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Overview – Electron Transfer in DNA
• Two cases: 

1. Non covalently attached electron donor 
and acceptorand acceptor
• Unmodified DNA
• Distance between donors and acceptors 

i dis random 
• Fluorescence data analyzed on a case 

by case basisy
2. Covalently attached electron donor and 

acceptor
• Known distance between donor and• Known distance between donor and 

acceptor
• Fluorescence data yields quantitative 

l f th t f l t t fvalues for the rates of electron transfer 
for a known distance
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Overview – Electron Transfer in DNA
Case 1
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Electron Transfer (ET) in DNA -Previous 
St diStudies

Donor and Acceptor Covalently d [Å] kET (s-1) Research group YearDonor and Acceptor Covalently 
attached 

d [Å] kET (s ) Research group Year 

E and Cu2+, Co2+, Ni2+ no 7 – 10 108 Atherton/Beaumont 1986 
E and MV2+ no - 105 Fromherz 1986 
E AO and DAP2+ no 10 - 17 108 Harriman 1992E, AO and DAP no 10 17 10 Harriman 1992 
Tethered RuII and RhIII 

intercalators 
yes > 40 109 Barton 1993 

RuII and RhIII ribose complexes yes 27 106 Meade 1995 
RuII and RhIII intercalators no - 1010 Barton 1996Ru  and Rh intercalators no 10 Barton 1996 
Tethered E and RhIII 

intercalators 
yes 17 - 36 1010 Barton 1997 

Intercalated acridine and 
guanine

yes 3 - 10 105 - 
1010 

Tanaka 1998 
guanine 10
E intercalator and Z yes 10 - 17 1012 Barton/Zewail 1999 
Daunomycin and Au electrode yes 82 102 Barton/Hill 2005 
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Micellar Approach to ET in DNAMicellar Approach to ET in DNA
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Micellar Approach to ET in DNApp
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Fluorescence Blob Model (FBM): Approach 
to ET in DNAto ET in DNA
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Fluorescence Blob Model (FBM): Approach 
to ET in DNAto ET in DNA
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Nblob and K

• Nblob → size of a blob in terms of the number 
f b i

• Nblob → size of a blob in terms of the number 
f b iof base pairs

• K → binding constant of Cu2+

• Find through <n> which is given by:

of base pairs
• K → binding constant of Cu2+

• Find through <n> which is given by:• Find through <n> which is given by:• Find through <n> which is given by:
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Nblob and K
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Nblob and K
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FBM Results
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FBM Results
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FBM Results – Nblob and K
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FBM ResultsFBM Results
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FBM Results
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Salt Effect – Nblob and K
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• Binding constant, K, decreases with increasing salt

[Na2SO4] (mol/L) [Na2SO4] (mol/L)

g , , g
– Copper binds less tightly to DNA with increasing Na+

• Nblob decreases with increasing salt
– Electron transfer is less efficient with increasing Na+
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Viscosity Effect – FBM Parameters

• Obtain Nblob and K for solutions 
t i i 50% ( / )containing 50% (w/w) sucrose

• Viscosities:
–water = 0.89 cP
–50% (w/w) sucrose = 9.6 cP

• Is the change in viscosity reflected in the 
FBM parameters?IP

R 20
08



Viscosity Effect – Nblob and K
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viscosity

• Nblob decreases with increasing viscosity but the effect 
is much less compared to the addition of salt
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Viscosity Effect – FBM parameters
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Conclusions

1. Quantitative information on electron transfer 
was obtained between unspecifically boundwas obtained between unspecifically bound 
donors and acceptors and the analysis was 
sound no matter what effect was studied

At l l t lt t ti l t• At low monovalent salt concentrations electron 
transfer occurred between intercalated ethidium 
bromide and externally bound copper over 9 
base pairs with a rate constant of 4×107 s-1base pairs with a rate constant of 4×107 s 1

2. The FBM was used to describe a system 
where the fluorophore and its quencher have 
not been covalently attached to a polymer 
backbone 
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Conclusions

C 2+

Cu2+

Py1
Cu2+

Cu2+

keFBMFBM

Py2

ke[blob] C
H 3

N
H 2

NH
2

N+

C 2+

Cu2+

kblob

Py7Py 3 Py 6

Py 5

Cu2+

Py* 4

kblob

Cu2+

Cu2+
IP

R 20
08



Future Work

• Find the β parameter
β is the damping factor exerted by theβ is the damping factor exerted by the 
medium for the electron to pass through from 
the donor to acceptor site

rln(k  )et β−∝

• Change Nblob (r) by increasing or decreasing 
the lifetime of ethidium bromide intercalated 
in DNA (ex D O)in DNA (ex. D2O)

• Find kblob 
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Future Work
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