl ring (para-, meta- and ortho-posotions) are
caused by (i) the phenyl ring librations around the single Cmeso-Cphenyl bond, (ii) rotation of the NO2
group around C-N bond and (iii) nonplanar distortion of the porphyrin macrocycle. These conclusions
is supported by the experimental data.
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A electret is a electric analogue of a permanent magnet. A bioelectret is a piece of
biomaterial capable to retain the polarization produced in it for longer time. The biomaterials
like collagen, DNA, RNA and Blood vessel walls etc possess this property. The kidney stone
mainly consists of calcium oxalate or calcium phosphate, which are dipolar in nature. The
pellet of the powdered kidney stone was formed in a mica window and vacuum aluminized.
Thermal polarization was carried out by sandwiching the sample between aluminum electrodes
of the same diameter as that of the aluminum layer evaporated on the samples. The electrode
assembly was kept in digital controlled oven. The samples were thermally polarized at different
temperature and different polarizing field. The series of observation were recorded using
keithley electrometer for thermally stimulated discharge current(TSDC). The TSDC peaks of
calcium oxalate or calcium phosphate appear at 50 and 600C in two different samples. It can be
concluded that the core of two stones consists of calcium oxalate or calcium phosphate in
different composition. The observed behaviour of TSDC recorded at low temperature and field
has been explained in terms of dipolar polarization. The dipolar polarization is further
confirmed by making a second TSDC run after the first one followed by subsequent cooling.
Now question arises that how the charge storage property kidney stone be exploited to study its
formation and its growth.
* To whom correspondence should be addressed, Fax : + 91 565 2763364, Email :
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Background: What is the role of quantum mechanics in biology? In many biological systems,
quantum mechanics' only role is to define the chemistry of the system. However, there are some
systems where quantum mechanics is critical for the biological "functionality", for example
photosynthesis. Penrose and others have even made highly speculative suggestions that the brain
might function as a quantum computer. What determines when quantum mechanics is important to
biology? A deciding factor may be decoherence, the “washing out” of quantum effects, due to the
typically "hot and wet" environment surrounding biomolecules.
Methods: We are investigating electronic excitations in optically active biomolecules and the effect of
decoherence due to a polar solvent (typically water). We find that the interaction between the solvent
and a biomolecule may be modelled quantum mechanically by the spin- boson model [2], a well
known many-body Hamiltonian for describing decoherence. This model depends only on simple,
physically obtainable parameters.
Results: We find that at room temperature the solvent is a strong source of decoherence, and for
typical chromophores this will prevent coherent oscillations between nearly degenerate energy states
[3]. The rate of decoherence is found to be comparable to that induced by the protein surrounding the
chromophore [4]. In the high temperature (300K) limit, the model also reproduces known results for
solvent-broadened absorption spectra.
We propose generalisations of this model suitable for describing Fluorescence Resonance Energy
Transfer (FRET) and for molecules undergoing light-induced conformational (structural) change,
which will be used to understand the quantum dynamics of these processes.
Conclusions: This model provides important insight into the role of quantum mechanics and the
environment in biological processes. It also has wider applications, such as describing biosensors
made of quantum dots coupled to biomolecules, and modelling the decoherence in a biomolecular
quantum computer. Systems of biomolecules and quantum dots may also be model systems for
investigating entanglement and decoherence on the nanoscale.
[1] S. Hameroff and R. Penrose, in Toward a Science of Consciousness - The First Tucson
Discussions and Debates, MIT Press (1996)
[2] A.J. Leggett et al., Rev. Mod. Phys., 59, 1 (1987)
[3] J. Gilmore and R.H. McKenzie, cond-mat/0401444 (2004)
[4] T. Renger and R.A. Marcus, J. Chem. Phys., 116, 9997 (2002)
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Relative fluorescence intensity

Since protein has a well-designed structure that is organized spontaneously into functional
molecular systems, in general, it exhibits a unique configuration in solution at room temperature.
Proteins bind cofactors, which interact with their amino acid side chains, play a central role in the
processes of both light absorption and its conversion into biological responses for photoreceptor
proteins. By modifying cofactors and/or amino acid residues, controlling the protein function is
expected to be realized, which has been extensively investigated so far. A question arises as to whether
a modified protein exhibits a unique structure or not. We have performed optical spectroscopy and
examined inhomogeneity of the protein configuration in the energy landscape through the excitation
wavelength dependence of fluorescence spectra for modified Photoactive Yellow Protein (PYP)s.
PYP has a p-coumaric acid (pCA) chromophore as a cofactor covalently bound to Cysteine residue
69 via a thiol-ester linkage. The pCA chromophore has a trans configuration, with the anionic
phenolic group forming a hydrogen-bonding network with neighboring residues Tyr42, Glue46, and
Thr50. This hydrogen network with pCA chromophore is considered to be a unique structure in PYP
[1, 2]. The hydrogen bonding network affects the configuration of the chromophore and strongly
contributes to form a unique structure and thus a unique configuration in the energy landscape viewing
through the chromophore. We modified or/and changed this hydrogen-bonding network by mutations
and introduction of the analogue chromophores. Since fluorescence of choromophore is highly
sensitive to the surroundings, we have performed fluorescence spectroscopy for analogue-PYP and
mutant PYP.
Excitation wavelength dependences of
fluorescence spectrum have been observed for
the modified PYP’s in some cases while no
1.0
dependence has been observed for the wildtype PYP. Figure 1 shows, as an example, the
0.8
case for 4-Dimethyl amino cinnamic acid
(DA) analogue PYP. It is considered that the
0.6
chromophore of DA-PYP in PYP has multiple
0.4
configurations since the hydrogen bond
network is expected to be broken by the
0.2
introduction of the bulky analogue.
[1] W.D.Hoff, et al., Biochemistry, 33,
13959(1994)
[2] G.E.O.Borgstahl, et al., Biochemistry, 34,
6278(1995)
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Fig. 1 Fluorescence spectra of DA-PYP
with excitation wave lengths
increasing by 10 nm from 360nm
to 500nm.
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In the past few years, redox proteins adsorbed on electrodes have gained increasing attention both in
physico-chemical and biophysical studies. Surface-enhanced resonance Raman spectroscopy (SERRS)
selectively probes the redox site of the adsorbed protein and thus allows monitoring potentialdependent changes in the molecular structure. By combining this technique with the potential-jump
method, it is possible to study the electron transfer dynamics of the immobilized species. It has been
shown that cytochrome c can be directly wired to a silver electrode by coating the metal surface with
pyridinyl terminated alkanethiols, in which the pyridinyl head groups are able to substitute for the
natural axial ligand Met-80. Under these conditions cytochrome c displays a potential-dependent
conformational equilibrium between five-coordinate high spin and six-coordinate low spin species.1
The rate constant of cytochrome c coordinatively immobilized on pyridinyl-terminated SAMs
containing more than 11 methylene groups exhibits the expected exponential distance dependence,
consistent with a nonadiabatic mechanism. However, at shorter chain lengths the rate constant of the
redox process becomes distance independent.2 A similar behaviour has been observed for cytochrome
c electrostatically adsorbed on electrodes coated with -carboxyl alkanethiols.3
Time resolved SERR experiments reveal that for coordinative immobilization the rate constant of
reduction in the distance-independent region still exhibits a clear dependence on the overpotential. On
the other hand, for electrostatic immobilization the apparent rate constant in the same region is
independent of the ovepotential. Thus, despite the similarities, the origin for the distance-dependence
of the electron-transfer rate constant at zero driving force in both model systems is different.
For coordinatively bound cytochrome c the experimental results are consistent with a change in
electron-transfer regime from nonadiabatic at long distances to adiabatic or friction controlled at short
chain lengths. In the case of electrostatic adsorption, a second process becomes rate limiting at short
distances, which is most likely related to the rearrangement of the hydrogen-bonding network of the
protein.

(1) D. H. Murgida, P. Hildebrandt, J. Wei, Y.-F. He, H. Liu and D. H. Waldeck, J. Phys. Chem. 108,
2261 (2004)
(2) D. E. Khoshtariya, J. Wei, H. Liu, H. Yue, D. H. Waldeck J. Am. Chem. Soc. 125, 7704 (2003)
(3) D. H. Murgida, P. Hildebrandt, J. Am. Chem. Soc. 123, 4062 (2001)
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Recent advances in THz technology based on ultra-short-pulse laser enabled the highly sensitive
detection of THz wave which covers the frequency region between the infrared and microwave band,
ranging from ~3 to ~100 cm-1. By using THz time-domain-transmission spectroscopy technique, the
collective modes of proteins and DNA have been intensively investigated [1, 2]. In the present work,
we have investigated the low-frequency mode of a bacteriorhodopsin related to the photo-induced
conformational change at room temperature by using the conventional THz time-domain-reflection
(THz-TDR) spectroscopy technique.
Figure 1 shows the experiment setup of the THz-TDRS. THz-pulse generation and detection were
used by a dipole-type photoconductive (PC) antenna driven by a mode-locked Ti:sapphire laser (~100
fs, ~700 mW, 80 MHz). THz wave is irradiated in
Si-Sample
sample through a Si-window with thickness 3 mm.
Sample Cell
PC emitter
Si window
The THz-reflection signal from the interface between
Air-Si
0
50 100 150
the Si and sample was detected with the PC antenna.
Time (ps)
Wire grid
In our measurement system, the sample cell has been
PC detector
improved to reduce the necessary volume of samples
800 nm,
and facilitate the change of sample. The inset shows a
~100 fs
typical result of the THz-TDR spectroscopy.
Delay time
According to Ref. [3], we can directly obtain the
Fig.
1
absorption coefficient in the THz region from the
experimental results. Figure 2 (a) shows the
calculation results of the absorption spectra obtained
from the THz-TDR signals of D96N
800 bR-D96N
Illum. OFF
bacteriorhodopsin at room temperature. The solid and
Illum. ON
600
dotted lines indicate the results of THz-TDR spectra
with the 580 nm illumination (M state) and without
400
that (dark state), respectively. The difference
spectrum between the M and dark states is shown in
200
Fig. 2(b). It is obvious that the difference absorption
0
band between dark and M states exists remarkably in
the frequency region above ~1.0 THz. From this
400
result, we consider that this absorption band is
originated from the conformational change of D96N
200
bacteriorhodopsin.
0
[1]S. E. Whitmire, et al., Biophys. J. 85, 1269 (2003).
0.0
0.5
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[2]A. Markelz, et al., Phys. Med. Biol. 47, 3797
Frequency (THz)
(2002).
[3] C. Ronne, et al., J. Chem. Phys. 107, 5319 (1997). Fig. 2
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Interfacial reactions are ubiquitous processes in biology. Well established examples are the cascade of
charge transfer reactions that take place at level of the mitochondrial and thylakoid membranes in
aerobic respiration and photosynthesis respectively. In those, as in many other cases, the reactions
occur under the influence of strong electric fields (c.a. 109 V/m) which can affect both the structure
and functioning of the intervening proteins. Addressing this kind of problems at a molecular level
requires a methodology in which the electric field strength can be explicitly controlled, and the protein
structure and reaction dynamics can be probed simultaneously. A simple approach consists in
immobilizing proteins on electrochemical interfaces where the electric field can be controlled and
some essential features of the self-assembled monolayers of ω-functionalised alkanethiols offers the
possibility of immobilising proteins electrostatically, hydrophobically, covalently or coordinatively by
proper choice of the head group. The structure and reaction dynamics of the adsorbed proteins can be
monitored by time resolved surface enhanced resonance Raman spectroscopy.
As specific examples, we will discuss the application of this methodology to the study of electric field
effects on the functioning of the electron carriers cytochrome c and cytochrome c6.
We will show that strong electric fields are able to block the reactions of the adsorbed proteins by
increasing the activation energies associated with electron and proton transfer steps, respectively.
Based on these results, we proposed that naturally occurring electric fields may modulate biological
charge transfer reactions at membrane interfaces in general.
[1] D.H. Murgida; P.Hildebrandt, J. Phys. Chem. B 106, 12814-12819, (2002)
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Study on the Effects of Periodic Scanning Light on Growth and Development of Mung Bean
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Background/aim: Light is essential to plants’ growth and development as one of the most effective
factors. It is well known that white light can induce the growth and development of plants, while the
homochromous lights affect plants differently [1]. Fleshy plants were said to develop very well under
periodic scanning light (PSL) (private data). Is PSL affect the growth of other plants in the similar
way? The present paper tried to study it with mung bean (Phaseolus radiatus L.) seedlings.
Methods: Three lights treatments were conducted with mung bean seedlings, which had grown under
dark for two days beforehand. The normal light (Control) was 45 µmol/m2 s, while the periodic
scanning light (PSL) was 15-45 µmol/m2 s in a sinusoidal red-green-blue period (50 Hertz), and the
periodic scanning red light (PSRL) was 15 µmol/m2 s in a sinusoidal period (50 Hertz) supplemented
with green and blue light at 30 µmol/m2 s)。The tests went on for 15 days with light regime 12 h/ 12 h
and temperature 25±1 oC. All the trials were 3 duplicates.
The length and weight of +1 leaves, and the +1 leaf area were measured every 3 d. The chlorophyll
content was surveyed on the 12th and 15th day with correlative means [2]. And the determination of
Ultraweak Biophoton Emission (UBE) was the same as the previous method [3].
Results: The results showed that the elongation and extension of leaves of seedlings under PSL or
PSRL were both less than that of seedlings under normal white light. Simultaneously, the fresh weight
of leaves and chlorophyll content of the former two were also lower than that of the control. It was
implied that the accumulation of dry substances in mung bean seedling was interfered by PSL or
PSRL. The longer the seedlings grew under PS(R)L, the more obvious the difference between them.
Furthermore, the UBE of +1 leaves were also increased greatly (1.40× or 1.67× of the control, P<0.01)
by PSRL or PSL.
Conclusions: The results suggested that PS(R)L might inhibit the division and elongation of mung
bean cells, prevent increment of cell volume and weight, and go against the formation of chlorophyll.
That is, PS(R)L was not favorable to the growth of mung bean seedling. The feeblish intensity of
scanning light could, at least partly, answer for it. However, that was not accord with the sharp
increment of UBE under PS(R)L [3, 4]. It was suggested that the effect of PS(R)L was similar to that of
stress.
1.Chu ZX, Tong Z, Feng LJ, et al. Acta Bot Sini, 41: 869~871 (1999)
2.Chen FM, Chen SW. Comm Fores Sci Tech, (2): 4~8 (1984)
3.Luo MZ, Li DH, Liang JN, et al. Acta Laser Bio Sini, 11: 173-176 (2002)
4.Li DH, Deng JM, Xing D. Life Sci Res, 2: 109-112 (1998)
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Acquisition of multidimensional spectroscopic elements such as 2D fluorescence intensity
mapping as a function of both the excitation and emission wavelengths is powerful tool to analyze
complex systems like biological materials and systems, which we call matrix spectroscopy.
Fluorescence matrix spectroscopy is often employed to identify different compounds in mixture, to
investigate donor-acceptor interaction, and to characterize homogeneous and inhomogeneous optical
properties. A conventional way to acquire a whole data set of excitation-emission intensities is based
on the scanning system: The cw-white light is filtered by a monochromator to provide the excitation
light at a specific wavelength, and the emitted light at a specific wavelength through another
monochromator is detected by a photomultiplier tube. Since this system requires an hour or more to
obtain the entire data, its usage is limited to stable and inactive samples against the excitation light.
However, in the case of biological molecules, photo-induced damage and reaction are rather common
especially against UV light.
We have designed and constructed a system for simultaneous acquisition of time-gated
excitation-emission matrices in the UV-visible wavelength range, which is achieved by combination of
femtosecond white light generation and charge-coupled devise (CCD) equipped with an image
intensifier (Fig.1).
By employing this method, we have performed some demonstrations for
complex systems, which have multi compounds and time-varying properties, for example, real-time
analysis of different compounds in mixture during photo-bleaching process and resonant energy
transfer between an amino acid and a chromophore in the course of the photo-reaction cycle.
Emission Wavelength
Excitation Wavelength

Fig.1. Schematic illustration of the
experimental setup and a typical results of the
measurement.
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Retinal proteins are transmembrane proteins that function as light-driven ion pumps (e.g.,
bacteriorhodopsin) or sensory photoreceptors (sensory rhodopsin). In each case, light absorption
causes a double isomerisation of the retinal chain that is followed by chromophore structure relaxation
and a subsequent deprotonation of the retinal Schiff bases which form the covalent linkages to the
protein. This proton transfer is associated with secondary processes in the protein that is either the
active transport of ions across the membrane or the formation of the signalling state that is recognized
by the respective partner protein. As prerequisite for a proper functioning of the proteins, the reaction
step that couples the chromophore structural changes with these secondary processes must be
irreversible.
The present work is dedicated to identify and characterise this reaction step in sensory rhodopsin II
(NpSRII) from Natronobacterium pharaonis. We have employed time-resolved resonance Raman
(RR) spectroscopic techniques that selectively probe the vibrational band pattern of the retinal and
thus provide information about the chromophore structural changes during the reaction cycle. In
solution, the RR spectroscopic analysis of NpSRII reveals far-reaching similarities with the
chromophore dynamics of BR up to the deprotonation of the Schiff base. However, in contrast to BR
the RR spectra indicate two structurally different chromophore states, i.e., M1 and M2. The conversion
between these states may be related to the reaction step that introduces uni-directionality into the
coupling of chromophore and protein structural changes. To analyse the parameters that control the
distribution among the two M-states, we have immobilised NpSRII on an Ag electrode which allows
probing the chromophore structure of the photoreceptor by surface enhanced resonance Raman (RR)
spectroscopy. In such a device, the photo-induced reaction cycle takes place under conditions more
similar to the natural membrane environment as far as electrostatic interactions are concerned.
Potential drops in the electrode/protein/solution interface correspond to electric field strengths that
may be similar to that provided by transmembrane potentials. In fact, the results demonstrate a
variation of the distribution among the two M states when the electric field strength is varied by
changing the electrode potential. It is therefore suggested that the functionally relevant structural
changes in NpSRII are controlled by membrane potential changes.
Reference.
L. Rivas, S. Hippler-Mreyen, M. Engelhard, P. Hildebrandt Biophys. J. 84, 1-10 (2003)
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Background/aim: In the past decade, charge migration phenomena in DNA have attracted much
interest because of relevance to the generation of damage and mutation. Furthermore, it is important
to understand the phenomena for their application to molecular electronic devices. Charge transfer in
donor/bridge/acceptor may proceed in two distinct mechanisms, namely the superexchange transfer
and the sequential transfer, but in any cases it occurs more effectively for the shorter bridge (DNA)
than the longer bridge (DNA). However, recently it has been reported that the charge transfer occurs
more effectively for the longer DNA when adenines are modified and have lower oxidative potential
[1]. In the present paper we propose the mechanism for this phenomena.

Methods: We apply the theory for charge transfer reaction in donor/bridge/acceptor [2,3] to the
present case. The charge transfer rates and the chemical reaction yields are calculated varying the
energy gap between the donor/acceptor and the bridge. The disorders in the energy levels and the
transfer integrals are included.

Results and Conclusions: For the smaller energy gap between the donor/acceptor and the bridge the
increasing charge transfer rate with the increasing DNA length is obtained and the theoretical results
agree reasonably well with the experimental ones.

[1] A. Okamoto, K. Tanaka, and I. Saito, J. Am. Chem. Soc. 125, 5066 (2003).
[2] A. Okada, V. Chernyak, and S. Mukamel, J. Phys. Chem. 102, 1241 (1998).
[3] A. Okada, S. Yokojima, N. Kurita, Y. Sengoku, and S. Tanaka, J. Mol. Struc(Theochem)630, 283
(2003).
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Background/aim: Recently, we have reported the enzyme-free generation of nicotinamide-adenine
dinucleotide (NADH) from the oxidized form (NAD+) in a KCl solution with a cathodically generated
·
viologen monocation radical (V+ ), playing a role as an electron-transfer mediator. The following two
reactions have been postulated for the generation of NADH;
·
(1)
NAD+ + 2V+ + H+ → NADH + 2V2+
·
+·
+
2+
NAD + V + H → NADH + V
(2)
·
·
2+
where NAD is the 1-e reduced NADH and V the parent species of V+ .
In this study, we theoretically showed that the two reactions occur under the hypothetical
conditions that all the components including Cl- from KCl are in vacuo.
Methods: The geometrical and electronic structures of all the components mentioned above were
calculated by the MNDO-PM5 molecular orbital method.
Results: From the calculation, it was expected that the reaction (1) consists of three elementary
processes (4)-(6) and that the processes (5) and (6) are present in (2);
·
·
NAD+ + X+ → NAD + X2+
(4)
·
· +
+
NAD + YH → (NAD )H + Y
(5)
· +
+ ·
2+
(NAD )H + X → NADH + X
(6)
·
·
+·
+
where X is an electron-transfer mediator, YH a proton donor and (NAD )H+ a protonated NAD .
·

Conclusions: The electron to reduce NAD+ seems to originate from Cl-. The 1-e- reduced X2+ (X+ )
seems to at first make a complex with Cl- and subsequently to transfer the excess electron of the
·
plausible complex to (NAD )H+, resulting in the NADH formation and the X2+ regeneration.
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Electron Transfer Rates at Low Temperatures Using Wilson’s Numerical Renormalization
Group
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Background: The spin boson model provides a well established description of electron transfer
processes from a donor to an acceptor. Whereas limiting cases are well understood, for certain
parameter regimes non-perturbative methods are needed. Furthermore, it is of general interest to
develop methods that allow to treat extended spin boson models, e. g., where electron correlations on
the donor (acceptor) and during multi electron transfer processes can be taken into account.
Methods: We provide a theoretical non-perturbative study of electron transfer rates based on the spin
boson model in a wide range parameter regime at low temperatures. We are calculating dynamic
properties with the bosonic Numerical Renormalization Group (NRG) [1] a generalization of Wilson’s
Numerical Renormalization Group. It is used in the Ohmic and Sub-Ohmic case as well as in between
the adiabatic and nonadiabatic parameter regime. As great advantage it can be extended to problems
where electron correlations have to be taken into account.
Results: As an example we calculate the time-dependent spin-spin correlation function C(t,ε) for an
asymmetric reaction within the spin boson model as a function of the energy bias ε for an Ohmic
dissipation. In the case where a unique rate constant exists we obtain the thermal rate constant for the
long time behavior of the correlation function. In addition, we show results for the function P(t) which
describes the time evolution of a state with the electron initially prepared at the donor site. We
compare our results with the real-time path integral Monte Carlo scheme. [2]
Conclusions: We used a new method - the bosonic NRG - to calculate the time and bias dependent
spin-spin correlation function, the time dependent occupation probability and the thermal rate constant
for the spin boson model between the adiabatic and nonadiabatic regime for an asymmetric reaction.
The method is of advantage since it is non-perturbative, reliable at low temperatures and extendable to
include electron correlations.
[1] R. Bulla, N. H. Tong, M Vojta, Phys. Rev. Lett. 91, 170601 (2003)
[2] L. Mühlbacher, R. Egger, Chemical Physics 296, 193 (2004)
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Background/aim: The transport of electrical signals in bio-materials, and in particular in the key biological
molecule Deoxyribonucleic acid (DNA), on a molecular scale is of fundamental interest in the life sciences. The
highly anisotropic structure of DNA implies that the conduction process should be extremely sensitive to the
internal structure and to the local environment of the DNA double helix. The aim of this research is to
contribute in revealing the dynamical properties of native DNA as a function of its aqueous environment, like
electrolyte concentration, counter-ion and pH.
Methods: We employed low frequency dielectric spectroscopy in the frequency range of 100 Hz to 100 MHz
(LFDS) in conjunction with home-made chamber for samples in solution. LFDS is a non-destructive tool, which
can be used for detecting and quantifying the polarization response of DNA in liquid environment. Because
DNA is a highly charged molecule, in an applied low-frequency ac electric field, its polarization response, in
combination with the motion of the surrounding ions, can be substantial.
Results: The home-made chamber is designed for measurement of liquid samples of small volume, 50-200 µL,
having conductivity in the range of 2- 2000 S/cm. Temperature stabilization is ±10 mK in the range of -20 +60 oC. Reproducibility is 1.5% and the measured sample stability is achieved on the time scale of 2 hours. We
will show results obtained on (1) a wide concentration range of salmon sperm Na-DNA solutions in pure water,
and on (2) a wide concentration range of pure lyophilized (no buffer) calf thymus DNA solutions in pure water
and in NaCl electrolyte.
Conclusions: We discuss the possible assignments of observed relaxation modes taking into account the value
and the concentration dependence of the dielectric relaxation parameters obtained from fits to the generalized
Debye function (the dielectric strength, the central relaxation time and the distribution of relaxation times).

Fig. 1. Frequency dependence of the real part of the dielectric function for three selected Na-DNA concentrations. Two
relaxation modes in the range 10kHz-10MHz are found. Full lines are from fit to the sum of two generalized Debye
functions. Each of these is represented by dashed lines for solution C1 as an example.
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Background/aim: DNA is one of the candidates for next-generation electronic devices, because of the
full controllability of its sequence, the self-assembling feature, and the conducting properties.
However, DNA can easily be oxidized and subsequently decomposed at the guanine bases, which is
one of the obstacles to use DNA as a molecular device. Recently, it has been reported that the
oxidative decomposition is dramatically suppressed by attaching a phenyl group to a guanine in a
double-stranded oligodeoxynucleotide. [1] To suppress the oxidative decomposition further, it is
important to understand the role of the phenyl group in DNA.
Methods: The electronic structure calculations of B-DNA oligomers are performed by the AM1
Hamiltonian implemented in a semiempirical molecular orbital (MO) program MOPAC2002. The
solvent effect is taken into account by a continuum solvent model COSMO. A kinetic model is
proposed to calculate the yield of the oxidative decomposition of guanines.
Results: Because of the attachment of a phenyl group, the energy level of MO localized on the
guanine shifts to lower energy in a vacuum, whereas it shifts to higher energy in water. This is mainly
because the energy reduction of MO levels by the water solvent becomes smaller when the solvent
molecules are excluded by the phenyl group. Consequently, a hole trap is enhanced at the phenylated
guanine base in water. In addition, we have observed that energy shifts due to a benzyl group or a tertbutyl group are similar to those due to the phenyl group in our calculation. The suppression of the
oxidative decomposition of the phenylated guanine is reproduced by the kinetic model.
Conclusions: The observed suppression of the oxidative decomposition of guanines around the
phenylated guanine is explained by considering the solvent effects. [2] A kinetic model further
explains the suppression of the oxidative decomposition of the phenylated guanine.
[1] K. Nakatani, C. Dohno, and I. Saito, J. Am. Chem. Soc. 124, 6802 (2002).
[2] S. Yokojima, W. Yanoi, N. Yoshiki, N. Kurita, S. Tanaka, K. Nakatani, and A. Okada, J. Phys.
Chem. B 108 (2004) in press.
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Background/Aim:
It has been established for some years that the Gibbs free energy of short oligonucleotide duplexes can
be accurately estimated from simple models characterised by a linear dependence upon occurrence
frequencies of nearest-neighbour (NN) dimers. Furthermore an important issue to address in
dynamical models of small DNA molecules is the incorporation of the sequence-dependence in a
satisfactory manner. We report on a simple, two-body description for the free energy, which we have
shown to be statistically equivalent to NN dimer models of RNA-RNA [1], DNA-DNA [2] and RNADNA [3] hybrid duplexes at fixed solvent composition. We also illustrate how this qualitative
description of base pairing can be incorporated into dynamical models.
Method:
A collection of labels representing interacting degrees of freedom (DF) is assumed to approximately
describe an individual nucleotide. Correlations between NN pairs thus contribute to the overall duplex
free energy. The 5'-3' orientation molecular symmetry plus an assumed symmetry upon the space of
interacting DF are exploited to reduce the number of unknown model parameters. Parameter values are
then obtained from linear regression upon empirically derived Gibbs free energy estimates and our
predictions are compared with the existing NN dimer model calculations.
Results:
We obtain 10-parameter models for RNA-RNA and DNA-DNA duplexes (of Watson-Crick paired
bases) in excellent agreement with both the 12-parameter NN dimer models and the empirical data.
Moreover the RNA-DNA hybrid model is found to provide better predictions than the conventional
dimer method. Attempts to incorporate mismatched pairs, while consistent with the NN dimer
approach, provide reduced accuracy in predicting Gibbs free energies.
Conclusions:
We have shown that a more "fundamental" description, that is, with fewer model parameters, of base
pairing underlies the conventional NN dimer method. The key difference - of labelling 2-body
correlations at a sub-nucleotide level - suggests possible improvements in building dynamical models
of short, heterogenous, oligonucleotide duplexes.
[1] J.D. Bashford and P.D. Jarvis, Biopolymers 73, 657-667 (2004).
[2] J.D. Bashford and P.D. Jarvis, Report No. UTAS-PHYS-2004-05.
[3] J.D. Bashford, Report No. UTAS-PHYS-2004-06.
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Theory of electrostatic interaction between ideal/homologous DNA duplexes [1] has shown that at a favourable
azimuthal orientation it may result in strong attraction of juxtaposed DNA. DNA with a random sequence of
base pairs (bp) however is not an ideal double helix: twist angles between neighboring bp-s depend on the
sequence [2]. This would not allow DNA molecules to stay “in register” over a longer juxtaposition length, if
they were torsionally rigid, significantly diminishing attraction or even turning it into repulsion; this offers an
opportunity of recognition of homologous DNA sequences from a distance, without unzipping [3]. However,
torsional elasticity of double helices allows adjustment of the backbones and a partial relaxation of twist angle
mismatch on the opposing DNA. This restores attraction between nonhomologous DNA [4], although
diminished as compared to the case of interacting homologous sequences.
At elevated temperature, the double helix denaturates. The number of bp in the melted state is known to grow
with temperature, DNA becoming an alternating set of helical and melted fragments [5,6,7]. The question
arises, how DNA-DNA interaction in columnar aggregates affects melting? In order to answer this question we
incorporated the concepts of DNA melting [6] into the theory of electrostatic DNA-DNA interaction in
hexagonal aggregates [1,4]. The answer appeared to be different whether we deal with homologous or
nonhomologous aggregates, and whether the molecules are torsionally rigid or soft.
We found that the melting in homologous aggregates is less favourable than in diluted solution at all
temperatures, the melting temperature rising by several degrees. The molecules are locked in strong azimuthal
order and do not “want” to denaturate. For an aggregate of randomly sequenced DNA the effect on the melting
temperature is weaker than for homologous helices but is of the “same sign”. This difference might be
interesting to detect experimentally. In both cases stronger electrostatic interaction in denser aggregates
enhances the effect. This may be one of the reasons why B-DNA remain double-helical in dense aggregates,
even at 50°C and in the presence of destabilizing cations, such as Mn2+ and Cd2+ [8]. If DNA where rigid, in a
system of nonhomologous helices the tendency is expected to change. Indeed for shorter double helical
fragments the mismatch dos not sufficiently accumulate whereas longer fragments repel each other, it would be
profitable to have melted fragments to relax the mismatch and to lower the interaction energy.
Can experiments on DNA melting, probing theses effects, give us unambiguous picture of DNA interactions?
Only to the accuracy of poorly known effect of entropic, “confinement” forces acting between the melted
sections that are expected to disfavour melting in the aggregate. Estimates show, however, that these forces
might be depressed since the ends of the melted sections are not free but “locked ” by favourable azimuthal
order of intact double helical sections.
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Background/aim. Water solutions of B-DNA (right-handed helix, with a pitch of 3.6 nm) present the
phenomenon of polymorphysm, with phase transitions occurring as a function of the concentration. At
sufficiently high concentration chiral nematic (cholesteric) phases are formed [1-3]; in these liquid crystal
phases the axis of molecular alignment (director) rotates in space, drawing a left-handed helix with a pitch of
the order a few micrometers. This increases with temperature [4] and is slightly influenced by the ionic strength
of the solution, while stronger effects are obtained in the presence of intercalators, like ethidium bromide, or
minor groove binders [5]. The chirality of the pahse derives from that of the molecule, but the relation between
the two levels is not clear. The chiral contribution is only a minor part of the whole intermolecular interactions,
and has a strong dependence on molecular details. Therefore it cannot be understood without a realistic picture
of the intermolecular forces between DNA molecules in the water-ion environment. The available theories
provide expressions for the cholesteric pitch in terms of steric interactions between helical particles [6] or
screened electrostatic interactions between helical charge densities distributed on the surface of cylindrical
particles [7].
Methods. The cholesteric pitch is derived from intermolecular potentials by using a statistical-thermodynamics
approach, based on the Density Functional Theory formalism. Steric and and electrostatic interactions between
DNA double helices are considered; the former are treated in terms of excluded volume, while for the latter a
mean field approximation is used. A coarse grained representation of DNA is used, with fused spheres
corresponding to base pairs, sugars and phosphates, and partial charges located at suitable sites [8]. This choice
is a compromise between the requirements of computing feasibility and inclusion of sufficient detail for a
realistic account of the chirality of molecular shape and charge distribution.
Results and Conclusions. A left-handed cholesteric phase is predicted, with magnitude and temperature
dependence of the pitch in agreement with the experimental results. The opposite effects of steric and
electrostatic interactions are singled out, along with the key roles played by the short-range interactions and the
chirality of the molecular shape.
[1] F. Livolant, Physica A 176, 117 (1991)
[2] Yu.M. Yevdokimov, S.G. Skurdin and V.I. Salyanov, Liq. Cryst. 3,115 (1988)
[3] D.H. van Winkle, M.W. Davidson, W.X. Chen and R.L. Rill, Macromolecules 23, 4140 (1990)
[4] G. Proni, G. Gottarelli, P. Mariani and G.P. Spada, Chem. Eur. J. 6, 3249 (2000)
[5] F. Cesare-Marincola, G. Saba and A. Lai, Phys. Chem. Chem. Phys. 5, 681 (2003)
[6] J.P. Straley, Phys. Rev. A 14, 1835 (1976)
[7] A.A. Kornyshev and S. Leikin, Phys. Rev. Lett. 84, 2537 (2000)
[8] J.L.F. Abascal and J.C.G. Montoro, J.Chem. Phys. 114, 4277 (2001)
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Background/aim: Intrinsic noise in the gene expression is unavoidable due to a small number nature of
biomolecules in a cell [1]. The systematic analyses of the stochastic dynamics, therefore, are most desired to
understand the design principle of the gene network. Here, we theoretically examine a simple genetic oscillator
composed of three genes [2] to examine how the noise affects the oscillatory behavior of the circuit.
Model and Method: Repressilator is a network composed of three genes in which protein synthesized by one
gene represses the expression of the other gene (Figure 1a). We simplified the expression process at each gene
into four chemical reactions; repressor binding with the rate h, repressor unbinding with the rate f, protein
synthesis with the rate g when the repressor is absent from the promoter site, and protein degradation with the
rate kn where n is the number of synthesized proteins [3]. Each gene switch can be characterized by two
quantities, the representative value of the number of proteins, X = g/2k, and the ratio between time scales, =
f/k, which measures the “adiabaticity” of the gene switching. The master equation is derived to represent the
stochastic dynamics of the network of Figure1a and its behavior is analyzed in terms of above two quantities.
Temporal changes in the average number of proteins and in its variance are calculated by applying the meanfield type approximation to the master equation and are compared with the Monte Carlo (MC) simulation.
Results: The mean-field solution shows the Hopf bifurcation from the stationary state to the limit cycle by
varying X and as in Figure 1b. In the MC simulation, the repressilator shows coherent oscillation in almost
the same area at which the limit cycle was found in the mean-field solution. The Fano factor, the ratio of
variance to the average, is larger in the coherently oscillating area than other areas. Figure 1.c shows that the
stochastic fluctuation overcomes the amplitude of the coherent oscillation as X decreases or increases.
Conclusions: We showed with the mean-field and MC methods that repressilator oscillates coherently in a
limited area of the X- plane. MC results showed, however, that the repressilator continues to oscillate with a
fairly long lifetime in the condition that the mean-field solution shows a damped oscillatory relaxation with a
rather short lifetime. This disagreement between the MC results and the mean-field treatment on the moment
equations should be attributed to the temporal correlation in the stochastic process which is not expressed in the
moment equations.
[1] Blake W.J., Kærn M, Cantor C.R., and Collins J.J., Nature, 422:633-637, 2003.
[2] Elowitz, M.B. and Leibler, S.A., Nature, 403:335-338, 2000.
[3] Sasai, M. and Wolynes, P.G., Proc. Natl. Acad. Sci. U.S.A., 100:2374-2379, 2003.

b

a
gene 1

c

gene 2

gene 3

Figure 1: a, A repressilator network. Lines connecting each gene to the other show the
negative regulatory relation. b, The phase diagram derived by the linear-stability analysis
of the mean-field solution. The largest eigenvalue of fluctuations around the stationary
state is plotted by contours. The stationary state is unstable in the area of positive
eigenvalue. c, The ratio of the averaged standard deviation to the averaged amplitude of
oscillation in the number of proteins, calculated from the mean-field solutions.
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Background/aim: Double-stranded DNA (dsDNA) undergoes denaturation transition above which the
strands unbind globally. At temperature (including the physiological temperature) below the transition
the base pairs tend to unbind locally, giving way to bubbles, i.e. locally denaturated states. Here, we
present a new stochastic formulation which describes the conformation of thermal base-pair openings
of homogeneous DNA and generalize the scheme to the case of random sequence DNA.
Method: In the flexible-chain limit, the imaginary-time Schrödinger equation (i.e. the Edwards
equation) describes the interstrand distance distribution of dsDNA with the sequence number as the
time. We transform the equation to the Fokker-Planck equation (FPE), where we find the temperaturedependent potential upon which the associated Brownian particle moves. With the FPE, we
analytically obtain order parameter, correlation functions, and loop size distributions, which are
compared with simulation results via the equivalent Langevin equation. For heterogeneous DNA, the
temperature-dependent potential can be decomposed into two parts, that is, sequence-independent
mean potential and sequence-dependent perturbing potential. The sequence-dependent part is
described with non-equilibrium dichotomic noise whose characteristics represent the randomness of
DNA sequence.
Results & conclusions: For homogeneous DNA, we observe that the thermal opening occurs below
the denaturation temperature, and find that both correlation function and loop size distribution follow
the form, exp(− n∆) / n.3/ 2 (Here, ∆(T ) is the free energy of binding energy per base-pair and n indicates
the loop size.) For random sequence DNA, the amount of G-C pairs is found to control the thermal
stability of dsDNA. As G-C content increases, denaturation temperature linearly increases and bubble
formation is significantly suppressed. If a sequence correlation modeled by exponential decay
~ exp(− n / ξ ) with the correlation length ξ exists, it is found that bubbles larger than the critical size
comparable with the correlation length are more excited than in homogeneous DNA. This effect
becomes pronounced as the temperature approaches the denaturation temperature of A-T pairs.
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Background/aim: The alternating sequences of DNA can be of heteronomous form. This form
combines conformational parameters typical for classical A and B conformations. Heteronomous
conformation is characterized with coexisting of two forms of furanose rings (C3'-, C2'-endo) in the
pair of nucleotides of DNA monomer link. This DNA form is probably realized in the TATA-box of
DNA, and determines the anomalously large bendability of the macromolecule at this site [1]. To
understand the mechanism of TATA-box conformational transformations we model structure mobility
and find the types of conformational excitations of DNA macromolecule in heteronomouse
conformation.
Methods: We have constructed the two-component model for describing DNA conformational
transformations with simultaneous transitions in the furanose rings of the monomer link. Internal
component describes the change of the base pair position in the double helix. External component
describes the displacement of mass centre of the monomer link. Nonlinearity of the system is
accounted with a form of potential energy describing C3'→C2' and C2'→C3' sugars transitions in
monomer link, and interrelation between monomer conformational transition and macromolecule
deformation.
Results: In the approximation of small amplitudes of displacements, the dynamics of the system is
described with the phonon vibrations of nucleosides pair relatively to backbone. The frequency of this
vibration lyes in the range of 20cm-1. In the approximation of relatively large amplitudes of
displacements, static conformational excitations of heteronomous DNA have been found. The
conformational excitations have step-like form for the inner component and bell-shape form for
macroscopic deformation of macromolecule in the range of transition.
The conformational excitation envelops about 6 base pair of macromolecule and corresponds to the
size of TATA-box.
Conclusions: The comparison of our results with experimental data [2] allows to confirm that the
localized conformational excitations may realise in DNA TATA-box and it causes the deformation of
the macromolecule fragment. Besides, the unusual flexibility of TATA-box binded with TBP is
determined with specific conformational mobility in DNA structure in the heteronomous form.
[1] A. Klug, Nature 365, 486 - 487 (1993)
[2] J.L. Kim, S.K. Burley, Nature Struct. Biol 1, 638 - 651 (1994)
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Acid sequences, the Darwinian optimisation of the physical origin of complex catalysis.
By exact methods, it is proven that the Darwinian optimum of complex catalysis predicts acid pK linear
sequences in complex fluctuating acid interfaces. The evolution of acid sequences crucially confirms the novel
theory of catalysis, of proper entropy as its cause, and of its optimum at the specific pK's in aqueous molecular
surfaces. Linear "1D" sequences are required to obtain optimally specific complex catalysis of macromolecules.
"2D" fluctuating surfaces are not sufficient. This result is exact and therefore strongly suggests to reconsider
steric concepts of complex catalysis. Steric concepts furthermore impose Euclidian space, rendering chirality a
mystery. Our theory does not impose that limitation. In fact, biaxial interfaces are inevitable in polar solvent.
Proper entropy by necessity imposes reversible fluctuations "left" and "right" originating following Einstein's
method irreversible mean rates and also chiralities. This effect is already observed in "2D" topologies, e.g
during the nervous impulse. It is most famous, since most dramatic in Euclidian space, for "1D". The WatsonCrick Helix reminds the unanswered paradoxon: Why right-handed? Why left-handed? What is the origin of
chirality? In this novel theory of catalysis, entropy is "a priori" and space "a posteriori" and the paradoxon
disappears. Space itself is catalysed and function can no more be reduced to the representation in Euclidian
space. The theory of catalysis caused by proper entropy does generalise Einstein's theories, not only Brownian
motion in "3D" and of rates in "time" of diffusion and of catalysis in "2D". Probability, but not space and time,
is the nature of the law of catalysis. Optimal "critical" fluctuations explain the specificities and the optimal
folding upon fluctuating catalysis. Thus, the most complex specificities are predicted at pK sequences in "1D"
requesting care for the meaning of "pK" if measured by titration instead of fluctuation. The theory imposes
thermodynamic instead of Newtonian premisses as condition on dynamical models of DNA structure and
function. It does use the method of entropy successful for predicting genetic structure since Schrödinger's
monography "What is Life?" This novel theory however generalises the static prediction from entropy of
"aperiodic crystals" to dynamics and catalysis of considerable complexity. It has to be expected that this new
view-point will solve more paradoxes in genetics, as far as caused by the view-point of the observer on
replication in "space-time". The simple physical law of proper entropy has allowed already exact conclusions
for the optimal biological macromolecules and the functional fluctuations of DNA in complex catalysis.
Einstein's physics when applied to aqueous interfaces does provide the origin of the living. The law is simple
and efficient. The matter is increasingly complex to which its applies. And the view-point of the observer is
creating paradoxes. Still, as in the non-living, this law is independent from view-points. It does therefore unify
the living even where it is most complex: in genes and, as follows, also in brains.
References:
Schrödinger, Pauling, Watson, Crick, Monod, Eigen, Luisi, Ventor, Fersht.
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Many rodlike biopolymers such as DNA occur in compact ordered forms in vivo. Recently, much attention has
been focused on theoretical treatments of the experimentally (in vitro) observed electrostatic attraction between
such negative like-charged biopolyelectrolytes, induced by multivalent ions [1,2]. The fundamental unit of
DNA packed in chromatin in eukaryotic cells is the nucleosome core particle (NCP), composed of a histone
protein octamer core with DNA wrapped around it and flexible positively charged histone tails protruding out.
The net negatively charged NCPs also show counterion induced aggregation in vitro. DNA-histone tail
interactions are important for the mechanisms which are responsible for transcription and replication.
Molecular dynamics (MD) computer simulations of charged tail – DNA interactions in systems
mimicking NCPs have been conducted. We modeled simplified systems of the NCP consisting of flexible
polycationic histone tails attached to the negatively charged spherical particle, using a dielectric model of the
aqueous solvent (Fig. 1, left). The size, charge and distribution of the tails relative to the core were built
mimicking real NCP. Increase of monovalent salt content from salt-free to physiological concentration leads to
formation of NCP aggregates; and likewise in the presence of MgCl2 the NCPs form condensed systems via
histone tail crosslinking and accumulation of counterions. Our results are in good agreement with experimental
data.
More detailed mechanisms of the histone tail – DNA binding and dynamics have been obtained from
all-atom MD simulations (including water) comprising three parallel DNA oligomers and fragments of the H4
histone tail We found correlation of the DNA-DNA distance with the presence and binding of the histone tail
between the DNA molecules.
Future comparison of the results for unmodified and modified (reduced positive charge on the tails
corresponding to transcriptionally active states of chromatin) could help to understand molecular mechanisms
behind epigenetic control of transcriptional regulation.
1. A. Lyubartsev, J. X. Tang, P. A. Janmey and L. Nordenskiöld,
Phys. Rev. Lett., 1998, 81, 5465-5468,
2. Tang, J. X.; Janmey, P. A.; Lyubartsev L.; Nordenskiöld. L. Biophysical J., 2002, 83(1), 566

Fig. 1. Initial configuration of NCPs in dielectric continuum MD simulations (left); aggregation in the presence
of Mg2+ (middle); DNA - DNA interaction mediated by positively charged peptide histone tails from all atom
MD (water not shown) (right).
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Background/aim: Single-molecule studies of unzipping DNA under constant force (Figure 1a) have
revealed that the unzipping occurs in a series of pauses and jumps, with the locations of the pause
points strongly governed by the DNA sequence [1] (Figure 1b). As a first goal in understanding this
dynamical behavior, we investigate the pause point locations.
Methods: Experiments were performed on lambda phage DNA using a magnetic bead method to
unzip the DNA under constant force [1]. We model the DNA unzipping process by considering the
motion of random walkers on an appropriate free energy landscape [2]. Pause point ‘spectra’ are
generated through histograming many unzipping trajectories followed by window averaging according
to the spatial resolution of the experiments.
Results: The theoretical pause point spectra match those of experiment to a high degree. The only
inputs into the theoretical analysis are the temperature and the specific base sequence, thus providing
strong evidence that the pauses and jumps are determined primarily by the DNA sequence.
Conclusions: The algorithm to generate pause point spectra can be used to find pause points in
experimental data, as well as to predict their locations. Furthermore, the algorithm is general and can
be applied to other systems where a free energy landscape can be defined, such as the case with
molecular motors [3].
[1] C. Danilowicz, V. Coljee, C. Bouzigues, D. Lubensky, D. Nelson, M. Prentiss, Proc. Natl. Acad.
Sci. USA, 100, 1694 (2003)
[2] D. Lubensky, D. Nelson, Phys. Rev. E, 65, 031917 (2002)
[3] D. Keller, C. Bustamante, Biophys. J., 78, 541 (2000)

Fig. 1. (a) Schematic of the DNA
constant-force unzipping
experiment using magnetic
beads. The unzipping fork is
denoted by m(t).
(b) Sample experimental
trajectories, m(t), showing clear
pauses and jumps.

A06-253
Numerical Simulations of the IR Spectra of GC Watson-Crick
and Protonated Hoogsteen Base Pairs
C. I. Morari, C. M. Muntean
National Institute for Research and Development of Isotopic and Molecular Technologies, R-400293 ClujNapoca, P.O. 5, Box 700, Romania, tel: +40-264-584037, fax: +40-264-420042, email: cmuntean@s3.itimcj.ro

Background/aim: Significant changes in the Raman spectra of calf-thymus DNA were observed upon
lowering the pH. In order to get a better insight into these effects several simulations of the Raman spectra
of the guanine-cytosine Watson-Crick and Hoogsteen base pairs have been performed [1]. In this work the
similar changes in the IR spectra of the guanine-cytosine base pairs were investigated. The geometrical
models used in our calculations are given in Figure 1. Our aim was to give a theoretical description of the
intensity changes in the IR spectra, similar with those observed in the Raman spectra, in order to understand
in a better way the mechanisms responsible for these changes.
Methods: The simulation was performed at Hartree–Fock level, using the MINI basis set. Guanine, cytosine
and the sugar pucker were included in the calculation. The GAMESS package [2] was used for all
calculations.
Results: By performing the theoretical simulation of the infrared spectra of GC Watson-Crick and
Hoogsteen base pairs, it was found that the intensity changes in the theoretical bands located at 970, 1368
and 1600 cm-1 are significant. The comparison with similar simulation for the Raman spectra shows that the
changes in the IR intensities are more pronounced for the bands mentioned above.
Conclusion: The transition from a Watson-Crick to a protonated GC Hoogsteen base pair lead to
significant changes into the IR spectrum of the base pair. These changes were assigned to the out-of-plane
motion of the hydrogen atoms, the carbon-carbon stretching and to the torsional degrees of freedom of the
atoms involved in the hydrogen bonding of the base pair.
[1] C. I. Morari, C. M. Muntean, Biopolymers (Biospectroscopy) 72, 339 (2003)
[2] M.W. Schmidt, et al. J. Comput. Chem. 14, 1347 (1993)

Fig.1: GC Watson-Crick (left) and Hoogsteen (right) base pair optimized using gradient methods at
HF/MINI level. The sugar pucker was included in the calculation.
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Background/aim: Various types of periodic patterns in nucleotide sequences are known to be very
abundant in a genomic DNA sequence, and to play important biological roles such as gene expression,
genome structural stabilization, and recombination [1].
Methods: We present a new method, named "STEPSTONE", to find a specific periodic pattern of
repeat sequence, inter-spread repeat, in which the tandem repeats of the conserved and the notconserved regions appear periodically. In our method, at first, the data on periods of short repeat
sequences found in a target sequence are stored as a hash data, and then are selected by application of
an auto-correlation test in time series analysis [2]. Among the statistically selected sequences, the
inter-spread repeats are obtained by usual alignment procedures through two steps.
Results: To test the performance of our method, we examined the inter-spread repeats that were found
by experimental and visual inspection, in Homo sapiens, Mycobacterium tuberculosis (Fig. 1), Zea
mays, and Zamia paucijuga genomic sequences. As a result, our method exactly detected the repeats in
the above sequences.
Conclusions: Our method is useful for identifying systematically the inter-spread repeats in DNA
sequence.
[1] Benson, G., Nucleic Acids Res., 27(2), 573-80 (1999)
[1] Ljung, G.M. and Box, G.E.P., Biometrica, 65(2), 297-303 (1978)
[1] Groenen, P.M., Bunschoten, A.E., Soolingen, D. and Embden, J.D.A., Mol. Microbiol., 15(5),
1057-1065 (1993)

Fig. 1. Four inter-spread repeats in M. tuberculosis sequence [3] of detected by STEPSTONE are
shown. In each inter-spread repeat, a thick arrow corresponds with a repeat sequence, and a box
represents a conserved region of repeat sequence in the alignment.
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Free energy landscapes of all 16 possible DNA dimers (dApdA, dApdC, dApdG, dApdT, dCpdA,
dCpdC, dCpdG, dCpdT, dGpdA, dGpdC, dGpdG, dGpdT, dTpdA, dTpdC, dTpdG, dTpdT) are
presented. These free energy landscapes were created from two-dimensional potential of mean force
calculations based on replica-exchange umbrella sampling (REUS) MD simulations. Previously we
have calculated potential of mean forces of all 16 possible DNA dimers along a reaction coordinate R,
defined by the distance between the glycosidic nitrogen atoms of bases1. From the free energy
profiles, we observed good stacking for all DNA dimers at R = 4.1~ 4.2 Å. In the present study we
chose the distance R between the glycosidic base nitrogen atoms and the pseudodihedral angle X (NC1’-C1’-N) as reaction coordinates. A large number of very different conformations were obtained
from the REUS simulations. We observed the global minimum at R = 4.1~ 4.4 Å and Φ= 20°~ 40°
for all DNA dimers. These approximately correspond to a standard B-DNA structure.
[1] K. Murata, Y. Sugita, Y. Okamoto, Chem. Phys. Lett., 385, 1 (2004)
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Like-charge attractions have been widely observed in biopolymer systems such as DNA, actin, and
microtuble. A DNA molecule is negatively charged and takes on the form of a disordered coil in
aqueous solution containing monovalent counterions. When multivalent cations such as spermidine
(3+), spermine (4+) are in the solution, however, the DNA molecule collapses or condenses and forms
tightly packed structure above a certain concentration of multivalent cations. In DNA condensation,
the behavior of counterions in solution plays a key role. As multivalent cations are added, counterions
screening DNA are exchanged for multivalent counterions. For the DNA condensation about 90 % of
charge neutralization for DNA is indispensable [1].
In this work, to observe how counterions on DNA are exchanged due to adding multivalent cations,
we measured the fluorescence intensity of DNA bound the fluorescent dyes YO-PRO-1 or YOYO-1 at
various concentrations of spermidine. The decrease of the fluorescence intensity was observed with
the increase of spermidine. Considering the chemical equilibrium under the competition between the
dye and spermidine for counterion condensation on DNA, the theoretical curve well describes the
decrease of the fluorescence intensity (Fig. 1). These results indicate that dyes are exchanged for
spermidine at the binding site on DNA, that is, the exchange of counterions occurs. The parameters
associated with the decrease of the fluorescence intensity show that the relative affinity of the dye and
spermidine for DNA depends on the shape of DNA. Moreover, it is found that YOYO-1 prevents the
DNA condensation, but the effect of YO-PRO-1 on the condensation is very little, though both dyes
intercalate for DNA; the high affinity of YOYO-1 compared to YO-PRO-1 enable to prevent the
condensation.
[1] V. A. Bloomfield, Biopolymers 44, 269 (1997).

Fig.1: Dependence of the fluorescence intensity on spermidine concentration with theoretical curves. (a) YO-PRO-1, (b)
YOYO-1.
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Background/aim: The interactions of counterions with charged phosphate groups of the DNA
backbone determine the conformation of macromolecule and its mobility in the processes of biological
functioning [1]. Because of homogeneous distribution of counterions around the DNA backbone the
interacted ion-phosphate groups form a uniform lattice. Therefore, the ion-phosphate vibrations are
likely to be active in the electromagnetic field and visual in experiment. As known, the influence of
counterion species on DNA vibrations manifests itself in the Raman low-frequency spectra [2], but the
place of the ion-phosphate modes has not been determined yet. The aim of presentation is to determine
the ion-phosphate mode and its dependence on counterion type.
Methods: To determine the place of ion-phosphate modes in the DNA low-frequency spectra a model
of conformational vibrations of double helix with tethered ions of alkaline metals has been elaborated
[3]. Lattice normal modes of double-helical DNA with Li+, Na+, K+, Rb+ and Cs+ have been found and
the optic limited long-range vibrations characterizing by the largest amplitudes of ion-phosphate shifts
have been determined. Our study has showed that the Lavery dielectric function [4] fits the best for the
DNA low-frequency spectra description in comparison with other approaches [4,5].
Results: The analysis of dispersion equations has shown that ion vibration mode is twice degenerated
for light counterions (Li+, Na+), and is splitting into two modes for heavy counterions (Rb+, Cs+). The
calculated low-frequency vibration spectra of DNA with counterions are in good correlation with the
data of Raman spectroscopy [2,6]. Our results have shown that the frequencies of ion-phosphate
vibrations decrease as counterion mass increases. For Na-DNA the ion-phosphate vibration frequency
makes up about 230 cm-1, and for Cs-DNA – about 90 cm-1.
Conclusions: In the low-frequency spectra of DNA conformational vibrations there exists an ionphosphate mode. Ion vibrations are strongly dependent on counterion type and ion force of the
solution.
[1] L.D. Williams, L.J. Maher III, Annu. Rev. Biophys. Biomol. Struct 29, 497 (2000)
[2] T. Weidlich, J.W. Powell, L. Genzel, A. Rupprecht, Biopolymers 30, 477 (1990)
[3] S.N. Volkov, S.M. Perepelytsya, Bulletin of Kiev University, phys.& math 1, 388 (2002)
S.M. Perepelytsya, S.N. Volkov, Ukr. Phys. J in press (2004)
[4] J. Ramstein, R. Lavery, Biophysics 85, 7231 (1988)
[5] B.E. Hingerty, R.H. Ritcheie, T.L. Ferrell, J.E. Turner, Biopolymers 24, 427 (1985)
[6] T. Weidich, S. M. Lindsay, Qi Rui, A. Rupprecht, W. L. Peticolas, G. A. Thomas, J Biomolec.
Struct. Dyn 8, 139 (1990)
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Background:
DNA replication is an essential mechanism in life that involves, as a first step, the separation of
double-stranded DNA into single-stranded DNA through the action of specific molecules. In the last
decade, different experiments [1-3] have probed the sequence dependence in the DNA unzipping by an
applied force, which can provide insight about the origins of replication along the molecule. In
addition, recent experiences [4] reveal a complex response when DNA is unzipped under a constant
force: long pauses occurring at specific points in the sequence may be followed by rapid jumps. The
aim of our work is to test the ability of a mesoscale dynamical model of DNA to describe these
phenomena and correlate them with the sequence.
Methods:
Molecular Dynamics simulations of the unzipping process have been done by designing a simple
constant-force numerical experiment based on the Peyrard-Bishop-Dauxois [5] sequence-dependent
model. Simulations in the canonical ensemble are done by coupling the system to a Nosé-Hoover
chain of thermostats or to a dissipative environment through the Langevin equation of motion.
Results:
Our computational experiments are able to show different metastable states in the trajectory of the
pulling bead when a particular sequence is unzipped. The pauses correlate strongly with G-C rich
zones, however we have also found that high rate of unzipping may be related to the thermally
induced spontaneous opening which can exist in the absence of external forces for particular
sequences such as promoter transcriptional starting sites and major regulatory sites. This shows that
dynamical effects can play a significant role in the force-induced opening and moreover that the
opening may be controlled by non-local properties of the sequence. The correlation of the results with
experiments provides a test of the validity of the mesoscopic DNA model used in the simulations.
References:
[1] B.Essevaz-Roulet, U.Bockelmann, and F.Heslot, Proc. Natl. Acad. Sci. USA 94,11935 (1997).
[2] U.Bockelmann,B.Essevaz-Roulet, and F.Heslot. Phys. Rev. Lett. 79,4489 (1997).
[3] Smith,S.B., Cui,Y. & Bustamante,C., Science 271, 795-798,(1996).
[4] C.Danilowicz et al. Proc. Natl. Acad. Sci. USA vol 100, nº4,1694 (2003).
[5] T.Dauxois, M.Peyrard, A.R.Bishop. Phys.Rev.E, 47, 684-695 (1993).
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Sorokin V.A., Valeev V.A., Gladchenko G.O., Andrus’ E.A., Karachevtsev V.A.,
Blagoi Yu.P.
B.I. Verkin Institute for Low Temperature Physics and Engineering, National Academy of Sciences of
Ukraine, 47 Lenin Avenue, Kharkov 61103, Ukraine
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Background/Aim: Due to biological functioning of three-stranded structures being formed by oligoand polynucleotides [1], it is of interest to ascertain differences in Mg2+ and Ni2+ effects on the
conformational equilibrium in solutions of tree-stranded A2I.
Methods: Differential UV-spectroscopy, thermal denaturation.
Research objects: solutions of A2I, single-stranded poly I and IMP, containing Mg2+ or Ni2+ ions
(0.1M Na+, pH7).
Results: Concentration (up to 0.01M Mt2+) and temperature (up to 920C) dependences of ion-induced
changes in absorption spectra of A2I, single-stranded poly I and IMP were measured. Unlike Mg2+,
Ni2+ ions change absorption spectra of these polynucleotides and IMP. In the region of high
concentrations of Ni2+ ions the formation of their complexes with poly I and A2I is observed,
characterized with binding constants KI=2000 M-1 and KA2I=550 M-1, respectively. These complexes
involve an intraspheric interaction of nickel with N7 and, probably, an extraspheric binding to O6 of
poly I and A2I. In the last case the formation of the metal complex results in the triplex destruction.
Dependences of the melting temperature Tm on Mg2+ and Ni2+ ion concentrations were
obtained. Up to 0.01M Mg2+ ions increase the thermal stability of A2I while Ni2+ ions stabilize the
triplex only up to 2⋅10-4M. With higher contents of nickel ions Tm lowers, and cooperativity of A2I
melting decreases.
Conclusions: 1) The heating-induced conformational transition of A2I at [Mt2+]=0 and in the presence
of Mg2+ ([Mg2+]≤0.01M) and Ni2+ ([Ni2+]<0.002M) ions is the 3→1 transition (A2I→A+I+I). 2) The
rise of the A2I thermal stability in the presence of Mg2+ ions results from the fact that their constants
of binding to A2I are higher than those to single-stranded poly I and poly A. 3) Destruction of
triplexes A2I as well as lowering of the polynucleotide thermal stability and melting cooperativity in
the presence of Ni2+ ions are conditioned by the fact that Ni2+ ion binding to single- stranded
polynucleotides is more advantageous both by energy and entropy than to the three-stranded helix.
[1] C. Giovannageli, M. Rougee, T. Garestier, N.T. Thuong, C. Helene, Proc. Natl. Acad. Sci. USA
89, 8631 (1992)
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Background/aim: Feedback phenomena in gene expression occur when the protein products of gene
transcription bind to responsive elements (REs) of the gene regulatory region thus assisting or
inhibiting the RNA polymerase in the transcription process. Quite recently [1] we analyzed the
simplest case comprising single transcriptional activator that binds to REs as phosphorylated dimer
[2]. Diagramatical representation [3] of this model revealed the topology of causal relationships, in
particular a positive feedback loop. The associated apparatus of the transmission functions afforded
more exact formulation of the feedback concept and operation including the conditions for bistability.
In this contribution a more complex system encompassing both positive and negative feedback is
studied.
The model: We folow [2] to consider genetic regulatory system similar to that studied in [1] but
containing both activator (concentration c1) and repressor (concentration c2 ) proteins. The repressor
competes with the activator dimers for binding to REs. The kinetic equations relate rates of change of
c1 and c2 with values of c1, c2, cdim (activator dimer concentration) and some other parameters among
which the maximal rate of the activator synthesis k1f can be selected as a quantity representing
external influence: it is proportional to the activity of protein kinases and phosphatases which control
the degree of dimer phosphorylation.
Results of diagrammatic analysis:
The causal relationships among the main model quantities are
shown in Fig. 1. The diagram contains two feedback loops; transmission function of loop1, t(loop1), is
a positively definite function of k1f in the physiologically relevant domain, that of loop2 is negative.
We have evaluated characteristic dependences of the model for various parameter values and shown
that the qualitative behaviour of the system is controlled by the sum t(loop1) + t(loop2).
[1] F. Srobar, Bioelectrochem. (2004), in print
[2] P. Smolen, D. A. Baxter, and J. H. Byrne, Am. J. Physiol. 274, C531 (1998)
[3] F. Srobar, Eur. J. Phys. 13, 1 (1992)

Fig. 1. Diagram representing steady-state kinetics of gene regulatory system comprising activator and
repressor transcription factors. See text for meaning of the symbols
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Background/aim: In this work, we calculate the stiffness of the DNA double helix using a novel
method that depends on the use of normal mode dynamics to calculate the frequencies of the overall
bending and twisting motions of a series of DNA sequences. We investigate the dependence of DNA
deformability on the base sequence. Small differences in the bending and twisting stiffness are
detected by calculating the normal modes of segments of DNA of closely related sequence.
Methods: The present work utilizes the concept of performing many calculations on closely related
structures. Such an approach provides more accurate results than would be obtained from fewer
calculations since the built-in controls help isolate critical factors. As such, these controlled
calculations have much in common with carefully designed experiments. The normal modes of the
DNA oligomers are calculated in torsional space as described in the reference below and the
frequencies of selected modes are plotted as a function of sequence.
Results: The results show that sequences rich in A and T are more easily bent than those rich in G and
C. This differential bending stiffness does not depend on the order of the bases in the A,T-rich region.
Twisting, on the other hand is more complicated in that the stiffness depends both on the composition
of the region and on the presence of certain special base-pair steps.
Conclusions: This work demonstrates a novel method for calculating the conformational properties of
a series of closely related sequences and also provides a way of assessing the effect of perturbing a
DNA sequence with non-standard base pairs.
Reference: M. Levitt, C. Sander and P.S. Stern, Protein Normal-mode Dynamics:
Trypsin Inhibitor, Crambin, Ribonuclease and Lysozyme, J. Mol. Biol. 181, 423--447 (1985).
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It is known that many of antitumor drugs exert their biological activity by formation of
interstrand crosslinks in DNA. It is known that low doses of γ-radiation increase DNA stability
(melting temperature, Tm) in vitro in the absence of oxygen. Higher doses decrease Tm. It is supposed
that starting increase in Tm is caused by interstrand cross-link formation and subsequent decrease is
evoked by single and double strand breaks. However, it is impossible to understand such behavior of
Tm if both effects are supposed to be proportional to the dose of radiation.
To study the problem of influence of interstrand crosslinks on DNA thermodynamics we have
developed a theoretical method for calculation of melting curves of crosslinked DNA. The method
takes into account that, at the site of crosslinking, DNA double helix can be fully melted upon the
heating but the DNA strands cannot be separated after the melting.
As follows from different experimental studies, the majority of crosslinking antitumor drugs
violates DNA structure and destabilizes it. However there are few crosslinking compounds that give
rise to strong local stabilization of the double helix. Therefore the possibility of such an increase or
decrease in local DNA stability in crosslinked region is also taken into account in the theoretical
method.
We have studied melting of crosslinked DNA and revealed that melting behavior after
crosslinking becomes sensitive to a lot of parameters that do not influence the melting of DNA without
crosslinks.
The most interesting result that can explain DNA melting behavior after γ-irradiation is the
following: in the case of strong local destabilization of the double helix at a site of crosslinking,
crosslinks increase Tm if their concentration is low. With increase in dose (number of crosslinks)
stabilization does not increase further or even is changed by decrease in the melting temperature.
On the other hand the effect of ordinary destabilized sites (non-crosslinked) is proportional to
their number. Therefore total destabilization effect occurs at high doses.
This work was supported by BFFI (X04MC-031), INTAS (YSF2002-141) and ISTC (А301.2).
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We studied the breathing and denaturation of a DNA chain using molecular dynamics (MD)
simulations applied to the Peyrard-Bishopmodel. Although this model is an oversimplification in
many ways, e.g. due to its one-dimensional character, it has still shown to have a striking
correspondence to many experimental results [1]. The main advantage of this model over other
simplified Ising-type models is that it also includes the dynamics of the chain. This is of importance as
it is believed that nonlinear phenomena, such as discrete breathers and solitons, play an important role
in dynamics of the local opening of DNA molecules. So far, its application has been mainly restricted
to homogeneous sequences. Here, we present a study of non-homogeneous PB chains. Issues like
preferential opening
sites, existence of non-linear modes, and computer simulated denaturation curves will be addressed. In
addition, we studied an analytical approach based on collective coordinates [2] and determined rate
constants for bubble formation and complete denaturation using the rare event technique of transition
interface sampling (TIS) [3].
[1] C. H. Choi, G. Kalosakas, K. O. Rasmussen, M. Hiromura, A. R. Bishop,
and A. Usheva, Nucl. Ac. Res. 32, 1584 (2004)
[2] A. Sanchez and A. R. Bishop, SIAM Rev. 40, 579 (1998)
[3] T. S. van Erp, D. Moroni, and P. G. Bolhuis, J. Chem. Phys.
118, 7762 (2003)
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The molecules of double stranded nucleic acids fixed in the spatial structure of the liquid crystalline
dispersions have been used as the building elements of molecular constructions. The molecular
construction (MC) represents, by itself, the three-dimensional structure, where the neighboring DNA
molecules are cross-linked by polymeric chelate bridges, consisting of alternating molecules of
antibiotic and copper ions. Various factors (DNA base pairs, antibiotic structure, properties of metal,
pH, ionic strengh, etc.) influencing the efficiency of MC formation have been investigated. It was
shown that for the formation of polymeric chelate bridges reactive oxygen atoms at positions 5,6 and
11,12 of the antibiotic structure are necessary. Besides, the polymeric chelate bridges between DNA
(RNA) molecules are formed with the highest efficiency in solution containing Cu2+, this speaks in
favor of specific interaction of Cu2+ with DNA (RNA) base pairs.
The preliminary theory of formation of polymeric chelate bridges was elaborated. The first theoretical
model is based on a supposition that the ``beginning`` point for the bridge formation is an
anthracycline molecule. The second one is based on the supposition about the specific site for Cu2+
ions on the DNA surface. The third one takes into account the equal abilities for Cu2+ and antibiotic
molecules as the starting points for bridge formation. The theoretical calculations demonstrate the
equal probabilities of all three models.
The formation of polymeric chelate bridges is accompanied by a few effects: i) the diffusion freedom
of DNA molecules is limited, ii) the structure becomes to be rigid and possesses the three-dimensional
order, iii) the stability of the structure depends on the number and the energy of polymeric chelate
bridges, but not on osmotic pressure of solvent.
The ``melting`` curves of polymeric chelate bridges have been obtained for the first time. AFM images
of the liquid-crystalline dispertions of DNA, cross-linked by polymeric chelate bridges, demonstrate
that the mean size of particles is about 5000 Ǻ, each particle consist of ~ 104 DNA molecules.
A few possible applications of the DNA MC are discussed.
1. MC is a biosensing unit and its destruction is accompanied by optical effects.
2. MC is delivery system for DNA molecules and biologically active compounds bound to DNA.
3. The stabilized forms of MC are optical standards for the CD devices.
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In this article we rely on Peyrard-Bishop-Dauxois (PBD) model for DNA dynamics [1]. This
model takes helicosity into consideration and represents an extended version of the PB model [2]. The
influence of surrounding has been treated as viscosity [3]. Some improvements can be found in our
previous papers [4,5] where two sorts of viscosities, with big and small dissipation, were described.
Also, we showed that viscosity may bring about nonmodulated signal, i.e. the bell-type solitonic wave,
which moves through the DNA chain [6].
In Ref.[4] we explained that there existed the maximum value for the harmonic constant of the
helicoidal spring K. Namely, possible values for K are below 4.6N/m which means that a value of
8N/m, which was common in former estimations, was probably wrong. This has solved a problem
concerning optical and acoustical frequencies [1]. With the values of the parameter K that we have
proposed crossing points do not exist [7] and the optical frequency is higher then the acoustical one. In
this article we study the DNA dynamics assuming the resonance mode ( ω a = ω o ). We discuss the
possibility that this mode be the most favourable one.
[1] T.Dauxois, Phys.Lett.A 159 (1991) 390-395.
[2] M.Peyrard and A.R.Bishop, Phys. Rev. Lett. 62 (1989) 2755-2758.
[3] S. Zdravković, M. V. Satarić, Physica Scripta 64 (2001) 612-619.
[4] S.Zdravković, J.A.Tuszyński and M.V.Satarić, Peyrard-Bishop-Dauxois Model of
DNA Dynamics; Parameter Selection and Impact of Viscosity, submitted to Phys. Rev.
E.
[5] S.Zdravković and M.V.Satarić, DNA Dynamics and Big Viscosity, Int. J. of Modern
Physics B 17, Nos.31&32 (2003) 5911-5923.
[6] S.Zdravković, M.V.Satarić and D.Vuković, Modulation and Demodulation in DNA
Molecule, submitted to Phys. Lett. A.
[7] S.Zdravković and M.V.Satarić, About optical and acoustical frequencies in a
nonlinear helicoidal model of DNA molecule, submitted to Phys. Lett. A.
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Background/aim: Observation [1] of induction by divalent metal ions of DNA aggregation during the
melting transition was a stimulus to investigate if the phenomenon could take place in polynucleotide
systems at low polymer concentrations in solutions.
Methods: Conformational transitions were detected by measurements of UV melting curves.
Aggregation processes were followed by intensity of steady-state light scattering measured in a visible
range, by the method of photon counting.
Results: Anomalous strong light scattering was revealed upon melting of double-helical
polynucleotides, poly(dA)⋅poly(dT) and poly(rA)⋅poly(rU), in aqueous solutions (concentration 0.10.3 mM n.b.) in the presence of Mg2+ ions at certain ratios polymer/ions. The phenomenon is occurred
only in the temperature intervals of helix-coil transitions of polymers and depends on ionic strength of
solution. The appearance of a turbidity in samples yields “steps” in the absorption melting curves at
the temperatures corresponding to maximal light scattering (see Fig. 1).
It is remarkable that the opalescence intensity increased with the temperature rise up to the value
approximately corresponding to the transition midpoint, after which it decreased sharply and
disappeared at the end of polymer dissociation. The scattering is well observed visually and bears a
strong resemblance to a critical opalescence, for instance by existence of a multiple light scattering
(the luminous exciting beam trace was broadened by about three times). The phenomenon obviously is
caused by a fluctuating process of complexing by polymer strands arising in the presence of certain
Mg2+ concentrations.
Conclusion: Inducing by Mg2+ ions of a critical state during the helix-coil transition of
polynucleotides consisting of dA·dT and rA·rU base pairs was revealed. The effect can be of
biological significance relating to the genetic recombination process.

I540 scat. (a.u.)

[1] J.G. Duguid and V.A. Bloomfield, Biophysical J. 69, 2642-2648 (1995)
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Fig.1. Temperature dependencies of the optical density and light
scattering in poly(dA)·poly(dT) solutions (10 mM cacodylate
buffer, pH 6.9, 0.1 M NaCl) of 55 µM base pairs with Mg2+ ions
of concentration: 25 mM (−), 35 mM (8), 50 mM (,). The dotted
lines indicate the bounds of completion of melting transitions.

5

O. D.260

0
1.0
0.9
0.8
0.7
50

60

70

80

o

90

Temperature ( C)

100

Posters A
Modeling Aspects on Cell Biology

A08-308
Internet Tool for Network Inference: ASIAN
(Automatic System for Inferring A Network)
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Background/aim: Recently, we have developed a system, named ASIAN (Automatic System for
Inferring A Network), for inferring a network from a large amount of data. This system was the first
application of graphical Gaussian modeling (GGM) to gene expression profiles on a genomic scale, by
the combination of hierarchical clustering [1]. The feasibility of the system was validated by its
application to several data sets of gene expression profiles [2, 3]. In this poster, we present a web site
to utilize widely the ASIAN system [4].
Methods: This system is composed of four parts: the calculation of a correlation coefficient matrix for
the raw data, the hierarchical clustering, the estimation of cluster boundaries, and the application of
GGM to the clusters. In the GGM, a network is inferred by the calculation of a partial correlation
coefficient matrix from the correlation coefficient matrix. The network inferred by the present ASIAN
system can be depicted by a graph of edges and nodes. Apart from the high-throughput network
inference by ASIAN, the user can start flexibly from each part of ASIAN: the calculation of a
correlation coefficient, the hierarchical clustering, the automatic estimation of cluster number, and the
network inference. Thus, the present ASIAN web site is also responsible for various statistical
analyses in the user’s interests as well as the network inference. The details of the options in each part
are described at the poster.
Results: We performed a benchmark test for the computational time: the expression data of 2467
genes measured under 79 conditions were analyzed with a machine with four CPUs of 900 MHz
UltraSPARC III Cu and a memory of 16GB, under the Solaris8 operating system. As a result, the
computational time was 20min. and 0.1 sec. Thus, the performance of the present ASIAN system is
promising to investigate the network between clusters from a large amount of data, with a reasonable
computational time.
Conclusions: In summary, ASIAN is a novel web site that was systematically designed to estimate a
network from a large amount of redundant data with high computational performance, in addition to
providing visualization of the inferred network.
[1] Horimoto, K., et al. Bioinformatics 17, 1143-1151 (2001)
[2] Toh, H., et al. Bioinformatics 18, 287-297 (2002)
[3] Aburatani, S., et al. Signal processing 83, 777-788 (2003)
[4] Aburatani, S., et al. Bioinformatics, in press (2004)
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Background: Earlier models used for transcription factor (TF) binding site representation, cf. the widely used
weight matrix model [1], originate from information science. Recently Djoredjevic et. al [2] proposed a new
method, QPMEME, based on the physics of the DNA-protein binding, which can be used to estimate the
binding free energy contribution of the individual DNA bases, in relation to a chemical potential. We want to
compare this new, energy matrix model, to the weight matrix model.
Methods: We use the REDUCE method [3] to select TFs, the binding site occurrences of which significantly
correlate with expression levels from microarray experiments. The correlation coefficient of the model, based
on the most significant TFs, is used as a proxy for the biological significance of their found sites; the higher the
correlation, the higher the likelihood of correctly classified binding sites. This correlation coefficient has an
advantage over other measures, as it is sensitive to any misclassification of the binding sites, both rejections of
true binding sites (false negatives) and acceptance of non-sites (false positives). Exposure of false positives
without experimental tests on the discovered binding sites themselves is a central contribution of our method.
By comparing sites found with different binding site models we can estimate the quality of the found binding
sites, which of the models that are best used to describe binding sites for a certain TF and the overall quality of
the site models.
Results and conclusions: Figure 1 shows the correlation of the top ten significant TFs to the expression levels
during the cell cycle of the yeast Saccharomyces Cereviseae [4]. In general, the energy matrix model performs
better than the weight matrix model. We also demonstrate that sites found, both using energy matrices and
weight matrices, show significantly higher correlation with expression data than randomly found sites, with the
same distributions, giving them biological meaning.
[1]
[2]
[3]
[4]

G. D. Stormo et. al, TIBS, 23:109-113, (1998).
M. Djordjevic et. al, Gen. Res., 13:2381-2390, (2003).
H. J. Bussemaker et. al, Nat. Gen., 27:167-171, (2001).
P. T. Spellman et. al, MBC, 9:3273-3297, (1998).

Figure 1. Correlation of sites found using the weight
matrix model (green dashed line) and the energy matrix
model (blue solid line) during different stages of the cell
cycle. Experiments are colored after cell-cycle synchronization method.
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Background/aim: Morphogens are signalling molecules that play a key role in development. They
spread from a restricted source into an adjacent target tissue forming a concentration gradient therein.
The fate of cells in the target tissue is determined by the local concentration of such morphogens. So
far, the dominant mechanism by which morphogens are transported through the tissue has not been
clearly identified. Diffusion through the extracellular space generally can contribute to transport.
Recent experiments on the morphogen Dpp in the fruit fly Drosophila provide evidence that a process
called “planar transcytosis” is also important for morphogen transport [1]. In this process, morphogens
move through the cells after binding to cell surface receptor molecules. Here, a theoretical analysis of
planar transcytosis and its role in the formation of morphogen gradients is presented.
Methods: Analytical methods are used to obtain effective nonlinear transport equations on large
length scales. We also perform numerical calculations of a discrete physical description of planar
transcytosis on the cellular scale. We compare both descriptions and analyze the patterns formed as
well as their robustness.
Results: By analysis of the effective continuous transport equations, we reveal properties of the
transport mechanism. As a consequence of nonlinearities in the current, rich behaviour is found. Most
notably, we are able to show that gradient formation by planar transcytosis is very robust to changes of
the morphogen production rate in the source [2]. We demonstrate that the discrete model is very well
approximated by the simpler set of effective continuous transport equations on large length scales.
Moreover, the numerical calculations are in good qualitative agreement with the most important
experiments that were done so far. Transport models based on extracellular diffusion are not capable
of reproducing these experimental data [3].
Conclusions: Planar transcytosis provides a means to form morphogen gradients that are robust to
fluctuations of the morphogen production rate in the source. We aim at a quantitative comparison of
our theory to experiments which is of great importance for the identification of the transport
mechanism used to form morphogen gradients.
[1] E.V. Entchev et al., Cell 103, 981-991 (2000)
[2] T. Bollenbach et al., in preparation (2004)
[3] K. Kruse et al., preprint (2004)
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Background: From signaling proteins to transcription factors and enzymes, many proteins form
oligomeric complexes. These complexes can often be more resistant to proteolysis than their
monomeric components [1]. Such proteolytic resistance can result from enhanced protein stability [2]
and/or the burial of proteolytic signals [3] upon oligomerization, an effect we refer to as “cooperative
stabilization” [4]. One important functional consequence of this effect is that the rate of protein
degradation will increase nonlinearly with decreasing protein concentration as chemical equilibrium
shifts towards monomers, thus effectively removing a relatively larger fraction of molecules at low
concentration..
Methods: Such nonlinear degradation amplifies changes in the cellular concentration of functional
proteins and can be used to promote bistability and oscillation in bio-molecular networks. Using a
simple model of chemical kinetics, we explore the effect of cooperative stabilization on two genetic
circuits: a simple genetic switch [5] and oscillator [6].
Results: We demonstrate that the parameter space for bistability or oscillation, respectively, for the
two circuits is significantly enhanced by cooperative stabilization. Even when the relative difference
between monomer and oligomer degradation rates is small (i.e. two-fold), this difference can have a
substantial impact on bistability and oscillation. Viewing cooperative stabilization as a mechanism of
amplification extends its usefulness to other important problems, such as signal cascades in biomolecular networks. In contrast to transcriptional and translational feedback mechanisms for signal
amplification, cooperative stabilization can amplify for any type of proteins, be it enzymes,
transcription factors, or signaling proteins. Also, the magnitude of amplification can in principle be
“tuned” specifically by evolution for each protein via the degree of oligomer stabilization. Given that
the formation of complexes is so prevalent in biology, our analysis suggests that protein degradation
should be taken into account carefully when characterizing or designing bio-molecular networks.
References:
[1] S. Gottesman and M. Maurizi (1992) Microbiol Rev. 56: 592-621.
[2] D.A. Parsell and R.T. Sauer (1989), J. Biol. Chem. 264: 7590-7595.
[3] P.R. Johnson, R. Swanson, L. Rakhilina, M. Hochstrasser (1998) Cell 94: 217-227
[4] U. Gerland, N.E. Buchler, W.F. Loomis, T. Hwa, submitted
[5] F.J. Isaacs, J. Hasty, C.R. Cantor, J.J. Collins (2003) P.N.A.S. 100: 7714-7719
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Yeast physiology may be defined as the understanding of growth and metabolism of yeast cells. This relates to
how cells feed, metabolise, grow, reproduce, survive and ultimately die. Yeast absorbs the nutrients through the
cell membrane as low molecular weight compounds dissolved in water. Sugars are translocated into cells by
mechanisms which are controlled at the membrane and which depend on diverse conditions. During yeast
fermentations individual cells may be subject to several stresses. Ethanol is a major metabolic product of yeast
fermentation. Ethanol-induced toxicity and ethanol tolerance in yeast has been widely studied [1]. High sugar
concentrations also exercise inhibitory effects on the growth of yeast [2]. A discrete simulation methodology
that stands on an individual-based model has been developed by our research group to deal with diverse
microbial systems [3]. The behaviour of the yeast Saccharomyces cerevisiae under batch conditions has also
been modelled by means of individual based simulations [4]. The model takes into account a set of rules of
behaviour for each cell related to: (i) the uptake of nutrient particles, which will be limited by the environmental
and individual factors, (ii) the metabolism of these uptaken particles, in order to provide cellular maintenance
energy and to create new biomass, (iii) the reproduction, by an asymmetric process known as budding, with
mother and daughter cells and the appearance of scars in the membrane (cellular ageing is determined by a bud
scar count) and, (iv) the loss of cellular viability and death. The simulator controls the activity of a group of
yeast cells in a specific environment. A set of variables are used to characterise each cell: its position in space,
its biomass, the state in the cellular division and the number of bud scars on the cell’s surface. The space
variables are identified as glucose (nutrient) and ethanol (end product) arising from the cellular metabolic
activity and excreted to the environment. This work is concerned with the use of this simulator to compare the
dynamics of yeast batch cultures from different initial medium conditions. The aim is to study the influence of
the initial substrate and ethanol concentration on the yeast populations and on some stoichiometric and kinetic
parameters. Several simulations have been carried out using the same set of individual yeast model parameters,
but different initial amounts of glucose and/or ethanol particles distributed in the spatial domain. For each of
these simulations batch growth curves, representing the viable populations of cells against time, have been
obtained. These curves are comprised of characteristic phases: the lag phase, the exponential growth, the linear
phase, the metabolic slow down, and the final stage (which signals a total stop in the activity of the cells). These
simulation results are in qualitative agreement with experimental results [1,2]. The duration of these phases and
some characteristic parameters are presented, compared and discussed.
[1] W. Medawar, P. Strehaiano & M. Délia, Food Microbiol. 20, 527-532 (2003)
[2] P. Strehaiano & G. Goma, Am. J. Enol. Vitic. 34, 1-5 (1983)
[3] M. Ginovart, D. López & J. Valls, J. Theor. Biol. 214, 305-309 (2002).
[4] M. Ginovart, J. Xifré, D. López & M. Silbert, Submitted for publication (2004)
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Background/aim: Hydrophobic coupling between the membrane-spanning domains of integral membrane
proteins and the bilayer core cause protein conformational changes to perturb the surrounding bilayer, such that
the bilayer imposes energetic constraints on the conformational preference of the proteins. In elastic bilayer
models the bilayer deformation energy ∆Gdef is a function of the membrane deformation u and determined by
the compression-expansion and bending moduli of the two monolayers. For strong hydrophobic coupling, u at
the protein/lipid boundary will be equal to the difference between the membrane hydrophobic thickness d and
the protein’s hydrophobic exterior length l.

However, limitations arise for at least two reasons: (1) the

imprecise relation between the positions of the C-alpha atoms and the anchoring residues that delimit membrane
spanning helices. (2) As u increases, strong hydrophobic coupling will fail (u ≠ d − l ) as it becomes
advantageous to expose nonpolar residues to the aqueous phase.
Methods: For u = d − l , ∆Gdef can be described using a phenomenological spring constant H associated with
membrane deformation. We investigate the consequences of the two limitations described above by including,
in addition to the quadratic H term, two non-linear terms describing the effects of (1) hydrophobic fuzziness and
(2) hydrophobic slippage.

Results: The complete analytical solution to the elastic model is presented. The slippage and spring energies are
interdependent and the point where slippage energy ‘takes over’ from the elastic energy scales with protein
radius and as 1/H. Constraining the boundary condition and increasing the effective spring coefficient increase
this effect. ∆Gdef decreases with increasing degree of fuzziness, but the system becomes super-quadratic.

Conclusions: The quadratic model is valid for a wide range of membrane material moduli, but in the limit (e.g.
saturating amounts of cholesterol in the plasma membrane) additional energy contributions have to be included
in the description of the energetics of inclusion-induced membrane deformation. The results are discussed in
relation to models formulated in terms of monolayer lateral pressure distributions in which the protein-bilayer
interaction depends on the force profile along the monolayer.
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Background: Recently, the DNA microarray analyses were reported to comprehensively understand
the genes related with the tryptophan metabolism, especially the genes influenced by known principal
operons [1]. In this study, we analyze the profiles of tryptophan metabolism related genes measured
under well-controlled conditions in the previous study [1], and make attempt to reconstruct a network
between them by a recently developed method [2-4].
Methods: The expression profiles were analyzed by the tools on the recently constructed ASIAN web
site (http://eureka.ims.u-tokyo.ac.jp/asian) [4]. The tool in the web site performs simultaneously the
different types of hierarchical clusterings, the estimation of cluster number, and the network inference
by the graphical Gaussian modeling (GGM).
Results: The expression profiles of 169 genes measured 19 points were classified into nine clusters,
while 13 groups were obtained by visual inspection of the dendrogram in the previous study [1].
Among 36 connections between the nine clusters, 31 connections were established by the GGM. In
particular, the relationships between the clusters including the principal operons, the repressors, and
the genes related with the aromatic amino acid metabolism was clearly presented as a form of network.
Conclusions: The inferred network between clusters was well consistent with the previous study,
especially the relationship between the main operons for tryptophan metabolism. Furthermore, the
relationship between the operons for tryptophan metabolism and the genes for aromatic amino acid
metabolism was inferred beyond the previous estimation of gene grouping. Thus, the network
representation is useful to elucidate the ample and complex information including the expression
profiles.
[1] A. B. Khodursky et al., Proc. Natl. Acad. Sci., 97, 12170-12175, (2000).
[2] K. Horimoto and H. Toh Bioinformatics, 17, 1143-1151, (2001).
[3] H. Toh and K. Horimoto (2002) Bioinformatics, 18, 287-297, (2002).
[4] S. Aburatani et al., Bioinformatics, (in press).
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Abstract: We present dissipative particle dynamics (DPD) simulation results obtained for coarsegrained models of, respectively, aggregates of phospho-lipids (bilayers, vesicles) and "bola-lipids"
monolayers in water. We discuss in particular artifacts occuring at larger time increments and the
related problem of checking for proper system equilibration. Pressure profiles turn out to be
particularly well suited to monitor proper equilibration in the case of lipid bilayers and bola-lipid
monolayers due to the simple geometry of these aggregates. For aggregates of more complex geometry
(e.g., lipid vesicles) where pressure profiles cannot easily be calculated, we propose a simple
fingerprint method which is based on the comparison of kinetic temperatures obtained for the different
types of beads in the system. This fingerprint method is expected to be applicable to complex mesophases in general. Furthermore we present and discuss first results about structure and phase behavior
of bola lipid monolayers.
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Lead and lead compounds are widely distributed as occupational and environmental contaminant, and
these remains one of the most important health problems. Inorganic lead compounds are classified by
International Agency for Research on Cancer (IARC) as a group 2B carcinogen (possible human
carcinogen) [1]. Even though the toxic effects of lead compounds have been studied for many years,
the biochemical and molecular mechanisms of lead toxicity are poorly understood. The aim of this
work was to study effect lead acetate in vitro on the damage DNA and physical-chemical state of the
lymphocyte membranes.
Materials and methods: The lymphocytes were isolated from heparinized peripheral blood of healthy
volunteers by lymphoprep gradient. Incubation of lymphocytes with lead acetate was carried out at
370C for 1 or 3 hours, and then cells were sedimentated by centrifugation. The DNA-damaging was
investigated using method Comet assay [2]. About physical-chemical state of lymphocytes membranes
was estimated using fluorescence probes 6-propionyl-2-(dimethylamino)naphtalene (Laurdan) and N(1-Pyrene)maleimide (PM).
Results: In present work was found that the incubation of human lymphocytes with lead acetate at
concentration 2 µM during 1 h at 370C induced an increase of the tail moment of comets. Under such
conditions of incubation we didn’t found the change of parameters of fluorescence probes Laurdan,
pyrene and PM. Increase of concentration of lead acetate up to 50 µM and time of incubation up to 3h
resulted to decrease of fluorescence intensity of PM which as is known didn’t fluoresce in aqueous
solution but forms strongly fluorescent adducts with sulfhydryl groups of proteins [3]. Moreover it
was shown that decrease of the generalized polarization (GP) of Laurdan included in lipids bilayer of
lymphocytes at the same condition of experiment took place. Laurdan is a fluorescent probe that
detects changes in membrane phase properties through its sensitively to the polarity of its environment
in the billayer [4].
Conclusions: This results was evidence that leads ions penetrated in lymphocytes damage molecules
DNA and induced the change of structural state of cells membrane.
Acknowledgements: This work was financially supported by the NATO Collaborative Linkage Grant,
number LST.CLG 978856 from Brussels.
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Background: Experimental data on auto-oscillations of electric potential in some kinds of cells
(neurons, cardiac muscle cells) demand theoretical judgement. It is not clearly the role of active ions
transport rhythms organization. The model of the auto-oscillations, including work of ionic pumps,
which could predict the available data on time dependence of electric potential on a biomembrane is
necessary.
Methods: In view of offered authors before model of active transport of ions [1] construct
model of auto-oscillations of electric potential in neurons and cardiac muscle cells. The system of the
equations for an electric current created by the basic types of ions (sodium, potassium, calcium and
chlorine) and probabilities of ions channels presence in the open or closed state is written down and
solved numerically. The model includes an active flux of ions (Na +-K +-ATP-ase and Na +-Ca+2exchanger) caused by АТP-АDP chemical potentials difference.
Results: Characteristic times and amplitudes of oscillations well agreed with the experimental
data are received. Dependence of parameters of auto-oscillations on concentration of ions outside of a
cell, properties of ionic channels and a difference of chemical potentials АТP-ADP was obtained. On a
basis of the model [1] concentration of ions inside a cell, which are considered as constants for
characteristic time of auto-oscillations (0.1-1с.) are received. With using of the analysis of system of
the equations on stability parameters of a cell and an environment at which chaotic generation of
electric pulses can be observed are found.
Conclutions: The model of self-oscillations of electric potential on a biomembrane of a cell in
which work of ionic pumps for the first time is described using the ATP-ADP chemical potentials
difference is constructed.
References
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ABSTRACT
Background: The exocytotic process in neurons and neuroendocrine cells consists of a sequence of
consecutive reactions between well-defined proteins. Even though the partial reactions had been
investigated by a variety of methods, a comprehensive description, based on chemical kinetics, had not
been attempted.
Method: In the present study the reactions between the synaptic proteins were transformed into a set
of coupled, non-linear ordinary differential equations, where the rate constants and some of the
reactant concentrations are adjustable parameters.

Result: A search in the parameters space led to accurate reconstruction of the basic Ca++-driven
vesicular fusion, as well as complex experimental protocols like multiple depolarizations or genetic
manipulation of participant proteins.
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Figure 1: Reconstruction of the secretion dynamics for WT
and s synaptotagmin-I knock-out (SytIKO) chromaffin cells.
A) The main frame presents the increase in membrane
capacitance in flash photolysis experiments (black) and the
reconstructed signal (cyan) following a calcium-pulse
simulation. The inset depicts the first 2 seconds of the
experimental data for WT and SytIKO cells (upper and lower
black curves, respectively) and the model reconstructed
signals for WT (cyan, upper curve) and SytIKO cells
(Magenta, lower curve). Note that the reconstructed curves
fall within the experimental noise.

Conclusion: The model reconstructs not only the observed signals but also the evolution of the
SNARE complexes during the assembly and activation of the fusion proteins. The dynamics of the
intermediate allows identification of the empirically defined ‘Rapid Release’ and the ‘Slow Release’
pools of vesicles, with precise synaptic protein complexes formed during the maturation process.
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Now lead is considered as one of the most dangerous poisons [1]. It has been shown that lead changes of lipid
fluidity in different regions of erythrocyte membranes and structural-functional state of membrane proteins [2].
It is possible to assume that the change of a physical state of membrane lipids is a part of lead-induced
membrane effect. Recently it has been shown by us that lipophilic fluorescence probe 1,6-diphenyl-1,3,5hexatriene, EPR - spectra parameters of 16-doxyl stearic and palmitinic acid incorporated in erythrocyte
membranes treated with 2-10 µM lead acetate in vitro change [3, 4]. In this work using methods of EPRspectroscopy allowed by selection of spin labels to investigate a lipid membrane fluidity in surface region of a
membrane and estimated rotatory mobility of membrane proteins in erythrocyte membranes treated lead acetate
in vitro.
Materials and methods. The experiments were carried out with erythrocytes of the donors. The white
membranes of erythrocytes were isolated by a method of Dodge. Concentration of protein in ghosts of
erythrocytes was determined by a micromethod of Lowry. The incubation of erythrocyte membranes with 2-10
µM of lead acetate was carried out in PBS at 370C for 1 hour (Сprotein = 0,5 mg/ml). Change fluidity of
membrane lipids was determined using spin labels 5-doxyl stearat (5DS) and proteins – by 4-(2idoacetateamido)-tempo (ISL), 4-maleimido-2,2,6,6-tetrametilpiperidin-1-oxyl (MSL). The registration of EPRspectra was carried out at the radiospectrometer Bruker ESP-300E.
Results and discussion. Investigating of physical state of erythrocyte membrane lipids in surface layer for
description of mobility of spin labels 5DS in membranes we used parameter h+1/h0, where h+1 and h0 amplitudes
of high and middle field EPR spectral lines and the order parameter S. It was obtained that h+1/h0 and S
depended on concentration of lead acetate and h+1/h0 slightly increased, whereas S increased at concentrations
2-4 µM but decreased for 10 µM. Analysis of spectra ISL, added to membranes of erythrocytes was realized by
determination of parameters h+1/h0 and the relative correlation time τс. These parameters for ISL didn’t change
practically. The mobility of membrane proteins in a case MSL incorporated in erythrocyte membranes was
determined from ratio of amplitudes of weakly (hw) and strongly (hs) immobilized components of a spectrum
(hw/hs). It was shown that hw/hs slightly decreased for erythrocyte membrane treated with 4-6 µM of lead
acetate.
Conclusion. The results of this work suggest that Pb2 + may change of a physical state of lipids in the surface
layer of the erythrocyte membrane and rotatory mobility of membrane proteins. As mainly Pb2+influence on the
protein membrane component and so such modification of a physical state of membrane lipids by lead can be
caused not only change of a ratio phospholipids/cholesterol but also infringements of protein-lipids interactions.
It can result to decrease or increase of amount of more liquid regions in a membrane.
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Introduction:
The lag phase in bacterial cultures is of great importance in food microbiology. It is the object of
studies by predictive microbiology; which attempts to understand the microscopic causes of the lag
phase in order to be able to predict the evolution of a colony under given conditions. In consequence,
the cell mechanisms of growth and division, as well as the cell adaptation mechanisms to a new
environment, must be understood.
Whereas mathematical descriptions of the lag phase already exist [1], this work presents, for the first
time, results using Individual based Model simulations (IbM). In the present work the IbM simulator
used is called INDISIM (INDividual DIScret SIMulation) [2]. INDISIM enables the study of the
evolution of a bacterial colony, based on the individual behaviour of the bacteria, over a period of time
in a specific environment, and subject to appropriate boundary conditions, in which space and time are
discrete. The use of this IbM provides the possibility of identifying and studying separately the
different contributions to the lag phase.
The main concerns of this work are to determine which variables are related to the bacterial lag time,
and in what way the simulator is validated for the present study.
Results:
Two different lag phase sources have been distinguished and studied separately:
i) In a first stage, the lag phase related to the cell biomass distribution has been studied. By means of a
qualitative study of the relationship between lag phase and the evolution of culture's mean biomass
and biomass distribution, it is shown that, before starting the well-known exponential growth, the
initial inocculum has to reach not only a certain mean biomass as observed experimentally, but also
a biomass distribution close to maximum diversity [3]. Finally, the variation of this lag time is
studied as a function of temperature, the mean biomass initial inocculum, and the maintenance
energy of the bacteria. It has also been shown that the evolution of the total biomass does not exhibit
a lag phase [4].
ii) In a second stage, the lag phase caused by the metabolic adaptation of each cell to a new
environment has been isolated. Bacteria have to generate a certain quantity of enzyme in order to
adapt to a new medium. It has been shown that the lag phase is directly related to the enzyme's
generation velocity.
In both cases a good correlation has been observed between the INDISIM simulation results and
experimental data.
[1] J. Baranyi, T. A. Roberts, Int. J. Food Microbiol., vol. 23, p. 277-294 (1994)
[2] M. Ginovart et al., J. theor. Biol. 214: 305-319 (2002)
[3] J. Wagensberg et al., J. Phys. Chem. Solids, vol. 49, nº 6, p. 695-700 (1998)
[4] S. Cooper, Encyclopedia of Molecular Cell Biology and Molecular Medicine. Ed. R.
Meyers,Wiley-VCH. (2004)

A08-321
Fluorescence at the Interaction of the Antineurotransmitter and Anticontractile Agents with
Plant Microspores as Unicellular Models
Roshchina V.V., Yashin V.A. and Rodionov A.V.
Russian Academy of Sciences Institute of Cell Biophysics, Pushchino, Moscow Region, 142290,
Russia. E.mail: roshchina@icb.psn.ru
The ability of living cells to fluoresce at the excitation of ultra-violet, violet or green light both
without and after the addition of physiologically active substances is recommended for the study of the
participation of cytoskeleton and some neurotransmitters as chemosignals at inter- or intracellular
signaling [1,2]. Moreover, reactive oxygen species (ROS) could be also considered as chemosignals
[3,4]. Plant unicellular microspores served for breeding are recommended as cellular models for
similar studies [2]. Objects of our study were vegetative microspores of horsetail Equisetum arvense
and pollen from knight’s star Hippeastrum hybridum (Amaryllidaceae). For the fluorescence analysis
Karl Zeiss laser scanning microscope (LSM) and Karnaukhov-constructed microspectrofluorimeter [4]
were used. We have shown the significant increase in the cell fluorescence at 450-490 nm after the
addition of the antineuromediator (antagonist of acetylcholine d-tubucurarine, antagonist of
noradrenaline yohimbine and antagonist of serotonin Kur14) and anticontractile (cytochalasin B,
blocker of actin and colchicine, blocker of tubulin) substances. Especially bright light emission is seen
for the colchicine-treated pollen tube under Karl Zeiss laser scanning microscope (Fig.1).
Figure 1. The laser scanning microscopy of
Hippeastrum hybridum pollen tube treated with
colchicine 10-6 M. The excitation wavelength 456
nm. The fluorescing parts of pollen grain and
developing pollen tube are related to tubulin, which
is marked with colchicine.

The fluorescence spectra showed the intensive maxima at 460-480 nm and smaller maxima at 510530 nm for the antagonists used, and only one maxima - 450-490 nm for the anticontractile agents.
The light emission of colchicine and tubocurarine with pollen and pollen tube is demonstrated that the
compounds may be recommended for the study of the tubulin location and chemosignaling with
acetylcholine in living cells.
References.
1. Roshchina V.V. (2001) Neurotransmitters in plant life. Enfield, Plymouth: Science Publ.
2. Roshchina V.V. (2004) Cellular models to study allelopathic mechanisms. Allelopathy Journal 13 (1) : 316.
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4- Roshchina V.V., Miller A., Sofronova V.G., Karnaukhov V.N.(2003) Biophysics,48 (2): 259-264 .
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In analyzing the dielectric spectroscopy experimental data for biological cells, solutions of corresponding
inverse electrodynamical problem give a valuable information on the electrophysical parameters of the cells
components. In this report, solution of the inverse electrodynamical problem for the E. coli suspensions is
presented.
Analysis of the dielectric spectroscopy data [3] for the E. coli suspensions is performed within a model in
which the E. coli cell is assumed to be an ellipsoid with two confocal shells (being membrane and wall) [3]. The
values of the electrodynamical parameters of the E. coli cells are calculated numerically by solving the inverse
electrodynamical problem and using our own technique of calculation of effective parameters of a mixture of
ellipsoidal particles with accounting for the particles size distribution [1,2].
The method of solving the problem consists in minimizing of the discrepancy function
n

n

j =1

j =1

2
2
F (ε m , ε p , σ w, σ m) = wε ∑ (ε~cj − ε~ej ) + wσ ∑ (σ~cj − σ~ ej ) ,

where ( ε~cj , σ~ cj ) and ( ε~ ej , σ~ ej ) are respectively calculated and experimental values of the dielectric
permittivity and conductance at frequency f j . The values wε , wσ are weights equalizing the permittivity and
conductance contributions, and the frequency weights u j , v j are entered to approximate the target function
more precisely within the frequency band of particular interest. In contrast to [3], we estimate the cell
parameters values with taking into account the whole set of the experimental values of effective dielectric
function of the E. Coli suspension. The calculation algorithm is based on operating random binary sequences
and use of a specific search strategy.
In the table below, some numerical results are listed for two kinds of suspensions distinguished by the
concentration of NaCl in the suspending medium. The experimental data used in calculations are taken from [3].
Initial parameters

Calculated parameters

ε0

σ 0 , S/m

εw

σ m ,µS/m

εm

σ w ,S/m

εp

σ p ,S/m

73.0
74.0

0.50
0.14

60.0
60.0

0.50
0.50

10.5
9.5

0.85
0.58

70.0
60.0

0.32
0.22

Here ( ε 0 , σ 0 ), ( ε w , σ w ), ( ε m , σ m ), and ( ε p , σ p ) are the real parts of permittivity and conductivity of
outer phase, cell's wall, membrane, and core, respectively.
Obtained values of calculated parameters fit better to the experimental data given in [3] than those calculated
in [3] do.
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The transitions in the ion channel conductivity of a biological membrane under influence of
external noise of a voltage were investigated in the paper [1]. The set of the Hodgkin-Huxley
equations is considered as initial item of the present research. To construct a model of such interaction,
it is used the theory of phase transitions in nonequilibrium open systems induced by noise of an
environment as well as the mathematical theory of random processes.
Obtained solution of the Hodgkin-Huxley equations is presented in the form of stationary probability density of the
system conductivity state depending on fluctuations of an external voltage. As the voltage noise it is chosen Markov's
dichotomic noise (known also as the random telegraphic signal), because of its structural simplicity and possibility of
exact calculations of the system parameters. The influence of voltage frequency on both the phase transitions in the
system conductivity and occurrence of membrane depolarization are analyzed. The phase diagrams for ion channel
conductivity under influence of the dichotomic noise are received.

[1] N.V. Chepelevska, N.G. Shkoda. Chemistry, Physics, and Technology of Surfaces (Kyiv,
Ukraine), v. 3 (1999), 86-92.
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Cells of a developing embryo read, interpret and respond to localized, positional information. How this
information is integrated and interpreted by cells is a long-standing, fundamental question in science.
A common theme seen in many studies is that external factors act in synchrony with cell intrinsic
determinants, the state of which often dictates the response. The context dependency of the response to
a given stimulation presents a serious challenge for building integrative understanding of signaling
based on information collected within different contexts. In an attempt to bypass this limitation we
developed an experimental input/output paradigm that is based on direct exposure of cells to diverse
arrays of molecular probes and/or signals, followed by automated acquisition and high-throughput
quantification of multiple cellular phenotypes at single cell resolution. As a model problem, we set up
to interfere with differentiation decisions made by bi-potent human neural precursors, capable of
giving rise to either neurons or glia. By capturing and culturing the cells on arrays containing different
combinations of signaling molecules, we have identified signaling combinations that influence the
balance between neuronal and glial differentiation. Our data has implicated a specific signaling
combination in maintaining an undifferentiated state and revealed a surprising, signal-induced,
“indeterminate” state of differentiation. Globally we found that the signaling combinations segregate
into main groups of distinct phenotypic profiles and that within a group, the signaling mixtures differ
by their potency. Pairwise analysis of signals revealed that the phenotypic response is often dominated
by one of the signals, suggesting a “priority-based” mode of signal integration, wherein the phenotypic
response to a complex environment is dictated by a few dominant signals. Establishing dominance
relations over specific phenotypes may allow for the design or “programming” of a desired cellular
outcome.
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Background/aim: We often study pattern formation in biological systems with help of (continuous)
reaction-diffusion equations. Actually, chemicals are composed of (discrete) molecules. In biological
systems, some chemicals take effect at extremely low concentrations, and thus continuous
representations are no longer applicable to such chemicals. It is possible that the discreteness of
molecules exhibits novel phenomena beyond reaction-diffusion equations. For example, we previously
reported that discreteness of molecules can induce novel steady states in reaction-diffusion systems
[1]. Now we investigate the roles that the discreteness possibly plays in pattern formation in biological
systems.
Methods: We study simple reaction-diffusion models (e.g., Fig. 1) with stochastic particle simulations
in one or two-dimensional periodic boundary.
Results: When the concentration is small, we observe spots, which do not appear in the continuum
limit (reaction-diffusion equations) with or without noise. It is important that the area in which the
discrete molecules actually diffuse is very limited (while chemicals can instantaneously spread over
the system with R-D equations), as well as that the discreteness of molecules alters the steady state of
the reactions.
Conclusions: We found a mechanism for pattern formation depending on discreteness of molecules.
Discreteness of molecules may take an important part in forming spatial structures in biochemical
systems.
[1] Y. Togashi and K. Kaneko, preprint, arxiv:physics/0310083.
Fig. 1. One-dimensional example: the distribution of chemicals (snapshot).
We consider a system with 3 chemicals (X1, X2, and X3) and 4 reactions:

With the corresponding R-D equation, X3 dominates uniformly (no pattern).
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Background/aim: This study deals with complex permittivity between plant protoplast and the
exterior solution (s). Its imaginary function depends on AC field frequency and is explained by
unknown parameters, such as conductivity (σ) and permittivity (ε) of cytoplasm (c) and the bounded
membrane (m). A four-electrode system is constructed and possible electrode constant (K value) is
estimated before dielectric values can be predicted.
ε s Im[f (ω)]E 2
K
2η
Methods: A protoplast was placed under sucrose solution of a known conductivity in a rotating E
field. As shown in the Equation, the solution viscosity (η) and electric field (E) were measured and
calculated. The electrode geometry constant (K) was estimated from known parameters of human red
blood cells. The solution permittivity, εs, was assumed to be 80εo (the vacuum permittivity).
Results: Only the anti clockwise rotation (Ω) of both protoplasts was obtained. Dielectric parameters
were recorded only if more than 98% accuracy of the curve fitting was achieved, assuming membrane
thickness (δ) of 7 nm. The fitting revealed σc and σm of 0.73 Sm-1 and 10.0 µSm-1 for Lilium
longiflorum sp., whereas those for Ananus sp. were 0.50 Sm-1 and 3.0 µSm-1, respectively. Membrane
permittivity (εm) was between 2.5εo and 1.6εo, leading to the specific membrane capacitance ranging
from 3.2 to 2.0 mFm-2.
Conclusion: Although plant protoplasts are non-homogeneous, the membrane acts as the major
barrier, which separates two environments. The experimental data fits well with the single shell model
used, and the method provides reasonable Cm, compared to the results obtained from other plant
protoplasts.
Ω=−

[1] S. Archer, H. Morgan, and F.J. Rixon, Biophys. J. 76, 2833 (1999).
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Curve fittings of Lilium
longiflorum sp. and
Ananus sp. The fitting
for human red blood
cell was made to obtain
the K value of 1/80.
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Background
Modelling biological systems stochastically is often necessary in order to accurately represent the
fluctuations present in these systems. The mathematical model is the master equation. Solving the
master equation numerically for multi-dimensional systems is however very computationally
demanding due to the 'curse of dimensionality' [1]. The linear noise approximation for the master
equation can reduce the computational efforts [2].
Methods
The linear noise approximation for the master equation has been applied to enzymatic systems of twoand four dimensions. The approximation lead to a separation of scales, giving differential equations
for the mean values of each involved molecular species and a stochastic equation for the
corresponding fluctuations. This makes it possible to reduce the dimension of the problem. The
equations were solved numerically over time. For further simplification, and to give a more exact
approximation, a separation of time scales was also performed as in [3].
Results
The obtained results, steady-state values and probability distributions, were in agreement with earlier
studies of the same system in [1]. The computational time and complexity were largely reduced
compared to earlier numerical calculations, and the use of time-scale separation further reduced the
computational efforts and gave an increased accuracy of the probability distribution.
Conclusions
Using the linear noise approximation for stochastic modeling clearly reduces the computational efforts
and makes it possible to model multi-dimensional biological systems stochastically. Using the
separation of time-scales further simplifies the calculations and also gives an improved approximation.
The results obtained here show the possibility of stochastic in silico modeling of systems of high
dimensionality, with the linear noise approximation.
References:
[1] P. Sjöberg, Numerical solution to the master equation in molecular biology, MSc thesis, Dept. of
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In response to hemodynamic and agonist stimulation, vascular endothelial cells produce nitric oxide
(NO) which diffuses into both lumen and exterior tissues, and NO plays an important role in the
regulation of vasculature. Soluble guanylate cyclase (sGC), which is a target enzyme of NO inside the
vascular smooth muscle cell, is activated by this diffused NO and transforms GTP into an intracellular
second messenger cGMP, leading to smooth muscle relaxation. Thus extraordinary low NO
concentration inside the smooth muscle cell is thought to cause hypertension. The concentration of NO
is determined by the balance between the endothelial production and consumption rate by NO
scavengers such as hemoglobin, oxygen and superoxide. However, since measuring the concentration
of gaseous molecule in vivo is difficult, theoretical calculation based on in vitro data and
physicochemical theory becomes useful for estimating the concentration.
In this study, a mathematical model based on diffusion-reaction equations is developed in order to
examine the regulation system underlying the vasculature. Numerical simulation was performed by
finite difference method, and spatiotemporal distribution of NO and oxygen were obtained (fig. 1). By
decreasing the upstream oxygen tension, NO concentration increased due to the low scavenging effect
by oxygen and superoxide. This suggests the presence of autoregulation system against hypoxic
conditions. By using this in silico model, systematic design of pharmacological agents such as
hemoglobin-based oxygen carrier (HBOC) can be achieved.

Fig. 1: Calculated distribution of (a) oxygen and (b) nitric oxide along the microvascular
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Background/Aim: Considerable amount of work [1][2] [3][4] have been carried out to understand how
fibroblasts interact with extra-cellular matrix, which is very important in both regenerative medicine
and tissue engineering [5]. However, as Ramtani pointed out, the interacting mechanism remains
unclear. In this paper, interacting mechanism will be rigorously investigated through computer
modelling.
Methods: Mathematical models are established for both collagen gel matrix and fibroblasts. Based on
the models proposed, computer simulations of fibroblasts populated collagen lattice (FPCL) are
carried out. The results from computer simulations are then compared with experimental data. The
mechanical signals affect the computational results are investigated. Thus possible mechanical cues
cells sensed or applied are able to be singled out.
Results: A series of computer simulations were carried out to test the integrity of the models. The
fundamental reason why some results from computer simulation match the experimental data and
some don’t were pin pointed. It was found that fibroblasts must applied stress signals to the collagen
gel matrix and fibroblasts must also sensed stress signals.
Conclusion: This paper precisely pin pointed the interacting mechanism between fibroblasts and
collagen matrix.
[1] Grinnell,F. 1994. Fibroblasts, myofibroblasts and wound contraction. The Journal of cell biology
124:401-404
[2] Eastwood, M., V.C.Mudera, D.A.McGrouther, and R.A.Brown. 1998. Effect of precise mechanical
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