
Journal of Applied Chemistry                                                                   Vol. 14, No. 53, 2019 

85 

Journal of Applied Chemistry    

DNA groove binding of an asymmetric cationic porphyrin and its 

Cu(II) complex: Resolved by spectroscopic, viscometric and 

molecular docking studies 

Roghayeh Aleeshah, Abbas Eslami* 

Department of Inorganic Chemistry, Faculty of Chemistry, University of Mazandaran, Babolsar, Iran 

Accepted: 17/Sep/2019 

Abstra c t   

In the present study, the interaction between water-soluble cationic asymmetric porphyrin, 5-(1-Hexadecyl 

pyridinium-4-yl)-10, 15, 20-tris (1-Butyl pyridinium-4-yl) Porphyrin Chloride, and its copper (II) derivative with 

calf thymus DNA (CT-DNA) were studied by means of spectroscopic techniques, viscosity measurements and 

molecular docking. The monitoring of the changes in visible absorbance spectra showed a small red shift and a 

little hypochromicity in the Soret band. Also,   no significant changes were appeared in the viscosity of DNA 

with increasing of the porphyrins. These results suggested that these porphyrins bound to DNA through the 

groove binding mode. Then, multivariate curve resolution-alternating least squares (MCR-ALS) method was 

employed on UV–visible spectral data matrix to resolve the spectral and concentration profiles of the 

components involved in the interaction and the binding constant was estimated by the combination of bard 

equation and MCR-ALS approach. Furthermore, molecular docking studies confirmed experimental results 

obtained by spectral techniques and provide deeper insight into the porphyrin-DNA interaction. 

Keywords: Calf thymus DNA, Asymmetric cationic porphyrin, Grove binding mode, MCR-ALS, Molecular docking. 

1. Introduction 

The natural porphyrins, metalloporphyrins, and related 

compounds are of central importance to many vital 

biological processes. Porphyrin-based systems have 

been widely studied due to their photophysical and 

electrochemical properties as well as optoelectronic 

applications [1, 2]. The unique and inherent chemical 

characteristics of porphyrins make them appropriate 

candidates for photodynamic therapy (PDT) [3], ion 

 

 

 

 

 

 

 sensors [4], magnetic resonance imaging (MRI) [5], 

electrocatalysis [6], photocatalysis [7], non-linear 

optics [8], chemical sensors [9], photovoltaic cells 

[10] and so on [11].  

Interaction of small molecules with deoxyribonucleic 

acid (DNA), as a target molecule for specific drugs, 

has attracted considerable interest in recent years due 

to their substantial roles in biological systems. 
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Porphyrins bind to DNA, then the target site of DNA 

molecules modifies photodynamically or chemically 

by cleaving nucleic acid and can be used as a chemical 

probe of DNA [12, 13]. 

The interaction of porphyrins with DNA has been 

widely investigated by means of UV-visible 

absorption spectroscopy [14], circular dichroism [15], 

fluorescence [16], viscosity [17], Nuclear magnetic 

resonance (NMR) spectroscopy [18] and X-ray 

crystallography [19]. Water-soluble cationic 

porphyrins can bind with DNA through noncovalent 

interactions in three ways: outside binding 

accompanied by the self-stacking along the 

polynucleotide helix, groove binding interaction, and 

intercalation binding. The porphyrin-DNA binding 

modes depend on both the electronic structure of the 

porphyrin and the position and size of the substituents 

[20]. Metalloporphyrin derivatives of meso-tetra (N-

methyl-4-pyridinium) porphyrin (H2TMPyP) with 

square planar geometry such as Cu(II) and Ni(II) 

complexes can intercalate between two adjacent base 

pairs of DNA, whereas related Zn(II) and Co(II) 

derivatives are capable of outside binding to the DNA 

duplex owing to axial aqua ligands [21]. Additionally, 

the 3D structure of DNA molecule entirely depends on 

the physicochemical properties of the surrounding 

environment. So the binding mode is affected by other 

conditions such as salt concentration, pH, temperature 

and the base pairs sequences [22].  

In this study, MCR-ALS method was applied to the 

study of DNA-ligand interactions [23]. The binding 

constant of DNA-ligand interaction was estimated by 

the combination of bard equation and MCR-ALS. The 

observed limitations in biological systems are 

constituted by more than two components, such as 

overlapping of signals, can be resolved using MCR-

ALS [24]. The concentration profiles are attained by 

performing MCR-ALS on the experimental data 

matrix. The concentration profiles provide suitable 

information about the interaction mechanism and 

chemically active species involved [25].  

For the preparation of asymmetric porphyrins 

(porphyrins bearing various substituents at the meso-

positions), different synthetic routes were reported 

[26]. The most common synthetic route for the 

preparation of asymmetrical cationic porphyrins with 

three identical substituents (AB3- porphyrins) is the 

partial modification of a porphyrin bearing four 

identical meso substituents in high yield. In the 

present work, we synthesized asymmetric 

metalloporphyrin derivative of Cu(II) containing 5-(1-

Hexadecyl pyridinium-4-yl)-10, 15, 20- tris (1-Butyl 

Pyridinium-4-yl) Porphyrin Chloride (MHxTB) ligand 

in good yield according to our pervious study [27]. 

The effect of bulky group substitution on the DNA 

binding with porphyrin was studied by absorption 

spectroscopy, resonance light scattering spectroscopy, 

circular dichroism, emission spectroscopy and also 

dynamic viscosity measurements. The results 

illustrated that these porphyrins have a high binding 

affinity toward CT-DNA and bind to it through 

outside mode. Furthermore, molecular docking was 

applied to understand the most probable mode of 

DNA binding.  

2. Experimental  

2.1. Materials and Apparatus 

All of the chemicals were used as received from 

commercial sources without further purification.  

1H-NMR spectra were recorded using a Bruker 

Avance DRX-400 spectrometer. Elemental analysis 

for C, H, and N was carried out with a LECO 600 

elemental analyzer. Electronic spectral measurements 

were performed using a UV-Vis Braic 2100 double 

beam spectrophotometer. Emission spectra were 

recorded with a Perkin-Elmer LS-5B fluorescence 

spectrophotometer in tris buffer solution by 1 cm path 

length quartz cell. CD measurements were carried out 

using a Model 215 CD spectrometer. The viscometric 

measurement was performed with a Lovis 2000 M/ME 

microviscometer. 

2.2. Synthesis and characterization 

2.2.1. Synthesis of 5-(1-Hexadecyl pyridinium-4-yl)-

10, 15, 20-tri (Pyridyl) Porphyrin Bromide 

(MHxPyPBr), 1 

Meso-tetra(4-pyridyl)porphyrin was prepared and 

purified previously published protocol [28]. Then 

hexadecane (2.3 mL, 7 mmol) and TPyP (0.4 g, 0.65 

mmol) were dissolved in 400 ml of absolute 

https://www.hitechtrader.com/Spectrophotometers/Fluorescence/Page-1/2870-c
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ethanol/chloroform (1:3, v/v). The solution was 

refluxed at 75°C under N2 atmosphere in the dark for 

6 days. The reaction mixture was cooled, and was 

evaporated under reduced pressure. The crude residue 

was placed in column chromatography on silica gel, 

eluted with chloroform/ethanol (8:2, v/v) and then, it 

was recrystallized from chloroform to acquire 

porphyrin 1 (yield 30%),  mp >300 °C. 1H NMR 

(CDCl3, 400 MHz) δ ppm: -2.94(s, 2H, NH), 0.85(t, 

3H, CH3(hexadecyl)), 1.6-1.1(m, 26H, CH2(hexadecyl)), 2.36 

(m, 2H, β-CH2(hexadecyl)), 5.32 (t, 2H, α-CH2(hexadecyl)), 

7.9 (d, 4H, Hm-py.), 8.13 (d, 2H, Hm- N-hexadecylpy.), 8.89-

9.07 (m, 16H, Hpyrr., H o-N-hexadecylpy. and Hopy), 9.79 (d, 

2H, Ho-N-hexadecylpy). 

2.2.3. Synthesis of 5-(1-Hexadecyl pyridinium-4-yl)-

10, 15, 20-tris (1-Butyl Pyridinium-4-yl) Porphyrin 

Chloride (MHxTB), 2 

The mixture of MHxPyPBr (0.3 g, 0.32 mmol) and 1-

bromobutane (3 mL, 27.93 mmol) in 

dimethylformamide (15 mL) and acetonitrile (35 mL) 

was refluxed in the dark at 110°C for 72 h under N2 

atmosphere. After cooling the reaction mixture to 

room temperature, the excess 1-bromobutane was 

removed by adding diethyl ether. The obtained 

precipitate was washed with diethyl ether, dried in a 

vacuum desiccator, dissolved in methanol. and passed 

over an anionic exchange resin for 2 days to get 

chloride salt of C55H60N8Cl4,8H2O. The obtained 

purple powder was dried over P2O5 in vacuum for one 

week (yield 97%), mp > 300°C. FT-IR (KBr, ν, cm−1): 

3435 (N-Hstr.), 2922 (C-H str.Ar.), 2853 (C-H str.ali.), 1555 

(C=C str.), 1469 (C=N), 961(N-Hbend.), 792, 723 (C–H 

bend.). 
1H NMR (DMSO, 400 MHz) δ ppm: 9.58 (d, 6H, 

Ho-N-hexadecylpy), 9.49 (d, 2H, Ho-N-methylpy), 9.23 (s, 6H, , 

Hpyrr.), 9.03 (m, 8H, Hpyrr.), 8.19 (s, 2H, Hm-py.), 4.98 (t, 

6H, α-CH2(butyl)), 4.73 (t, 2H, α-CH2(hexadecyl)), 2.56 (m, 

6H, β-CH2(butyl)), 2.50 (m, 2H, β-CH2(hexadecyl)), 2.3 (m, 

8H, γ-CH2(hexadecyl), β-CH2(butyl)), 1.65-1.1 (m, 24H, 

CH2(hexadecyl)), 0.84 (m, 12H, CH3(hexadecyl , CH3(butyl)), -

2.97 (s, 2H, NH). Anal. Calc. For C68H86N8Cl4 (MW 

(MHxTB)) = 1154.57 g.mol-1): C, 70.57; H, 7.49; N, 

9.68%. Found: C, 70.8; H, 7.6; N, 9.7%. UV-Vis 

(H2O) λ nm (ɛ (M
-1cm-1): 426 (107.6× 103), 518 (7.32× 

103), 555 (3.32× 103), 584 (3.12× 103), 644 (0.89 × 

103). 

2.2.4. Synthesis of Cu (II) 5-(1-Hexadecyl 

pyridinium-4-yl)-10, 15, 20-tris (1-Butyl 

Pyridinium-4-yl) Porphyrin Chloride, 3 

To a solution of porphyrin 2 (0.05 g, 0.043 mmol) in 

25 mL of distilled water was added Cu(CH3COO)2 

(0.37 g, 2.1 mmol) under N2 atmosphere. The reaction 

mixture was allowed to reflux for 24 h. After cooling, 

a solution of saturated KClO4 was added to the 

mixture, then resulting precipitate was washed with 

cold diethyl ether and dilute aqueous  KClO4 solution, 

dissolved in methanol and passed over an anionic 

exchange resin for 2 days to get CuMHxTB chiorid 

salt. The obtained aqueous solution was dried in 

vacuum at 40°C to get porphyrin 3 (yield 92%), mp 

>300 °C. FT-IR (KBr, ν, cm−1): 2923 (C-Hstr.Ar.), 2850 

(C-H str. ali.), 1555 (C=C str.), 1460 (C=N), 1005 (Cu-

N), 790, 721 (C–H bend.).UV-Vis (H2O) λ nm (ɛ (M
-

1cm-1): 428 (217× 103), 546 (19.2× 103), 590.6 (2.94× 

103).  

2.4. DNA binding studies 

DNA stock solutions were prepared by dissolving CT-

DNA in Tris-HCl buffer at pH 7.10 and stored at 4 °C 

for 24 hours. The absorbance ratio (A260/A280) equals 

to 1.8 that specified the purity of DNA from protein 

[29]. Then the extinction coefficient of ε=6600 M−1 

cm−1 at 260 nm was applied to define 

spectrophotometrically the concentration of DNA 

solutions that used in various experiments [30].  

2.4.1. Spectroscopic measurements 

CT-DNA solution was added into a constant 

concentration of the mentioned porphyrins (9.01  10-6 

M and 4.6  10-6 M for porphyrin 2 and 3, 

respectively). Five minutes after each injection, UV-

Vis spectra were registered at 20°C. 

Emission spectra of porphyrin 2 were recorded at 

20°C in the range of 600 to 750 nm. 

Induced CD spectra were recorded for porphyrins 2 

and 3 at the mole ratios of 0.9 porphyrin to DNA over 

the spectral range of 380-600 nm at 20°C.  

RLS spectra were scanned in the region from 300 to 

700 nm at 20°. Then, the obtained data were corrected 

to get the “pure” scattering component. 
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2.4.2. Multivariate curve resolution 

The soft modeling-based MCR–ALS procedure was 

performed to decompose spectroscopic data into the 

concentration profiles and pure spectra [31]. The 

experimental data matrix D (i × j) was decomposed 

into C (i × n) and ST (n × j) based on the bilinear 

model according to the following equation: 

𝑫(𝒊×𝒋) = 𝑪(𝒊×𝒏)𝑺(𝒏×𝒋)
𝑻 + 𝑬(𝒊×𝒋)

 
(1) 

where S, C and E are pure spectra, pure concentration 

profiles and residuals matrix, respectively.  

MCR-ALS procedure is consist of following step:  

1. Data matrix arrangement 

2. Determination of the number of 

component by applying singular value 

decomposition (SVD)  

3. The initial estimation of C or ST ( 

equations 2 and 3) [32] 

4. Applying constraint and optimization 

parameters [33]  

𝑆𝑇 = (𝐶)+𝐷
 

(2) 

𝐶 = 𝐷(𝑆𝑇)+
 

(3) 

where (C)+ and (ST)+ are C matrices and the 

pseudoinverse of the ST, respectively [34, 35]. The 

percentage of lack of fit (LOF) (Eq. 4) and the 

explained data variance (R2) parameters (Eq. 5) are 

calculated to evaluate, which the experimental data 

were well fitted [36].  

𝑙𝑜𝑓(%) = 100√
∑ 𝑒𝑖𝑗

2
𝑖𝑗

∑ 𝑑𝑖𝑗
2

𝑖𝑗

 

(4) 

𝑅2 = 100√
∑ 𝑑𝑖𝑗

2
𝑖𝑗 − ∑ 𝑒𝑖𝑗

2
𝑖𝑗

∑ 𝑑𝑖𝑗
2

𝑖𝑗

 

(5) 

where dij is an element of the input data matrix D and 

eij is the related residual acquired from the discrepancy 

between the input element and the MCR reproduction.  

2.4.3. Viscosity Measurements 

The DNA solutions containing various concentrations 

of porphyrins were prepared for investigating the 

effect of the presence porphyrin on the relative 

viscosity of DNA at 20.0 ± 0.1 °C. 

2.4.4. Molecular docking 

Molecular docking studies were performed using 

AutoDock 4.2 program to get more evidence for the 

accuracy of the above results [37]. To perform 

molecular docking, the structure of porphyrins 2 and 3 

were optimized using DMOL3 program that employed 

in Materials Studio package. The geometric 

optimization is performed with DNP basis sets based 

on the generalized gradient approximation (GGA) 

[38]. The optimized geometry was docked into DNA 

fragments that its crystal structure was downloaded 

from Protein Data Bank (PDB ID: 1BNA) 

(http://www. rcsb.org). Then, the MGL Tools 1.5.4 

package was used to convert PDB files to pdbqt 

format. The grid maps were fixed by centering the 

grid box on either the groove or the intercalation site 

and comprised of 60 × 70 × 60 points of 0.375 Å 

spacing. All other parameters were left at the default 

values. Lamarckian genetic algorithm (LGA) method 

was employed to study molecular docking simulation 

[39].  

3. Results and Discussion 

3.1. Synthesis 

In this present study, we reported the synthesis of 

asymmetric cationic 5-(1-Hexadecyl pyridinium-4-yl)-

10, 15, 20-tris (1-Butyl Pyridinium-4-yl) Porphyrin 

Chloride, 2 (Fig. 1).  

 

Fig. 1. Chemical structures of porphyrin 2 

The route for the synthesis of porphyrin 2 is shown in 

Scheme 1s. In the first step, after the purification of 

meso-tetra(pyridyl) porphyrin according to the 

previous reports [28], a mixture of 1-

bromohexadecane and TPyP was refluxed in 

chloroform and ethanol for 6 days at 75°C for 

attaching one hexadecyl group to the N-position of the 

peripheral pyridyl groups. The reaction mixture 

showed three bands on the TLC plate, the second 

separated component was collected, purified and 

recrystallized from chloroform to afford porphyrin 1 
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(45% yield). In the next step, the porphyrin 2 was 

synthesized through tri N-alkylation of the porphyrin 1 

by a large excess of 1-bromobutane at 110 °C for 2 

days.The reaction product was passed over an anionic 

exchange resin to afford the desired chloride salt of 

the porphyrin 2. 1H NMR, UV–visible spectroscopy 

and elemental analysis verified their structure (Fig. 1s-

4s). In the IR spectrum of porphyrin 2, the absorption 

bands at 3435 and 961 cm–1 are attributed to N–H 

stretching (in planarity) and bending (out of planarity) 

vibrations of free base porphyrin. These absorption 

bands disappeared in the spectra of porphyrin 3, after 

the metal insertion reactions, a new strong absorption 

band appeared at 1005 cm-1, which further confirmed 

the formation of metal complex. In the 1H-NMR 

spectrum of porphyrin 2, the signals of the two inner 

N-H groups (the shielded N-H protons) appear at very 

high field (-2.97 ppm) because of the anisotropic 

effect from the porphyrin ring current. The triplet 

signal was appeared at 4.73 ppm due to α-CH2(hexadecyl) 

which clarified the formation of porphyrin 1. The 

presence of a triplet peak at 4.98 ppm was assigned to 

α-CH2(t-butyl) that approved the formation of the 

porphyrin 2. The absorption spectrum of porphyrin 2 

consists of a strong Soret band at 426 nm, and four 

less intense Q bands in the visible region (518, 555, 

584 and 644 nm). Metalloporphyrin 3 demonstrated a 

strong Soret band at 428 nm and two weak Q-bands in 

visible region (546 and 590 nm). The difference 

between the absorption spectra of the porphyrin 2 and 

metalloporphyrin 3 is assigned to the C1 symmetry of 

the free-base porphyrin which is due to inner proton 

and Cs symmetry of metalloporphyrin. The intense 

soret band is attributed to the S0 to S2 transition 

whereas the Q bands are attributed to the S0 to S1 

transition. The soret and the Q bands both arise from 

π–π* transitions and can be explained by the 

Gouterman four orbital model. Cu (II) 

metalloporphyrin 3 absorption peaks are shifted to the 

shorter wavelength than free base porphyrin 2 due to 

metal dπ (dxz and dyz) to prophyrin π* back bonding. 

This results in an increased porphyrin π to π* energy 

separation causing the electronic absorptions to 

undergo hypsochromic (blue) shifts.  

3.2. Spectroscopic studies  

A wide investigation has been carried out on the 

interaction of porphyrin with DNA [40] and the results 

illustrated that the binding constant depends on the 

DNA sequence, DNA structure, porphyrin structure, 

and experimental conditions. To get further 

information about porphyrin-DNA interaction, 

spectrophotometric titration of porphyrins is 

commonly carried out by DNA in a buffer solution. 

The intensity and magnitude of the Soret band is 

effective for estimating the binding constants and 

distinguishing the binding mode (intercalative and 

outside binding) [41].  

UV–Vis absorption spectroscopy is a conventional 

analytical technique in the investigation of porphyrin-

DNA interaction [42]. UV-Visible spectra of 

porphyrins 2 and 3 during titration with CT-DNA 

were depicted in Fig. 2a and 2b, respectively. At low 

(
[DNA]

[porphyrin]
) mole ratio, little changes were appeared in 

the Soret band that can be related to weak 

aggregations of porphyrin on the surface of DNA. 

Then, the intensity of Soret peak was major decreased, 

hypochromic effect and a bathochromic shift were 

appeared for porphyrins that due to the porphyrin-

DNA interaction with further addition of DNA. 

Then, MCR-ALS method was applied on the optical 

absorption data to estimate binding constant. The 

presence of two components and the initial spectra 

were estimated by employing SVD and OPA 

algorithm, respectively. Then the non-negativity, 

unimodality, closure constraint and selection of 

optimization parameters were employed in the ALS 

optimization to acquire the concentration and spectra 

profiles (in Fig. 3 and 4). The standard deviation of 

the residuals was 0.013 and 0.008 for porphyrins 2 and 

3, respectively. The LOF was obtained 5.664 and 

2.771 for porphyrins 2 and 3, respectively. 
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Fig. 2. Changes in absorption spectra of porphyrin upon 

progressive addition of DNA solution at 20 ºC in 10 mM Tris-

HCl/25 mM NaCl (pH=7.1) buffer. a) [porphyrin 2]= 9.01 10-6 

M, [DNA]= (0-1.87)  10-5 M, b) [porphyrin 3]= 4.60 10-6 M), 

[DNA] = (0-1.78)  10-5 M 

The binding constant was estimated by the 

combination of bard equation and MCR-ALS [24, 43]. 

The bard equation can be exhibited by the following 

equation: 

(6) (𝜀𝑎 − 𝜀𝑓)

(𝜀𝑏 − 𝜀𝑓)

=
[𝑏 − (𝑏2 − 2𝑘𝑏 +

𝑐𝑡[𝐷𝑁𝐴]
𝑛

)1/2]

(2𝑘𝑎𝑐𝑡)
 

(7) 
𝑏 = 1 + 2𝑘𝑏𝑐𝑡 + 𝑘𝑏

[𝐷𝑁𝐴]

2
 

where εa, εf, εb are the apparent extinction coefficient, 

the extinction coefficient for the free porphyrin, and 

the bound form, Ct is the concentration of free 

porphyrin; [DNA] is the DNA concentration 

expressed in nucleotide phosphate, n is the binding 

site size, and Kb is the binding constant. The estimated 

binding constants are given in Table 1. These 

porphyrins represented slightly red shift about 2 and 4 

nm with a hypochromicity of 9.85% and 6.91% in 

absorption spectra for porphyrins 2 and 3, 

respectively.  

 

 

Fig. 3. Results obtained from analysis of the visible absorption 

data recorded during interaction MHxTB with DNA solution at 

20°C in Tris-HCl buffer by MCR-ALS. Extracted concentration 

(a) and pure spectra (b) profiles for MHxTB and MHxTB-DNA 

complex 

 

 

 

Fig. 4. Results obtained from analysis of the visible absorption 

data recorded during interaction CuMHxTB with DNA solution 

at 20°C in Tris-HCl buffer by MCR-ALS. Extracted 

concentration (a) and pure spectra (b) profiles for CuMHxTB 

and CuMHxTB-DNA complex 
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Table 1. Binding parameters of the interaction between porphyrin and CT-DNA at 20°C. 

 λmax (nm)/[ɛ×10-4 (M−1 cm−1)]    

Compound free DNA binded H% a n Kb×10-4 (M-1) 

Porphyrin 2 426 [10.76] 428 [9.7] 9.85 0.3 8.7 

Porphyrin 3 428 [21.7] 432[20.2] 6.91 0.2 7.6 

a H%: Hypochromicity is defined as 
100×

ε

)εε(
=%H

f

bf
 where εf and εb are the molar absorption coefficients for the 

free and bound forms.  

 

The emission spectrum of interaction porphyrin 3 with 

CT-DNA is demonstrated in Fig. 5. Porphyrin 2 

emitted light because of a highly conjugated double-

bond structure, but Porphyrin 3 didn’t emit light due 

to paramagnetic metal ion. In the absence of CT-

DNA, porphyrin 2 solution displays a strong Q (0,0) 

band, and a weak shoulder corresponds to Q (1,0) in 

652 and 710 nm, respectively. Upon addition of CT-

DNA to porphyrin 2 solution, the fluorescence 

intensity was smoothly decreased, but the fluorescence 

intensity was dramatically increased by further 

addition of DNA to the solution. The initial decrease 

in the fluorescence intensity may be related to 

aggregate porphyrin 2 on the CT-DNA surface. In 

higher concentrations, the enhancement of the 

fluorescence intensity is due to binding of porphyrin 2 

monomer to CT-DNA. The linear Stern–Volmer 

quenching constant was calculated according to the 

following equation [44]: 

𝐹0

𝐹
= 1 + 𝐾𝑆𝑉[𝑄] (8) 

where F0 and F are the fluorescence intensities in 

the absence and presence of CT-DNA, respectively, 

KSV is the Stern-Volmer fluorescence quenching 

constant and [Q] is the concentration of quencher. The 

value of KSV was calculated 8.9 ×104 M-1 at 20°C (Fig. 

5s). 

 

Fig. 5. Emission spectra of porphyrin 2, upon increasing 

concentration of CT-DNA. [2]=7.81 10-6 M , [DNA] = (0-2.52) 

 10-5 M, in Tris-HCl buffer, and λex = 426 nm 

RLS is an effective method for probing chromophore 

aggregation on nucleotide surfaces [45] and also for 

further accurate comprehension of binding mode [46]. 

The RLS spectra are depicted in Fig. 6. Upon CT-

DNA addition, slight changes appeared in the RLS 

spectra. At low 
[DNA]

[porphyrin]
 molar ratio, a little increase 

in the scattered light intensity (SLI) was observed in 

the region from 300 to 700 nm because of 

aggregations of desired porphyrins on the surface of 

DNA. Then with higher addition of CT-DNA, the SLI 

spectra was diminished because of binding monomers 

to CT-DNA instead of forming aggregates [47].  
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Fig. 6. RLS spectra of the solutions containing porphyrin (4.15 

μM) in the presence of different concentrations of CT-DNA, a) 

[DNA] = (0-1.71) × 10-5 M, b) [DNA] = (0-1.96) × 10-5 M 

 

 

Fig. 7. Induced CD spectra of porphyrins 2 (.-) and 3 (-) in the 

presence of DNA at [porphyrin]/[DNA] ratios of 0.9 in the Soret 

region 

Circular dichroism technique has been extensively 

used to understand the binding modes of a molecule to 

DNA [46]. Porphyrins 2 and 3 are an achiral molecule, 

so in the absence of DNA wasn’t shown any ellipticity 

in the visible range. Upon interaction with CT-DNA 

and placing in a chiral environment, induced circular 

dichroism (ICD) peaks are appeared in Soret bands 

(Fig. 7). This occurrence can be explained that the 

origin of the induced CD arises from the coupling of 

the transition moments of achiral porphyrin, and 

chirally arranged nucleobases transition or along the 

excitonic interaction of the DNA with porphyrin. The 

shape and magnitude of the induced CD give 

information about the binding mode [48]. The 

intercalative and outside binding mode are 

characterized by negative and the positive or zero 

ICD-spectra, respectively. Porphyrins 2 and 3 upon 

binding to CT-DNA indicated positive peaks at around 

486 and 495 nm, respectively. The appearance of the 

positive ICD band suggested that these porphyrins 

bind to CT-DNA through outside binding mode, 

which is consistent with the above result.  

The obtained spectroscopy results showed that these 

porphyrins bound to CT-DNA via groove binding 

mode with high affinity. [66]. The obtained results are 

in good accordance with previous studies. The last 

investigations exhibited that 5,10,15,20-tetrakis(4-

methyl-pyridyl)porphyrin (TMPyP) and Cu(II) 

complex (CuTMPyP) were intercalated into CT-DNA 

base pairs with the binding constant 1.10 × 107 and 

4.29 × 105 M−1, respectively [49, 50]. In our previous 

study, we found that 5-(1-dodecyl pyridynium-4-yl)- 

10, 15, 20- tris (1-methyl pyridynium-4-yl)- 21H, 

23H- porphyrin tetra chloride (MDTMPyP) and its Cu 

(II) complex (CuMDTMPyP) were intercalated into 

CT-DNA through insertion of the planar aromatic ring 

into base pairs of DNA with the binding constant of 

8.3 × 105 and 2.4 × 105 M-1 at 20°C, respectively [27]. 

But in the present work, MHxTB and CuMHxTB were 

bound to DNA by an outside binding mode and 

electrostatic interaction with the binding constant of 

8.7 × 104 and 7.6 × 104 M-1, respectively. These result 

showed that the DNA binding mechanism to 

porphyrin has been easily modified by changing the 

peripheral substituents. Actually, the planarity of the 

porphyrin ring was changed by increasing the length 

of the carbon chain in the porphyrin meso substituents 

and also the bulky group substitution was affected on 

the DNA binding with porphyrin. 
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Fig. 8. Effect of increasing amounts of porphyrins 2 (■) and 3 

(♦) on the relative viscosity of CT-DNA (100 µM) in Tris-HCl 

buffer solution. (r= [DNA]/[porphyrin], η0 and η are the specific 

viscosity contributions of DNA in the absence and in the 

presence of the porphyrin, respectively 

3.3. Measurements of viscosity 

Measurements of viscosity DNA is an accurate 

method for determining the binding nature of 

porphyrins to DNA [51]. In the classical intercalation 

model, an increase in the relative viscosity of DNA is 

observed, which ascribed to lengthen the DNA duplex 

due to inserting small molecules between the base 

pairs of DNA [49]. In the outside binding model, a 

slight or no changes are observed in the effective 

length of DNA, which ascribed to bend or torsion in 

the DNA [52]. A plot of η/η0 versus binding ratio are 

depicted in fig. 8. The obtained results show that the 

addition of porphyrins 2 and 3 had a little and 

insignificant effect on the relative viscosity of CT-

DNA, and suggested that these porphyrins may bind to 

CT-DNA with an outside binding mode. 

3.4. Molecular docking 

Molecular docking is an extremely attractive 

technique that can be applied to predict the preferred 

orientation of porphyrins in interaction with DNA to 

form a stable complex [53]. Also, this method 

identified the binding energy and binding modes of 

porphyrin with DNA. In this process, the optimized 

geometry of porphyrins was docked into DNA 

fragments. The structure of porphyrins was kept 

flexible, and DNA structure was considered fix to 

achieve the most appropriate orientation and the best 

energy binding. The most stable conformation of the 

interaction of desired porphyrins with DNA was 

depicted in fig. 9 and docking analysis was listed in 

Table 1s. The binding energy of Porphyrins 2 and 3 

were calculated -3.16 and -2.79 kcal/mol, respectively. 

However, electrostatics interaction is less than van der 

Waals in magnitude, but is the dominant force in 

defining the orientation of interaction. The obtained 

docking results confirmed our experimental findings 

that these porphyrins bound to DNA through groove 

binding mode. 
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Fig. 9. Molecular docking results of porphyrin 2 (a) and porphyrin 3 (c) bound to DNA: deoxy adenine (DA) is red, deoxy cytosine (DC) is 

yellow, deoxy guanine (DG) is blue and deoxy thymine (DT) is green. Docking pose of porphyrin 2 (b), and porphyrin 3 (d)  

 

4. conclusion 

In this study, a water-soluble cationic asymmetric 

porphyrin, 5-(1-Hexadecyl pyridinium-4-yl)-10, 15, 

20-tris (1-Butyl pyridinium-4-yl) Porphyrin Chloride 

(MHxTB), and its copper (II) derivative have been 

prepared and characterized spectroscopic methods. 

Then the interactions of these synthetic porphyrins 

with CT-DNA have been studied by various 

spectroscopic techniques, molecular docking, and 

viscosity measurements. The monitoring of the 

changes in visible absorbance spectra, showed that 

porphyrin 2 and 3 bound to CT-DNA with the binding 

constant (Kb) of 8.7 × 104  and 7.6 × 104 M-1 at 20°C, 

respectively. The obtained result confirm the high 

binding energy of these porphyrins with DNA, which 

is comparable to the other cationic porphyrins [54, 

55]. Also, the binding constant was reduced to our 

earlier work due to the bulky group substitution [27]. 

Furthermore, molecular docking studies and 

spectroscopic investigations on the interaction of the 

mentioned porphyrins with CT-DNA suggested that 

these porphyrins bound to CT-DNA through outside 

binding mode. 
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