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The following items have been included as supplementary material: 
Fluorescence titrations curves and fitting equations 

Figure S1. Fluorescence titration curves of lumazine (Lz) for target bases (G, C, A, and T) opposite the AP site 

in a DNA duplex (5’-TCC AGX GCA AC-3’/3’-AGG TCN CGT TG-5’, where X = AP site (Spacer-C3); N = G, 

C, A, or T). 

Figure S2. Fluorescence titration curves of 6,7-dimethyllumazine (6,7-DMLz) for target bases (G, C, A, and T) 

opposite the AP site in a DNA duplex (5’-TCC AGX GCA AC-3’/3’-AGG TCN CGT TG-5’, where X = AP 

site (Spacer-C3); N = G, C, A, or T). 

Figure S3. Fluorescence titration curves of alloxazine (All) for target bases (G, C, A, and T) opposite the AP 

site in a DNA duplex (5’-TCC AGX GCA AC-3’/3’-AGG TCN CGT TG-5’, where X = AP site (Spacer-C3); N 

= G, C, A, T). 

Figure S4. Fluorescence titration curves of lumichrome for target bases (G, C, A, and T) opposite the AP site in 

a DNA duplex (5’-TCC AGX GCA AC-3’/3’-AGG TCN CGT TG-5’, where X = AP site (Spacer-C3); N = G, 

C, A, or T). 

Figure S5. Energy minimized complexes of alloxazine or lumichrome with adenine and their hydrogen 
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bonding patterns  

Figure S6. Energy minimized complexes of alloxazine or lumichrome with thymine and their hydrogen 

bonding patterns  

Figure S7. Salt dependence of binding constants for alloxazine/T, lumichrome/T interactions and alloxazine/A, 

lumichrome/A interactions. 

Table S1.  Binding constants of alloxazine and lumichrome with target A and T bases at various salt 

concentrations.. 

 
 
 
 

The titration curves were analyzed by nonlinear least-squares regression based on a 1:1 binding isotherm  

  F / F0 = {1 + kK11[D]}/{ 1 + K11[D]}  (1) 

where F and F0 are the fluorescence intensities of ligand in the presence and absence of DNA duplexes, 

respectively, and k (= k11/kL) represents the ratio of proportionality constants connecting the fluorescence 

intensities and concentrations of the species (1:1 complex, k11; free ligand, kL).  The free duplex concentration, 

[D], can be related to known total concentrations of duplex (D0) and ligand (L 0), by the following equation: 

  D0 = [D] + { L 0K11[D]}/{1 + K11[D]}  (2) 

Together, eqs. (1) and (2) describe the system. 
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Figure S1. (Left) Fluorescence response of lumazine (10.0 μM) upon adding an AP site-containing DNA 

duplex (5’-TCC AGX GCA AC-3’/5’-GTT GCA CTG GA-3’, X = AP site; A = target adenine) in solutions 

buffered to pH 7.0 (10 mM sodium cacodylate) containing 100 mM NaCl and 1.0 mM EDTA. (Right) 

Fluorescence titration curves for the binding of lumazine to 11-mer AP site-containing DNA duplexes 

(5'-TCCAGXGCAAC-3'/3'-AGGTCNCGTTG-5'; X = AP site (Spacer-C3), N = G (○), C (◊), A (●) or T (□)) 

obtained in solutions buffered to pH 7.0 (10 mM sodium cacodylate) containing 100 mM NaCl and 1.0 mM 

EDTA. The changes in the fluorescence intensity ratio at 463 nm were analyzed based on a 1:1 binding 

isotherm model. F and F0 denote the fluorescence intensities of lumazine in the presence and absence of DNA 

duplexes, respectively.  [lumazine] = 10.0 µM, λex = 335 nm, λem= 463 nm, 5 oC.  
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Figure S2. (Left) Fluorescence response of 6,7-dimethyllumazine (5.0 μM) upon adding an AP site-containing 

DNA duplex (5’-TCC AGX GCA AC-3’/5’-GTT GCA CTG GA-3’, X = AP site; A = target adenine) in 

solutions buffered to pH 7.0 (10 mM sodium cacodylate) containing 100 mM NaCl and 1.0 mM EDTA. 

(Right) Fluorescence titration curves for the binding of 6,7-dimethyllumazine to 11-mer AP site-containing 

DNA duplexes (5'-TCCAGXGCAAC-3'/3'-AGGTCNCGTTG-5'; X = AP site (Spacer-C3), N = G (○), C (◊), A 

(●) or T (□)) obtained in solutions buffered to pH 7.0 (10 mM sodium cacodylate) containing 100 mM NaCl 

and 1.0 mM EDTA. The changes in the fluorescence intensity ratio at 466 nm were analyzed based on a 1:1 

binding isotherm model. F and F0 denote the fluorescence intensities of 6,7-dimethyllumazine in the presence 

and absence of DNA duplexes, respectively.  [6,7-dimethyllumazine] = 5.0 µM, λex = 350.5 nm, λem= 466 nm, 

5 oC.  
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Figure S3. (Left) Fluorescence response of alloxazine (1.0 μM) upon adding an AP site-containing DNA 

duplex (5’-TCC AGX GCA AC-3’/5’-GTT GCA CTG GA-3’, X = AP site; A = target adenine) in solutions 

buffered to pH 7.0 (10 mM sodium cacodylate) containing 100 mM NaCl and 1.0 mM EDTA. (Right) 

Fluorescence titration curves for the binding of alloxazine to 11-mer AP site-containing DNA duplexes 

(5'-TCCAGXGCAAC-3'/3'-AGGTCNCGTTG-5'; X = AP site (Spacer-C3), N = G (○), C (◊), A (●) or T (□)) 

obtained in solutions buffered to pH 7.0 (10 mM sodium cacodylate containing 100 mM NaCl and 1.0 mM 

EDTA). The changes in the fluorescence intensity ratio at 453 nm were analyzed based on a 1:1 binding 

isotherm model. F and F0 denote the fluorescence intensities of alloxazine in the presence and absence of DNA 

duplexes, respectively. [alloxazine] = 1.0 µM, λex = 385 nm, λem= 453 nm, 5oC. 
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Figure S4 (Left) Fluorescence responses of lumichrome (1.0 μM) to an AP site-containing DNA duplex (0, 0.6, 

1.2, 2.0, 4.0, 6.0 µM; 5'-TCC AGX GCA AC-3'/3'-AGG TCA CGT TG-5', X = AP site; A = target adenine) in 

solutions buffered to pH 7.0 (10 mM sodium cacodylate) containing 100 mM NaCl and 1.0 mM EDTA. 

Excitation wavelength: 420 nm. Temperature 5 ºC. (Right) Fluorescence titration curves for the binding of 

lumichrome to 11-mer AP site-containing DNA duplexes (5’-TCCAGXGCAAC-3’/3’-AGGTCNCGTTG-5’; 

X = AP site (Spacer-C3), N = G, C, A or T) obtained in solutions buffered to pH 7.0 (10 mM sodium 

cacodylate) containing 100 mM NaCl and 1.0 mM EDTA. The changes in the fluorescence intensity ratio at 

475 nm were analyzed based on a 1:1 binding isotherm model. F and F0 denote the fluorescence intensities of 

lumichrome in the presence and absence of DNA duplexes, respectively. [lumichrome] = 1.0 µM for C (□), A 

(●) and T (○), 10 µM for G (◊). λex = 420 nm, 5 oC.  
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Figure S5. Amber* force filed energy minimized structures of a) lumichrome-adenine complex 

(left: bottom-view, right: side-view) and b) alloxazine-adenine complex (left: bottom-view, right: 

side-view) colored green for adenine base and pink for ligand (lumichrome or alloxazine). c) 

Possible hydrogen-bonding pattern of alloxazine or lumichrome with adenine. 
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      c) lumichrome or alloxazine-thymine 
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Figure S6. Amber* energy minimized structures of a) lumichrome-thymine complex (left: 

bottom-view, right: side-view) and b) alloxazine-T complex (left: bottom-view, right: side-view) 

colored blue for thymine base and pink for ligand (lumichrome or alloxazine). (c) 

Hydrogen-bonding pattern of lumichrome or alloxazine with thymine base. 
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Figure S7. Fluorescence titration curves of alloxazine/A (upper, left), lumichrome/A (upper, right), 

alloxazine/T (lower, left), and lumichrome/T (lower, right) at various salt concentrations. (experimental 

conditions, see captions of Figures S3 and S4). 
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Table S1. Binding constants of alloxazine, lumichrome with target A base and T base in AP-site-containing 

DNA duplexes; binding constant values were obtained by fluorescence titration analysis. (See Figure S7). 

 Binding constants (K11) / 106 M-1 

[NaCl] / mM alloxazine/A 
7,8-dimethyl 
alloxazine/A 

alloxazine/T 
7,8-dimethyl 
alloxazine/T 

110 1.21 ± 0.04 1.87 ± 0.12 0.8 ± 0.01 16.21 ± 3.91 

160 1.19 ± 0.03 1.85 ± 0.11 0.75 ± 0.03 13.06 ± 2.31 

210 1.17 ± 0.02 1.84 ± 0.08 0.67 ± 0.02 11.47 ± 1.69 

310 1.16 ± 0.04 1.84 ± 0.06 0.58 ± 0.02 10.49 ± 1.27 

410 1.15 ± 0.04 1.83 ± 0.13 0.53 ± 0.02 8.84 ± 0.87 
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