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Hepatocellular carcinoma is one of the most common malignant tumors in the world. 

Chronic hepatitis B and C infections are the most common etiologies of hepatocellular 

carcinoma worldwide. In this study, we 
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2. Experimental 
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3. Results and Discussion 
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This 

radical undergoes nucleophilic addition of water at C8 to form the 8-hydroxy-7,8-dihydroguanin-

7-yl radical that either loses one electron to form 8-oxo-guanine or gains one electron to form the 

formamidopyrimidine product [27]. 

nucleophilic nucleophilic 
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midopyrimidimidopyrimid



17 

 

fumerateraterate



18 

 

http://www.sciencedirect.com/science/article/pii/S0304383512000432


19 

 

http://www.sciencedirect.com/science/article/pii/S0304383512000432
http://www.sciencedirect.com/science/article/pii/S0223523412000062
http://www.sciencedirect.com/science/article/pii/S0223523412000062
http://www.sciencedirect.com/science/article/pii/S0223523412000062
http://onlinelibrary.wiley.com/doi/10.1562/0031-8655(2001)0730230AOFMPO2.0.CO2/full
http://onlinelibrary.wiley.com/doi/10.1562/0031-8655(2001)0730230AOFMPO2.0.CO2/full
http://onlinelibrary.wiley.com/doi/10.1562/0031-8655(2001)0730230AOFMPO2.0.CO2/full
http://onlinelibrary.wiley.com/doi/10.1562/0031-8655(2001)0730230AOFMPO2.0.CO2/full
http://www.sciencedirect.com/science/article/pii/S0162013403003465
http://www.sciencedirect.com/science/article/pii/S0162013403003465


20 

 

Novel reagents for chemical cleavage at abasic sites and UV 
photoproducts in DNA, 

  

leavage at abaleavage at ab
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1-[(2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-1H-1,2,4-triazole-3-
carboxamide

 
Isopropyl(2S)-2-[[[(2R,3R,4R,5R)-5-(2,4-dioxopyrimidin-1-yl)-4-fluoro-3-hydroxy-
4-methyl–tetrahydrofuran-2-yl]methoxy-phenoxy-phosphoryl]amino]propanoate

 
disoproxil 
fumerate 
(TEN)

  
 
 
 
 
 
 
 

MethylN-[(2S)-1-[(6S)-6-[5-[9,9-Difluoro-7-[2-[(1S,2S,4R)-3-[(2S)-2- 
(methoxycarbonylamino)-3-methylbutanoyl]-3-azabicyclo[2.2.1]heptan-2-yl]-3H- 
benzimidazol-5-yl] fluoren-2-yl]-1H-imidazol-2-yl]-5-azaspiro[2.4]heptan-5-yl]-3-
methyl-1-oxobutan-2-yl]carbamate

Dimethyl N,N'-([1,1'-biphenyl]-4,4'-diylbis{1H-imidazole-5,2-diyl-[(2S) pyrrolidin -
2,1- diyl] [(2S)-3-methyl-1-oxobutane-1,2-diyl]})dicarbamate

MethylNMethylN
(methometho
benzbenz
mm

azoleazo -3

midinidin--1-yl)yl)--44--flfl
phosphoryl]phosphoryl]am
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 Sequence 

Random 
5’-AGC CCG TCG GGC GGG AGC GCC-3’ 

3’-TCG GGC AGC CCG CCC TCG CGG-5’ 

poly-TG 
5’-TGT GTG TGT GTG TGT GTG TGT-3’ 

3’-ACA CAC ACA CAC ACA CAC ACA-5’ 

poly-TC 
5’-TCT CTC TCT CTC TCT CTC TCT-3’ 

3’-AGA GAG AGA GAG AGA GAG AGA-5’ 

poly-T 
5’-TTT TTT TTT TTT TTT TTT TTT-3’ 

3’-AAA AAA AAA AAA AAA AAA AAA-5’ 

TT-3’3’

A AAAAAA-5’5
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Figure 1  



26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



28 

 

 

 

 

 

 

 

  

Figure 4 
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Figure 5 

 

 

 

Figure 5 Figure 5 



Supplementary Information ary Information



Figure S1: The absorption spectra of (a) the random oligonucleotide sequence (0.5 μM) alone, (b)               

LED, (c) DAC, (d) RIB, (e) SOF, (f) TEN in buffer (10 mM Tris, 10 mM NaCl, 1 mM EDTA, pH 7.5)                      

for time intervals of 0 (solid line), 6 (dashed line) and 24 hr (dotted line). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S2. EG fluorescence intensity as a function of incubation time of 0.2 μM dsDNA mixed with 0.3 

μM EG in the presence of different drug concentrations for (a) LED and (b) DAC. Different colored lines 

represent different drug concentrations with the dsDNA-EG complex such as 0 μM LED or DAC (black 

line), 0.01 μM LED or DAC (red line), 0.1 μM LED or DAC (olive line), 1 μM LED or DAC (blue line), 

10 μM LED or DAC (cyan line), 20 μM LED or DAC (pink line), 30 μM LED or DAC (yellow line), 40 

μM LED or DAC (dark yellow line), 60 μM LED or DAC (navy line), 80 μM LED or DAC (magenta 

line), 100 μM LED or DAC (wine line), The excitation wavelength is 490 nm and the emission 

wavelength is 530 nm. Insets in Figure 6a and 6b represent the single exponential fit to the equation IF = 

IF,0 + Ae−t/τ for dsDNA damage and 10 μM LED or 10 μM DAC, respectively. The damage constants (τ), 

offsets (IF,0) and amplitudes (A) for each of the different concentrations are recorded in Table S1 in the 

supporting information. c.p.s. represents counts per second.  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure S3: Effect of different concentration of DAC on the rate of DNA damage 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4: Effect of different concentration of LED on the rate of DNA damage 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5. EG fluorescence intensity as a function of incubation time of 0.2 μM random (blue line), 0.2 

μM poly-TG (black line) , 0.2 μM poly-TC (red line) and 0.2 μM poly-T (olive line) sequences mixed 

with 0.3 μM EG in the presence of 100 μM of (a) LED and (b) DAC. All dsDNA sequences have been 

subjected to the same conditions during the experiment. The excitation wavelength is 490 nm and the 

emission wavelength is 530 nm. c.p.s. represents counts per second.  



 

 

 

 

 



 

 

Figure S6: Effect of DAC on the rate of DNA damage of different dsDNA targets 

 

 

 

 

 

 

 

 



 

 

  

 

 

 



Figure S7: Effect of LED on the rate of DNA damage of different dsDNA targets 

Table S1. Effect of different concentrations of LED and DAC on the damage induced in a random 
sequence of dsDNA. 

Drug concentration
(μμM)

Damage constant “τ” (min) 

LED DAC 

0.01 ------ 
1117 ±28.7 

(IF,0=32.5±1.78×106, 
A= 147±1.13×106) 

0.1 
735±15.0 

(IF,0=2.31±0.57×106, 
A= 81.0±0.32×106) 

1255 ±32.8 
(IF,0=38.1±01.99×106, 

A= 150±1.42×106) 

1
827±5.24

(IF,0=8.88±0.18×106,
A= 75.8±0.10×106)

1161± 25.7
(IF,0=36.9±1.73×106,
A= 163±1.15×106)

10 
499± 1.01 

(IF,0=1.05±0.04×106, 
A= 70.0±0.07×106) 

1082± 17.1 
(IF,0=95.7±2.63×106, 
A= 393±1.22×106) 

20 
490± 6.68 

(IF,0=6.73±0.37×106, 
A= 123±0.75×106) 

1212± 16.4 
(IF,0=112±2.17×106, 
A= 345±1.25×106) 



30 
497± 7.63 

(IF,0=6.05±0.40×106, 
A= 102±0.54×106) 

738± 6.48 
(IF,0=45.8±0.93×106, 
A= 324±0.53×106) 

40
411±4.48

(IF,0=3.51±0.24×106,
A= 129±0.88×106)

525± 5.33
(IF,0=24.2±0.68×106,
A= 312±1.52×106)

60 
345±2.76 

(IF,0=0.55±0.01×106, 
A= 130±0.86×106) 

246± 1.91 
(IF,0=4.54±0.28×106, 
A= 560±5.01×106) 

80 
277± 1.96 

(IF,0=0.03±0.01×106, 
A= 169±1.32×106) 

248± 1.80 
(IF,0=4.57±0.25×106, 
A= 608±7.05×106) 

100 
262± 1.73 

(IF,0=0.79±0.01×106, 
A= 187±1.47×106) 

234± 1.95 
(IF,0=3.99±0.28×106, 
A= 484±3.58×106) 

EvaGreen fluorescence curve fitting parameters are shown for the different concentrations of LED and              
DAC used in this work. The fluorescenceis fit to a single exponential function (IF = IF,0 + Ae−t/τ), where A
(c.p.s.) is the amplitude, IF,0 (c.p.s.) is the y offset (shown in the brackets), and τ is the damage constant                    
obtained from fitting the experimental data points in Figure 5. The random sequence dsDNA concentration
was 0.2 μM. 

Table S2. Effect of LED and DAC on different sequences of DNA. 

DNA Sequences 
Damage constant  “τ” (min) 

LED DAC 

Random 
204±1.29 

(IF,0=2.53±0.07×106, 
A= 181±1.52×106) 

173±1.33 
(IF,0=3.9±0.10×106,  
A= 722±114.4×106)

poly-TG 
306± 2.17 

(IF,0=1.14±0.16×106, 
A= 178±1.07×106) 

223± 1.46 
(IF,0=2.89±0.18×106, 
A= 762±9.91×106) 

poly-TC 
298± 2.21 

(IF,0=0.15±0.01×106, 
A= 162±1.12×106) 

230± 1.33 
(IF,0=0.60±0.10×106, 
A= 665±7.41×106) 

poly-T
357± 3.55

(IF,0=1.84±0.07×106,
A= 43.6±0.29×106)

297± 2.84
(IF,0=0.79±0.01×106,
A= 62.6±0.26×106)

 



EvaGreen fluorescence curve fitting parameters are shown for all the oligonucleotide sequences used in              
this work. The fluorescence is fit to a single exponential function (IF = IF,0 + Ae−t/τ), where A (c.p.s.) is the                     
amplitude, IF,0 (c.p.s.) is the y offset (shown in the brackets), and τ is the damage constant obtained from                   
fitting the experimental data points in Figure 6. The drug concentrations were 100 μM each and the dsDNA                  

concentration was 0.2 μM. 
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