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2. DNA damage profile photoinduced by 1a, 2a and 3a 

 

(a) 

 

(b) 

 

 

 
 

 

 

 
Figure SI.1. (a) DNA damage profiles showing the numbers of SSBs and several types of endonuclease sensitive modifications 

induced in PM2 DNA by photoexcited unsubstituted βCs (1a, 2a and 3a, concentrations are indicated in parenthesis). Data are 

taken from Ref. [38]. (b) Representative examples of electrophoretic runs of the experiments reported in the main text for 3b 

(Figure 1a). LC (Light-control) means PM2 irradiated in the absence of 3a), DC (Dark-control) means PM2 + 3a (0.5 μM) in the 

absence of light) and 3a means PM2 irradiated in the presence of 3a (0.5 μM). Enzymes used in each case are depicted at the 

bottom of each gel. 
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2. Molar absorption coefficient of ctDNA: bibliographic data compilation 

More than sixty years ago, Chargaff et al. (1953) 1 and Beaven et al. (1955) 2 reported values for 

molar absorption coefficient at 260 nm (ε260 nm) ranging from 6,000 to 9,000. A few years later, Felsenfeld 

et al. (1965) 3 and Hirschman et al. (1966) 4 reported for several DNA samples ε260 nm average values ranging 

from 6,400 and 6,900 M-1 cm-1. Changes in the local surroundings of the nucleobases in DNA subject to 

denaturing conditions (such as high temperature, extreme pHs and/or ionic strength) give rise to the major 

changes observed. DNA-composition, i. e., ratio GC to AT base pairs, also plays a determining role in the 

average value of each DNA sample. However, in the particular case of calf thymus DNA (ctDNA) subject 

to nondenaturing physiological conditions (pH 7.4), ε260 nm average values reported by Beaven et al. (1955), 

Chargaff et al. (1953) 1 and Hirschman et al. (1966) 4 differs by more than 35% (9,000 M-1 cm-1, 6,650 (± 

50) M-1 cm-1 and 6,280 (± 130) M-1 cm-1, respectively). 

The average ε260 nm value mostly used among the scientific community to determine the nucleobase 

concentration in double-stranded DNA is of 6,500 - 6,700 M-1 cm-1 5-21 or 13,100-13,200 Mbp-1 cm-1 (when 

is expressed in terms of base-pairs) 22-24. A value of 7,000 M-1 cm-1 is also frequently used 25, 26. Note that 

Fensenfeld’s (1965) 3 and Hirschman’s (1966) 4 manuscripts have been cited ~120 and ~80 times, 

respectively.18 Although this quite low citation records, and according to one of the world’s most popular 

internet search engines, more than 2,390,000 and 215,000 results matches with the search of “DNA + 6600” 

and “DNA + 13200”, respectively. 

However, the above-mentioned average value seems to be underestimated and, to date, is still 

somewhat controversial. As a first approximation, a direct average calculation based on the ε260 nm values of 

the isolated deoxynucleotide dGMP, dAMP, dCMP and dTMP (12,180 M-1 cm-1, 15,060 M-1 cm-1, 7,100 M-

1 cm-1 and 8,560 M-1 cm-1, respectively)27 normalized by the relative contribution of each base to the ctDNA 

sequence (i.e., 42% and 58% of GC and AT base pairs, respectively)4 leads to an average ε260 nm value for 

ctDNA of 10,900 M-1 cm-1. It has been well demonstrated that absorption coefficient decreases 28 when they 

are stacked in the double-stranded DNA helix. The extent of these changes also depends on the chemical 

structure of the neighboring nucleobase.2 However, for all the nucleobases the relative decrease in the molar 

absorption coefficient of intact DNA is lower than 10%. Thus, the expected average ε260 nm value of the 

nucleobase in ctDNA should be ~ 8,500 M-1 cm-1. This hypothesis is supported by the fact that absorption 

coefficients reported for other type of DNA such as unpair deoxynucleotides oligomers (calculated with the 

nearest-neighbor approximation) ssDNA and/or dsDNA samples are considerably higher than that reported 

by Felsenfeld. et al. 29-31 In addition, in a recent study, Love et al. found that the general accepted average 

molar absorption coefficient of dsDNA would be underestimated. 32 Moreover, Love et al. suggest that the 

uncertainty in the molar absorption coefficient of dsDNA might be due to uncertainties in the original 

estimation of molar DNA content, based on the measurement of phosphorus content of their DNA samples. 
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4. Microwave Plasma-Emission Atomic Spectroscopy (MP-EAS) analysis 

(a)        (b) 

 
(c)        (d) 

 
(e)        (f) 

 

Figure SI.2. (a) Calibration curves for phosphate quantification. (b) Representative MP-EAS signal of phosphate emission. (c) 

Absorbance of dAMP aqueous solution at 260 nm (A260 nm) vs phosphate concentration ([P]). (d) UV-visible normalized absorption 

spectra of the corresponding dAMP aqueous solutions depicted in figure (c). (e) Absorbance of different ctDNA solutions at 260 

nm (A260 nm) vs phosphate concentration ([P]). Data obtained from three independent experiments. (f) Representative normalized 

absorption spectra of the different ctDNA solutions.  
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5. Interaction between 1b and ctDNA: steady-state fluorescence study vs pH. 

 

(a)     (b)     (c) 

   

     (d) 

 

Figure SI.3. Corrected fluorescence emission spectra of 1b (30 μM, λexc = 374 nm) buffered solution recorded in the presence of 

increasing amounts of ctDNA at pH: (a) 4.8 (acetate buffer), (b) 7.4 (phosphate buffer) and (c) 9.5 (borax buffer). Arrows 

indicate the variation in the emission spectra upon increasing [ctDNA] (μMbp, initial and final concentrations are highlighted). 

(d) Stern–Volmer plots of the total fluorescence emission calculated as the integral below the whole emission bands of spectra 

depicted in (a), (b) and (c).  
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6. Interaction between 1c and ctDNA: steady-state fluorescence study vs pH. 

 

(a)     (b)     (c) 

   

     (d) 

 

Figure SI.4. Corrected fluorescence emission spectra of 1c (20 μM) buffered solution recorded in the presence of increasing 

amounts of ctDNA at pH: (a) 4.8 (acetate buffer, λexc = 374 nm), (b) 7.4 (phosphate buffer, λexc = 365 nm) and (c) 9.5 (borax 

buffer, λexc = 362 nm). Arrows indicate the variation in the emission spectra upon increasing [ctDNA] (μMbp, initial and final 

concentrations are highlighted). (d) Stern–Volmer plots of the total fluorescence emission calculated as the integral below the 

whole emission bands of spectra depicted in (a), (b) and (c).  
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7. Interaction between 1d and ctDNA: steady-state fluorescence study vs pH. 

 

(a)     (b)     (c) 

   

     (d) 

 

Figure SI.5. Corrected fluorescence emission spectra of 1d (30 μM, λexc = 388 nm) buffered solution recorded in the presence of 

increasing amounts of ctDNA at pH: (a) 4.8 (acetate buffer), (b) 7.4 (phosphate buffer) and (c) 9.5 (borax buffer). Arrows 

indicate the variation in the emission spectra upon increasing [ctDNA] (μMbp, initial and final concentrations are highlighted). 

(d) Stern–Volmer plots of the total fluorescence emission calculated as the integral below the whole emission bands of spectra 

depicted in (a), (b) and (c). 
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8. Interaction between 2c and ctDNA: steady-state fluorescence study vs pH. 

 

(a)     (b)     (c) 

   

     (d) 

 

Figure SI.6. Corrected fluorescence emission spectra of 2c (20 μM) buffered solution recorded in the presence of increasing 

amounts of ctDNA at pH: (a) 4.8 (acetate buffer, λexc = 377 nm), (b) 7.4 (phosphate buffer, λexc = 365 nm) and (c) 9.5 (borax 

buffer, λexc = 360 nm). Arrows indicate the variation in the emission spectra upon increasing [ctDNA] (μMbp, initial and final 

concentrations are highlighted). (d) Stern–Volmer plots of the total fluorescence emission calculated as the integral below the 

whole emission bands of spectra depicted in (a), (b) and (c).  
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9. Interaction between 3c and ctDNA: steady-state fluorescence study vs pH. 

 

(a)     (b)     (c) 

   

     (d) 

 

Figure SI.7. Corrected fluorescence emission spectra of 3c (15 μM) buffered solution recorded in the presence of increasing 

amounts of ctDNA at pH: (a) 4.8 (acetate buffer, λexc = 360 nm), (b) 7.4 (phosphate buffer, λexc = 360 nm) and (c) 9.5 (borax 

buffer, λexc = 350 nm). Arrows indicate the variation in the emission spectra upon increasing [ctDNA] (μMbp, initial and final 

concentrations are highlighted). (d) Stern–Volmer plots of the total fluorescence emission calculated as the integral below the 

whole emission bands of spectra depicted in (a), (b) and (c).  
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10 Interaction between 1b and 2b with ctDNA: Stern-Volmer plot (pH 7.4) 

 

(a) 

 

(b) 

   

Figure SI.8. Left column: Corrected fluorescence emission spectra of: (a) 1b (35 μM, λexc = 374 nm) and (b) 2b (30 μM, λexc = 

368 nm) buffered solution (pH 7.4) recorded in the presence of increasing amounts of ctDNA. Arrows indicate the variation in the 

[ctDNA] (μMbp). Middle column: the corresponding fluorescence decays recorded in air-equilibrated solutions (λexc = 341 nm and 

λem = 454 nm), prompt signal (green line) and mono-exponential fitting curves (white lines). Right column: Stern–Volmer plots of 

the fluorescence intensities (IF, calculated as the integral below the whole emission spectra) and lifetimes (τF). 
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11 Interaction between 1d and 2d with ctDNA: Stern-Volmer plot (pH 7.4) 

 

(a) 

   

(b) 

   

Figure SI.9. Left column: Corrected fluorescence emission spectra of: (a) 1d (35 μM, λexc = 388 nm) and (b) 2d (25 μM, λexc = 

380 nm) buffered solution (pH 7.4) recorded in the presence of increasing amounts of ctDNA. Arrows indicate the variation in the 

[ctDNA] (Mbp). Middle column: the corresponding fluorescence decays recorded in air-equilibrated solutions (λexc = 341 nm and 

λem = 454 nm), prompt signal (green line) and mono-exponential fitting curves (white lines). Right column: Stern–Volmer plots of 

the fluorescence intensities (IF, calculated as the integral below the whole emission spectra) and lifetimes (τF).  
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12 Fluorescence images from HEK239 cell co-incubated with βCs obtained before and after 

washing with PBS 

 

 

Compound 1a 
 

 

 
 

Compound 1b 
 

 

 
 

Figure SI.10. Examples of fluorescence images obtained from HEK293 cells co-incubated with 1a and 1b. Column 1 represents 

the HEK293 autofluorescence. Columns 2 to 4 represent fluorescence images obtained after 0, 10 and 20 minutes of addition of 

the corresponding βC, respectively. Columns 5 and 6, show images obtained 0 and 10 minutes after washing HEK293 cells with 

PBS. Bar plot on the right shows the average fluorescence intensity of cells depicted on the left side. 

 

  

nHo

Autofluorescence Time 0 min Time 10 min Time 20 min Wash 0 min Wash 10 min

0

75

AutoF
nHo t 0

0
nHo t 1

0
nHo t 2

0

Wash t 0
0

Wash t 1
0

0

5

10

15

20

In
te

n
s
it
y
 /

 a
.u

.

2-MenHo

0

30Autofluorescence Time 0 min Time 10 min Time 20 min Wash 0 min Wash 10 min

AutoF

2-MenHo t 0
0

2-MenHo t 1
0

2-MenHo t 2
0

Wash t 0
0

Wash t 1
0

0

2

4

6

8

10

In
te

n
s
it
y
 /

 a
.u

.



S15 

13 Pearson coefficient calculations 

The Pearson coefficient (r) was calculated following the next equation: 

𝑟 =
∑(𝑥 − 𝑥̅)(𝑦 − 𝑦̅)

√∑(𝑥 − 𝑥̅)2 ∑(𝑦 − 𝑦̅)2
 

x and y are the pixel values and 𝑥̅ and 𝑦̅ are the mean of all the pixel matrix. We calculated r using a home-made macro in Fiji is 

just imagej (see brelow) where the matrix (𝑥 − 𝑥̅), (𝑦 − 𝑦̅), (𝑥 − 𝑥̅)2 and (𝑦 − 𝑦̅)2 where calculated. Later, the math operations 

requested to obtain the Pearson coefficient. 

//The macro calculates the Pearson coefficient of two images, named “C1” and “C2” 

 selectWindow("C1") 

 run("Duplicate...", "title=C1-ROI duplicate"); 

//It is necessary to select manually the threshold for both images 

 runMacro("waitForUser-binary"); 

 run("Divide...", "value=255 stack"); 

 selectWindow("C2") 

 run("Duplicate...", "title=C2-ROI duplicate"); 

 runMacro("waitForUser-binary"); 

 run("Divide...", "value=255 stack"); 

 selectWindow("C1") 

 run("Duplicate...", "title=C1-Mean duplicate"); 

 runMacro("measure stack"); 

 frames=nSlices; 

 run("Set Measurements...", " mean redirect=None decimal=4"); 

 for(i=0; i<frames; i++) { 

 run("Clear Results"); 

 currentslice=i+1; 

 setSlice(currentslice); 

 run("Measure"); 

 run("Subtract...", "value="+getResult("Mean", 0)); 

 run("Clear Results"); 

 } 

 selectWindow("C2"); 

 run("Duplicate...", "title=C2-Mean duplicate"); 

 runMacro("measure stack"); 

 frames=nSlices; 

 run("Set Measurements...", " mean redirect=None decimal=4"); 

 for(i=0; i<frames; i++) { 

 run("Clear Results"); 

 currentslice=i+1; 

 setSlice(currentslice); 

 run("Measure"); 

 run("Subtract...", "value="+getResult("Mean", 0)); 

 run("Clear Results"); 

 } 

 imageCalculator("Multiply stack", "C1-Mean", "C1-ROI"); 

 imageCalculator("Multiply stack", "C2-Mean", "C2-ROI"); 

 imageCalculator("Multiply create 32-bit stack", "C1-Mean","C2-Mean"); 

 rename ("C1-Mean*C2-Mean"); 

 selectWindow("C1-Mean"); 

 run("Duplicate...", "title=C1-Mean-sq duplicate"); 

 run("Square", "stack"); 

 run("Clear Results"); 

 run("Set Measurements...", "mean integrated redirect=None decimal=4"); 

 selectWindow("C2-Mean"); 

 run("Duplicate...", "title=C2-Mean-sq duplicate"); 

 run("Square", "stack"); 

 run("Clear Results"); 

 run("Set Measurements...", "mean integrated redirect=None decimal=4"); 

 selectWindow("C1-Mean-sq"); 

 run("Measure"); 

 selectWindow("C2-Mean-sq"); 

 run("Measure"); 

 den1=getResult("RawIntDen", 0); 

 den2=getResult("RawIntDen", 1); 

 Den0=(den1*den2); 

 Den=(sqrt(Den0)); 

 run("Clear Results");  

 selectWindow("C1-Mean*C2-Mean"); 

 run("Measure"); 

 Num =getResult("RawIntDen", 0); 

 R = Num/Den; 

 print("\\Clear"); 

 print("R="+R); 

 } 
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14 Fluorescence images from HeLa cell co-incubated with compound 1d and Mitotracker® 

 
 

Figure SI.11. Fluorescence images of HeLa cells co-incubated with compound 1d (cyan). The figure shows the raw fluorescence 

images (first column) and the processed images isolating the regions where the compound accumulates. Biomarker (red) 

Mitotracker® is in the third column. The merge from processed and biomarker images and the colocalization pixels (white) are 

represented in the fourth column. 
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15 Fluorescence images from HeLa cell co-incubated with compound 1d and Lysotracker® 

 

 

Figure SI.12. Fluorescence images of HeLa cells co-incubated with compound 1d (cyan). The figure shows the raw fluorescence 

images (first column) and the processed images isolating the regions where the compound accumulates. Biomarker (red) 

Lysotracker® is in the third column. The merge from processed and biomarker images and the colocalization pixels (white) are 

represented in the fourth column. 

 


