
CHAPTER I 
INTRODUCTION

1.1 Research rationale
C urrently , D N A  m ediated  charge transport and electron transfer attracts 

considerable interest because o f  its relevance for the oxidative dam age and/or 
m utations o f  D N A . [1,2] D N A  is an im portant elem ent m olecule to function in living 
cells storing the inform ation needed to m aintain life. Errors introduced into those 
instructions generally  have harm ful consequences, so there is great pressure to correct 
them . C oncern ing  the m olecular level, the reaction that changes the structure o f  DNA 
dam ages the instructions and introduces errors. Several reactions cause structural 
changes in DN A  that am ong the  m ost im portant is one-electron  oxidation.[3] 
O xidation o f  DN A  can result from  norm al cellular m etabolism , from exposure to 
ionizing radiation , or from  in teraction  with light. [4,5] W hen D N A  is oxidized, it loses 
an electron and a radical cation  (“hole”) is generated.

O xidation  o f  DN A  (loss o f  an electron) generates a  radical cation that can 
m igrate long distances to  rem ote guanines in G n steps w hich m ay occur as the  charges 
are tunneling  from  guanine base pair to another. T he unique m aterial properties o f  
DNA also hold great prom ise for m olecular electronics [6,7] and electrochem ical 
sequencing .[8] In the contex t o f  m aterials applications, the D N A  oligom ers can be used 
as ligands and spacers to contro l shape and size o f  sem iconductor nanoparticle 
assem blies [9] or to construct silver nanow ires. [10]

The double-stranded D N A  m olecule is presented as w ire-like m olecule. Its 
electrical resistance at room  tem perature was m easured, after it had been placed 
betw een contacts; a surprisingly large electrical conductiv ity  w as found. T hough the 
conduction m echanism  is not understood yet, the prospects are great, because one is 
now  able to  use the full m achinery  o f  biochem istry for assem bling  electron ic netw orks. 
This d iscovery  will m ost likely becom e the starting po in t for exciting  new 
in terdiscip linary  research.
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E xperim ental and theoretical studies o f  charge m igration  in D N A  have 
dem onstrated its strong sensitiv ity  to  the structural flexib ility  o f  D N A  and to 
m odifications o f  the nucleotides. Several recent review s describe the experim ental 
investigations on the  charge transport in DNA. [11-14] An im portant problem  in this 
context is the d istance dependence o f  the electron transfer rate in D N A . [15]

M ost experim ental data on the electron transfer in D N A  have been obtained for 
DNA com plexes w ith chrom ophores as probes because they provide a clearly  defined 
point o f  charge injection. T he chrom ophore-D N A  interactions affect the local structure 
o f  D NA. Y et, hardy anything is know n about the consequences o f  these  structural (and 
electronic) effec ts on the m easured charge m igration behavior. This casts som e 
uncertainty on the  in terpretation  o f  experim ents with standard m odels. [16,17]

1.2 DNA-intercalated aromatic chromophore complexes
C hrom ophores are the fluorescence m olecules. In recent years, m any efforts 

have been m ade to  investigate aggregation processes and structure-property 
relationships o f  d iverse m olecular aggregates due to  their unique physicochem ical 
properties. A n im portant reason for the strongly increased in terest in m olecular 
aggregates w as their potential technological application in various fields. Based on 
biological assays are o f  ever increasing im portance in the  developm ent o f  
hom ogeneous and  non-isotopic techniques used in drug d iscovery. Several techniques 
are already used w idely.

In addition, fluorescen t dyes have becom e the preferred m ethod o f  detection for 
nucleic acids in M olecu lar B iology. Some com m on exam ples include autom ated 
fluorescent D N A  sequencing, D N A  detection, and quantitative target detection. M ost 
applications involve covalent attachm ent o f  the chrom ophore to DNA. [18] 
F luorescent changes in physical properties, which occur after conjugation  to DNA 
w ere studied in detail by Sjoback. [19] W hen attached to  a single-stranded oligo, the 
pKa o f  fluorescein  shifts from  6.4 to  6.9 and the quantum  yield decreases from  0.93 to 
0.72. Further, the absorption efficiency o f  fluorescein decreases by 1/3 after 
conjugation to DNA. [20] O n th e  o ther hand, rhodam ine does not undergo a sim ilar 
change in absorp tion  effic iency  follow ing conjugation.
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M oreover, the scien tists are interested in the charge conduction  properties o f  
DN A  and try to  see w hether D N A  can be used as a m olecu lar w ire for connecting 
m olecular com ponen ts to  form  bigger circuits. M uch experim ental inform ation on 
charge transfer in D N A  pertains to m igration o f  positive charge (electron holes) and 
chrom ophores have been used successfully as hole donors after excitation . The broad 
variety o f  o rgan ic or inorganic intercalators has been used as charge donor and it is 
attached w ith D N A  duplexes via a  flexible linker. These system s d iffer significantly  in 
their structural p roperties, their redox potentials, and their absorb ing  w avelengths. It 
has been observed in the system s that the positive charge can be transported  with high 
efficiency over very long distance (up to 200 Â). [21,22]

The in troduction o f  charge is typically prepared by using o f  in tercalators which 
oxidize the bases in the DNA or d irect photo-induced radical ion form ation on one o f  
the bases o f  the D N A  strand. M any organic chrom ophores in teract strongly  with DNA 
form ing in tercalated  and other types o f  com plexes. [23,24] In addition, intercalated 
transition  m etal com plexes in electronically  excited state w ere show n to initiate the 
electron transfer process in DNA duplexes. [25,26] For the advantages o f  this m ethod, 
the m ost obvious is the capability  to exam ine the final chem ical resu lts initiated by 
charge transfer: true chem istry at a distance. O thers include being able to analyze 
charge transport over large distances. There is no lim ited o f  a fast tim escale  analysis.

R hodam ine is a  fluorophore w idely utility in biological research. [27] D ietrich 
A. and co-w orker [28] studied the fluorescence resonance energy transfer (FRET) 
efficiency o f  d ifferen t donor-accep tor labeled model DNA system s in aqueous solution 
from ensem ble m easurem ents and at the single m olecule level. T he donor dyes: 
te tram ethylrhodam ine (TM R); rhodam ine 6G (R6G); and a carbocyanine dye (Cy3) 
w ere covalen tly  attached to  the 5 '-end o f  a 40-m er m odel oligonucleotide. The 
accep tor dyes, a carbocyanine dye (Cy5), and a rhodam ine derivative (JA 133) were 
attached at m odified  thym idine bases in the com plem entary D N A  strand w ith donor- 
accep tor d istances o f  5, 15, 25 and 35 DN A -bases, respectively.

The dyes change their conform ation with respect to  the o ligonucleotide on a 
slow er tim e scale in the m illisecond range. In addition, the m easured acceptor 
fluorescence in tensities and lifetim es also partly show fluorescence quenching effects 
independent o f  the excitation w avelength, i.e. either d irectly  excited  or via FRET.
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They suggest that th e  71-stack o f  the DN A  double helix m ediates e lectron  transfer from  
the donor to  the accep tor, even over distances as long as 35 base pairs.

F ig u re  1.1 M olecu lar structures o f  the used dyes.

1.3 Charge transfer in DNA double helix
R esearch groups have contributed significantly to  this research  topic, w hich 

m ade the charge tran sfe r in DNA m olecule a subject o f  in tensive investigation. DNA 
w ith its highly  specific  recognition betw een com plem entary nucleo tides and the ability  
to self-assem ble m ay have a new  technological potential in constructing  com plex 
nano-w ire netw orks. M oreover, the study o f  charge transfer in D N A  could com e 
through understanding  the m echanism  o f  oxidative D N A  dam age w hich  the dam age o f  
DN A  can result in cancer.

In princip le, D N A -m ediated  charge transfer processes can  be categorized as 
either ox idative hole transfer or reductive electron transfer p ro cesses .[29] The first 
rem ark w as published  over 40 years ago [30] that the 7t-stacked o f  base pairs in B-form  
DN A  m ay represen t a  unique m edium  for electron transfer. E fficient, long-range 
charge transfer m ediated  by the DN A  base stack has been observed  in m any different
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system s. [12,26] U tilizing intercalating reactants w hich are w ell coupled  to  the D N A  71 
stack reveals shallow  distance dependence for charge transfer betw een donors and 
acceptors through  the D N A  double helix. [31] DNA w as considered  to be a m olecular 
wire, a sem iconductor, or an insulator. [32-33]

Barton and cow orkers pioneered this research through rem arkable contributions 
about photoactivated  charge transfer chem istry in DNA. [34] T hey announced 
surprising results about using DNA as a “conductive” bridge betw een an 
organom etallic donor and acceptor com plexes positioned far from  each other. They 
claim ed that the photoinduced electron transfer through D N A  could occur over 
distances far as m uch as 40 Â.

T here are several biochem ical techniques developed to  investigate long-range, 
D N A -m ediated charge transport. The m ost w idespread one is a probe for oxidative 
dam age in D N A . Such dam age is observed prim arily at guanine (G), as predicted by 
theoretical and experim ental studies which have determ ined that G is the m ost easily 
oxidized base. T he specific residues o f  dam age, usually  the 5 ’ G in a 5 ’-G G -3’ o r 5 ’- 
G G G -3’ sequence, are correlated  with the oxidation potential o f  G  in d ifferent 
sequence contexts.[35 ,36]

As an exam ple w e m ention 9-am ino-6-chloro-2-m ethoxyacridine (A CM A ; see 
Figure 1.2). [37] B ecause o f  the ordering o f  the oxidation  potentials o f  single 
nucleobases in solution, [38,39] it was inferred that hole hopping occurs betw een 
guanine (G) b ases.[4 0 -4 2 ] Furtherm ore, it was show n experim entally  that G + can be 
generated in D N A  far aw ay from  an oxidant due to long-range hole transport. [21]

C onsider, for ano ther exam ple, charge transfer w as studied on the double 
stranded 63-m er DN A  by N ûnez and cow orker. [21] T he charge is introduced into the 
DNA by a m etallointercallator, which is either R h(phi)2bpy'3+  or 
R u(phen)(bpy ')(dppz)3+ . G uanine in DNA is oxidized preferentially  because it has a 
lower oxidation  potential am ong the four bases. The oxidation  potential o f  dG 
nucleoside is 1.29 V as com pared to 1.42 V for adenine and 1.6 V and 1.7 V for 
cytosine and thym ine, respectively. It is well know n that the 5'-G  o f  the guanine 
doublet site has a low er oxidation potential and thereby becom es the signature for 
recognition o f  oxidative dam age in DNA.
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P

F ig u re  1.2 S chem atic  rep resen ta tion  o f  the acrid ine  d eriv a tiv e  A C M A , covalen tly  
.phosphate backbone o f  D N A -linked to the sugar

M oreover, there  are experim ents in m any laboratories using a  variety  o f  
photooxidants aim ed at exploring the m echanism  o f  D N A -m ediated  charge transport. 
[2 1 ,4 3 '47 ] Schuster and cow orkers used various anthraquinone photooxidants attached 
to the end o f  the duplex. [48,49] They have been studied guanine oxidation  at a 
distance through the double helix  in assem blies. Saito et al. have looked a t guanine 
oxidation  triggered by derivatives o f  excited state benzophenone. [50,51]

L ew is and cow orkers have extensively exam ined photoinduced charge 
separation betw een guanine and photo-excited stilbene in a  series o f  synthetic DNA 
hairpins. [16] In these  structures, the double helix  w as capped  by the stilbene but 
rem ains stacked so that relatively efficient ET behavior is observed. F inally, d irect 
base-base electron  transfer w as probed by exam ining the quenching  o f  the fluorescent 
base 2-am inopurine by both guanine and 7-deazaguanine using ultrafast 
spectroscopies. [40] T he characteristic o f  these experim ents dem onstrating  efficient 
D N A  m ediated  E T  is the coupling o f  the reactants to  the D N A  base stack.

The mechanism o f  charge transfer is an issue o f  w idespread controversy  both in 
the experim ent and theoretical scientists. The superexchange m echanism  and the 
coherent and incoherent hopping m echanism s w ere thought to  be the op tions till about
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a few  years ago. [52,53] Schem atic representations o f  possible m echanism s for charge 
transport through D N A  w ere proposed and displayed in Figure 1.3.

i) Superexchange: the charge tunnels from the donor (D ) to  the accep tor (A) 
through the bridge in a nonadiabatic process. The m echanism  involves tunneling 
through an energy  barrier (in this case the A :T  base pair sequences), from  the donor to 
the accep tor (the single guanine base and the trip let guanine base pair group, 
respectively). [52,54] A pictorial representation is provided in F igure 1.3a. An 
exponential decrease  in the rate o f  charge transport w ith increasing length o f  bridge is 
predicted.

Bridge
b)

Bridge

F ig u re  1.3 Schem atic representations o f  possible m echanism s for charge transport 
through D N A . (a) Superexchange: the charge tunnels from  the donor (D) to the 
acceptor (A ) through the bridge in a nonadiabatic process, (b) H opping: charge 
occupies the bridge in travelling from donor to acceptor by hopping betw een discrete 
m olecular orb itals on the bridge.

ii) H opping: charge occupies the bridge in traveling from  donor to acceptor by 
hopping betw een d iscrete m olecular orbitals on the bridge (See Figure 1.3b). This 
inspired the hypothesis that the charge transfer efficiency depends on the m axim um  
run (length o f  A :T  bridges) o f  A :T  sequences betw een the G :C  base pairs. [52,54] This 
m ay occur as the charges are tunneling from one G:C base pair to  another, at a tim e 
through the A :T  bridges, instead o f  directly from the donor to the acceptor. I f  the rate 
o f  charge m igration  is faster than trapping, the charge should be able to  m igrate over 
long distances before getting trapped.
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1.4 DNA structure
Since the discovery  o f  the double helical structure o f  D N A  by W atson and Crick, 

scientists have been w ondering w hether the DNA duplex  is capable  o f  charge 
transport. T he polym eric nature o f  DNA, consisting o f  a negatively  charged sugar- 
phosphate backbone outside the duplex and arom atic nucleobases stacked on top o f  
each o ther inside the duplex, represents a w ell-characterized system  contain ing an 
extended ท stack  w ith in  its interior (Figure 1.4).

F ig u re  1.4 S tructure o f  part o f  a D N A  strand (left), and DNA double helix  (right).

A  single D N A  strand is com posed o f  a polyanionic sugar-phosphate backbone 
linking together com binations o f  the DNA bases that belong to  adenine (A), guanine 
(G), purine fam ily, and pyrim idines, cytosine (C) and thym ine (T) (see Figure 1.4 and 
Figure 1.5). Each sugar contains an arom atic base bound to  c  r  o f  the sugar. The tw o 
strands are norm ally  com plem entary  so that w hen they com bine to  form  the duplex, 
each base on one strand form s W atson-Crick hydrogen bonds w ith its counterpart (G
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w ith c  and A  w ith  T) on the opposite  strand. A t norm al physio log ical pH  (ca. 7.4), the 
phosphates o f  the  backbone polym er are fully ionized, so there m ust be a counterion 
(Na+) for each  phosphate.

B ase pairs are approxim ately  perpendicular to the helical axis. T he stacking is 
held by van der W aals interaction. Because of, the unique and appealing  properties o f  
DNA, the structu rally  w ell-defined m ay provide an effective  path for electron  transfer. 
[30-55]

major groove H 4 2

minor groove

F ig u re  1.5 W atson-C rick  base pais found in double stranded  D N A ; adenine (A), 
guanine (G), purine fam ily, and pyrim idines, cytosine (C) and thym ine (T).

T able 1.1 dem onstrates the geom etric features described  D N A  structure. The 
average values are given for the features found in A -D N A , B-D N A  and Z-D N A  
structures in the N ucleic  A cid D atabase. The param eters can  be used to c lassify  the 
DNA form , such  as orientation  o f  the double helix, inter-strand phosphate distance,
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diam eter, d istance betw een tw o neighboring base pair (rise), rotation angel per base 
pair (tw ist), length o f  the helix  per turn, a num ber o f  base pair per turn (pitch).

T ab le  1.1 A verage structural param eters for A-DNA, B-D N A  and Z-D N A .
Param eter A -D N A B-D N A Z-D N A
O riention Right-handed R ight-handed L eft-handed
Helix d iam eter (Â) 26 20 18
Rise (Â) 2.56 3.38 3.70
Pitch(Â) 28.2 33.8 44.5
Base pair/tum 11 10 12
Helix tw ist (๐) 32.7 36.0 -30.0
M ajor groove w idth (Â) 2.7 11.7 2.0
M inor groove w idth (Â) 11.0 5.7 8.8

1.5 Basic electron transfer theory
C harge transport through DNA, how ever, has been observed over distances as 

great as 200 Â, m eaning that the decay with distance is exceptionally  shallow . [21] 
U nderstanding the unique characteristics o f  DNA that allow  such long-range events 
rem ains a m ajo r challenge o f  theory and experim ent alike.

M ost research  groups interpreted their results according to  the M arcus theory o f  
non-adiabatic electron  transfer:

k J « h 1a ■ exp-<Al +5  .
h DA j47ÜkbT L U k bT ( 1 . 1 )

The m odel presum es that the overlap between relevant electronic orbitals o f  the 
donor (D) and accep tor (A) is sm all. T he initial and final states o f  the system  can be 
represented as tw o harm onic free energy curves, corresponding to  tw o states before 
(D/A) and after (D +/A ‘) the electron transfer, as shown in F igure 1.6. T he expression 
for the rate constan t for such system  is given by the follow ing equation. W hen, AG° is



the free-energy o f  the reaction  and X is the reorganization energy, as show n in Figure
1.6. T his X is the energy required to  transfer the electron from  the bottom  o f  the energy 
profile o f  the accep to r (product) state up to the energy profile o f  the accep tor state in 
the sam e nuclear configuration  as the energy m inim um  o f  the donor state.

Potential Energy

F ig u re  1.6 E nergy diagram  for the reactants (D /A ) and products (D + /A -) as a function 
o f  nuclear configuration .

The m agnitude o f  the electronic coupling m atrix elem ent, / / d a , depends on the 
overlap o f  donor and accep tor w ave functions and determ ines. In case donor is 
equivalent as accep to r by sym m etry, the m agnitude o f  the sp litting  can be easily 
approxim ated as o n e -h a lf o f  the energy difference betw een the tw o  adiabatic  states, E l 
and E2. This approach  is referred to as m inim um  splitting m ethod.

H da E \ ~  ^ 2 )  ( 1 2 )

T he d istance dependence o f  electron transfer rate orig inates from  the distance 
dependence o f  / / d a - T he electronic m atrix elem ent can not be m easured  d irectly  but is 
usually  recovered from  the charge transfer rate constant. For w eak  coupling, the 
d istance dependence o f  the charge transfer rate constant is often  fitted w ith the 
follow ing equation:
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kc1= k0exp (-/3 r), (1 .3 )

w here the d istance dependence o f  charge transfer is reflected  by the beta decay 
param eter. T his process provides a concise w ay o f  com paring charge transfer rates for 
d ifferent D -A  bridges and intervening m edia. So far, experim entally  m easured beta 
values in D N A  w ere  reported to vary in a range betw een 0.1 and 1.4 Â"1. Low beta 
values reported  by B arton w ere surprising because they  appeared to  be substantially 
low er than those reported  for proteins, w hich typically range w ith in  0.9-1.2 À '1. [56]

R ecently , the  M unich group designed the sem iem pirical m ethod N D D O -G  for 
studying structural and spectroscopic properties o f  organic and bio logical m olecules. 
[57] This m ethod pred icts bond lengths and bond angles w ith accuracy  sim ilar to that 
o f  A M I and PM 3. Several applications corroborate the success o f  the m ethod in 
sim ulating spectroscopic properties o f  large organic com pounds and biom olecules, in 
particularly , o f  the  chrom ophore o f  the green fluorescent protein . [58] T he N D D O -G  
m ethod will be used to  describe the electronic structure o f  chrom ophores and their 
com plexes w ith  D N A . H ere, w e m ention recent quantum  chem ical calcu lations to 
support experim ental investigations on the phothophysics o f  D N A  com plexes with 
A C M A  (Figure 1.2); [37] also, spectroscopic experim ents are carried out for such 
com plexes in the M unich  institute. [37]

Furtherm ore, the M unich group considered the energetics o f  hole transfer in 
DN A  assum ing idealized  geom etries. [59] A system atic com putational study o f  triads 
5 '-X BY -3' (X , B, Y  =  A , G, c, T) revealed that the stabilization o f  B+ w ith in  duplexes 
5'-X BY -3' is considerab ly  affected  by the subsequent base Y w hile the effect o f  the 
preceding base X is ra ther sm all. [59] Coupling m atrix e lem ents for the hole transfer 
betw een neighboring  nucleo tides and W atson-C rick pairs w ere determ ined  a t the SCF- 
H artree-F ock  (H F) level, [59,60] resulting in a detailed e lucidation  o f  the bridge 
specificity  and directional asym m etry  o f  the electron transfer.
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F ig u re  1.7 S tructure fluctuations in an oligom er o f  10 W atson-C rick  pairs extracted 
from  a M D  trajectory  o f  1 ns.

The M unich group w as the first to point out the im portance o f  conform ational 
fluctuations o f  D N A  on the electron transfer coupling in 7t-stacks. [61] W ith  a  Q M /M D  
approach that uses M D  sim ulations o f  DN A  fragm ents to  generate  structures, the 
electronic couplings w ere show n to be very sensitive to  variations o f  the  m utual 
positions o f  the W atson-C rick  pairs; electronic couplings considerab ly  change with 
tim e (Figure 1.7). [61] Furtherm ore, the intra-strand adenine-adenine in teraction  was 
found to be m ore sensitive to  conform ational changes than the in ter-strand interaction. 
[61]

Based on quantum -chem ical results for the energetic o f  hole transfer and the 
electronic coupling  o f  7t-stacks, the M unich group estim ated the effective  electronic 
couplings o f  hole donors and acceptors connected via short bridges. [62] T he resulting 
d istance decay param eters, /?ei = 0.79 Â-1 for (T)n and (A)n bridges, /?e 1 =  0 .68 Â '1 for 
(AT)n/2 71-stacks, satisfactorily  agrees with experim ent.[12-14]
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1.6 Research objectives
In view  o f  the  fact that the m ajority  o f  experim ents on charge m igration  in DNA 

relies on charge injection via chrom ophore-D N A  com plexes and the dem onstrated 
sensitivity  o f  electron transfer to  details o f  the geom etric and e lectron ic  structure, the 
project pursues the follow ing goals.

(i) T he properties o f  free and solvated chrom ophores w ere  investigated using 
quantum  chem ical m ethods: structure, relative stability, spectroscopic  param eters 
(excitation energies, oscillato r strengths, dipole m om ent in the excited  state) o f  
chrom ophores in solution.

(ii) T he geom etries for chrom ophores w ere optim ized at the D FT level w ith 
G aussian98 program . A fter that, excitation energies and osc illa to r strengths w ere 
calculated using configuration  interaction o f  selected singly excited  states w ith the 
sem iem pirical m ethod. T he calculations w ere carried out w ith the program  SIB IQ .57 
M oreover, the absorp tion  spectra are investigated using T D D F T  calculations at 
B 3LY P/6-31G * level w ith  Gaussian98.

(iii) M olecu lar dynam ic sim ulations o f  Rhodam ine 6G (R 6G ) and Pyronine 6G 
(P6G) in aqueous solu tion  w ere perform ed using A M B ER  package program . This 
program  is very useful for studying the structure and conform ational change o f  the 
biological and organic m olecules. U nfortunately, P6G  and R 6G  m olecu les are not the 
standard m olecule in A M B E R  library. Therefore, new param eter set representing 
electrostatic interaction o f  the chrom ophore has to be generated. T he atom ic partial 
charges on the dye m olecules w ere derived according to standard procedures consistent 
w ith the force field used, nam ely HF/6-31G* on the geom etry  optim ized at the 
B 3LY P/6-31G * level.

(iv) B efore w e w ere  able to begin M D sim ulations on the structure and relative 
m obility o f  rhodam ine-D N A  com plexes, a m ore detailed com putational study to  find 
an appropriate protocol for M D sim ulations o f  dim ers o f  P6G  and R 6G  in aqueous 
solution w as undertaken. In the following, the results w ere presented , discussed and 
com pared them  to those o f  previous investigations.
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(v) M olecular dynam ics sim ulations o f  rhodam ine 6G derivative (R ho) and DNA 
com plexes w ere carried  out. The derivative rhodam ine 6G (R ho) studied in this w ork 
is a neutral d ipo lar form  (zw itter-ion). It uses to be intercalators as charge donor and it 
is attached w ith D N A  duplexes via a flexible linker. S im ulations are for the three 
system s; the first one is Rho connected to 5'-Cytocine o f  the duplex  (R ho-5C ) w hereas 
the second and the th ird  system s, the dye is bound to 5 '-G aunine (R ho-5G  and Rho- 
5G'). T his aim s to  study structure and dynam ic stability o f  R ho-D N A  com plexes to 
understand how  structural characteristics o f  the chrom ophore affect the 71-stacking 
interaction betw een the DNA oligom er.

1.7 Scope of the work
The intended com putational investigations were focused on chrom ophore-D N A  

com plexes to  assist in the interpretation o f  related spectroscopic m easurem ents that 
aim  at an im proved understanding o f  the interdependence o f  conform ational and 
structural characteristics on the one hand, and electronic and optical properties 
com plexes on the o ther hand.

For this purpose w e (i) apply QM  m ethods for a detailed  study o f  the electronic 
structure o f  chrom ophores, (ii) M D sim ulation o f  the R6G and P6G  in aqueous 
solution and (Hi) M D  m odeling o f  DNA duplexes with rhodam ine 6G derivative.
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