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Abstract of Thesis

Throughout this dissertation, the structure—property relationship of excess—electron transfer (EET) in DNA
has been thoroughly examined by using femtosecond laser flash photolysis and photoelectrochemical technique
In Chapter 1, the author developed various oligothiophenes as electron—donating photosensitizers for
investigation EET in DNA using femtosecond laser flash photolysis. By use of strongly electron—donating
oligothiophenes as electron donors, a panoramic survey of charge separation (CS) and charge recombination
(CR) processes in dyads with all natural nucleobases as electron acceptors was accomplished on the basis of

the Marcus theory. In addition, the conformation effect on CR was found

In Chapter 2-1, the author studied the role of a G:C base pair in dynamics of EET in DNA and observed
sequence—dependent EET through oligonucleobases including G:C pair. First, the dynamics of the proton—transfer
reaction of G:C* base pair were confirmed for the first time (ky; = 2.6 x 10 s™'). It suggests the rapid
excess—electron trapping by proton transfer in G:C® base pair limits the participation of consecutive Cs in
EET in DNA. Second, the author found the rate constant of single—step hopping in DNA oligomers is affected
by the involvement of a G:C base pair: one G:C pair in consecutive Ts decreased the rate constant of single—step
hopping to ~50%.

In Chapter 2-2, The interstrand EET dynamics in DNA through alternating A:T base pairs was investigated
to clarify the effect of LUMO interaction on EET in DNA. Both rate constant and efficiency of interstrand
EET are almost 2 times lower than those of intrastrand EET, due to the lack of n —stacking of Ts. The relatively
small difference between interstrand and intrastrand EET indicates that EET through LUMOs of nucleotides is
more efficient than hole transfer (HT) through HOMOs of nucleotides in DNA.

In Chapter 2-3, the author investigated the sequence dependence of photocurrent generation through
long—distance EET in DNA by using photoelectrochemical technique. According to these results, sequence
dependence is essential for the photocurrent generation through DNA films on the Au electrode. These results
are consistent with previous studies on sequence dependence on EET dynamics in DNA by using femtosecond laser
flash photolysis. Thus, it is clear that EET by stepwise hopping is a sequence—dependent process

In Chapter 3, the author confirmed that EET in DNA is based on fluctuation—assisted hopping mechanism and
successfully observed the rate of excess—electron transfer can be enhanced by thermal activated structural
fluctuations in donor-DNA-acceptor system. The author found that the excess—electron hopping rate constant
((3.8 £ 1.5) x 10" s') in DNA is consistent with the frequency for DNA sugar backbone and base motions (3.3
x 10'° s'). This study clearly indicates that fluctuation—-assisted hopping mechanism prevails in
excess—electron transfer in DNA.

To conclude, this dissertation quantitatively indicates that dynamics of EET in DNA is strongly sequence
dependent. In addition, an agreement obtained between the results of photocurrent generation and those of
femtosecond laser flash photolysis indicated EET in DNA originates from electron transfer through nucleobases
via hopping mechanism. These findings on the basis of experiments by using femtosecond laser flash photolysis

and photoelectrochemical technique bring new insight into the dynamics and mechanisms of EET in DNA.
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