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Stretching molecules (DNA) by AFM allowsStretching molecules (DNA) by AFM allows
exploring their high-energy conformations that 
are not accessible to X-ray crystallography, NMRa e not accessible to ay c ystallog aphy, N
and other mode of spectroscopy which investigate 
molecules near their equilibrium stateolecules ea t ei equilib iu state



DNA-Inspired PhysicsDNA Inspired Physics
Nanomechanics of ssDNA

Base-stacking interactions
Measurement Errors in  

Force Spectroscopy by AFM

Physics -Inspired Biology

Nanomechanics
of  intact and damaged  dsDNAf g

UV-damage to DNA by AFM imaging





Mechanochemistry of DNA damage and repairMechanochemistry of DNA damage and repair

From: Wuite et al, (2000). Nature 404, 103. Cluzel, et al. Science, 
271 792 794 (1996), ( ) , 271 792-794 (1996)



Atomic force microscopy: air and fluid imagingAtomic force microscopy: air and fluid imaging

Optical microscope Optical microscope -- made for King made for King 
George III (second half of 18th century)George III (second half of 18th century)

AFMAFM -- made by DI made by DI 
(end of 20th century)(end of 20th century)





Atomic Force Microscope
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Freely jointed chain with segment elasticity

ssDNA polysaccharides
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Entropic elasticity
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Mechanochemistry of DNA damage and repairMechanochemistry of DNA damage and repair

From: Wuite et al, (2000). Nature 404, 103 Cluzel, et al. Science, 
271 792 794 (1996), ( ) ,

Smth, Bustamante et al, Science, 1996. 271 792-794 (1996)



Force spectrograms of dsDNA measured by AFM
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Force-extension curves ofForce extension curves of 
phage DNA
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The Elasticity of poly(dT)The Elasticity of poly(dT)





DNA structure: 
base pairing and stackingbase pairing and stacking



Nucleic Acid Structure

• Suger Pucker • Torsion Anglesg



NMR 30 nt homopolynucleotidesNMR 30 nt homopolynucleotides

Poly(rA)
H20

Poly(dA)Poly(dA)
150 mM NaCl



Poly(rA) vs poly(dA)



Poly(dA) TE Na150 vs dH2O





Poly(rA) at the pH of 5.5



UV-induced DNAdamage
Cyclobutane pyrimidine dimers

UV-induced DNAdamage
Pyrimidine-pyrimidone(6-4) lesions

Population
75% : 25%

( Adopted from Friedberg et al. )



AFM experiments on UV 
irradiated DNA

UVUV

254 nm

different 
dose

A B



Force-spectrograms of -phage DNA
irradiated with different UV-dosesirradiated with different UV-doses
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DNA irradiated with the UV light near ~260 nm can form pyrimidine dimers and 6-4 

photoproducts, which can change the elasticity of double stranded DNA(dsDNA).
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Poly(dG-dC) · Poly(dG-dC)c Poly(dG dC) Poly(dG dC)
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Force-spectrograms of poly(dGdC) poly(dGdC) 
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T4 T4 EndonucleaseEndonuclease VV



BA 200 nm BA 200 nm pUC18+UVB+T4 EndoV
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AFM images of pUC18 
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Comparison of AFM-based methodology with gel electrophoresisComparison of AFM based methodology with gel electrophoresis
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1000 nm

Sensitivity Detecting Ultraviolet Damage 
in Single DNA Molecules 
by Atomic Force Microscopy
Jiang, Ke, Mieczkowski, Marszalek
Biophysical Journal 93, 1758–1767 (2007).

100 nm



poly(dA)poly(dT)poly(dA)poly(dT) ……A-A-A-A-A-A-A-A-A……
……T-T-T-T-T-T-T-T-T-T……

PhotolyasePhotolyasePhotolyasePhotolyase
54 kDa54 kDa



Poly(dA)poly(dT),NO UV Poly(dA)poly(dT),10min UV
with photolyase

0.6 enzyme/DNA
with photolyase

1.8 enzyme/DNA



Photolyase binds to the CPD sites of pUC18
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Infrared

O LOzone Layer

95%
5%5%



Recent findingsg
Cyclobutane pyrimidine dimers are predominant DNA 
lesions in most cells exposed to UVA radiation

Mouret S, et al. (2006) PNAS 103, 13765





Damage-specific enzymes 
Enzymes for damage 
detection Supplier Specific damages these enzymes can detected Enzyme’s activity to 

the damages

New England
apurinic/apyrimidinic site base paired with 
d i 100%

E. coli endonuclease IV New England
Biolabs

adenine

5,6-dihydrothymine <10%

T4 endonuclease V
New England 
Biolabs and 

cyclobutane pyrimidine dimers 100%

i i / i idi i iEpicentre apurinic/apyrimidinic sites 100%

E. coli endonuclease III Trevigen

thymine glycol 100%

apurinic/apyrimidinic sites 100%

5,6-dihydrothymine <10%

8 oxoguanine base paired with a cytosine or 
guanine 100%

E. coli Fpg Trevigen apurinic/apyrimidinic site base paired with 
adenine <10%

5,6-dihydrothymine <10%

E li Photolyase Trevigen cis syn cyclobutane pyrimidine dimersE. coli Photolyase Trevigen cis-syn cyclobutane pyrimidine dimers

Anti-Thymine Dimer 
Antibody, clone KTM53

Kamiya Biomedical 
Company Thymine dimers



DNA dialyzed in Tris-HCl, buffer and 
i di d i h l i b UVAirradiated in the same solution by UVA



Slide 44

M1 Figure 1.  AFM images on APS-mica (42) of different pUC18 DNAs that were subjected to 1.3 MJ/m2 UVA radiation and different 
enzyme treatments prior to imaging.  DNA was dialyzed in 10 mM Tris-HCl, 1 mM EDTA and 100 mM NaCl buffer and irradiated in the 
same solution by UVA. After that the sample was diluted back to the suitable buffer for different enzyme incubation: (A) no enzyme
treatment as control, (B) first E. coli endonuclease IV and then T4 endonuclease V.  Scan size in all the images is 1 x 1 µm2. (C, D) are
histograms of the occurrence of various configurations of pUC18 plasmids determined from the AFM images such as these shown in (A
and B).  Color code: red, supercoiled DNA (S); green, relaxed circular plasmids (R); blue, linear DNA (L). The error bars in the figures
represent the standard deviation. Each histogram is based on 600-1000 DNA molecules from 30–36 AFM images. (E) Histogram
summarizes the number of different damages per million base pairs per MJ/m2 after UVA irradiation and specific enzyme treatments.
The values shown in the histogram represent averages from 2-5 separate experiments.
Monika, 5/2/2008



pUC18 dialyzed against Millipore water and irradiated inp y g p
pure water by UVA

In pure water Transferred backIn pure water Transferred back
to Tris/NaCl



pUC18 irradiated in Millipore water 
d i b d i h h land incubated with photolyase

M2



Slide 46

M2 Figure 3.  AFM images show photolyases binding to the CPD sites of pUC18 (some of them marked by blue arrows) with (A) 1 MJ/m2 
UVA radiation and (B) no UVA radiation.  Irradiation was performed on dialyzed plasmids suspended in pure water. Scan size in all the 
images is 1 x 1 µm2. (C-D) Histograms show the distribution of photolyase on pUC18 molecules as shown in A and B.  The curves 
show the Poisson distribution fits which give the average damage l=1.52/plasmid for the UVA radiated DNA and 0.54 for control DNA, 
respectively.
Monika, 5/2/2008



UVA-irradiated poly(dA)Poly(dT) incubated 
with photolyase and with anti CPD antibodieswith photolyase and with anti-CPD antibodies



Slide 47

M3 Figure 4. (A-B) AFM images show photolyases binding to the CPD sites of poly(dA)-poly(dT) with (A) 6 MJ/m2 UVA radiation, and (B)
no UVA radiation. (C-D) AFM images show anti-thymine dimer antibodies binding to the CPD sites of poly(dA)-poly(dT) with (C) 6 
MJ/m2 UVA radiation, and (D) no UVA radiation as control.  Scan size in all the images is 1 x 1 µm2.   Histograms compare the 
damages detected by photolyase and anti-thymine dimer antibody on UVA irradiated poly(dA)-poly(dT) and intact poly(dA)-poly(dT).
Monika, 5/2/2008



Separating UV-damaged and enzyme-treated DNA
by gel electrophoresis
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