
 

1 
 

Biomolecule (RNA) binding analysis of [SnMe2Cl2(Me2phen)] complex: multi-

spectroscopic analysis and docking simulation 

Nahid Shahabadia*, Saba Zendehcheshma, Badri Z Momenib, Fatemeh Khademic 

 

a Inorganic Chemistry Department, Faculty of Chemistry, Razi University, Kermanshah, Iran 

b Department of Inorganic Chemistry, Faculty of Chemistry, K.N. Toosi University of Technology, Tehran, Iran 

cMedical Biology Research Center, Health Technology Institute, Kermanshah University of Medical Sciences, 

Kermanshah, Iran 

*Correspondence: Nahid Shahabadi, Faculty of Chemistry, Razi University, Kermanshah, IRAN 

Tel / Fax: +98-8334274559 

E-mail: nahidshahabadi@yahoo.com 

 Abstract: In this study, the spectroscopic methods (UV–vis and fluorometric), and computational 

study (molecular docking) were used to investigate the interaction of [SnMe2Cl2(Me2phen)] com-

plex with RNA under simulative physiological conditions (pH =7.40). The RNA binding properties 

of the Sn(IV) complex exhibit that it binds to RNA through a groove binding mode and the binding 

constant values were computed employing the emission spectral data. The values of Ka from fluo-

rescence measurement clearly underscore the high affinity of [SnMe2Cl2(Me2phen)] complex to 

RNA. The experimental results of fluorescence showed that the quenching of the complex by RNA 

is static. The thermodynamic   parameters (∆H0 > 0 and ∆S0 > 0) are calculated by van’t Hoff 

equation, which demonstrated that hydrophobic interactions played major roles in the binding reac-

tion. In this context, a negative free energy change (ΔG0 < 0) emphasizes the spontaneity of the 

binding process. In silico molecular docking studies further corroborated well with the experimental 

results. 
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1. Introduction

Organotin complexes are species that have at least one car-

bon-tin bond in their structure. Organometallic complexes 

have various usages such as catalyst in trans esterification of 

vegetable oil into biodiesel, wood preservatives, marine anti-

septic agents, silicon curing, formation of polyurethane, anti-

fouling paints, stabilizers in polymers and so forth [1-7]. 

Through their structural versatility and broad therapeutic ac-

tivity, they get a lot of attention in the field of medical chem-

istry. The therapeutic activity of organotin compounds is due 

to their  molecular  geometry,  ease  of  hydrolysis  of  lig-

ands  and  accessibility  of coordination position around cen-

tral tin atom [8]. They have many different activities similar 

to antiparasitic [9], anti-HIV [10], antimicrobial, antiallergic 

[11, 12], antitumor [13-19], anti-inflammatory  [20-22]  and  

in  agriculture  as  bactericidal, acraricidal and fungicidal 

agents [23, 24]. Most effects show that organotin compounds  

have  anti-proliferative  effects  against  the  solid  and  he-

matologic cancers  [25]  and  they  also exhibit potential  
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antineoplastic  [26, 27]  and antituberculosis activities [28, 

29]. Studies of the interaction between metal complexes and 

nucleic acids (DNA and RNA) in terms of understanding of 

how to target nucleic acids sites with specificity may lead to 

developing highly sensitive chemotherapeutic agents [30]. 

The nucleic acids binding of the transition metal complexes 

has been studied since these complexes bear potential appli-

cations in bioinorganic chemistry [31]. The interaction of 

metal complexes with biological macromolecules such as nu-

cleic acids is a crucial pharmacological phenomenon in bio-

sciences therefore, it has invoked great attention in recent 

decades [32]. The therapeutic potential of a drug depends 

upon the degree and mode of interaction with nucleic acids as 

these interactions play an imperative role in understanding 

the mechanism of binding and the forces involved in it [33]. 

Molecular interactions can affect the structure, distribution, 

physiological action and elimination of drugs and thereby in-

fluence the therapeutic efficacy of the drug [34, 35]. Nucleic 

acids (DNA & RNA) participate in a variety of biological 

processes [36, 37] such as gene storage, replication, transcrip-

tion and other important biological activities and also play 

significant roles in anticancer [38] and antiviral [39] pro-

cesses. Therefore, targeting nucleic acids can be desirable for 

drug design [40]. Numerous studies reveal that DNA is the 

primary intracellular target of antitumor drugs, because the 

interaction between small molecules and DNA can lead to al-

teration in DNA replication or blocking DNA synthesis in 

cancerous cells, eventually inhibiting the growth of cancerous 

cells. Therefore, the metal complexes which can efficiently 

bind and cleave DNA are considered as promising candidates 

for use as therapeutic agents [41-43]. However, RNA target 

is still under rated as compared to DNA. Nevertheless, re-

searchers have realized recently that RNA, the chemical 

cousin of DNA can be exploited as a better drug target over 

DNA because of its unique structural polymorphism [44], ab-

sence of the cellular repair mechanism,  [45] and its ability to 

fold into intricate three dimensional (3D) secondary and ter-

tiary structures which provides recognition domains leading 

to their higher binding affinity and specificity with small mol-

ecules [46]. In our recent research, we reported the interaction 

of [SnMe2Cl2(Me2phen)] complex with DNA through Multi-

spectroscopic analysis, atomic force microscopy, molecular 

docking and molecular dynamic simulation studies [47]. In 

continuation of our previous research, herein, the interaction 

of [SnMe2Cl2(Me2phen)] complex with RNA was studied us-

ing spectroscopic and docking simulation methods to evalu-

ate the RNA-[SnMe2Cl2(Me2phen)] binding propensity. 

Studies on the interaction model and the mechanism between 

[SnMe2Cl2(Me2phen)] complex and biological molecules 

such as RNA have not yet been fully and systematically stud-

ied. To gain insight into the interaction model and the mech-

anism, investigating the interaction of [SnMe2Cl2(Me2phen)] 

complex with RNA is necessary. In similar work, Parveen et 

al. [48] reported the interaction of enantiomeric Cu(II) com-

plexes with DNA, RNA and HSA. Bandyopadhyay et al. [49] 

showed biophysical studies on the interaction of a novel ox-

ime-based palladium (II) complex with DNA and RNA. 

 

Figure 1 The chemical structure of [SnMe2Cl2(Me2phen)] complex. 

2. Materials and methods 

2.1. Apparatus 

An Agilent 8453 spectrophotometer with a 1.00 cm quartz 

cell was utilized to perform the UV–vis spectroscopic meas-

urement of RNA-complex systems. A JASCO FP 6200 spec-

trofluorometer with a quartz cuvette of 1.00 cm path length 

was employed to measure the emission spectra. A Metrohm 

model of 827 pH meters was utilized to evaluate the pH val-

ues. 

2.2. Materials 

The Tris- (hydroxymethyl)-amino-methane–hydrogen chlo-

ride, Baker’s yeast RNA, for RNA interaction were purchased 

from Sigma Aldrich and Merck Millipore. All stock solutions 

were prepared by employing a Tris-HCl buffer. The Tris-HCl 

buffer solution (pH= 7.4) was prepared by dissolving the 

Tris–(hydroxymethyl)-amino-methane in double distilled 

water. Approximately 3 mg of RNA powder was dissolved in 

3 mL Tris–HCl buffer (10 mM) to prepare the stock solution 

of RNA. The purity of RNA was tested to meet the experi-

mental requirements (A260/A280 > 1.8) [50]. The 

[SnMe2Cl2(Me2Phen)] complex (Figure 1) has been synthe-

sized according to the method characterized in the  literature 

[51]. Due to the solubility of the complex in the water, a stock 

solution (1.00 × 10-3 M) was prepared by dissolving the com-

pound in doubly distilled water. 

2.3. RNA interaction of [SnMe2Cl2(Me2phen)] complex 

2.3.1. UV–vis spectroscopy 

 The absorption signals of [complex + RNA] − [RNA] were 

noted in Tris-HCl buffer solution in the range of 200-350 nm. 
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During the interaction process, the concentration of the com-

plex was maintained (3.4×10-5M), while the RNA concentra-

tion was varied (from 2.64×10-5 to 3.70×10-4 M). 

2.3.2. Fluorescence studies   

The emission spectra of the complex were excited at 270 nm 

and scanned from 280 to 500 nm. The measurements were 

performed by maintaining the concentration of the complex 

constant (1.00 × 10−6 M) while changing the RNA concentra-

tion from 2.73×10-5 to 2.62×10−4 M at different temperatures 

(288.15, 298.15, and 310.15 K). In order to obtain the appli-

cable data, fluorescence intensity values must be corrected for 

eliminating the inner filter effect. 

Fcor=Fobs×e (Aex+ Aem)/2  (1) 

Where Fobs and  Fcor are observed and  corrected fluorescence 

intensity, Aem, and Aex are the absorbance values for emis-

sion, and excitation wavelengths, respectively [52]. 

Evaluating association mode  

In order to investigate the mode of RNA - complex interac-

tion, an intercalator fluorescence probe (EB) and groove 

binders (Hoechst 33258) were used. The displacement exper-

iment was carried out to elucidate the potential of the com-

plex to displace probes from the RNA structure. At first, the 

RNA (2.73 ×10-5 M) was added to the EB, and Hoechst (5.00 

×10-6 M) solutions. Then, this mixture was titrated with vari-

ous concentrations of the complex (8.00 ×10-7 to 1.18 ×10-5 

M). The RNA-probes systems were excited at 526 nm, and 

340 nm for EB, and Hoechst, respectively. Meanwhile, the 

scanning range of emission spectra between 530–720 nm, and 

350–650 nm was set for EB, and Hoechst, respectively. 

2.3.3. Molecular docking study  

The molecular docking study of the interaction between the 

Sn(IV) complex with RNA was performed using Open-

source AutoDock Vina (version 1.5.7) with MGL tools 1.5.4 

[53]. We provided the three-dimensional structure of yeast 

RNA (PDB ID: 6TNA) from the Protein Data Bank and em-

ployed AutoDock Tools to confect the receptor and ‘the lig-

and’ files. The RNA was enclosed in a 60 × 36 ×86 box di-

rections and grid set centers of 29.25, 17.55, and 47.29 Å with 

a grid spacing of 1.00 Å. 

3. Results and discussion 

3.1. The interaction of [SnMe2Cl2(Me2phen)] complex with 

RNA: 

 3.1.1 UV-vis absorption spectroscopy 

The absorption spectral measurements are one of the effective 

tools for estimating the association of [SnMe2Cl2(Me2phen)] 

complex with biomacromolecules like RNA through moni-

toring the alteration in the spectral properties of biomacro-

molecules like the red shift or blue shift of the peak position 

and the hypochromic or hyperchromic effect of the peak in-

tensity [54]. The UV-visible spectra of the Sn(IV) complex in 

the absence and presence of an elevating concentration of 

RNA are depicted in Figure 2. With the increasing concentra-

tion of RNA, there was a progressive increase in the absorp-

tion in the range from 240 to 290 nm. In general, hyperchrom-

ism has been linked to the presence of various non-covalent 

interactions. These interactions may include electrostatic 

binding, hydrogen bonding, and groove binding [55]. Also, 

two isosbestic points indicat the formation of a new 

[SnMe2Cl2(Me2phen)] -RNA complex and show that the 

binding of [SnMe2Cl2(Me2phen)] to RNA indeed exists [56]. 

Further experiments were performed to study the binding 

mode in more detail.  

 

Figure 2 Uv-vis spectra of Sn(IV) complex in the absence and presence 

of increasing amounts of RNA. ([Sn(IV) complex] =3.40×10-5 M, [RNA] 

= 2.64×10-5  to 3.71×10-4 M). 

3.1.2 Fluorescence quenching titrations 

The interactions of RNA molecule with the Sn(IV) complex 

were further studied by fluorescence method. Figure. 3 shows 

that the complex exhibited a strong emission maximum at 371 

nm after excitation at 270 nm. This figure indicates a decrease 

in the fluorescence intensity of the Sn(IV) complex with in-

creasing concentration of RNA. 
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Figure 3 Fluorescence emission spectra of Sn(IV) complex in 

the presence of the RNA at three temperatures (288.15, 

298.15, and 310.15 K).([Sn(IV) complex]= 1.00×10-6 M, 

[RNA]= 2.73×10-5  to 2.62×10-4 M). 

The Stern-Volmer equation was utilized to describe the fluo-

rescence quenching mechanism: 

F0/F = 1 + Kq τ0 [Q] =1 + Ksv [Q]               (2) 

In the mentioned equation F0 is the fluorescence intensity of 

the Sn(IV) complex in the absence of quencher (RNA), F is 

the fluorescence intensity of the Sn(IV) complex in the pres-

ence of RNA as a quencher, Ksv is the Stern–Volmer constant 

and [Q] is the concentration of RNA, respectively.  

The quenching constant of Stern–Volmer (Ksv) was obtained 

from the slope of the plot of F0/F vs [RNA] (Figure. 4). The 

limiting diffusion rate constant of the biomolecule is known 

to be around 2.0 × 1010 M−1S−1, thus if the value of Kq is 

higher than the limiting diffusion rate constant, the quenching 

process is static rather than dynamic [57]. In this work, the 

Stern–Volmer plot is linear, indicating that only one type of 

quenching process occurs, either static or dynamic quenching 

[58]. The results in Table 1 indicate that Ksv has been in-

creased with increasing temperature (dynamic quenching) 

and Kq is higher than the limiting diffusion rate constant 

(static quenching) [59]. These two kinds of quenching mech-

anisms demonstrate some differences that can be distin-

guished experimentally, such as the change in the UV–Vis 

spectra. The dynamic quenching only affects the excited state 

of the quenching molecule with no function on the absorption 

spectrum of quenching substances, whereas a complex of 

RNA and ligand forms in static quenching, so there will be 

some changes in the UV–Vis spectra of the ligand. Thus, we 

employed UV–Vis absorption spectra to give some more ev-

idence for the actual quenching process. The UV–Vis absorp-

tion spectra of the Sn(IV) complex in the absence and pres-

ence of RNA were measured (Figure.2). According to the 

UV–Vis spectra, the fluorescence quenching of the Sn(IV) 

complex by RNA seems to be primarily caused by complex 

formation between the Sn(IV) complex and RNA (i.e., static 

quenching).   

 

Figure 4 Plot of F0/F versus [RNA] for RNA– Sn(IV) complex system. 

The number of binding sites (n) and the values of the associ-

ation constant (Ka) for [SnMe2Cl2(Me2phen)] -RNA interac-

tion were estimated according to the equation given below: 

log [(F0 - F)/F] = log Ka+ n log [Q]                     (3) 

The values of n and Ka could be determined from the intercept 

and slope of linear regression of log (F0 - F)/F versus log [Q] 

(Figure.5). The corresponding results of the binding constant 

and n are listed in Table 1. The values of n are approximately 

equal to 1 suggesting that there is only one kind of binding 

site available on RNA for [SnMe2Cl2(Me2phen)]. The in-

crease in the values of Ka rise in temperature suggests that the 

[SnMe2Cl2(Me2phen)] – RNA complex increases its stability 

with rising temperature [60].  

 

Figure 5 Plot of log (F0-F)/F versus log [RNA] for RNA – Sn(IV) 

complex system. 
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Thermodynamic Parameters and Interaction Forces 

The thermodynamic parameters for binding were calculated 

from the temperature dependence of the binding constant to 

deduce the type of binding interactions (van der Waals, hy-

drogen bonding, electrostatic, and the hydrophobic) between 

[SnMe2Cl2(Me2phen)] and RNA. The van’t Hoff equation 

(Equation (4)) was utilized to determine the ΔH0 and ΔS0 by 

employing the values of Ka at three different temperatures. 

Ln Ka= − ΔH0/RT + ΔS0/R        (4) 

The slope and intercept of the Van’t Hoff equation were em-

ployed to compute the binding enthalpy and binding entropy 

of the complex – RNA system.  

The free energy change (ΔG0) was then estimated from the 

following relationship: 

ΔG0 = ΔH0−TΔS0     (5) 

The sign of ΔG0 is negative, which indicated that the interac-

tion between [SnMe2Cl2(Me2phen)] and RNA was spontane-

ous. The positive values of enthalpy and entropy acquired 

from the interaction of RNA with the Sn(IV) complex indi-

cate that hydrophobic interactions are the main forces of RNA 

-[SnMe2Cl2(Me2phen)] complex formation [61]. 

Table 1 Thermodynamic and binding parameters of the interaction of 

the Sn(IV) complex to RNA. 

 

Dye displacement assays with Hoechst 33258 and EB  

To determine the mode of binding to RNA, competitive bind-

ing experiments were performed. EB as classical intercalators 

and Hoechst 33258 as groove binder probes were used re-

spectively, to clarify the nature of the interaction between the 

Sn(IV) complex and RNA [62]. The complex was added to 

the RNA-Hoechst 33258, and RNA-EB system, and the fluo-

rescence intensity was recorded to enhance the concentrations 

of the complex. As can be seen, the addition of the complex 

has no effect on the emission intensity of the RNA-EB system 

Figure. 6B. However, the fluorescence intensity of RNA -

Hoechst system is decreased (quenched) on enhancing the 

concentration of the complex Figure. 6A. meanwhile, we can 

mention that the complex was bound to RNA and avoided 

Hoechst binding. These experimental results clearly exposed 

that the binding mode of the complex - RNA was groove [63]. 

 

Figure 6 Fluorescence spectra of (A) Hoechst + RNA, (B) EB+ RNA in 

the presence of Sn(IV) complex (8.00 ×10-7 to 1.18 ×10-5 M), RNA= 

(2.73×10-5 M) C Hoechst, EB =(5.00 × 10−6 M). 

3.1.3. Docking simulation 

Docking simulation is a fundamental method to evaluate the 

interaction of RNA with metal complexes on atomic level. 

Furthermore, the docking studies were also performed to-

wards the molecular target, yeast RNA (PDB ID: 6TNA) to 

determine the specific recognition sites on RNA. Yeast RNA 

possesses well-defined 3D structures having regions like T 

arm, D arm, Ψ loop, anticodon arm and acceptor stem [64]. 

These structural motifs are involved directly or indirectly 

with the complexes binding to the specific targets. Appling 

Gaussian 03 W suite of programs the starting geometry of 

Sn(IV) complex was optimized through the density functional 

theory (DFT)//B3LYP/LanL2DZ level to make all eigenval-

ues of the Hessian matrix positive [65]. The docked pose 

model suggested that the complex fitted into the active pocket 

located between the upper and lower stem and was in close 

proximity to U6 and U7. This resulting model exhibited in-

termolecular hydrophobic between U6 and U7of RNA and C 

atoms of the complex (Figure. 7) (Table 2). There is a good 

agreement between run 1 with the best rmsd of 0.00 u.b and 

our experimental results. Meanwhile, the best-reported value 

of ΔG (-32.22 kJ/mol) in 20 orientations is in correlation with 

the fluorescence experiments (-34.56 kJ/mol). 
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Figure 7 Molecular docking of Sn(IV) complex to the RNA. 

 

Table2. Predicted bonds between interacting atoms of the nucleotides 

of RNA [PDB ID: 6TNA] and Sn(IV) complex. 

S. 

No. 

RNA 

strand 

Nucleotide Sn(IV) 

complex 

atom 

Distance 

(A°) 

Nature of 

interaction 

1 A U7 (Pi-

Orbitals) 
Pi-

Orbitals 

5.23 Hydrophobic 

(Pi-Pi T-

shaped) 

2 A U6 (Pi-

Orbitals) 

C 

(Alkyl) 

4.68 Hydrophobic 

(Pi-Alkyl) 

3 A U6 (Pi-

Orbitals) 

C 

(Alkyl) 

4.51 Hydrophobic 

(Pi-Alkyl) 

4 A U7 (Pi-

Orbitals) 

C 

(Alkyl) 

5.35 Hydrophobic 

(Pi-Alkyl) 

5 A U7 (Pi-

Orbitals) 

C 

(Alkyl) 

4.70 Hydrophobic 

(Pi-Alkyl) 

 

Conclusion 

Employing a biomacromolecule (viz; RNA), we have deci-

phered into the binding affinity and molecular recognition 

process of [SnMe2Cl2(Me2phen)] complex using multi-

spectroscopic and computational methods (molecular dock-

ing). The experimental results of fluorescence showed that 

the quenching of the complex by RNA is static. The received 

data represented that the interaction mode between the com-

plex and RNA is resulting from a groove binding mode. Com-

petitive binding studies with Hoechst-RNA represented the 

ability of the complex to displace Hoechst from the Hoechst- 

RNA system, confirming the groove binding mode between 

the complex and RNA. Finally, we believe that the binding 

mode of [SnMe2Cl2(Me2phen)] complex with RNA studied 

here will provide useful information on the mechanism of 

drug binding to RNA and thus will be very helpful to the de-

sign of new drugs with low toxicity. 
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