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Electric Current
along
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Charge Transfer
along
DNA ??7
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Electric Transport Models
Tight-Binding models
1D Model
2-Channel Model

Fishbone Model
Ladder Model

Tunneling & Hopping
Superexchange mediated tunneling
Incoherent Hopping

Thermally Induced Charge Transition

Photon-Assisted Polaron-Like Hopping Model,



Jight-binding Models

1D Model

- Oversimplification

1 Site = 1 Base pair
Hopping amplitudes
Loses polarity ( GCFCG )

2-Channel Model

base pairs

= base

Each base = independent site
Hydrogen bonding = additional
hopping

Ignore backbone effects

base



backbone

base pairs

backbone

backbone

backbone




Hopping and Tunneling

O

. _Guanine (G) = lowest H

lonization energy H\M/C\C/"\
>most easily oxidized | | c—H

nuclleobase e o it
» Radical hole formed! |
. Hole travels along DNA H

until it reaches another

guanine base Donor - Acceptor System
* Forms

multiple G...G —site AT AT
« lonizations energy

hierarchy:

Ge..G<GA<C<T DONOR ~» ~»  ACCEPTOR




Hole energy

bridging states
T, Ta Ts

G, G

intermediate states

Ts

hole traps

G; Gy




Donor - Acceptor System

bridging states
T, Ty Ts Tg
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Hopping and Tunneling

* Bigenergy difference between .
Intermediate states and donor

=» Superexchange
Tunneling

- -Single step -

- No chemical intermediates

- Transport rate decreases
exponentially

Small energy difference between
intermediate states and donor

=» Incoherent Hopping

Multistep

Intermediate states = Stepping
stones

Chemical intermediates : G+-
radical

Transport rate decreases

linearly
10
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Tunneling and Hopping

No contradiction! Processes are coupled together!

Transport Mechanism:

* Long Steps:

- Thermally induced
transition

- Hopping

 Short Steps:

- Superexchange
Tunneling

12



Phonon-Assisted Polaron-Like Hopping Model

Polaron = “radical’ion self-trapped by structural i —90—9 o
distortion of its containing medium?”, |
i.e. a part of the DNA where a base L
radical hole has been surrounded and _
therefore stabilized by structural changes _¢__ .

Electron deficiency*=> Adjustment in the DNA
structure necessary

Polaron-like distortion — combination of
structural changes

Tunneling & hopping

Thermal motion of the bases in/faround
structural disorder =

reason why join/leave polaron

- Phonon-assisted hopping

13



Environmental Dependence

Environment — crucial impact on structural, chemical and
therefore electrical properties

Electrical properties demonstrate conditional dependence on:
Temperature
Type of DNA
Molecular Distance
Integrity of Intervening Base Pair Stack
Contact Effect

HARD TO QUANTIFY!!!
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Possible Applications

Biology, Physics, Nanotechnology, Molecular
Engineering...

Correspondence between charge transport (CT) and
Carcinogenesis

Electronic seguencing

Molecular electronics

DNA enqgineering

15



Earcinogenesis

« CT as an indicator distinguishing between
pathogenic and.non-pathogenic

Hypothesis:

e Small cancerous

* Big non-cancerous

16
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Carcinogenesis P53

« “Guardian of the
genome”

 Related to >50% of
human cancer

 Encodes TP53 protein
— suppresses tumor
development

19
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Strand to be sequenced

(7

: ;
© THE SANGER METHOD: Single-stranded DNA is
mixed with a primer and split into four aliquots, each
containing DNA polymerase, four deoxyribonucleotide triphos-

phates and a replication terminator. Each reaction proceeds until a replication-terminating
nucleotide is added. The mixtures are loaded into separate lanes of a gel and electrophoresis is used to

separate the DNA fragments. The sequence of the original strand is inferred from the results.

(
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" “The beauty’oﬂDNA electronics lies in the fact that it uses
/ technlques af genetic engineering that nature has perfected
o under harsh conditions over billions of years”
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Conclusion

« DNA could serve as a wire, switch, transistor or
rectifier

—>Broad applications in molecular electronics

« Charge transport as a promising indicator of
carcthogenesis

- Practical and theoretical motivation behind
Investigating the electrical properties of DNA

—->Found the theoretical tools, need to outline the
boundaries in terms of conditionality

-> More experimental consistency necessary
—>Sclence Is one! &
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« Tumor S¢S & cancer associated genes
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Carcinogenesis

Statistical significance
Cancerous mutations -> smaller CT changes

Tendency gets stronger for highly cancerous
mutations

Different repair mechanisms based on criteria
other than the CT-properties

Intriguing correlation between the DNA hotspots
structure and the DNA damage-repair process!
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