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Spatial structure of substance P, neurokinin A and neurokinin B, determined by theoretical
conformational analysis and quantum-chemical calculations methods.
G.A.Agaeva
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Baku, 370148, Azerbaijan, tel: 99412390523, fax: 99412983376,
e-mail: gulshen_agaeva@yahoo.com
Three main mammalian tachykinin neuropeptides, substance P, neurokinin A and neurokinin B, are the agonists at the
distinct molecularly characterized receptor types, called neurokinin-1 (NK-1), neurokinin-2 (NK-2), and neurokinin-3
(NK-3) respectively. These neuropeptides are found in a wide range of tissues including the central and peripheral nervous
system, salivary gland and gastro-intestinal tract. Substance P, neurokinin A and neurokinin B appear to be involved in
many diverse biological processes such as smooth

muscle contraction, blood pressure regulation, neurogenic

inflammation, vasodilatation, salivation, pain transmission and etc. Antagonists of these neuropeptides can therefore
perhaps be used as analgesics or anti-inflammatory compounds. To gain insight in their molecular mechanism of action,
the structure and conformational behaviour of peptides and its analogs is studied in this thesis. Conformational studies of
these neuropeptides aimed to interpret pharmacological structure-activity studies with respect to the substance P,
neurokinin A and neurokinin B can be aided and validated by theoretical methods and results presented in this thesis. It
may form the start of a more rational development of peptidomimetic ligands for therapeutically interesting targets. So in
our work the spatial organization of three neurokinins – substance P, neurokinin A and neurokinin B have been
investigated by theoretical conformational analysis methods and quantum-chemical calculations. For this a systematic
conformational build-up procedure was used for undecapeptideamide substance P and two decapeptideamide- neurokinin
A and neurokinin B. Calculation show that all lowest-energy conformations of these peptides have a common C-terminal
pentapeptide with a single energetically preferred alpha-helical backbone conformation. All the peptides have similar sets
of low-energy conformations and their spatial organization possible to describe by several families structures with identical
C-terminal geptapeptides and different flexible conformers of the N-terminal parts.

It was shown that N-terminus

tetrapeptide sequence of substance P is capable to form beta- and gamma-turns, due to presence in chain of two prolins.
But N-terminal parts of neurokinin A and neurokinin B energetically preferred forms an alpha-helical structure in stable
conformational states. The conformational analysis of natural peptide and its analogues has allowed to define the most
important specific contacts required for stabilizations of the spatial forms. For revealing the functionally important
structured particularities of molecules were explored also conformational possibilities of biologically active and inactive
glysine monosubstituted analogues of these peptides. The distributions of atomic charges for separate functional groups of
peptides, as well as redistributions of atomic charges and changing the dipole moments as a result of monosubstitutions in
amino acid sequence of natural peptides were determined by means quantum-chemical calculations. On the base of results
conformational analysis of neurokinins and its glycine monosubstituted analogues was conducted searching an models of
their antagonists or agonists with the minimumal amino acid sequence, containing all necessary functional groups, with
secondary structure of native molecule, and with the conservation of general balance of charge.
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Structural Insights into BAM-20P by Molecular Mechanics
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The opioid dodecapeptid signed as BAM-20P was extracted from the medulla of bovine
adrenal. This peptide play important role in the functioning of the central nervous system, because of
that it is considered as neuropeptide. Apart from analgetic effect, BAM-20P shows other properties,
as a substantiating, psychotropic action, a participation in a regulation of a visceral system of an
organism, namely, exchange processes, a systems of digestion, a pancreas and cardiovascular system.
The diversity of biological functions of given peptide is undoubtedly connected to its conformational
possibilities.
The conformational preferences of BAM-20P were analysed by molecular mechanics. The
results of the research indicate that this molecule can exist in several stable states. The energy and
geometrical parameters for such low-energy conformations are obtained. The high density of
packaging of a polypeptide chain of the most preferential structures is accompanied by a installation of
the numerous hydrogen bonds. In the majority of the low energy structures the side chains with
aromatic rings have conformational mobility because of its localization on surface of the molecule. It
is substantiated by physiological expediency: such mobility of these residues is probably necessary for
complementary binding with the specific receptors and for the installation the hydrogen bonds with the
solvent. In spite of presence of two clysine residues in the Tyr1-Met5 fragment of the molecule,
corresponding to Met-enkephalin sequence, this part of peptide molecule is not labile, it has a turn of
a chain with the residues Gly3 and Phe4 in a center of turn with the approaching of the atom groups
NH Met5 and CO Gly2 . These results are in accordance with the available data of the experimental
and theoretical investigations of Met-enkephalin, which introduse such structure with β-turn as
predominant.
It is possible to suppose, that exactly the indicated turn of a chain is a major factor in charge of
opiate activity as in Met-enkephalin, so in BAM-20P and related peptides. The knowledge of the
active conformations of a given peptide is a major step towards understanding its biological functions.
The received data also will allow to plan the production of pseudoanalogs of BAM-20P with modified
properties useful in therapy and medical diagnostic.
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Molecular Mechanics Study of [D-ARG2]-Dermorphin
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Dermorphin (Tyr-D-Ala-Phe-Gly-Tyr-Pro-Ser-NH2) is a potent and highly µ − selective opiod
peptide, isolated from amphibian skin. It has the highest peripheral and central opiod-like activity. The
structure-pharmacological activity relationship studies of this peptide have demonstrate the potent and
prolonged antinociceptive activity of its D-Arg2 substituited tetrapeptide analogs. The present study
was aimed to reveal the stable states and the conformational peculiarities, which are important for the
functional activity of the dermorphin tetrapeptide analogs H-Tyr-D-Arg-Phe-Gly-OH (I) and H-TyrDArg-Phe- β -Ala-OH (II).
The conformational properties of the tetrapeptides I and II were studied by molecular
mechanics methods. The geometrical and energy parameters of the preferential conformations for
these tetrapeptides are determined. The calculation results were compared to the conformational
properties of the N-terminal dermorphin fragment, which was studied earlier. It is revealed that for the
tetrapeptides I and II the low-energy conformations of natural peptide fragment are realized
selectively. It is established, that for each analog the backbone form of the N-terminal dipeptide
fragment is quite definite. So, the tetrapeptides I and II adopt the conformations, having the folded and
extended backbone forms of dipeptide segment Tyr1-D-Arg2, respectively. Apparently the bond
between aminoacid residues in the first and second positions is stabil only in the mentioned lowenergy conformations of the investigated analogs.
The conformational analysis results are in according with the data of the biological researches,
revealed that Tyr1-D-Arg2 bond is stabil against aminopeptidase of peptidases. These findings allow
to understand a steady large antinociceptive activity of the D-Arg-substituted dermorphin tetrapeptides
and may be useful in the design of a new synthetic peptides with prolonged opiod activity.
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Designing the new protein functional compounds, as a result determinations to their spatial
organizations by means of theoretical conformational methods, is an actual problem of the theoretical
biophysics and pharmacology. Osteocalcin is a major noncollagenous matrix protein of bone, dentin,
and cementum. It is considered to play roles in bone formation and remodeling. This protein is known
as a biochemical marker of bone metabolism. For diagnostic medical treatment of some bone diseases
are used also the proline-rich segment 7-19 (H-Gly-Ala-Pro-Val-Pro-Tyr-Pro-Asp-Pro-Leu-Glu-ProArg-OH) of the osteocalcin as a biochemical marker of the bone formation. The presence of six
proline residues in the sequence of this segment allowed us to suppose that this tridecapeptide in free
state, recognized by monoclonal antibody specific for this seqment at the physiology processes, may
have a quite definite spatial structure or relatively restricted conformational properties. For this aim,
we studied the conformational properties of the osteocalcin (7-19) by means of theoretical
conformational analysis. Theoretical conformational study of this peptide segment was carried out
basing of its fragmental analysis. Calculation indicated that all low-energy conformations of the
tridecapeptides may be presented by means of three families conformers with identical backbone form
of the N-terminal nonapeptide and different forms of C-terminal part. The lowest energy
conformations of each of these families adopt the beta-sheet structures connected by two or three betaturns. For all conformations of the first family are distinctive formation of beta-turn by residues 811, for conformation of second family –formation beta-turns by residues 8-11 and 12-15, and for
conformation of third family – formation bete-turns by residues 8-11, 10-13, and 12-15. In our
investigation were obtained all geometrical and energetical parameters of optimal spatial structures of
peptide, and measured the distance between different functional groups. Also were determined the
important specific interactions, necessary for stabilization of low-energy conformations. The solution
of given structured promlem for the proline-rich segment of osteocalcin gives concrete information on
spatial organization of whole molecule, may to help the understanding of the mechanism of action of
osteocalcin in the process of mineralization and other, and can greatly relieve a goal-directed
synthesis of analogues of physiological important fragment of this protein.
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What can carbon-13 nuclear spin relaxation tell us about the position of peptides in membranes?
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The position of peptides in biological membranes has proven very important in order to understand the
biological activity of these molecules [1]. In this study we present a novel method to investigate this
problem. By measuring carbon-13 nuclear spin relaxation constants of several sites in isotropic
solution of phospholipids, such as bicelles, with and without added peptide it is possible to obtain
information on where in the lipid bilayer the peptide resides. This method is analogous to obtaining
order parameters by e.g. measuring deuterium splittings in an ordered phospholipids bilayer.
Advantages with the new approach are that these measurements can be performed in an isotropic
medium, and that the time-scale of the interactions can be evaluated.
The position of the peptide melittin, which is the principal component in the venom of the European
honeybee, was investigated in an isotropic bicellar solution, consisting of a mixture of DMPC and
CHAPS. The measurements indicate a transmembrane configuration of the peptide, which corresponds
well to investigations conducted with other methods [2].
References:
[1] Matsuzaki K, BBA 1462, 1-10 (1999)
[2] Bechinger B, BBA, 1462, 157-83 (1999)
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Background/aim: Specific hydration patterns around DNA duplex have long been recognized as one of the important
determinants of nucleic acid structure (stability, polymorphism and flexibility) and nucleotide sequence recognition by
proteins and drugs. In those previous studies, the observed hydration structure was obtained from the network of only the
oxygen atoms of water molecules. In order to understand more fully the hydration patterns and hydrogen positions of BDNA duplex, we have carried out both X-ray and neutron crystallographic analysis.
Methods: The neutron diffraction experiments have been carried out by BIX-4 neutron diffractometer installed at the
JRR-3M reactor at the JAERI. The DNA sequence d(CCATTAATGG) was selected as a sample because the best condition
of the crystal growth has been determined by using the crystallization phase diagram technique [1,2]. In order to avoid the
high background coming from the incoherent neutron scattering of hydrogen atoms, the crystallization experiments have
been carried out in D2O solutions.
Results: By the neutron crystallographic analysis, many H and D atoms have been located and 27 D2O molecules
including D atoms have been determined. Fig.1 shows an example of observed water bridge. It has been well known that
the spine of hydration in the minor groove of A•T-tract DNA is built by the combination of many water bridges.
Especially, the previous X-ray studies had shown that the hydration pattern in the minor groove of A•T-tract DNA is drawn
as simple hexagonal shape determined by the oxygen positions of water molecules [3]. On the other hands, by determining
H and D atoms, we have succeeded in observing the complicated water network in the minor groove. It seems that this
complexity of hydration pattern is derived from the extraordinary variety of an orientation of observed water molecules.
[1] S. Arai et al., Acta Cryst. D58, 151 (2002)
[2] S. Arai et al., Acta Cryst. D60, 1032 (2004)
[3] G. Minasov et al., J.Mol.Biol. 291, 83 (1999)
Fig.1. The inter-strand water bridge. The purple and blue contours
indicate 2|Fo| - |Fc| X-ray map (3.0σ level) and neutron density map (2.5σ
level), respectively.
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Picosecond Phase-Coherent Dynamics of the Internal Amino Acids in Proteins
Robert Austin, Dept. of Physics, Princeton University
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Although globular proteins are complex nanoscale objects, they can be roughly characterized as
having an inner core which is not in contact with the solvent and an outer shell which is strongly
coupled with the solvent. Hydrogen bonding of the solvent molecules to the exposed amino acids
leads to a long-wavelength shift of the amide I band, so that there is a basic spectral heterogeneity of
the amide I band: the short wavelength side of the band is composed primarily of non-hydrogen
bonded amino acids, while the long wavelength side is composed primarily of hydrogen bonded
solvent exposed amino acids. This spectral heterogeneity can be easily seen via temperature
dependent studies of the amide I band infrared absorbance.
We have studied the degenerate 4-wave mixing dynamics of the two classes of amino acids (buried
and solvent exposed) using pump-probe IR techniques at the free electron laser FELIX at the FOM
Institute for Plasma Physics in The Netherlands. By varying the pulse width of FELIX so that the
spectral width of the pulse is narrower than 2 cm-1, it is possible to selectively probe the phase
coherent dynamics of the solvent exposed and solvent protected amino acids. We find that while the
solvent exposed amino acids have short dephasing times to coherent excitation, less than 1 ps, the
inner core amino acids which are protected from the environment have very long dephasing times,
longer than 10 picoseconds. This surprisingly long phase coherent response to vibrational excitation at
the core of a protein opens up new experimental and theoretical approaches to studying the means by
which proteins direct and control energy flow at the picosecond time scale.

Corresponding Author: Robert H. Austin, phone: +1 609-258-4353, FAX: +1 609-258-1115,
austin@Princeton.EDU
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Background/aim: Phosphorylation is one of the fundamental regulatory mechanisms in biology. It
also governs the catalytic mechanism of the sarcoplasmic reticulum (SR) Ca2+-ATPase where it
controls the ordered sequence of catalytic steps in order to ensure the efficiency of the overall catalytic
reaction. The aim of this work was to understand the high hydrolysis rate of the ADP-insensitive
phosphoenzyme (E2-P) of sarcoplasmic reticulum Ca2+-ATPase.
Methods: The E2-P phosphate group was studied by monitoring an auto-catalyzed isotope exchange
reaction with infrared spectroscopy. This enabled us to observe 3 stretching vibrations of the
transiently bound phosphate group against a background of 50 000 protein vibrations.
Results: P-O stretching vibrations of E2-P were found at 1194, 1137, and 1115 cm-1. This information
was evaluated using the bond valence model and empirical correlations. Compared to the model
compound acetyl phosphate, structure and charge distribution of the E2-P aspartyl phosphate resemble
somewhat the transition state in a dissociative phosphate transfer reaction: the aspartyl phosphate of
E2-P has 0.02 Å shorter terminal P-O bonds and a 0.09 Å longer bridging P-O bond, the angle
between the terminal P-O bonds is wider and -0.2 formal charges are shifted from the phosphate group
to the aspartyl moiety.
The bridging P-O bond of E2-P is ~20% weaker than that of acetyl phosphate in water. This accounts
for a 1011- to 1015-fold hydrolysis rate enhancement implying that P-O bond destabilization facilitates
phosphoenzyme hydrolysis. P-O bond destabilization is caused by a shift of non-covalent interactions
from the phosphate oxygens to the aspartyl oxygens. This shift can be achieved by the relative
positioning of Mg2+ and Lys 684 between phosphate and aspartyl oxygens with only subtle changes in
distances being required.
Conclusions: For the ATPase and related phosphoproteins we suggest that the relative positioning of
Mg2+ and Lys 684 between phosphate and aspartyl oxygens provides an elegant "handle" for the
enzyme to control hydrolysis.
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Dynamics of Aspartate Transcarbamylase T and R Forms
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In the field of biomolecular regulation, E. coli aspartate transcarbamylase (ATCase) is an interesting
molecular machinery. This 310 kDa enzyme, whose structure is reversibly and co-operatively
modified by the presence of its substrates, presents all the known regulation modes of catalytic
activity. The latter is in particular strongly activated by ATP, a puric base, but inhibited by CTP and
UTP, the two pyrimidic bases that are the final products of the reaction catalysed by ATCase. This
interplay of activation and retro-inhibition that ensures the intracellular balance of puric and pyrimidic
bases for DNA and RNA synthesis in healthy organisms is seen as a promising powerful tool to be
used in cancer therapy.
At the molecular level, how does the fixation of a first substrate on one of the six catalytic sites
influence the affinity for the substrate of the other five sites, distant of as far as 70 Å? This is the
central problem of “signal transduction”. The enzymatic activity of ATCase is modulated by large
structural changes. As a consequence of this structural modification, the radius of gyration of protein,
as measured by small angle X-ray scattering increases by 5% .
Is enzymatic activity modulated by internal dynamics? The inspection of high resolution structures
only enables to estimate enthalpic contributions. Entropic contributions, originating partly from
dynamic contributions, are difficult to deduce from structures. Inelastic neutron scattering can help to
solve the problem. Owing to the large incoherent neutron scattering cross-section of the hydrogen
atom and the abundance of this element in proteins, inelastic neutron scattering experiments give a
global view of protein dynamics as sensed via the individual motions of its hydrogen atoms. We
present incoherent inelastic and quasi-elastic neutron scattering results of the local dynamics (few
angstroms), at short time (few tens of picoseconds), of ATCase in T and R conformations and discuss
the implication of these results in the field of signal transmission within enzymes 3D structure.
An observed increase of mobility of the external region of the protein in the R form suggests some
interesting correlation between molecular dynamics and physiology.
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The molecular probe 6-propionyl-2-dimethylaminonaphthalene, PRODAN, is the choice
for membrane and biomolecular structures investigations because of a strong dependence of its
fluorescence on the environmental polarity. However, for the unequivocal interpretation of the results
gained by such experiments the behavior of the probe molecule in different environmental characteristic
must be known. Several detailed studies upon PRODAN fluorescence behavior have been preformed
and theory argued since it has been designed but the unanimous interpretation is not yet accepted.
Our aim was to determine the reliable method for resolving the complex spectra of
PRODAN in pure solvents of different ethanol concentrations and to establish the sensitivity of the
method for the interpretation of detected changes in PRODAN spectra when it is in complex biological
structures.
The samples of PRODAN were prepared in solutions of ethanol in 0.01 M phosphate
buffer with 0.2 M NaCl. The final PRODAN concentrations of 0.25; 0.5; 1.5; 2 and 3 µM were
measured in samples with ethanol concentrations of 0.3; 0.9 and 3 M. The spectra in pure buffer
solution and in 100% ethanol solution were measured to support the discussion about environmental
polarity importance. The steady state fluorescence spectra at two temperatures 25˚C and 37˚C were
recorded on Carry Eclipse, Varian spectrofluorimeter at the Laboratory for Microwave spectroscopy,
R. Bošković Institute, Zagreb, Croatia.
The refractive indexes of the ethanol solutions have been determined by standard
refractometer at temperature of 25˚C. The dielectric responses of all investigated solutions at 20˚C
were measured by usage of home-made capacitive chamber in conjunction with Agilent 4294A
precision impedance analyzer from 40 to 100 MHz at temperature of 25˚C at the Institute of Physics,
Zagreb.
The corrected steady state PRODAN spectra showed complex structure. The model of two
fluorescence transitions has been applied in analysis of those spectra. The experimental data have been
−

(λ − λ c1 ) 2
2ω12

−

( λ − λc 2 ) 2

fitted with the sum of two Gaussian functions: Y = A1e
+ A2 e 2ω 2
where A1, A2 and λ1, λ2
are maximal fluorescence intensities and corresponding wavelengths of the two transitions
ω (i )
respectively. ω1 and ω2 are related to curves halfwidth ω(1) and ω(2) by 2ω i =
ln 4
2

The behavior of two transition curves has been explained by differences in the
pronounced solvent dipolar relaxation phenomena and consequently the existence of excited states
with different energies depending on media polarity.
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The protein folding problem has been attracting the attention of scientists from various disciplines for
several decades. Although the physical principles are known, the complex energy profile of proteins
and peptides makes the analysis of realistic proteins extremely difficult. Because of energy barriers
conventional simulation algorithms are not efficient, they tend to get trapped in states of the energy
local minima of the rugged energy landscape. Multicanonical method [1] overcomes this difficulty and
performs a random walk in energy space. First a brief discussion of the multicanonical simulation
method are given. The intermediate steps of the simulation starting from a given sequence as input
leading to the folded three dimensional structure and the minimization procedure are summarized. As
a showcase, we have simulated the heptapeptide deltorphin [2] and obtained the detailed three
dimensional topographic picture of the energy landscape. By inspecting the energy landscape, it is
possible predict the conformational transitions from the topography of the energy landscape [3]. The
visualization of the whole rugged landscape is useful for determination of the transition temperatures,
also the glassy temperature and the glassy behavior [1] which comes into play at low-temperatures.
The visualization of the rugged landscape is also helpfull in designing new conformational sampling
algorithms. An ideal simulation scheme can be designed if the topografic feauture of the energy
landscape are known in detail. To this end, we tried to design new hybrid generalized-ensemble
algorithms which enable one to better sample the conformational coverage of the low energy region
[4].
References
[1] B. A. Berg, T. Çelik, Phys. Rev. Lett. 69, 2292 (1992); B. A. Berg, Fields Ins. Commun. 28, 1 (2000).
[2] F. Yaşar, H. Arkın, T. Çelik, B. A. Berg, H. Meirovitch, J. Comput. Chem. 23 (12), 1127 (2002).
[3] H. Arkın, T. Çelik, Int. J. Mod. Phys. 14 (1), 113 (2003); Int. J. Mod. Phys. 14 (5), 567 (2003).
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An exact theory of histone-DNA adsorption and wrapping
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We find exact solutions to a one-dimensional (1D) interacting particle theory and apply the results to
the adsorption and wrapping of polymers (such as DNA) around protein particles (such as histones).
Each adsorbed protein is represented by a Tonks gas particle. The length of each particle is a degree
of freedom that represents the degree of DNA wrapping around each histone. Thermodynamic
quantities are computed as functions of wrapping energy, adsorbed histone density, and bulk histone
concentration (or chemical potential); their experimental signatures are also discussed. Histone density
is found to undergo a two-stage adsorption process as a function of chemical potential, while the mean
coverage by high affinity proteins exhibits a maximum as a function of the chemical potential.
However, fluctuations in the coverage are concurrently maximal. Histone-histone correlation
functions are also computed and exhibit rich two length scale behavior.
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Aim: Biological structures embedded in sugar matrices can overcome adverse conditions. Among sugars
trehalose results the most effective protectant; however, the properties that make it unique with respect to other
sugars are still not clearly understood1. With the aim of studying the origin of the trehalose peculiarity, we
performed FTIR measurements in samples of saccharide coated (trehalose, sucrose, maltose, raffinose, glucose)
carboxy-myoglobin (MbCO), and analyzed the experimental results in the light of a recent work2.
Methods: We followed by FTIR: 1) the temperature dependence of the CO stretching band, which gives
information on the thermal evolution of taxonomic (A) and lower tier substates, and 2) the temperature
dependence of the water association band. We extracted information on the thermal evolution of heme pocket
and of the water-sugar matrix through the analysis of the Spectra Distance (SDCO and SDWATER) of the various
normalized spectra, referred to the respective lowest temperature spectrum, defined as2:
1/ 2

⎧
⎫
2
SD = ⎨∫ [A(ν , T ) - A(ν , T = 20K )] dν ⎬
⎩ν
⎭

1/ 2

⎧
⎫
2
≈ ⎨∑ [A(ν , T ) - A(ν , T = 20K )] ∆ν ⎬ (1)
⎩ν
⎭

where A(ν) is the normalized absorbance at frequency ν and ∆ν is the frequency resolution.
Results: The analysis evidenced a protein-matrix coupling, which is the tightest in trehalose.
Conclusions: Our results give information on the protein-external matrix coupling and shed light on the origin
of the trehalose peculiarity. Indeed, in trehalose, the appearance of structural damages in the protein more
strongly involves the surrounding glassy matrix.
[1] Crowe, L. M. Comp. Biochem. Physiol. A 131, 505 (2002)
[2] Giuffrida, S., Cottone, G.; Librizzi, F.; Cordone, L. J. Phys. Chem. B 107,13211 (2003)
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Fig 1. SDCO (left) and SDWATER (right), which reflect the heme pocket and matrix structure evolution, for dry and
hydrated trehalose and sucrose MbCO samples. The matrix thermal evolution is similar in the two sugar
systems; the protein is more mobile in sucrose than in trehalose. Among the sugar studied the protein-matrix
coupling is the tightest in trehalose.
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Background / aim: The acetylcholine receptor channel is responsible for mediating the electrical signalling
between nerve and muscle cells. Recently it was imaged at atomic resolution using electron microscopy [1]. The
channel was hypothesised to be in a closed, non-conducting state, and structural change s required to open the
channel were suggested. I carry out a theoretical analysis to test these hypotheses.
Methods: The coordinates of the imaged structure are combined with coordinates of the ligand binding domain
to create a complete picture of the protein. The potential energy experienced by an ion passing through the
channel is then calculated using Poisson’s equation. Next, Brownian dynamics simulations, in which the motion
of ions is traced under the influence of electric and random forces, are carried out to determine the likely
conductance of the channel. Finally various open configurations of the channel are created and the energy
landscape and conductance of each model is calculated.
Results: The imaged structure of the channel holds 11 cations in stable equilibrium. However, a large energy
barrier (~30 kT) created by a central hydrophobic girdle is encountered if any of these ions try to cross the
channel. No ions pass through the channel during the simulations, confirming the channel is in a closed state.
When the channel is opened in the suggested way the energy barrier preventing conduction is almost eradicated,
and a high conductance channel (~20 pS) is created.
Conclusions: Despite containing an unobstructed pathway for ions to pass through the membrane, the recently
imaged structure of the acetylcholine receptor channel appears to be in a non-conducting state. However, only
minor conformational changes are required to open the pore and create a highly conductive sodium channel.
[1] A. Miyazawa, Y. Fujiyoshi, N. Unwin, Nature 423, 949 (2003).

Fig 1. The imaged (grey) and hypothesised open (coloured) structure of the acetylcholine receptor channel
viewed from outside the cell looking at the plane of the membrane.
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Background: Proteins act as the machines of life, they drive essentially all the physical and chemical processes
that go on in living cells: they catalyse reactions, pass signals and provide basic structure. Although they are
100 million times smaller than man-made machines they can perform similar tasks such as transport molecules
from one part of a cell to another and act as motors. The way they function is still very obscure but it is known
that they perform their functions by going from one conformation into another. The possibility that vibrational
energy transfer is a step in protein function was proposed in the early 1970’s in connection with a mechanism
for muscle contraction [1]. Recent experiments lead to a lifetime of 15 ps for such a vibration in myoglobin
[2], and of 35 ps in the organic crystal of acetanalide [3], two orders of magnitude larger than previously
thought. Computer simulations show that vibrational excitations can travel tens of nanometers within the
lifetime of these excitations [4]. It has also been found that, while the low temperature amide I excitations are
self-trapped, the higher temperature ones are Anderson-localized [3], in agreement with the predictions of
computer simulations [4]. Still missing are experiments that demonstrate directly the participation of vibrational
energy transfer in protein function and a theoretical model to explain how it can lead to protein conformational
changes.
Methods: Here molecular dynamical simulations are performed to generate an equilibrium ensemble of
structures of F0 F1 ATP synthase and the Davydov model for energy transfer in proteins is applied to study
amide I transfer from the gamma subunit to the catalytic subunits in the F1 ATPase.
Results: The computer simulations show that, if excited, amide I vibrations go preferentially to the subunit
where ATP has been synthesized, and only a small fraction, less than 15 %, goes to the other subunits and is
dissipated.
Conclusions: Vibrational energy transfer constitutes an efficient way of transporting energy that is generated at
active sites, by the binding of ligands or by chemical reactions, to other regions of the proteins where this
energy is needed to perform work.
[1] A.S. Davydov, J. Theor. Biol. 38, 559 (1973)
[2] A. Xie, L.V.D. Meer and R.H. Austin, Phys. Rev. Lett. 84, 5435 (2000)
[3] J. Edler and P. Hamm, J. Chem. Phys. 117, 2415 (2002)
[4] L. Cruzeiro-Hansson and S. Takeno, Phys. Rev. E 56, 894 (1997)
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Background/aim: We use a sol-gel protocol to encapsulate hemoglobin (Hb) in silica hydrogel at a
concentration high enough to study the optical absorption band III at ~760 nm. Sol-gel encapsulation slows
down the quaternary conformational changes so that the Hb quaternary structure can be effectively decoupled
from the ligation state and the kinetics of the R→T transition in deoxyHb can be studied with conventional
spectroscopic methods; moreover, in view of the porous matrix structure, the solvent composition inside the
pores can be easily varied, thus allowing to study the effect of solvent on protein quaternary relaxation.
Methods: A ~2 mm thick silica hydrogel containing ~2 mM HbO2 is layered on the inner face of a metacrylate
cuvette which is then filled with a “protective” solution containing the desired solvent. Immediately before the
experiment the protective solution is substituted with an otherwise identical deoxygenated solution containing
50 mM Na-dithionite. The time evolution of band III is then measured with standard spectrophotometric
techniques.
Results: The result of a typical experiment is shown in fig.1. Two kinetic processes are observed: first, an
almost exponential M0 increase at constant M1 due to the diffusion of dithionite inside the silica gel and sample
deoxygenation and, second, a non exponential shift of band III peak frequency (M1) towards the deoxy
equilibrium value, at constant M0, due to the R→T
quaternary transition. With this method the kinetics of the
R→T transition has been measured in the temperature
interval 5-45° C and in various solvents (from 0% to 80%
50
glycerol/water mixtures).
40
Conclusions: Two new results are evident already from the
data shown in Fig. 1: 1) the kinetics of the R→T transition is
30
non expo-nential; to our knowledge this is the first time that
20
the heterogeneous character of the R→T transition and
therefore the existence of conformational substates at the
1.315
level of quaternary structure is reported; 2) the M1 shift of
band III occurs at constant M0: in view of the porphyrin-iron
1.314
charge transfer character of band III, this strongly suggests
that the iron out of heme plane displacement is not coupled
1.313
to the R→T quaternary transition in deoxyHb.
1.312
Measurements at various solvent compositions evidence a
correlation between the kinetics of the R→T transition and
the dithionite diffusion rate; this extends over more than two
1
2
50 100 150
orders of magnitude in time and suggests that the R→T
time (103 x sec)
transition in deoxyHb is slaved to the solvent.
Figure 1. Band III zeroth (M0) and first (M1) moments
as a function of time. The arrow indicates the M1
deoxy equilibrium value. T=25°C; solvent: 20%
glycerol/water, 0.2 M phosphate buffer pH 7.
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Aim: Noncanonical multi stranded polynucleotides play essential role in the functioning of cell genetic
apparatus [1]. So it is of great interest to study polyA×polyU (AU) and polyA×2polyU (A2U) conformational
transitions induced by temperature and divalent metal ions (Mt2+) content, to determine thermodynamic
parameters of Mt2+ binding to these polynucleotides.
Methods: Differential UV spectroscopy, thermal denaturation. Experimental conditions: Na acetate (pH 6.0),
Na cacodilate (pH 7.0) buffers, 10-2, 3×10-2, 10-1M Na.
Results: Differential UV spectra data shows that Ni2+ as well as Mg2+ do not interact with bases of double and
tripe helixes. Interaction of these ions with AU and A2U results in the ordering of disordered polynucleotides
links. The initial degree of polynucleotides disordering is about 15% in the case of AU. At [Ni2+]>4×10-4
nickel binding to N7 adenine of one stranded polyA is observed. The absence of Ni2+ - N7 interaction in AU is
possibly results from the height rigidity of double helix that prevents chelate formation.
Data on polynucleotides melting were used to obtain conformational transition diagrams. At the high
ionic strength phase diagrams have a “critical” point, at which the type of conformational transition changes. In
the case of A2U at [Mt2+] < [Mt2+]cr (where [Mt2+]cr is “critical” Mt2+ concentration) two sequential transitions
3→2, 2→1 take place, at higher Mt2+ content the triple helix disintegrates on one stranded coils polyA and
polyU. At low Mt2+ concentration and polyA:polyU ratio 1:1 2→1 transition is observed while at [Mt2+] >
[Mt2+]cr heating of AU results in triple helix formation (transition 2→3). At 10-1 M Na+ [Mg2+]cr is
(3,5÷5,5)⋅10-5М and the “critical temperature” is (55÷58)0C. At low ionic strength the “critical” point at A2U
phase diagram is not observed.
Some features of phase diagrams obtained may be explained in the frame of ligand binding theory on
the ground of metal ions bindung constants (K) . Thus Mg2+ destabilize AU (at [Mg2+] > [Mg2+]cr) because KAU
< KA2U . In the case of Ni2+ KA, KAU and KA2U have close values due to this Ni2+ ions do not change 2→3
transition temperature.
Conclusions:
1. Ni2+ ions as well as Mg2+ interact with phosphate groups of AU and A2U that results in the
polynucleotides ordering.
2. Ligand binding theory satisfactorily describes changes of 3→1, 3→2 and 2→1 transitions parameters
caused by Mg2+ and Ni2+ ions. The thermodynamic analysis performed in the framework of this theory
reveals that the conformational transition temperatures in the presence of divalent metal ions are
determined by the ion binding constants with one– and multi stranded polynucleotides.
[1] Sehlstedt U., Aich P. J.Mol.Biol. 278, 31 ( 1998)
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Background: Recently it was proposed that protein motions and function are ‘slaved’ by solvent fluctuations
[1]. The ‘slaving’ principle was introduced by H. Haken to describe self-organization in complex systems [2]. It
applies to a set of fast variables which are forced by a slow variable, the ‘order parameter’, to follow on the
same time scale. The reduction in complexity occurs by adiabatic elimination of fast components. The relation
between protein and water variables is quite different: The fast variables representing the solvent are controlling
the slow protein variables by exerting friction. Proteins and liquids are dissimilar from a dynamical point of
view: Protein residue displacements are short range, discontinuous rotational jumps dominated by a rigid energy
landscape. Motions in a liquid are continuous and long range: Diffusion does not occur by crossing a barrier but
by collecting sufficient free volume to avoid the barrier. The liquid barriers resemble a fluctuating sea-scape.
The solvent introduces a liquid aspect to the otherwise solid-like protein structure. The goal of this contribution
is to show that Kramers law of activated escape provides a unified view of protein-solvent interactions: The
protein-barriers are modulated by fast solvent fluctuations, which exerts friction on the slow activated protein
process. The solvent viscosity η is thus the essential coupling parameter describing dynamic protein-solvent
interactions as originally proposed by Frauenfelder and collaborators [3]:
k = A/η exp(-H/RT)
Methods: We present nano-second flash photolysis experiments with CO-myoglobin in combination with
dynamic neutron scattering data.
Results: We analyse kinetic data of ligand binding to myoglobin performed in a variety of solvents covering a
wide range of viscosities [4]. Bond formation and intra-molecular ligand displacements between Xe-docking
sites are independent of viscosity. The rates of ligand transfer across the protein-solvent interface follow a
Kramers law within a wide viscosity range involving a protein-intrinsic barrier H, which does not vary with the
solvent composition. Deviations occur at high co-solvent concentrations due to a surface viscosity (different
from bulk) as a result of preferential hydration. Dividing the ligand transfer rate by the dielectric relaxation rate
of the solvent as proposed in [1] removes the viscosity effect, but ignores the protein barrier. Dynamic neutron
scattering experiments performed with myoglobin reveal solvent-independent rotational motions and waterassisted protein displacements. Protein and water displacements evolve differently even on a pico-second time
scale.
Conclusion: Kramers law of activated escape allows to unify protein landscapes and solvent seascapes: Protein
barriers are modulated more or less by solvent fluctuations.
The concept of slaving applies only to barrier-less motions on the time scale of the structural relaxation of the
solvent. In the low viscosity regime water acts as a plasticizer of protein motions.
[1] P. Fenimore, H. Frauenfelder, B. McMahon and F. Parak, PNAS 99 (2002) 16047
[2] H. Haken, Synergetics p. 194, Springer Verlag Berlin, Heidelberg, New York (1977)
[3] D. Beece et al. Biochem. 19, 5147 (1980)
[4] Th. Kleinert, W. Doster, H. Leyser, V. Schwarz, M. Settles, Biochem. 37 (1998) 717
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The application of pressure yields activation and reaction volumes, providing important mechanistic
information on reaction intermediates. We present kinetic data on the CO-binding reaction to
myoglobin ranging from femto-seconds to seconds at pressures up to 5 kbar. While ligand escape
involves a volume change, corresponding approximately to the size of a CO molecule, a much smaller
difference volume is found for ligand entry. This suggests, that CO replaces an intra-molecular water
molecule. Ligand diffusion between internal docking sites is nearly independent of pressure, while
bond formation involves a negative activation volume. The latter is related to a pressure-dependent
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The figure shows the nano-second rebinding kinetics versus pressure referring to various reaction
intermediates: The B basin corresponds to the primary docking site after photolysis, C and D are
secondary docking sites, while S denotes the solvent. The main effect with increasing pressure is the
depression of ligand escape to the solvent and the decrease of the kinetic amplitude above 3 kbar.
Generally one expects, that voids in the protein structure will be occupied by water molecules
increasingly with pressure, inducing pressure-unfolding. With myoglobin this is not observed up to 5
kbar.
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Background/Aim: Hypericin possesses extremely high toxicity towards certain viruses that includes
human immunodeficiency virus (HIV) and tumors which absolutely requires light. The antiviral and
antineoplastic activities of hypericin and its derivatives and mode of action have been widely studied,
in the last two decades.This work aims to evaluate the oxidative damage of hypericin on the protein of
aqueous humor and retinal rhodopsin of the rabbits.
Methods: The effect of hypericin (1-5µM) on the protein of aqueous humor and retinal rhodopsin was
determined by gel filtration chromatography using sephacryl S-300, absorption spectrum (200-700nm)
and the total protein content. The analysis of oxidative damage of hypericin was done in the dark and
in the presence of light.
Results: The obtained data showed that hypericin in low concentrations did not damage the eye in the
dark (2-5µM).In the presence of light, hypericin phototoxicity increases by prolongation of exposure
time that can induce cataract or other eye diseases.
Conclusion: Hypericin is a phototoxic agent to the eye. The eye should be protected from the intense
light as well as the dose of drug should be revised to minimize the side effects of such medications.
Key words: hypericin, aqueous humour, rhodopsin, phototoxicity.
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Background/Aim: Adverse effects of short wavelength, visible radiation have been demonstrated
during the last few decades. The important adverse acute effects of optical radiation are to the eyes;
photochemical corneal injury (photokeratitis), photoconjunctivitis, and photochemical and thermal
retinal injury. Delayed (chronic) effects include lenticular burnescence, cataractogenesis and retinal
degeneration. The present work is aiming to study the effect of prolonged exposures to artificial light
on the eyes of New Zealand rabbits .
Methods: New Zealand rabbits were exposed to 500 watts, for periods of 555, 1110 and 1666 hours at
a rate of 15 hours daily with the average illumination 470 Lux/m2 at the centre of the cage. Total
soluble protein content, refractive index, molecular weight distribution, Electrophoretic mobility of
lens protein and aqueous humor for normal and exposed animals were investigated.
Results: The results showed a marked decrease in total soluble protein content with increasing the
exposure time for both lens and aqueous humor. Moreover, the molecular weight distribution showed
mainly a shift towards low molecular weight. Also the Electrophoretic mobility and the refractive
index data showed significant decrease which was a function of exposure time.
Conclusion: The eye must be protected against such optical radiation as well as avoidance of
prolonged exposure time to artificial light.
Key words: UV, aqueous humor, lens
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Background:
One of the modern problems in pharmacology and medicine is a prediction of biological efficiency of
small molecules (caffeine, teaflavine, etc.) in cells and their influence on drugs activity. We
investigated the binding of actinocin derivatives (Act), analogues of actinomycin D, to nucleic acids in
presence of caffeine (CAF).
Methods:
A novel method of analysis of spectrophotometric concentration dependences in VIS and UV regions
was proposed. We measured absorbtion spectra of ligand – polynucleotide mixtures without
competitive ligand (CAF) and in its presence. We considered some models of interaction in a triple
ActII – DNA – CAF systems using equations of competitive binding [1] and McGhee - von Hippel
treatment [2]. Our method and DALSMOD optimization program allow to determine binding
parameters of biological active agents to polynucleotides (ActII – DNA). Modification of the
DALSMOD program (DALSCOMP) allowed us to obtain the binding parameters in the triple ActII –
DNA – caffeine and ActII – poly(C) – caffeine systems. Using the DALSCOMP program we
calculated the binding constants of ActII and CAF with nucleic acids, optimal values of molar
extinction coefficients and binding site sizes for various kinds of complexes.
Results:
By means of this method we investigated binding of actinocin drugs and caffeine to DNA having
different base compositions and with poly(C) in various conformations. We were considering the
interaction of ActII with single-stranded (pH=6,8) and double stranded (pH=4,4) poly(C) forms. It
should be noted that caffeine does not bind to double stranded poly(C). However, binding of caffeine
to single-stranded poly(C) was founded. The binding constants of caffeine to calf thymus DNA and
poly(C) are similar (K=200±40 M-1). Caffeine – ActII heteroassociation constant is K=350±50 M-1
and ActII – nucleic acid constant is K=104÷106 M-1 for various kinds of complexes.
Conclusions:
Binding constant of caffeine to nucleic acids is smaller than binding constants of actinocin drugs to
nucleic acids, but our method allows to investigate such subtle effect. This method can be used also to
investigate a complexation in any three – component systems even in the case when one of the
competitors has a weak affinity to DNA or doesn’t absorb neither in VIS, nor in UV region.

1. Yu. D. Nechipurenko, G.V. Gursky, Biophys. Chem. V 24. P.195. (1986).
2. J.D. McGhee, P.H.von Hippel, J.Mol.Biol. 86. P. 469-489. (1974).
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We investigate by analytical means the stochastic equations of motion of a linear molecular motor
model based on the concept of protein friction. Solving the coupled Langevin equations originally
proposed by Mogilner et al., and averaging over both the two-step internal conformational fluctuations
and the thermal noise, we present explicit, analytical expressions for the average motion and the
velocity-force relationship. Our results allow for a direct interpretation of details of this motor model
which are not readily accessible from numerical solutions. In particular, we find that the model is able
to predict physiologically reasonable values for the load-free motor velocity and the motor mobility.
[1] A. Mogilner et al., Phys. Lett. 237, 297 (1998)
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Background/aim: Horse cytochrome c (cyt c) is just widely used as a model system in elucidation the
mechanism of protein folding. The reduced cyt c is about 40 kJ/mol more stable with respect to
unfolding than the oxidized protein [1,2]. Under suitable denaturing conditions, the oxidized protein is
completely unfolded, whereas the reduced one is totally folded. This peculiarities have been used for
initiation of the folding process by rapid photochemical reduction of unfolded oxy-cyt c in the
temperatures region of 20 –295 K. The folding is observed with increasing temperature of the sample.
Methods: Oxy-cyt c, unfolded by 3.5 M guanidine hydrochloride, was frozen in 50% (v/v) bufferglycerol solution and was then reduced by electrons from a photoexitated ruthenium(II) complex.
Results: The optical absorption spectra following photoreduction at low temperatures (20, 80, 180,
235 K) indicate the formation of a reduced unfolded intermediate with miss-ligated His26/33-FeHis18 coordination, trapped due to freezing . Upon warming the samples, the conversion from missligated intermediate to the native Met80-Fe(II)-His18 coordination was found to occur at the
temperature of about 245 K. At this temperature, the time scale of this process is quite slow (about
hundred minutes) due to the high viscosity of solvent. High barriers have to be surmounted by the
polypeptide chain during ligand substitution.
Conclusions: At room temperature, the formation time and the interconversion rate of different
folding intermediates is so fast, that an investigation requires the application of methods with a high
time resolution. The photoinitiation of the folding reaction at high viscosity in combination with low
temperature may shift the folding rates into a time window where detailed investigation become easier.
A stepwise warming up of the sample with trapped intermediates allows to establish the activation
barrier heights and there distributions and by this way to define the energy landscape of the folding
processes.
[1] J. R. Winkler, P. Wittung-Stafshede, J. Leckner, B. G. Malmstrom, and H. B. Gray, Proc. Natl.
Acad. Sci. USA 94, 4246 (1997)
[2] E. N. Frolov, R. Gvosdev, V. I. Goldanskii, and F. G. Parak, J. Biol. Inorg. Chem. 2, 710 (1997)
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Background:
Previously we have found that some actinocin derivatives are interacting with calf thymus DNA
molecules [1]. To obtain more detail information about the mechanisms of binding of these drugs to
DNA we had searched for the optimal model of interaction.
Methods:
Such model of the interaction could been found in way of the best fit of the experimental titration
curves obtained in VIS and UV regions to ones calculated by models of multimodal binding of ligand
to DNA. We considered some models of interaction in the ligand-DNA system. Each of considered
models can be present via McGhee and von Hippel equations with different set of parameters [2,3].
Dimerization of drugs molecules were taking into account also. To obtain the binding parameters for
chosen model the computer optimization DALSMOD program has been used [1].
Results:
We have used the DALSMOD program for calculations of binding parameters in the systems:
actinocin derivative (ActII) – DNA with different AT- and GC-content. DNA from Micrococcus
lysodeikticus (~72% GC), Clostridium perfringers (~28% GC) and DNA from calf thymus (~48% GC)
were investigated. The model of interaction when two types of complexes are formed on two different
size of binding sites (aggregated ligands are taking into account) is the optimal model for ActII-DNA
mixtures. The optimal values of binding parameters for chosen model (association constants, binding
site sizes, molar extinction coefficients) were defined at finishing of optimization for each set of
experimental data. These values of parameters have been independent determined both in VIS and UV
regions and were in good agreement. The minimum value of Hamilton’s factor, which was calculated
also at ending of optimization, corresponds to optimal model. It should be noted that DALSMOD
program allows to obtain the binding site size within to 0.1. The last modification of our program is
able to consider simultaneously the data of absorptions at 18 waves lengths for 15 solutions.
Conclusions:
Our results indicate that spectral and thermodynamic binding parameters of ActII-DNA systems were
different for these DNA.

1. F. Hartley , C.Burgess, R. Alcook, Solution equlibria, Ellis Horwood, 360 p. (1980)
2. J.D. McGhee, P.H. von Hippel, J.Mol.Biol. 86. P. 469-489. (1974)
3. Yu. D. Nechipurenko, G.V. Gursky, Biophys. Chem. V 24. P.195. (1986)
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Background/aim: Malaria is one of the most important infectious diseases in the world causing more
than 300 million cases and 1.5million deaths a year. Its control become complicated by the raising and
spreading of resistant parasites to available chemotherapy. A potential target to new treatment is the
inhibition of the cysteine protease falcipain-2, one of the major enzymes of P.falciparum. This
protease causes hemoglobin degradation to provide the main amino acid source for the parasite and,
therefore, is essential to the parasite viability. We proposed four different models (M1-M4) to the
structure of falcipain-2, and confirmed the viability of the best model throughout interaction studies
with E-64 [trans-epoxysuccinyl-L-leucylamido-(4-guanidino)butane], a known cysteine protease
inhibitor, and Z-LR-AMC [Benzyloxycarbonyl-Leu-Arg-7-amino-4-methyl coumarin] a fluorescent
compound used in catalyze studies. Our purpose is to contribute for a specific falcipain-2 inhibitor.
Methods: We built the four molecular models of falcipain-2 using Comparative Molecular Modeling
techniques and five crystallographic structures from Protein Data Bank as templates. To derive the
spatial coordinates for the models we used the BLAST (Basic Local Alignment Search Tool) internet
server, and aligned the amino acid sequence using the Needleman and Wunsch method with manual
modifications for an optimal alignment. Because of a long sequence insertion between residues M183
and Y198, each one of the models had a different conformations for this region: A long beta strand in
M1, a reduced loop with cathepsin-K conformation for M2, a different alignment for M3 and the
lowest energy conformation found at Swiss-Model loop database for M4. Molecular Dynamics (MD)
simulations were performed with GROMACS software. All the systems were inclosed in a cubic
periodic boundary box, filled with ~9.800 water molecules. To study the four models we recorded 1.0
nanosecond of atomic trajectories at 310K with single 1.4nm cutoff for van der Waals and 1.5nm
cutoff and reaction field for the coulomb interactions.
Results and Discussion: We evaluated the stability of the four different proposed structures, the
viability of the active site and positioning of key amino acids to catalisys. M1 proved to be the most
stable model and the one which best preserve the main structural features of the enzime binding cleft.
In this work, the interaction of this model with the ligands E-64 and Z-LR-AMC took in to account
hydrogen bonds, intermolecular contact surface area and Gibbs Free energy variations. These
parameters were in close agreement with the literature on cysteine-protease complexes with these
compounds. Analyze of the particularities of falcipain-2 binding pockets at active site have shown that
our model could be viable to structure-based design of inhibitors for this protease.
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Background/aim: Due to the specific topological restraints some features of the helix-coil transition in closed
circular DNA (ccDNA) differ from those of open chain DNA (ocDNA). Experiments show that the melting of
ccDNA begins at temperature, lower than that in ocDNA, and completes at considerably higher temperatures
and is more smooth.
In [1, 2] we developed a microscopical theory of helix-coil transition in polypeptide chain. A many-particle
Potts-like model was used instead of the two-state Ising model. We were encouraged to use a similar approach
to the ocDNA molecule [3]. Our model concentrated on the major property of double stranded system, namely,
on the effect of loop formation. It allowed to investigate the influence of rigidity of macromolecule backbone on
DNA melting and to explain its high cooperativity from this point of view. In [4] we have applied this model to
ccDNA. The goal of this work is taking into account of heterogeneity of DNA composition and the influence of
solvent, competing for formation of hydrogen bonds.
Methods: We constructed the Hamiltonian in which the topological restrictions of ccDNA are effectively
described by hydrogen bond reduced energy J i dependence on fraction of broken hydrogen bonds P
(instantaneous denaturation degree) in form:
n
⎞
⎛ N
− β H = ⎜⎜ ∑ J i (P )δ 1(i ) + I 1 + δ 1(i ) ∑ δ (µ ij ,1)⎟⎟
j =1
⎠
⎝ i =1
Here, we take into account DNA heterogeneity ( J i is the reduced per temperature hydrogen bond energy,
dependent on the number of repeated unit i ) and a competitive solvent ( I is reduced per temperature energy of

(

)

polymer-solvent hydrogen bond formation; the variables µij describe the orientation of solvent molecules
relative to i -th repeated unit and j -th planting point. The number of these orientations is q , the number of
planting points is n ).
Results: We have suggested a simple method which allows to obtain the melting curves for the ccDNA from
the melting curves of the corresponding ocDNA through the transformation formula which relates the
temperature of ccDNA for a given degree of helicity to the temperature of ocDNA for the same degree of
helicity. Our calculations show that ccDNA curves are more smooth, melting begins earlier and the transition
interval is larger.
To compare the theory with the experimental data quantitatively, it is necessary to carry out experiments on
melting of the single topoisomerical fraction.
Conclusions: It is shown, that denaturation curve for ccDNA may be obtained on the basis of curve for open
chain by temperature scale transformation.
[1] Sh.A. Hayryan, N.S. Ananikian, E.Sh. Mamasakhlisov, V. F. Morozov, Biopolymers 30, 357 (1990)
[2] Sh.A. Hayryan, E.Sh. Mamasakhlisov, V.F. Morozov, Biopolymers 35, 75 (1995)
[3] V.F. Morozov, E.Sh. Mamasakhlisov, Sh. Hayryan, C.-K. Hu, Physica A 281, 51 (2000)
[4] V.F. Morozov, E.Sh. Mamasakhlisov, A.V. Grigoryan, A.V. Badasyan, q-bio.BM/0401021
[5] A.V. Grigoryan, Biophysical Journal 84, 580a (2003)

B05-183
DSC Study of Thermal Denaturation and Subsequent Restoration of Native Structure in Humid
Globular Proteins and Their Concentrated Water Solutions.

N.A. Grunina, T.V. Belopolskaya, G.I. Tsereteli
Research Institute of Physics, St.Petersburg State University, St.Petersburg, 198504, Russia
Telephone: +7(812)4284543; fax: +7(812)4287240; e-mail: natalia.grunina@pobox.spbu.ru

Our calorimetric studies of thermal properties of the globular protein-water systems in a wide range of
water content have shown that the renaturation process is possible not only in diluted solutions as it
was considered previously. As we have established earlier the humid proteins can exist in glassy state
and the heating causes the transition from the glassy state into the rubber-like one [1-3]. As a sequence
the denaturation of partly dehydrated proteins takes place only on the background of this transition. In
the present work series of the experiments was carried out in order to demonstrate that the observed in
this case endothermic high-temperature maximum in the temperature dependence of heat capacity has
a structural origin but not a relaxation one. Despite to the fact that denaturation is irreversible under
such conditions, it was found that thermally denatured humid proteins (ribonuclease, lysozyme, and
myoglobin) are able to restore their native structure at subsequent dissolving in water. We assume that
renaturation in this case is due to the formation during thermal denaturation of rather stable
intermediate states with structure intermediate between that of native and denatured humid protein.
These conformational states have short lifetime at high temperatures, however can last for unlimited time
at room temperature being in the glassy state. Namely the glassy state provides the ability of denatured
protein to restore its native structure at the dissolving.
In the case of the concentrated solutions the ability to restoration of protein native structure as it was
found is also connected with the formation during thermal denaturation the intermediate states which
can be close to the state of the melted globule in dilute solution. These states are fixed by the
thermoreversible melting gel network forming under the certain protein environmental conditions (pH,
ionic strength, buffer molarity, concentration) and can exist for a long time up to the gel melting [4, 5].
The quenching of the sample immediately after the melting of gel prevents gel formation, preserves
these states, and thereby allows the conditions for renaturation.
Thus it has been shown that the formation of matrix both of gel and glass depending on water content
in the systems studied plays the main part in the possibility of denatured globular proteins to
restoration.
[1] N.A. Grunina, T.V. Belopolskaya, G.I. Tsereteli, Abstracts of 6th Pushino Conference of Young
Scientists, Russia, P.236, (2002).
[2] G.I. Tsereteli, T.V. Belopolskaya, N.A. Grunina and O.L. Vaveliouk, J. Therm. Analysis and
Calorimetry, V.62, P. 89-99, (2000).
[3] T.V. Belopolskaya, G.I. Tsereteli, N.A. Grunina, Doklady Biophysics, V.364-366, P.10, (1999).
[4] T.V. Belopolskaya, G.I. Tsereteli, N.A. Grunina and O.L. Vaveliouk, J. Therm. Analysis and
Calorimetry, V.62, P. 75, (2000).
[5] T.V. Belopolskaya, G.I. Tsereteli, N.A. Grunina, Biophysics, V.42, P.833, (1997).
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Background/Aim:
It is well-known that RNA viruses have much higher mutation rate than DNA viruses because RNA

polymerases lack proof-reading activities in contrast to DNA polymerases. Coronaviruses including
severe acute respiratory syndrome virus (SARS-CoV) are the largest RNA viruses and their genome
RNAs may belong to the largest RNAs in cells, therefore, they may have evolved mechanisms of
genome biosynthesis and maintenance with similarity with DNA-based life-forms, thus differing from
other RNA viruses. According to amino acid sequence analysis of SARS-CoV encoded proteins, it
was predicted that the 1b protein contains an exonuclease (ExoN) domain which shows similarity
with exonuclease I and the exonuclease domain of DNA polymerases [1]. The current study aims to
reveal the structural and functional relationship of the ExoN domain of coronaviruses.
Methods:
Molecular and structural biology methods are used, including expression of recombinant ExoN

domain in E. coli, purification of recombinant protein by affinity chromatography and gel filtration,
gel retardation assay for RNA banding, nuclease activity assay using radio-labeled RNA, protein
folding and unfolding analysis by micro-calorimetry, and the final crystallographic analysis of ExoN
domain.
Results & Conclusions:
The coding region of the ExoN domain was cloned from the genome of SARS-CoV and the fusion
protein with glutathione-S-transferase (GST) was expressed in Escherichia coli cells. The recombinant

ExoN domain showed RNA binding activity in gel retardation assay and nuclease activity when
incubated with RNA. The folding and unfolding status and its relation with the enzymatic properties
are analysed by isothermocalorimetry. The purified recombinant ExoN domain is being crystallized
for 3D structural analysis.
[1] EJ. Snijder et al., J. Mol. Biol. 331,991-1004 (2003).
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Background/aim: It is a well-estabilished concept that proteins in biological systems are folded into
the native structures unique to their amino acid sequences. An increasing amount of genetic

information suggests that relatively large number of proteins in biological systems may be unable to be
folded into well-ordred structures by themselves. Those proteins are often called natively unfolded or
partially folded proteins. Here, we show one of such examples for EspB from enterohaemorrhagic E.
coli which is one of the components of type III secretion system of this pathogenic bacterium.
Methods: The structural properties of EspB protein under various conditions were analysed by
circular dichroism (CD), 8-anilino-2-naphthyl sulfonic acid (ANS) binding, and NMR.
Results: Far-UV CD spectra suggested the presence of a significant amount of α-helical strucures for
EspB at pH 1.0-7.0. ANS fluorescence in the presence of EspB increased at pH 2.0. By contrast, no

increase of ANS fluorescence was observed at pH 7.0. NMR spectra at pH 7.0 and 2.0 were closely
similar to the spectrum in the presence of 8 M urea where the protein is fully unfolded according to the
CD spectra.
Conclusions: At pH 2.0, EspB assumes a molten globule state. A similar conformational state is
stabilised at pH 7.0, although, unlike traditional molten globule, no indication for the presence of

exposed hydrophobic surfaces is observed. EspB is known to interact with various biomolecules,
including EspA and EspD in type III components, and α-catenin from host cells. The natively partially
folded conformation of EspB can be advantageous to being inserted into host cell membrane and/or to
interacting with other target proteins during bacterial infection to different types of host species.
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Background/aim: Biopolymers are a special class of biomolecules in a living cell, being
macromolecules with size up to several microns when extended, and being built up hundreds or

thousands of similar units. This block structure gives the possibility to their description using
statistical physical methods, which are not straightforward in the case of other materials such as
proteins. Recent advantages in single molecule microscopy give the possibility to relate theoretical
studies to the experimental hydrodynamic behaviour of such molecular chains [1], however the role of
hydrodynamic coupling between molecules is not extensively explored.
In this work we report the design of microfluidic cells and the first experiments on biopolymers to
investigate the hydrodynamic coupling effects between individual molecules at different separation
distances and flow rates.
Methods: Templates of the microfluidic cells were built up of SU8 photoresist using standard
photolithographic techniques [2]. Poly(dimethyl siloxane) (PDMS) was poured onto the templates, and

crosslinked at 65 C degrees [2]. The cell was then peeled off, assembled and equipped with tubing for
flow experiments. The flow was controlled by a syringe pump, and the molecules were observed by
fluorescent labeling (Fig.1) in an Axiovert 200 inverted microscope (Zeiss) and a digital CCD camera
(Orca-AG, Hamamatsu).
[1] P. S. Doyle, B. Ladoux and JL Viovy, Phys. Rev. Lett. 84. 4769 (2000)
[2] A. Hierlemann, O. Brand, C. Hagleitner and H. Baltes, Proc. IEEE 91. 839 (2003)

Fig. 1Fluorescent actin filaments imaged under flow.
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Background/aim: Molecular interaction between proteins is a fundamental process in all living
systems. Theoretical and experimental studies have recently shown that water-mediated indirect

interactions are as important as direct interactions for the stability and specificity of the interaction. A
part of water molecules bound to hydrated sites of a protein keep their positions and facilitate the
interaction, though the other water molecules are excluded by the complex formation. It is still unclear
what kind of hydrated water stays at the interface and contributes to the interaction. In the present
study, I investigated the dynamics of the hydrated water and classified the hydrated water according to
the contribution to the protein-protein interaction. Then, I also investigated the relationship between
the indirect interactions and the indirect interactions.
Methods: The interaction between barnase, an extracellular ribonuclease of Bacillus
amyloliquefaciens, and its intracellular inhibitor barstar, was chosen for this study, because this system

had many advantages for investigating the behavior of hydrated water. Molecular dynamics
simulations were performed for monomeric forms and complexes of barnase and barstar mutants.
Results: About 65% of a total of hydrated water molecules, which interacted with the interface
residues of barnase or barstar before binding, remained around the interface after binding. Water

molecules had longer lifetime of interaction around the hydrophilic groups, while they had shorter
lifetime of interaction around the hydrophobic groups. Two types of H-bonding interactions between
barnase and barstar were observed in the complex; the direct interaction and the water-mediated
interaction. The direct interactions were observed at the sites where the lifetime of hydration was
relatively short before binding, while the indirect interactions were observed at the sites where the
lifetime of hydration was relatively long before binding.
Discussions and Conclusions: The direct interactions are not always firm, as observed for the indirect
interactions. The direct interactions are supplemented by the indirect interactions at the identical sites.

Thus, the direct and indirect interactions are not independent with each other.
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Background/aim: Lipocalin-type prostaglandin D synthase (L-PGDS) is a member of the lipocalin

superfamily. The tertiary structure of L-PGDS showed an eight-stranded β-barrel architecture, which
is similar to that of the other members of lipocalin superfamily such as β-lactoglobulin and retinolbinding protein. The inside structure of L-PGDS is hydrophobic circumstance and is capable of
accommodating a large variety of lipophilic low-molecular ligands, e.g., retinoids, bile pigments and
thyroid hormones. Such a characteristic of L-PGDS arouses our interest in studying the complex
structure of L-PGDS with lipophilic ligands. In the present study, we measured the conformational
changes of L-PGDS by the binding of lipophilic ligands with the x-ray small angle scattering (SAXS),
and the binding affinities of the lipophilic ligands.
Methods: SAXS measurements were performed at BL40B2, SAXS station, in SPring-8. The
complexes of L-PGDS with retinoic acid (RA), bilirubin (BR) and biliverdin (BV) systems were

prepared.
Results & Conclusions: Figure 1 shows the scattering curves from L-PGDS complexes with three
ligands. Only in the small-angle region, deviation was observed on scattering curves. These results

reveal that, when ligands bind to L-PGDS, just a small change occurs on the whole shape of L-PGDS,
and the size of the complex molecule is differed by each
ligand. Those structural changes may be ascribed for the
conformational flexibility of L-PGDS molecule; leading its
unique property that L-PGDS exhibits a broad selectivity of
ligand binding1). Moreover, we also will discuss the
structures from NMR measurements and molecular
modeling study in the poster presentation.
1)

Inui et al. (2003) J. Biol. Chem., 278, 2845-2852.

Fig.1 The representative scattering curves
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Conformational behavior of a small cardioactive decapeptide Ala1-Pro2-Asn3-Phe4-Leu5Ala6-Tyr7-Pro8-Arg9-Leu10-NH2 that was isolated from central neurones of Helix aspersa was
investigated by theoretical conformational analysis.This molecule responsible for ensuring the correct
functioning of the cardiovascular activity of the body.
To understand the mechanism by which the cardioactive peptide function, it is necessary to
know their conformational possibilities, the full complement of low-energy conformational states.
Taking into account the specific features of the amino acid sequence we choose the following scheme
of conformational analysis of this decapeptide molecule: the N-terminal pentapeptide Ala1-Pro2Asn3-Phe4-Leu5, C-terminal tetraprptide Tyr7-Pro8-Arg9-Leu10-NH2, hexsapeptide Leu5-Ala6Tyr7-Pro8-Arg9-Leu10-NH2 and all decapeptide APNFLAYPRL. At the first stage, on the basis of
the low-energy conformations of the monopeptides, we studied the conformational possibilities of
mentioned fragments of this decapeptide. At the final stage calculation of N-terminal pentapeptide and
hexsapeptide enabled us to evaluate the conformational properties of the whole molecule.
The conformational potential energy of this molecule is given as the sum of the independent
contributions of the non-valent, electrostatic, torsional interactions and hydrogen bonds. The lowenergy conformations of this decapeptide molecule and the values of the dihedral angles of the main
and side chains are found and the energy of the intra- and inter-residue interactions is estimated. As a
result, only a very restricted set of low-energy conformations was isolated from a great number of
analysed combinations of the cardioactive decapeptide with relative energies in a sufficiently wide
interval of 0 – 8 kcal/mol. Possible structure of the cardioactive decapeptide under physiological
conditions may be described by a set of low-energy conformations belonging to 11 different forms of
the back bone. The investigation of conformational possibilities and analyses of structure organization
of decapeptide APNFLAYPRL is indicated that in optimal conformation of this molecule the central
site, N- and C- terminus are closed. The low-energy conformations of the natural peptide were used as
the initial structural states to explore the conformational possibilities of the artificial analogues.
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The force field of a protein is an important and fundamental tool in modeling the
structures. Although currently available all-atom protein force fields have been well tuned, it is still a
difficult and time-consuming task to correctly predict protein structures by computer simulation,
especially in water. Most of all-atom protein force fields utilize basically the same energy function as
Lifson's one:

ETOTAL = EBOND + EANGLE + EDIHEDRAL + EES + ELJ

(1)

The formalism is advantageous in the simplicity to derive the gradient and the curvature, which are
indispensable when the energy function is applied to molecular dynamics simulation. However, it
would possess fundamental problems: The φ and ψ dihedral angles of an amino acid should not be
independent practically. Simulation of protein structures in water takes too much time because
thousands of water molecules should be explicitly considered.
We are developing a new all-atom protein force field (named the SAAP force field) [1], which
is based on a novel idea to compose a protein force field by using single amino acid potential (SAAP)
functions obtained in various solvents by ab initio molecular orbital calculation [2].

ETOTAL = ESAAP + EINTER + EOTHERS
(2)
We considered that the total energy function of a protein force field (ETOTAL) is divided into
three components; a single amino acid potential term (ESAAP), an inter-amino acid nonbonded
interaction term (EINTER), and a miscellaneous term (EOTHERS), which is ignored (or considered to be
constant) at the current version of the force field. The EINTER term consists of electrostatic interactions
(EES') and van der Waals interactions (ELJ'). Despite simplicity, the SAAP force field implicitly
involves the correlation between φ and ψ dihedral angles of each amino acid unit and can treat solvent
effects unambiguously by choosing the SAAP function in an appropriate solvent and the dielectric
constant of medium.
In this paper, we present a basic concept of the SAAP force field and the application for short
polypeptide molecules. The preliminary Monte Carlo simulations suggested that the new approach is
efficient for fast modeling of protein structures in various environments. In addition, the energy
decomposition analysis suggested that conformational propensities of single amino acids (i.e., the
ESAAP term) may play definitive roles in the topologies of protein secondary structures.
[1] M. Iwaoka, S. Tomoda, J. Comput. Chem. 24, 1192–1200 (2003).
[2] M. Iwaoka, M. Okada, S. Tomoda, J. Mol. Struct. (Theochem) 586, 111–124 (2002).
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The presence of water is of fundamental importance for structure, dynamics and functions of
proteins. The water molecules strongly interact with the protein surface by forming hydrogen bonds to
the main chain or the side chain functional groups of the protein. The motion of the water molecules
close to the protein surface is thereby restricted and differs substantially from bulk water (the
translational diffusion is slowed down by approximately a factor 10 [1,2]). This retarded motion of
water molecules associated with the protein surface is, however, of great biological importance since it
enables protein motions and proton transfer along the protein surface, which are both necessary for
biological processes.
Since the role of water for protein function is not fully understood it is important to find out how
and why the water molecules close to the protein surface influence the dynamics of the protein, and
one way to elucidate why water is of such importance for biological functions is to compare the
influence of different types of solvents on the protein dynamics and activity. Therefore, we have
investigated the relation between protein and solvent dynamics by dielectric spectroscopy and quasielastic neutron scattering (QENS). The protein used for the study was (human) hemoglobin and the
solvents of widely different viscosities were water, methanol, and glycerol at a hydration level of 0.8
(g solvent per g protein).
The dielectric measurements were carried out in the wide frequency range 10-2–109 Hz, and,
thus, showed motions on several time-scales in the investigated temperature range (110-310 K for
methanol, 110-370 K for water and 170-410 K for glycerol). In order to describe the frequency
dependence of the imaginary part of the permittivity we used a conductivity term and four dielectric
loss peaks, all given by the Havriliak-Negami or Cole-Cole functions. The fastest (and the most
pronounced) process in the dielectric spectra of hemoglobin in the methanol and glycerol solutions is
similar to the α-relaxation of respective bulk solvent (but slightly shifted to slower dynamics due to
confinement), while for water this process is most likely related to a local β-like relaxation [3] (the αrelaxation of water is not visible in these types of systems). The other three relaxation processes are
due to protein dynamics on different length-scales.
The results from the QENS measurements show a direct coupling between solvent and
protein dynamics in the case of the solvents water and glycerol (i.e. the onset of anharmonic hydrogen
motions occurs at about the same temperature for the solvents and the protein), while the result for the
methanol does not show the same obvious coupling. A possible explanation for this can be that the
methanol molecules show only local rotational motions at low temperatures (where there is no protein
dynamics), and no translational diffusion, which previously has shown to be a requirement for protein
dynamics to occur [4,5].
[1]
[2]
[3]
[4]
[5]

V. P. Denisov and B. Halle, Faraday Discuss. 103, 227 (1996).
S. Dellerue and M.-C. Bellisent-Funel, Chem. Phys. 258, 315 (2000).
S. Cerveny, G.A. Schwartz, R. Bergman and J. Swenson, submitted to Phys. Rev. Lett..
M. Tarek and D.J. Tobias, Phys. Rev. Lett. 88, 138101 (2002).
A.L. Tournier, J. Xu and J.C. Smith, Biophys. J. 85, 1871 ( 2003).
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Background: In a chemical reaction, the surrounding of the reactants, i.e. the solvent, is responsible
for the stabilization of charged or dipolar reaction intermediates or transition states. The solvent is also
important for the energy dissipation after the the transition state has been passed. Thus, the solvent has
to react on the time scales of elementary reactions.
In biology, most reactions are catalyzed by enzymes. The protein matrix in the vicinity of the active
site can be regarded as the solvent. Therefore, the investigation of the time scales on which the protein
reacts on sudden changes in the charge distribution is pivotal to the understanding of the enzymes’
properties. Protein dynamic studies are however facilitated by using well-characterized protein
systems.
Methods: A common way of studying ultrafast protein dynamics employs fluorescent probes which
exhibit large changes in the static dipole moment upon excitation. Previously, the response of the
surrounding protein matrix was studied with fluorescent dyes attached to the investigated protein. Our
approach to the investigation of solvation dynamics in proteins uses the fluorescent chromophore of
Yellow Fluorescent Protein (YFP). The advantage of studying YFP lies in its well-characterized
spectral and structural properties. Its chromophore is buried in the protein and thus well shielded from
the outer solvent, it is easily modified by mutagenesis and its fluorescence lifetime of 3.8 ns is well
separated from the expected time scales of protein relaxation. We therefore used one- and two-color
transient absorption spectroscopy with a time resolution of ~ 120 fs to unravel the solvation dynamics
in YFP and several mutants.
Results: We show that the solvation dynamics is completed within the time resolution of our
experiment. No dependencies on the viscosity of the outer solvent, the presence of cryoprotectors nor
the mutation pattern is observed. The insensitivity to external factors is explained by the tight packing
of the chromophore in the protein barrel. The observed Stokes-shift of the investigated proteins is
small compared to other fluorescent dyes in polar solvents.
Conclusions: The rigid protein structure which prevents even minor rearrangements of surrounding
aminoacids seems prerequisite for establishing the high fluorescence quantum yields in the
autofluorescent proteins.
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Background/aim: Studying of protein unfolding and refolding processes is an actual problem of a
modern biology. Characterization of these processes as well as intermediate states appearing on these
pathways is considered an important strategy in studying problem of protein folding. The goal of this
work is investigation of Escherichia coli alkaline phosphatase ability to exist in several functionally
active intermediate (partially folded) states under the action of urea. We used tryptophan fluorescence
and room temperature phosphorescence (RTP) methods for monitoring conformation, fast
(nanosecond) and slow (second) internal dynamics of Escherichia coli alkaline phosphatase during
unfolding affected by urea (0-12 M) and refolding.
Methods: Alkaline phosphatase (type III) was obtained from Sigma Chemical Co. Fluorescence and
phosphoresce measurement were performed at 20 °C using high sensitive home-made device. Since
molecular oxygen is an extremely effective quencher of RTP, grate care was taken to extensively
deoxygenate the samples. Protein concentration in samples was 0.1 mg/ml in 0.1 M Clark-Labs buffer
solution (pH 8.0). Enzyme activity was measured by the release of p-nitrophenol from p-nitrophenyl
phosphate (Sigma Chemical Co).
Results: It has been shown, that alkaline phosphatase fluorescence spectrum maximum smoothly
shifted into the red range from 330 nm (native protein) to 335 nm (12 M urea, excitation wavelength
297 nm) affected by urea in concentration range 0-12 M. Under the action of urea protein
conformation transition occurs. It is characterized by change of polarity of tryptophan residues
microenvironment. However, the fluorescence spectrum maximum does not reach 350 nm. This value
is typical for totally unfolded proteins. Relatively small shifts of spectrum witness that protein
unfolding is a partial process. This partial unfolding of globule is accompanied by increasing of fast
internal dynamics, what indicates decreasing of tryptophan fluorescence polarization of alkaline
phosphatase from 28.5 % to 22.5 %. The data obtained by RTP method may be considered as a
confirmation of partial protein unfolding affected by urea. The lifetime RTP value of alkaline
phosphatase under action of urea (2-12 M) does not change that proves constancy of slow internal
dynamics of the hydrophobic core of alkaline phosphatase. It has been shown, that urea even under the
maximal concentration (12 М) only partially unfolds protein, increases its fast (nanosecond) internal
dynamics, but does not change slow (second) internal dynamics. Transitions of alkaline phosphatase
into partial folded thermodynamically stabile intermediate states under the action of urea cause partial
decreasing (on 73 % at 12 M urea) of enzymatic activity. After urea removal from the solution by
means of dialysis the total restoring of the initial conformational state, fast (nanosecond) and slow
(second) internal dynamics and enzymatic activity of alkaline phosphatase occurs.
Conclusions: Thus, in urea solution alkaline phosphatase exists in several partial folded
thermodynamically stabile functionally active reversible intermediate states.
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Investigations on ultrafast time-resolved spectroscopy for photoactive yellow protein (PYP) have so far
revealed that vibrational behavior is recognized even in the spontaneous photoemission process in the water
solution at room temperature [1, 2]. It is remarkably curious because such behavior could not be seen in any
dye-solution systems in such conditions.
We have measured the time-resolved fluorescence spectra in the detail for wild-type and site-mutated (E46Q)
PYP’s with changing the excitation light wavelength. Vibrational behavior has been observed as shown in
Fig.1, where, in 2D-time-resolved-fluorescence
representation, intensity was normalized by the peak
value at each wavelength in order to clearly show
Fig. 1
the characteristic vibrational behavior. In Fig. 1,
wavy patterns are noticed to be encapsulated within
discrete spectral slots. This behavior has been
schematically realized in Fig.2, based on the model
calculation in which vibrations of choromophore and
low-frequency vibrational modes of protein are
employed under the linear coupling theory with
weak electron-vibration coupling.
PYP shows the small Stokes-shift in the optical
spectra. Therefore, it is natural to consider that weak
interaction is realized between the chromophore and
Fig. 2
vibrational motion of the protein, that is, collective
motion of the surrounding amino-acid residues. This
motional behavior could be homogeneous,
originating from the structural homogeneity of the
protein. We can conclude that the peculiar behavior
of fluorescence reflects the fact that energeticallyisolated and homogeneous PYP molecules behave
coherently even after terminating the excitation light
and emit photons vibrationally.

[1] N. Mataga, H. Chosrowjan, Y. Shibata, Y. Imamoto,
M. Kataoka and F. Tokunaga, Chem.Phys. Lett. 352
(2002) 220.
[2] R. Nakamura, Y. Kanematsu, M. Kumauchi, N. Hamada and F. Tokunaga., J. Lumin. 102-103 (2003) 21.
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On the physical origin of catalysis.

The theory of catalysis deduced is the consequence of the second law of thermodynamics in Einstein's
formulation. The origin of catalysis is nothing but the systematic consequence of Einstein's statistical
theories for the proper entropy of interfaces, once reactive adsorbents come into the "entropy game".
The most famous paradoxes of catalysis are solved, and the question is answered: How does catalysis
come about? Exact predictions for optimal catalysis are confirmed by properties of carbonic
anhydrase. Horseradish peroxidase, acetylcholinesterase, alcohole dehydrogenases support the theory.
The key-lock paradoxon, the proton-tunnelling paradoxon, isotope and solvent effects confirm the new
theory of catalysis. The failure of the theory of quantum transition states in explaining the cause of
catalysis is attributed to the Copenhagen interpretation. It is proven that the interpretation of
quantisation of energy hv in terms of averaged kT is too narrow-minded, that is, it is in terms of
energy instead of action vice entropy. The cause of catalysis is identified only now, despite of the
correct focus on heat and thermodynamics in history. The cause was missed by First-Law-like
formulations of the causa efficiens: the Second Law of Thermodynamics in Einstein's superior
formulation. The rôle of proper entropy as causa efficiens of catalysis is identical to the rôle of bulk
entropy as causa efficiens of diffusion. In both cases, molecules, macromolecules, solvents in
Newtonian or quantum mechanical description do not provide the causa efficiens, but the inert, passive
causa materialis only. This material cause, although unable to explain catalysis, is however the origin
of considerable evolution in the living, caused by catalysis, and the thus evolved complexity of
catalysis caused as consequence of the simple law of proper entropy.
Diffusion is the simplest example. The law of probability is independent of the observer's time and
space view-point. It causes fluctuations. Preparing the improbable, the law of entropy causes
reversible fluctuations. The observer's view-point imposes means in time and space. This is Einstein's
fluctuation-diffusion relation for Brownian motion. Catalysis is another example. The law of
probability is now applied to the interface, and the observer's view-point even more remote from the
proper entropy S(ni) except until recent observations. Preparing the improbable, now by adsorption of
a reactant to the interface, which in addition changes the state and thus the function S(ni),
consequences arise that are mysterious to the observer in the bulk. Just as "boiling" water better cooks
the meat, adsorbent-induced "pK" optimises fluctuation and mean rate of its aqueous reaction. Just as
specific critical points diverge fluctuations only there, only specific adsorbents optimise the rate. This
example is called "catalysis" by the observer. The theory is confirmed by single molecule experiments
and by the solution of the paradoxes of the hitherto transition state theory. A detailed application of
this theory is presented to the origin of chirality, the optimisation of complex catalysis by acid
sequences, and their optimal folding upon synthesis of proteins and DNA.
References:
Berzelius, Ostwald, Fischer, Haldane, Polanyi, Wigner, Eyring, Boyer, Marcus, Zewail, Fersht.

B05-196
Monitoring of Temperature-Induced Conformational Change of Trp 144 Microenvironment in
Cytokine-Like C-Module of Mammalian Tyrosyl-tRNA Synthetase

Mariya Kordysh, Alexander Kornelyuk
Institute of Molecular Biology and Genetics,
National Academy of Sciences of Ukraine
150 Zabolotnogo Street, Kiev 03143, Ukraine
Fax: 38-044-2660759
E-mail: kordishm@ukr.net

Background/aim: The C-terminal module of the mammalian tyrosyl-tRNA synthetase (tyrRS) reveals
high sequence homology with pro-inflammatory cytokine EMAP II and also displays cytokine activity
in vitro. On the other hand, the isolated C-module is the RNA-binding domain. Earlier the hypothesis
has been proposed that these diverse functions of C-module could be realized in different protein
conformations. The aim of this study was to explore the conformational flexibility and intramolecular
stability of C-module in solution using fluorescence spectroscopy. Since C-module contains single Trp
144 residue, this residue is an intrinsic fluorescent probe in protein structure. Here we used the
intrinsic fluorescence of Trp144 as a probe in order to monitor the protein conformational change
during thermal denaturation.
Methods: The C-module of bovine TyrRS was expressed using pET30a vector and E.coli BL21(DE3)
cells and purified to homogeneity by metal-chelating chromatography. Fluorescence measurements
were carried out using a “Hitachi Model 850” fluorescence spectrophotometer equipped with
thermostatted cell compartment.
Results: The fluorescence emission of C-module reveals a maximum position at 327 nm that indicates
a buried state of Trp144 in protein. We investigated the temperature-induced changes of Trp144
intrinsic fluorescence in the range from 25оC to 60оC. The local conformational change of Trp 144
environment was discovered in the temperature range 40-50оC. This conformational change resulted in
the shift of fluorescence maximum from 327 to 349 nm with a significant decrease of emission
intensity. These data reveal the conformational transition of Trp144 environment during thermal
denaturation and the exposure of Trp144 fluorophore into fast relaxing water. Independently, the
temperature induced conformational change in C-module has been studied by red-edge excitation
fluorescence spectroscopy. Our analysis indicated a significant red-edge excitation effect of Trp144
fluorescence at 25oC, which gradually decreased at temperature raise and disappeared at 45oC. These
changes were due to the destroying of the specific microenvironment of Trp144 in native protein
globule after its thermal denaturation.
Conclusions: The temperature-induced conformational change in TyrRS C-module environment was
monitored using Trp144 as an intrinsic fluorescent probe. Conformational transition of Trp144 from
buried native state into polar solvent environment has been detected at 45oC both by emission
maximum shift to 349 nm and by significant decrease of red-edge excitation effect.
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In this contribution, we present a theoretical and numerical analysis of the vibrational coupling of two
isotope-edited structural elements in proteins [1]. Depending on the presence and magnitude of
coupling between these elements – e.g. deuterium atoms connected to α carbons – characteristic level
splittings of vibrational eigenstates are predicted, which are observable around 2100 cm-1 in a broad
and transparent spectral window. This approach is illustrated and substantiated by the application of
classical force fields to the simulation of the vibrational density of states of the crambin protein. In
addition, the effects of 18O isotope substitution are computed within an empirical dipole coupling
model. We discuss the possibility to use this effect to obtain structural information about proteins and
suggest experiments to verify our theoretical approach.
[1] J. Becker, F. Becher, O. Hucke, A. Labahn, T. Koslowski, J. Phys. Chem B 107, 12878 (2003)
[2] T. Koslowski, A. Labahn, ChemPhysChem, in press (February 2004 issue)

Fig. 1. Hydrogen stretching modes in crambin. Left: 2164.3 cm-1 vibration, single deuterium
substitution on Pro5. Right: 2167.7 cm-1, one of the split modes characteristic for double deuterium
substitution on Pro5 and Tyr44. The sizes of the spheres are proportional to the vibrational amplitude,
computations were performed using the CHARMM force field.

Fig. 2. Additional level
splitting upon coupling for
pairs of deuterated amino acids
a function of the inverse
interdeuterium distance. The
figure shows the combined
results for three different force
fields (AMBER, CHARMM,
MM3)

as
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®
Background/aim: Refacto (1) is a recombinant analogue of the human coagulation Factor VIII and is
used to treat a haemophilia disease. The protein consists of two chains, 80 and 90 kDa, folded into five

domains: A1-A2-A3-C1-C2. Stabilizing/destabilizing effects of additives to this protein drug were
studied in thermal denaturation experiments using optical methods of monitoring.
Methods: A conventional spectrofluorimeter was equipped with a system to control temperature. Two
type of effects were studied: 1) The hydrophobic fluorescent probe 1,8 ANS provided information on
®

unfolding of ReFacto and 2) Increase in scattered light intensity reported protein aggregation.
Results: Melting curves were obtained for a number of buffer compositions. Protein melting
temperatures, Tm, and pre-denaturation parameters were determined.. Monovalent cations exerted at

0.2 – 0.3 M a specific stabilizing effect, eliminating aggregation in the pre-denatuaration phase.
Sugars, some polyols, and glycine appeared to be the best stabilizing excipients.
Conclusions:
Thermal denaturation technique with optical detection made it possible to measure denaturation of
®

ReFacto in diluted up to 0.03 mg/mL solutions, which allowed
rapid screening of additives to buffers for the purpose of stabilization of the protein drug.
-------------------------------------------------------------®

[1] ReFacto is a trademark of Wyeth Biopharma
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Background/aim: The size and operational time scales of biological macromolecules often prevent a
direct application of all atoms techniques and demand the development of computationally efficient,

yet physically sound, coarse grained models. Given their size and the number of experimental
structural studies performed on motor proteins, these macromolecules constitute an ideal benchmark
for these models. At the same time the analytical investigation of their structures and complexes might
turn useful to elucidate their working mechanism.
Methods: Docking of kinesin and NCD on microtubules is realized through structural similarity with
Kif1A and in different possible locations, as reported in literature. The Gaussian Network Models

(GNM) is used to investigate the concerted motions of regions of the motor, through the analysis of
the lowest eigenvalues and corresponding eigenvectors of the Hessian matrix.
Results: The method is computationally efficient and highlights some of the regions that might be
involved in the attachment of kinesin to the microtubule with both heads. The proposed mechanism

can be compared with the results obtained for NCD, which differs from kinesin for its retrograde
motion.
Conclusions: The results of this study show that coarse grained models might provide useful insights
to problems of biological interest and invites for the investigation of models that are in between all

atoms simulations and the extreme simplicity of Gaussian models.
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Urease activation is critical to the virulence of many human and animal pathogens. Urease possesses
multiple, nickel-containing active sites, and UreE, the only nickel-binding protein among the urease
accessory proteins, activates urease by transporting nickel ions. We performed NMR experiments to
investigate the solution structure and the nickel-binding properties of Bacillus pasteurii (Bp) UreE.
The secondary structures and global folds of BpUreE were determined for its metal-free and nickelbound forms. The results indicated that no major structural change of BpUreE arises from the nickel
binding. In addition to the previously identified nickel-binding site (Gly97–Cys103), the C-terminal
tail region (Lys141–His147) was confirmed for the first time to be involved in the nickel binding. The
C-terminally conserved sequence (144GHQH147) was confirmed to have an inherent nickel-binding
ability. Nickel addition to 1.6 mM subunit, a concentration where BpUreE predominantly forms a
tetramer upon the nickel binding, induced a biphasic spectral change consistent with binding of up to
at least three nickel ions per tetrameric unit. In contrast, nickel addition to 0.1 mM subunit, a
concentration at which the protein is primarily a dimer, caused a monophasic spectral change
consistent with more than 1 equivalent per dimeric unit. Combined with the equilibrium dialysis
results, which indicated 2.5 nickel equivalents binding per dimer at a micromolar protein
concentration, the nickel-binding stoichiometry of BpUreE at a physiological concentration could be
three nickel ions per dimer. Altogether, the present results provide the first detailed structural data
concerning the nickel-binding properties of intact, wild-type BpUreE in solution.
Reference
[1] Won HS, Lee YH, Kim JH, Shin IS, Lee MH and Lee BJ. J. Biol Chem. 279(17):17466-72.(2004)
.
[2] Lee YH, Won HS, Lee MH and Lee BJ. FEBS Lett. 522(1-3):135-40.(2002)
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We propose an approach to integrate the theory, simulations and experiments in protein-folding
kinetics. This is realized by measuring the mean and high-order moments of the first passage time
(FPT) and its associated distribution. The full kinetics is revealed in the current theoretical framework
through these measurements. In the experiments, information about the statistical properties of firstpassage times can be obtained from the kinetic folding trajectories of single molecule experiments (for
example, fluorescence). Theoretical/simulation and experimental approaches can be directly related.
We study in particular the temperature varying kinetics to probe the underlying structure of the folding
energy landscape. At high temperatures, exponential kinetics is observed; there are multiple parallel
kinetic paths leading to the native state. At intermediate temperatures, non-exponential 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 underlying landscape is dominated by a single barrier. The ratio between FPT moments is
proposed to be a good variable to quantitatively probe these kinetic changes. The temperaturedependent kinetics found is consistent with the strange kinetics found in folding dynamics experiments
(H.Nguyen et al, Proc. Natl. Acad. Sci. 100, 3948-3953). The potential applications of the current
results to single-molecule protein folding are discussed.
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Background/aim: The extent of unfolding of denatured states of protein under different conditions
has long been of interest because of the possible relevance of their conformations to the protein
folding pathways. The ‘Phase diagram’ method of fluorescence is extremely sensitive for the accurate
detection of unfolding/refolding intermediates of protein. Isothermal titration calorimetry (ITC) is an
important tool for the study of both thermodynamic and kinetic properties of biological
macromolecules. This method has yielded a large amount of useful thermodynamic data on protein
folding/unfolding.
Methods: The unfolding of bovine liver catalase induced by urea or guanidine hydrochloride (GuHCl)
has been studied by ‘phase diagram’ method of fluorescence and ITC.
Results and Conclusions: With increasing the concentration of urea from 0 to 0.50, 4.5, and 8.0 M,
the conformation of catalase is changed from the native tetramer to an expanded tetramer, a partially
folded inactive dimer and the unfolded state, respectively. With increasing the concentration of GuHCl
from 0 to 0.65, 2.5, and 6.0 M, however, the conformation of catalase is changed from the native
tetramer (T) to a partially folded activated dimer (DGuHCl), a partially folded monomer (M), and the
unfolded state (U), respectively (Fig. 1). This indicates that the unfolding of catalase induced by urea
or GuHCl follows a four-state model, but both the pathway and the mechanism for the unfolding of
catalase induced by urea are different from those induced by GuHCl. The intrinsic enthalpy, Gibbs
free energy and entropy changes for formation of the partially folded activated dimer of the catalase in
the presence of low GuHCl concentrations at 25.0 0C were measured by ITC as -69.2 kJ mol-1, 6.43 kJ
mol-1, and -254 J K-1 mol-1, respectively. It is thus indicated that the stabilization and activation of this
partially folded dimer by GuHCl originate from the entropic and the electrostatic effect of this
denaturant.
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Fig. 1. Phase diagram representing the unfolding of catalase induced by an increase in GuHCl
concentration.
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Background/aim: Lipid-protein interaction is an important and inevitable biological phenomenon.
The low solubility of lipids in water, however, restricts studies on lipid-protein interaction, and
therefore model studies are designed using detergents in place of lipids. Detergents are indispensable
as solubilizing agents in the isolation and purification of proteins. For the correct use of detergents it is
necessary to have an idea of how, and in which amounts, they interact with proteins. Cellulases are
enzymes which hydrolyze the β-1, 4-glucosidic linkages of cellulose. They are increasingly being used
for industrial purposes, particularly in washing powers. However, little is known of the factors
governing the stability of proteins in detergent solutions.
Methods: Isothermal titration calorimetry (ITC), fluorescence spectroscopy, and circular dichroism
have been used to study the interaction of an anionic detergent, sodium dodecyl sulfate (SDS), with
cellulase from Trichoderma reesei.
Results and Conclusions: A large salt dependence of the binding constant of SDS monomers
interacting with the native state of cellulase suggests a major role of electrostatic force in the binding.
A large negative molar heat capacity change at all temperatures examined, however, indicates that
hydrophobic interaction is a major force for the binding of SDS micelles to cellulase. The latter
binding is driven by a favorable entropy increase with a less favorable enthalpy decrease. SDS
micelles quench the intrinsic fluorescence of cellulase and cause a partial loss in the enzymatic activity
together with a red shift of the fluorescence emission maximum of the protein. When SDS
concentration is one order of magnitude higher than the critical micelle concentration, however, a
partial recovery of the activity of cellulase together with a re-formation of the helical structure of the
protein induced by SDS micelles is observed. These results indicate that SDS exerts dual effects on
cellulase as a denaturant at moderate concentrations, unfolding cellulase partially through binding of
SDS to the protein, and as a recovery reagent at high concentrations, regaining the enzymatic activity
to some extent.
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Fig. 1. The residual activities of cellulase at different SDS concentrations.
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Background/aim: In vivo the main question that protein folding encountered is that the intracellular
environment is highly crowded due to the presence of high concentrations of soluble and insoluble
macromolecules, which include protein, nucleic acid, and polysaccharide. In order to mimic the
crowding environments in the cytoplasm, we add both protein crowding agent and polysaccharide to
the refolding buffer, which is termed as ‘mixing crowding agents’. The aim of this study is to compare
the difference between the refolding of both reduced/denatured lysozyme and denatured creatine
kinase in a mixing crowding agent with that in a pure crowding agent.
Methods: Reduced/denatured hen egg-white lysozyme and denatured rabbit muscle creatine kinase
(MM-CK) were added to the refolding buffer containing a mixing or pure crowding agent, and the
activities of refolding samples were assayed in different time intervals after initiation of refolding of
lysozyme and MM-CK.
Results and Conclusions: When the total concentration of the mixing crowding agent is 100 g/L, in
which the weight ratio of the protein crowding agent (BSA) to polysaccharide is 1/9, the reactivation
yield of lysozyme increases 21% compared with that in BSA, and increases 20% compared with that
in polysaccharide. Remarkable increases are also observed for the refolding of MM-CK in mixing
crowding agents. The reactivation yield and rate of lysozyme and MM-CK are mainly affected by the
concentration and property of a crowding agent. The effects of three crowding agents, Ficoll 70,
Dextran 70, and lysozyme, on the kinetic constants of MM-CK refolding are different. The effect of
lysozyme is to change the refolding kinetics from monophasic to biophasic of the first-order reaction
with the first as slow phase and the second as fast phase, but the effect of Ficoll 70 and Dextran 70 is
only to decrease the refolding rate of creatine kinase. From the theory of excluded volume, we
conclude that the available volume during the refolding of lysozyme and MM-CK in a mixing
crowding agent is larger than that in a pure crowding agent. The reactivation yield and rate of these
two enzymes in mixing crowding agents is higher than those in pure crowding agents, suggesting that
the mixing crowding condition in vitro can more closely mimic the environment in vivo.
References
[1] Y. Liang, F. Du, S. Sanglier, B. R. Zhou, Y. Xia, A. Van Dorsselaer, C. Maechling, M. C. Kilhoffer,
J. Haiech, J. Biol. Chem. 278, 30098-30105 (2003).
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Background/aim: In skeletal muscle cells, the Ca2+-ATPase of sarcoplasmic reticulum pumps Ca2+
actively from the cytoplasm into the sarcoplasmic reticulum lumen for muscle relaxation (1). ATP

phosphorylates the ATPase and supplies the energy. In our work ATP and ATP analogues (ITP, 2'and 3'-dATP) were used to study the effect of the adenine ring and the ribose hydroxyl groups on
ATPase phosphorylation.
Methods: We follow nucleotide binding and phosphorylation by using time-resolved Fourier
transform infrared spectroscopy (2). For detecting the small infrared absorbance changes associated
with enzyme phosphorylation, photolabile derivatives, i.e. P3-1-(2-nitrophenyl)ethyl nucleotides
(caged nucleotides) (3), were used to trigger the protein reaction directly in the infrared cuvette.
Results: The phosphorylation spectra obtained with ATP and 2'-dATP are similar, while with ITP and
3'-dATP the spectra are quite different in band amplitudes and band shapes, showing different

conformational changes. More hydrolysis of ITP, 2'-, and 3'-dATP was observed than of ATP.
Phosphorylation with ATP analogues is also slower than that with ATP. With 2'-dATP and ITP, the
same level of the ADP-sensitive phosphoenzyme was obtained.
Conclusions: Our results indicate that modifications to functional groups of ATP (the amino group in

the adenine ring, the 2'- and 3'-OH in the ribose ring) affect γ-phosphate transfer to the
phosphorylation site of the Ca2+-ATPase, and the 3’-OH group play the most important role. Enzyme
phosphorylation with ITP, 2'- and 3'-dATP results in two-fold more nucleotide hydrolysis possibly due
to uncoupling of nucleotide hydrolysis and phosphorylation.
[1] W. Hasselbach and M. Makinose, Biochem.Z. 333, 518 (1961)
[2] A. Barth, F. von Germar, W. Kreutz, W. Mäntele, J. Biol. Chem. 271, 30637 (1996)
[3] J. Kaplan, B. Forbush and J. Hoffman, Biochemistry 17, 1929 (1978)
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PLD being called ubiquitous nevertheless is remained till the present least studied among
enzymes of lipid metabolism. The mechanism of interfacial activation of PLD is not so clear up to the
present. PA and LPA - the products of phospholipids hydrolysis are considered as a second
messengers in cell signaling. What are their structural organization in biomembranes, how do they
reveal their properties in cellular signaling and regulation remaining a membrane component?
Phosphlipid’s cluster forming mode of PLD action is considered in this study for the first time on the
base of obtained experimental data.
PLD enzymes were isolated from cotton seeds, green Central Asian and white long Oriental
(Daikon) radishes, purchased from “Sigma Chem.Co.”(from cabbage, peanut and Streptomyces
chromofuscus) and from rat brain (PLD1b, prof. S.H.Ryu gift, Pohang University ScienceTechnology, South Korea). Egg’s yolks L-α-lysophosphatidyl choline and palmitoyl L-αlysophosphatidyl choline served as micelles self forming substrates of phospholipase D. Formation of
reaction product LPA(calcium salt) in the process of reaction was recorded spectrophotometrically
and determined by TLC.
Non intrinsic agents as organic solvents, adsorbents and detergents [1,2] are mainly used to
reveal PLD activity during bioconversion of phospholipids in vitro. This reaction can be carried out in
the absence of non specific activators in hydrolysis of LPC by PLD [3]. Availability of induction
period (τ) of different duration is the peculiarity of passing of this process. The effects of components
and conditions of the reaction with use of PLD preparations from different sources on the time-course
of enzymatic hydrolysis of LPC, on τ and initial velocity of reaction was studied in the present work.
It is shown that one of the product of reaction - LPA is natural activator of PLD while choline weakly
inhibits the process. Described features of lysolecithin’s micellar substrate hydrolysis is common for
all tested PLD preparations. Activation of PLD by SDS can be considered as similar to LPA activation
and SDS itself – as synthetic analogous of natural activator. As it was shown now and earlier Ca+2, Sr
+2
and Ba+2 but not Mg+2 ions stimulated hydrolysis both of PC and LPC [2,3]. Just these ions but not
Mg+2 induced a lateral phase separation in mixed PA-PC membranes [4].These dates allow to
conclude that molecules of negatively charged PA or LPA produced during hydrolysis form more
organized, Ca+2-clustered zone (‘floating’ islet or raft) on surface of bilayer PC or micellar LPC. The
activation of PL-D arises as result of growth of this “crystal like zone” up to certain size during slow
stage of reaction (characterized by τ) until suddenly triggered fast stage accompanied by obtaining of
native conformation of PL-D. Experimental data are evidence of sharp changing of reaction velocity
(increasing or decreasing) during fast stage of reaction. These effects can considered as a result of
PLD self regulation by overgrowth of Ca+2 clustered LPA domain changing of lateral elasticity
(fluidity) of artificial and natural (phospho)lipid structures. In this case PLD can be considered as a
mechanism controlling membrane anisotropy and a modulator of membrane bound proteins including
PLD itself [4].
Phospholipids clustering mode action of PLD has own peculiarities but can be applied to other
lipids bioconversion enzymes (lipases, phospholipases and others). Proposed mode of PLD action is
compared with existing ones.
[1] M.M. Rakhimov, Sh.R.Madyarov, Biochimia (Russian) 42, 622-634 (1977).
[2] Sh.R. Madyarov, M.M. Rakhimov, Biochimia, (Russian) 54, 1780-1789 (1989).
[3] T. Ito, S-I. Onishi, Biochim. Biophys. Acta 352, 29-37(1974). .
[4] Sh.R. Madyarov, 43-d International Conference on Biochemistry of Lipids, Graz, Austria,
PO 130, 76 (2002).
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Background:
Dipyridamol (2,6-bis(diethanolamino)-4,8-dipiperidinopyrimido-[5,4-d]pyrimidine)
well known as a vasodilator and an antiplatelet agent, induced phase separation in a phospholipid
monolayer, at unexpectedly low concentrations [1]. It has been hypothesized that dipyridamol interacts
with phosphate moieties of four DPPC molecules [1]. To gain insight in this interaction at an atomistic
level, we decided to simulate a DPPC monolayer in the presence of dipyridamol in two different initial
situations: i) in the water subphase, with the ring plane parallel to membrane (simulation PAR), and ii)
inserted in the lipid subphase, with this plane normal to the membrane (simulation NOR). Each
simulation was four nanoseconds long.
Methods: In order to parameterize dipyridamol, ab-initio computations were performed using
Gaussian 98 package. We used 6-311G** level of theory. Partial charges were fitted to electrostatic
potential according to the Merz-Kollman protocol. Molecular dynamics simulations were carried out
using GROMACS package. For DPPC, Gromos 96 (45a3) force field was used. Monolayers (2 x 64
lipids) were simulated in a head-to-head conformation with a thick layer of water in between. This
system was “sandwiched” between two vacuum layers, avoiding interactions with mirror images. Area
per lipid was fixed (0.6 nm2) to mimic Langmuir monolayer experiment. Temperature was maintained
at 304 K.
Results: In each simulation one monolayer served as a “control”, because dipyrimidamol was
interacting only with the other one. We observed: i) this ensemble successfully simulated a Langmuir
film; ii) from enthalpy point of view, dipyridamol interaction was favored in PAR configuration as
compared with NOR configuration (∆H = - 20 Kcal/mol); iii) the number of hydrogen bonds between
dipyridamol and DPPC was larger in NOR configuration; iv) in NOR configuration dipyridamol
induced an ordering of the lipid chains as assessed by the order parameter of alkyl chains; v) diffusion
of dipyridamol in the membrane plane was somewhat restricted in NOR simulation, because of the
association with 4-6 DPPC molecules.
Conclusions: These results are in agreement with experimental results and give some molecular
insight of the dipyridamol/DPPC interaction. Further simulations are under way.
References: Caetano, W., Ferreira, M., Tabak, M., Mosquera Sanchez, M.I., Oliveira Jr., O.N.,
Krüger, P., Schalke, M. & Lösche, M. (2001) Biophys. Chem. 91: 21-35
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Background: The application of Green Fluorescent Protein (GFP) as a fluorescent marker in
molecular biology critically depends on its fluorescence quantum yield. Usually, proteins function due
to their flexibility and capacity to transition between various conformational states. In contrast, the
situation with GFP is different. Its main function, to emit bright fluorescence, requires rigidity to
prevent fluorescence quenching due to isomerization in the excited state.
Aim/Methods: The main purpose of this study was to calculate the normal modes of GFP using the
Gaussian 03 program with the AMBER molecular mechanics force field. From the normal mode data,
GFP’s physicochemical characteristics were calculated. The thermodynamic properties (entropy,
enthalpy, Gibbs’ free energy, heat capacity), their temperature dependence, and atomic fluctuations
were determined.
Results/Discussion: The calculated vibrational modes yielded a spectrum starting at 5 cm-1 and with
low-frequency maximum at 75 cm-1. All these low-frequency modes have collective character. The
highest frequency vibrations at 2800-3700 cm-1 can be attributed to hydrogen atoms.

The root mean square fluctuations of backbone atoms were also determined from the vibrational data.
The Cα atoms have maximal amplitudes at the outer loops, whereas the beta sheets of the cylindrical
frame as well as the chromophore in the center of the protein are rigid, crucial for the emission of
bright fluorescence. A semiempirical calculation of the energy barrier to chromophore twisting was
performed to assess the importance of the hydrogen bonding between the chromophore and its
environment.
GFP’s thermodynamic properties as well as their temperature dependencies were calculated. It was
observed that the heat capacity Cv at temperature T < 20K is proportional to T2, which is characteristic
for vibrations of two-dimensional structure. Although the beta-barrel of GFP is a three-dimensional
form, it can be assumed to behave two-dimensionally due to its shell-like shape, corroborating the
computed low-frequency dynamics behavior.
Conclusions: Reviewing the vibrational data, it is evident that GFP’s construction is optimized to
protect and stiffen the chromophore for bright fluorescence. The regions of GFP with highest rigidity
are the beta-sheet barrel with its central alpha helix, which bears the chromophore. The most flexible
parts are the outlying loops which cover the top and bottom of the beta-barrel. This way, the balance
between rigidity and flexibility is maintained, which is a favorable relationship for protein stability in
terms of Gibbs’ free energy. This dual-schemed structure meets the requirements for GFP function.
In this sense, the construction of GFP resembles a nanoscale drum: a stiff cylinder with flexible
vibrating end(s).
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The oxidative metabolic processes, reducing food to water, carbon dioxide and nitrogen are equivalnet
to combustion (in a total energy balance). If thermodynamics would be the main factor of reactivity all
living matter will be burnt in the air. Aerobic life is kinetically stable in respect to oxidation by
dioxygen in the air and the origin of this stability is determined by spin prohibition for the triplet
oxygen reactions. Direct interaction of dioxygen with the C=C double bonds leads to a biradical where
spin-orbit coupling (SOC) is supressed by orbital symmetry and there is no way to overcome spin
prohibition, but only through radicals production. This is highly endothermic ignition process [1].
Thus combustion requires a high temperature initiation step to start the radical chain process and
releases energy without strong regulation. In contrast the oxygenase enzymes control the specific
reacion pathways of triplet dioxygen by subtle spin selective processes and mediate ``slow burning'' of
organic matter. Enzymes activate triplet dioxygen in a stepwise manner via electron and protone
transfer and formation of biradical intermediates. It is shown that SOC at such biradical step is very
efficient for the radical pairs involving superoxide [2]. In dioxygen activation by glucose
oxidase the singlet-triplet (S-T) potential surface crossing between states of different orbital symmetry
is fixed by time-dependent density functional theory (TD DFT) and the SOC matrix element is
calculated. Enzymes with paramagnetic metal ion, like copper amine oxidase, provide strong spin
uncoupling induced by exchange interaction [3]. In presence of Cu(II) ion all S and T states are getting
doublet states and the S-T avoided crossing is simulated by DFT calculation of doublets with different
spin polarisation.
TD DFT calculations are done also for porphyrins phosphorescence including the radiative lifetime.
Free-base porphin, Mg-, Zn- and Pd-porphyrins are studied. Radiative rate constants for emission from
zero-field spin sublevels of the lowest triplet state for all these molecules are very different in a good
agreement with ODMR data. The calculated SOC matrix elements explain these differences. Magnetic
field effect on porphyrins phosphorescence is predicted.

[1] B. F. Minaev, Sov. J. Struct. Chem. 3, 155 (1982).
[2] B. F. Minaev, RIKEN Rev. 44, 147 (2002).
[3] R. Prabhakar, P. E. M. Siegbahn, B. Minaev,
Biochim. Biophys. Acta. 1647, 173 (2003).
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3d-Transition metal ions play a vital role in life processes because of their natural presence in
vitamins, enzymes and proteins. Amino acid (Glycine) has been considered a basic unit of the
biopolymer protein. Present biomimetic systems have been undertaken to study the biophysical
molecular interaction between amino acid and metal ions, which in turn throw light on phenomena of
ion channels, transport and pumps.
Viscosity and density data for nickel(II), copper(II) and zinc(II) chlorides in glycine-water mixture at
different concentrations and temperatures have been analysed using the Jones-Dole equation. The
activation parameters of viscous flow have been obtained to throw light on the mechanism of viscous
flow. The values of apparent molar volume and relative viscosity have been deduced from the density
and viscosity data. A number of thermodynamic parameters have also been deduced from these data.
Structure making/breaking capacities of these transition metal chlorides have been inferred from the
sign of dB/dT. All the electrolytes behave as structure makers/promoters. Concentration gradient vs.
potential gradient and acoustical studies of these systems are under further investigation. Thus the
studies in whole will throw light on structure-function relationship
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Oligomers consisting of a few peptides are potential seeds for fibril formation. The segment Aβ16-22 of
the β-amyloid system associated with the Alzheimer’s disease is experimentally well studied, and is
known to form amyloid fibrils. We present all atom thermodynamic Monte Carlo simulations of
systems of one, three and six Aβ16-22 peptides, using a simplified interaction potential with no explicit
water. The model was earlier developed to study single peptide chains, and five different peptides
(both α-helix and β-strand peptides) are satisfactorily described with the same choice of model
parameters. The potential was used unchanged in this study to simulate a system consisting of several
chains of the Aβ16-22 peptides. We find that the Aβ16-22 peptide is a random coil in isolation, whereas
the multi-chain systems show a propensity to aggregate with a large increase of the β-strand content in
the low energy aggregated structures. Furthermore, the β-strands in the oligomers have a much larger
probability to be aligned anti-parallel to their neighbours than being aligned parallel.
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Background: Thermophilic or hyperthermophilic proteins exhibit remarkable thermal stability and
have much potential for industrial applications. The basis of this stability has been intensively

investigated, finding many factors or mechanism for stabilization. The most commonly accepted
theory of enhancing thermostability is to increase the rigidity of the protein structure, though only a
few studies have supported this mechanism so far. One of the objectives of the simulations is to
evaluate the dynamics of the four proteins at 300 K. Another goal is to compare the unfolding
behavior at 600 K with each other proteins, and also with experimental results.
Method: To investigate the origin of the thermal stability of the proteins, molecular dynamics
simulations in explicit water are carried out for cold shock proteins (CSP) from a hyperthermophile
Thermotoga maritima, a thermophile Bachillus caldolyticus, and two mesophiles Bachillus subtilis and
Escherichia coli. Each protein was simulated at 300 K and 600 K. The simulations extended from 5

ns to 17 ns, and two to four sets of trajectories were obtained to assess the validation of the results.
Results: Flexibility of hyperthermophilic protein molecules was higher than those of mesophilic
proteins at 300K. It was suggested that the molecule’s excess thermostability is due to its compactness

in the unfolded state. Improvement of electrostatic interactions seemed responsible for stabilizing
thermophilic Bachillus caldolyticus CSP.
Conclusion: Even among homologuous CSPs, each protein takes an individual mechanism to increase
its thermostability.
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Phytochromes are a family of sensory photoreceptors in higher plants controlling a variety of
photomorphogenic processes. The absorption of light induces a reaction cycle of the tetrapyrrolic
phytochromobilin chromophore which allows the interconversion of the chromoprotein between two
stable states, a red-absorbing and physiologically inactive Pr state and a far-red absorbing and
physiologically active Pfr state.
The conformational changes of the chromophoric site of Phytochrome (phytochrome A from
Avena Sativa) during the photoconversion processes can be studied by resonance Raman spectroscopy
[1]. However, since a three-dimensional structure of phytochrome has not yet been solved,
interpretation of the vibrational spectra in terms of chromophore and protein structure changes is not
unambiguos.
In this work, we have employed a quantum chemical approach, based on Density Functional
Theory (DFT) [2] [3], to carry out a comprehensive vibrational analysis of the measured preresonance-Raman spectra of the protein. The DFT force fields, obtained with the B3LYP functional
and 6-31G* basis set, were corrected by a global set of scaling factors.
The Raman spectra of various conformations and configurations of the single and double bonds
of the methine bridges of a Phytochromobilin (PΦB) model compound were calculated. Comparison
between the experimental pre-resonance Raman spectra of Phytochrome A, and the calculated Raman
spectra of the model compound suggest a ZZZasa conformation of the PΦB chromophore of Phy A at the
Pr state (figure 1). Furthermore, our results confirm a Z E isomerization of the C(15)=C double bond at
the Lumi-R state and a rotation of the C(5)-C single bond during the thermal relaxation of the
chromophore inside the protein pocket towards the Pfr state.
[1]
[2]
[3]

Kneip, C. et al. Biochemistry 38, 15185-15192. (1999).
Mroginski, MA et al. J.Phys. Chem. B 104, 10885-10899. (2000).
Magdo, I. et al. J. Phys. Chem. A 103, 289-303. (1999).

Fig 1: Chemical structure of the
Phytochromobilin chromophore of Phytochrome A
at the Pr state.
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Background/aim: The curved path delineated by a protein’s backbone can be compactly represented
as a point in R30-space using the corresponding Gauss integral values [1, 2]. An analysis of known
protein structures (from the Protein Data Bank) indicates that by using this geometrical representation,
proteins show a tendency to group into clusters and sub-clusters. Closer inspection reveals that cluster
members share important structural features, and may be mapped with high confidence onto a variety
of protein structure classification schemes such as SCOP and CATH [1]. In the present work we use
this Gauss integral based representation as a waypoint in an attempt to bridge the gap from protein
sequence to protein fold-class.
Methods: For this work we have used artificial neural networks (ANN) as a tool to transform protein
sequence information directly into points in the Gauss-integral based R30-space. The network was
trained with a carefully selected subset of protein sequences, and was tested with a different set of
sequences. For every sequence in the test set, the network’s outputs (i.e., the predicted Gauss integral
values for that sequence) were categorized into CATH numbers using the methods developed in [1].
This allowed us to calculate success rates directly and independently for each CATH level (Class,
Architecture, Topology, Homology).
Results: When using CATH values as the final targets, we obtain the following success rates for the
predictions: 77% for Class level, 60% for Architecture and 48% for Topology. Furthermore, by
performing a distance analysis of the trained network’s outputs (corresponding to the R30-space
mentioned earlier), we obtain a highly useful measure of prediction confidence, and a means to detect
novel topologies with high confidence (~85%).
Conclusions: Parts of the protein-folding problem can be solved in a stepwise fashion by bridging the
gaps between different protein representations with the help of a universal function approximator
(such as an ANN). However, this requires the existence of causal links between the levels of
representation, which may be captured by such techniques. With the present work we present evidence
that a Gauss-integral based representation of proteins is a useful stepping-stone between primary and
tertiary protein structure descriptions.

[1] Røgen and Fain, Proc. Natl. Acad. Sci (USA) 100(1), 119-124 (2003)
[2] Røgen and Bohr, Mathematical Biosciences 182(2), 167-181 (2003)
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Background: We implement an all-atom Monte Carlo (MC) simulation of RNA structural dynamics
using a GO potential [1]. Molecular Dynamics (MD) simulation of RNA and protein has realistic
energetics and sterics, but is prohibitively expensive in terms of computational time. By coarsely
treating non-covalent energetics, but retaining all-atom sterics and entropic effects, all-atom MC
techniques are a useful method for the study of protein [2] and now RNA. The GCAA Tetraloop motif
is a very common and thermodynamically stable secondary structure in natural RNAs [3]. We use our
simulation methods to study the folding behavior of a 12-base GCAA Tetraloop structure [3].
Methods: Simulations used a move set of both backbone and sidechain moves and a Metropolis
criterion for move acceptance. Sidechain moves consisting of rotations about the χ sugar-base bond
and quasi-local backbone moves about the α and ζ Phosphate-Oxygen bonds were used. GO
energetics with a hard-core repulsion was used throughout [1]. We ran folding simulations on a 12mer GCAA Tetraloop structure with a four-base-pair helix. Thermodynamic folding runs at various
temperatures were started from the native state. Folding simulation was performed at an MC
temperature equivalent to 293 K starting from a randomized structure.
Results: We tested the behavior of our technique on poly-A RNA molecules using only hard-core
repulsion, and found a Flory exponent of 0.65, as expected for an excluded-volume polymer. We
performed a set of simulations using the GO potential for the GCAA tetraloop at various MC
temperatures, and observe a sharp folding transition. Simulation runs gave fully folded (as judged by
number of native contacts and dRMS) structures with a Mean First Passage Time of 133,000 MC
steps. A state histogram in dRMS – native contacts space shows three minima: A broad unfolded (U)
state, a more narrow intermediate (I) state with ~55% of the native contacts, and a folded native state
(N). In the intermediate structure only the GCAA loop is formed, without native structure in the helix.
Pfold analysis on sets of structures revealed that the number of helix base pairs forms a simple 1-D
reaction coordinate for I N folding.
Conclusions: Our results show an obligate short-lived intermediate in the folding pathway of a simple
RNA hairpin. An intermediate in the unfolding pathway of the GCAA tetraloop has also been seen in
stochastic dynamics simulation [4]. These results show that all-atom simulation of RNA folding using
a GO potential is computationally tractable, gives realistic thermodynamic behavior and is able to
predict the existence of non-trivial folding intermediates.

[1] N. Go, Biopolymers 20, 991 (1981)
[2] J. Shimada et. al., Journal of Molecular Biology 308, 79 (2001)
[3] H.A. Heus and A. Pardi, Science 253, 191 (1991)
[4] E.J. Sorin et. al., Journal of Molecular Biology 317, 493 (2002)
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Background: Many proteins resemble tiny engines on the scale of nanometers. For their function
internal motions are necessary, occurring on very different time scales. At un-physiologically low
temperatures, the molecules are in a "stand by" state. Functional actions are practically not activated.
Above a characteristic temperature, Tc often called dynamical transition temperature, protein specific
motions become measurable allowing the molecular engine to fulfill its function. In the following
mainly myoglobin is investigated.
Methods: Each experimental method provides a specific time window depending on the energy
resolution. The density of phonon states coupling to the heme iron has been determined by “Phonon
Assisted Mössbauer Effect” using synchrotron radiation [1]. Incoherent neutron scattering and a
neutron structure analysis was used to obtain mean square displacements, <x2>, of the hydrogen atoms
[2]. Mössbauer absorption spectroscopy on 57Fe was used to investigate slow diffusive motions.
Conformational changes connected with ligand binding or a change of the iron charge was analysed by
X-ray structure determination and Mössbauer spectroscopy.
Results: The fastest motions (1 fs to 0.6 ps) which are present in the entire temperature range from
cryogenic to room temperatures are intramolecular vibrations. These are comparable to the optical
modes in solid state physics. Combining the results of neutron structure analysis and incoherent
neutron scattering allows to separate 3 types of hydrogen mean square displacements at room
temperature, well above Tc: backbone like (slower than 100ps), methyl like (partly slower partly faster
than 100ps) and lysine like (faster than 100ps). Mössbauer spectroscopy on the heme iron shows two
regimes. Below Tc, the mean square displacements increase nearly linear with temperature. The strong
increase of <x2> above Tc is accompanied with a change of the shape of the Mössbauer spectra
indicating the presence of diffusion like motions [3]. Motions of molecular segments are measured in a
time range between 6 and 1ns. The results on the α-helical protein myoglobin are compared with those
of nitrophorin IV which is a ß-sheet protein. Light induced intermediate states relax essentially above
Tc as seen by X-ray structure determination. Time resolved X-ray analysis follows such relaxations in
real times from 1ns to 4s.
Conclusions: Quasi-diffusive intramolecular fluctuations of the backbone and the side chain atoms as
seen by Mössbauer absorption spectroscopy and incoherent neutron scattering are the lubricant for the
conformational changes [4]

[1]
[2]
[3]
[4]

K. Achterhold, C. Keppler, A. Ostermann, U. van Bürck, W. Sturhahn, E.E. Alp, F.G. Parak.
Phys. Rev. E 65:051916-1 - 051916-13 (2002)
N. Engler, A. Ostermann, N. Niimura, F.G. Parak Proc. Natl. Acad. Sci. (USA) 100:1024310248 (2003)
F.G. Parak, Rep. Progr. Phys. 66:103-129, (2003)
F.G. Parak, Current Opinion in Structural Biology 13:552-557 (2003)
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background: HIV-1 aspartic protease, a homo-dimmer (subunits of 99 residues), is responsible for
post-translational processing of gag and gag-pol viral gene products. This enzyme is an important
target for anti-AIDS drug design as its inhibition leads to the production of non-infectious viral
particles. An important region in the protease is the flap region. The flaps (residues 33–62) must open
for substrate to access the active site. Once the appropriate region of the polyprotein is in the active
site, the flaps must close over the substrate sequence for cleavage to occur. We performed molecular
dynamics simulations (MD) with the crystal structure of this protease (PDB code 1hhp) in order to
ascertain protease flap movement and stability.
methods: MD simulations (10 ns) were done using GROMACS. The system was solvated in a SPC
water box with periodic boundary conditions. The charge of the system (+5) was neutralized by adding
five chlorine ions. The total system was composed by 37.908 atoms and was optimized by energy
minimization before MD simulation. Two methods for long-range interactions were used: truncated
cut-off (1.8 and 1.4 nm) and reaction field (RF) (1.8 and 1.4 nm).
results: The MD analyses show that in the truncated cut-off method and RF at 1.4 nm the total RMSD
and RMS fluctuations on ILE50 flap region were significantly greater than in RF at 1.8 nm. Using
cut-off method and RF at 1.4 nm, the protease flaps open at 10 ns time scale in accordance with NMR
data from the literature. In addition, using truncated cut-off, it was observed trend to a cyclic
movements of opening and closing the flaps. On the other hand, when RF at 1.8 nm is employed the
flap collapses and stabilizes in the active site, and a hydrophobic core is observed around ILE50 and
VAL82.
conclusion: For drug design, making use of Molecular Modeling and Dynamics techniques, it is
necessary a correct description of the forces that take place in molecular interactions and, particularly,
in the active sites. The entrance of the substrate in the HIV-protease active site depends on the correct
flap opening, and the correct simulation of this opening movement depends on the long-range
interaction method employed. Using cut-off method and RF at 1.4 nm the movement of flaps occurs in
accordance with experimental data. In contrast, this behavior was not found with RF treatment at 1.8
nm, which is considered a better procedure for long-range interactions, but makes the flaps collapse
and stabilize in the active site.
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The serine protease trypsin is a digestive enzyme produced in the pancreas. A prerequisite for its
activation is the binding of the N-terminal to the isoleucine binding cleft, which triggers
conformational changes in the vicinity of the active site. The most pronounced feature of the binding is
a salt bridge formation between the N-terminal residue, Isoleucine 16 (Ile16), and Aspartate 194
(Asp194); situated deeply within the isoleucine binding cleft.
Molecular dynamics (MD) simulations of the bovine pancreatic trypsin (active form) and trypsinogen
(zymogenic form) have served as basis for investigating the activation pathway of trypsin. We have
conducted one 20 ns and three 12 ns long MD simulations of trypsinogen, and two 12 ns long MD
simulations of trypsin. The MD trajectories have been analyzed by: (i) positional and torsional rootmean-square-deviation calculations, which revealed information on protein flexibility, and (ii)
principal component analysis on φ and ψ torsions, which for this particular system was found not to be
able to reveal any important correlated rotations around backbone torsions.
Also, we have applied slow growth thermodynamic integration for estimating the free energy change
when pulling the N-terminal into and out of the Ile16 binding cleft. Not surprisingly it revealed that
the process of activation might involve a complex pathway and hence is not representable by a simple
forcing restraint imposed on the inter-residual distance between Ile16 and Asp194.
As a result thereof we have applied a more delicate methodology for estimating the free energy
changes. We use the HOLE-algorithm to characterize the spatial structure of the binding cleft and to
estimate a reaction coordinate along which steered molecular dynamics simulations are used to pull
the N-terminal into the binding cleft. The Jarzynski equality then allows us to calculate the free energy
changes along the activation pathway from measurements of the non-equilibrium work performed
during the pulling experiments.
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Background/aim: The bacterial signal transduction pathway is activated by phosphorelay systems of
varying complexities. The signal transduction network controlling the initiation of the differentiation
process of sporculation in Bacillus subtilis involves four components including the response regulator
Spo0F [1] that acts as an intermediate phospho-messenger. The regulatory domain of Spo0F contains a
triad of three conserved aspartate residues, whereof one aspartate (Asp54) is phosphorylated [2].
Spo0F has been extensively studied and important insight in its structure-function relationship has
been obtained by mutagenesis and NMR studies [1]. These studies revealed intriguing features of the
backbone dynamics in the apo-structure indicating that the inherent mobility of the binding surface
may contribute to the specificity by which Spo0F recognizes the target protein [1]. Here, we have used
molecular dynamics simulations to study the changes in flexibility induced by phosphorylation and to
estimate the free energy cost of the phosphorylation event.
Methods: Simulations were carried out using the MD program NAMD [3] with the Charmm27 all
hydrogen parameter set and with the TIP3 water model. Initially, the system was energy minimized for
500 steps, which was followed by 100 ps of heating of the system to T=300K. Simulations were
performed for over 15 ns on the apo-structure and the phosphorylated Asp54 conformer with explicit
water in an NPT ensemble. The Particle Mesh Ewald method was used for computation of the
electrostatic forces. Periodic boundary conditions were imposed in all directions. The analyses of the
trajectory were performed using VMD [4].
Results/conclusions: In the apo-conformation the protein explores a rough energy landscape with a
relatively large number of energy minima causing a broad population of conformational substates. The
conformational flexibility deduced from the MD trajectory compares well with NMR results [5].
Phosphorylation of Spo0F locally affects the protein flexibility - in particular on the binding surface suggesting that the distribution of population of conformers is shifted towards the fully active
conformation. Gly59 and Gly62 located in the vicinity of the phosphorylation site provide sufficient
flexibility to facilitate structural changes occurring during phosphorylation. Our initial free energy
calculations indicate that the phosphorylation of Asp54 is energetically favorable. We suggest that
both phosphorylation and kinase binding to the surface favor the overall enzymatic reaction.

[1] V.A. Feher, and J. Cavanagh, Nature 400, 289 (1999)
[2] R.B. Bourret et al., PNAS 87, 41 (1990)
[3] L. Kale et al., J. Comp. Phys. 151, 283 (1999)
[4] W. Humphrey et al., J. Mol. Graph. 14, 33 (1996)
[5] V.A. Feher et al., Biochemistry 36, 10015 (1997)
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The issue of protein dynamics and its implications in the biological function of proteins are arousing
greater and greater interest in molecular biology. In Cryo--Electron Tomography experiments one
takes several snapshots of a given biological macromolecule. In principle, a large enough collection
of snapshots may then be used to calculate its equilibrium configuration in terms of the
experimentally accessible degrees of freedom, and hence estimate its potential energy. Consequently,
one could analyze the biological functions of biomolecules by directly acessing their dynamics.
In this work [1], we analyze the results of Cryo--Electron Tomography experiments on monoclonal
murine IgG2a antibodies. With the aid of a novel software for image processing, we measure the
equilibrium distribution of the angles which describe the configuration of the molecule. This helps us
shed some critical light on recent results from X-ray crystallography. We then build a model of the
antibody dynamics, which enables us to use the measured angular distribution in order to derive an
explicit expression of the IgG potential energy.
Finally, we study the biological functions of a single antibody in solution, based on its Langevin
dynamics. In particular, we investigate the dynamical effects in the formation of an antigen-antibody
complex. Chiefly, their role in the overall reaction rate and, more specifically, in the rate of
formation of the encounter complex.
References.
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Background/Aim - One of the greatest challenges in molecular biology is the prediction of the native
structure of the protein from the amino acid sequence. Proteins, in their biologically active form, fold
into complex three dimensional structures, and it is the shape of these structures that determine the
biological activity. The function of the protein is determined by the conformational structure of its
unique native fold. The basic aim of this work is to try and predict the 3D structure of protein using
Monte Carlo simulations.
Methods - The present work deals with predicting the native fold of the protein structures using
Monte Carlo simulation along with appropriate energy minimization techniques such as Simulated
Annealing, Monte Carlo Minimization, etc. The basis for these approaches is the hypothesis that the
native structure of the protein corresponds to the global minimum free energy structure. The
underlying problem of multiple local minima makes this search highly computationally intensive. The
database of experimentally known structures has been used for generating the conformational
probabilities required for biasing the Monte Carlo Simulations. Results of the secondary structure
prediction performed using GOR IV and PSIPRED have also been used for refining the Monte Carlo
Simulation. Focus has also been placed on side chain prediction techniques for the purpose of
determining appropriate side chain orientations for a given backbone obtained from the previously
mentioned procedure. The procedure involves generating backbone independent as well as backbone
dependent rotamer libraries for biasing the Monte Carlo simulation. Further improvement to the
procedure has been made by fixing the secondary structures predicted, during energy minimization.
Results - The predictions have been found to be fairly accurate for the small proteins of the order of
15 – 30 residues and we are working on extending our prediction methodology towards proteins with a
large number of residues. An improvement was observed in the predictions after fixing the secondary
structures. RMSD (root mean square deviation) and a more advanced algorithm SSAP (sequential
structure alignment program), have been implemented for evaluating the structural similarity of the
protein structure obtained with the experimentally determined protein structure. Efforts are also on to
incorporate knowledge based prediction techniques in various Ab Initio algorithms to improve the
accuracy of our predictions.
Conclusions – Ab initio methods, though quite complex, provide the best way out for de novo protein
design. Improvement in algorithms, increase in computational power and better design of energy
functions/force fields will go a long way in solving the protein folding problem.
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Nucleocapsid protein (NC) of the HIV-1 is a small highly basic protein containing 15 cationic residues
and two zinc fingers. It is known as a nucleic acid chaperone, i.e. a molecule that is able to greatly facilitate an
extremely slow process of nucleic acids restructuring, to achieve their lowest energy conformation with
maximum base pairing within the biologically significant time of the few seconds. NC performs its chaperone
function in the absence of the external energy source of the ATP hydrolysis, and the mechanism of its action is
not well understood. Retroviruses, such as the human immunodeficiency virus type 1 (HIV-1), carry their
genetic information on single-stranded RNA genomes that are reverse transcribed to double-stranded DNA.
This process involves several annealing and strand transfer steps that take hours and days in the absence of NC.
In this work we analyze the chaperone activity of NC by studying the first step of this process in which
the HIV-1 reverse transcriptase uses human tRNALys,3 as a primer to initiate reverse transcription. Prior to
initiation, the 3' 18 nucleotides of this tRNA are annealed to a complementary sequence on the RNA genome
known as the primer binding site (PBS). We show that the HIV-1 NC enhances this annealing by approximately
five orders of magnitude in vitro, decreasing the transition state enthalpy from approximately 20 kcal.mol-1 for
the uncatalyzed reaction to 13 kcal.mol-1 for the NC-catalyzed process. Moreover, the annealing follows secondorder kinetics, consistent with the nucleation of the intermolecular duplex being the rate-limiting step. This
nucleation is preceded by melting of a small duplex region within the original structure, and is followed by
much faster zipping of the rest of 18 base pair duplex. A tRNA mutational analysis shows that destabilization of
the tRNA acceptor stem has only a minor effect on the annealing rate. In contrast, addition of bases to the 5' end
of tRNA that are complementary to its single-stranded 3' end, interferes with duplex nucleation and therefore
has a much larger effect on the net reaction rate. Assuming that the apparent transition free energy of the
annealing reaction,
affects both Gm and

G‡, is a sum of the melting ( Gm) and nucleation ( Gnuc) free energies, we show that NC
Gnuc . We estimate that 10- to 100-fold of the overall rate enhancement is due to NC-

induced destabilization of a 4-bp helix in the PBS, while the additional factor of 103 -104 rate enhancement is a
result of NC-facilitated duplex nucleation.
We generalize our results to show that poor duplex destabilizing ability of NC optimizes its chaperone
function. Indeed, NC is able of destabilizing only the weakest elements of the complementary secondary
structures, such as short or imperfect helices, which serve as nucleation sites for the formation of the new
duplex, while leaving the final annealed state very stable.
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Background/aim: The work aim was to investigate effects of Ni2+ and Cd2+ ions on conformational
transitions in poly(dA) - poly(dT) system.
Methods: Conformational transitions were studied by the method of thermal denaturation using UV
absorption (at 260 and 284 nm) and static light scattering (at 540 nm) detections of melting profiles.

The experiments were carried out with synthetic poly(dA)·poly(dT) duplex and poly(dA)·2poly(dT)
triplex in neutral buffered solutions containing 0.1 M NaCl, at the polymers concentration in the range
of 0.1 – 0.4 mM nucleotides.
Results: Series of melting curves for poly(dA)-poly(dT)-Ni2+ and poly(dA)-poly(dT)-Cd2+ systems
were measured at different constant concentration of metal ions in the range of 0 – 5 mM. An

aggregation in these systems was revealed at the ions concentrations more than 2 mM. It was appeared
after the polymer dissociation and cooling of the samples. Incidentally, the reversibility of helix-to-coil
transition was broken, that is connected with a molecular condensation of poly(dA). The method of
light scattering was turned out to be informative in discerning of peculiarities of the aggregation
process.
Diagrams of conformational transitions in poly(dA)-poly(dT) system in the presence of Ni2+ as well as
Cd2+ were plotted in the range of termodynamical reversability of conformational transitions. Nickel
ions enhanced the thermal stability of both poly(dA)⋅poly(dT) duplex and poly(dA)⋅2poly(dT) triplex.
Midpoints temperatures of the helix-to-coil and triplex-to-duplex transitions increased linearly with
log[Ni2+], but more quickly in the last case. Cd2+ ions also increased the thermal stability of the triplex
structure but did not influence on the duplex one.
Conclusion: Diagrams of conformational transitions in poly(dA)-poly(dT) system in the presence of
Ni2+ or Cd2+ ions were obtained. The aggregation in this system at low polynucleotide concentrations

iducing by the above ions was revealed.
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The prediction of protein tertiary structure remains one of the outstanding problems in biophysical
chemistry. While theoretical models for protein structure prediction that partially rely on experimental
information have shown consistent progress, the assessment of de-novo strategies that rely on
sequence information alone has been much less successful. The development of such techniques
would nevertheless significantly improve the understanding of protein families where little
experimental information is available, the prediction of novel folds and for answering questions of
dynamical nature.
If one assumes that a protein is in thermodynamic equilibrium with its environment, its native state
corresponds to the global minimum of its free energy landscape. We have recently developed a
specific all-atom protein forcefield (PFF01), which includes an area-based implicit solvent model and
approximates the free energy of peptide conformations in the natural solvent.[1] Stochastic
minimization methods have been successfully applied to find local minima of the forcefield and
successfully folded different small proteins.[2,3] Parallel tempering (PT) uses N replica of the system
at different temperature levels and allows exchange of replica between these. Thus it facilitates by use
of both low and high temperatures the exploration of local minima and overcomes high-energybarriers at the same time.
In our recent work we used a modified PT. As improvement we introduced dynamical temperature
adjustment during the simulations to allow higher rates of exchanges between temperatures levels.
Using these modifications for PT we tested its effectivity while successfully folding the 20 amino-acid
trp-cage protein 1l 2 y .[4] We have also applied this method to the structurally conserved 40 aminoacid headpiece of the autonomously folding HIV accessory protein (1F4I-40) and successfully folded
this protein.[5]
References:
[1] T. Herges and W. Wenzel. An all-atom forcefield for tertiary structure prediction of helical
proteins. submitted.
[2] A. Schug, T. Herges, and W. Wenzel. Phys. Rev. Letters, 91, 2003.
[3] T. Herges and W. Wenzel. http://www.arXiv.org: physics/0310146, 2004.
[4] A. Schug and W. Wenzel. Europ. Physics Letters (in press).
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Background/aim: The structural characterization of the protein folding transition state (TS) at residue
resolution has been made possible thanks to protein engineering experiments ( -value analysis).

These, coupled with molecular dynamics (MD) simulations, can give an accurate picture of TS and of
the folding pathways at atomic resolution.
Methods: Wild type and 32 mutants of a three-stranded antiparallel peptide beta3s have been studied
by extensive equilibrium MD simulations (20 s per mutant) using the all-atom CHARMM force field

with an implicit treatment of the solvent.
Results: Kinetic analysis of the folding/unfolding events (about a hundred per mutant) has been
performed and average folding/unfolding times have been computed. Thus, free energy change in TS

and native state (NS) due to mutations (taking the denatured state (DS) as reference) have been
values have been evaluated. TS conformations have been extracted from the
computed and,
values in terms of structure have
simulations. Several alternative interpretations of the kinetic
values in terms of native
been tested against the conformations of TS. The interpretation of
structure present at TS have shown to be sufficiently accurate in the case of beta3s, even if, the
interpretation that takes into account non-native interactions has provided a better match with TS
conformations. Furthermore, native and non-native residual structure present in DS has been identified
values has been
along the simulations and analyzed, and its effects on the determination of
measured.
Conclusions: This very accurate characterization of the TS of beta3s has permitted to refine the
values. In particular, it has allowed the detailed evaluation of the role
present interpretation of the

of non-native interactions formed at TS and the role of residual structure in DS.
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The topology of energy level surfaces for molecules with conformational mobility has been
obtained with the help of Morse theory [1]. The physical idea is similar to the inherent structure
approach [2] to glass forming and supercooled liquids. The domain for the definition of the potential
energy surface is a multidimensional torus. In this way the representation of energy surface topology is
the simplest. We should admit that the metric of this space of conformations is not Euclidian.
Kinematics of conformation transitions is defined as rotational displacement of vectors - exp[iφk(t)],
where φk – torsion angles.
Energy landscape topography for a large series (~103) of small peptides in virtual (collision)
and water (TIP3P) media are studied by the methods based on molecular dynamics simulations
(AMBER99 force field is used). Only the trajectories with good statistics are applied. Auto- and
crosscorrelation exp[iφk(t)] functions, 2-D and 3-D contour maps of free energy (and the results of
their cluster analysis) are used for a classification of topography of the peptides energy landscape. The
kinematics similarity is observed in a large number of conformational degrees of freedom. Fig.1 shows
the example of this analysis. We should emphasize that in water medium the similarity of torsion
angles kinematics in peptides becomes greater.
2-D and 3-D contour maps of free energy and possible symmetry properties of the
multidimensional energy surface for natural peptides and chimeras are discussed in connection with
the funnel topography [3,4]. The funnel topography and initial conditions effects on folding dynamics
of some homopolymer model chains are also presented and discussed.
[1] J.W. Milnor, Morse theory. Princeton Univ.Press. 1963. -160pp.
[2] P.G. Debenedetti, F.H. Stillinger, Nature 410, 259 (2001)
[3] P. G. Wolynes, J. N. Onuchic, D. Thirumalai, Science 267, 1619 (1995).
[4] Y. Levy, J. Jortner, O.M. Becker, J.Chem.Phys. 115, 10533 (2001).

Fig.1. Cluster analysis data for the kinematics of 2400 torsion angles (abscissa axis) in 400 natural
dipeptides (ACE-R1-R2-NHMe) in virtual medium. Autocorrelation functions exp[iφk(t)] are very
similar for a number of torsion angles.
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Background: Archaeal membranes, their lipids are characterized by the ether-linked, branched
hydrophobic chain instead of ordinal ester-linked straight chain, are known to have high stability and
low permeability. In this study, in order to understand the effect of the characteristic molecular
structure of archaeal lipids on the membrane properties on molecular level, a series of molecular
dynamics (MD) calculations has been undertaken.
Methods: Comparative MD simulations of five types of phospholipid (PC) membranes have been
carried out in the NPT ensemble; 1. dipalmitoyl PC, 2. diphytanoyl PC, 3. diphytanyl PC, 4.
pseudocyclic- and 5. cyclic-tetraether PCs. Cavity based sampling of Widom’s particle insertion has
also been undertaken to estimate free energy profiles of small neutral solutes such as water, ammonia,
oxygen, carbon dioxide, etc., along the membrane normal.

1.

2.

3.

4.

5.

Results: Chain branching gives rise to a significant reduction of the chain motion by a factor of 25.[1,2] The lower chain flexibility should be responsible not only for high bilayer stability but also for
low permeability of branched lipid membrane.[1,3] As for permeability, free energy profiles of small
penetrants along the membrane normal are sensitive not to chain branching but to the functional group
which links hydrophobic chains to glycerol backbone (ether or ester-linkage). The ether-linked lipid
membranes have 2 times smaller dipole potential than does the ester-linked counterpart.
References
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Hydrated proteins and DNA demonstrate a dynamic transition at temperatures TD~200-230K. It shows
up as a sharp rise of mean-squared atomic displacement, <x2>, above these temperatures. Sharp
slowing down of protein functions (rate of biochemical reactions) was observed at the same
temperature range. These results suggest a direct relationship between the dynamic transition and
onset of biochemical activities of proteins. Thus understanding of the dynamic transition is extremely
important for understanding how biomolecules function.
We analyze dynamics of DNA/D2O and lysozyme/D2O at different levels of hydration, and of
lysozyme/glycerol using neutron and light scattering spectroscopy [1-3]. The results demonstrate that
the dynamic transition in all these samples is related to a slow relaxation process that activates above
TD. Microscopic nature of the slow process and its relation to protein functions are discussed.
It has been observed [4] that TD shifts to T~270K for a protein placed in glycerol. The temperature of
the dynamic crossover (dynamic arrest) is estimated to be TC~220-230K in pure water [5] and
TC~270-290K in pure glycerol [6]. These temperatures coincide well with TD observed for proteins
and DNA in these solvents. This observation supports our earlier speculations [1,2] that the dynamic
crossover of solvents controls the dynamic transition in biomolecules, i.e. the dynamic arrest of the
solvent molecules leads to a suppression of large scale motions (the slow process) in biological
molecules. The proposed microscopic mechanism of the dynamic transition is further supported by
results of computer simulations [7,8] that demonstrate importance of translation diffusion of water
molecules for the dynamic transition in proteins. These results agree with the earlier idea proposed by
Frauenfelder and coworkers that proteins are “slaves” of the solvent and suggest a way to control
biochemical activity of proteins by modifying the solvent.
1. A.P. Sokolov, et al., J.Chem.Phys. 110, 7053 (1999).
2. A.P. Sokolov, et al., J.Biological Physics 27, 313 (2001).
3. G. Caliskan, et al., J.Chem.Phys. 121, July 15 issue (2004, in print).
4. A.M. Tsai, et al., Biophys.J. 79, 1043 (2000).
5. A.P. Sokolov, et al., Phys.Rev.B 51, 12865 (1995); R. Torre, et al., Nature 428, 296 (2004).
6. A.P.Sokolov, J.Non-Cryst.Solids 235-237, 190 (1998).
7. M. Tarek, D. Tobias, Phys.Rev.Lett. 88, 138101 (2002).
8. A. L. Tournier, J. Xu, J.C. Smith, Biophysical J. 85, 1871 (2003).
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The SARS 3C-like protease consists of two distinct folds: namely the N-terminal chymotrypsin fold
containing the domains I and II hosting the complete catalytic machinery and the C-terminal extra
helical domain III unique for the coronavirus 3CL proteases. Previously the functional role of this
extra domain has been completely unknown and it was believed that the coronavirus 3CL proteases
share the same enzymatic mechanism with picovirus 3C proteases which contain the chymotrypsin
fold but have no extra domain. To understand the functional role of the extra domain and to
characterize the enzyme-substrate interactions, by use of the dynamic light scattering, circular
dichroism (CD) and NMR spectroscopy, 1) we dissected the full-length SARS 3CL protease into two
distinct folds and subsequently investigated their structural and dimerization properties; 2) we studied
the structural and binding interactions of three substrate peptides with the entire enzyme and its two
dissected folds. The results lead to several findings: 1) although two dissected parts folded into the
native-like structures, the chymotrpsin fold only had a weak activity as compared to the entire enzyme;
2) while the chymotrypsin fold remained a monomer within a wide range of protein concentrations,
the extra domain existed as a stable dimer even at a very low concentration. This observation strongly
indicates that the extra domain contributes to the dimerization of the SARS 3CL protease, thus
switching the enzyme from the inactive form (monomer) to the active form (dimer). This discovery
not only separates the coronavirus 3CL protease from the picovirus 3C protease in terms of the
enzymatic mechanism, but also defines the dimerization interface on the extra helical domain as a new
target for design of the specific protease inhibitors.
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Abstract
The recent discovery of the Nogo family of myelin inhibitors and the Nogo-66 receptor
(NgR) opens up a very promising avenue for the development of therapeutic agents for treating spinal
cord injury. Nogo-A, the largest member of the Nogo family, is a multidomain protein containing at
least several regions responsible for inhibiting CNS regeneration. So far, no structural information is
available for Nogo-A or any of its structural domains. Therefore, we have subcloned and
expressed one Nogo-A fragment, namely the 182-residue Nogo-A-[567-748] in E. coli. CD and
NMR characterization indicated that the Nogo-A-[567-748] was only partially structured in aqueous
buffer. However, further study indicated that the Nogo-A-[567-748] protein can be induced to form a
well-helical structure in the presence of either Zn2+, SDS or TFE.
Our results provide the first structural insights into Nogo-A functional domain and may
have implications in further designs of peptide mimetics that would enhance CNS neuronal
regeneration.
*Correspondence should be addressed to Jianxing Song, phone: (65) 6874-1013; fax:
(65) 6779-2486; email: bchsj@nus.edu.sg
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We performed Brownian Dynamics (BD) simulations to study the trajectories of protein-protein association on
the example of barnase / barstar. Barnase is a ribonuclease and barstar is its inhibitor, they provide a well
characterized model system of electrically steered diffusional encounter with very fast association rates [1]. The
aim of the trajectory analysis was to clarify the definition of the encounter state.
For the BD simulations we used the package SDA [2] which was modified to allow for a more detailed analysis
of the trajectories. For each set of parameters 10 000 trajectories were run. By recording the positions and
orientations of the proteins during the steps of all trajectories we are able to define an entropy landscape from
the restriction of the translational and rotational degrees of freedom in the process of association. Together with
the configuration dependent enthalpy, the electrostatic and desolvation energies, we compute the free-energy
landscape, from which the reaction path, defined as the path of minimal free energy, is deduced. In the freeenergy profile along the reaction path a characteristic minimum at small contact distances shows up, indicating
the position of the encounter state.
This position is almost independent at low and moderate ionic strength. At constant temperature (300 K) it
varies only little from 9.4 Å at 0 mM up to 11.3 Å at 400 mM. At even higher values this minimum disappears,
involving a rapid jump of the encounter position to ≥ 20 Å. At the same time the depth of the minimum
decreases strongly with increasing ionic strength (Fig. 1 A). In contrast, the variation of the temperature at
constant ionic strength (50 mM) has only a small effect on the position of the encounter state. The depth of the
potential well decreases moderately with increasing temperature, while the overall shape of the profiles is quite
similar (Fig. 1 B).

Fig. 1: The association free energy along the reaction path as a function of the minimum contact distance. (A)
Variation of the ionic strength at constant temperature (300 K), (B) variation of the temperature at constant
ionic strength (50 mM).
Supported by DFG / Centre of Bioinformatics
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Background: Heme proteins contain iron porphyrin (FeP) as an active center. They are intensively
studied to understand nuances of protein dynamics by using different experimental techniques, which
are sensitive mainly to the internal protein motion (like optical absorption, vibrational spectroscopy
and others). In this presentation the theoretical analysis of the temperature and pressure dependencies
of the resonance Raman iron-histidine (Fe-His) band (ν = 200 – 250 cm-1) and the absorption charge
transfer a2u(π) dyz band III (λ ≈ 770 nm) of deoxymyoglobin (Mb), is reported. It is shown that
these bands are very sensitive to the heme doming, which, in turn, is strongly affected by the protein
dynamics.
Methods: The theoretical analysis is performed using theory of optical absorption bandshape [1].
Results: It is shown that the anharmonic interaction between the Fe-His and Fe–P displacements and
the coupling of the latter to the protein motion, are responsible for the complicated temperature and
pressure dependencies of the Fe-His band and non-Frank-Condon band III [2-4]. It is concluded that
the band III intensity is controlled by the Fe–P equilibrium distance and the amplitude of the Fe–P
vibration, whereas the band position and shape are strongly affected also by the protein electric field.
The distribution of the Fe–P distances in the ensemble of the protein molecules is obtained to be close
to the previously found values [5].
Conclusions: The results show that the heme doming is strongly coupled to the protein motion. In a
glassy environment the heme doming in different protein molecules is distributed reflecting the protein
distribution over a number of conformational substates [6]. In liquid solvent the protein move from
one conformational substate to another, the amplitude of this motion increases upon heating. This
motion leads to the corresponding modulation of the Fe–P vibration observed in the band III spectra.
The theoretical analysis also allows distinguishing between the effects of the heme structure and the
protein electric field on the spectra under consideration and acquiring new information about the
protein dynamics from them.
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K. K. Rebane: Impurity Spectra of solids. Elementary theory of Vibrational Structure, Plenum
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Background: Free energy difference between the two equilibrium states is difficult to obtain from
numerical simulations. One reason is a lack of reliable potential functions of ligands; another is
insufficient sampling to the ensemble average in phase space. Recently, an efficient method based on
Bennett acceptance ratio (BAR) has been proposed by Shirts et al [1]. We show the capability of this
method by calculating the absolute binding energy of small ligands to FKBP receptor.

Results and Conclusions: We examined our method for
calculating the absolute binding energy of small ligands to FKBP
receptor. Obtained absolute binding energy is in good agreement
with experimental value deduced from the inhibition constant [2].

Energy (kcal/mol)

Energy (kcal/mol)

Methods: To solve the first problem, parameters for the ligands used here were generated from the
scheme of general AMBER force field (GAFF) to cover the limitation of the traditional AMBER force
field. We use two kinds of coupling constant λ, Coulombic (λc) and Van der Waals terms (λLJ),
connecting two states; fully coupled state (λ= 0) and uncoupled
0
state (λ= 1). The free energies as a function of λ with two kinds of
spacing are shown in Fig. 1. Free energy has not enough accuracy
when λ spacing is large, whereas, small λ spacing encounters the
-5
economical issue. We determine the adequate spacing for λc and
λLJ. We use 12 values of λc and 21 values of λLJ. Our solvation
energies for Coulombic and Van der Waals terms are scattered
-10
during the whole molecular dynamics (MD) run shown in Fig. 2.
In order to reduce this uncertainty from these scattered values, we
-15
generate several momentum distributions of the initial
0
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configurations using random number. It is found that the standard
Fig.1. Calculated free
deviation for free energy becomes gradually smaller as the number
energies as a function of λ.
of sampling increases. Independent parallel computing system is
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very suitable to estimate these free energies; we use a massively
denote Coulombic and Van
parallel simulation server, BioServer, consisting of 1280
der Waals terms,
processors. It is also shown that the single precision version of
respectively
modified gromacs (v3.1.4) is enough for the accurate free energy
5
calculation.
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Background/aim: Protein misfolding has been implicated in a number of diseases such as Alzheimer,
Parkinson, familial amyloidotic polineuropathy, type II diabetes and many others . In the last years
many studies were made to understand the mechanisms that underlie fibrillogenesis but not much is
known. Transthyretin (TTR) is a tetrameric protein composed of identical 127 residues subunits with a
predominant β-sheet structure. TTR is found in human plasma (0.1-0.4 mg/ml) and cerebral spinal
fluid (0.017 mg/ml). The plasma form serves as a secondary carrier for thyroxin and for binding
retinol-binding protein. Wild type TTR is associated with senile systemic amyloidosis, a disease
characterized by heavy amyloid deposits in the heart. More then 80 point mutant of TTR are described
and most of them are associated with familial amyloidotic polineuropathy (FAP). The FAP symptoms
include peripheral neuropathy, cardiomyopathy, carpal tunnel syndrome and vitreous opacities.
Among the described mutants L55P is the most aggressive and occurs with a high frequency [1].
A recent study shows that after a high hydrostatic pressure (HHP) compression decompression cycle
TTR forms fibrils under mild conditions [2]. In these work we compare the TTR-WT and L55P fibers
formed after a compression decompression cycle with those formed under low pH conditions. We also
study the structure of the WT and the mutant L55P with small angle X-ray scattering (SAXS).
Methods: The sample concentration for the SAXS measurements was 3mg/ml, for the Thioflavin T
(ThT), absorbance at 330 nm and light scattering it was 0.22mg/ml. The fibril formation was
performed in 50 mM Hepes, 100 mM KCl, pH 4.4; 50 mM MES, 100 mM KCl, pH 5.0 or pH 5.6. The
fibers were obtained by HHP and all fibers measurements were made 1-24 hours after the pressure was
released. To obtain the fibers under low pH conditions we maintained the samples in a heating bath at
37°C for 72 hours before the measurements were performed. The fibril formation was evaluated by
absorbance at 330 nm and binding of ThT. For ThT experiments, proteins were diluted to a final
concentration of 2 µM in buffer (50 mM glycine-NAOH at pH 8.5) containing 10 µM ThT. ThT
binding was evaluated from the area of the emission spectra where excitation was set at 446 nm and
emission scanned from 470 to 570 nm. ThT fluorescence was made in an ISS K2 spectrofluorometer.
Results: The fibers formed under low pH are very similar to those formed by HHP. The only
difference between the fibers seems to be the length. The SAXS revealed the radius of gyration of the
tetrameric TTR WT as 27.5±0.7Å and for the L55P, 34.1± 0.7Å.
Conclusions: Our data suggests that HHP induces a defective fold in WT, mimicking the structural
effects of the natural mutations. The structural difference observed between the WT TTR and the
mutant L55P can be a way to explain the facility that this mutant has to aggregate.
References: [1]Gonzales et al, JMB 328, 963-74 (2003)
[2]Gonzales et al, PNAS 97, 12, 6445-50 (2000)
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Modified nucleosides in tRNA introduce diverse substituents having various functional
groups. The first position of the anticodon (34th or ‘wobble’ nucleoside) and the anticodon 3’adjacent (37th) nucleosides are specially rich in extensive - diverse modifications. Modified
nucleosides can facilitate or hinder across the loop interactions in the anticodon loop. Large
substituents in 34th and 37th modifified nucleosides may come close and interact with each
other. Across the loop interactions in tRNA anticodon may affect flexibility of the anticodon
loop and result in distinct open or closed type anticodon loop structures. Modulation of the
flexibility of the anticodon loop can affect codon – anticodon interactions thus restricting or
enlarging synonymous codon choice and decoding during protein biosynthesis. An
unconventional anticodon loop feature is found to persist in molecular dynamics simulations of
hydrated anticodon arm (stem loop) of tRNAAsn. This involves across the loop interactions
between the diol group of hypermodified nucleoside Q34 and carbonyl group of ureido linkage
in t6A37. Also the Hoogsteen edge of 37th adenine base participates in hydrogen bonding with
Watson – Crick edge of 33rd base contributing to the unconventional anticodon loop structure
of tRNAAsn. Suboptimal Q:C base pairing resulting from this may account for unbiased
reading of U or C as the third codon letter. With unmodified G34 usual preference for GC
pairing over GU is expected. Significantly, the absence of queuosine Q34 is found associated
with rapidly proliferating cells and malignant growth.
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Background/aim: Neuroglobin (Ngb) is a newly member of the globin superfamily and its function is
unknown yet. Several possibilities have been suggested, amongst which an involvement in the NO
metabolism or a possible oxygen-carrier function under hypoxia condition. In this work, we analyze
the structural characteristics of ferric hNgb and the NO adduct of ferrous hNgb using electron
paramagnetic resonance (EPR).
Methods: Expression cloning of wild-type and mutant human Ngb and protein purifications were
performed as described previously [1,2]. Optical measurements were done using a Cary 5 UV/VIS
spectrophotometer. Continuous-wave and pulsed EPR spectra were recorded on a Bruker ESP300E
and Bruker ESP380E spectrometer respectively.
Results: Combined EPR and optical-absorption measurements show that the heme iron in Ngb is
hexacoordinated in both the ferrous and ferric form of protein. The axial ligands are identified as the
histidines at positions E7 and F8. In this work, the observation of two low-spin iron species in the EPR
spectra of ferric hNgb will be discussed and a more detailed pulsed EPR analysis of the differences in
the heme-pocket structure of these two forms will be shown. Furthermore, Escherichia coli cell
cultures with low O2 concentration overexpressing proteins generate nitric oxide (NO) [2]. When wildtype human Ngb is overexpressed in E. coli cell cultures grown under anaerobic conditions, the protein
is predominantly in the F8His-Fe2+-E7His form, whereby a small percentage of the protein is in the
nitrosyl ferrous form. In contrast, under the same conditions, the E7-Leu and E7-Gln mutants of the
protein are mostly in the nitrosyl ferrous form. The temperature dependence of the EPR spectra of the
NO adducts of ferrous hNgb and its E7-mutants shows two types of variation that differ for the
individual proteins. Both are linked to the presence of two isomers of the NO adduct. The differences
in the temperature behavior of wt hNgbNO, E7-mutated hNgbNO and NO-ligated vertebrate
hemoglobins and myoglobins can directly be related to the heme-pocket structure.
Conclusions: In both ferrous and ferric hNgb the heme iron is hexacoordinated whereby the E7histidine functions as second axial ligand. For wild-type hNgb in an NO-rich environment, the NO
ligand then has to compete with E7-histidine and the last from will be favored. A simple NOscavenging role for the Ngb seems to be less probable and an implication of Ngb in the NO
metabolism can only be explained if some follow-up reaction occurs. The temperature-dependent EPR
analysis of wt and mutated hNgbNO proves a clear influence of the E7-histidine on the orientation of
the exogeneous NO ligand in wt hNgbNO. Comparison with two E7-mutants indicates that this
influence is not related to the polarity, but to the binding characteristics of the E7-histidine.

[1] S. Dewilde, L. Kiger, T. Burmester, T. Hankeln, V. Baudin-Creuza, T. Aerts, M.C. Marden, R.
Caubergs, L. Moens, J. Biol. Chem. 276, 38949 (2001)
[2] S. Van Doorslaer, S. Dewilde, L. Kiger, S.V. Nistor, E. Goovaerts, M.C. Marden, L. Moens, J.
Biol. Chem. 278, 4919 (2003)
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Background/aim: A protein molecule is a large and complex physical system with many
atoms. At the microscopic level, the laws of quantum mechanics can be used to deduce the
interactions but the number of degrees of freedom are far too many for the system to be
studied in all its detail. When one attempts to look at the problem in a coarse-grained
manner with what one hopes are the essential degrees of freedom, it is very hard to
determine what the effective potential energies of interaction are. Nevertheless, proteins
fold into a limited number of evolutionary conserved structures [1]. The same fold is able
to house many different sequences which have that conformation as their native state and
is also employed by nature to perform different biological functions, pointing towards the
existence of an underlying simplicity at work in proteins.
Methods: We introduce a simple physical model [2] which captures in a minimal way the
inherent anisotropy of a chain molecule, the geometrical and energetic constraints placed
by the hydrogen bonds and sterics, and hydrophobicity. We model a protein as a chain of
identical amino acids, represented by their C α atoms, lying along the axis of a selfavoiding flexible tube. We carry out numerical Monte Carlo simulations with pivot and
crankshaft moves commonly used in stochastic chain dynamics.
Results: In the marginally compact phase which emerges between a swollen and a
disordered compact phase, the free-energy landscape for an isolated homopolymer chain is
characterized by the presence of relatively few minima which correspond to distinct
putative native-state structures of proteins, being tertiary assemblies of helices, hairpins
and planar sheets. In the presence of more chains, new minima appear in the free-energy
landscape which resemble the basic structures associated with amyloid fibrils.
Conclusions: The protein energy landscape is presculpted by general considerations of
geometry and symmetry that we have utilized as ingredients in our model. The limited
number of folds arises from the geometrical constraints imposed by hydrogen bonds and
sterics. A superior fit of a given protein or sequence of amino acids to one of the predetermined folds dictates the choice of the topology of its native-state structure.

[1] C. Chothia, Nature 357, 543 (1992).
[2] T.H. Hoang et. al., Proc. Natl. Acad. Sci. USA 101, 7960 (2004).
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Protein folding is one of the most important issues in modern molecular biology. Studying the
dynamics is essential in understanding how the protein folds. The question is how the many
conformational degrees of freedom can converge to the native state in a finite biological time scale (
millisecond to second ) instead of cosmological time scale. The energy landscape theory of protein
folding resolves this issue naturally by assuming there is a bias or funnel towards the native state. This
bias is believed to be from the natural evolution. Superimposed on the funneled landscape are the local
traps. The slope of the funnel must be steep enough to overcome the traps in order to reach the folded
state. The energy landscape theory is successful in explaining many experiments at both qualitative
and quantitative level. According to the energy landscape theory, in general at the initial stage of
folding, there are multiple paths towards native state. The discrete paths emerge only when the
landscape becomes rough and local traps are important at late stage of folding. Searching for kinetic
paths has been a central issue for the folding experimental community for many years. Unfortunately,
most of the current kinetic folding studies are not formulated in terms of the paths that represent the
full intermediate histories connecting the initial and final ends. It is therefore important and natural to
formulate the theory in terms of path language. Such a formulation would help to resolve the
challenging kinetic path issue of the folding problem and provide a direct tool and language for the
theoretical and experimental community to understand each other better. In this study, we propose a
new approach to protein folding dynamics via a path integral framework. The important issues of
kinetic paths can be directly addressed. This leads to the identification of the kinetic paths of the
folding. The kinetic paths giving the dominant contributions to the long time folding activation
dynamics can be quantitatively determined. These are shown to be the instanton paths. These
contributions of the paths to the kinetics result the "bell" shape temperature dependence of the folding
rate, which is in good agreement with folding kinetic experiments and simulations. The connections to
other approaches of the protein folding kinetics will be discussed.
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Background: In the past years, the folding kinetics of many small single-domain proteins has been
characterized by mutational Φ-value analysis. Experiments and theory indicate that the folding
kinetics of these proteins is dominated by native-state topology. Nonetheless, there has only been
limited success in reproducing the detailed experimental Φ-value distributions in topology-based
models.
Methods: In this paper, a simple, essentially parameter-free model is introduced which derives folding
routes from native structures by minimizing the entropic loop-closure cost during folding. The model
results in characteristic folding sequences of structural elements such as α-helices and β-strand
pairings. Based on few plausible rules, the kinetic importance of these structural elements is estimated
from the routes and compared to average experimental Φ-values for the helices and strands of 15 small
well-characterized proteins.
Results: This comparison leads on average to a remarkably large correlation coefficient of 0.6 for all
proteins with polarized Φ-value distributions, and 0.72 if distributions with negative average Φ-values
are excluded. The diffuse Φ-value distributions of the remaining proteins are reproduced correctly. -The model also explains why circular permutation of S6 causes a dramatic change in the Φ-value
distribution, while circular permutation of CI2 does not [1].
Conclusions: The model shows that Φ-value distributions are dominated by loop-closure events, but
also indicates energetic preferences in the case of a few proteins governed by parallel folding
processes.

[1] T. R. Weikl and K. A. Dill, J. Mol. Biol. 329, 585 (2003); J. Mol. Biol. 332, 953 (2003).

Fig. 1: Correlation coefficients r between kinetic importance and average experimental Φ-values for
the helices and strands of the 12 proteins with polarized Φ-value distributions. The proteins α-spectrin
SH3, protein G, and ACBP (grey bars) have negative average Φ-values in one of the secondary
elements, which are beyond the scope of the model.

B05-240
Reproducible in-silico protein folding at the atom level

A. Schug, T. Herges and W. Wenzel,
Forschungszentrum Karlsruhe, Institut für Nanotechnologie, Karlsruhe, Germany

The prediction of protein tertiary structure, in particular
based on sequence information alone, remains one of the
outstanding problems in biophysical chemistry. Available
genomic and sequence information for proteins contains a
wealth of biomedical information that becomes accessible
when translated into three-dimensional structure.
According to the thermodynamic hypothesis, the native
conformation of a protein can be predicted as the global
optimum of its free energy surface with stochastic optimization methods orders of magnitude faster
than by direct simulation of the folding process.
We have recently developed an all-atom free energy forcefield (PFF01) which implements a minimal
thermodynamic model based on physical interactions and an implict solvent model. We could
demonstrate that PFF01 stabilizes the native conformation of several helical proteins as the global
optimum of its free energy surface.
In addition we were able to reproducibly fold:
●
●
●

●
●

the 20 amino acid, 2-helix trp-cage protein
the 36 amino acid, 3-helix villin headpiece
the conserved 40 amino acid, 3-helix headpiece of
the HIV accessory protein
the 40 amino acid, 3-helix headpiece of protein A and
the 60 amino acid, 4-helix bacterial ribolsomal protein L20.

We used several stochastic optimization methods: the stochastic tunneling method, an adapted version
of parallel tempering, basin hopping techniques and distributed evolutionary optimization strategies.
We will disccuss advantages and limitations with respect to further improvements of this approach to
in-silico all-atom protein strcuture prediction.
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Background/aim: Phytochromes are photoreceptors involved in signal-transducing reaction cascades.
The chromophoric groups of these proteins are open-chain methine-bridged tetrapyrroles that undergo

a photoinduced reaction cycle which leads to the activation of the photoreceptor. Up to now, threedimensional structures of phytochromes are not available, and therefore spectroscopic techniques
represent the main approach for elucidating the light-induced structural changes.
Methods: In the present work, we have employed Fourier-transform resonance Raman (RR)
spectroscopy to analyze the chromophore structure of bacterial phytochrome Agp1 from
Agrobacterium tumefaciens in the various states of the reaction cycle. RR spectroscopy selectively

probes the vibrational modes of the chromophore, which in the case of Agp1 is constituted by a
covalently bound biliverdin.
Results: The parent states Pr and Pfr display RR spectra that are very similar to those of cyanobacterial
(Cph1) and plant phytochrome (phyA). Differences between these spectra can readily be attributed to

the slightly different constitution of the chromophores in these phytochromes [1].
Conclusions: We conclude that the chromophore in the Pr state adopts a ZZZasa conformation, in
accordance with quantum chemical calculations. In both parent states, the chromophore is protonated

as inferred from the characteristic N-H in-plane bending modes. This is also true for the only
intermediate state that could be detected in flash-photolysis experiments and trapped at low
temperature. However, the kinetics of the photocycle is evidently different compared to oat
phytochrome phyA, for which three intermediates of the Pr-to-Pfr conversion have been identified [1].
Conversely, the Agp1 photocycle kinetics exhibits a substantial H/D isotope effect that has not been
observed for phyA.
[1] C. Kneip, P. Hildebrandt, W. Schlamann, S.E. Braslavsky, F. Mark, K. Schaffner, Biochemistry 38,
15185 (1999).
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Background/aim: Enkephalins are endogenous morphine-like neurotransmitter in the mammalian
brain involved in pain-perception. They bind to the opiate receptors, and do so actually better than
morphine. This is perhaps due to their flexible nature, which also seems to make drug design of
selective opoid agonist difficult. Proper folding is thought of as occurring only when the peptide is in
complex with the receptor [1]. The study of the peptide in complex with its receptor is as yet difficult
for NMR, since opioid receptors are large membrane proteins. There have previously been several
investigations of the structure of Enkephalins in aqueous solutions [2]. Some suggest the existence of
hydrogen bonding between the two aromatic rings, but to this time there have been no conclusive
results suggesting any conformations of Met- and Leu-Enkephalin. The introduction of residual
dipolar couplings (RDC) has significantly improved the quality of 3D structure determination in NMR
[3], but also recently helped in the characterisation of denatured states and short peptides [4],[5].
RDCs depend on the angle defined by internuclear single-bond vectors and the external magnetic field
and give the relative orientation of the individual bondvectors [6] independent on the distance between
them. Here the two pentapetides Met- and Leu-Enkephalin (Tyr-Gly-Gly-Phe-Met/Leu) are
investigated in aqueous-solution by NMR spectroscopy to characterize the conformational distribution.
We used RDC’s to elucidate an eventual conformational change as a function of pH.
Methods: NMR experiments were performed on Varian 750 MHz and 800 MHz spectrometers on
unlabelled Met- & Leu-Enkephalin. For the RDC’s experiments we used 7% w/v strained
polyacrylamide gel (30:1 acryl/BIS) and sampled gTOCSYNHSQC spectra under isotropic (1JNH) and
partially aligned (1JNH + DNH) conditions.
Results: We measured pH-dependence of RDC’s for both Enkephalins. The size of the RDCs for each
N-H-vector changed over the pH-range for both pentapeptides. The overall sizes and changes for the
two pentapeptides were different, but the RDCs were similar at pH 2.
Conclusion: It was seen that the distribution of the NH-vectors angles with the external magnetic field
changed over the pH-range from 2 to 7. Since the angles of the NH-vectors with respect to the
magnetic field can be seen as an conformational average [5], we suggest that this implies that there
exist different conformational distributions at different pH values.

[1]
[2]
[3]
[4]
[5]
[6]

R. Spadaccini, P.A. Temussi, Cell. Mol. Life Sci. 58, 001-11 (2001)
M. A. Khaled, D. W. Urry, J. Chem. Soc., Perkin Transactions II, p1693 (1979)
N. Tjandra, A. Bax, Science 278, 1111-1113 (1997)
M. Louhivuori, K. Pääkkönen, K. Frederiksson, P. Permi, J. Luonila, A. Annila,
J.Am. Chem. Soc. 125, 15647-15650 (2003)
S. Ohnishi, D. Shortle, Proteins: Structure, Function and Genetics 50, 546-551 (2003)
D. Shortle, M. S. Ackerman, Science 293, 487-489 (2001)
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Background/aim: Dynanics of water molecules around and within proteins are a determinant for
structure and function of proteins. MD simulation of crystals of small biomolecules is an effective
approach to analyze water dynamics in detail, because plentiful experimental results have been
accumulated. Of many small biomolecules, guanosine dihydrate makes a crystal in P21 symmetry1

and presents humidity-dependent phase transitions coupled with hydration and dehydration processes,
which were studied by gravimetric measurements, x-ray annalysis, Raman spectroscopy, and highresolution solid-state NMR.2,3 The four water molecules in each asymmetric unit of the unit cell are
classified as either intralayer or interlayer water, and the intralayer water is known to precede the
interlayer water in both hydration and dehydration processes. Based on detailed analysis of MD
simulation, we report differences of dynamics of the four water molecules and water translocations in
guanosine dihydrate.
Methods: The simulation was performed for 2 nanoseconds with the AMBER 6 program in the
periodic boundary conditions. The crystallographic unit cell was replicated by 4×5×8 times in the
directions of a-, b-, and c- axes, respectively, to make the initial coordinates. The AMBER 99 energy
parameters and the TIP3P water parameters were used. Electrostatic interactions were calculated by
the particle-mesh Ewald method.
Results: The simulational analysis examined directional B-factors, orientation vectors, order
parameters, self-correlation function of the orientation vectors, time profile of hydrogen bonding
probability, probability of doubly occupied states, and formation of large translocation clusters. The
accuracy of the structure and fluctuation in the present simulation were remarkable compared with
general macromolecular simulations. Therefore a detailed analysis of the dynamics of water molecules
in the structure is worth for further consideration. The differences among the four water sites in each
asymmetric unit were shown, with the primary difference being that intralayer water molecules are
more mobile than interlayer water molecules.
Conclusions: Columns composed of intralayer water molecules form the easiest pathway for the
hydration and dehydration of the guanosine crystal. This pathway is available for both intralayer water
molecules and interlayer molecules through translocation from the latter to the former. The intralayer
water columns may represent a one-way pathway for water by some molecular valve mechanism.
Simulational analysis of the phonons of guanosine dihydrate observed in the low-frequency Raman
spectra, the origin of which is common to that of nucleic acids,4 is currently in progress.

[1] Thewalt et al., Acta Crystallogr. B26, 1089 (1970). [2] H. Urabe et al., Phys. Rev. B51, 5666
(1995). [3] Y. Sugawara, J. Biomol. Struct. Dyn. 11, 721 (1994). [4] H. Urabe et al., J. Chem. Phys.
95, 5519 (1991).
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Background: The mechanisms of intracellular transport use controlled deformations of the membrane
to make spherical or tubular buds. The physical properties of tubular membranes are now wellunderstood in homogeneous systems. A new interesting feature is the possible existence of a phase
separation on the membrane surface. The separation leads to two phases: a classical liquid-disordered
phase and a liquid-ordered phase. Two different situations occur experimentaly depending of the
radius of the tube: for small tubes, the membrane will break about one second after the formation of
the liquid ordered phase [1] and for large tubes, the membrane will be stable compared to experimental
times [2]. Our aim is to find theoretically a mechanism leading to the breaking of the tube or not,
depending of the physical parameters of the membrane.
Methods: We extended the theoretical models develloped for homogeneous tubes to study the
junction between a raft and a classic phase on a tube. We get by this method a free energy describing
the junction. Minimising this free energy allows us to calculate the equilibrium shapes of the junction
and its energy.
Results: The energy of the junction can be compared to the energy of an intermediate state of the
breaking tube. This gives us an energy gap for the breaking. This gap can be used to created a breaking
time for the tube. This time is strongly dependent of the physical parameters and explain why large
tubes stay long time when small ones break.

[1] T. Baumgart, S. T. Hess and W.W. Webb, Nature, 425, 821 (2003)
[2] A. Roux et al., submitted to Science.

Fig 1 : multiphase tube. The red parts are liquid-disordered phase and the blue parts are liquid-ordered.
The scale bar is 5 micrometers. Picture from [1]

Fig 2 : calculated shape of a tubular junction between two different phases. In dimensionless
parameters, the ratio of bending rigidity is 0.75, the dimensionless difference of gaussian rigidity is 0.6
and the line tension is 0.06.
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Background: The membrane protein prestin contributes to the electro-mechanical transduction found
in plasma membrane of cochlear outer hair cells (OHCs). We seek to understand prestin’s role in
hearing, and examine the more general phenomenon of electromechanical transduction in biological
membranes.
Methods: A hybrid optical tweezers-patch clamp recording system was constructed, and used to
investigate the electro-mechanical transduction within the plasma membrane of OHCs, and wildtype
and prestin-transfected human embryonic kidney (HEK) cells. A plasma membrane tether was formed
using an optically-trapped microsphere, which also served as a displacement sensor. The patch-clamp
was used to electrically excite the cell over a wide frequency range, while the resulting electromechanical response of the tether was simultaneously measured by the optically-trapped microsphere.
Experiments were carried out with and without salicylate (Sal) in the extracellular solution to examine
how the electro-mechanical transduction may be modulated by an amphipathic agent known to
interfere with native electromotility of OHCs.
Results: The OHCs demonstrated a much greater electro-mechanical coupling (e.g., nearly 20 times
higher) in response to multi-tonal kHz excitation when compared with wildtype HEK cells (Fig. 1).
Presence of Sal resulted in an overall reduction of the electro-mechanical transduction amplitude.
Fig.1. Power spectrum of the plasma membrane tether response to a multi-tonal sinusoidal excitation

(f1=1.04kHz, f2=2.08kHz, f3=3.12kHz). OHC (left panel), and wildtype HEK cell (right panel) in
normal extracellular solution.
Conclusions: The native electro-mechanical transduction within plasma membrane is enhanced in the
presence of Prestin, while it is diminished in the presence of Sal.
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Background/aim: Lateral pressure profile is an important physical property of lipid bilayer that
influences conformational equilibrium of integral membrane proteins [1,2]. We performed analytical
derivation of the lateral pressure produced by hydrocarbon chains and found its dependence on area
per lipid in a flat membrane.
Methods: Hydrocarbon chain is modeled as a flexible string of finite thickness with a given bending
rigidity. An effective potential is introduced to account for steric repulsion between neighboring
chains in lipid membrane. The effective potential is found self-consistently. Chain partition function
and chain contribution to the free energy of the membrane are determined as a gaussian path integral
over all chain conformations. Lateral pressure is calculated as the first derivative of the free energy
over area per lipid. Equilibrium area per lipid is found by equating chain lateral pressure to effective
surface tension in the membrane.
Results: We derived self-consistently dependence of lateral pressure produced by hydrocarbon chains
on area per lipid in a flat membrane The calculated area compressibility modulus and temperature
coefficient of area expansion compare favorably with experimental values [2-4].
Conclusions: We derived equation of state of lipid membrane from the energy functional of a flexible
string in a parabolic potential modeling chain steric interactions.
The work of S.B. is supported by Non-profit Foundation “Dynasty” and PhD student grant A03-2.9283 of Russian Ministry of Education.

[1] R.S. Cantor, Chem. Phys. Lipids, 101, 45 (1999).
[2] D. Marsh, Biochem. Biophys. Acta, 1286, 183 (1996)
[3] J.N. Israelachvili, Intermolecular and Surface Forces, Academic Press, London (1992).
[4] A. Ben-Shaul, in Structure and Dynamics of Membranes (1995).
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Fig. 1. Lateral pressure produced by hydrocarbon chains as function of area per chain for two
temperatures T2 (solid line)>T1(dashed line). Lateral pressure is normalized by kT0 /A0 and area per
chain is normalized by A0, where A0 is area per vertically aligned chain in all-trans conformation, k is
Boltzmann constant, T0 =300 K.
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Background/aim: Cell membrane is characterized by complex interplay of rigid and fluid like, liquidcrystalline properties [1,2,3]. We derived free energy functional of bilayer fluid membrane, which
contains three coupled fields encoding: bending of membrane, interlayer mutual slide and area
dilation. As a step towards understanding inter-membrane interactions, we apply this new functional to
study dynamics of bilayer membrane in water solution confined between parallel walls.
Methods: The model we propose explicitly includes position-dependent mutual slide of monolayers
and bending deformation. Free energy functional of a bilayer lipid membrane is derived from the first
principles of elasticity theory [4]. This functional of the liquid-crystalline membrane allows for
incompressibility of the membrane and vanishing of the in-plane shear modulus. The functional obeys
reflectional and rotational symmetries of the flat bilayer. Interlayer slide at the mid-plane of the
membrane results in local difference of surface densities of the monolayers. The slide amplitude
directly enters free energy via the strain tensor. Pure bending of the membrane is investigated, which
is decoupled from area dilation at small amplitudes. Three sources of viscous dissipation are
considered: water and membrane viscosities and interlayer drag. We introduce into the model
repulsive entropic potential of parabolic shape acting on the membrane between confining walls.
Results: Using the functional, the curvature α at the minimum of the parabolic entropic potential
acting on bilayer is determined self-consistently as function of separation 2d of confining walls., and
temperature T: α ∝ T 2 / K b d 4 , where bending modulus is also involved. For this calculation the
Helfrich approach [5] was exploited. We found that α is enhanced four times for a bilayer with slide as
compared with a unit bilayer. We also calculate viscous modes of bilayer membrane between
confining walls. Dispersion relation splits into two branches (modes). At long wavelengths
confinement between the walls modifies the hydrodynamically damped bending mode with respect to
membrane in bulk solution. Simultaneously, interlayer slipping mode, damped by viscous drag,
remains unchanged by confinement. Our results are in accord with earlier works [6,7].
Conclusions: We derived a novel free energy functional of bilayer liquid-crystalline membrane which
reflects important physical properties of the membrane and adequately describes its dynamic behavior.
The work of S.B. is supported by Non-profit Foundation “Dynasty” and PhD student grant A03-2.9283 of Russian Ministry of Education.

[1] A. Ben-Shaul, in Structure and Dynamics of Membranes (1995).
[2] U. Seifert, R. Lipowsky, in Handbook of Biological Physics (1995).
[3] A. Yeung, E. Evans, J. Phys. France II, 5, 1501 (1995).
[4] L.D. Landau, E.M. Lifshitz, Theory of Elasticity. (1980).
[5] W. Helfrich, Z. Naturforsch, 33 (a), 305 (1977).
[6] F. Brochard, J. F. Lennon, J. Phys. 36 (11), 1035 (1975).
[7] M. Kraus, U. Seifert, J. Phys. II France 4, 1117 (1994).
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Background/aim: Many biological systems take place in salt solutions with concentrations around 0.15
M. The classical accepted theories of solutions and protein biology have limited predictability. One view
is that little can be done since biological systems are extremely complicated. But some universal
behavior, related to the Hofmeister effect, hint at an underlying predictive theoretical framework.
Current theories draw for their intuition on electrostatic interactions between charged particles. These
theories fail to explain why changes in background salt solution from KCl to KSCN produces very
different results for protein precipitation, for red cell permeability, and a large number of Hofmeister
effects observed in biology. It has only recently been recognized that the fact that ions in solution have a
different polarizability than the surrounding water has important consequences. These excess
polarizabilities cause ions to experience dispersion forces, specific for each species, near interfaces and
near other ions. At biological concentrations electrostatic forces are screened and the previously
neglected dispersion forces often dominate over electrostatic forces. We here investigate why the charge
of a single globular protein and the interaction between two globular proteins depend on the choice of
background salt solution.
Methods: Mean-field theory is used to investigate the effect of different salt solutions on the charge of a
single globular hen-egg-white lysozyme protein [1]. We then use Monte Carlo simulations to investigate
the potential of mean force between two lysozyme proteins (the theory for a related system is given in
Ref. [2]).
Results: The charge of a single lysozyme protein depends strongly on both ionic species and salt
concentration when ionic dispersion potentials are included consistently. Our results agree closely with
the experimental results by Curtis et al. [3]: the lysozyme charge at pH 4.5 is 10.5 in a 0.1 M KSCN
solution and 10 in a 0.1 M KCl solution. The difference in protein charge gives rise to ion specific
potential of mean force between two lysozyme proteins. However, the ionic dispersion potential acting
between ions and between ion and protein not only changes the protein charge, it fundamentally changes
the ion distributions between the two proteins which further enhance the ion specific changes in potential
of mean force.
Conclusions: Experiments [3] have revealed a large degree of ion specificity in lysozyme interactions.
We demonstrate an important role for ionic dispersion potentials acting between ions and between ion
and protein. Our essential point is that it not only is thermodynamically inconsistent to ignore ionic
dispersion forces, it also gives rise to false interpretations.

[1] M. Boström, D. Williams, B. W. Ninham, Biophys. J. 85, 686 (2003).
[2] F. W. Tavares, D. Bratko, H. Blanch, J. M Prausnitz, J. Phys. Chem. B (2004) in press.
[3] R. Curtis, J. Ulrich, A. Montaser, J. Prusnitz, H. Blanch, Biotechnol. Bioeng. 79,367 (2002).
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Adhesion represents an essential stage in various biological processes. During many of them cells
are subjected to external mechanical loads in the range of ~10-11 up to 10-6N. These processes involve
adhesion under the loading and must depend on elastic properties of cells.
A simple experimental model system enabling one to study the specific adhesion has been recently
designed. It consists of a giant vesicle with reconstituted lipo-ligands. In addition, lipo-polymers
(mimicking the effect of the glycocalix) are reconstituted into the vesicle. To mimic the target cell a
substrate coated by conjugated receptors was used [1,2]. With this system the (i) spontaneous adhesion
[1,2] and (ii) enforced unbinding have been studied [3]. The both processes were observed to take
place via a motion of the adhesion rim and involve therefore, a lateral motion of ligands and repellers.
A theoretical description of the above phenomena is based on the model of Bell considering the
adhesion from the point of view of binding-unbinding reactions between the ligands and receptors [4]
and on the assumption that the adhesion dynamics takes place by motion of the adhesion rim [5]. We
deduce the boundary conditions on the moving adhesion rim [2,4]. We further use this boundary
condition to describe the dynamics of the spontaneous adhesion of the membrane on the substrate at
small ligand concentration [2]. Using this boundary condition we further deduce the equation of
motion of the adhesion rim [2,4]:
(1)
∂x / ∂t = Bk− (1 − K d / K d(0) )
Here x=x(t) is the position of the rim, K d(0) is the dissociation constant of ligand-receptor pairs in the
rest state (the one obtained from the biochemical measurements), while K d is the dissociation constant
of the membrane subjected to a mechanical load, k- is the backward reaction rate and B is the width of
the reaction zone. We show further that the dissociation constant depends exponentially on the
membrane mechanical torque M at the rim:
⎛ M 2A ⎞
Kd
exp
=
⎜
⎟
K d(0)
⎝ 2κ kBT ⎠

(2)

where κ is the bending elasticity of the membrane, T is the temperature, kB is the Boltzman’s constant
and A is the area per receptor molecule [4]. If the mechanical torque for a given geometry of the
membrane loading can be calculated, Eq. (1) and (2) yield the complete set describing the rim motion.
Using this approach we describe the motion of the adhesion rim during the spontaneous adhesion
(under the excess of ligands) as well as enforced unbinding of the membrane from the substrate. The
results explain the recently observed power law dependence of the unbinding force on the force rate.
We also discuss the outstanding role of repellers in the adhesion dynamics.
[1] Z. Guttenberg, B. Lorz, E. Sackmann, et al., Europhys. Lett. 54, 826 (2001).
[2] A. Boulbitch, Z. Guttenberg, and E. Sackmann, Biophys. J. 81, 2743 (2001).
[3] K. Prechtl, A. R. Bausch, et al., Phys. Rev. Lett. 89, art. no. 028101 (2002).
[4] G. I. Bell, Science 200, 618 (1978).
[5] M. Dembo, D. C. Torney, K. Saxman, et al., Proc R Soc Lond B Biol Sci 234, 55 (1988).
[6] A. Boulbitch, Eur. Biophys. Lett. 31, 637 (2003).
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Background: Loss of vascular endothelial function and cohesion due to oxidative damage promotes
the development and progression of atherosclerotic diseases. Several antihypertensive agents exhibit
pleiotropic antioxidant actions in addition to defined mechanism sof blood pressure reduction and may
therefore protect against endothelial injury induced by reactive oxygen species (ROS).
Although in vitro antioxidative effects of dihydropyridine calcium antagonists (DHP-CA) with known
vascular actions are observed in the micro- to millimolar concentration range, we could recently show
that in the presence of synthetical lipid bilayers the quenching of ROS is shifted to a nanomolar
therapeutical region. We found also that these lipophilic compounds enrich in the lipid-phase versus
the water phase, the extent of which was underestimated by the octanol/water partition coefficient
(log po/w).
Methods: Hence we studied the change in physical membranous behaviour in phosphocholinevesicles under the influence of different lipophilic DHP-CA (nifedipine, nisoldipine and the calciumchannel activator Bay K 8644) and some angiotensin-conversion-enzyme inhibitors (ACE-Inh.:
captopril, enalapril, ramiprilat). We classified the modification of bilayer characteristics as changes in
phase transition temperature by difference scanning calorimetry (DSC) and enthalpy release via
isothermal titration calorimetry (ITC). The mechanical stability of the membranes was estimated by
pipette aspiration technique as changes in suction pressure.
Results: The ITC-experiments revealed a correlation of negative enthalpy with the lipophilicity for the
DHP-CA, while the ACE-Inh. showed no effects. In nano- and micromolar concentrations, only the
pretransition temperature (Tp -> Pβ) was modulated by the DHP-CA, but the main transition (Pβ -> Lα)
remained unchanged as determined by DSC-measurements. In these concentrations the rigidity of the
bilayers against suction was not altered, although a trend to a higher physical resistance was observed.
By contrast the ACE-Inh. induced a lowering of stability. However in high concentrations of the
lipophilic DHP-CA both Tm and the cohesion was impaired.
Conclusion: Our findings suggest that in the micromolar concentration range (~1:15 molecular ratio
drug to lipid) the DHP-CA may intercalate between the lecithin-molecules and fill blank positions to
enhance membrane rigidity. This process has an eminent entropic component and is not only enthalpydriven as suggested by ITC- experiments. Unlike the ACE-Inh., the DHP-CA are orientated with the
dihydropyridine-ring to the headgroup interphase, where they potentially scavenge ROS without
affecting membranous cohesion.
Acknowledgement: The work was supported by an unrestricted grant of Bayer Healthcare,
Leverkusen, Germany.
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Background: Vesicle formation is of great interest for medical, physiological and biological reasons.
The field of vesicle research spans from biophysics to cosmetics. We have investigated the formation of
vesicles in water, in the binary system of the triblock copolymer EO5PO68EO51,2. The block copolymer
has a polydispersity in both composition and size, with the average composition EO5PO68EO5. This
block copolymer system is compared with a monodisperse surfactant system of C12E4 in water. The selfassembly process of vesicle formation is discussed within a model proposed by Fromherz and Lasic 3,4,
where the line tension and the bending rigidity are considered to determine the size distribution of the
vesicles.
Methods: The vesicles and particles were characterized by cryo-TEM, static- and dynamic light
scattering, and NMR experiments.
Results: In the EO5PO68EO5 system vesicles and nanoparticles with an internal structure are formed. A
solution of unimers are heated into a two-phase region where, at equilibrium, a concentrated lamellar or,
for the nanoparticles, a reversed hexagonal phase, coexists with a dilute solution of unimers. The
unimers, or micelles in the C12E4 system, aggregate and forms discs that close and form vesicles. The
vesicle solutions remain stationary on the time scale of hours, and a striking observation is that on this
time scale, the vesicle size distribution and concentration is also reversible with respect to temperature
cycles. In the EO5PO68EO5 system an increase in number of vesicles is observed when the temperature is
increased.
Conclusions: The final size of the vesicles is found to be determined by the kinetics in the systems not
by the line tension and the curvature energy. In this study we show how the temperature and
concentration can be used to control the kinetics and thereby tune the final size of the formed vesicles.

350 nm

a)

Fig 1. a) Nanoparticles formed at
35°C in 0.6wt% EO5PO68EO5 in
water. b) Vesicles formed at 25°C

b)

(1) Schillén, K.; Bryskhe, K.; Mel`nikova, Y. S. Macromolecules 1999, 32, 6885.
(2) Bryskhe, K.; Jansson, J.; Topgaard, D.; Schillén, K.; Olsson, U. J. Phys. Chem. B 2004, web released
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(4) Lasic, D. D. Biochimica et Biophysica acta 1982, 692, 501.
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Biological membranes often form highly dynamic tubular networks. Their exact role is not known,
however, they are involved in the transport and sorting of proteins and lipids. We study the formation
and dynamics of membrane tubes, and their possible role in protein and lipid segregation. We show
that (i) the force needed to form a tube changes non-monotonically with its length, (ii) the coupling
between the concentration of the proteins and the mean curvature of the membrane can lead to
pearling instability along the tubes, (iii) the coupling between the concentration and the Gaussian
curvature is required to induce protein segregation, and (iv) a dynamic instability due to segregation
can lead to fission. (v) We also propose a new method for determining the surface tension and bending
rigidity of lipid membranes.
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Background/aim: Cytochrome c (cyt c) functions as an electron carrier in the electron transport chain
of inner mitochondrial membrane. Recent studies revealed that cyt c plays crucial role in programmed
cell death, apoptosis. Both processes critically depend on the mechanism of cyt c interactions with
lipids. Reduced lipid affinity of cyt c is supposed to be essential for induction of apoptosis, while

orientation of heme group relative to lipid-water interface and the depth of the protein bilayer
penetration are thought to be critical for electron-transfer efficiency. It is assumed that cyt c can
specifically interact with anionic phospholipid cardiolipin (CL) abundant in the inner mitochondrial
membrane. The present study was undertaken to disclose some details of these interactions.
Methods: The method of fluorescence resonance energy transfer (RET) was employed with a bilayerincorporated anthrylvinyl phospholipid derivative (AV-PC) being an energy donor and heme group of
cyt c being an acceptor. The model of RET between donors residing in both bilayer leaflets and

acceptors located at the outer monolayer was developed. A method was suggested allowing structural
(the depth of cyt c bilayer penetration, dp, and binding (association constant, Ka, and bilayer cyt c
binding capacity, n) parameters to be recovered from global analysis of the two-dimensional RET data
array obtained by varying both lipid and protein concentrations. This method was used to gain
quantitative information on cyt c complexes with model membranes composed of phosphatidylcholine
and varying amounts (10, 20, and 40 mol%) of CL.
Results: It was found that cyt c association with model membranes containing 10 mol% CL can be
described in terms of equilibrium binding model (yielding Ka = 3.5-4.0 M-1 and n = 24-30 lipid

molecules per protein binding site) combined with RET model assuming random acceptor distribution
with dp = 1.0-1.3 nm. However, increasing the CL content to 20 or 40 mol% resulted in a different
behavior of RET profiles, inconsistent with the concepts of equilibrium cyt c – lipid binding and/or
random acceptor distribution. To explain this fact, several possibilities are analyzed, including cyt c –
induced formation of non-bilayer structures or clusters of charged lipids, changes in the lipid packing
and bilayer elastic properties, which make dp dependent on the surface density of bound protein.
Conclusions: At CL bilayer content exceeding 10 mol% cyt c membrane association detected by RET
exhibits peculiar behavior suggesting dependence of lipid-protein binding mode on surface density of

bound protein. It is demonstrated that RET technique may prove of usefulness in monitoring the
changes in molecular organization of protein-lipid assemblies.

B07-277
Dipole/dipole interactions in lipid bilayers

Jakob Wohlert and Olle Edholm
Theoretical Biological Physics, Royal Institute of Technology, AlbaNova University Center
SE-106 91 Stockholm, Sweden, Telephone: +46-855378168, +46-702656581, Fax: +468-55378601,
Email: oed@theophys.kth.se

The lipid bilayers that form cellular membranes have head groups containing huge electric dipoles
that face the surrounding water. The long range interactions between these dipoles are studied in
molecular dynamics simulations using particle mesh Ewald technques or simple cutoff schemes. The
main conclusion is that even if these interactions are not very long ranged due to the effective
screening of the surrounding water, results are sensitive to the precise details in the cutoff schemes and
details in the force fields used to describe these interactions. Simulations as well as experiments show
that the dipoles stay essentially flat in the membrane plane. Still, the structure of the bilayer is very
sensitive to the detailed balance between the small perpendicular (10-15 %) and the large in-plane
component of the head group dipoles. The large in-plane components interact with attractively but
the interaction decays as the inverse sixth power with distance. Further, this interaction is reduced by
the inverse square of the in plane dielectric permittivity. The simulations show that the in-plane
permittivity of the head group is close to the value for water (80). The interaction between the
components perpendicular to the membrane plane is repulsive and decays as the inverse third power of
distance. Further it is only screened by an inverse dielectric permittivity in the perpendicular direction
that turn out to be of the order10. Thus, despite that the perpendicular component is much smaller in
magnitude than the in-plane component, it will dominate the interaction energies.
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Diffusion is defined as the random movements of particles due to thermal noise and is sensitive to the
environment of the diffusing particle and to its interactions with other molecules. The possibility to
determine extent and nature of diffusion with techniques with a minimal degree of invasiveness is of
great value as it provides us with important clues about the function of the molecules in vivo.
Using Fluorescence Correlation Spectroscopy, we have investigated the diffusional behaviour of GFPtagged Golgi resident transmembrane proteins. We have discovered that diffusion of the resident
transmembrane proteins is best described by varying degrees of anomalous sub-diffusion (i.e the mean
square displacement of the diffusing particle is not proportional to time t, but to tα with 0<α<1).
To complement the usual autocorrelation approach, we have developed an alternative method to
determine the sub-diffusion constant α by further exploring the statistical properties of the
fluorescence signal emitted by the diffusing particle.
We will discuss possible explanations for the observed sub-diffusion and present experimental
strategies to elucidate the mechanism that leads to sub-diffusion. Especially, we investigate how
mutations in the transmembrane domain affect the diffusive behaviour. The transmembrane domain of
Golgi resident proteins was shown to be responsible for Golgi localisation and we suggest that the
processes leading to sub-diffusion are connected to those responsible for Golgi localisation. We also
show that the EGFP tag can lead to changes in the degree sub-diffusion when compared to the nondimerizing monomeric GFP mutant.
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Background: Adhesion of pathogenic bacteria to host epithelium is a critical step in the infection
process. Attachment of uropathogenic Escherichia coli is mediated by fimbriae which are hair-like
protein structures extending from the bacterial surface that bind to specific receptors on the epithelial
cell. E. coli infections of the upper urinary tract and the kidney are correlated with the expression of P
pili, which initiate and maintain the bacteria-to-host contact. In order to withstand large forces found in
vivo, the P pili rod composed of many PapA subunits, has evolved into a three-dimensional helix-like
structure that can be successively unfolded when exposed to large forces.
Unfolding of the pilus rod not only allows it to support tension over a broad range of lengths, it also
permits several pili to support tension simultaneously while being extended different distances. This is of
particular importance for bacteria in the urinary tract where the shear forces may cause the bacterium-tohost distance to be dissimilar at different parts of the binding area. Understanding the static as well as the
dynamic nature of pili provides an improved understanding of bacterial adhesion and might also help to
find novel target for alternative antimicrobial therapy.
Methods: The physical properties of P pili have been investigated by the use of an optical tweezers
force measurement system and a specially designed biological model system [1].
Results: Recent experiments have demonstrated that the elongation of pili exposed to an external
force occurred through three distinct phases [2]. A representative force measurement response for multi
P-pili binding expressed in E. coli HB101/pPAP is shown the figure.
In the first phase, the pili elongated
elastically, such as the elongation of a spring.
This behavior can be determined by the
product of the pili elasticity modulus, E, and
its associated cross-section, A. A given force,
F, gives rise to a relative elongation of the
pili, ε , according to F=(EA) ε . Based on the
measurements, the EA of a P-pilus was found
to be approximately 160 pN. The first part of the figure exhibits the successive elongation of several pili,
all being in their linear mode of elongation. The abrupt, step-wise decreases in the force represent
sudden ruptures or detachment of pilus/ pili.
The second phase of P pili elongation is associated to the unfolding of the helix structure of the
PapA rod at a constant force. It was found that the helical rod of a P pilus unfolded at a constant
(elongation independent) force of 27 ± 2 pN. Situations where one, two, or even three pili unwound
simultaneously, corresponding to integer values of this force, were encountered (the central part of the
figure). The behavior of the pilus in the third phase of elongation is more complex and is presently
under investigation. Furthermore, multi-pili binding in general gives rise to complex force curves for
which a more detailed model of the physical properties of P pili binding is needed.
1.
E. Fällman, S. Schedin, J. Jass, M. Andersson, B.E. Uhlin and O. Axner, Biosensors &
Bioelectronics, 19, 1429-1437 (2004).
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J. Jass, S. Schedin, E. Fällman, J. Ohlsson, U. J. Nilsson, B.E. Uhlin and O. Axner,
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Background/Aim: Erythrocytes are the cells responsible for the transport of oxygen around the human
body. The interior of an erythrocyte is a concentrated solution (~30% volume fraction) of the
tetrameric protein hemoglobin (Hb4). A reductionist model suitable for the interpretation of small
angle neutron scattering (SANS) data from a suspension of erythrocytes is of a concentrated solution
of a globular protein (Hb4) [1]. It has been speculated that the non-ideality in a solution of
monodisperse globular protein (Hb4) is the sensing mechanism for the metabolic regulation of cell
volume and shape. The departure of ideal solution behaviour is heavily dependent on the interactions
between the solute particles. The aim of this study thus has been two-fold:
1. Address the problem of structure factor scattering (interparticle interactions) by studying
SANS at smaller angles (scattering vectors) than has been possible with conventional pin-hole
SANS (i.e. ultra SANS).
2. To use ultra SANS to study changes in the curvature of the cell.
Methods: The ultra SANS from whole actively metabolising human erythrocytes in isotonic D2O and
10mM glucose were collected at varying sample thicknesses to optimise the scattering while minimise
the effect of multiple scattering. Two instruments were used: the double crystal diffractometer DN-2
(Nuclear Physics Institute, Rez near Prague); and the Bonse-Hart USANS camera S18 (Institut LaueLangevin, Grenoble). The shape and volume of erythrocytes was manipulated biophysically and
biochemically.
Results: For the first time, we report the slit-smeared scattered intensity of neutrons over the q-range
10-5<q<10-2 Å-1, where q=4π sin 2θ/λ (2θ is the scattering angle and λ the neutron wavelength) from
erythrocyte suspensions. Preliminary interpretation of the data from a suspension of whole actively
metabolising erythrocytes suggests that the interparticle interaction effects in the SANS can be
minimised leading to a less equivocal interpretation of scattering data. Significant changes in the
scattering patterns are found as the cells change shape.
Summary: Neutrons by virtue of their relatively weak interactions with matter provide a unique
perspective of the intracellular solution of erythrocytes. It was possible to study the shape changes and
role of solution non-ideality in actively metabolising erythrocytes by utilising the penetrative and nonionising nature of neutrons scattered at small angles.
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A hallmark of Alzheimer’s Disease (AD) are the amyloid plaques found in the brain tissue of patients
died by suffering AD. These plaques are composed mainly of β-amyloid (Aβ), a 40-43 residue long
peptide. According to the amyloid hypothesis, the predominantly followed concept in AD research, the
accumulation of Aβ in the brain is the primary influence driving AD pathogenesis. In the last few
years, more and more findings point to the fact, that the monomeric Aβ or small oligomers may be a
crucial factor in neurodegeneration typical of AD. Our recent results support this line of thinking. By
investigating the structure of model lipid membranes by neutron diffraction we could unambiguously
locate the Aβ peptide deep in the membrane profile (S. Dante, T. Hauss, N.A. Dencher, Biochemistry
42 (2003) 13667). The direct interaction of the Aβ peptide with the lipid membrane causes membrane
disruption and may effect signalling pathways in the brain. Here, specifically deuterated peptides were
synthesized and the intercalation and position of the deuterated amino acid were determined in lipid
membranes with different cholesterol content. High cholesterol levels inhibit the intercalation of Aβ.
The influence of Aβ on the ps-dynamics of lipid membranes was investigated by quasielastic neutron
scattering. QENS spectra of pure lipid membranes and membranes doped with Aβ at different
tempetatures were recorded. The results are compared to structural data obtained around the lipid
phase transition temperature. Underlying the phase transition is a change in the lateral diffusion of the
lipids with a typical time scale of milliseconds to seconds.
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Background/Aim: For a complete understanding of the mechanical
response of the cytoskeleton it is crucial to know how stresses and
strains are transmitted from the macroscopic to the microscopic scale.
The assumption commonly adopted is that the elastic moduli of the
network directly reflect the response of individual, isolated filaments [1].
To clarify wether this single polymer picture is sufficient to describe the
measured macroscopic properties, we devised a simple model of a two
dimensional, cross-linked network of stiff polymers (For a recent
experimental realization of a 2D actin network assembled on top of microfabricated pillars, see [2]).
The essential features incorporated into the model are the random geometry of the network and the
anisotropic elasticity of its constituents.
In a first study the elements are modelled as purely mechanical Euler beams, while in a second step
effective elastic properties of (semi-)flexible polymers are implemented to further study the entropic
contributions to the polymer compliance.
Methods: The equilibrium state of the deformed sample is obtained by (numerically) minimizing the
elastic energy, consisting of stretching and bending contributions of the polymer segments.
Control parameters are polymer density as well as beam radius or polymer persistence length.
Results: The beam model shows in addition to a homogeneous (stretching dominated) regime a novel
intermediate regime, where bending deformations dominate the elastic response [3]. There, the
network shows anomalous scaling behaviour that cannot be explained with the usual assumption of
affine deformations. Instead, the random character of the network has to be considered.
Entropic effects are modelled by substituting the mechanical force-response coefficients of the
elements by their corresponding expressions valid for fluctuating polymers. This adds a novel thermal
regime to the phase diagram where the modulus is dominated by polymer stretching.
We are thus able to simulate the networks for various stiffnesses of the constituent polymers, obtaining
crossover behaviour from rigid rods to semiflexible polymers and rather flexible chains.

[1] e.g. M. L. Gardel et al, Elastic Behaviour of Cross-Linked and Bundled Actin Networks, Science
304, 1301 (2004)
[2] W. H. Roos et al, Freely Suspended Actin Cortex Models on Arrays of Microfabricated Pillars,
Chem. Phys. Chem.4, 908 (2003)
[3] J. Wilhelm and E. Frey, Elasticity of Stiff Polymer Networks, Phys. Rev. Lett. 91, 108103 (2003)
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The physical origin of the nervous impulse.

The reality of the nervous impulse cannot be related to the theories of channels anymore since the
discovery of the historical limitations of electrical observations as opposed to the physical reality of
the nervous impulse. The ubiquitous observations of the inseparable electrical, non-electrical, and in
fact thermodynamic properties of the nervous impulse, do impose the following physical origin.
Proper entropy determines the excitation, the reversible Einstein forces in the layers correctly predict
the propagation and the nature of the impulse. The associated thermodynamic fluctuations do explain
the channel-like fluctuations, related to the forces that explain the nerve action potential
thermodynamically via the entropy derivatives, just as in the Brownian motion during the propagation
of musical sound by the forces. The pioneering observations of Tasaki and Hodgkin are explained. The
paradoxes of hitherto theory are solved. Still, the mathematical form of the Hodgkin-Huxley model is
reobtained, once taking the view-point of electrodes on the law of proper entropy. The history since
Galvani is in every detail presented. It identifies what prevented to see the physical origin of nerve
conduction before. The impulse is the "first sound" of the nerve membrane, however, dielectric and
nonlinear, but truly thermodynamic as is the reality of any other sound. It is the polar aqueous
interface that rendered the nervous impulse visible by electrodes first, while the physical reality had to
await early and present nanotechniques to be considered. Meanwhile, the terminology taught many
generations has rendered the physical reality of the nervous impulse "unspeakable". The novel theory
of proper entropy of the causal interface immediately predicts the nature of the sensory receptors, too.
It unifies conduction with the synaptic transmission of interfacial signals across gap junctions and
chemical synapses wherever that may occur in the living cell.
This theory concludes two centuries of search for the physical foundation of nerve excitation. Reading
history backward in time, the origin of the paradoxes is identified in the view-point of the observer
limited to the method of the time. Reading forward, Galvani's discovery of former causa materialis,
"electricitta animale", and Volta's toward the "causa efficiens", contact or interfacial potentials,
characterised the present situation already. Now, "channels" are material causes while "proper
entropy" is the efficient cause. When Helmholtz discovered the velocity of propagation, he was close
to the answer. He excluded three causes: infinite, light, and velocity of sound. Right on the latter, as
now established in detail, he had no access to the interface entropy. Bernstein correctly concluded
reversible chains, and Einstein reversible forces, but not specific channels, to cause electrical
potentials at interfaces. Hodgkin correctly warned of ohmic channels in view of Hill's thermodynamic
contradiction, and Tasaki established the physical reality of the nervous impulse to be as now proper
entropy requests. As to be expected for any change of paradigm after generations, human plausibility
has become fixed by language. This is the superior difficulty in admitting the physical reality of the
nervous impulse and its physical foundation.
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Background/aim: Type IV pilus retraction powers twitching motility in a wide range of gram
negative bacteria, including Neisseria gonorrhoeae, Myxococcus xanthus and Pseudomonas
aeruginosa. The mechanism of retraction is believed to be filament disassembly mediated by PilT, a
hexameric member of the AAA family of motor proteins [1]. Recently, Maier et al used laser tweezers
to measure the force-velocity relation of pilus retraction in N. gonorrhoeae, and found that single pilT
complexes could generate forces of over 100 pN [2]. In this work, we study how the possible ring
structure of the motor complex affect the motor performance.
Methods: We formulate a simplified model of pilus retraction in terms of Brownian motion of
coupled particles interacting with a helical filament through flashing ratchet potentials. We calculate
the stall force and force-velocity relation by numerical simulation and compare with experimental
results and simulations of a single flashing ratchet.
Results and conclusion: The coupled model qualitatively reproduce two experimental features which
are not seen in the single ratchet model: a plateau in the force-velocity relation at low external load
and that the stall force is independent of reaction rate (ATP concentration). We present a scaling law
for the stall force of the coupled model as a function of interaction strength between motors and
filament and coupling strength between the motor subunits.

[1] J. S. Mattick, Annu. Rev. Microbiol. 56, 289-314 (2002) and references therein.
[2] B. Maier, L. Potter, M. So, H. S. Seifert and M. P. Sheetz, PNAS 99, 16012-16017 (2002).
Fig. 1. Force-velocity relations:
Normalized velocity v / vmax vs.
normalized external load F / Fstall:
Single flashing ratchet (○), 5 coupled
ratchets (□), experimental mean
velocity (●), single experimental
trajectory (▲). For N. gonorrhoeae,
vmax ≈ 1.2 ± 0.2 µm/s and
Fstall ≈ 110 ± 30 pN [2].
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Background/aim: The bacterial flagellar motor is a tiny molecular machine that couples ion flow to
flagellar rotation. The coupling ion is either proton (H+) or sodium ion (Na+). The Energy-transducing

cytoplasmic membrane of bacteria contains pumps and antiports maintaining the membrane potential
and ion gradient. We use a hybrid flagellar motor with proton- and sodium-ion driven components that
can function well with sodium ions in Escherichia coli. The hybrid motor is an excellent subject for
studying energy coupling.
Methods: We have measured the intra-cellular sodium concentration of Escherichia coli with sodium
ion fluorescence indicator, Sodium Green. Simultaneous single cell measurements of motor speed and

intra-cellular sodium concentration will allow investigation of the mechanism of coupling in the
flagellar motor.
Conclusions: The hybrid flagellar motor can function well with sodium ions in Escherichia coli. It
provides a new system for the study of the bacterial flagellar motor and sodium energetic in
Escherichia coli.

[1] Yukako Asai et al, J. Mol. Biol., 327, 453-463 (2003)
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Background/Aim: Important understandings of cell physiology and evolutionary mechanisms, as well
as human diseases, can be reached by analysis of how cells respond to stressful milieus. Several genes
which regulation is significantly altered during steady-state growth in saline stress have been revealed
lately, and it has been shown that a variety of cellular functions, like ion transport, central metabolism,
transcription and protein turnover, are affected during saline conditions. Although many studies,
utilising various proteomic techniques, have focused on this problem, a large number of stress
response genes encode for proteins for which there is still little available information about the
molecular function or cellular role. In this pilot study, we employ in vivo light microscopy to shed
light on the function of some of these proteins in the yeast Saccharomyces cerevisiae, which can be
seen as a model system of the eucaryotic cell. The primary aim is to identify the cellular components
to which the proteins are associated and to reveal protein-protein interactions.
Results and Discussion: After the identification of ~ 500 salt sensitive gene deletions [1] we have
selected eleven for further investigation with light microscopy to study the relation with and the
localization of the sodium transporter ENA1. Through transformation, GFP tagged ENA1 was
incorporated into the wild type BY4742 and the eleven deletion mutants. The overall localization of
ENA1 was then studied by epi-fluorescence microscopy, while total internal reflection fluorescence
(TIRF) microscopy was applied to study finer details within the membrane. The cells were studied
during log phase with and without saline stress. The data were analysed using statistical imaging
methods to quantify the number of positive cells and to classify them regarding to localization and
expression level. Of the salt sensitive gene deletions, some show clear mislocalizations of ENA1. This
indicates that the function of the deleted gene is associated with the transportation of ENA1. In other
cases, the effect of the deletion is not so clear. Fig. 1 shows preliminary results for the wild type (a)
and the deletion mutants VPS6 (b) and VPS22 (c). In the wild type, ENA1 was found to be located in
the cell membrane but also in undefined locations within the cell. In the case of VPS6 there is no
fluorescence within the cell, while in the case of VPS22 the difference from the wild type is not so
significant. Further investigations, with additional labelling of organelles, will be performed for
verification of these intracellular localizations and protein interactions.

[1] J. Warringer, E. Ericsson, L. Fernandez, O. Nerman, A. Blomberg, PNAS, 100, 26 (2003).

Fig. 1. Comparison of the localization of the sodium transporter ENA1 for the wild type (a) and two
saline sensitive deletion mutants, VPS6 (b) and VPS22 (c).
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A lyotropic, non-equilibrium Ginzburg-Landau type model for the variable length of growing
microtubules (MTs) has been derived [1,2]. By inserting the initial constraints for the non-equilibrium
binding of GTP to tubulin dimers, the model has become lyotropic in the sense that the number of
GTP-tubulin dimers contained in a growing MT is a non-linear function of the start concentrations of
GTP and tubulin dimers. A MT can then continue to grow in a given direction only as long as there are
tubulin dimers available. It appears to be the first model capable to explain the variable length of
growing MTs, in good compliance with experiments [3]. The model also provides a novel explanation
for the dynamic instability of growing MTs [4]. Although, this instability is still due to hydrolysis of
GTP, in the suggested lyotropic, non-equilibrium type model this reaction follows a finite lag time
after the depletion of tubulin dimers. Both the variable length and dynamic instability of rapidly
assembling-disassembling MTs in activated cells are crucial properties for different biological
functions in the cell cycle of normal cells.

Figure: The variable length of growing MT as a function of time. The initial GTP concentration is 32
µM and the initial tubulin dimer concentrations (a) 19.0 µM, (b) 17.0 µM and (c) 13.8 µM. Data
extracted from ref. [3] with permission.
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Background/aim: Live cell suspensions exhibit enormous dielectric responses [1], which can be used
to probe metabolic activity, membrane potential, and other properties. The motor protein prestin [2],
of interest for this study, plays a crucial role in the electromotility exhibited by outer hair cells of the
inner ear [3], and can be expressed in suitably modified organisms. The aim of this study is to
determine whether linear and nonlinear dielectric responses can be used to distinguish organisms
expressing prestin from control specimens.
Methods: Two cultures of genetically modified yeast (S. cerevisiae) were grown. One strain was
designed to express prestin when copper sulfate (CuSO4) was added to the growth medium, while the
other expressed a control protein (GST). The two cultures were resuspended in dionized water at a
concentration of 108 cells/ml, and dielectric response measurements were carried out following the
procedures in ref. [1]. The normalized dielectric constants were subtracted and plotted vs. frequency.
In addition, the nonlinear response, in which several harmonics are induced by the cell suspension in
response to an applied fundamental frequency, was measured for the two strains.
Results: Differences in both linear and nonlinear responses were observed between the prestincontaining yeast and control yeast suspensions. Figure 1 shows the frequency dependence of the
parameter ∆ = εp(f)/εp(f=f0) - εc(f)/εc(f0), where εp is the relative dielectric constant of the prestin yeast,
εc represents that of the control sample, and f is the frequency. The observed nonlinear harmonics (not
shown here) also exhibited substantial differences between the two specimens, with more complex
frequency dependence than the linear dielectric response, and may result from changes in protein
conformational states.
Conclusions: Our results indicate that dielectric probes can be used to study the properties of prestin
and other proteins either expressed in live cells or (from our studies on tubulin) as pure protein
suspensions.

[1] C. Prodan, F. Mayo, J.R. Claycomb, J.H. Miller, Jr., and M.J. Benedik, J. Appl. Phys. 95, 3754
(2004).
[2] P. Dallos and B. Fakler, Nature Rev. Mol. Cell Biol. 3, 104 (2002).
[3] W.E. Brownell, C.R. Bader, D. Bertrand, and Y. de Ribaupierre, Science 227, 194 (1985).
Fig. 1. Parameter ∆ (defined in text) vs. frequency, where the
dielectric constants are normalized to their values at f0 = 10
kHz.
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Background: Skeletal muscle cells principally differ from other living cells, as they are dynamic
structures, which underlie movement, one of the properties of the alive. When concepts of muscle
contraction are developed it is necessary to take into account the 3D structure (geometry) of the
sarcomere as well as the presence and functional role of fibril proteins (actin and myosin filaments,
titin). A question arises – how titin bundles should behave (6 molecules per one myosin filament) at
contraction?
Methods/Results: 3D reconstruction of the part of sarcomere (minimal contractile element, MCE)
which sufficiently reflects three-dimensional location of its structural elements was done. Analysis of
the built MCE shows that the mutual location of the structures (heads of myosin, troponin tropomyosin complex, titin, nebulin) in MCE makes the simple sliding of the thick over thin filaments
very problematical. However, the mutual shift of the thick and thin filaments is possible due to the
twisting of myosin filament inside the tube, formed by six actin filaments. A new conception of the
muscle contraction is being elaborated. In our model the mutual shift of the thick and thin filaments is
possible due to the twisting of the myosin filaments inside the tubular structures formed by thin
filaments. These structures resemble tap and screw thread die. The movement of the thick over
thin filaments (force generation) occurs due to the decrease in the distance between the binding
of the myosin head with the thin filament and its fixation on the backbone of the thick filament as a
result of interdomain shifts in the head itself. Titin molecules, being part of the thick filament, twist
and untwist during contraction – relaxation of the striated muscle. The thick filament twisting
during the muscular contraction requires a mechanism preventing its untwisting. Two heads of the
myosin molecule possessing ATPase activity are likely to play this role, operating in turn. This mode
of the myosin head operation seems reasonable, as at any time of the muscle contraction half of the
operating myosin molecule heads would develop tension.
Appearance of hysteresis effects and additional force was observed under certain conditions of the
muscle fiber stimulation. These data indicate that the frequency of efferent stimulation does not
determine the final result of muscle force production. Hysteresis in muscle mechanics results in a
certain dependence of dynamic and steady state properties of the active muscle fiber on the preceding
history of movement
Conclusions: Our model can explain: 1. The thickening of the thick filament during contraction; 2.
Azimuthal translocation of myosin’s heads during contraction; 3. Stepwise shortening of sarcomere; 4.
The functional role of two heads in the myosin molecule; 5. Tension-length relation of sarcomere
(servo-control, isometric experiments) and nonservo control experiments. The presented results allow
to describe phenomenologically non-linear properties of muscle dynamics. Proposed molecular
mechanism of the force generation in muscle
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We studied the effect of membrane viscosity on the dynamical behavior of vesicles in simple shear
flow [1]. We present a new simulation technique, which combines a three-dimensional multi-particle
collision dynamics model [2] for the solvent with a dynamically-triangulated surface model [3] for the
membrane. Vesicles are found to transit from steady tank-treading to unsteady tumbling motion with
increasing membrane viscosity. The shear induces the transformation from biconcave discocyte to
prolate at low membrane viscosity. On the other hand, at high membrane viscosity, the shear induces
the transformation from prolate to discocyte or tumbling motion accompanied with oscillations
between these two morphologies. This dynamical behavior can be understood from a simplified
model.
[1] H. Noguchi and G. Gompper, cond-mat/0404356.
[2] A. Malevanets and R. Kapral, J. Chem. Phys. 110, 8605 (1999).
[3] G. Gompper and D. M. Kroll, J. Phys. Condens. Matter 9, 8795 (1997).

Fig. 1. Snapshot of a tank-treading discocyte vesicle in simple shear flow. The arrows represent the
velocity field.
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Background/aim: Various biological functions are located on cell membranes, and the biomembranes
maintain heterogeneity as micro-domain even in its dynamic structure. Existence of domains rich in
sphingolipid and cholesterol is reported as phase-separated 'rafts' where GPI-anchored proteins are
found, and the function of the rafts in biomembranes is widely studied from viewpoint of signal
transduction [1]. The function of membrane protein is affected by physical property of its surrounding
lipid bilayer membrane. Laurdan is a useful fluorescence dye to monitor membrane fluidity [2], and
we have developed an instrument to image spatial and temporal change in membrane fluidity by use of
laurdan. In order to examine role of 'micro-domain' in biomembrane, we applied this imaging
instrument to a giant liposome, CHO cells and PC12D cells.
Methods: Fluorescence microscope, Zeiss Axioplan, was equipped with a home-build dual-view
optical unit. Microscopic image of membranes stained with laurdan (6-dodecanoyl-2dimethylaminonaphtalene) is separated into an image at 440 nm and an image at 490 nm by the
combination of monochromatic filters and dichroic mirrrors. And each image is focused on an image
plane of a CCD camera side by side. And generalized polarization (G.P.) image is calculated from
those images by personal computer according to the following definition. “G.P.=(I440nmI490nm)/I440nm+I490nm)”
Giant liposomes of phospholipids were prepared by gentle hydration in 2 mM CaCl2 above the phase
transition temperature. CHO cells were treated with sphingomyelinase (SMase) or methyl-betacyclodexstrin (MbCD) which is capable of removing cholesterols, and PC 12D cells were stimulated
by nerve growth factor (NGF) to extend neurites.
Results and discussion: The G.P. imaging at video rate was applied to a giant liposome (diameter=30
micrometers) composed of dimethylphosphatidylcholine (DMPC, Tm=23 C) and
dimethylethanolamine (DMPE, Tm=49 C), and it showed that temperature-induced phase separation
appeared as regions having different shapes and fluidities; linear part of liposome with low fluidity and
hinge with high fluidity. The linear part and the hinge part are supposed to correspond to DMPE-rich
and DMPC-rich regions, respectively. When CHO cells were treated with SMase, change of the
membrane fluidity was hardly observed by the G.P. imaging. However, when CHO cells were treated
with 1 mM MbCD (no change occurred at this concentration), SMase treatment of these cells raised
the membrane fluidity. The results indicate that specific interaction between sphingomyelin and
cholesterol and it is important for the formation of rafts. Using the imaging instrument, temporal and
spatial change in membrane fluidity of PC12D cells stimulated by NGF was investigated, and
extension of neurites from regions of low fluidity was observed. Treatment with MbCD and staining
with fluorescent cholera toxin B indicate the low fluidity regions coincide with rafts on cell
membranes.

[1] D. A. Brown and E. London, Annu. Rev. Cell Dev. Biol. 14 (1998) 111-136
[2] T. Parasassi et al., Biophys. J. 57 (1990) 1179-1186
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Background: cytoskeletal filaments play a fundamental role in imparting polarity to the cell,
determining the plane of symmetry in cell division, and regulating cell movements and shape. Unlike
most of the synthetic organic polymers, cytoskeletal filaments have a typical stiffness that is
intermediate between that of a random coil and that of a rigid rod. A basic parameter for characterizing
the stiffness of polymeric fibres is the persistence length, which is defined as the typical length over
which correlations of the tangent vectors of the filament contour decay. A persistence length
comparable to the contour length, defined as the distance at full stretching, is a characteristic property
of semiflexible polymers. Since the mechanical properties of the cell are determined by the
cytoskeletal filaments, measuring the elastic behaviour of purified biopolymers provides the basic
knowledge for elucidating and modelling cell mechanics.

Methods: we present a novel method for measuring the elastic properties of cytoskeletal filaments that
are grafted at one end to a substrate, a system of direct relevance in biology i.e. in centrosomes or
MicroTubules Organizing Centers (MTOC). As a first application we measured the mechanical
properties of cantilevered microtubules. In our assay, one end of the microtubules is grafted to a
chemically functionalized gold substrate while the other end is freely fluctuating in solution. The
three-dimensional thermally-driven motion of the microtubules was measured by tracking the
positions of single 200 and 500 nm fluorescent beads attached to their end [1]. Since the supporting
substrate is placed tens of micrometers apart from the top and bottom boundaries of the measuring
chambers, every influence due to surface effects is negligible.
Results: by applying this conceptually easy assay to a large number of samples, we demonstrated that
the persistence length of microtubules increases with their contour length. In other words, shorter
tubes are more flexible than longer ones. This counter-intuitive property of microtubules plays a
fundamental role in the mechanics of the cell.

[1] M. Speidel, A. Jonas, E.-L. Florin, Opt. Lett. 28, 69-71

(a)

(b)

(c)

Fig. 1. The thermal fluctuations of a grafted microtubule (a), and corresponding longitudinal (b) and
transversal (c) distributions. The persistence length of the microtubule is calculated from the position
distribution functions.
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Background/aim: Chloroplast thylakoid membranes of higher plants form a highly organised stacked
multilamellar system, which is differentiated into granum and stroma lamellar regions and highly enriched in
membrane bound protein complexes constituting the photosynthetic machinery. Our study addresses the structure of
the thylakoid membrane system on a lengthscale of 10 nm and the question of structural reorganisations upon
environmental changes, e.g. changes in osmolarity, ionic strength and illumination level.
Methods: Thylakoid membranes were freshly isolated from spinach or pea leaves and suspended in a standard
medium (0.4 M sorbitol, 5 mM MgCl2, 5 mM KCl and 20mM tricine, pH 7.6). X-ray microscopy allows the
study of the sample structure with a resolution of ∼ 30 nm without any fixation required, i.e. the sample is
suspended in the standard aqueous medium. Our study is to the best of our knowledge the first X-ray
microscopy study of chloroplast structure. The samples were oriented in a magnetic field of ∼ 1T when studied
using scattering methods, i.e. small-angle x-ray (SAXS) and neutron (SANS) scattering , respectively. The
SAXS data were analysed by fitting a full model to the experimental data, i.e. a model of the electrondensity
variation across a thylakoid membrane stack was Fourier transformed and fitted to the data taking experimental
smearing into account. Parameters determined from the fitted model include lumen distance, inter-thylakoid
distance and membrane thickness for both grana and stroma lamellae. In the analysis of the SANS data, the
position of Bragg peaks were giving repeat distances for the grana and stroma lamellar stacks, respectively.
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Results: Application of an osmotic pressure results in a dramatic decrease of the lumen distance in particular,
from 10.4 nm for 0.4 M sorbitol to 2.8 nm for 3.0 M, as given by the model for the SAXS data. The interthylakoid distance, which presumably is determined by protein-protein (Light harvesting complex II)
interactions holding the grana stack together, decreases 31% (from 2.9 nm for 0.4 M sorbitol to 2.0 nm for 3.0
M). The membrane thickness increases from 3.9 nm for 0.4 M sorbitol to 4.5 nm for 3.0 M, a surprising result,
which reflects changes in membrane hydration. With SANS, an 8% decrease in the stroma lamellar repeat
distance is seen when increasing the osmolarity from 0.4 M (31.6 nm) to 2.0 M (29.2 nm). Extended preillumination in strong light increases the stroma lamellar repeat distance with 2.5 nm (SANS, 0.4 M
osmolarity). In contrast, short illuminations with more moderate light intensity during the SANS data collection
are shown to decrease the stroma lamellar repeat distance by 1.4 nm. Dark adaptation of the thylakoid
membranes after short illuminations shows that these structural changes can be reversed.
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Applying small-angle X-ray scattering, we have determined both the structural properties and
the bending fluctuations of a series of phosphatidylcholines in the vicinity of the main phase transition.
All lipids exhibit a nonlinear increase of the lamellar repeat distance d upon approaching the main
phase transition temperature from above, known as anomalous swelling from several previous studies
[1]. A detailed analysis shows that anomalous swelling has two components. One is due to an
expansion of the water layer, which reduces with chain length and finally vanishes for nCH >18 . The
second component is due to a bilayer thickness increase, which remains unchanged in its temperature
dependence, including a nonlinear component of about 0.5 Å in the vicinity of Tm. Due to the strong
interplay between the lipid bilayer and the imbedded macromolecules in biological membranes, the
anomalous swelling phenomena may play a important role in exerting elastic forces on membraneproteins. For instance, it has been proposed recently that the proximity of the Lα phase to the gel phase
may be important for nerve signaling, thermoregulation or the general mechanism of anesthesia [2].
[1] See, for example, G. Pabst, J. Katsaras, V. A. Raghunathan, and M. Rappolt, Langmuir 19, 1716
(2003) and references therein.
[2] D.P. Kharakoz, Biosci. Rep., 21, 801 (2001).
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Background: Studying molecular mechanisms of the action of detergents on biological membranes is
one of the important fundamental problems of biophysics and biochemistry. It is because of extensive
using of detergents as molecular tools for investigating wide range of native and artificial membrane
structures and application of detergents in the liposome-mediated drug delivery technology.
Interaction of detergents with biological membranes is multistage process including distribution of
detergent between water and lipid phases, its incorporation into lipid bilayer resulting in formation of
different intermediates and finally solubilization of the membrane. Main problem is unclearness of the
nature of the structural intermediates. In previous studies we have shown that anion detergent sodium
dodecyl sulphate (SDS) induced two simultaneous processes - hemolysis and vesiculation resulting in
formation of pores having different diameter. We put forward the hypothesis according which
hemolytic pores are the non-bilayer structures like hexagonal phases (H||) or inverted micelles. In our
present work we studied influence of SDS on human erythrocyte ghosts by fluorescence techniques.
Methods: Resealed human erythrocyte ghosts were prepared according to standard procedure (Dodge
G.T. et al.) followed by labeling with fluorescence probe NBD-PE (N-(7-nitrobenz-2-oxa-1,3-diazol4-yl)-1,2-dihexadecanoyl-sn-glycero- 3-phosphoethanolamine, Molecular Probes). Labeling was
achieved by incubation of the suspension of ghosts (1 mg/ml of prot.) with solution of probe (3 mcM)
in ethanol at 0 ºC 30 min followed by washing several times with buffer. Registration of fluorescence
was performed on the spectrofluorimeter SFL-222 (Solar, Belarus). SDS (300-900 mcM) was added to
suspension of labeled ghosts in cuvette and fluorescence was measured (excit. 457 nm, emis. 530 nm)
after 3 min at constant temperature.
Results: It was found that increase the concentration of SDS results in increasing growth of
fluorescence intensity (Ifl) at all registration temperatures (20, 30 and 37 ºC) comparing to control. But
Ifl dependence on temperature at constant SDS concentration was more complicated. At small SDS
concentration (300-400 mcM) corresponding to slow hemolysis in the case of native erythrocytes
increasing temperature lead to decrease the growth of Ifl. At increased SDS concentration (900 mcM)
corresponding to fast hemolysis in the case of native cells temperature rise in the rage of 20-30 ºC was
accompanied by increasing growth of Ifl but further temperature rising resulted in decrease the growth
of Ifl comparing with control.
Conclusion: These results are in good agreement with our previous data which revealed slowing down
the speed of fast hemolysis in that temperature interval. It is known that increase of NBD-PE Ifl is
evidence of formation of non-bilayer phases in lipid membranes. Because of it we can suggest the
molecular nature of SDS induced pores in erythrocyte membranes is non-bilayer structure.
This work was supported by grant of Belarussian republic fund of fundamental researches №B00M081
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Background/aim: Liquid-ordered (lo) phase of lipid membrane and the “raft” have attracted much
attention. In the present study, we have prepared giant unilamellar vesicles (GUVs) of lipid
membranes in the lo phase and investigated effect of lysophosphatidylcholine (lyso-PC) on shape and

stability of the GUV, and found that vesicle fission occurred. We also prepared GUVs containing
actin/human filamin A (hsFLNa) gel, which plays an important role in the mechanical response of
cells,1-2 and investigated effect of lyso-PC on these GUVs.
Results and Discussion: To elucidate interaction of substance with a long hydrocarbon chain with
the lo phase membrane, we investigated interaction of low concentrations (less than CMC) of lysoPC with DPPC/40%chol-GUVs and SM/40%chol-GUVs using the micropipette.3 We found that

lyso-PC induced several shape changes and vesicle fission of these GUVs above their threshold
concentrations in water (see Fig.). The theoretical analysis of these shape changes indicates that lysoPC can be partitioned into the external monolayer in the lo phase of the GUV from the aqueous
solution. Threshold concentrations of lyso-PC in water to induce the shape changes and vesicle
fission increased greatly with a decrease in chain length of lyso-PC. Thermodynamic analysis of this
result indicates that shape changes and vesicle fission occur at threshold concentrations of lyso-PC in
the membrane. We have also proposed a mechanism for the lyso-PC induced vesicle fission of
GUVs.
Next, we succeeded
in
constructing
F-actin
/hsFLNa gel (100/1
(molar
ratio), 1 mg/mL actin)
in
a
DPPC/40%chol-GUV prepared in F-buffer containing 100 mM KCl using the new preparation
method of GUV in aqueous solution containing high concentration of salts.4 Low concentrations of
lyso-PC induced several shape changes of these GUVs, but vesicle fission did not occur. The lyso-PC
induced shape changes were reversible. Therefore, we can conclude that the F-actin/hsFLNa gel
inside the GUV stabilized the structure of the GUVs in the lo phase, and thereby, no vesicle fission
was induced by the addition of lyso-PC.
[1] Furuike et a. FEBS Lett. 498, 72 (2001), [2] Yamazaki et al. J. Muscle Res. Cell Motil. 23, 525
(2002) [3]Tanaka et al. BBA, 1564,173(2002) [4]Yamashita et al. BBA, 1561, 129 (2002)
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Abstract

Flavonoids are a widely distributed group of polyphenolic compounds which are ubiquitously present in
common plant based food items and beverages, e.g. onions, apples, tea and red wine. These natural
products possess a broad range of biological activities and important therapeutic applications (e.g. against
cancers, tumors, allergies, cardiac problems, inflammation, AIDS etc.) with high potency and low
systemic toxicity. Here, we report a study on the interactions of quercetin (3,5,7,3’,4’-OH flavone) and
fisetin (3,7,3’,4’-OH flavone) with the plasma protein human serum albumin (HSA) and model liposomal
membranes composed of the natural phospholipid egg lecithin, respectively. In this context, we
emphasize the novel use of flavonoids as their own ‘reporters’ (via judicious exploitation of their
exquisitely sensitive intrinsic emission properties) for probing their interactions with appropriate target
molecules (proteins, membranes etc.) related to their therapeutic activities. Such an approach relies on
careful analyses of appropriate parameters of their dual fluorescence (arising from excited state proton
transfer (ESPT) process), including emission and excitation maxima, fluorescence anisotropy (r), as well
as fluorescence resonance energy transfer (FRET) and related measurements etc. Furthermore, we have
also performed quantum mechanical semi-empirical calculations which provide a quantitative measure
for the free radical scavenging activity of fisetin from the OH (at 3, 3′, 4′, 7 positions of the molecule) bond dissociation enthalpies. Implications of these findings are discussed. These approaches are expected
to open up new avenues for the screening and design of the most appropriate flavonoid derivatives from
among numerous available structural variants of this new class of potentially useful therapeutic drugs.
References:

1) St. Rusznyák and A. Szent-Gyorgyi, Nature 138, 27 (1936).
2) T. J. Mabry, K. R. Markham and M. B. Thomas, (1970) The Systematic Identification of
Flavonoids; Springer Verlag, Heidelberg, New York, Berlin.
3) P. K. Sengupta and M. Kasha, Chem. Phys. Letters 68, 382 (1979).
4) B. Sengupta and P. K. Sengupta, Biochem. Biophys. Res. Commun. 299, 400 (2002).
5) B. Sengupta and P. K. Sengupta, Biopolymers (Biospectroscopy) 72, 427 (2003) and
references cited therein.
6) J. Guharay, R. Chaudhuri, A. Chakrabarti and P. K. Sengupta, Spectrochim. Acta. A 53, 457
(1997).
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Genetics 43, 75 (2001) and references cited therein.
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Background: Giant phospholipid vesicles form spontaneously in water when a thin film of
amphiphilic phospholipid molecules closes due to hydrophobic effect. The macroscopic shapes of not
completely full (flaccid) phospholipid vesicle are mainly controlled by the bending rigidity of the
membrane. This can be studied experimentally by recording the shape fluctuations of flaccid vesicles
with different membrane tension.
Methods: Giant POPC phospholipid vesicles were attached at one point to a glass plate and subjected
to liquid flows of different velocities. The vesicles remained attached to the glass by a long thin lipid
tether which length increased with the increasing flow velocity. The vesicle shapes as well as the
amplitudes of shape fluctuations also depended on the flow velocity. The vesicles were observed by
optical microscope using phase contrast technique. At each flow velocity consecutive images were
taken at approximately one second time intervals for about 15 minutes. From the stored images the
vesicle contours were determined and expressed in terms of Fourier coefficients[1]. Nearly spherical
approximation and the effective tension model were used to explain the average power spectra of the
thermal shape fluctuations at different tether lengths. Least square fitting to the experimental data
yielded the value of the membrane bending modulus as well as the dependence of the membrane
tension upon tether length and flow velocity.
Results: Experimentally determined distribution of fluctuational modes could be fitted well with the
effective tension model for nearly spherical vesicles. As the flow velocities were small enough to still
permit visible vesicle thermal fluctuations, the membrane elasticity was mainly due to the entropic
term[2,3]. Simple theoretical analysis for equilibrium with constant membrane elasticity and bending
rigidity resulted in membrane tension being proportional to the tether length to 2/3. This relation could
well fit the experimental results.
Conclusions: It was shown that nearly spherical approximation and simple 2/3 dependence of
membrane tension could explain the visible shape fluctuations of attached phospholipid vesicles and
could be used to determine membrane elastic properties.

[1] F. Sevšek and G. Gomišček, Computer Methods and Programs in Biomedicine, 73 (2004) 189194.
[2] O. Rossier, D. Cuvelier, N. Borghi, P.H. Puech, I. Derenyi, A. Buguin, P. Nassoy and F. BrochardWyart, Langmuir, 19 (2003) 575.
[3] D.C. Morse and T.S. Milner, Phys. Rev. E, 52 (1995) 5918-5945.
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Natural polypeptides and other metabolites are known to play a very important role in the
regulation of membrane processes in living organisms, and pore-formation may be involved in these
effects. Channel formation may be implicated in the origins or treatment of many diseases.
The aim of our experiments was to study cation conductance and efflux induced by gramicidin
and polyene antibiotics in cholesterol-containing muscle cell membrane to characterise the process of
channel-formation and the properties of induced channels. Conductance was measured on single frog
skeletal muscle fibers under current-clamp conditions using a double sucrose-gap technique. Efflux
was studied on whole sartorius muscles by means of flame emission photometry. The following
channel-formers were used: gramicidin A, head-to-head covalently linked gramicidin dimer,
amphotericin B (AMB), AMB methyl ester, nystatin, mycoheptin and levorin.
The selectivity sequence of gramicidin-induced conductance in our experiments (NH4 > Cs+ >
+
Rb > K+ > Na+ > Li+) was very close to that observed for artificial bilayer membranes (BLM). Small
concentrations of Tl+ (2.5 mM) partially blocked the permeability of the gramicidin channel to K+
ions. Furthermore, the dependence of conductance on the 1.6 to 1.8 power of gramicidin
concentrations in muscle was close to the second power dependence in BLM. The activation energy
for the potassium conductance in gramicidin channels was 0.036 kJ/mol. There were differences in the
kinetics of channel formation in muscle membrane and in BLM. The synthetic head-to-head
covalently linked gramicidin dimer was effective in muscle membrane only at high temperature,
whereas in BLM it acts at room temperature. In our experiments, an increase of temperature by 8–10
ºC resulted in a considerable rise of both dimmer- and gramicidin-induced conductances. The effect
was much greater than in BLM, indicating a remarkable entropy change in the muscle fibre membrane.
The temperature-dependent free energy of channel formation in muscle membrane was estimated to be
in the order of 30–50 kcal/mol. It should be noted that the conductance induced by gramicidin and
gramicidin dimmer in our experiments was irreversible. In the case of model membranes, reversibility
of gramicidin-induced conductance is observed. In contrast, the polyene antibiotics amphotericin,
nystatin, mycoheptin and AMB methyl ester were rapidly washed out of the fibre after replacement of
antibiotic-containing solutions by an isotonic solution of K2SO4. The aromatic heptaene levorin gave
high and irreversible values of induced conductance. On a logarithmic scale, the dependence of
polyene-induced conductance on the antibiotic concentration was linear with a slope of about 1.7 for
nystatin-, 1.3 for mycoheptin-, 1.5–2.3 for AMB methyl ester and 1.6–1.8 for amphotericin-induced
conductance.
Taken together, our results suggest that the gramicidin-induced increase of conductance in the
membrane originates from channel formation similar to that in BLM. The steady-state characteristics
of antibiotic-induced conductance are very similar in muscle membrane and in BLM. We believe that
the differences concerning the kinetics of channel formation are basically due to the different kinetics
of interaction of the channel-forming substances with biological and model membranes but not by the
molecular structure of the conducting complex.
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Background/aim: We have been attempting to predict 3D structural units of proteins from their

sequences based on the contact maps derived from the average distances between Cα atoms in
residues in proteins for further detailed 3D structure analyses. We call this map the Average Distance
Map (ADM). Currently, we are especially interested in barrel type proteins, because of the
complexity of their structures and difficulty of predictions of structural units. Recently, Kister et

al.[1] pointed out the four key strands essential for the formation of a β–sandwich structure. In these
four key strands, each of two strands form a interlocked pair. In our present study, we try to predict
the location of domains and subdomains by the ADM method in each β–sandwich protein which
Kister et al.[1] studied, and compare the positions of predicted subdomains and the key strands defined
by them. We also try to apply the present method to other β–barrel structures which can be classified
based on characteristic topologies.
Method: We employed the Average Distance Map method [2] in the present work.
Results: The β–sandwich proteins analyzed by Kister et al. are predicted generally as 1 domain
proteins based on the ADMs. However, one or two subdomains can be predicted in these proteins and

a subdomain contains a pair of the two key strands of four key strands. The 3D structures of these
proteins reveal that the two key strands in the predicted subdomain form stronger hydrophobic
contacts. Thus, the key strands in a predicted subdomain may be considered as a structural unit
during folding. Similar predictions can be possible in other β–barrel proteins. Furthermore, we can
classify the β–sheet topologies in subdomains into small number of classes. This classification leads
us to speculate the possible folding process of a β–sandwich protein.
Conclusions: The subdomains predicted by ADMs for β–sandwich and β–barrel proteins include the
units significant for structural formations.
[1] A. E. Kister et al., Proc. Nat. Acad. Sci. U.S.A., 99, 14137 (2002).
[2] T. Kikuchi, In Recent Research Developments in Protein Engineering (ed. S. G. Pandalai). Kerala,
Research Signpost, 2, 1 (2002).
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Background/aim: Membrane fusions of vesicles of biomembranes play various important roles in
cells, but their mechanisms are unclear and controversial. Membrane fusion should be considered as 2
steps; one is the strong association of vesicles, and the other is the instability of membrane structures
in the associated vesicles. We have a hypothesis that the lateral tension of lipid membranes plays an
important role in membrane fusion. Recently, we have found that the lateral compression pressure of
the membranes of electrically neutral phospholipids such as PC and PE increased with an increase in
La3+ and Gd3+ concentration.1 In the present study, we investigated, using the fluorescent, phasecontrast microscope, the effect of La3+ on giant unilamellar vesicles (GUVs) composed of a mixture of
DOPC and dipalmitoleoyl-PE (DPOPE, C16:1) (DPOPE/DOPC-GUVs).2
Results and Discussion: We found that 30 µM to 1 mM La3+ induced membrane fusion of two
DPOPE/DOPC-GUVs containing more than 20 mol% DPOPE. At the membrane fusion, volume of
the GUVs did not change, although their surface area decreased. We succeeded in observing a
process of this membrane fusion in detail. First, two GUVs became strongly associated, with a
partition membrane between them composed of two bilayers, one from each GUV. Then, the
partition membrane was suddenly broken at one site on its edge. The area of this breakage site
gradually spread, until it was completely separated from the GUV to complete the membrane fusion.
Here, we propose a new model (i.e., the partition breakage model) for the mechanism of La3+-induced
membrane fusion of GUVs as follows.
[1] T. Tanaka, M. Yamazaki et al. BBA, 1515, 189 (2001), ibid, 1564, 173 (2002)
[2] T. Tanaka, and M. Yamazaki, Langmuir, in press, (2004)
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Cilia are projections on livings cells with a unique ability for three-dimensional active movement. This
complex and continuous movement is highly coordinated between adjacent, closely packed cilia, to
create a wave in space and time that transports mucus and embedded objects or water in biological
systems. Mucus propelling cilia have a thickness of about 250nm, too small to visualize alive with
optical microscopes. Characterization of this movement is essential for understanding their crucial
functions in living systems.
This movement was investigated for the first time, using a combined system of an Atomic Force
Microscope (AFM) and optical measurement, by dipping the AFM probe in the field of beating cilia
and measuring the light scattered by the beat of the same cilia simultaneously.
Results presented:
1. Fluctuation of both AFM and optical signals over time, at similar semi-periodic
frequencies, attributed to beatings of the cilia at similar frequencies.
2. Experimental results support direct contact between patches of cilia and the AFM
probe. A model was developed in order to derive the force applied by each cilium. The
model also predicts very well the experimental AFM signal.
3. Increasing the beating frequency by a well-known extra-cellular stimulant increases the
AFM signal amplitude. In contrast, the optical signal amplitude decreases with the
increase of cilia beating frequency. The opposite dependence of the amplitudes on the
beating provides insight on the changes in the 3D motion of cilia during stimulation.
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Background/aim: Since exposure of the hydrophobic portion of the sheets to water makes high
energy cost, no tears or holes are usually formed in lipid membranes. However, recent studies have
shown that a submembranous protein talin [1] or detergents [2] are capable of inducing a stable hole or
holes in lipid membranes so that the membranes transform into cup-shaped vesicles, tube-like shapes
or lipid bilayer sheets. Here we investigate theoretically how these shapes are formed based on the
principle of energy minimization.
Methods: Shapes of closed vesicles have been thoroughly studied using the area difference elasticity
(ADE) model [3]. We incorporated the line tension energy acting on the edges of membrane holes into
this ADE model. Assuming axisymmetric deformations, we solved numerically the Euler-Lagrange
equation and boundary conditions derived from the variational method to seek out the equilibrium
shapes of opening-up vesicles.
Results: Numerical calculations showed that opening-up vesicles are realized when the line tension is
considerably low, though the shapes also depend on the relaxed area difference which is determined
by the number of lipid molecules constituting the two layers of the membrane. According to the line
tension and the relaxed area difference, the model gives cup, tube, and funnel-shaped vesicles that
closely resemble to the observed shapes. In case of opening-up vesicles, the membrane shape also
depends on the Gaussian bending modulus. In the presentation, we will discuss the effects of the
Gaussian bending modulus.
Conclusion: Our results strongly suggest that the line tension of lipid membranes is greatly reduced
by addition of protein talin or some detergents. This reduction may result in the opening of large holes
in lipid vesicles.

[1] A. Saitoh et al, Proc. Natl. Acad. Sci. USA 95, 1026-1031 (1998).
[2] F. Nomura et al, Proc. Natl. Acad. Sci. USA 98, 2340-2345 (2001).
[3] L. Miao et al, Phys. Rev. E 49, 5389-5407 (1994).
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Background/Aim: Oriented multibilayer stacks on solid supports containing cholesterol and
sphingomyelin are sufficiently complex to serve as good model systems for mammalian cell
membranes. A number of recent studies have revealed a complex structural organization of lipid
bilayers. One of the most important features of the bilayer structure is the existence of cholesterol-rich
domains, which are often referred to as lipid rafts. Lipid rafts are believed to play an important role in
many functions of biomembranes, such as signal transduction. The present work focuses on the
influence of domains on the lipid self-diffusion. A meaningful study of this influence requires an
ability of monitoring lipid diffusion in the broad range of displacements covering both the
displacements, which are smaller and larger than the domain size. As a result the information on: (i)
the diffusivities in and outside of domains, and (ii) the possible transport barriers on the domain
margins can be directly obtained.
Methods: Application of pulsed field gradient (PFG) NMR for studies of diffusion in lipid membranes
presents an attractive alternative to the well-established standard approach, which is based on single
particle tracking using optical or fluorescence microscopy. In contrast to the previous PFG NMR
diffusion studies of lipid multibilayers [1], in the present work the PFG NMR technique with ultrahigh magnetic field gradients (up to 35 T/m) has been used. An application of this novel technique
allows carrying out diffusion studies for very small diffusion times and molecular displacements.
Results:
3-Component
multibilayers
on
solid
support
(1,2-dioleoyl-sn-glycero-3phosphocholine/cholesterol/spingomyelin 1:1:1) were used as a model system. PFG NMR
measurements have revealed the presence of more than a single fraction of molecules having different
diffusivities. The data analysis has been performed in a similar manner as that used for the
interpretation of diffusion data recorded in inhomogeneous nanoporous solids [2]. The results will be
presented and discussed. In general, the obtained diffusivities were found to be in good agreement
with the previously reported data for the same system [3].
Conclusion: The obtained results show great potentials of the novel PFG NMR technique with ultrahigh magnetic field gradients for diffusion studies in supported lipid bilayers.

[1]
[2]

[3]

A. Filippov, G. Orädd, G. Lindblom, Biophys. J. 86 891 (2004)
J. Kärger, S. Vasenkov, S. M. Auerbach; Diffusion in Zeolites, In Handbook of Zeolite
Science and Technology, S. M. Auerbach, K. A. Carrado P. K. Dutta, (Editors) MarcelDekker Inc., New York, 2003, pp. 341-423
C. Dietrich, L.A. Bagatolli, Z.N. Volovyk, N.L. Thompson, M. Levi, K. Jacobson, E.
Gratton, Biophys. J. 80 1417 (2001)
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Background: Cationic liposomes are used as vectors in gene therapy and drug delivery to introduce,
e.g., genetic material into cells. As the transfection efficiency of a given lipid-DNA complex largely
depends on its structural and physicochemical properties, there has been a wide range of experimental
activities to characterize structures of complexes formed by DNA and cationic lipid membranes. At
the same time, it is surprising how little attention has been devoted to atomic-scale simulation studies
of membranes containing cationic lipids, the study by Bandyopadhyay et al. being the only exception
[1].
Results: In the present contribution, we present results based on atomic-level molecular dynamics
simulations for a lipid membrane mixture comprised of cationic dimyristoyl trimethylammonium
propane (DMTAP) and zwitterionic dimyristoyl phosphatidylcholine (DMPC) molecules [2,3]. We
discuss how the properties of cationic lipid bilayer systems depend on their composition, and in
particular how they depend on electrostatic effects. We show that the area per molecule has a nonmonotonic dependence on the DMTAP concentration, with a pronounced minimum around the point
of equimolar mixture. We further show that this behavior has an electrostatic origin and is driven by
the interplay between positively charged TAP head groups and the zwitterionic PC heads, leading to a
considerable re-orientation of PC head groups for an increasing DMTAP mole fraction and to major
changes in the electrostatic properties of the bilayer [2]. We further discuss the influence of salt on the
lipid membrane, with a focus on the structural changes associated with a given salt concentration and
the nature of salt solution [3]. The implications of the present findings to the properties of cationic
lipid-DNA complexes are discussed.

[1] S. Bandyopadhyay, M. Tarek, and M. L. Klein, J. Phys. Chem. B 103, 10075 (1999)
[2] A. A. Gurtovenko, M. Patra, M. Karttunen, and I. Vattulainen, Cationic DMPC/DMTAP
Lipid Bilayers: Molecular Dynamics Study, Biophysical Journal, in press (2004)
[3] A. A. Gurtovenko, M. Miettinen, M. Patra, M. Karttunen, and I. Vattulainen,
to be submitted (October, 2004)
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The life cycle of most viruses involves building a proteinaceous core that protects the nucleic acid
during the transfer from one host to the next. These protective shells are far from a passive container,
as they are involved in the selection of the genetic material to be transferred, the identification of the
target cell and the release of the nucleic acid inside the host to start a new cycle. In the case of
bacteriophage phi29, the shell is assembled as a 54x42 nm precursor (prohead), which actively
packages a 6.6-µm piece of DNA while consuming ATP.
To understand the design challenges imposed on these miniature containers both from
influences from the outside world as well as from the internal strain due to the packaged DNA, we
investigated the mechanical properties of proheads by the application of external force using a
scanning force microscope (SFM). The radius of the SFM tip is comparable to the dimensions of the
virus, allowing us to investigate both its global response as well as resolving some local features.
Here we show that proheads can withstand forces of at least 3 nN while indenting the shell by
30% in an almost linear fashion. The resulting spring constants of these experiments show a bimodal
distribution (0.35 N/m; 0.16 N/m) indicating that the shell is inhomogeneous. The measured Young’s
modulus of the shell is 1.8 GPa and we observe that it can withstand in-plane stresses of no less than
300 MPa. Finally, pushing repeatedly on the prohead will gradually break the structure till it
eventually only responds in a plastic manner. These results illustrate the significant mechnoprotection
viral shells provide while also suggesting new design principles for nanotechnology.
Fig 1. Breaking bacteriophage Φ29 proheads. The sequence of
Atomic Force Microscopy (AFM) pictures shows how a prohead
falls apart due to external force. The force is applied by pushing
the prohead with the AFM cantilever tip. Breaking up starts
gradually, first a few monomers are pushed from their lattice
position, but once the prohead structure is disrupted the
disintegration spreads rapidly.

B07-307
Effect of de novo Designed Peptides Interacting with Electrically-Neutral Lipid
Membrane Interface on Stability of Cubic Phases of Monoolein Membrane

Shah Md. Masuma, Yukihiro Tambaa, Tarek Awada, and Masahito Yamazaki a,b,*
a
Materials Science, Graduate School of Science and Engineering, Shizuoka University, 836 Oya,
Shizuoka 422-8529, Japan
b
Department of Physics, Faculty of Science, Shizuoka University, Shizuoka, 422-8529, Japan.
* Corresponding Author: E-mail: spmyama@ipc.shizuoka.ac.jp, Tel & FAX: 81-54-238-4741
Background/aim: Elucidation of stability of cubic phases of biomembrane and phase transition

between Lα phase and cubic phases is essential for understanding of biomembrane dynamics. Recently
we have found that electrostatic interactions due to surface charges of negatively-charged lipids in the
membrane surface induce transitions between cubic phases and Lα phase, and also between different
IPMS cubic phases.1-2 In the present study, we have investigated effect of de novo designed peptides
interacting with electrically-neutral lipid membrane interface3 on structure and phase stability of
monoolein (MO) membrane.
Results and Discussion: At first, we investigated effect of peptide-1 (WLFLLKKK), which has
positive charges and a site partitioned into the electrically neutral lipid membrane interface, on the
stability of the cubic phase of the MO membrane by SAXS.4 As peptide-1 concentration increases,

most stable phase of the MO membrane changes as follows; Q224 ⇒ Q229 ⇒ Lα. As NaCl concentration
in the bulk increased, these phase transitions were
inhibited. These results indicate the electrostatic
interactions due to the peptide-1 partitioned in the
membrane interface induce these phase transitions. The
increase in peptide-1 concentration reduced the absolute
value
of spontaneous curvature of the MO/peptide-1 monolayer
membrane. Based on these results, we discuss the
mechanism of the effect of peptide-1 on the phase
stability of MO membranes.
Next, we investigated effect of peptide-3 (AcWLFLLEE) on the stability of the cubic phase of the MO
membrane. As increasing peptide-3 concentration at pH
7.0, a
224
229
of
phase transition from Q to Q occurred. The presence
NaCl in the bulk inhibited this phase transition. With a
decrease in pH, a phase transition from Q229 to Q224
occurred at pH 6.4.
[1] Aota-Nakano et al., BBA, 1461, 96 (1999), [2] Li et al., Biophys. J. 81, 983 (2001),
[3] Yamashita et al., Langmuir, 18, 9638 (2002), [4] Masum et al., Langmuir, 19, 4745 (2003)
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Background: Brain activity is characterized by dynamically interacting impulse patterns. Their
molecular basis is the activity of a class of membrane bound proteins, voltage-gated ion channels. The
density and distribution of these channels varies continuously during normal activity to maintain or
modify ongoing firing patterns [1]. Drugs as general anaesthetics and antiepileptics modify interacting
patterns by similar mechanisms. Our aim is to analyse how the density of voltage-gated channels in a
model neuron determines the firing patterns.
Methods: The model neuron was constructed from an experimental analysis of hippocampal
interneuron, showing Na and K currents described by Frankenhaeuser-Huxley equations [2]. The
analysis comprised numerical solutions of differential equations and a stability analysis.
Results: The oscillatory activity of the model neuron appeared differently in distinct densitydependent patterns. For a high Na and K channel density neuron (Fig. 1, region B) the onset of firing
is characterised by a discontinuous jump from no repetitive firing to high frequency firing at increased
stimulation (Hopf bifurcation). A lower K channel density (region C1) leads to a continuously
increasing firing rate at increased stimulation (saddle node bifurcation). The latter region coincides
with the region for an all-or-nothing behaviour. A comparison between the model data and
experimental recordings from hippocampal neurons in a mouse strain with non-functional K channels
(mceph/mceph) showed such patterns [3].
Conclusions: The results suggest that a neuron can switch between Hopf bifurcation firing and saddle
node firing, and between graded and all-or-nothing impulses by regulating ion channel densities. This
suggests that certain general anaesthetics might function by inducing a switch from frequencies
associated with conscious states, to frequencies associated with sleep or unconscious states, and that
up and down regulation of channels might switch the information processing in parts of the brain from
rate coding to amplitude coding.

[1] E. Marder and A. Prinz, BioEssays 24, 1145 (2002).
[2] S. Johansson and P. Århem, J. Physiol 445, 157 (1992).
[3] S. Pettersson et al., Eur. J. Neuroscience 18, 3231, (2003).
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Fig. 1. Regions with different behaviour
for the model neuron. The axes show Na
and K permeabilities, proportional to the
channel densities. There is always a stable
stationary situation in regions A1, A2, but
while a stimulation always leads to that
state in A1, points in A2 can lead to
oscillations around a stable state. Region B
yields oscillations in a more conventional
“Hopf-bifurcation” manner, and C1 as
result of a saddle-node bifurcation.
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Background/aim: Many processes in neurobiolgy that were believed to be random are now proved to
possess intrinsic dynamics and order. The methods of determinated chaos and multifractal analysis are
applied in different fields of biology from single molecules to evolution processes. In our work we
aimed to see whether the conduction of rhythmic spikes by nerves can display these properties. The
conduction of rhythmic excitation is essential for information delivery and any disorders in the
mechanisms of postpotential repolarisation may result in a disease. When excitation occurs at a high
rate the successive spikes are interdependent. It could be a base for correlations of spikes amplitudes
fluctuations.
Methods: We used extracellular potential registration on sciatic nerves of Rana temporaria. The nerve
was excitated by rectangular potential impulses of 0.3 ms on the maximal threshold amplitude
(measured for each nerve). The frequency of excitation was 100 and 300 Hz. The data obtained via
bipolar registration were amplified and recorded on a computer at the sample rate of 8KHz. The spike
maxima were processed by multifractal DFA[1] and maximum overlap wavelet transform (MODWT)
[2] techniques.
Results: The multifracal analysis of spike fluctuations revealed the presence of long-term
correlations. The D(h) spectra of the processed time series displayed the presence of two different
regimes of spike conduction: with h≈ 0.6 and h≈0.9. Shuffled series lacked these corrleations and
displayed narrow D(h) spectra with sole maximum of h≈0.5, i.e. represented a random monofractal
process. The presence of two different regimes can also be seen in the results of MODWT-based
computing of local Hurst exponents.
Conclusions: The original spike series represent a two-regime persistent multifractal process.
Shuffling of the original data leads to the loss of correlations and multifractality. Thus the
multifractality and correlations of spikes conducted by nerve are resulted from intrinsic dynamics of
membranes and/or membrane-bound molecules. We suppose that recently revealed multifractal
properties of single ion-channel activity might lay in the basis of the dynamics and provide a
mechanism for information processing during spike conduction.

[1] Peng C.-K., Buldyrev S.V., Havlin S., Simons M., Stanley H.E., and Goldberger
A.L. Mosaic organization of DNA nucleotides. Phys Rev E, 49:1685–
1689, 1994.
[2] Brandon Whitcher and Mark J. Jensen. Wavelet estimation of a local long-term
memory parameter. Exploration Geophysics, 31:94–103, 2000.
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The research activities of the group concentrate on the analysis and development of mathematical
theories and models with which to describe information processing in natural and artificial neural
networks, and the statics and dynamics of other disordered (or `complex') systems in physics, biology,
financial markets, and computer science. Such systems are characterized by microscopic (usually
stochastic) dynamic elements with mutual interactions without global regularity but with a significant
degree of built-in competition and incompatibility, resulting in the existence of many locally stable
states for the system as a whole and a highly non-ergodic `glassy' type of dynamics.
In the field of neural network theory we presently focus on the three areas of (i) the operation of large
(symmetric and non-symmetric) recurrent neural networks, (ii) the dynamics of learning in layered
neural networks, and (iii) the analysis of neural networks with a coupled dynamics of fast neurons and
(adiabatically) slow synapses.
In the area of disordered (or `complex') physical and biological systems we presently study the statics
and dynamics of range-free models for spin-glasses (disordered magnetic systems with frustrated
exchange interactions), disordered systems of coupled oscillators, models describing cooperative
phenomena in populations of trading agents (minority game), kinetically constrained spin systems, and
the dynamics of immune system network models. This includes interacting systems with finite
connectivity; The `glassy' features of disorder and metastability are also essential properties of many
`soft materials' (emulsions, foams, dense colloidal suspensions, pastes, slurries). Models for the
mechanical behaviour of these `soft glasses' have been developed on this basis, combining a glass
transition with the possibility of deformation and flow, and reproducing many important features of
the experimental observations.
We are also looking at the effects of polydispersity: In a colloidal suspension, for example, there are
normally particles with a continuous range of radii; one thus has an effectively infinite number of
distinguishable particle species. This produces interesting kinds of disorder (a dense polydisperse
colloid may form a glass, for example, while a monodisperse system would crystallize) and unusual
phase behaviour.
Finally, the group is involved in the study of protein folding. Natural proteins are linear hetero
polymers made up out of 20 species of amino acids, and they are involved in virtually any biological
function. Random amino acid sequences exhibit many of the essential features of glasses such as
disorder, metastability and freezing transitions; natural proteins are specially selected sequences (by
nature) which fold into a unique 3-D configuration: the 'native' state. The theoretical study of these
systems aims at solving the 'protein folding puzzle': predict the native state from the amino acid
sequence.
The mathematical methods used are mainly those of equilibrium and non-equilibrium statistical
mechanics and stochastic processes. Within this class a prominent role is played by the tools
developed in the disordered systems community, such as replica theory a la Parisi, path integrals and
generating functionals (i.e. dynamic mean-field theory) a la De Dominicis, and dynamical replica
theory. In the case of neural networks one also finds frequent use for concepts from information theory
(e.g. information geometry).
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Background: Visuospatial working memory (V-WM) is the ability to hold and manipulate
visuospatial information on-line for short periods of time (1). Brain imaging studies in humans have
consistently found a network of a frontal and a parietal region that are co-activated during V-WM
tasks (2). In this study we investigated the potential advantages of computational models of two
connected brain regions for understanding the maintenance of information in V-WM, compared to
models including only one.
Methods and results: We wished to investigate the phenomena that might arise when two local
microcircuits situated in different areas of the brain interact. To this end, pairs of different bump
attractor neural network (3) modules were connected with a delay (see figure) in various fashions.
Their performance was evaluated by measuring memory drift, memory stability against distracters (4)
and the stability of spontaneous activity, and compared to the performance of an unconnected module.
In addition, we wish to analyze the synchronizing properties of introducing a delay in transmission
between the two modules. Earlier studies have indicated that persistent network activity can be
destabilized by synchronization (3), yet on the other hand, synchronized activity increases with V-WM
load (5). Results from our model so far suggest that memory activity within the human prefrontal
cortex can be stabilized by the activity in a second brain area.
Conclusions: Our study suggests several advantages of models of two interacting brain areas for the
retention of information in V-WM. Most importantly, the activity in a second brain area could stabilize
an otherwise unstable local memory activity.

[1] P. Goldman-Rakic, Neuron, 14, 477-85, (1996)
[2] T. Klingberg et al., J. Cogn. Neurosci., 14, 1-10, (2002)
[3] J. Tegnér et al.m Biol Cybern., 87, 471-81, (2002)
[4] E.K. Miller, J. Neurosci., 16, 5154-67, (1996)
[5] M.W. Howard, Cereb Cortex., 13, 1369-74, (2003)

Figure. The connections in the model between the prefrontal cortex (PFC) and the posterior parietal
cortex (PPC). The part within the dashed line is the WM model taken from (4).
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Background/Aim: The dynamic interplay of chemical reactions and electrical effects is a widespread phenomenon; not only is it the realm of electrochemistry, but also occurs at biological

membranes (e.g. of neurons). Here, we develop an experimental electrochemical model system for
saltatory conduction, i.e. the jumping of travelling pulses over insulating regions (roughly
comparable with myelinated axons).
Methods: A 3-electrode electrochemical cell was used throughout, the working electrode was probed
with 12 potential microprobes to collect spatiotemporal data of the dynamics. We used formic acid

oxidation on a Pt ring electrode, the mechanism of which is well understood [1].
Results: Rotating pulses occur over a certain parameter range in the electro-oxidation of formic acid
on a Pt ring. Placing a very small (less than 3 degrees) insulating obstacle on the ring (in the form of

apiezon coating) had little effect, for larger obstacles (5-25°) the pulse jumped over it with locally
considerably enhanced velocity, whereas too large insulating areas (30° or more) resulted in
propagation failure giving rise to oscillating standing waves. Analogous results were obtained with 2
insulating areas 180° apart. The findings can be rationalized in terms of the coupling in reactionmigration systems: as has been derived from potential theory [2], the coupling increases sharply
when approaching a conductor/insulator interface causing an acceleration of wave propagation.
Conclusion: In reaction-migration systems the coupling is strongly influenced by geometry, in
particular edges exhibit a pronounced effect on wave propagation.

[1] P. Strasser, M Eiswirth, and G. Ertl, J. Chem. Phys. 107, 991 (1997)
[2] J. Christoph and M. Eiswirth, Chaos 12, 215 (2002)
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Aim: Understanding and modeling of fast adaptation and Ca oscillations as observed in experiments
with olfactory sensory neurons [1,2]
Methods: Analytical techniques stemming from stoichiometric network analysis [3] were applied for
stability analysis. Numerical integration of the system of differential equations with realistic

parameters allowed direct comparison with experiment.
Results: We have developed a mathematical model for intracellular Ca oscillations in olfactory cilia.
The underlying mechanism is based on direct negative regulation of cyclic nucleotide-gated channels

by Ca/calmodulin and does not require any autocatalysis such as Ca-induced Ca release. Predictions
of the model are in quantitative agreement with experiment, both with respect to oscillations and to
fast adaptation. General conditions for the occurrence of nonautocatalytic oscillators will be given.
Conclusion: A new model for intracellular Ca oscillations, based on negative feedback only, has
been developed in excellent agreement with the behavior of olfactory sensory neurons; it may also

play a role in Ca oscillations in other cell types in which Ca channels are strongly inhibited by
Ca/calmodulin.
[1] J. Reisert and H.R. Matthews, J. Physiology 535,. 637 (2001)
[2] T. Leinders-Zufall, C.A.Greer, G.M. Shephard, and F. Zufall, J. Neurosci. 18, 5630
[3] M. Eiswirth, J. Bürger, P. Strasser, and G. Ertl, J. Phys. Chem.100, 19118 (1996)

(1998)
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Background/aim: To gain a greater understanding of the electrically evoked responses of real
excitable neurons the FitzHugh-Nagumo model was used. The firing patterns consisting of

subthreshold and suprathreshold action potentials varied depending upon stimulus level, interpulse
interval , waveform of stimulus pulse train were investigated.
Methods: Theoretical analysis of the responses was done on the base of the global dynamics of the
system.
Results: The suprathreshold dynamics of the FitzHugh-Nagumo system was analytically analyzed on
the base of the Hopf bifurcation theory. Using computational simulation the response pattern of the

system on the periodic train of current pulses with different shape, amplitude, duration and period of
stimulation is investigated. It is shown also that in case of the reduced FitzHugh-Nagumo model, that
is a parabolic equation with cubic nonlinearity for the fast excitation variable with fixed value of the
slow recovery variable in some range of stimulation constant current the exact solution can exist. The
solution is the kink of the hyperbolic tangent form that propagates with a constant velocity. The
behavior of the whole FHN two-state-variable reaction-diffusion system describing the spacioustemporal evolution of the fast excitation variable and the slow recovery one under different stimulation
regimes can be analyzed using this exact solution as initial condition in numerical experiments.
Conclusions: It has been recently reported about the soliton – like regimes of reflection of colliding
excitation waves in the Noble model and in the Hodgkin – Huxley equations from which the FHN

model can be derived. The discovery of the soliton – like regimes in the equation of excitable medium
gives hope of recording such regimes in real electrophysiological experiments. It helps to understand
the mechanisms of various pathologies related to disturbance of the rhythmic activity in an organism.
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Background/aim: The dynamic behaviour of the action potential of a single neuron subject to
electrical stimulus presents two basic firing patterns. One consists of plain trains of sharp peaks,
known as spiking dynamics. The other is made of bursts of spikes alternated by time intervals of
relative rest, known as bursting dynamics. Because it is believed that the information transmitted
through the neuron axon is encoded in the series of spikes [1], the study of the transition between the
bursting and the spiking dynamics is a relevant issue.
Methods: Hindmarsh and Rose [2] have proposed a mathematical model, theoretically well founded
and experimentally favourably tested, for the action potential of a single neuron. The dynamics of this
model presents bursts or spikes, each for appropriate values of systems parameters which describe the
state of the neuron. I have studied in this model, by means of numerical simulations and techniques
proper of the theory of non-linear dynamics and chaos, the transition between the busting and spiking
regimes when system parameters are varied.
Results: Bifurcation diagrams obtained from the dynamics of the action potential, show a chaos-chaos
transition whose main features are: (i) a large change of the wide of the diagram, and (ii) the sharpness
of this change despite of its continuity (Fig. 1). Such an abrupt chaos-chaos transition is a special
phenomenon in nonlinear dynamics, and has been called a continuous interior crisis [3]. Its mechanism
has been understood by means of simple one-dimensional maps, as the change between two universal
classes of chaotic behaviour.
Conclusions: A special form of a chaos-chaos transition characterizes the change between busting and
spiking dynamics in a reliable neuron model. This appears relevant in neuroscience, for example, to
understand the ability of the nervous system to give fast responses to external stimulus.

[1] M. Abeles, Science 304, 523 (2004).
[2] J. L. Hindmarsh and R. M. Rose. Proc. R. Soc. London B 221, 87 (1984).
[3] J. M. González-Miranda, Chaos 13, 845 (2003).
Fig. 1. Observation of a continuous interior
in the Hindmarsh-Rose neuron model when
rate of transport across the axon slow ionic
channels, r, is modified. (a) Bifurcation
diagram obtained from the maxima of the
action potential. (b) First and second
Lyapunov exponents. The dotted line signals
transition point between the spiking regime
and the bursting regime (right).
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Background: The neurodynamics of neurons and their networks depend on various density
parameters at different organisational levels. For example, the density of voltage-gated ion channels
varies in different neurons and varies dynamically in a single neuron. These density changes have been
modeled by changing the permeability of Na and K channels in a Frankenhaeuser-Huxley (F-H) model
neuron [1]. Different combinations of Na and K channel densities cause different oscillatory
behaviours at constant stimulation [2]. One region in a Na-K channel density plane shows Hopf
bifurcation type behaviour, while another region shows saddle-node-bifurcation behaviour. Using a
cortical neural network model with continuous non-spiking neurons, we have previously shown that
the onset of global oscillations depend critically on the density of noisy or oscillatory neurons [3,4].
Methods: In this work, we use a neural networks model with F-H spiking neurons (excitatory only) to
investigate density dependent effects on the neurodynamics at two different levels: 1) the dependence
of the neuronal activity on the density of ion channels, and 2) the dependence on the density of
neurons and connections in a neural network. We study the activity of a neural network containing
neurons with different types of density dependent activity, and with different network connectivity.
Results: A short pulse stimulating a single neuron in a small network can, for connection strengths
within a certain range, result in continuous regular firing of the non-stimulated neurons. Outside this
range, the activity is not transmitted at all or dies out quickly. For certain parameter values (within
physiologically realistic ranges) at least two frequencies can be obtained simultaneously in the
network, a faster spiking around 150 Hz and a slower oscillation at about 10 Hz. The typical frequency
for a single neuron in this network is between 20 and 40 Hz. This result is due to an intricate balance
between the density of ion channels (permeability) at the single neuron level, and the network
connectivity. There seems to be an optimal network topology for each type of neuron, with regard to
network activity.
Conclusions: The results clearly show that the network activity depends critically on the network
topology, as well as on single neuron properties, such as ion channel density. This is an example of
how microscopic properties can be amplified and have macroscopic effects, which is of relevance for
linking the activity at the level of single neurons to that at a network or systems level, as observed with
EEG.

[1] S. Johansson and P. Århem, J. Physiol 445, 157 (1992)
[2] C. Blomberg, G. Klement, and P. Århem, Abstract submitted to ICBP’04, (2004)
[3] H. Liljenström and P. Århem, In Computational Neuroscience, (Ed. J.M. Bower), New York:
Plenum Press, (1997)
[4] S. Basu and H. Liljenström, BioSystems 63:57-69 (2001).
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Background: Imitation is an important method for motor learning in rehabilitation process.
We found that the imitation of reaching was not effective for motor learning in hemiplegics in
comparison of normal controls. One of the possible reasons is that ability of motor perception in
hemiplegics is disabled. In this study, we examined whether the ability for motor perception is
different between hemiplegics and controls. Recently, progress of the computer technology enables us
to make animations easily. We used widely available software for this experiment.
Methods: Twelve hemiplegics and seventeen controls were examined. They were asked to watch
motion of a symbol on a display and to click the mouse when they felt the trajectory of the symbol was
different between a criterion and contrast. The probability to click was taken for every magnitude of a
difference and was plotted. Fitting to curvature of the cumulative distribution function of standard
normal distribution was performed as shown in figure1 to determine the subjective equivalent point
and the differential threshold.
Result: In almost all the hemiplegics and controls, there were not significant difference of the
subjective equivalent point and the differential threshold. In a few subjects those who showed
eccentric characteristics, hemiplegics has larger subjective equivalent point and controls has smaller
differential threshold. (Figure2)

Conclusions: In a part of the hemiplegics, motor perception may be disabled. We can discriminate
them by this method with personal computers. Distributable examination program can make multifacility joint research easier and make it possible to gather the large numbers of subjects.
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Fig.2. Scatter chart of the subjective
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threshold shows a few eccentric points.

B09-340
Congenital programs as a basis of functioning of nervous system of an organism

Melkih A.V.
Russia, Ekaterinburg, 620002, Mira street, 19, tel. (3432) 74-78-54, fax (3432) 74-38-84, E-mail:
mav@dpt.ustu.ru
Background: The ability of alive organisms to training is a basis of a lot of biological
sciences: ethology, psychology, neurophysiology and others. The widespread point of view is that the

part of the information in organism is congenital (it is coded in genes), and the part is got as a result of
learning. However it was earlier shown, that the opportunity of learn of an organism at absence of the
aprioristic information on object results in the contradiction [1]. The contradiction consists that at
occurrence in sight an organism of new object (which standard at an organism is not present), it is
required to create the new standard (and the new program appropriate to it). However such operation
demands aprioristic knowledge about the class that object belongs to. At absence of such information
to create the new standard it is impossible. In this case action of an organism cannot become adequate.
Methods: The model of an organism, as the control system making the decisions in conditions
of uncertainty is constructed. The model contains the following positions: the organism recognizes

patterns, and makes of the decision on start of aprioristic programs. In result effectors make actions,
more or less appropriate to the internal purposes of an organism. At presence of uncertainty in an
environment repeated measurements allow to reduce a mistake at decision making.
Results: It is shown, that such system cannot learn at absence of the aprioristic information on
objects of an environment. Hence, all programs of organism are congenital. During live of organism

new programs do not arise, and are only started already available. As possible storehouse of aprioristic
programs act membrane proteins conformational degrees of freedom. This information is not coded in
genes.
Conclutions: The model of an organism in which all its programs of behavior are congenital is
constructed. The model has allowed to remove the contradiction arising by consideration of an

opportunity of learning in the case when aprioristic information on an environment absence.
References:
[1]. Melkikh A.V. Can organism pick up new valuable information from the environment? //

Biophysics (Biofizika) V.47, issue 6, 2002, pp. 1053-1058.
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Abstract :
learning in 1 second, with an error of less than 10 e-50, and with an unlimited number of classes, by using a
new MLP type, so that the number of hidden layers is defined, the number of neurons in every hidden layer is
defined and the number of connectors entering and exiting from any neuron is also defined , and by using "NoBack-No-Propagation" learning Algorithm, these are the DORRA network properties.
Methods:
3-2 The Learning Algorithm "EL-KOTTABIA":
Definition of the separated learning :
it is when we make only one class to learn in the network.
properties of the separated learning:
the separated learning is characterized by the learning of the network in a short time and with a small error.
The Algorithm's principle :
The Algorithm's principle is to make every class learn in a separated network, then we unify all these networks
in one.
Result :
the technology is applied for the diagnosis of three imprints for three people, and the result were As follows
Number of
Size of the
Number of
Learning time
The error
Percentage of
classes
entrance vector
hidden layer
identification for the
database learning
3

70

71

imprint 2

imprint 3

1 second

0.02

100%

The imprints (Classes):
imprint 1

The Stone
The Son with

with M=4 Neuron

N=3 Neuron
The Father with
K=M+N-1=6 Neuron
figure 01 : El-Dorra Neuronal network
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Background: The winner-take-all (WTA) competition provides a way to select the input of upmost
importance, however, it does not suit for device implementation since the selection of a single winner

may easily suffer from noises. The winners-share-all (WSA) competition, on the other hand, gives
multiple winners in the order of magnitudes of external inputs [1], which can be used to reduce the
influence of the noise when multiple winners select the external signal. We here apply this idea to
develop robust and fault-tolerant neural architectures for nano-electronic devices, i.e., single-electron
quantum devices.
Methods: We designed neuromorphic single-electron circuits for a soma, excitable dendrites and
axons. The single-electron dendrites and axons are bidirectional spike transmission devices that consist

of a 1-D array of a pair of single-electron oscillators [2], while the soma is unidirectional one. We
constructed an inhibitory neural network in which the single-electron neuron circuits are coupled to
each other through all-to-all inhibitory connections of equal strength. Note that the term “inhibition”
used here is not a conventional meaning of inhibition. Actually, it is “excitation” to produce efferent
spike trains that annihilate afferent-input spike trains.
Results: We simulated the inhibitory neural network with three neurons. Afferent inputs were encoded
as spike timing and each neuron receives periodic spikes from the afferents. When the temperature

was set at 0 K, only one neuron that received the first afferent input produced output spikes and resting
neurons did not produce output spikes, which indicated that WTA competition in the time domain was
achieved successfully by having inputs that carried encoding in the form of the spike timing. When the
temperature was lower than 1 K and optimal values of supply voltages were used, the circuit exhibited
perfect neural competition. As the voltage decreased, the rate decreased as well because low supply
voltage prevented spike trains on dendrites.
Conclusions: We observed expected neural competition at quite low temperature (< 1 K). A possible
solution to further increase the operation temperature is to leave several winners (WSA competition,

not one winner) to represent a wining “cluster”. Although a large number of neurons are required, it
will be an appropriate method for constructing fault-tolerant nano-electronics systems.
[1] T. Asai, M. Ohtani and H. Yonezu, IEEE Trans. Neural Networks 10 (1999) 1222.
[2] T. Oya, T. Ueno, T. Asai and Amemiya Y.: Proc. Silicon Nanoelectronics Workshop (2003) p. 82-83.
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Signal processing from the input of a neuron to its output firing activity occurs in the
presence of noise. Hence, it is of interest to investigate the influence on noise to the signal encoding. It
has been reported for a number of physical and biological systems that noise can play both a positive
and a negative role [1]. On the one hand, noise can serve to enhance the cell’s encoding of a weak
periodic driving. On the other hand, in the case of a strong periodic signal, the noise suppresses spike
generation [2] and thus has a detrimental effect on the encoding process.
Our investigation focuses on the firing activity of neurons that results from forcing a
classical Hodgkin-Huxley model by a strong periodic signal with additive noise. The motivation for
this work was to obtain the conditions for minimizing of the effect of fluctuations on the process of
spike generation.
In the present study the resonant activation effect is observed: Both the mean time of
spike generation and its standard deviation display minima as functions of the driving frequency. In
other words, it has been shown that a frequency band exists, where the fastest response in the system
occurs. Moreover, this band nearly corresponds to the range of minimum for the standard deviation,
implying a suppression of the fluctuations by a strong periodic driving. Increase of the driving
amplitude leads to widening of this band.
In a certain frequency range a noise delayed decay effect is also observed: The response
time exhibits a non-monotonic behavior with increasing noise intensity.
The influence of the forcing phase on the above effects has been investigated in order to
examine the sensitivity of the time of spike generation to the phase of the external signal. It was shown
that the phenomenon of resonant activation is stable to changing of the forcing phase, i.e. in the case of
phase averaging the curves demonstrate qualitatively the same behavior. Contrary, the noise delayed
decay effect becomes less pronounced when averaging the mean response time over the phase of the
periodic signal is performed.
This work was supported by Russian Foundation for Basic Research (Grant № 03-02-17543), and
Danish Natural Science Foundation.
*

E-mail: Pankratova_E.V@mail.ru

[1] N.G. Stocks, "Optimising information transmission in model neuronal ensembles" in Stochastic
Processes in Physics, Chemistry and Biology, ed. Jan A. Freund and Thorsten Poschel, Lecture Notes
in Physics, LNP 557, pp 150-159 (Springer-Verlag, Berlin Heidelberg, 2000).
[2] M.T. Huber, H.A. Braun, Proceedings of SPIE, Vol.5110, 332 (2003).
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Background/aim: Ion channels are proteins situated in the cell membrane that regulate the ion
concentration in the cell. These channels can switch between different configurations called states

some of which conduct ions while others do not. From the so-called gating scheme, i.e. the number of
states and the allowed transitions between them, it is possible to gain insight into the functioning of the
channel. The transitions between the various states cannot be observed directly but information about
these transitions can be accessed from the dynamical features of the measured current. Therefore,
hidden Markov models are widely used to analyse single channel currents.
We investigate five different Na-channel mutants that do not inactivate and the wild-type Na-channel.
Methods: Single Na-channel currents have been recorded from human embryonic kidney cells. We
have fitted several gating schemes with up to seven states to the data by maximum likelihood methods.

A correction for time interval omission has been applied. The fitted models are compared statistically.
Results/Conclusions: Gating schemes and their transition rates can be assessed from single channel
data by hidden Markov models. The resulting gating schemes for the different mutants investigated in

this study have quite similar properties.
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Irradiance power and spectral composition as well as nutrient availability strongly influence
differentiation of filamentous cyanobacteria. When monitoring the life cycle of Calothrix elenkinii
Kossinsk, we found that low nitrogen concentration and cultivation under green light lead to a
transient appearance of high-fluorescence cells that rapidly bleach breaking the parental filament into
shorter parts. The process dynamics was monitored in a microscope growth chamber by measuring
transmission and chlorophyll fluorescence of individual cells by a high-sensitivity camera. Typically,
the high-fluorescence cells appeared near the centre of the parental trichome signalled by a rapid, 2-3
fold rise in their fluorescence emission. By measuring the fluorescence excitation spectra with
resolution of individual cells, we show that the elevated fluorescence emission was largely due to a
high absorption by phycoerythrin and energy transfer to chlorophyll. Typically, after no more than 20
minutes, the fluorescence abruptly disappeared with transmission images indicating loss of
pigmentation. The bleaching was a natural process that was not caused by the measuring light.
Depending on the mechanical strain, the cell bleaching was followed by breaking of the parental
filament. We propose that the high-fluorescence cells appear as a phase of programmed cell death
allowing the fragmented filaments to escape from unfavourable environmental conditions. Also, after
breaking away the peripheral parts of the filaments, the reduced colony can capture the low light more
effectively and the basal heterocyte is providing nitrate for less vegetative cells.
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Background/aim: The protein folding phenomenon is understood as a hill-descending process on an
(funnel-type) energy landscape, whereas in vitro protein evolution is understood as a hill-climbing

process on a (Mt. Fuji-type) fitness landscape. These two schemes are very similar to each other. Since
the protein folding phenomenon can be described by thermodynamics, protein evolution may be
interpreted using thermodynamics-like concepts, such as temperature-like or free energy-like
quantities.
Method: We examined the statistical properties of adaptive walks on a Mt. Fuji-type fitness landscape
in sequence space, through mathematical analysis and computer simulation. The adaptive walk
protocol is as follows: M parents on the landscape produce N children, and subsequently, the best M
individuals among the N children will become new parents in the next generation. In a replication
process, the number of mutated sites is fixed at a constant d.
Result and conclusion: In addition to the fitness W, we introduced the following quantities analogous
to thermodynamical concepts: "free fitness" G(W) = W + T S(W), where T is the "evolutionary
temperature" T = (d/ln N/M)1/2 and S(W) is the entropy as a function of W, and the "evolutionary force"
X = d(G/T)/dW, that is caused by the mutation and selection event. It is known that M walker rapidly

climbs on the fitness landscape up to the stationary state where a "mutation-selection-random drift
balance" occurs. In our interpretation, the walkers tend to the maximal free fitness state, driven by the
evolutionary force X. Our major findings are as follows: (1) an adaptive walk (=evolution) is driven by
an evolutionary force X in the direction in which free fitness G increases; (2) the expectation of the
climbing rate obeys an equation analogous to the Einstein relation in Brownian motion; (3) the
standard deviation of the climbing rate is kT, that is a quantity analogous to the mean thermal energy
of a particle, where k is the “landscape constant” representing the standard deviation of a fitness
change for a unit Hamming distance. In addition, on the interpretation that the walkers climb the
landscape by absorbing "fitness information" from the surroundings, we succeeded in quantifying the
fitness information and formulating a macroscopic scheme from an informational point of view. These
schemes also hold true for a NK landscape.
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Background/Aims: It has recently been discovered that many biological systems, when represented as
graphs, exhibit a scale-free topology. One such system is the set of structural relationships among

protein domains. The scale-free nature of this and other systems has previously been explained using
network growth models that, while motivated by biological processes, do not explicitly consider the
underlying biology.
Methods: In the present work we explore a sequence-based model for the evolution of sequences that
fold into specific structures. Given that the protein folding problem remains unsolved for polymers

with realistic degrees of freedom, we employ a standard lattice model in order to determine if the
duplication and divergence of sequences in a model system can give rise to scale-free networks of
polymer structures.
Results/Conclusions: We demonstrate that the model mentioned above is indeed able to recapitulate
the scale-free nature observed in graphs of real protein structures. We find that this model also

reproduces other statistical feature of the protein domain graph. This represents, to our knowledge, the
first such a priori evolutionary model for a scale-free network of biological importance and as such
has strong implications for our understanding of the evolution of protein structures and of other
biological networks.
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Background/aim: The current genetic code is considered to be universal. This universality suggests
that it should have been established early in evolution, so it was “frozen” [1]. An unanswered question
is whether other genetic codes could display the same statistical properties or be as efficient as the
actual universal genetic code. We have previously found that the statistical properties of the
distribution of amino acids (aa) in protein-coding regions from Borrelia burgdorferi are very stable to
perturbations made by altering the genetic code [2]. In the present work, we tested if these properties
of aa sequences coming from translating whole microbial chromosomal genomes (MCG), with
different genetic codes, were either preserved or changed.
Methods: First, we obtained aa sequences from 11 different MCG using either the universal genetic
code, or other 4 generated genetic codes, including the code from the RNA world [3,4]. A sequence of
aa coming from a shuffled version of the original genome was used as a negative control in each case.
Then, we generated actual distance series between identical aa along the whole sequence. From these
series, we computed the autocorrelation function (ACF), the detrending fluctuation analysis (DFA),
and the maximum entropy (MEM) and then tested for statistical differences between the universal
code, the negative control and the other codes.
Results: We found that the translated whole MCG from Borrelia burgdorferi was more robust to
perturbations than its corresponding genome with exclusively protein-coding regions. Furthermore, the
difference between the statistics from the universal code against the negative control almost vanished
in the whole MCG. In the analyzed whole MCGs, Bacillus subtilis was the most robust to
perturbations and Haemophilus influenzae was the most fragile. In general, ACF and MEM rendered
the same results. Although DFA was useful in the protein-coding regions from Borrelia burgdorferi,
in the case of whole MCGs this technique was the less sensitive to distinguish between the universal
genetic code and the other codes.
Conclusions: The universal code contains the optimal values of ACF, DFA, and MEM when
compared to other codes. However, a myriad of patterns among MCGs emerged: There are MCGs that
are practically indistinguishable from randomness whereas others clearly differ when other codes are
used.

[1]F.H.C. Crick, J. Mol. Biol. 38, 367 (1968).
[2] J.A. García, et al., Physica A, in press (2004).
[3] M. Eigen, P. Schuster, The hypercycle: A principle of self organization, Srpinger-Verlag (1979).
[4] W. Gilbert, Nature 319, 618 (1986).
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Background/aim
Contrary to nucleic acids, evolution of proteins requires both the proper amino-acid-code table and

some genotype-phenotype linking strategy. If we extremely simplify fd phage, we get the imaginary
simplest virus having one gene and one coat protein. This simplest virus was realized by linking a
nascent protein with its mRNA on the ribosome. We developed a promising molecular construct,
called in vitro DNA virus, which realized the virus-type genotype-phenotype linking strategy for in
vitro protein evolution. The virion was a covalent cDNA-protein fusion and the virion formation did
not require any modification of evolving mRNA contrary to other constructs ever reported. In this
report we designed an autonomously evolving biopolymer system based on this construct.
Methods
We designed the construct of the in vitro DNA virus genome as follows: 5’promoter sequence plus

RNA polymerase gene plus a spacer sequence3’. C-terminus of the RNA polymerase binds via the
spacer to the 3’-terminus of her own cDNA in the down stream of her own promoter. The RNA
polymerase can transcribe her own gene as an intra-molecular reaction. We call this construct as a
transcriptase-in vitro virus.
Results
We amplify the genome by the use of an isothermal DNA/mRNA amplification method. During
amplification and/or transcription there are mutational events. A mutant of the transcriptase-in vitro

virus amplifies her own genotype and hence also her own virion. Therefore her RNA polymerase
activity and the promoter strength co-evolves in the continuous “culture” of this “virus”, where the
fitness is the specific growth rate.
Conclusion
Transcriptase-in vitro virus can be regarded as a wetware artificial life.
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Background/aim: In a previous work it was well established that bacterial chromosomes exhibit an
inverse bilateral symmetry (IBS), that seems to be a universal type of symmetry in Eubacteria [1]. The

IBS observed in whole bacterial chromosomes constitutes an organizing principle that permits a better
understanding of the scaling properties of n-tuples, and more importantly it allows to examine
hypotheses about the origin of bacterial chromosomes. Herein we test the hypothesis than one half of
the chromosome begat the other via an ancient whole genome duplication in order to generate IBS.
Methods: Using the 16 codons proposed for the primeval comma-less code (codons of the type RNY)
and eliminating the remaining 48 codons from eubacterial genomes such as Borrelia burgderfori and
Escherichia coli, we generated cumulative position plots of each codon and its complementary in

order to test for the presence of IBS. The scaling properties of the distance series of each codon in the
whole genomes and in the comma-less genome were analyzed via a renormalization group approach
from which the Hurst exponent and hence, the fractal dimension were obtained.
Results: We have two noteworthy findings: 1. There is IBS in the comma-less genome and 2. The
scaling properties of the distance series of codons from the comma-less genome turned out to be

identical or very close to those of the whole present genomes.
Conclusion: We reject the hypothesis that one half of the chromosome gave rise to the other half.
Rather IBS existed in the RNA world primeval code and the scaling properties of today chromosomes

may be relic dynamic patterns of the primeval bacterial chromosomes.

[1] Sánchez J. & José M.V. Biochem. Biophys. Res. Comm. 299: 126-134 (2002).

B10-351
The living cell selects potassium: We know HOW. Do we know WHY?

Nikolay Korolev*, Lars Nordenskiöld
School of Biological Sciences, Nanyang Technological University, 60, Nanyang Drive, Singapore
637551; * (+65) 6316-2864 (off); (+65) 94600954 (m); korolev@ntu.edu.sg

All living cells separate (actively and passively) sodium from potassium using membrane proteins
(ionic pumps and channels). Discovery of these proteins and understanding the mechanism of their
action were highly cherished (Nobel Prizes in Chemistry: Jens Skou, 1997; Roderick MacKinnon,
2003). The problem of WHY the cells spend up to 40% of their energy on keeping K+ in and Na+ out
of the cytoplasm is less appreciated. Undoubtedly K/Na transport by K+,Na+-ATPase and controlled
K/Na permittivity of the K- and Na-channels are crucial for existence of animals since nerve signaling
is based on playing with cell membrane potential. Several other theories (e.g. osmotic regulation) seem
to explain necessity for K/Na asymmetry in simple organisms including bacteria. However the existing
explanations lack an important feature: each of them justifies a universal phenomenon (K/Na
asymmetry) by different motives and they cannot be applied unanimously for all types of the cells.
We propose a new and universal explanation which is based on the analysis of K/Na affinities of
DNA and acidic proteins [1, 2]. We describe how the nature of alkali metal ion (K+ or Na+) influences
complex polycations-polyanion interactions in the cell and how presence either Na+ or K+ can
modulate the most vital cell functions: replication, transcription, and protein synthesis (Fig. 1). A
hypothesis is proposed that in the cell cytoplasm, the necessity to substitute “sticky” Na+ for more
"inert" K+ could be the primary reason for development of the K/Na separating channels and pumps. It
will be shown that the hypothesis does not contradict to the other theories allowing at the same time
justification of their drawbacks (first of all, their non-universal character).
Figure 1. Precondition for the access to the
information coded in DNA, nucleosome
disassembly, can be described a competition
between DNA (PA2) and acidic domains of
proteins (PA1) for binding to the positively
charged histones (PC). An estimate of the freeenergy difference between the decomposed
nucleosome states in the presence of Na+ and K+
ions, δ∆GtotKNa, is proportional to the histone
charge (Ztot), degree of cation binding on the
protein (b1), and difference in interaction energy of
the protein COO− group with Na+ and K+,
(δgCOO−)KNa.

References
1. Korolev, N.; Nordenskiöld, L. Influence of alkali cation nature on structural transitions and
reactions of biopolyelectrolytes. Biomacromolecules 2000, 1 , 648.
2. Korolev, N.; Nordenskiöld, L. Polyelectrolyte properties of nucleosome disassembly and
assembly reactions. Recent Res.Devel.Biophys.Chem.. 2001, 2, 103.
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A simple theoretical model of a Darwinian system (a periodic system with a multiplication phase and a
selection phase) of entities (old strain and mutant) is given. First case: only mutant is considered. One
mutant appears in the multiplication phase of the 1st generation. The probabilities to find N
individuals of mutants WnM(N) after the multiplication phase M of the n-th generation (multiplication
factor 2 and probability of fatal errors in replication d) and WnS(N) after the following selection phase
S (selection probability b) are given iteratively. The evolutionary tree is evaluated. Averages from the
distributions and the limit probability of extinction W*S(0) are obtained.

Second case: old strain besides mutant is considered. One individual of the old strain appears in the
multiplication phase of the 1st generation. The probabilities to find Nold individuals of the old strain
and Nnew individuals of the mutant WnM(Nold, Nnew) after the multiplication phase M of the n-th
generation (multiplication factor 2 and probabilities of fatal errors in replication dold and dnew and of
formation of mutant from old strain e) and WnS(Nold, Nnew) after the following selection phase S
(selection probabilities bold and bnew) are given iteratively. Again the evolutionary tree is evaluated.
Averages from the distributions and the limit probability of extinction W*S(0, 0) are obtained.
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Background: We compute Shannon information in complete genomes and discover a universal phenomenon.

Methods: For a genome we use a sliding window to determine the frequency of occurrence of all k-letter words,
k=2 to 10. For given k, let pi be the probability of the ith word, i=1 to 4k, then the Shannon information (SI) is
defined as R= 2k log2 - H, where H= - pi log pi is the Shannon entropy for the set {pi}. We define the reduced
SI (RSI) as MR = R/R', where R' is the expected SI (known theoretically) in a random matching sequence [1].
Results: The RSI of all complete genomes in public databanks (135 complete prokaryotes and 127 complete
chromosomes from 10 eukaryotes) are computed and the results are shown in Fig. 1. In the left panel the RSI is
color- (gray scale) and symbol-coded and in the right panel it is color-coded by k. The data form clear "kbands" (data have been multiplied by factor of 210-k to delineate the k-bands for better viewing). Within each kband MR/L is an approximate universal constant. The 2232 pieces of data (except those for the 14 chromosomes
of P. falciparum) are given by the two-parameter formula (Lr(k)= L/MR(k) in units of bases)) log Lr(k) = ak +
B, for k= 2 to 10, where a= 0.410 (0.030) and B=1.58 (0.19).

Figure 1. Reduced Shannon information for all complete genomes

Discussion: The observed universality in the RSI in complete genomes
imposes powerful constraints on models for genomes. Here we show that a
minimal model for genome growth, in which a very short initial random
sequence (less than 100 b) is grown to full length via duplications of randomly
selected segments of random lengths (average 250 to 1000 b) that are then
reinserted into the sequence at randomly selected sites [2]. After full growth the
sequence is subjected to random point replacements at a rate of about one event
per nucleotide. 262 model sequences matching the lengths and base compositions of the genomes were
generated and Figure 2.
the average computed Lr are shown in Fig. 2 (open symbols). Model sequences targeting the chromosomes of
P. fal. have half the mutation rate of model sequences in the main group. Our model allows the emergence of
a common ancestor sometime after the beginning of the growth process and can lead to the present-day
existence of the huge diversity of organisms. It is consistent with the prevalence and abundance of duplicated
genes in all life forms [3]. The maximally stochastic nature of model renders it extremely robust and may
explain the observed universality of Shannon information in genomes. Implication on evolution is discussed
in the full text.
[1] LC Hsieh, et al. Genome Biology, 5 (2004) 7.
[2] LC Hsieh and HC Lee, Phys. Rev. Letts. 90 (2003) 018101-104.
[3] A Meyer, Nature 421 (2003) 31-32.
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Background: The statement that life has arisen and evolved by random mutations and natural
selection is one of the basic laws of theoretical biology. However calculations of probability of species

origin in characteristic time about one million years by random mutations have shown, that such
probability is negligibly small [1]. Recently open phenomenon of "adaptive mutations” requires
explain too. Hence, there is a need for the new consistent theory of evolution.
Methods: It is offered new deterministic model of evolution in which accident plays a
secondary role, and evolution of organisms occurs under the preset program. The basic points of the

model are:
- an organism recepting an environment, defining the nearest ecological niche position,
- after detection of the nearest ecological niche controlled genome transformation begins
according to a priori given program,
- the mechanism of controlled transformation of genes is the reverse transcription,
- conformational degrees of freedom of proteins represent a significant information resource
(which it is not coded in genes), and can act as storehouse of aprioristic programs on
controlled genome transformation.
Results: The model has allowed to receive species origin characteristic times. It is shown, that
in the case of uncertainty of an environment movement of an organism to the next ecological niches

will be slowed down. Cases of "adaptive mutations” and abnormal high speed of evolution (for
example, for Cichlidae in the African lakes) can be explained by affinity of the next ecological niches
and small noise in an environment.
Conclutions: Thus, the deterministic model of the evolution which is not contradicting to
physics laws and allowed to remove the contradiction on characteristic times of species origin is

constructed.
References:
[1]. Melkikh A.V. Quantum demon and the problem of the biological evolution rate // Quantum

limits to the second law: First International Conference on Quantum Limits to the Second Law.
AIP Conference Proceedings, 2002. Volume 643, Issue 1, pp. 476-481.
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Background/aim: Brown algae produce arginic acids which form extracellular viscous
polysaccharide gel by interaction between carboxyl group and divalent metal ion outside of the cell.

Also, many kinds of ancient sea creature use such dynamic physical reaction of polymers with
carboxyl group. Considering that prebiotic synthesis of sugar is difficult, we focused polymers based
on amino acid with carboxyl group as analogues. We have investigated thermal heterocomplex
molecules(THCM) made of amino acids [1, 2]. Here, I describe features of physical reactions of
THCM from viewpoints of primordial biological functions.
Methods: THCM were obtained by heating powder mixture of aspartic acid and proline at 200˚C.
THCM formed microspherical particles of a few micrometers in aqueous milieu. The morphological

change of the microspherical particle after pH rising was observed by using a differential interference
optical microscope and a scanning electron microscope. Molecular compositions of these structures
were compared using HPLC.
Results: When the pH of the solution rose, the microspherical particles transform into microcapsules
dissolving inside into out. There was no difference between the molecular compositions of

microspherical particles and microcapsules. Sizes of the formed capsules were depending on the speed
of pH change. These results suggest that the capsules formed while the dissolving process after the pH
change. The results of the electron microscope observations supported them.
Conclusions: THCM containing carboxyl group exhibits microcapsule formation when the pH of the
solution rise. The capsule formation is due to complex physical reaction dynamics. From the analogy

with the extracellular viscous polysaccharide gel formation of algae, this physical reaction might play
role of primordial biological function.
[1] Sakurazawa, et al., Colloid and Polymer Science 274, 899-903(1996)
[2] Sakurazawa, et al., Colloid and Polymer Science 275, 502-505(1997)
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Background: A cyanobacterium Anabaena sp. PCC7120 (Anabaena) has considerably larger genome
size than other completely sequenced cyanobacteria [1]. In the previous study, we have proposed a
possibility of the whole-genome duplication in the Anabaena genome as a molecular cause for the
large genome [2]. To further investigate the possibility, we examined the genetic configuration on the
Anabaena genome.
Methods: At first, paralog pairs are searched with the BLASTP program [3]. The Anabaena genome
is divided into two half genomes, and gene configurations of paralogs on the two halves are compared
with the use of a measure of gene-location distance (GLD) [4, 5]. Based on the result in the paralogconfiguration comparison, we further examine gene-distribution patterns on the Anabaena genome
with respect to protein functions. In addition, phylogenetic analyses of paralogs are carried out with
the use of the CLUSTALW program [6] and the neighbor-joining method [7].
Results: Gene-configuration comparisons of the Anabaena paralogs show that when the genome is cut
at 156° and 336°, paralog configurations on two half genomes are most similar to each other, with a
significance probability (P < 0.0002) in the extreme-value distribution obtained from paralograndomizing simulation. The result indicates that the Anabaena genome may be composed of the two
regions of 156°-336° and 336°-156°. In the following gene-distribution analysis, the distributions of
some functional categories are significantly biased to one of the two regions. Furthermore, in 16%
(55/348 pairs) of all paralog pairs between the 156°-336° and 336°-156° regions, one of two paralogs
show accelerated evolutionary rate since the divergence of the two paralogs.
Conclusions: The results may reflect a process through which the genome has doubled its size and
acquired proteins with novel functions from redundant genes. The possibility of whole-genome
duplication in bacteria seems to be more reinforced by the results in this study.

[1] T. Kaneko et al., DNA Res. 8, 205, 227 (2001)
[2] N. Sugaya et al., Genome Informatics 15, 229 (2004)
[3] S. F. Altschul et al., Nucleic Acids Res. 25, 3389 (1997)
[4] K. Horimoto et al., Bioinformatics 14, 789 (1998)
[5] K. Horimoto et al., Bioinformatics 17, 791 (2001)
[6] J. D. Thompson et al., Nucleic Acids Res. 22, 4673 (1994)
[7] N. Saitou and M. Nei, Mol. Biol. Evol. 4, 406 (1987)
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Background/Aim: The quasispecies equations are a set of ordinary differential equations introduced
by Manfred Eigen in 1971 as a way to model the in vitro evolution of single-stranded RNA genomes.
The central result of the model is a localization to delocalization transition in the genome space,
termed the error catastrophe. This transition occurs at a critical mutation rate known as the error
threshold, and corresponds to the upper mutational limit for which natural selection can occur.
We extend the quasispecies equations to account for the semiconservative nature of DNA
replication. This is a necessary first step toward making the quasispecies model a quantitative tool for
modeling the evolution of DNA-based life. We solve the semiconservative quasispecies equations in
the limit of infinite sequence length for the simplest case of a static, sharply peaked fitness landscape.
Results: We show that the error catastrophe occurs when µ, the product of sequence length and per
base pair mismatch probability, exceeds 2 ln 2/(1 + 1/k), where k > 1 is the first-order growth rate
constant of the viable “master” sequence (with all other sequences having a first-order growth rate
constant of 1). This is in contrast to the result of ln k for conservative replication. In particular, as k
becomes large, the error catastrophe is never reached for conservative replication, while for
semiconservative replication the critical µ approaches 2 ln 2, corresponding to a probability of ½ for
correct daughter strand synthesis. We also show that the mean equilibrium fitness of a
semiconservatively replicating system is given by k(2e-µ/2 – 1) below the error catastrophe, in contrast
to the standard result of ke-µ for conservative replication.
Conclusions: From these results, it is readily shown that semiconservative replication is necessary to
account for the observation that, at sufficiently high mutagen concentrations, faster replicating cells
will die more quickly than more slowly replicating cells. Thus, in contrast to Eigen’s original model,
the semiconservative quasispecies equations are able to provide a mathematical basis for explaining
the efficacy of mutagens as chemotherapeutic agents.

[1] E. Tannenbaum, E.J. Deeds, and E.I. Shakhnovich, “Semiconservative Replication in
the Quasispecies Model,” Physical Review E (in press).
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The adsorption of ligands on DNA is theoretically investiged at small fillings of DNA by
ligands. The binding of a ligand with DNA is described in the framework of quasichemical approach,
representing binding as quasichemical reaction between a ligand and a free binding site on DNA [1].
Markoff equation was derived, describing the probabilistic binding process between the ligand and the
DNA. The suggested model will allow to gain more detailed information on DNA-ligand binding
parameters. This model describes the kinetics of DNA-ligand binding and can give the following
statistical characteristics of number of ligands, bound to DNA - the average number of ligands, their
dispersion, the correlation function and the spectral density of number of bound ligands. "Doublesided" spectral density of ligands, adsorbed on DNA is calculated. It is shown, that spectrum density
has Lorentzian view. The analysis of the obtained expression allows to distinguish the “fast”
adsorption of ligands on DNA from the “slow” adsorption. From the obtained formula it is visible, that
at “fast” adsorption, when constants of speeds of adsorption and desorptions have large values, the
amplitude of spectrum density fluctuations decreases. The characteristic feature of spectral density
fluctuation's dependence on the frequency is that along with increase of speed constants of
adsorption/desorption the sharp decrease of spectral density fluctuation occurs at large values of
frequency. The stochastic description of adsorption allows to describe ligand-DNA binding using
kinetic parameters. First through the comparison of theoretical and experimental isotherms the DNAligand binding constant, number of adsorption sites and the number of nucleotide pairs, binding one
ligand is determined, then at known values of thermodynamical adsorption parameters the values for
adsorption and desorption rates are obtained from the comparison of theoretical and experimental
curves of spectral density fluctuation dependence on the frequency.
1. V. Arakelyan, Yu. Babayan, G. Potikyan, Determination of Constant Rates of Adsorption of Ligand
on DNA: Analysis of Correlation Functions. J. Biomol. Str. Dyn., v. 18, N 2, p. 231-235, 2000.
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Background/aim: Membrane tubes play an important role for intracellular traffic and “soft” microfluidics: they made it possible to connect micro-reactors together (organelles, giant vesicles) and to
transport molecules from a reactor to another [1, 2]. They are also implied in the inflammatory
response, allowing platelets and leukocytes carried by the blood flow to stop by anchoring themselves
onto the vessels walls [3, 4]. In order to understand the tube formation mechanisms, our experimental
set-up aims to reproduce this second example on model objects in vitro.
Methods: We use the tip of a polylysine-coated micro-needle or amino-micro-beads deposited on a
surface to anchor giant vesicles or red blood cells in a micro-fluidic channel. When submitting them to
a flow, we monitor the length of the tube as a function of time and flow velocity using optical
fluorescence microscopy.
Results: In the case of a vesicle, simple theoretical laws describe our experimental data well. Above a
threshold velocity Uc (function of the membrane tension), the vesicle is carried out by the flow and a
tube grows from its anchoring point. When the membrane tension balances the flow velocity, the tube
reaches a stationary length. When the flow is stopped, the vesicle relaxes toward its anchoring point.
The membrane behaves as an entropic spring and the characteristic time of extrusion and relaxation
weakly depends on the flow velocity [5].
In the case of a red blood cell, tube extrusion is slow and needs very strong flows compared to a
vesicle. We propose that tube extrusion implies the unbinding of the membrane from the cytoskeleton,
so that the tube is only made from the cytoplasmic membrane. On the other hand, stationary length and
tube retraction behave the same as for a vesicle. Tube retraction is only controlled by membrane
tension.
Conclusions: Using this method, we aim to estimate the coupling energy between the membrane and
the cytoskeleton for the red blood cell. Then we want to apply the experiment on different kind of cell
types and try to discriminate them upon their mechanical response.

[1]
[2]
[3]
[4]
[5]

J. White et al, J. Cell Biol. 147, 743-759 (1999)
R. Karlsson et al, Langmuir 18, 4186-4190 (2002)
S. M. Dopheide et al, Blood 99, 159-167 (2002)
D. W. Schmidtke et al, J. Cell Biol. 149, 719-729 (2000)
N. Borghi et al, Europhys. Lett. 64, 837-843 (2003)

Fig.1. Membrane tube extruded from a vesicle submitted to a flow.
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Background/aim: Using flowing microorganism systems as model objects it is possible to formulate and
define the applicability limits of the Gause`s competitive exclusion principle and to define the mechanisms
and reasons of competition results. The results of competition are of great interest, as they reveal the
mechanisms of natural selection. Chemostat with microorganism growth limitation, if several populations
develop within, is apparently a suitable model object for qualitative study of properties of dynamics and
associated biological populations evolution.
Methods: For mathematical analysis of the associated microbial populations development in the
chemostat usually the equations describing the species population dynamics and resource
concentration are used (consideration of the latter set these equations apart from known Lotka-Volterra
equations):
⎧ dX i
⎪ dt = (µ ij − D ) ⋅ X i ,
⎪
m µ ⋅ X
⎪ dS j
i
,
= D (Soj − S j ) − ∑ ij
⎨
Yij
i −1
⎪ dt
⎪ µ ij = µ i (S j ),
⎪
⎩

(1)

where Хi are the populations densities; Sj are the substrates concentrations; Yij are the coefficients of
economical use of j-th substrates by i-th populations; µ(Sj) dependencies have the form of the Monod
formula.
Results: The applicability of this standard model approach (1) is limited, unfortunately. It does not
allow the formulation of a sufficiently general criterion, which would help to predict the result of
competition of several microorganism populations in the chemostat on replaceable substrates mixture.
There is such a criterion for development on a single substrate – the reduction of substrate residual
concentration. In case of using the replaceable substrate mixture the acceptable dependencies µ(Sj) are
still unknown. Calculation of the above noted model (1), where µ(Sj) are the sums of Monod
dependencies on various substrates, shows that the sum of substrate residual concentrations for the
winner populations or for the species stably co-existing in the chemostat is not always minimal.
However, we cannot agree with the conclusion that there is no criterion at all. This only indicates the
narrowness of this model approach.
Conclusion: Sequential application of the functional approach is, in our opinion, the way out of this
situation. Firstly, the analysis of level dynamics of one or more key factors limiting the population
development is required. On the whole, it is necessary to study the function of the system acting as a
single whole, which would obey the integrated extremal criteria (e.g. energy).
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Background/aim: The ability of macromolecules to co-ordinate fast reaction events in their active
centers with slow re-arrangements of their structure is focused upon. Under real conditions of many

sequential reaction turnovers of the macromolecule the structural shifts caused by single turnovers can
be of cumulative character. This, in turn, leads to drastic threshold-like changes of the reaction cycle.
In that way the creative role of dynamical substrate-conformation interactions in formation of the
functional regimes of the biomacromolecule is consistently uncovered for the first time [1].
Methods: The consideration is based on the development of modern stochastic theory of nonequilibrium phase transitions [1] extended to the level of single molecules [2].
Results and conclusions: Isolated data on the “complex behaviour” of biomacromolecules (nonexponential relaxation, memory of reaction cycles, folding peculiarities, non-Michaelis kinetics and

non-Langmiur saturation, cooperativity of non-oligomeric or non-allosteric enzymes, etc) turn out to
be a manifestation of the unified effect of dynamical intramolecular self-organization as one of the
basic principles of molecular machines at work. This conclusion is grounded on analytical and
computer modeling of the generic reaction schemes of charge transfer and ligand binding, design and
simulation of decisive experiments as well as the proofs of realization of the molecular synergetic
mechanisms and effects in specific biomolecular processes (charge separation in bacterial
photosynthetic reaction centers, reactions of single enzymes and others [3,4]).
[1] L. Christophorov, A. Holzwarth, V. Kharkyanen, F. van Mourik, Chem. Phys. 256, 45 (2000)
[2] L..Christophorov, A. Holzwarth, V. Kharkyanen, Ukr. J. Phys. 48, 672 (2003)
[3] Yu. Barabash, N. Berezetskaya, L. Christophorov et al, J. Chem. Phys. 116, 4339 (2002)
[4] A. Goushcha, A. Manzo, L. Christophorov et al, Biophys. J. 84, 1146 (2003)
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A vast variety of biological, social, and economical networks shows topologies drastically differing
from random graphs; yet the quantitative characterization remains unsatisfactory from a conceptual
point of view.
Motivated from the discussion of small scale-free networks, a biased link distribution entropy is
defined, which takes an extremum for a power law distribution. This approach is extended to the nodenode link cross-distribution, whose nondiagonal elements characterize the graph structure beyond link
distribution, cluster coefficient and average path length. From here a simple (and computationally
cheap) complexity measure can be defined.
This Offdiagonal Complexity (OdC) is proposed as a novel measure to characterize the complexity of
an undirected graph, or network.
While both for regular lattices and fully connected networks OdC is zero, it takes a moderately low
value for the Erdos-Renyi random graph and shows high values for apparently complex structures as
scale-free networks and hierarchical trees.
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Cellular automata have been considered widely as a model for complexity and self-organized
criticality: In classic models (Game of Life, Bak-Sneppen, BTW, OFC), power law spectra and
avalanche distributions have been observed and compared with neural oscillators, extinction dynamics,
and earthquakes [1].
An even more simplified model, yet exhibiting complex patterns, is the Sierpinski automaton x(i,t+1)
= (x(i+1,t)+x(i-1,t)) mod 2. Sierpinski patterns appear quite generically in 1D reaction-diffusion
pattern formation and have been observed in catalytic reactions and in molluscs (Olivia porphyria) [3].
In [2] we investigate the spectral properties of the time dependence of total activity X(t) = sum(i) x(i,t)
of the Sierpinski automaton with initial condition of one single seed.
The spectrum is derived analytically and shows a power-law decay with exponent 1.15. This seems to
be the first model with an exponent near to 1 in an experimentally accessible observable of a
underlying only one-dimensional complex spatio-temporal dynamics.
[1] P. Bak, How nature works; H. J. Jensen, Self-organized criticality.
[2] J. C. Claussen, J. Nagler, and H. G. Schuster, Phys. Rev. E 70 (1); cond-mat/0308277.
[3] H. Meinhardt, The Algorithmic Beauty of Sea Shells, Springer (1995).
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Since computational resources became very sophisticated and fairly cheap, a new world
emerged to the molecular biology. Because of that, it is now possible to study the dynamics of
biomolecular systems in computer simulations at nanoseconds time scale. However, more important is
how to analyse the output data from Molecular Dynamics (MD) simulations. In order of that, along
with well known methods of analysis, we now introduce GPA (Gradient Pattern Analysis) [3-4].
Such innovative technique, which characterizes the formation and evolution of extended
patterns based on the spatio-temporal correlations between large and small amplitude fluctuations of
the structure represented as a gradient field, was developed to characterise complex regimen in spatiotemporal domain and was applied to molecular systems for the first time in [1], with the aim of
identifying asymmetries and phase disorder imposed by thermal fluctuations. GPA has four gradient
moments (Figure), and by now, we have defined two: i) the asymmetric amplitude fragmentation
(AAF) operator to estimate the gradient moment g1 based on the asymmetries among the vectors of the
gradient field; ii) a computational operator to estimate the modulus and phase related to the complex
form of the fourth gradient moment, g4, which we define as complex entropic form (CEF).
Based on both operators, for this work, we investigate how sensible GPA can be when
applied to biomolecular systems (in this case a HIV-1 Protease/Inhibitor complex simulated by 1.1 ns).
We have disturbed this system manifold: i) applying two different treatments for long-range
electrostatic interactions (Reaction Field and Particle Mesh Ewald); ii) applying an oriented potential
to simulate gravity; and iii) with a HIV-1 Protease resistant to the inhibitor (Saquinavir) [2]. We
measured the binding free energy and RMSD along dynamics. GPA was used on the backbone RMSD
and on the gradient field of the forces between ligand and protein. Our perspective is to offer a new
analytical tool to the wide field of researches on biological phenomena.

Fig. A schematic representation of the GPA of a scalar field: (a) an arbitrary normalized extended
scalar field; (b) the corresponding gradient pattern of the amplitude fluctuations; (c) the norm and the
phase of the fluctuations; (d) the complex representation of the fluctuations.
[1] R. R. Rosa, M. R. Campos, F. M. Ramos, N. L. et al. Braz. J. Phys. 33, 605 (2003).
[2] A. Wilter & P. G. Pascutti, to be submitted.
[3] F. M. Ramos, R. R. Rosa, C. R. Neto & A. Zanandrea. Physica A 283, 171 (2000).
[4] R. R. Rosa, A. S. Sharma & J. A. Valdivia. Intern. J. Mod. Phys. C 10, 147 (1999).
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Background/aim: Fluorocarbon-in-water emulsions (also known as "blood substitutes") are widely
used fluorocarbon products [1] due to their high gas-dissolving capacity and extreme chemical
inertness. These substances are very perspective products for various medical and biological
applications. The fluorocarbon emulsions have a great potential as drug delivery systems. The report is
devoted to the investigation of an injectable fluorocarbon emulsion based on the Perftoran (Perftoran
Co, Pushchino, Russia). This product for the first time in the world has been approved as an allpurpose blood substitute and anti-hypoxia agent. The main drawback of the Perftoran as well as other
fluorocarbon emulsions is a poor stability which requires a frozen storage of the emulsions.
Methods: We have performed a theoretical and numerical study of the Perftoran stability, using
different methods of statistical mechanics. At the first step with the framework of a primitive model,
we have investigated the stability of the emulsion. The later is considered as hard spheres interacting
via a temperature-dependent Yukawa potential and the salt hard-sphere ions interacting via Coulomb
potential. The thermodynamic characteristics of the emulsion are evaluated using the analytical
solutions to the Ornstein-Zernike equation, while the parameters of micelle-micelle attractions are
determined by the fitting of the theoretical phase diagram to the experimental convolute boundary [2].
Following the model we have calculated the stability of Perftoran and its variations caused by changes
in concentrations and type of ions. Our results have indicated that the stability of the emulsion strongly
depends on parameters of the micelle-micelle interaction, which are mainly determined by surfactant
microstructure at the micelle surface [3]. At the second step, we have studied the stability of the
emulsion with respect to the formation of dimers and other micelle aggregates and take explicitly the
microstructure of surfactant into account. We model the surfactant as a flexible charged polymer
chain. Our model reduces the problem to self-consistent calculation of ion and surfactant correlation
functions. The later have been found by the numerical solution of integral reference interaction site
model (RISM) equation [4] or by means of the Reverse Monte-Carlo (RMC) simulations [5].
Results: We have calculated the chemical potential for various micelle aggregates versus
thermodynamic parameters and parameters of surfactant-micelle potentials. Finally, we have
constructed the phase diagram. We have investigated the effects of variations of surfactant charge and
size on the stability of the emulsion. Conclusions: The obtained results are in good agreement with
experimental data. The developed model helps us to understand the physical reasons of the
stabilization by the copolymer surfactant as well as the influence of the surfactants on the biological
activity of the fluorocarbon-in-water emulsions.
[1] M.P. Krafft, Advanced Drug Delivery Reviews, 47, 209-228, (2001).
[2] C. Washington, S. M. King, Langmuir, 13, 4545-4550, (1997).
[3] G.N. Chuev and M.V. Fedorov. in "Fluorocarbons and its applications", editor: G.R. Ivanitscy,
Moscow 42-53, (2002) .
[4] G.N. Chuev, M.V. Fedorov, Phys. Rev. E, 68, 027702, (2003); G.N Chuev and M.V. Fedorov, J.
Chem. Phys., 120 (3), 1191-1196, (2004); G.N Chuev and M.V. Fedorov, J. Comp. Chem., 25(11),
1369 – 1377 (2004).
[5] L. Pusztai, R.L. McGreevy. Physica B ,234-236, 357-358, (1997).

B11-366
Oscillatory Reaction of Enzymes wrapped by Liposome

Taketoshi Hideshima
Faculty of Science, Chiba University, 1-33 Yayoicho, Inage-ku, Chiba 263-8522, Japan
Telephone & Fax Number, +81-43-290-3696 and E-mail, hideshima@faculty.chiba-u.jp

Background /aim: So far, we have studied oscillatory reactions of enzyme by use of semipermeable
membrane which caused gradual introduction of substrate into enzyme solution. In the present paper,

preparing enzyme solution wrapped with liposome, we intended further comprehension of living system.
Methods: Liposome was prepared as follows: at first, toluene including egg lecithin was layered on aqueous solution of
enzyme. After 1 day, only enzyme solution was taken out. The formation of huge liposome was observed under the

microscope. Dialysis membrane was sandwiched between two cells. In one cell, catalase solution wrapped by liposome
was put, in the other cell, substrate (H2O2) . The oscillatory reaction induced by gradual entry of substrate into the enzyme
solution was measured by ORP electrode or selective electrode such as oxygen electrode.
Results: As shown in Fig.1, oscillatory reaction was obtained after induction period like that by use of only dialysis
membrane. The mode of oscillation differed from the result of dimyristoylphosphatidylcholine. As the concentration of
H2O2 increased, the period became longer. .
Conclusion: Oscillatory reaction of enzyme was observed by using not only dialysis membrane, but also liposome.
References:
[1] T.Hideshima & T.Inoue, Biophys. Chem., 63, 81-86(1997)
[2] T.Hideshima, Slow Dynamics in Complex systems, The 3rd International Symposium on Slow

Dynamics in Complex Systems , 322-323(2003)
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Fig.1. Time course of potential in the presence of catalase wrapped with lposome:[catalase]=0.1
mg/ml, [H2O2]=0.426 mol/l.
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Background/aim: Many active cellular processes are driven by highly specialized motor proteins.
Many of these molecular motors interact with cytoskeletal filaments, in particular, actin filaments and
microtubules. Hydrolyzing ATP, molecular motors convert chemical energy into mechanical work. In
addition to generating forces along filaments, a number of motors exhibit a particular end-activity1.
These motors influence, for example, the depolymerisation rate and can thus be used by the cell to
control filament lengths. A particular example is MCAK (Mitotic Centromere Associated Kinesin), a
member of the kinesin family2. In vitro assays have shown that MCAK accumulates at both ends of
stabilized microtubules, where it induces depolymerisation3. Motivated by MCAK, we discuss the
dynamics of motor molecules, which induce filament depolymerisation. In particular, we identify
mechanisms leading to motor accumulation at filament ends.
Methods: We introduce a phenomenological mean-filed description of motors bound to a filament.
The rate of filament depolymerisation at one end is given by a general expansion in the motor density
at this end. For this description we obtain density profiles and accumulation of motors in terms of the
motor concentration. In addition, using stochastic simulations, we discuss two variants of a discrete
hopping model of the process, which take into account that motors may or may not detach in the
process of depolymerisation.4
Results: The ability of a motor to subsequently remove several subunits without falling off the
filament is characterized by the processivity of subunit removal. In the framework of our model, we
discuss how the processivity influences the rate of subunit removal. We find that the accumulation of
motors at the filament end depends crucially on the processivity of motors. In particular, for nonprocessive motors no accumulation occurs. The rate of subunit removal as a function of bulk motor
concentration can exhibit a maximum or even dynamic instabilities where two steady states with
different depolymerisation velocities coexist within a range of the bulk motor concentration.
Conclusions: Our description of the interplay of motor binding to filaments and motor-induced
filament polymerization and depolymerisation is expected to be of importance to many cell biological
situations. In general, the control of filament length often is mediated by proteins which specifically
interact with filament ends. Such proteins represent the general case for the specific examples focussed
on in this work.

[1] A.J. Kim et. al., J. Cell Sci.113 (2000)
[2] L. Wordeman et. al., J. Cell Biol. 128 (1995)
[3] A.W. Hunter et. al., Mol. Cell 11 (2003)
[4] G. Klein et. al., in preparation (2004)
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Model membranes with charged constituents are of major interest because of their potential for
unspecific electrostatic interactions. Especially the use of cationic membranes for DNA binding and a
later application in gene transfer systems was promising. Still, the pure electrostatics of these
composite systems of neutral, charged lipid, water, and counterions is not fully understood. Therefore,
electron microscopy (cryo-TEM, 120kV) experiments were performed on vitrified samples of small
extruded vesicles (r~50nm) of neutral lipid (DOPC) and admixed cationic or anionic lipids of the same
chain lengths (DOPG, E-DOPC). The charge counterion of the lipid was the monovalent ion Cl-. The
lipid concentration of 1 % (wt/wt) was the same for all vesicle suspensions; charge densities were
adjusted by admixing either 1% or 10% of charged lipid to the organic lipid solution, followed by
subsequent extraction of the solvent. Images were acquired by phase contrast with an underfocus of
roughly 1µm.
The neutral control with uncharged membranes exhibited DOPC vesicles suspended in their
aqueous surroundings. The neutral control with equal amounts of vesicles of oppositely charged
membranes exhibited a clustering of vesicles into large groups. Equally charged membranes
containing 10% of charged lipid were found to repel each other. Different from that, at the low charge
density characterized by 1% of equally charged lipid in the membranes a tendency for intermembrane
attraction was observed. We found as well doublets and triplets of vesicles attached to each other. The
mutual adhesion is characterized by a pronounced contact area of the adhesion region. The adhesion
energy can be estimated from the adhesion angles following the Young-Dupré equation. The numbers
are however no more than estimates as the vitrification process does induce additional membrane
tension and thus modifies the details of the adhesion sites to an unknown extent. The observed
adhesion is in apparent contradiction with intuitive expectations based on Coulomb interaction alone.
The crossover between adhesion and repulsion as depending on the charge density is suggestive of a
balance between at least two different contributions. It is tempting to speculate that the net attractive
interaction at low charge density can be attributed to an entropic contribution to the free energy of the
system caused by counterion release from the aqueous gap in the adhesion site.
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Background/aim: Despite the complexity and phenotypic variety of living organisms, aging follows
some quantitative rules, which are universal and rather simple. First, each species is characterized by
the species-specific maximal life-span potential. Second, the growth of mortality rate with age obeys
to the statistics of extremes (usually, it is the “Gompertz law” of mortality that has been confirmed for
people, other mammals, flies, mollusks, etc). Third, the maximal life-span potential is inversely related
to the basal oxygen consumption of the species (“Rubner scaling relation”). The aim of our work was
to understand the nature of the universal laws of aging.
Methods: The theory of reliability served as the methodology of this study. The field of biophysics, in
dealing with the problem of reliability, incorporates theoretical and experimental studies on
quantitative characteristics and mechanisms of failures and renewal processes in biological systems
[1]. We have developed the concept of limited reliability of biological systems, according to which
their longevity is determined by the programmed deficiency in the reliability of the bio-molecular
constructions [2]. This new trend also holds promise as the theoretical basis for applications in ecology
[3].
Results: The universal laws of aging, such as the Gompertzian growth of mortality and the correlation
of longevity with the species-specific resting metabolism, are naturally explained on the reliability
basis. For the advanced ages, the theory predicts that the mortality rate can display a plateau or
accelerate its run depending upon genotype/phenotype variability of the populations. The random
malfunctions of the enzymes of the mitochondrial respiratory chains are of the first importance since
they produce toxic superoxide radicals (О2·¯ ). It was experimentally proved that mitochondria become
intensive generators of О2·¯ after transient anoxia/ischemia conditions (Nohl, Stolze, Koltover, 1993).
Meanwhile, superoxide dismutase (mtSOD), the enzyme designed to intercept О2·¯ , has a limited
reliability. We estimated that two О2·¯ from every 100,000 can penetrate through mtSOD. Inasmuch as
all defense systems at all functional strata, from enzymes up to the organism as the whole, operate
with the limited reliability, stochastic irreparable damages accumulate up to the threshold dysfunction
levels in the genetic and other cell structures. Using this reliability-theory concept and the
experimental data on the activities of SOD in brain, liver and heart tissues of men and animals, we
estimated that longevity of human brain could reach 250 years, should the reliability of the SODdefense be perfect.
Conclusions: The reliability-theory concept is heuristic enough to piece together all the core trends of
modern bio-gerontology (the hypotheses of free radicals, telomere marginotomy, gene-regulatory
violations) in the unified pattern consistent with experimental data.
Referenses:
[1] D.M. Grodzinsky, V.P. Vojtenko, Y.A. Kutlakhmedov, V.K. Koltover. Reliability and Aging of
Biological Systems, Kiev, Naukova Dumka (1987).
[2] V.K. Koltover. J. Theor. Biol., 184, 157 (1997).
[3] Y.A. Kutlakhmedov, V.I. Korogodin, V.K. Koltover. Foundations of Radiation Ecology, Kiev,
Vyshcha shkola (2003).
[4] V.K. Koltover. Advances in Gerontology (St. Petersburg), 4, 33 (2000).
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Primary processes of photosynthesis are studied in many different ways. Recent data of electron
and atomic-force microscopy reveals details of organization of thylakoid membrane and embedded
molecular complexes. We know numerous details about molecular structure of the protein complexes
and mobile electron carriers as well as the architecture of thylakoid membrane. Classical kinetic
simulation approach based on systems of ordinary differential equations can not give us possibility to
take into account spatial and structural properties of thylakoid membrane, embedded molecular
complexes and mobile carriers.
Different types of knowledge (kinetic and structural experimental data, hypothesis about
mechanisms of coupling and regulation) can be integrated in a direct computer model of the entire
system. We created a multi-particle model of ferredoxin-dependent cyclic electron transport around
PSI, which gives the possibility of “direct” simulation of electron transfer processes in multi-protein
complexes and limited diffusion processes in different compartments of the system (stroma, lumen,
intermembrane space).
The model is a 3D scene with three compartments (thylakoid membrane, lumenal space, and
stroma, fig.1). There are protein complexes (PSI, PSII, Cyt b6f, FQR) and mobile electron carriers
(plastocyanin, ferredoxin, plastoquinone). Movements of Pc, Fd, PQ are simulated by mathematical
formalism of Brownian motion. Computer model is created using object-oriented technologies (C++
programming language). The behavior of electron transport participants could be determined by
formulas, differential equations, probability and logic laws, verbal expressions. The architecture of the
model makes it easy to visualize different aspects of electron transport processes.
The results of simulation reveal the important role of spatial organization of the system in
forming kinetics of redox turnover of P700.

Fig. 1. Visualization of “direct” model of
photosynthetic electron transport. A part of
thylakoid membrane, lumenal and stromal
spaces can be seen.
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Clinical research shows that the frequency of arrhythmia events is dependent on the number and area
of the border zones of infarct scars. We investigate the possibility that arrhythmia is initiated by spiral
waves generated by the inhomogeneity of conduction at the border zone. The interaction of a plane
wave with a spatially extended inhomogeneity is simulated in the FitzHugh-Nagumo model. The
inhomogeneity is introduced into the model by modifying the spatial dependence of the diffusion
coefficient in a stochastic manner. This results in a rich variety of configurations of regions with a
depressed conductivity. A plane wave propagating through such a system may break up on the regions
with low conductivity and produce numerous spiral waves. The frequency of reentry wave formation
is studied as a function of the parameters of the inhomogeneity generation algorithm. Four main
scenarios of spiral wave formation are described: unidirectional block, wave detach, main wavewavelet collision and wave break up during collision with a region in which a conduction velocity
gradient occurs. These scenarios are likely candidates for mechanisms of arrhythmia initiation in a
damaged tissue e.g in the border zone of an infarct scar.
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Aim: Microspherical particles made of thermal heterocomplex molecules (THCM) of aspartic acid
and proline transform into microcapsules, which is thought as prebiotic cells, in their aqueous solution
when the pH value is increased [1,2]. This morphological change occurs due to electrostatic
interaction between carboxyl groups of aspartic acids. To investigate the mechanism, we tested other
THCM containing hydrophobic amino acids.
Methods: THCM made by heating the mixture of several kinds of amino acids of varying molar ratio
were prepared. The reaction mixture was heated at 200 for 3 hours under normal atmospheric
conditions. Microspherical particles with a diameter of several micrometers made of THCM in
aqueous milieu. 1M Tris-HCl adjusted at pH 6.8, pH 7.5, and pH 8.0 were added to their suspensions
and pH change was measured as time-series data. Then morphology changes of the structures were
observed by differential interferometer optical microscope.
Results: Microspherical particles made of THCM of
acidic amino acids transformed into microcapsules when
the pH value is increased. THCM containing aspartic
acid, proline and valine named DPV transform into
microcapsules (Type I structure) such as Fig1 or filled
structure (Type II structure) such as Fig2. Then, pH
values of their suspension were increased as if to
converge to some value. In the process, pH changes in
Fig1. Type I structure
their suspension exhibited overshoot under some
condition. It was depending on ratio of aspartic acid
contained within DPV. When the DPV contained much
aspartic acid, the pH change exhibited overshoot.
Conclusion: We could find wide variety of physical
reaction by adding valine which brought hydrophobic
interaction into the mechanism of microcapsule
formation. These results suggest that THCM exhibit
Fig2. Type II structure
dynamic physical reaction under nonequilibrium
environments.

[1] S. Sakurazawa, et al., Colloid and Polymer Science 274, 899-903(1996)
[2] S. Sakurazawa, et al., Colloid and Polymer Science 275, 502-505(1997)
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The interaction of electric fields with matter is of fundamental importance to basic and
applied sciences. What is empirically termed as 'spectroscopy' comprises the response of atoms,
molecules or entire materials to the excitations of quantized vibrations and quantized rotational and
electronic transitions and the classical electric polarization caused by incident electric waves. Quantized
transitions give rise to absorption and emission processes as seen in resonance spectra (UV, visible, IR,
etc.). Non-quantized relaxation processes are found in the low frequency range (below 1011 Hz). The
molecular reorientation polarization is described by a theory named after Debye. The quantitative nature
of these effects, such as the frequency locations of the energy absorption and dispersion features and the
magnitude of the field response directly correspond to dipole density and the dipole mobility of the
matter probed. Accordingly, chemical and thermodynamical conditions (e.g. temperature, pressure,
chemical surroundings) affect the spectral details.
Thus, relaxation phenomena arising from the reorientation of dipoles in external fields
report about details of molecular structures and about material properties such as dipole mobility due to
solvent viscosity. A special application resides in biological systems since the behavior of natural
permanent dipoles – inherent to most biological systems – can be studied in a well defined way without
the use of dyes or tracers as isotopes.
Most often dielectric spectroscopy explores the properties of macroscopic samples and
bulk materials. In this study, an experimental setup was chosen that allows miniature samples to be
probed by a well defined electric field in the RF frequency range. A semi-automatic graphical interface
was developed for remotely measuring dielectric permittivity via reflection measurements in the
frequency domain.
Chosen simple low molar mass liquids (ethanol, butanediols) of known dielectric behavior
were investigated and their relaxation behavior was confirmed, thus verifying that the setup is
functioning correctly. Also, dielectric spectroscopy was applied to some first test samples of hydrated
lipids, proving the technique can be successfully used to study model biological systems.
The method seems especially promising for the investigation of membranes containing
some amount of charged lipids. The head group rotation of such lipids will respond to the presence of
counterions in the bulk differently than the uncharged species.
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Background/aim: In nature, shape of medium on which information or substances are transported
exhibits often bifurcated / dendritic structure. It is well known that dendritic pattern is well described by
diffusion limited aggregation (DLA) model. On the other hand, to describe these structures, in particular
bacterial colonies patterns, reaction diffusion (RD) model has also been proposed. In RD model
dendritic pattern and other interesting patterns are generalized in same equations [1]. For simplification
we reduced the RD model to discrete cellular automaton (CA) model and show the diversity of formed
patterns. As an extension of this discrete model there is interest about the property of signal wave
propagation on these structures.
Methods: In CA model each cell has three variables, active factor, inactive factor, and nutriment. The
rule dynamics of CA was set as follows. The nutriment diffuses into the around cells. If the nutriment of
that cell is enough and sum of surrounding active factor exceed threshold, the active factor of the cell
becomes positive. When active factor is positive, the nutriment is expended. If the nutriment runs out
active factor becomes zero and inactive factor becomes positive. An excitation wave was used as signal
and we adopted BZ reaction model in CA [2] to describe signal propagation.
Results: Different kinds of patterns were
presented, disk pattern, Eden-like pattern, DLA
pattern, and dense branching morphology
(DBM) pattern. These patterns depend on
conditions of diffusion of nutriment and active
factor. In the situation that excitation wave
propagated on these dendritic patterns, a kind of
anisotropic signal propagation was observed.
Conclusions: By assuming simple mutual
interaction of three variables in the discrete
model, different growth patterns, as observed in
bacterial colonies, can be presented. However
this model cannot present another unique pattern
of ‘ring pattern’ also observed in bacterial
colonies. The phenomena of anisotropic signal
propagation like uni-directional propagation
come from the dendritic structure of the
Fig. 1: Morphological diagram of patterns with CA
propagation medium.
model. These patterns are presented by the region
where the inactive factor is positive.

[1] M. Mimura, H. Sakaguchi and M. Matsushita,
Physica A, 282, 283 (2000)
[2] M. Gerhardt, H. Schuster, and J. J. Tyson, Phys. D, 46, 392 (1990)
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Three-state stochastic model is investigated. This model is defined as a Markov process with state
space
, where
indicates a square lattice on two dimensional space. The values 0, 1 and 2
are regarded as a healthy person, a person in the incubation period and an infected person, respectively.
This model is defined by the following reaction processes (see Fig. 1): 0 1 with rateλn , 1 0 with
rate , 1 2 with rateµn2 and 2 0 with rate , where n and n2 are the numbers of nearest neighbors
occupied by a state corresponding to the subscripts. Persistence of states 1 and 2 depends on the
transition ratesλand µ.
Figure 2 shows phase diagram of the model by the mean-field approximation (MFA) [1] and numerical
simulation. In coexistence region, an oscillatory active state is observed for some parameter ranges.
Bifurcation theory shows that the oscillation of each state density is derived from the Hopf bifurcation.
In addition, we found an undirected effect such that exciting state 1 (increasing λ) makes potentiation of
state 2 and exciting state 2 (increasing µ) makes potentiation of state 1.
[1] K. Sato and N. Konno, J. Phys. Soc. Jpn. 64, 1866 (1995)

Fig. 1 Rules of state-transition.
Dashed lines show transition rate
proportional to the numbers of nearest
neighbors. Solid lines indicate
constant transition rate.

Fig. 2 Phase diagram of the three-state
model. δ0,ν01 andν012 indicate all zero state,
coexistence of 0 and 1, and coexistence of 0,1
and 2. Critical lines are obtained by the MFA
(solid lines) and numerical simulation
(circles).
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Background/aim: The computer study of the energy landscapes of complex macromolecular systems
reveals that the landscape local minima are clustered in hierarchically nested basins of minima. On the
basis of data on observation of the CO-myoglobin rebinding kinetics [1], G. Frauenfelder has assumed
that the protein energy landscape was characterized by the same hierarchy of nested basins. Therefore,
protein can be regarded as a complex system. That’s why the basin-to-basin kinetics approximation can
be used for describing the protein dynamics. The given approximation assumes the quasi-equilibrium
distribution within the basins, separated by the activation barriers of the same scale, is being reached
during the relatively short (for the given scale) time. The protein dynamics at the long time scale is
determined by the basin-to-basin transitions. The basin-to-basin hierarchy relates to the conformational
rearrangement scales, and the activation barrier hierarchy relates to the characteristic time of these
rearrangements. The aim of the given work was to describe the CO-myoglobin rebinding kinetics within
the framework of the basin-to-basin kinetics approximation.
Methods: The basin-to-basin transitions can be described by the random jump process in an ultrametric
space. By this reason, we construct an ultrametric model of the protein dynamics and use the methods of
the p-adic analysis [2-4]. For describing the CO-myoglobin rebinding kinetics, we have used the p-adic
ultrametric diffusion equation with reaction sink.
Results: The proposed model enabled to describe the rebinding kinetics in the temperature region 60 –
300 oК and to explain the kinetic behavior within the framework of the ultrametric protein dynamics. In
particular, the reason for the anomalous temperature behavior is directly coupled with the ultrametric
diffusion properties: The temperature decreasing, the population of the reaction sink area proves to be
higher, and the rate of binding is increased. The temperature being low, the concentration of CO
molecules, which can be bound with myoglobin, limits essentially the binding reaction rate.
Conclusions: This model is the first one describing the protein conformational dynamics on the basis of
the ultrametric hypothesis. A good qualitative agreement of the theoretical and the experimental curves
is a serious argument supporting the Frauenfelder hypothesis.

[1] P. J. Steinbach, et al., Biochemistry, 30, 3988 (1991)
[2] V. A. Avetisov, A. Kh. Bikulov and S. V. Kozyrev, J.Phys.A:Math.Gen., 32, 8785 (1999)
[3] V. A. Avetisov, et al., J.Phys.A:Math.Gen., 35, 177 (2002)
[4] V. A. Avetisov, A. Kh. Bikulov and V. Al. Osipov, J.Phys.A:Math.Gen., 36, 4239 (2003)
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The adsorption of DNA to a charged (lipid) membrane surface is one essential step during gene
transfection by the release of solved DNA into a cell. Therefore, the general study of the interaction
between a polyelectrolyte and a charged interface is essential and, one step further below, the interaction
among pure membranes as it is also affected by the membrane charges. Hence, as a first step, the
electrostatic properties of charged membranes shall be investigated by means of optical microscopy,
namely by application of confocal microscopy and by micromechanical studies using the
micromanipulation technique. This method allows determining the elastic modules of the membranes
and, in a two-pipette version, the direct investigation of an inter-membrane adhesion. Both microscopy
methods require the availability of of giant unilamellar vesicles (GUVs). Therefore a protocol for the
preparation of giant unilamellar vesicles (GUVs) of the proper composition is presented. Results are
presented on a modified electroswelling procedure, based on the so-called electroformation method as it
was originally described by Angelova and Dimitrov (Faraday Discuss. Chem. Soc. 1986, 81, 303-311
and 345-349). A newly developed swelling chamber allowed the continuous monitoring of the swelling
process, even in the confocal microscope. The “maturation” of the initially dry lipid film upon water
uptake by electroswelling was investigated. The shape details of the vesicle population (unilamellarity,
connectivity, uniformity) under consideration are explored by 3D-reconstitution of single vesicles. After
harvesting single vesicles are selected for micromanipulation. This requires that the vesicles are
unilamellar, spherical, and fluctuating (in their fluid phase). First results from vesicle aspiration on the
DOPC / E-DOPC system are presented and discussed.
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Kinetic studies have shown that some enzymes have optimized their chemical machinery during the long
process of evolution so that their rate-limiting step is at present a physical (diffusion) rather than a
chemical one. Each substrate molecule, which arrives at the active site of enzyme, will be converted to
product. The efficiency of such a process can greatly be improved through an increase in the ligand
arrival rate with proper orientation. This can be achieved through a directed passage of ligand to active
site after its random encounter with some neighborhood of the active site. The passage of ligand may be
directed through electrostatic and/or hydropathic profile of the enzyme surface. Herein, we introduce a
cellular automata model simulating the ligand passage over the surface of protein molecules. The system
(protein surface, ligand and water molecules) is considered as a reaction-diffusion system and its
behavior simulated using the reactive lattice gas automata with probabilistic transition rules. At each
step, ligand and water molecules observe their immediate neighborhood and then, make a biased random
decision about where they go next. At first, amino acid residues (with different charges and hydropathic
indices) and water molecules are distributed randomly across the protein surface and the mean number
of iteration steps needed for different ligands (regarding charge and/or hydropathy) to arrive in the
assumed active site is calculated. Then, different distributions of amino acid residues are proposed and
the process repeated. Comparison of results indicates that the rate at which ligands arrive in the active
site is clearly affected by the distribution of amino acid residues outside the active side. For chemically
perfect diffusion-controlled enzymes, such effect may be critically important. It can provide a way for
such enzymes to facilitate ligand diffusion into the active site and hence, enhance their efficiencies. The
realization of such roles, which amino acids outside the active site may play, provides new insights
regarding protein evolution and extends the rational basis for the protein design strategies.
Keywords: Cellular automata, diffusion, enzyme, ligand.
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Background/aim: Tumor-induced angiogenesis is the formation of new blood vessels from pre-existing
capillaries around a growing tumor in a hypoxic (O2-depleted) microenvironment. Hypoxia induces
growth factor (GF) synthesis and release from tumor cells (TC), that act on endothelial cells (EC) of
nearby blood vessels. Angiogenic sprouting, new vessel formation and vessel dilatation is the result of
this interaction leading to favorable tumor growth conditions. Our aim is to introduce a theoretical
model to describe quantitatively how vascularization develops in a melanoma type tumor, in particular
to be able to make predictions about the microvascular density (MVD) and possible O2 supply inside
and outside the tumor and about the consequent compartmentalization of the tumor into rapidly
vascularizing periphery and necrotic regions.
Methods: A cellular automaton model is used to describe this process of neo-vascularization, tumor
growth, vessel collapse and cell death. Two types of cells, TCs and ECs (giving rise to functional
vessels), occupy discrete lattice points with a separation of 10µm. They interact via a TC generated
diffusive GF-concentration field and a diffusive O2-concentration field produced by vessels that are
circulated, i.e. those ECs which are part of the outer bi-connected component of the vessel network. The
different microscopic processes like sprout formation/migration and anastomosis, TC proliferation,
vessel dilatation, vessel collapse, cell death etc., are modeled via appropriate automaton rules. The
stochastic process defined by these update rules is simulated on a computer for various model
parameters and then analyzed.
Results: 1) Neo-vascularization around the tumor is initialized only if the local GF concentration at the
outer vessels is larger than a given threshold that depends on the original MVD (adjusted to around 50
vessels/mm2 after experimental data on human melanomas) and on the total release of GF by individual
TCs. 2) If these conditions are fulfilled the MVD at the tumor-periphery rapidly becomes 3-5 times
larger than the original MVD. 3) The O2 dependent TC proliferation rate at the tumor-periphery
determines the speed of the tumor growth and yields a linear tumor-diameter time-dependence. 4) Inside
the tumor the MVD continuously decreases with the distance from the periphery whereas the average
vessel thickness continuously increases. 5) Massive cell death in the tumor-center appears due to
sporadic vessel collapses by which large parts of the vascular network inside the tumor can become noncirculated. The diameter of the emerging central necrotic region grows again linearly in time.
Conclusions: Based upon the predictions of our model the growth of a melanoma type tumor can be
characterized by a continuous inflation of multiple shells with different characteristics: a) the outer shell
close to the tumor surface and highly vascularized by thin vessels; b) the tumor periphery shell, a well
circulated tumor region containing vessels freshly grown via sprouting in the outer shell and then
enclosed by the growing tumor; c) an intermediate shell inside the tumor with low MVD, less circulated
thicker vessels that are endangered to collapse; d) an inner shell of underoxygenated TCs in a quiescent
state; e) the necrotic core with only a few or none large and stable vessels enclosed by a thin sliver of
TCs. The thickness of each shell stays, once it has fully developed, nearly constant in time and depends
on parameters like the GF/O2 threshold and diffusion length. We suggest, that a continuous formation of
highly vascularized layers in the peritumoural tissue on one side and the vulnerable intratumoral vessels
on the other side might dictate the tempo of tumor progression.
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Dictyostelium discoideum provides an experimentally accessible and simple model system to
investigate many biological processes including chemotaxis, cell signaling and coordinated cell
movements within cellular aggregates [1]. Although a biochemical demonstration is still required, it is
assumed that chemotactic waves organize the periodic motion of cells during the migration of
Dictyostelium slugs. It is also generally assumed that each cell contributes to the total motive force of
the slug [2]. However, the basic mechanisms by which mechanical forces (traction and resistive forces)
are transmitted to the substrate, their magnitude and their location, are largely unknown.
We first performed detailed observations of cell movements by fluorescence microscopy using
two-dimensional (2D) slugs. We show that 2D slugs share most of the properties of 3D ones. In
particular, waves of movement propagate in long 2D slugs, and slug speed correlates with slug length as
found in 3D slugs [4].
We also present the first measurements of the distribution of forces exerted by 2D and 3D slugs
using the elastic substrate method [5]. Briefly, deformation field is measured with a confocal microscope
from the displacement of fluorescent beads embedded in soft (E=5 kPa) acrylamide elastomer substrates
(Fig. 1A). Forces are calculated by direct inversion of Green elasticity tensor using properly averaged
deformation field without any regularization method (Fig. B). The robustness of the method will be
presented. Traction forces are mainly exerted in the central region of the slug (Fig. 1B). The large
perpendicular forces around slug boundary and the existence of parallel resistive forces in the tip and/or
the tail suggest an important role of the protein surface sheath surrounding the slug in the transmission
of forces to the substrate. Both traction and friction forces per unit area are decreasing with slug length
and slug velocity contrary to what is usually assumed in models of slug migration [6]. It is then
challenging to understand how this complex force pattern may generate a well defined lengthdependence of slug velocity.
[1] Dormann et al. J. Biol. Phys. 28(2002)765 - [2] Inouye et al. J. Cell Sci. 41(1980)53 - [3] Bonner.
PNAS. 95(1998)9355 - [4] Rieu et al. J. Biol. Phys. 29(2003) SN1; Rieu et al. J. Biol. Phys., accepted [5] Dembo et al. Biophys. J. 76(1999)2307 - [6] Umeda et al. Phys. D. 126 (1999)189; Palsson et al.
PNAS. 97(2000)10448; Vasiev et al. J. Theor. Biol. 223(2002)347

Fig. 1: (A) Averaged bead displacement and (B) Calculated force vector field of a 3D slug (L=400 µm)
moving from left to right in a rectilinear fashion on acrylamide substrate. General slug shape together
with the rear of the slime sheath is also displayed.
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Background/aim: The completion of large genomic sequencing projects, however, revealed that the
alternative splicing events occur frequently in metazoan organisms. One of the important sub-problems
is to detect regulatory sequence elements for alternative pre-mRNA splicing events. Furthermore, some
regulations of alternative splicing are known to be tissue specific. In this work, we consider the problem
of finding regulatory sequence patterns, which are specific to the alternative 5', the alternative 3', and the
cassette, respectively. Moreover, about cassette, we search a pattern peculiar to each type of brains and
muscles.
Method: We regard sequences alternative exon flanking introns as positive example set, and
corresponding region of constitutive (non-alternative) exon as negative example set. The sequence data
of alternative and constitutive exon are derived from ASAP[1], ASDB[2], and ASD[3]. Then, we search
patterns which are frequently found in positive sequence set, but not so much in negative sequence set.
The pattern model we use in these computational experiments is pattern with regular expression.
Results: Through our computational experiments, we have succeeded in finding features with
practically high accuracies. Especially about tissue specific alternative splicing, our results are consistent
with previous experimental results.

[1]C. Lee, L. Atanelov. B. Modrek, and Y. Xing. ASAP: the alternative splicing annotation project.
Nucleic Acids Research, 31:101-105, 2003.
[2]S. Gelfand, I. Dubchak, I. Dralyuk, and M. Zorn. Asdb:database of alternatively spliced genes. DNA
and Cell Biology, 27:301-302, 1999.
[3]Thanaraj T.A., Stamm S., Clark F., Riethoven J.J.M, Le Texier V., and Muilu J. ASD: the Alternative
Splicing Database. Nucleic Acids Research 32: D64-D69, 2004.
[4]M.Brudno, M.S.Gelfand, S.Spengler, M.Zorn, I.Dubchak, and J.G. Conboy
Computational analysis of candidate intron regulatory elements for tissue-specific alternative pre-mRNA
splicing. Nucleic Acids Research, 29:2338–2348, 2001.
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Model: A non-linear reaction-diffusion model with continual diffusion is considered to describe the
segmentation gene expression in the Drosophila embryo during the blastoderm stage. The network of 5
segmentation genes constitutes the model. Gene expression patterns are analyzed in the central part of
the embryo covered by the eve protein stripes from 2nd to 5th and in time interval from 11th to 14th
cleavage cycles. The coupled non-linear differential equations are the structural modification of the
differential-difference equations, see [1].
Aim: Our aim is to find the network topology and all parameters by fitting of numerical solution of
continuous mathematical model to expression data obtained independently. This determines the problem
of minimization of the quality functional, namely, the sum of squared differences between calculated
concentrations of gene products and the data measured independently:
J

F (v, q) = ∑ ( v (ti , q) − y (ti )) T (v (ti , q) − y (ti )) ⎯
⎯→
min
q
i =1

where all of J independent experimental observations are: y (t ) = ( y 0 (t ),..., y K −1 (t )) T .
Moreover constraints in the form of inequalities are imposed on a subset of parameters qilow ≤ qi ≤ qiup .
Two methods are used to solve the problem, the new OSDA – the steepest descent method augmented
with the optimal control algorithm, that allows to obtain faster convergence in comparison with the
conventional descent method, and the simulated annealing. The model under study is shown to be stable
with respect to parameters perturbations, that allows to study different rates for diffusion and mitosis
rules, giving a good fit. The solutions for various mitosis models are obtained, their comparison results
in the conclusion: Pattern formation and nuclear divisions are uncoupled in Drosophila segmentation.
It could not have been obtained in experiments, since it is unfeasible to replace the blastoderm cellular
structure with a continuum, where segmentation genes act.
The solution behaviour is analyzed for parameter values in a vicinity of the optimal set, and the long
time dynamics of patterns is investigated in different forms of the model. It is shown that the expression
patterns at the gastrulation time have an intermediate structure and are not close to the actual attractors
of the model equations.
The support of the study by the NIH Grants RR07801, TW01147, the CRDF GAP Awards RBO685,
RBO1286 is gratefully acknowledged.
1. J.Reinitz, D.H.Sharp, Mechanisms of Development, 49: 133-158 (1995).
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Aim: Aloe Vera Gel obtained from natural medicinal plant Aloe Vera may be think of an ideal gel due to its
natural formation. Its electrical properties are investigated experimentally. This study may be highly important to
the studies on transport phenomenon in all artificial gel. The results of this present study points an existence ion
channel conductivity through it and strong anisotropy in electrical conduction is due to existence of mucilage
fibre as ion channel in transverse direction. Authors investigated [1] similar electrical character in textured plant
gum. Natural gels however developed inside living body in a slow natural process to perform physiological
function. A study on electrical characterization of gel from Shark electrosensor has been reported [2] recently. In
this present work we made an attempt to study the electrical character of natural Aloe Vera gel [3] to develop a
better understanding in gel conduction in general.
Method: Gel from collected large sized thick Aloe Vera leaf is confined in a Teflon tube of diameter 5 mm. The
tube is filled with Aloe Vera gel upto slightly excess of its trim with either from longitudinal or transverse to leaf
length. Experiments are carried with both transverse and longitudinal of different lengths.
Results: Experimental results show that the Aloe Vera gel is an ionic gel with a strong anisotropy in electrical
conduction. The later is much more in transverse direction than in longitudinal direction. The results of optical
microscopy support this due to existence of mucilage fibre of near sum-micron diameter. Both DC and AC
experiments , variation resistance with gel length along with gate FET like behavior is strong evidence for
working of ion channel through it for carrier transport.
Conclusion: The existence of transverse mucilage fibre form effective ion channels to provide anisotropy in
electrical conduction.
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[1] H. Mallik, N. Gupta, A. Sarkar, Anisotropic electrical conduction in Gum Arabica - a Biopolymer, Materials
Science and Engineering C, 20 (2002) 215-218, Elsevier Science
[2] B. R. Brown et al, Phys. Rev. E65, 06193, 2002.
[3] http://www.who.int/medicine/library/trm/medicinal plants/, WHO monogram in medicinal plant.
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Sheva, 84105, Israel
Phone 972-8-6472579, fax 972-8-6472946, e-mail: micha@bgumal.bgu.ac.il

Backgraund: Many systems in physics, biology, chemistry, and materials science may be studied by
means of the concept of the reaction front formed between initially separated reactants. Recently some
new aspects of the reaction front concept have been elucidated [1-3 ]. By the aproach the arbitrary
reversible reaction – diffusion systems with initially separated reactants may be investigated in detail.
The single reversible reaction A + B ↔ C was considered in works [1-3]. It was shown that taking an
appropriate limit of the reversible reaction the solution typical for irreversible reaction can be obtained.
Aim/Results: In this work the model system with initially separated components and two competing
reversible reactions A1 + B ↔ C1 and A2 + B ↔ C2 is studied. The analysis is done in the framework
of the formalism developed in Ref. [3]. Assuming the same diffusion constants of the components the
analytical solution is investigated. On the basis of the obtained results, the relationship between the
reversible and the irreversible regime patterns has been determined. For the first time, it is shown
possibility to predict the long-time pattern of the irreversible or partly irreversible reactions system with
two reactions on the basis of the reversible reactions analytical solution.
Conclusion: The presented approach could be useful tool for the study of the biological systems.

[1] M. Sinder and J. Pelleg, Phys. Rev. E 60, R6259 (1999)
[2] M. Sinder and J. Pelleg, Phys. Rev. E 61, 4935 (2000)
[3] Z. Koza, Phys. Rev. E 66, 011103 (2002)

B11-385
Exchange of fluid in hydrocolloidal structures of eye

L. V. Stepanova, I. Ju. Marchenko, G.M. Sychov
Department of biophysics, physical faculty, Krasnoyarsk state university, st. Svobodnuy 79,
Krasnoyarsk, Russia
Ph.: 7-3912- 44-08-41, fax: 7-3912- 44-87-81, e-mail: lgc@krasu.ru.

Aim: studing of exchange of fluid in crystalline lens and in vitreous humor of experimental animal`s
eye.
Methods: In the this work 120 eyes of large horned cattle and 140 eyes of the rabbits of a rock
"Shinshilla" are investigated. The research in vitro of transport functions of epithelium of crystalline lens
is conducted in medium with specific osmotic pressure (0 - 4,1 mosmol) also with adding of inhibitor
(ouabain) and without it. A directivity of transport flows in vivo determined on movement of dye in
structures of an eye with the help of opthalmoskop and method "of the stopped diffusion", based on
cooling of an eye with putting in it by dye up to t = -1800К. The concentration of dye in plasma of blood
was evaluated quantitatively with the help of Luminescence Spectrometer Aminco-Bowman Series 2
(Thermo Spectronic, USA).
Results: It was established, that the mechanism of the transport intraocular fluid across of epithelial
layer of crystalline lens is active and is implemented with help of components, which depend on ouabain
directed in stroma of crystalline lens. The main characteristics of epithelial transport are determined by
the pressure inside the crystalline lens and energy of transepithelial transport, which have made 2,5
mosmol and 1,15 Dzh accordingly. The influence ouabain on movement of dye from crystalline lens in
vitreous humor and from vitreous humor in blood was not revealed. An output of dye through perineural
and perivascular spaces on a surface of an eye was not registered. The research of plasma of blood
allowed to register presence in it of dye, which indicate their ascent through intraocular vessels. Thus the
concentration of injected dye was increased with increase oncotical pressure of blood plasma, and the
reduction oncotical pressure caused reduction of concentration of injected dyes.
Conclusion: Epithelia of crystalline lens because of active transport system Na-K-АTPase forms in
crystalline lens directional transport fluid flows. Movement of intraocular fluid from a anterior surface
of crystalline lens to is posterior surface and outflow of fluid through a posterior surface crystalline lens
in vitreous humor are realized passively. The output of intraocular fluid from vitreous humor in vascular
system of an eye happens on a gradient of osmotic pressure created by oncotical pressure of blood
plasma. The speed of outflow of intraocular fluid from eye structures at increase of oncotical pressure is
increased, and at reduction oncotical pressure - reduction.
The research is made at financial support of Ministry of education of Russian Federation (Code of the
grant А03-2.12-260).
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oscillations of photosynthesis
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Center, Zámek 136, CZ-37333 Nové Hrady, Czech Republic, nedbal@greentech.cz
Background:
Photosynthesis provides an exquisite model for study of general properties of strongly regulated
biological systems, for the following reasons: a) The energy input is provided by light and state of the
energetic metabolism may be monitored by fluorescence emmision. Light can be easily modulated in
time and limited via wavelength to particular absorber pigments. b) Photosynthetic organisms rely on a
effective regulation dicated by the dynamic environment where incident irradiance can rapidly change
between saturating level and level barely exceeding the compensation point. c) The output signals, e.g.,
chlorophyll fluorescence emission, gas exchange rates or absorption changes reflecting individual redox
reactions, can be accurately and non-invasively measured. d) Genomes of several photosynthetic
organisms are mapped and the complexes serving the primary function in photosynthesis are known.
Numerous problems remain to be solved on the system level rather than on the level of individual
proteins. For example, the complex regulation leading to robustness of plant photosynthesis in a
dynamic light environment is poorly understood. The nonlinearity occurring during the transition from
relaxed, dark-adapted state of the thylakoid membrane to its energized state also remains to be
characterized. Neither of these non-linear phenomena can be explained in terms of function of isolated
protein complexes and must be studies by an reverse engineering approach.
Results: The energy input to the organism was provided by the harmonically modulated light and the
output signals were expected to be highly sensitive to relatively slow regulatory processes. Highly nonlinear fluorescence response with resonances appearing at characteristic frequencies and with strong
upper harmonic modes was observed. We propose that these non-linear features in chlorophyll
fluorescence emission and in other state variables [1,2] reflect the strong regulation that is known to
stabilize photosynthetic activity in ocean waves or in light flecks of a canopy. Among the potentila lightdependent of positive feedback mechanisms shpild be listed activation of ATPase or the activation of
RUBISCO the best understood negative feedback regulations are non-photochemical quenching or state
transitions represent.
We show that model with a constant-slope feedback regulation, can qualitatively describe some of the
observed non-linear features but it fails in providing the input-output relation quantitatively fitting the
experimental results. We searched for a generalized form of the regulatory feedback interaction
δ = δ ( X 2 (t )) that is non-linearly dependent on the sensory component X2. The resulting model predicts
features known in other complex biological systems that are kept far from equilibrium [3]. Namely, we
were able to achieve an excellent quantitative agreement with the experiment for a model that exhibits a
strong hysteresis of the regulation, with multiple δ ( X 2 (t )) levels for identical state X2 of the primary
network. This cumplex regulation stabilises with high robustness the preformance of the photosynthetic
apparatus in broad range of conditions.

[1] Nedbal L. and Březina V. (2002) Biophys.J. 83: 2180-2189
[2] Nedbal, L., Březina, V., Adamec, F., Štys, D., Oja, V., Laisk, A. and Govindjee (2003)
Biochim.Biophys.Acta: Bioenergetics 1607: 5-17
[3] Nicolis G., Prigogine, I.: Exploring complexity. (1989) W.H.Freeman and Co., New York.
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Marina Voinova
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Phone: +4631 7723195, Fax +4631 416984 Email: voinova@fy.chalmers.se
The following work represents the generalized theoretical description of growth and shape of biological
surfaces based on the curvature elasticity approach combined with stochastic KPZ (Kardar-ParisiZhang) growth equation. It overviews how the curvature concepts can be introduced on different
hierarchial levels of structural organization of soft and living state matter - from the pattern growth
and instabilities in simple and complex fluids to leaf development and shape of petals. The unified
description for growth and geometry of unusial 'arrow-phase' reported for the first time in [1] and lipid
films during nonequilibrium surface solidification is a selected example.
References:
[1]. M.Voinova. Nonequilibrium pattern formation in simple and complex
fluids. International Conference on Theoretical Physics TH-2002, Paris, UNESCO, July 22nd-27th,
2002.

B11-388
Non-Linear Thermodynamics of Polymers with Time Retarded Interactions

Marco Zoli
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Tel./Fax:+39 0577 662176. Email: marco.zoli@libero.it

Conjugated organic polymers have been a focus of intensive research over the last twentyfive years after
the discovery of their remarkable conducting properties tuned by the dopant concentration. The present
work focusses on the thermodynamical properties of quasi one dimensional polymers which can be
analysed in the framework of the Su-Schrieffer-Heeger (SSH) model Hamiltonian. Mapping the real
space SSH model onto the time space we develope a semiclassical version of the interacting
Hamiltonian which can be attacked by path integrals methods [1]. Time retarded interactions are
naturally introduced in the formalism through the source action which depends quadratically on the bare
e-ph coupling strength α. Via calculation of the electronic motion path
integral, the partition function can be derived in principle for any value of α thus avoiding those
limitations on the e-ph coupling range which burden any perturbative method. Particular attention has
been paid to establish a reliable and general procedure which allows one to determine those input
parameters intrinsic to the path integral formalism. It turns out that a large number of paths is required to
carry out low temperature calculations which therefore become highly time consuming. The physical
parameters have been specified to a narrow band system and the behavior of the equilibrium
thermodynamical properties has been analysed for some values of the effective coupling strength lying
both in the weak and in the strong coupling regime. We find a peculiar upturn in the low temperature
plots of the heat capacity over temperature ratio indicating that a glassy like behavior can arise in the
linear chain as a consequence of a time dependent electronic hopping with variable range [2]. The
effects of the intrinsic phonon anharmonicities in the polymer system are discussed.
[1] M.Zoli, Phys. Rev. B 67, 195102 (2003).
[2] M.Zoli, J.Phys.: Cond. Matter 15, 6239 (2003).
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The combination treatment of 55 kHz ultrasonic waves and 5-fluorouracil
antitumor drug in rat liver tumor

Moustafa M. Mohamed*, Mervet A. Mohamed*, Geylan A. Fadali* and Nivan M. Fikry**
*Biophysics Department and **Pathology Department, Medical Research InstituteAlexandria University, Egypt.
Tel: 00-20-3-4276116, Fax: 00-20-3-4284659, E-mail: Moustafamm@yahoo.com

Background / Aim: Malignancies pose a serious threat to human health. For a long period of time, people have
actively investigated more effective means to treat malignant tumor. Recently, in vitro and in vivo experiments
have been carried out to study the effects of ultrasound (US) in activation of antitumor drugs and agents(1). In the
present work we are going to evaluate the role of a low frequency (55-kHz) continuous waves US at an intensity
of 3 w/cm2 in enhancing the antitumor effects of 5-fluorouracil (5-FU) in rat liver tumor, tumor growth, cell
ultrastructure and enzymatic activity were investigated.
Methods: A total number of 120 rats were divided into two groups: group 1 included 10 rats served as a normal
group received a control diet continually during the period of the experiment and group 2 included 110 rats were
subject to chemical carcinogen diet composed of a semisynthetic control diet containing 0.05 % (w/w) 2acytlaminofluorine 2-AAF for 3 weeks, followed by 1 week on control diet. This regime was repeated for 4
cycles. Two rats from group 2 were scarified randomly at 4 weeks interval during 16 weeks of 2-AAF feeding to
detect the evolution of hepatic tumor. Tumor bearing rats were divided into four groups: untreated group, group
treated with intravenous injection of 5-FU at a dose of 10 mg/kg day after day, group treated with the ultrasonic
wave for 1 min. and group injected with 5-FU and then exposed to ultrasonic wave for 1 min 24 hours after 5-FU
injection. After treatment rats were scarified, liver were excised, weighted, and then subjected to enzymatic
determination and to electron microscopic investigation.

Results: The activities of drug metabolizing enzymes (alkaline phosphatase and cytochrome P-450) were
estimated in liver microsomes in the different groups under study. The combination of 5-FU and
ultrasound produced significantly greater antitumor activity than ultrasound or 5-FU alone. Assessment
of tumor viability in the treated liver was performed using electron microscopy. Semithin sections of
liver tumor cells, under both 5-Fu treated and exposed to US showed large areas of cell death and
cytoplasmic edema, and ruptured organelles, among frequent apoptotic dead nuclei. Ultrastructure
investigations of tumor cells show that cytoplasmic vacuoles increased with increasing of ultrasonic
intensity and sonocation time. This damage appears as prominent crowded vacuoles among swollen
ruptured organelles, chromatin fragments and severe increase in numbers of pyknotic and apoptotic
cells. The activity of alkaline Phosphatase in liver cells of the group treated with 5-FU and then exposed
to ultrasonic beam has higher activity than that treated with 5-FU or US alone and approach to the
normal group. There is no significant difference between the group activities of cytochrome p-450 in
different groups except for group treated with US.
Conclusions: Exposure of liver tumor to low frequency ultrasonic waves enhance the antitumor effects of 5-FU.
The rats treated with ultrasound and 5-FU survived ten days longer than those untreated.

References:

1- M. M. Mohamed, M. A. Mohamed and N. M. Fikry, Ultrasound in Medicine and Biology. 29, 16351643, 2003.
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Background:
Irinotecan (7-ethyl-10-[4-(1-piperidino)-1-pieridino]-carbonyloxycamptothecin: CPT-11) is a widelyused potent antitumor drug that inhibits mammalian DNA topoisomerase I (Topo I). However,
overexpression of ABCG2 (BCRP/MXR/ABCP) can confer cancer cells resistance to SN-38, that is, the
active form of CPT-11. In the present study to develop a platform for the molecular modeling to
circumvent cancer drug resistance associated with ABCG2, we have characterized a total of fourteen
new SN-38 analogues by some typical properties, which were evaluated by molecular orbital (MO)
calculations and neural network (NN) QSAR technique.
Methods and Results:
The NN was first applied to estimate hydrophobic properties (LogP) of the analogues. Thereafter, the
electrostatic potential (ESP) and the salvation free energy (∆G) were evaluated by MO calculation. The
LogP and ∆G values respectively represent the hydrophobicity and the hydrophilicity of the SN-38
analogues. These indexes were found to be well correlated with the drug resistance ratio experimentally
observed in ABCG2-overexpressing cells (Fig.1). It is suggested that hydrophilic analogues carrying
OH- or NH2-groups at positions 10 or 11 in the A ring are good substrates for ABCG2 and therefore
exported from cancer cells. In
1000
contrast, SN-38 analogues with Cl or
Br atom at those positions have
Substrate
similar LogP values and high
affinities toward the putative active
100
site of ABCG2, however they were
not substrates of ABCG2. From
these results, it is strongly suggested
that hydrogen bond formation with
10
OH- or NH2-groups at positions 10
or 11 in the A ring are critically
involved in the transport mechanism
Non-substrate
of ABCG2.
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Fig.1. Correlation between drug resistance ratio (DRR) and
salvation free energy of SN-38 analogues.
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In open systems far from equilibrium, organized structures are well-known phenomena. Such
``dissipative structures'' include temporal rhythms and spatial patterns in chemical reaction-diffusion
systems, hydro-dynamical systems, optical systems and so forth cite. Among others, biological complex
structures can also be maintained by non-equilibrium conditions.

In the study of dissipative structures, systems are generally prepared in far from equilibrium states by
imposing certain constraints. For example, concentrations of some chemicals are fixed at higher or lower
levels by supplying or removing them from the outside. On the other hand, in biological systems, nonequilibrium conditions are maintained autonomously, at least when considering long time spans. As a
first step for understanding the autonomous sustainment of biological non-equilibrium conditions, it is of
interest to investigate the possibility that the longevity of the conditions for dissipative structures is
extended by the formation of the structures themselves.
Then, the relaxation processes in a closed chemical reaction-diffusion system which can potentially form
Turing-like patterns during the transient are investigated to address the question given by the title. We
find that when certain conditions are fulfilled the relaxation process is indeed drastically hindered, once
the pattern is formed. This slowing-down is shown to be due to stepwise relaxation, where each plateau
in the relaxation process corresponds to residence at a certain spatial pattern. Mechanism and
universality of the phenomena are discussed.
[1] A. Awazu and K. Kaneko, Phys. Rev. Lett. 92, (2004) 258302.
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Activity and structural changes of Horseradish peroxidase:
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Abstract
In the present paper we have attempted to correlate activity and structural changes of Horseradish
peroxidase (which found numerous applications in biotechnological use) with the effects of modification
and pH variations to extract information about its behavior in extreme situations of pH and its stability
against such conditions using kinetic, circular dichroism and fluorescence spectroscopy studies. The
systematic studies on the stability of HRP are important, since their biotechnological applications
require them to function under extremes of pH and/or temperature; furthermore there is a lack of
systematic studies providing information on the impact of pH on kinetic and structural parameters of this
enzyme. The Trp fluorescence and the kinetic constants were found dependent on the pH. Above pH 9
and under pH 6, the enzyme exhibited structural phase transitions as revealed by a decrease in the
fluorescence intensity, while circular dichroism studies in this range of pH showed almost no variation
in the CD ellipticity at 222 nm. The reduced catalytic activity of enzyme in the range of 6 > pH > 9 is
correlated to the pH induced unfolding and ionization or protonation of key protein residues. Results
from our thermal studies on MHRP at pH 5, suggested that melting of the tertiary structure to a premolten globule form takes place at 55°C, which is much lower than the temperature (Tm = 75.5°C) at
which depletion of heme from the heme cavity takes place. The melting of the tertiary structure of
MHRP at pH 5 associated with a pKa of ~ 5 indicting that this phase possibly involves breaking of the
hydrogen bonding network of the heme pocket which is responsible for keeping the heme group inside
it.

Keywords: Horseradish peroxidase; pH; Structure; Pre-molten globule
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With the aid of a microfluidic device an infinite variety of chemical microenvironments can be
presented to single patch-clamped cell. The microchip consists of 16 wells connected to channels which
exit into an open volume. Fluid flow through the chip is driven by application of pressure and has a very
low Reynolds number. Therefore upon exit into the open volume the flows viscously couple to create
one flow in which mixing occurs only by diffusion.1 Scanning of the patch-clamped cell across this flow
exposes the cell to different substrates at varying concentrations. By varying parameters such as loading
pattern, concentration of substrates, pressure applied, speed of scanning and distance from the channel
exits an infinite number of different waveforms can be presented to the cell. Waveform creation has
been verified by the use of electrochemistry. It has been shown that it is possible to create overlapping
profiles of different substances.
Many biological processes are oscillatory from the beating of the heart to the intracellular calcium
concentration. A wide variety of types of waveforms are observed from simple periodic oscillations to
bursting and chaotic oscillations.2 Additionally cells are often exposed to a complex mixture of agonists
and antagonists encoding for several different responses in one signal. Reproduction of such complex
physiological conditions is greatly simplified and speeded-up with our microfluidic system.
Combination with patch-clamp recording allows us to study the effect of oscillatory signals on ion
channel responses and thus investigate ion channel kinetics and thermodynamics in both equilibrium and
non-equilbrium conditions. We have performed measurements upon GABA receptors in response to
overlapping functions of agonist and antagonist.
Many other cellular signalling systems can also be investigated with
this system; for example the calcium oscillations resulting from
application of glucose to pancreatic beta cells can be followed by
fluorescence microscopy as well as using patch-clamp capacitance
measurements to measure the subsequent insulin secretion. Furthermore
combination with electroporation to facilitate exact control over
intracellular chemical conditions should open up even more possibilities
to investigate cellular signalling and oscillatory signalling processes.
References: [1] J. Sinclair et al, Anal. Chem. 74, 6133-8, 2002. [2]
Albert Goldbeter, Biochemical Oscillations and Cellular Rhythms, CUP
1996.
Fig.1. a) scanning principle and chip structure, b) electrochemical
verification of the creation of a bursting function.
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Phase object imaging with conventional TEM (CTEM) is severely impaired by the inherent sine
phase contrast transfer function (CTF). We present a newly developed type of phase contrast for TEM
utilizing a half-plane thin film phase plate – Hilbert Differential Contrast TEM (HDC-TEM) [1]. The
image formation mechanism is similar to that of the Differential Interference Contrast (DIC) in light
microscopy but is achieved through a novel approach. Images acquired using HDC-TEM show pseudotopographic representation of the object and demonstrate higher overall contrast compared to CTEM.
Contrast transfer theory for the HDC-TEM is presented. The phase information is transferred
through a CTF with cosine envelope and odd character in direction normal to the edge of the phase
plate. Simple reconstruction procedure is proposed removing the odd part of the CTF and giving as a
result Phase-contrast TEM (PTEM) type images [2].
HDC-TEM experimental images (ex. in Fig.1) of various biological specimens are presented
demonstrating substantial increase in contrast and detail. Various practical problems and limitations in
the application of HDC-TEM are discussed.
1. R. Danev, H. Okawara, N. Usuda, K. Kametani, K. Nagayama: J. Bio. Phys. 28, 627 (2002).
2. R. Danev, K. Nagayama, Ultramicroscopy 88, 243 (2001).
Figure 1
TEM
images
of
cyanoba
cterial
cells.
(a) 300
kV
CTEM
image of an ice-embedded whole cell (~15µm defocus). (b) 300-kV HDC-TEM image of the same iceembedded whole cell as shown in (a) (near focus).
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Biological Physics is one of the fastest growing sections in Physical Review E. In 2003, there were
approximately 400 submissions, an increase of about 10% over the previous year. Papers were
submitted in a variety of fields: general theory and mathematical aspects, biomolecules, subcellular and
cellular structure and processes, multicellular phenomena, properties of higher organisms, ecology and
evolution. Both authors and referees come from the international community. In a number of ways, we
have tried to make Physical Review a home for biologically inspired physics papers. For several years,
papers in Physical Review E and Physical Review Letters have been indexed in MEDLINE. Since
2001, Part I of Physical Review E has been devoted to Soft Matter and Biological Physics. In a further
attempt to
serve the community, a survey of the members of the APS Division of Biological Physics was
conducted in June of 2003. We will present results from the survey, information about the review
process, and a short list of tips for authors. We welcome your comments.
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Background and Methods: We describe a flexible setup for holographic steering of optical tweezers
with a high resolution reflective spatial light modulator (SLM) which can be computer controlled at a
frame rate of 60Hz. Instead of using Fourier holograms we use off-axis Fresnel holograms. After
reflection at the SLM display only the desired first diffraction order is guided to the input of an optical
microscope, disturbing orders are suppressed due to the off-axis setup. A number of optical traps can be
steered independently and it is possible to move multiple trapped particles in the focal plane of a
microscope just by “mouse-dragging” the corresponding hologram window at the SLM display.

Fig.1. Left: CCD Image of the light intensity distribution in the object plane of the microscope,
generated by six holograms [1]. The lower left “cogwheel” shaped intensity distribution results from a
superposition of two counter-propagating doughnut modes with a helicity of 5, the ring-shaped intensity
distribution in the lower middle corresponds to an optical doughnut beam, whereas the other holograms
each reconstruct a single optical focus at a different position. Right: Six microbeads with diameters
shown in the picture trapped simultaneously in the six light traps generated by the six holograms. The
upper bead in the middle is trapped in a different focal plane compared to the other beads to demonstrate
the feasibility of 3-dimensional steering of the holographic tweezers.
Results and Conclusions: Due to the use of Fresnel holograms disturbing diffraction orders are
suppressed. Transverse movement of light structures in the microscope object plane is possible without
the need for re-calculation of holograms. Multiple light spots or so-called “doughnut-modes” can be
manipulated in real-time just by mouse-dragging the appropriate window at the SLM display. Doughnut
modes are special ring-shaped modes of light which carry orbital angular momentum and can be used as
“optical spanners” or in some cases as size selective filters for biological samples.

[1] A. Jesacher, S. Fürhapter, S. Bernet, and M. Ritsch-Marte, Opt. Express 12, 2243-2250, 2004
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Infestation of Fungi and Aflatoxgenic Strains of Aspergillus Flavus in Wheat and Paddy
Straw Used As Cattle Feed
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In this study 60 samples of wheat and paddy straws were collected from Uttar Pradesh
and Rajasthan (India) revealed the presence of 60 fungal species, with 19 species of
Aspergillus(A.). Much frequent and dominant mould was A. flavus. Screening of more than
hundreds isolates of A. flavus for their aflatoxigenic nature revealed that more than 50 isolates
were toxigenic as they produces aflatoxin B1, B2 and G2 in varying amounts. The concentration
of aflatoxin B1 in wheat straw ranged, 120-4860 ppb, B2 560-780 ppb and in paddy straw
aflatoxin B1 ranged traces to 4380 ppb and aflatoxin B2 110-940 ppb. However, aflatoxin G1
was produced by one isolate each of wheat and paddy straw in the concentration of 210 ppb and
170 ppb respectively.
These findings are clearly indicated that the heavy infestation of wheat and paddy
straws by various toxic fungi including toxigenic strains of A. flavus. Such contamination is
more hazardous for cattle as well as human beings because aflatoxins are considered to be
carcinogenic in nature. Therefore, the natural occurrence of mycoflora and aflatoxins in livestock
fodder is of serious concern to human and animal health.
Email :- krunagaur@hotmail.com
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The combination of lasers and microscopes has revolutionized the field of microbiology both as a
method of imaging [1] and for single cell manipulation [2]. The use of laser scanning confocal
microscopy has made optical sectioning of cells and tissue and thus the production of three dimensional
images possible. In a multiphoton imaging microscope the excitation process is due to the absorption of
more than one incoming photon, where each photon carries only a part of the required energy to excite
the fluorophore. The photon density is sufficiently high to excite the fluorophore only in the focal plane,
and hence there is little photobleaching and photodamage in the out-of-focus region of the sample as
compared to other imaging techniques.
We will here demonstrate how optical tweezers can be incorporated into a multiphoton microscope to
achieve three dimensional imaging of trapped cells. The optical tweezers, formed by a continuous wave
1064 nm Nd:YVO4 laser, were used to trap live yeast cells in suspension while the DAPI-stained
nucleus was imaged in three dimensions using a pulsed femtosecond laser. The trapped cell was moved
in the axial direction by changing the position of an external lens which was used to control the
divergence of the trapping laser beam. This gives a simple method to use optical tweezers in laser
scanning confocal and multiphoton microscopes. It is further shown that the same femtosecond laser as
used for the multiphoton imaging also could be used as laser scissors, allowing us to drill micrometer
sized holes in the membrane of trapped spermatozoa.
[1] C. J. R. Sheppard and T. Wilson., Optik, 55(4):331-342 (1980)
[2] A. Ashkin et al., Optics Letters, 11(5):288-290, (1986).
[3] M. Goksör et al. Proceedings of SPIE 4966, 50-57 (2003)

Fig. 1. The figure shows a 3D image of the nucleus of a trapped
yeast cell and three optical sections. The cell was trapped
applying optical tweezers and the DAPI stained nucleus was
excited using a pulsed femtosecond laser. The field view of the
3D image is approximately 5 x 5 µm, whereas the optical
sections are approximately 2.5 x 2.5 µm
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Introduction: A new method of optical ultrasound generation including holographic manipulation of
the ultrasonic field is presented [1]. The acoustic waves are generated directly at the surface of the object
under investigation. Due to the illumination of the surface with an intensity modulated laser beam an
acoustic wave is generated via the optoacoustic effect that has a frequency given by the light modulation
frequency.
Methods: Our approach to optoacoustic sound wave generation is special compared to others since the
absorbing surface is not only illuminated with a plane light wave but rather a computer generated
holographic pattern is projected from a high resolution liquid crystal spatial light modulator (SLM) to
the absorber. The ultrasonic field generated in this way behaves in a pre-calculated manner and the
desired pressure amplitude distribution at the predetermined distance from the absorber is formed (e.g. a
focal spot, a “doghnut mode”, etc.).
The frequency of the acoustic wave is defined by the light modulation frequency steered via an
electrooptic modulator (EOM). Typical modulation frequencies for medical applications are in the range
of several MHz.
Results: Figure 1 shows a focused ultrasonic field that has been scanned through the water tank. This
has been achieved by changing the corresponding synthetic hologram displayed at the SLM. A possible
domain for the tool presented are special applications where pre-calculated computer-controlled guiding
of an ultrasound spot is essential.
The measurement shown in Fig. 1 is just one example of the various possibilities offered by this new
optoacoustic method [2].

[1] A. Meyer et al., Proc. SPIE 4969, 105 (2003)
[2] S. Gspan et al., J. Acoust. Soc. Am. 115, 1142 (2004)

Fig. 1. Focussed ultrasonic field scanned through the water tank; The left column of Fig. 1 shows the
computer generated holograms that have been sent to the SLM at successive times t1-t7. The location of
the resulting focal point in a plane parallel to the absorber at the corresponding times is shown in the
middle part of Fig. 1.
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In vitro electrical stimulation of eucaryotic cells has been shown to modify cellular activities such as
migration, adhesion, DNA synthesis, and protein secretion. For this reason, electrical stimulation of cells
may have important implications in tissue engineering because regulation of cellular activities in an
artificial scaffold is of great importance for controlling regeneration of tissue.
Specifically, nerve cells from both the central and peripheral nervous system respond to electrical
stimulation and transmit electrical signals. To date, however, this important and unique characteristic of
nerve cells has not been used in conjunction with basic research of stem cell cultures. Therefore, a
unique laboratory setup for electrical stimulation of cells cultured on an indium tin oxide (ITO)-coated
glass electrode has been adapted for in vitro studies [1]. The setup allows a well-defined alternating
current to be passed through the cell culture medium, exposing the cells to the electrical stimulation.

Previous experiments with osteoblasts (bone-forming cells) using this specific experimental setup
resulted in increased cell proliferation, upregulation of mRNA for collagen type I, as well as enhanced
accumulation of extracellular calcium [1]. We are currently studying the effect of electrical conditions
(i.e., magnitude of current, frequency, and time of exposure) on the growth and differentiation of neural
stem cells and skeletal muscle cells.
[1] P. Supronowicz, P.M. Ajayan, K.R. Ullman, B.P. Arulanandam, D.W. Metzger, R. Bizios, J Biomed
Res 59: 499-506 (2002).
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Arginine-rich peptides, penetratins, a part of a number of cellular and viral proteins, can be
transferred across plasma membrane directly without participation of endocytosis. We show, that the
most known penetratins - the basic domain (47-57) of HIV-1 transcription factor Tat (Tat-peptide) and
basic fragment of homeodomain third helix of transcription factor Antenopedia can be used for delivery
of plasmid DNA into cells. Transfection efficiency of cultured cells by DNA/Tat complexes is
stimulated by free Tat-peptide, most likely because it protects DNA/Tat complexes from disruption by
anionic proteoglycans of cellular surface. Our data support the endocytosis-dependent mechanism of
DNA/Tat complexes uptake by mammalian cells.
The main obstacle in design of non-viral DNA delivery systems is their low efficiency at systemic
use in animals in spite of a reasonably high foreign gene transfer into cultured cells. In our experiments
we obtained similar results after intravenous injections of DNA/Tat complexes into mouse tail vein. The
key role in these processes is ascribed to interactions of complexes with plasma proteins, specifically
with serum albumin. We have found out that serum albumin (BSA) can bind to free Tat-peptide as well
as DNA/Tat-peptide complexes. Moreover, the addition of BSA to the cells simultaneously with
DNA/Tat complexes resulted in a dramatic decrease of the reporter gene expression level. Low level of
foreign gene expression in the liver of mice undergoing intravenous injections of positively charged
DNA/Tat complexes is accounted for inactivation of DNA/Tat complexes in bloodstream because of
their interactions with serum albumin. Our results suggest, that BSA is able to change the internalization
pathways of ternary DNA/Tat/BSA and Tat/BSA complexes by targeting them to the late
endosomal/lysosomal compartments with their subsequent degradation. The presented data should be
taken into account under attempts of versatile gene delivery systems developing based on penetratin
application for human disease therapy.
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Background/aim: Computation of the electronic state of large molecules has recently become possible
by the Fragment Molecular Orbital (FMO) method [1]. FMO is highly parallelizable and scalable, and
is therefore suitable for large scale ab initio MO calculations of biological molecules. In this poster,
several FMO computations of proteins and DNA are shown to demonstrate the performance of the
method.
Methods: The FMO method has been implemented into three MO programs: Gaussian 94 [1], ABINITMP [2], and GAMESS [3]. The ABINIT-MP program has been merged with a molecular modeling
package PEACH to implement the FMO-MD method [4, 5].
Results & Discussion: Parallel efficiency, precision, and other properties of FMO will be presented and
discussed. Also, FMO computations of the Estrogen-receptor [6], pheromone binding protein [7], FMOMD simulation of a model peptide [4], and some other FMO computations will be presented.

[1] Kitaura, K., et al., Chem. Phys. Lett. 313 (1999), 701.
[2] Nakano, T., et al. Chem. Phys. Lett. 351 (2002), 475.
[3] Fedorov, D. G., et al., J. Comput. Chem. 25 (2004), 873.
[4] Komeiji, Y., et al., Chem. Phys. Lett. 372 (2003), 342.
[5] Komeiji Y., et al., Comput. Biol. Chem. 2 (2004), 155.
[6] Fukuzawa et al., Pure Appl. Chem. 75 (2003), 2405.
[7] Nemoto et al., submitted (2004).
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Background: Molecular dynamics (MD) of proteins is studied either by theoretical (MD simulation)
or by experimental (for example, NMR) techniques. The S2 and τ values which characterize the time
dependence of correlation motion function, are obtained using the NMR technique [1]. These values also
can be calculated from the MD simulation data. However in most reported studies the S2 values
evaluated from a MD simulation lay considerably lower than those obtained from a NMR
measurements. In this work we propose possible method to avoid this disagreement.
Methods: As model system the MD simulation trajectory of HIV–1 protease in water was used [2].
The least – square fitting of Cα - atoms to starting structure was applied in order to remove the overall
protein motions. The internal correlation motion function (CMF) was calculated using our program
developed on the basis of the GROMACS [3] template.
Results: The analysis of time dependent internal CMF shows that this function should be
approximated using extended model – free analysis [4]. The S2 and τ values were calculated by
minimization of the function:
L( S 2 , S 2f ,τ f ,τ s ) = ∑ Pi (Ci − ( S 2 + (1 − S 2f ) exp(−ti / τ f ) + ( S 2f − S 2 ) exp(−ti / τ s ))) 2 ,
(1)
i

where S2 is order parameter, S2f is order parameter of fast motions, τf and τs are correlation times for
fast and slow motions, Ci is internal CMF value for time ti, Pi is the statistical weight for CMF value
corresponding to the time ti. The Pi is equal to the number of frame pairs obtained during the simulation
with time difference equal to ti. The minimization was performed using Newton method. The function’s
(1) argument initial values sets covering all realistic field of these argument values were used in
minimization. Afterwards the argument values set was chosen to correspond the smallest function value.
The calculated S2 values are in the good agreement with those obtained by NMR [1] using the extended
model – free analysis. However, for the residues processed by simple model – free analysis in [1] our S2
values lay considerably lower. We obtained the following expression for S2 value comparable with
NMR data processed by simple model – free analysis on the basis of equation for the spectral density
[4]:
S2comp=1+S2-S2f
(2)
The calculated S2comp values are in a good agreement with those obtained by NMR using simple
model – free analysis.
Conclusion: The algorithm allows one to calculate S2 by smoothing the internal CMF. Using
equation (2) allows one to improve the agreement between NMR and MD for S2 values obtained from
NMR using the simple model – free analysis.
[1] D.I. Freedberg, R. Ishima, J. Jacobs etc., Protein Science, 11, 221 (2002)
[2] D.B. Kovalsky, O.S. Ivanova, V.M. Dubyna etc., UBChZh, 76, 128 (2004)
[3] E. Lindahl, B. Hess, D. Van der Spoel, J. Mol. Mod., 7, 306 (2001)
[4] G.M. Clore, A. Szabo, A. Bax etc, J. Am. Chem. Soc, 112, 4989 (1990)

B12-404
Effect of Rotation on the Growth of Plants.

K. S. Manju, A. R. Sheeja Nair and C. Radhakrishnan.
Physics Department, University College, Palayam, Thiruvananthapuram-695 034, India
We studied the physical, chemical, physiological and anatomical changes that occurred in a
plant, as a result of the rotation of the plant, during its growth.
Celosia Argentia seeds were sown in a soil-sand bed. Seedlings of size varying from 9 cm to 12
cm were transplanted to cans filled with identical composition of soil, sand and manure. Eight of these
plants were rotated on a wooden platform of 80 cm diameter at distance of 30.2 cm from the centre.
Eight other plants were kept in identical conditions as control group. The platform was rotated with 32
r.p.m daily from 9:30 am to 3:30 pm. The following results were found. The average flower length of
the controlled group of plants was 1.349 times longer than that of the rotating group. The average height
and stem circumference of the controlled group of plants were respectively 1.363 and 0.882 times those
of the experimental group. Extensive alterations in the conjunctive tissues and changes in the structure
of the vascular bundles were observed. The average chlorophyll and soluble protein contents of the
leaves of the experimental group were respectively 2.56 times and 0.37 times that of the control group.
Rotation of the Earth on its own axis and the revolution of the Earth around the sun have
influenced the type, size and shape of the various living organisms on the Earth and our study gives vital
clues about these changes.
Topics + Keywords: Effect of rotation on the growth of plants, Celosia Argentia, Soluble protein
synthesis, Chlorophyll synthesis.
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Background/aim: A cuticle in a mammalian hair fiber is an outermost layer, stacked with about 10

cornified sheet-like cells [1]. The thickness of the cuticle is about 5 µm. A cell membrane complex
(CMC) between the adjacent cells is composed of upper β-, δ- and lower β-layers. Both β-layers are
formed of thin lipid layers. It plays an important role concerning penetration of water and reagent into
the center of the fiber. To obtain structure parameters, we present a method for analyzing small-angle Xray scattering profile of CMC in the cuticle.
Methods: X-ray diffraction experiments were carried out at high flux beamline (BL40XU) of SPring-8

in Japan [2]. A micro X-ray beam of 5 µm in diameter was obtained through two pinhole slits. The
wavelength of the X-ray beam was 0.08 nm (15 keV). The sample-to-detector distance was about 2.4 m.
We used a rat whisker as an unaffected fiber. It was cut off by scissors and washed three times by
sonication in pure water for 5 minutes.
Results: Fig. 1 shows the diffraction pattern of cuticle in a rat whisker and the best-fit curves. We

calculated the Fourier transform of a square-wall CMC model and I(S) multiplied by S4 is drawn to
exhibit a better fitting over wider range of S. It exhibits a series of oscillations modulated by an
undulation with a longer period (thin line). The oscillations correspond to the distance between two βlayers, whereas the undulation depends on the thickness of a βlayer. Furthermore we found the fitting is improved by taking
distribution in the thickness in each layer into account (thick
line).
Conclusions: Diffraction with a micro X-ray beam allowed us to

analyze the detailed structure parameters of cuticle on the basis
of a simple structural model with or without distribution.
[1] L.N. Jones, Clin. Dermatol. 19, 95-103 (2001)
[2] K. Inoue et al., Nucl. Instrum. Methods Phys.
Res. A 467-468, 674-477 (2001)

Fig.1 X-ray diffraction profile of
cuticle and fitting curves
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Current sequencing techniques require time for cutting DNA at specific points, producing
various primers based on these sections, and gel electrophoresis to determine the final sequence. We are
working on an additional tool to determine the sequence of purines and pyrimidines. This would greatly
speed the sequencing process. This technique uses an AFM to pull a cyclodextrin molecule over a
tethered DNA molecule. We hope to see differing forces caused by single-ring pyrimidine or doubleringed purine. This process requires the synthesis of a novel rotaxane-oligo complex tethered to a mixed
self assembled monolayer and the functionalization of AFM tips. Proofs of concept experiments have
been performed matching data to a worm like chain model and stopper experiments using a large
molecule at the free end of the DNA strand to determine threading.
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The immobilization of cells with an optical tweezers has several advantages compared to immobilization
onto poly-lysine covered glass surfaces. For instance, the whole membrane of the cell is active in the
case of the optically trapped cell and surface induced effects can be avoided. Combining optical
tweezers with spectroscopic tools sensitive enough to register conformational changes caused by
environmental stimuli is of great value for many biomedical applications. We will here show how
integrating optical tweezers into a Raman micro-setup enables the monitoring of the oxygenation cycle
of the hemoglobin (Hb) within single functional trapped red blood cells (RBC). The experimental
system consists of a Renishaw 2000 micro-Raman setup combined with an optical trap in a double
microscope configuration having separated optical paths, lasers and objectives. This enables the
recording of resonance Raman profiles of single cells excited by an Ar-ion laser operating at 514.5 nm,
while trapping is achieved with an Nd:YAG laser operating at 1064 nm. To have good control over the
environmental changes our setup is equipped with a microfluidic system consisting of channels and
reservoirs moulded in PDMS. The pattern is specially designed for the experiment and created by
sophisticated electron beam lithography. The varying flow of fresh Hepes buffers or buffer containing
sodium dithionite is achieved by applying a voltage over a channel connected by two reservoirs, while
the direct Raman response of a single red blood cell exposed to the environmental stimuli is registered in
another reservoir in the middle of the channel. This experimental setup has high capability of monitoring
the drug response or conformational changes caused by other environmental stimuli for many types of
single functional cells since “in vivo” conditions can be created.
[1] K. Ramser et al., Journal of Biomedical Optics 8, 173-178 (2003)
[2] K. Ramser et al., Journal of Biomedical Optics 9, In press (2004)
[3] K. Ramser et al., Proceedings of SPIE 4962, 271-277 (2003)

Fig. 1. Time series of stacked spectra
showing the oxygenation cycle of a single
optically trapped RBC, which is exposed
to a constant flow of Hepes buffer. After
40 s sodium dithionite is added to the
sample. After that fresh Hepes buffer is
flushed through the reservoir and after ∼
750 s the RBC turns into a mixed oxydeoxyHb state again before finally
reaching the inactive metHb state after
790s.
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T

he doctrine of trans-substantial motion is one of the striking contribution of Mullà
Sadrà (1572-1640) in philosophy which have been treated in detail by his successors
and resulted in the emergence of new outlooks in philosophy.
The idea of trans-substantial motion is the product of Mullà Sadrà’s creativity and is based on
the ideas of his predecessors on motion. One of the consequences of this doctrine is the idea of
jismàniyyat al-åudêth wa ruåàniyyat al-baqà (the soul is created with the body but becomes immortal
and spiritual through the spirit), which is based on the inextricability of the soul with the body.
According to Mullà Sadrà, the soul is created with the body and will be developed and never comes to
an end. Finally, it will be cleared that the soul will create the body once again.
The advent of quantum mechanics brought in its wake a change in physics and gave rise to
modern physics. This theory is bases on the unity of the concepts of wave and particle, which resulted in
a new outlook towards matter. In modern physics the concepts of wave and particle are complementary
to each other and matter comprises both wave and particle.
The present article is an attempt to make a comparative study of Mullà Sadrà’s idea of the soul
and the body with that of wave and particle in modern physics. Finally, it will be cleared that firstly, the
present characteristics of matter is more complicated than before. Secondly, it will be proved that there
is a close relationship between physics and metaphysics. Moreover, with the help of a witness we will
prove that in the history of human thought there was a close relationship between philosophy and
science.
References:
[1] Nicolas Kapaldi, Philosophy of Science, 1997(Persian translation)
[2] A.Einstein&P.Infield, Evolution of Physics, 1955 (Persian translation)
[3] A.Beizer, Concepts of Modern Physics, 1987 (Persian translation)
[4] L.W.H.Hull, History and Philosophy of science, 1996 (Persian translation)
[5] H.Rashed, Two Eastern and Western Philosophers, 1976
[6] A.Soroush, Subject of Changing Universe, 1998
[7] A.M.Meshkat-o-Dini, Review of Mulla Sadra’s Philosophy, 1966
[8] M.Plank, Where is going Science?, 1975 (Persian translation)
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The purpose of this study is to find a new concept for language that would be existed in the non coding
(intron) or statistical genes.
In 1992, Li, Kaneko, Voss and Stanley et al., have proposed a technique for the calculation of the 1/f noise of
DNA base sequence in genes [1]. By Wiener-Khinchin theorem, Fourier transformation of correlation function
gives the power spectum for the corresponding function. The sample of base sequence is denoted as X (β)(τ) = <X
(n)X (n+τ)>, where β is each of base type A, T, G or C. If the base type at two site is same for distance τ, we
defined as a function of <X (n)X (n+τ)>= 1, and otherwise 0. Squared of Fourier transformation of the sample X
(β)(τ) yields power spectrum S (β)(f ) of the base type β.The 4 type of spectra in the same base sequence are
averaged together and the resulting power spectrum S (f ) of sample sequence X (n) is obtained. The exponent α
of 1/f α noise in power spectrum S (f ) is analyzed by components below the 23 lower frequencies. We have
discussed the power spectra for bacteriophage Φ X174 DNA, human p53 and p51 tumor suppressor genes and
human mitochondrial base sequences. Transition - like for a first order of the exponent α as a function of
accumulated p53, p51 and Φ X174 DNA base numbers has been found by the calculation of power spectra [2].
These results may give a possibility of a new way of finding an appearance of functions involving in non-coding
region of the DNA sequence.
In summary, there exists a power law 1/f noise in p53 and 51, and every 11 genes and complete base sequence
of Φ X174 . Transition and fractal for exponent α and 1/α with respect to the accumulation of sequence numbers
are also existed in Φ X174, p51 and p53 , respectively [2]. New three groups or cooperative genes have been
found in a fractal analysis for the size effect of the 11 genes in Φ X174. Finally, a fractal nature of gene length
has been observed in Φ X174 DNA base sequence as κ = (1/8) N –1.8, where κ is an inverse of the gene’s length
and N is an order of the gene.

[1] W.Li and K.Kaneko, Europhys.Lett., 17:655 – 660(1992) ; Nature, 360:635 – 636(1992) ; R.F.Voss,
Phys.Rev.Lett., 68:3805 – 3808(1992) ; H.E.Stanley , et al., Nature, 356:168 – 170(1992) ; Phys.Rev.Lett.,
73:3169 – 3172(1994)
[2] E.Takushi, Power Spectra of DNA Sequences in Phage and Tumor Suppressor Gene, Genome Informatics,
13.412 – 413(2002); E.Takushi and H.Miyagi, Bull.Facul.Sci .Univ.Ryukyu, No.72:43 – 47(2001)
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The Neocapritermes opacus termite (N.o.) is the only prey of the migratory ant Pachycondyla marginata
(P.m.). The ant migration is significantly oriented at an angle of 13o relative to the magnetic NorthSouth axis [1]. The geomagnetic field is a possible cue to yield this migratory information based on the
magnetic iron oxides found in this ant [2]. More recently room temperature hysteresis curves were
obtained for both N.o. and P.m.[3] showing that the magnetization saturation and coercive field are
higher for the termite than for the ant. The magnetic parameters fall in the range of magnetite pseudo
single or multi-domain particle values.
Three heads and one oriented body (abdomen + thorax) of worker termites were cooled in a 3.4 kOe
magnetic field to study orientation effects by Magnetic Resonance (MR) with the magnetic field parallel
(N.o.//) and perpendicular (N.o.⊥) to the long body axis.
The broad line in the g = 2 region, associated to isolated nanoparticles shows that at least 97% of the
magnetic material is in the termite’s body (abdomen + thorax). The spectra temperature behavior is
typical of synthetic superparamagnetic nanoparticles and also observed for the high field component of
P.m. ant abdomen spectra [4]. From the temperature dependence of the resonant field and spectral
linewidths, the existence of magnetic nanoparticles 18.5 ± 0.3 nm in diameter and an effective magnetic
anisotropy constant, Keff between 2.1 and 3.2 x 104 erg/cm3 are estimate. The sudden change in the
double integrated spectra at about 100 K for N.o.⊥ is attributed to the Verwey transition. Since MR
spectra of N.o. oriented parallel (N.o.//) or perpendicular (N.o.⊥) to the magnetic field ought to be due to
the same particle system, the differences between these orientation behaviors can be related to the
magnetic particles arrangement. An organized film-like particle system could account for this
observation.
The nanoparticles in the head could only be derived from biomineralization and/or cuticular
contamination processes [2] while in the body they could be due to biomineralization and the
accumulation of ingested materials in the digestive apparatus. Although the latter case should not be
related to a magnetic orientation process, the magnetic anisotropy changes observed and the suggested
geometric arrangement indicate that some of the nanoparticles in N.o. body can involved with the
magnetoreception process. Although there is no report on magnetoreception for N.o., it was observed in
foraging of another termite species, Trinervitermes geminatus [5]. These results present a novel
application of MR to determine the organization and magnetic parameters of iron oxide particles in
termites.
[1] D. Acosta-Avalos et al, Naturwissenchaften 88 (2001) 343-346.
[2] D. Acosta-Avalos et al, J. Exp. Biol. 202 (1999) 2687-2692.
[3]D.M.S. Esquivel et al, J. Mag. Mag.Mat. (2004) in press
[4] E. Wajnberg et al, Biophys. J. 78 (2000) 1018-1023.
[5] M. Rickli, R.H. Leuthold, Ethology 77 (1988) 209-216
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Background/ aim: FtsZ is a bacterial homolog of tubulin that is essential for prokaryotic
cytokinesis. During cell division, FtsZ localizes into a ring in the division site, the Z-ring, that constricts
as the septum grows inward. In vitro, FtsZ bound to GTP assembles into polymers which structure and
dynamics have been characterized in solution with electron microscopy and sedimentation equilibrium
experiments (1,2,3). However, the polymer formed in vivo assembles on the cytoplasmic side of the
inner membrane. It has been suggested that membrane lipid domains can induce polymer formation (4).
It is therefore also of interest to characterize the structure and dynamics of the polymers on surfaces.
Methods: Purified FtsZ protein was polymerized in solution, the presence of GTP,
adsorbed on mica and on lipid supported membranes, and observed in solution with an atomic force
microscope.
Results: The structure of the FtsZ polymers was studied with lateral spatial resolution allowing
the visualization of individual protofilaments. The substrates used were mica and supported lipid
bilayers of different lipid composition formed from the fusion of lipid vesicles on the mica surface.
Time course images of the depolymerization process of the filaments on the mica surface as the GTP is
consumed were taken. These experiments revealed that the filaments have a very low affinity for a pure
lipid surface and that during the depolymerization process the protofilaments rearrange on the surface
with a high tendency to formed curved and closed structures.
Conclusions.:
1) Filaments in buffer solution are single stranded, can adopt curved structures
have a strong tendency to interact laterally and to form continuous strands of filaments without free
ends.
2) Filaments assemble and disassemble along their whole length and not only
from open ends, which are rarely seen .
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AFM image of FtsZ polymers formed in physiological buffer
on mica showing individual protofilaments
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The aim of the project were in vivo studies of possible interactions of a chemical and a
physical factor: inorganic manganese and low or high frequency electromagnetic field (EMF) within
biological structures of the rat´s brain. The problem was to detect potential transport of manganese
(which although essential element, when in excess within the brain structures can manifest as a
neurotoxic element) across the blood-brain barrier of the rat modified by simultaneous exposure to
EMF.
Methodical data: biological material - Wistar female rats (220-250g, n=8 per group) were
used in all experiments reported. The behaviour of rats within following tests was closely observed by
specialists of the neurotoxicological department.
The first series of tests included studies with low frequency EMF and the exposure of
rats was realized in the solenoid chamber with parameters: 50 Hz and 10mT, the exposure period was 1
hour. Two manganese substances were individually tested and were administered by intratracheal
instillation. Rats acquired an acute dose of manganese dioxide (25.28 mg Mn/kg b.wt. twice within 24
hrs.) or subchronic dosage of manganese sulphate (0.48 mg Mn/kg b.wt. twice per week for 3 months).
Experimental groups of rats were additionaly to Mn dosage subdued to EMF exposure: all individual
manganese doses were preceeded by EMF exposure.
In a second series of tests the impact of exposure of rats to the simulated radiation from the
mobile phone, f=900 MHz, radiated power 1W, was observed. This test has included an acute exposure
to EMF for 30 minutes. Rats were exposed to simulated radiation 24 hours after manganese sulphate
intratracheal instillation in a dose of 2.88 mg Mn/kg b.wt. Only the head of individual rats was exposed
to EMF radiation. Manganese was used again as a marker of blood-brain barrier integrity.
Results indicate, that significant increase in brain Mn content in Mn+ EMF group as
compared to Mn only was detected within acute test with 50 Hz (P<0.05). Significant results,
manifesting positive effect of EMF on the increase in brain manganese content in case of soluble
manganese sulfate in much lower individual doses, compared to acute test, were also ascertained within
subchronic test with 50 Hz (P<0.05).
Statistically significant increase in brain Mn content for Mn + EMF group as compared to
Mn only was ascertained within preliminary tests with 900 MHz radiation (P<0.05). The results
acquired are being verified under the same experimental conditions.
Conclusion: on the basis of results acquired it seems, that under experimental conditions
applied a certain interaction of chemical and physical factor within the rat´s brain could be observed.
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Acknowledgement of COST OC 281.004 grant from the MŠMT.

