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Introduction and aims of the study

Active ion translocation across the biological membranes is the key feature of liv-
ing organism sustaining the interior content of the cell different from the extracellular
side. The maintenance of ionic gradients and membrane potentials is one of the bio-
chemical functions performed by the transmembrane ion transfer. Adenosine triphos-
phate (ATP), one of the main compounds regulating the energy exchange in the cell, is
comprised due to transmembrane proton (H") gradient generated in the course of photo-
synthesis [1,2], respiration [2] or other biological reaction. Protons are also involved in
vision regulation due to the presence of a special membrane protein rhodopsin. Similar
photoinduced proton translocation is fulfilled by bacteriorhodopsin [3], yellow or green
proteins [4]. The active center of bacteriorhodopsin consists of the retinal chromophore
connected to the protein via the protonanted Schiff base with bound water molecules in
the local environment [5]. Retinal (a variant of vitamin A) is synthesized from S-carotene
in living organisms [2]. The latter corresponds to the type of carotenoids, which also
play an important role in photosynthesis [1]. In addition to the light-harvesting function
together with chlorophyll molecules, carotenoids also perform a protective role as
antioxidants [6]. However, all these mechanisms fulfilled by carotenoids are not fully
understood [1,7]. Despite of the similarity of structural arrangements this type of mole-

cules accomplishes different functions in different systems.

Modeling of biological systems and processes is complex and often limited to an
individual molecule estimating its energy states only. For carotenoid (Car) molecules
such estimation is not an easy task, to achieve a desired accuracy the electronic
correlation has to be necessarily taken into account [1,6,8]. It is noteworthy that Cars
present in photosynthetic antenna of plant photosystem II, so-called LHCII, are involved
in the Non-Photochemical Quenching (NPQ) taking place at high light conditions [8]. To
determine the mechanism responsible for NPQ it is not enough to model the electronic
structure and spectra of individual molecules, their mutual interactions as well as their
interactions with a surrounding environment have to be taken into consideration. Exact
calculations and simulations of an individual molecule are often possible only with accu-

rate ab initio methods, which require large computing resources: supercomputers and



computing clusters. However, it is well-known that various properties of molecules are
influenced by the environment. To understand aspects of such influence, simplified

methods of calculation should be developed and used.

Bacteriorhodopsin (BR) is the membrane protein implementing the active proton
pumping through the purple membrane (PM) of Halobacterium salinarum after the green
light absorption by retinal [9]. Site directed mutagenesis combined with various spectro-
scopic methods, crystallographic studies, and molecular dynamic simulations revealed
many details of the structure and its changes in the course of the BR photocycle. How-
ever, a number of questions concerning electrodynamics and electrostatics of this photo-
active protein, which is believed to be of a particular technological interest, are still un-
answered [10]. Membrane proteins are asymmetric in most cases due to the presence of
surface electric charges and dipoles. This electric asymmetry seems to be responsible for
the driving force of the proton translocation across the membrane [11]. Moreover, the
photoelectric response is usually defined from relevant measurements of the dried films,
thus, the calculated dipole moment (DM) should be compared with the value deduced

from the experimental measurements of the dried films.

Inter- and intra-molecular proton transfer is among the main critical reactions,
which take place in BR and in other complex molecules and biological systems. The in-
tra-molecular reaction usually is coupled to molecular twisting and/or changes in a mo-
lecular solvent shell as a result of the charge redistribution caused by the proton transfer
and the sterical hindrance [12]. The inter-molecular proton transfer as a rule follows the
proton pathways predetermined by the hydrogen bonding network. The nature of hydro-
gen bonding is an open question partly due to a large variety of such networks in differ-
ent systems. The origin of the proton driving force in this type of reactions remains still
to be disclosed. For this purpose studies of numerous model systems constituting in-
tramolecular hydrogen bonds are of large importance by searching for their thermody-
namic and structural stability. Moreover, some molecular structures could also resemble
the BR active center or other proteins. It is demonstrated that the environment and its
structural arrangement play the dominant role by determining the driving force for the
proton translocation through the hydrogen bond network [13]. However, detailed studies

of the possible role of polar solvents, such as, for instance, the external water present in



the vicinity of the molecule performing the intramolecular proton transfer, the possible
effect of the external electric field on the photoinduced proton transfer are still lacking.
Sensitivity of these results on the approach of the quantum chemical calculations is also

not considered yet. Here such type of studies will be presented.

Functional groups, such as —OH or —-NH2 in combination with —CO, -N=N- or
=NH groups, are known by their ability in constructing pathways of inter- and intra-
molecular proton transfer. This type of reactions plays important role in chemical phys-
ics and biophysics. Imine is a typical moiety present in molecular compounds containing
the Schiff base as a functional group [14]. Aromatic anils corresponding to the imine
type formation derived from aniline with phenyl or substituted phenyl moieties, are well-

known by their photo- and thermochromic properties.

Intramolecular proton transfer in anils is associated with enol-keto tautomeriza-
tion. The tautomerization reaction makes anils interesting for their possible applications
in photochemical energy conversion, photoprotection, and other photochemical applica-
tions. Such tautomerization reaction in the excited state has been observed in a vide vari-
ety of anil molecules, however still remains not clear how this reaction depends on the

molecular structure and environment conditions.

A photoresponsive chemical system is essential to their possible biological func-
tions. It is interest to mimic such photobiological systems for the purpose of the relevant
artificial construction. Stilbazole is a chromophore, which can be used as a photoswitch,
having double bond between two carbons. Stilbazole structures may be used for a mo-
lecular monolayer formation. However, stilbazoles are sensitive to environment and
quantum chemical studies are needed for better understanding of their photoswitching

abilities.

The process of photosynthetic light-harvesting is highly flexible to enable photo-
synthesis to function optimally at fluctuating light intensities. In higher plants the major
light-harvesting antenna is LHCII, trimeric arrangement of three near-identical mono-
meric subunits. Each monomer binds a total of fourteen chlorophyll and four Car (xan-
thophyll) molecules. The LHCII monomer consists of eight chlorophyll-a and six chlo-

rophyll-b molecules. The xanthophylls have been identified as two lutein molecules, oc-



cupying two sites at the centre of the LHCII monomer, a neoxanthin molecule and a
fourth xanthophyll occupying a site, labeled V1, of the trimer. /n vivo the major, rapidly-
reversible component of NPQ, known as qE, is driven by the formation of the trans-
membrane proton gradient (ApH) which leads to the protonation of the PsbS protein,
LHCII proteins and the activation of the violaxanthin de-epoxidase enzyme, triggering
the conversion of LHCII-bound violaxanthin into zeaxanthin at the V1 site (known as the
xanthophyll cycle). NPQ is correlated with a number of alterations in LHCII-bound pig-
ments, the most famous of which is the appearance of a particular red-shifted band in the
NPQ related absorption difference spectra. The exact origins of it however remain less

clear [1,7,15].

The electronic excited state level structure and the excited state relaxation proc-
esses in Cars are not quite good understood. Cars are pigments in which the linear
polyene chain is primarily responsible for the absorption in the UV, visible and near IR
spectral region. The lowest lying excited state, Sy, is of the same symmetry as the ground
state (21Ag7), therefore, the Sy — S, transition is optically forbidden. The transition to the
second excited state, which is of the 1'B," symmetry, is optically accessible. Strong elec-
tron correlation in the conjugated chain of Cars plays a decisive role by determining po-
sitions of the excited states and oscillator strengths of the corresponding optical transi-
tions. Because of that the electronic spectra of Cars are expected to be very sensitive to
any type of deformation caused by their protein/pigment surrounding. A detailed knowl-
edge of the electronic spectra of Cars is required for understanding their light-harvesting
functions and, in particular, for identification of their possible role in NPQ. That can
only be achieved by means of the extensive quantum mechanical calculations taking the
potential configuration changes of Cars into account and considering a likely impact of

the protein/pigment environment on their electronic spectra.

Variability of the molecular properties depending on their environmental
surrounding is considered in this work. We model the systems, which have the biological

relevance. The discussion of the results is mainly rest on the experimental observations.
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Main goals and objectives of the thesis

The main objectives of the thesis are based on results, which follow from compu-

tational quantum chemistry methods. They are:

¢ to study main spectral features of 2 - (N-methyl-a-iminoethyl)-phenol molecular
structure and their dependence on molecular environment (solvent molecules) due

to a possible hydrogen-bond network formation;

e to investigate the possible conformational changes in the N-
triphenylmethylsalicylidene iminie molecule due to the presence of the hydrogen-

bond network of the solvent molecules;
e to determine the dipole moment of the bacteriorodopsin protein;
¢ to study the influence of the solvent molecules on the stilbazole structure;

e to analyze the lowest electronic excited state properties of carotinoids: the first
excited state of a single molecule (lutein), the allowed the lowest states of dimers

(zeaxanthin, violaksantin).

The novelty of the study

1. For the first time it is shown that the polar solvent molecules responsible for the
hydrogen-bond network formation and zero point vibrational energy have to be
taken into account by estimating the potential energy surfaces responsible for the

proton transfer pathways.

2. It is shown that the formation of conformational states of anil molecules competes
with formation of the solvent clusters depending on polarity of the solvent. Calcu-

lations results explain the experimental observations of the spectral evolution.

3. The dipole moment of bacteriorhodopsin was identified to be mainly determined
by the dipole moment values of cytoplasmic and extracelullar coils. These results
allow us to explain the experimental data obtained by electro-acoustic and photo-

response measurements and to postulate the origin of the proton driving force.
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4. As follows from calculations the stilbazole molecules could be found in two con-
formations depending on the presence of the solution. These discoveries allowed

us to explain the experimental results.

5. The excited electronic states of carotenoids are sensitive to the environmental
conditions and their excited electronic states are modulated as a result of the pro-

tein environment.

The defended propositions
The following conclusions of the thesis are proposed for the defense:

e Intra- and intermolecular proton transfer of anil class molecules are determined by

the hydrogen-bond network arranged by the solute and the solvent molecules.

e Proton transfer in membrane proteins is driven and controlled by bound water

molecules and the electric field of the membrane.

e Stability of benzenoid and quinone forms of cyanine molecules is defined by in-

teraction with polar molecules present in the solution.

e Biological activity of photosynthetic light-harvesting complexes is caused and/or
reflected by mutual interaction between carotenoid molecules and their environ-

ment of pigment-proteins.

In practical terms, the significance of the thesis is defined by its main task — the
study of the possible influence of the environment on the specific molecules of biologi-
cal relevance. The obtained results are used for interpretation of various experimental

results.
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Outline of the thesis
The thesis consists of seven chapters and the list of references.

The introduction to the possible impact caused by environment of organic mole-
cules is given in the first chapter. The biological relevance of the problem as well as the

main tasks, objectives and practical novelty are also briefly outlined.

The second chapter describes the computational methods and working methodol-
ogy of the thesis. Theories, methods and software packages, which so far are available,
are introduced and described. Theoretical approaches, which should be chosen for simu-
lation of the energy spectra of various molecular structures and possible external influ-
ences on the system under consideration, are discussed. For simulations and modeling
several quantum chemistry computational and molecular mechanics packages, such as
Gaussian 03, NwChem, Orca, Gamess US, Gamess PC, Molpro, Molcas, Amber, Mopac,
etc. Computational packages based on ab initio, DFT, MM semi-empirical methods are

presented.

Problem considering the possibility to trigger the ground-state and photoinduced
proton transfer by the hydrogen-bond network is described in the third chapter. For this
purpose the quantum chemical calculations of the potential energy surfaces of the 2-(N-
methyl-a-iminoethyl)-phenol molecule (Fig. 1) are fulfilled at presence of additional wa-

ter or ethanol molecules.

_ ,..rH'u.hJ,/CHi

|
c

I_:‘,-H.H”’_,CH; G?,_',.H\ﬁf.cH;
I |
c c

\\CHg H“cni N‘CH;

A B C
Fig. 1 Different configurations of 2-(N-methyl-a-iminoethgyl)-phenol molecule: MIEP-

OH (A), MIEP-OHN (B) and MIEP-NH (C) structures.
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The first task in the chapter was to determine the most “economic” basis set
providing us with reliable results for relative stability of the structure and with the
corresponding energy barriers. The results practically do not change at computation

levels B3LYP/6-311+G(2d,p) and B3LYP/6-311++G(2d,p).

In order to expose the influence of the surrounding environment on the proton lo-
calization in the 2-(N-methyl-a-iminoethyl)-phenol molecule the relative stabilities of
the structures containing water molecules as shown in Fig. 1 A, B, C were analyzed. In
vacuum the proton is predominantly localized at the oxygen atom, while the proton
transfer to the nitrogen atom is substantially enhanced with the amount of water or etha-
nol molecules as a result of the hydrogen bond network (Fig. 2). Additional external per-
turbation by the applied electric field does not make any substantial influence on the

structural arrangement and the potential energy surface.

412 MIEP-OH MIEP-OHHN MIEP-NH
EEEV nm:

none
1 H:O
2 H,O
2 H,0
4 H,0

008 S
006 S
004 -

ARES

Doz ]
D.op —-
-002 .
-I:I.I:I4—-
-0.06 -
-00E i
010 —-
012 .

014

-0.18 — T T T T T T T T T T T 1

Fig. 2 The relative total energy of 2-(N-methyl-a-iminoethyl)-phenol molecules for
MIEP-OH, MIEP-OHN ir MIEP-NH structures (Fig. 1) without water and with water

molecules. Zero point energies are also taken into account.

14



Effects caused by water environment in the photoinduced proton transfer are con-
sidered. The quantum chemical calculations of the potential energies surface of the 2-(N-
methyl-a-iminoethyl) phenol molecule at presence of additional water molecules are ful-
filled. It is demonstrated that the presence of the polar solvent molecules essentially
changes the photoinduced proton redistribution. In the first excited electronic state the
proton is localized at the nitrogen atom resulting in protonation of the Schiff base and,
thus, increasing the distance to the oxygen atom and even leading to non-planar structure
if the polar solvent molecules are absent. At the presence of three water molecules the
Schiff base is deformed arranging the dihedral angle with the phenol ring. On the basis
of our data we can conclude that the Schiff base being deprotonated in the ground elec-
tronic state or having possibility to be protonated in polar solvents tends always to be

protonated in the first excited electronic state.

It was shown that in order to obtain the correct qualitative and quantitative inter-
molecular proton transfer the zero point energy and the polar solvent molecules must be
taken into account. The dominant effect of the latter is a possibility to create the hydro-
gen bond network in the environment. Thus, the intra- and intermolecular proton transfer
of aryl class molecules and its possible modulation by the solvent molecules is consid-

ered in the third chapter.

Next chapter (chapter four) 1is about relaxation pathways of excited
N-triphenylmethylsalicylidene imine (MS1) in solutions using the approach developed in
the third chapter. As follows from the quantum chemical calculations the hydrogen-
bonded ethanol molecules facilitate formation of cis-keto tautomers, and are responsible
for their different relaxation pathways in comparison with relaxation of excited enol-
closed tauromers (Fig. 3). The time dependent DFT (TD-DFT) with the same exchange-
correlation functional and basis set was used for evaluation of singlet excitation energies.
The Gaussian 03 quantum chemistry package was used for calculations of electronic
structures of different tautomers and their complexes with ethanol molecules. The influ-
ence of nuclear vibrations through zero point energies was taken into account by consid-
ering the relative stability of the structures under consideration in some particular cases.

The hydrogen-bond formation is expected to change the enol-closed tautomer, which is

15



the most energetically favorable in isolated molecules, to the cis-keto tautomer in the

complex of MS1 and two ethanol molecules.

<1 ps
P 2 ethanol

prDtun
transfer _L,_/ molecules
= = > 0 — . A 4 — 4 ps
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molecules

Fig. 3 Relaxation model for enol-closed (left side) and cis-keto (right side) of MS1 mo-

lecules tautomers.

The results obtained from quantum chemistry calculations are compared with the
experimentally obtained spectroscopic data. Excited state relaxation of MSI1 in protic
and aprotic solvents has been investigated by means of absorption pump-probe spectros-
copy with femtosecond time resolution and fluorescence spectroscopy with picosecond
time resolution. Short-lived excited states and long-lived photoproducts have been iden-
tified from the differential absorption spectra. Excited states and photoproducts were ob-
tained being different under excitation of enol-closed and cis-keto tautomers. As a result,
the commonly accepted excited state relaxation model of aromatic anils, which assumes
an ultrafast transformation of excited enol-closed tautomers into cis-keto tautomers has
been modified. Fluorescence decay on a nanosecond time scale was attributed to aggre-
gated MS1 molecules. Based on the quantum chemistry calculations it was suggested
that the difference in the excited state properties of the excited enol-closed and cis-keto

molecules is related to the hydrogen bonded ethanol molecules.
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The problem related to the proton driving force in bacteriorhodopsin is considered
in the fifth chapter. For this purpose estimations of the permanent dipole moment of bac-
teriorhodopsin is carried out by means of QM/MM calculations for the known structures
of the ground and intermediate states of bacteriorhodopsin. According to these calcula-
tions it is obtained that the dipole moment is mainly determined by the cytoplasmic and
extracellular coils, while the contribution from the transmembrane helices and the value

corresponding to the active center are smaller (Fig. 4).

CYTOPLASMIC
SIDE

cytoplastic coil

all coils

. : % transmembrane helices
y
¢ EXTRACELLULAR

SIDE

Fig. 4 The DM values defined for the bactiorodopsin (PDB code 1C3W) structure.
Arrows indicate the DM values corresponding to BR (1), cytoplasmic coil (2),

extracellular coil (3), extracellular coil (4), all coils (5).
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The calculated value of the dipole moment in the ground state of bacteriorhodop-
sin is comparable with the value defined from the experimental estimations. The static
electric dipole moment persisting in bacteriorhodopsin was defined from electro-acoustic
measurements of the dried films of purple membranes [11]. The projection of this value
normal to the membrane surface is estimated to be equal to 40 D and is oriented from the
cytoplasmic side to the extracellular side of the membrane. According to QM/MM calcu-
lations conformational changes are initiated by isomerization of retinal after its photoex-
citation. The isomerization of retinal should induce stretching in the transmembrane
helices, which in their turn initiate the conformational changes in the cytoplasmic and
extracellular coils. The obtained strained conformation corresponds to the L intermediate
state, which further on should relax, resulting in the M intermediate state formation.
Thus, the driving force for the proton transfer is a result of relaxation of the strained con-
formation of the protein in the L state. The calculated values of the dipole moment of
bacteriorhodopsin in the intermediate states K, L and M provide understanding about the
origin of the driving force for the proton pumping. The low pH had no qualitative effect
on the internal dipole moment of bacteriorhodopsin in the dried PM film indicating a dif-
ferent origin of this value from that detected in aqueous suspensions. Employing the val-
ues of the dipole moments corresponding to the ground and intermediate states of BR
defined by means of QM/MM calculations the experimentally defined photoelectric re-

sponse of the dried films is explained.

The sixth chapter content is about determination of stable stilbazol structures from
high performance quantum chemical computations. Stilbazol is candidate for a chromo-
phore that can be used as a photoswitch and is relevant to the behavior of retinal. Also
stilbazol structures (Fig. 5) may be used for molecular monolayer formation. Stilbazol
molecules in solution are usually positively charged, while the negative charges are re-
lated to anions (Cl atoms in our case). Formation of dimers may influence the chemical
processes and electronic spectrum. For determination of stable structures of the dimer the
computation chemistry software Gaussian 03 with WebMo was used and the method of
computations was chosen B3LYP/6-311G(d,p). The computations showed that positively
charged stilbazol dimers do not form stable dimers and influence of anions could be de-

cisive. Results demonstrate that the stilbazole molecule should be deformed thus making
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new conformers (explained in the presence of two forms) only when the solution envi-

ronment is taken into consideration. The experimental results are explained in this way.
4 % @ 23
Y 2
d J

Fig. 5 Stilbazole structure.

<

The seventh chapter describes electronic spectra of structurally deformed carote-
noids. The semiempirical method within the MNDO Hamiltonian (MNDO-CAS-CI)
have been employed for quantum chemical calculations of the lowest electronic excited
states of caroteinoids (lutein and zeaxanthin), which are present in light harvesting an-
tenna complexes (LHCII) of higher plants. Comparative analysis of the spectra defined
by those different methods was employed for various length of polyene chains. It was
disclosed that variation in the lengths of the C-C valence bonds of the polyene chains is
the dominant factor responsible for changes in the spectral characteristics of the xanto-
phylls due to their structural deformation (Fig. 6). The ground state energy of specific
xanthophylls is also sensitive to deformation of the carotenoid structure pushing it up by
the order of several electronvolts. The excited state levels, are in the following order
2'A, <1'B, < 1'B," <3'A, for polyene chain and the same order for caroteinoids ex-
cept that the transition into the 1'B,  state turns to have an additional HOMO-LUMO
contribution. It was shown that even small changes of the lengths of C-C valence bonds
in the polyene chain, which causes deformations of the order of thermal energies, to-
gether with disturbance of the hydroxyl of carbonyl group in the B-ring lead to change

weights of main configuration of 1'B, state.
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Fig. 6 Structure of lutein. e-ring is on left side and pB-ring on the right side.

To explain the experimentally observed spectral changes the xanthophyll (zeaxan-
thin and violaxanthin) dimers are also analyzed in chapter seven. Spectroscopic meas-
urements of Arabidopsis leaves have shown that the onset of Non-Photochemical
Quenching (NPQ) is associated with an absorption changes at 535 nm. Identical meas-
urements on the zeaxanthin-deficient mutant npg/ reveal a similar spectroscopic signa-
ture at 525 nm. We investigated whether these red-shift arise from excitonic interactions
between homodimers of xanthophylls, zeaxanthin and violaxanthin, bound at the periph-
eral V1 binding site on adjacent LHCII trimers. Estimates of the relative geometries of
theses pigment pairs were obtained from the structure of LHCII. The excitonic couplings
of zeaxanthin and violaxanthin dimers were probed using the time-dependent density
functional theory method (TD-DFT). The method of choice was TD-DFT with the as-
ymptotically correlated CAM-B3LYP exchange-correlation functional and the correla-
tion consistent cc-pVDZ basis set. Calculations indicated that dimers formed between
zeaxanthin or violaxanthin molecules using the published LHCII structure resulted in ab-
sorption blue shifts, typical of H-type geometry. In contrast, if the volume of the LHCII
structure was modified to reflect the change in membrane thickness that occurs upon
NPQ formation then both zeaxanthin and violaxanthin dimers adopted J-type (collinear)
geometry and the resulting spectral shift was to the red. The magnitudes of these pre-

dicted red-shifts are in good agreement with the experimentally obtained magnitudes

(Fig. 7).
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Fig. 7 The theoretically predicted absorption difference spectra superimposed over the
experimentally measure absorption difference spectra for violaxanthin (A) and

zeaxanthin.

We therefore conclude that the observed xanthophyll redshift results from the

combination of LHCII aggregation, which is influenced by changes in membrane thick-
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ness during NPQ. Thus, the excited electronic states of carotenoids are important for

searching the possible environment influences resulting in deformation.

All chapters describing the results have similar structure. First, there is an over-
view of the literature related to the research material. Further results of theoretical calcu-
lations and corresponding analysis are presented. At the end of every section conclusions

are formulated. The reference list is presented at the end of the thesis.
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Santrauka
Aplinkos poveikis fotoindukuotiems reiSkiniams organinése molekulése

Biologijoje vienas pagrindiniy lgstelés makroenergetiniy junginiy yra adenozintri-
fosfatas (ATP), kurio sintezei reikalingi protonai (H"). Biologinés molekulés yra nuola-
tos sintetinamos Igsteléje, pasitelkiant ATP mainy reakcija, kuri, kaip biochemijoje zi-
noma, yra stimuliuojama fotosinteze arba lgsteliniu kvépavimu. Lastelinio kvépavimo
mechanizme yra panaudojamas elektrocheminis protony potencialas, kurj uztikrinti pa-
deda protony siurbliai. Vienas i$ tipiniy tokiy modeliniy siurbliy yra bakteriorodopsinas,
kurio aktyviajame centre yra atskiriamas protonas. Bakteriorodopsing sudaro per proto-
nuotg Sifo baze su baltymu sujungtas retinalis. Visgi protonovaros jégos prigimtis bakte-
riorodopsine néra iki galo aiSki. Beto, skirtingose aplinkose panasiy vidiniy struktiiry
molekuliy savybés kinta. Siame darbe nagriné¢jami aplinkos nulemiamos molekuliy

elektronings struktiiros ir elektroniniy spektry pokyc¢iai.

Biologiniy sistemy modeliavimas yra sudétingas ir daznai apsiribojama tik atskiry
molekuliy biiseny energijy skai¢iavimais. Daznai tik labai tikslis ab initio kvantinés
chemijos metodai leidzia pasiekti reikiamg tikslumg. Tai pareikalauja dideliy kompiute-

riniy resursy: superkompiuteriy bei lygiagreciy skai¢iavimo klasteriy.

Naudojant  kompiuterizuotus  kvantinés  mechanikos  metodus  iStirtos
2-(N-metil-a-iminoethyl)-fenol molekeluliy strukttiros, esancios poliniame tirpiklyje,
struktiiros pagrindingje ir suZadintose elektroninése biisenose. Pirmg kartg parodyta, kad,
norint gauti teisingg kokybinj ir artimg kiekybiniam vidujmolekulinés protono pernasos
potencinés energijos pavirsiy, bitina atsizvelgti i poliniy tirpiklio molekuliy kuriamag

vandeniliniy rySiy tinklg protono pernasos aplinkoje bei ] nuliniy svyravimy energijas.

Kvantinés mechanikos metodus istirti N-triphenylmethylsalicylidene iminie mo-
lekulés elektroniniai spektrai, stabiliy struktiiry susidarymas priklausomai nuo vandenili-
niy rysiy su polinio tirpiklio molekulémis. Parodyta, kad anilo molekuliy konformery
susiformavimas priklauso nuo polinio tirpiklio ir tuo paciu konkuruoja su klasteriais, ku-
rie susiformuoja 1§ tirpiklio molekuliy. Tokiu btidu paaiskinami eksperimentiniai rezulta-

tai.
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Atlikti AMBER parametrizavimo darbai nebaltyminéms jvairiy biiseny bakterio-
rodopsino molekuliy dalims. Molekuliy mechanikos metodais apskaiciuoti bakterioro-
dopsino dipoliniy momenty kitimas pradinése biisenose (iki biisenos M). Pirma kartg pa-
rodyta, kad dipolinio momento verté bakteriorodopsine yra nulemnta iSorinése pusése

esanCiy radikaly ir tokiu biidu paaiSkinami eksperimentiniai rezultatai.

Tankio funkcionalo metodais iStirta tirpiklio molekuliy jtaka skirtingy stilbazolio
molekulés formy susidarymui. Pademonstruota, kad stilbazolio molekulé deformuojasi ir
sudaro naujus konformerus (paaiSkintas dviejy formy buvimas) tik tada, kai aplinkoje

yra tirpiklio molekuliy. Tokiu biidu paaiSkinami eksperimentiniai rezultatai.

Apskaiciuotos ir 1Sanalizuotos suZadintos elektroninés biisenos: pavienés Luteino
molekulés pirma draustiné biisena; Violaksantino ir Zeaksantino dimery leistina Zemiau-
sia biisena. Parodyta, kad karotinoidy suzadintoms elektroninéms biisenoms yra svarbios

aplinkos jtakotos deformacijos.

Praktiniu poziiiriu disertacija yra reikSminga tuo, kad joje istirta aplinkos jtakos
svarba molekulinéms sistemoms. Be to, remiantis tyrimo rezultatais galima labiau su-
prasti polinés aplinkos svarbg ir jos jtakg. Rezultatai leidzia interpretuoti eile eksperi-

mentiniy rezultaty.
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