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Introduction 

The interaction of water-soluble cationic porphyrins with DNA has been intensely 

studied due to its potential applications, which include probing for the structure and 

dynamics of nucleic acids, photodynamic therapy1, cancer detection2, virus inhibition, 

and artificial nucleases via their interaction with DNA. For these potential applications, 

understanding the exact binding mode of porphyrin to DNA is essential. The mode of 

binding depends on many factors: the number and positions of positive charges in the 

porphyrin molecule, ionic strength, amount ratio of porphyrin and the base-pair, and the 

porphyrin geometry. In this work the binding of meso-tetrakis (tetrafluoro trimethyl 

ammonium) phenyl porphinato Nickel (II) acetate, Ni(TF4TMAP) to calf thymus DNA 

has been studied in view of thermodynamic using UV/Vis spectroscopy. 

The physicochemical properties of Ni (TF4TMAP) were investigated in 5mM 

phosphate buffer, pH 7.0 at various environmental conditions. 
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Results and discussion: 

 

The results represent no appreciable changes in the position of the spectra bands due 

to increasing of ionic strength. This can be represented the low affinity of this porphyrin 

for aggregate formation (Table.1). The interaction of Ni(TF4TMAP) with calf thymus 

DNA at various conditions such as ionic strength, concentration and temperature was also 

investigated using UV/Vis technique. UV/Vis spectra of Ni(TF4TMAP) in the various 

DNA concentration were analyzed in order to obtain the affinity and stoichiometries of 

binding using SQUAD software.The results represents the existence 

mailto:ftmfatemi61@gmail.com


470  

 

 

of two heterogen binding modes for Ni(TF4TMAP) with ct-DNA(Fig.1).The trend of 

spectral changes represents groove and outside binding modes. 

 

 

Table 1. UV/Vis spectral characteristics of Ni (TMAPF4) solution (1×10-5 M) up on increasing the 

NaCl concentration 

 

[NaCl] M Abs(max) Zmax(B-band)(nm) W1/2(nm) 

0 0.340 424.96 70.85 

0.45 0.360 422.84 72.08 

1.15 0.363 424.77 69.15 

1.42 0.356 424.59 69.06 

1.96 0.353 424.84 68.54 

2.3 0.356 424.44 68.30 

 

 
The thermodynamic parameters of binding were estimated by running the 

measurements at various temperatures using Vant Hoff equation(Table 2 and Table 3). 

The results show that the driving force in binding is entropy. That is also is consistant 

with outside and groove binding modes. 
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Figure 1. The absorption spectral change of Ni(TF4TMAP)(1×10-5 M) titrated with stock solution of 

ct-DNA (1.5×10-4 M) in the absence(top) and presence of DNA (0 µM,20.8 µM,52.2 µM,116.3 

µM,175.9 µM,200 µM) in 5mM in phosphate buffer ,pH 7.0 at 25ºC. 
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Table 2. Thermodynamic parameters and affinity constants for binding of Ni(TF4TMAP)to DNA 

at 5mM phosphate buffer, pH 7.0 and various temperatures 

 

T(K) logK1(M -1) OG1º(KJ/mol) OH1º(KJ/mol) OS1º(J.mol -1.K -1) 

298 5.20±0.27 -29.67±0.97 61.31±16.23 305.31±57.71 

303 5.33±0.25 -30.92±1.51 61.31±16.23 301.41±58.54 

308 5.58±0.18 -32.91±1.00 61.31±16.23 305.91±55.94 

313 5.66±0.28 -33.92±1.86 61.31±16.23 304.26±58.12 

318 5.88±0.37 -35.8±2.25 61.31±16.23 305.39±58.12 

 

 
Table 3. Thermodynamic parameters and affinity constants for binding of Ni(TF4TMAP)to DNA 

at 5mM phosphate buffer, pH 7.0 and various temperatures 

 

T(K) logK2(M -1) OG2º(KJ/mol) OH2º(KJ/mol) OS2º(J.mol -1.K -1) 

298 4.15±0.09 -23.68±0.51 54.15±8.14 181.80±29.05 

303 4.20±0.11 -24.37±0.64 54.15±8.14 178.80±28.98 

308 4.28±0.12 -25.24±0.71 54.15±8.14 175.90±28.74 

313 4.45±0.00 -27.21±0.00 54.15±8.14 173.10±26.02 

318 4.73±0.26 -28.8±1.58 54.15±8.14 170.38±30.59 
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