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Abstract: Recently, sulfonamides have been reported to show significant antitumor activity in vitro and/or in vivo. There are a variety of mechanisms for the anticancer activity, and the most famous mechanism is through the inhibition of CA isozymes. The structures of these compounds design to comply with the general features of sulfonamide pharmacophore which act as carbonic anhydrase (CA) inhibitors.  Virtual    screening    using molecular docking    studies    of    the    synthesized compounds were performed by Virtual Docker (MVD), the molecular docking results indicates that some synthesized compounds more suitable inhibitor against (CA) than  original inhibitor (E7070). 
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1. Introduction

Sulfonamides posses many types of biological activities and representatives of this class of pharmacological agents are widely used in clinic as antibacterial [1], antithyroid [2], diuretic [3,4],hypoglycaemic [5]and anti-carbonic anhydrase [3,6]. From other studies, aryl/heteroaryl sulfonamides may act as antitumor agents through several mechanisms, most famous suggested mechanism by inhibiting carbonic anhydrase isozymes(CA) [7-11]. After widely evaluation, Sulfonamides were found act as carbonic anhydrase (CA) inhibitors [12].

In brief, the CA is a family of metalloenzymes involved in the catalysis of an important physiological reaction: the hydration of CO2 to bicarbonate and a proton. The inhibition mechanism of tumour by sulphonamide CA inhibitors was suggested by Chegwidden and Spencer [12], sulfonamides may be decrease the provision of bicarbonate to synthesis of nucleotides and other cell components such as membrane lipids. 

Also, peptide derivatives possess several biological activities such as anti-tumour effect and DNA binding activity [13,14]. Moreover, most natural peptides are composed of L-form α-amino acids, and because of the ubiquitous prevalence of peptidases, they have   limited  bio-stability,   and   low bioavailability. To  overcome this problems, biologically  active  pseudo-peptides  have  been  developed, which  have  highly  specificity   and  non-toxicity pharmaceuticals.

In the light of these facts, and continuation of reported work [13], the present study aimed to identify putative CA inhibitors, used computer docking technique, which  plays an important role in the drug design and discovery, by placing a molecule into the binding site of the target macromolecule, to predict the correct binding  geometry for each ligand at the active site, which reveals the  hydrogen bonds formed with the surrounding amino  acids  and  MVD score values. MVD program enable us to predict favourable protein–ligand complex structures with reasonable accuracy and speed.

2. MATERIALS and METHODS:

2.1. Synthesise:

All synthesized dipeptides (3-19) were achieved according previously reported literature [13].

2.2.  Molecular Modelling Study:

2.2.1. Generation of Ligand and Enzyme Structures:

Docking study was carried out for the target compounds into (hCAII) using  virtual docker(MVD 08). The crystal structure of the (1G54) complexed with (E7070) was uploaded from protein data bank PDB[23].

2.2.2. Preparation of Small Molecule:

Molecular modeling of the target compounds were built using ChemDraw Ultra version 8.0.3, and minimized their energy through Chem3D Ultra version 8.0.3/MOPAC, Jop Type: Minimum RMS Gradient of 0.010 kcal/mol and RMS distance of 0.1 °A, and saved as MDL MolFile (*.mol)[24]. Our compounds were introduced into the (1G54) binding site accordance the published crystal structures of (E7070) bound to kinase. 

2.2.3. Stepwise Docking Method:
Active compounds and hCAII (PDB code 1G54) was uploaded without water molecules. The binding sites of (1G54) were defined close to Zn-Metal ion (volume  of  approximately 76.8  Å3), The-199, His-119, His-98 and His-96 residues. During docking the grid resolution was set to 0.3 Å, while the binding site radius was set to 9 Å. Scorings Generated by MVD. 

3. Results and discussion:

From  the  analysis  of  the  CA  active  site[10],  and from  analysis general features of  pharmacophore (Fig. 1) acting as carbonic anhydrase inhibitors, which has been described by Thiry et al. [15]. 
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This pharmacophore includes the structural elements should be present in the compounds to act as CA inhibitors: 
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 (i) Include the presence of a sulfonamide moiety, which coordinates with the zinc ion of the active site of the CA, and attaching to a scaffold which is usually a benzene ring.  

(ii) The side chain might possess a hydrophilic link able to interact with the hydrophilic part of the active site, and a hydrophobic moiety which can interact with the hydrophobic part of the CA active site. So that, in this work, these compounds were designed to comply with pharmacophore described earlier [15] (Fig. 2), and comprise substituted moieties in sulfadiazine with E7070 (Fig. 3).
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3.1. Chemistry:

The formations of dipeptides (2-16) were achieved according (Scheme 1), and the results of chemical analyses of the synthesized compounds were reported earlier [13]. 

3.2. In vitro anticancer screening:

The cytotoxic activity of some synthesized compounds was evaluated against human breast cancer cell line (MCF7) were reported previously [13].
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3.3. Lipinski rule of five and drug-likeness profile: 

Oral bioavailability was considered playing an important role for the development of bioactive molecules as therapeutic agents. Many potential therapeutic agents fail to reach the clinic because of ADME-Tox liabilities. Therefore, a computational study for prediction of ADME properties of the molecules was performed by determination of topological polar surface area (TPSA) and ‘‘rule of five’’, which formulating by Lipinski [16].  Lipinski establishes that, chemical compound could be an orally active drug in humans, if no more than one violation of the following rule: (i) C log P < 5, (ii)  number  of hydrogen bond donors ≤ 5, (iii) number of hydrogen bond acceptors  ≤ 10,(iv)  and  molecular  weight  <500.   Calculations were performed using Molinspiration calculation toolkit (http://www. molinspiration.com). Our results revealed that (table 1, Fig 4), the lipophilicity of most compounds is smaller than 5.0; the molecular weight (MW> 500) except compound containing methionylthiazole moiety, hydrogen bond acceptors (n-ON= 5–11) and donors (n-OHNH= 2–4) fulfil Lipinski’s rule. These data may suggest that, these compounds act as new potential anticancer agents. In addition the molecular volume and weight of derivatives (295.37 Å3> MV < 426.03 Å3 and 348>MW < 487) are similar to more than 80% of all all Fluka traded drugs (MW < 450 Da), and to that determined by Lipinski ‘‘Rule of 5’’ [17-19].
In order to identify potential drug-score and drug-likeness of these compounds, all compounds (1-16) were submitted into silico ADMET screening (http://www.organic-chemistry.org). There are several approaches to estimate drug-likeness of these compounds based on topological descriptors, ﬁngerprints of molecular drug-like structures keys, or other properties, such as clog P and molecular weight.  The Osiris program (www.organic-chemistry .org/prog/peo) determines the frequency of occurrence of each fragment within the collection of treated drugs, and within the supposedly non drug-like collection of (15,000 commercially available chemicals, Fluka) compounds.  Positive values (0.1–10) indicate that the molecule predominantly contains the better fragments, which are frequently present in commercial drugs. The drug-score is combining with drug-likeness, clog P, log S, molecular weight, and toxicity risk in one handy value, and may be used to judge the compound overall potential to qualify for a drug.  In this work,  the Osiris program was used to calculate the fragment based druglikeness  and  drug-score  of  the  compounds (2-16), The data were compared with those calculated for E7070 (Fig. 1). Interestingly, most derivatives (3,6 and 9-16) have druglikeness values (between 4.11 - 9.33) better than E7070 (2.35). Moreover, we used the Osiris program to predict the overall toxicity of  these  compounds  as it, may point to the presence  of  some  fragments  generally  responsible  for  the  irritant, mutagenic, tumorigenic, or reproductive effects in these molecules.  Interestingly, all Compounds (2-16) presented low toxicity risk profile in silico, similar to E7070, which is a direct indication of these potential drug-score. These theoretical data, pointing to these compounds with low toxicity risk profile. 
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3.4. Molecular Modeling Studies: 

3.4.1. Molecular structures: 

Abbate et al. stated that [20], the (E7070) potent anti-cancer drug and effective  carbonic anhydrase II inhibitor, the interactions between it's drug and  the  active  site  of carbonic anydrase  II  (hCA  II), these interactions similar reported earlier [9,15].  These interactions are found to be common for  the  sulfonamide  compounds,  which  are acting as  CA  inhibitors  and include [9,21]: {(i) The nitrogen atom of the sulfonamide moiety binding with Zn(II)  ion in a tetrahedral geometry, which is a stable geometry for the metal ion. (ii) Zn(II) ion of the enzyme is coordinates with The nitrogen atom of the sulfonamide (iii)  Thr. 199 amino acid of the enzyme is participates by two hydrogen bonds (First, with the one of the oxygen atom of the SO2NH2. Second, with NH moiety}. (Fig. 1) 

In order to understand the binding mode of protein-ligand interactions, Docking study was carried out using SYBYL version 7.3. Tripos Inc. with MVD virtual docker version 2008 [22]. The crystal structure of the enzyme (1G54) complexed with (E7070) as inhibitor was downloaded from protein data bank PDB[23]. The MolDock scoring function was applied to evaluate the binding affinities between the (1G54) and selected 15 inhibitors. (E7070)  was redocked into the active site of the enzyme, and then replaced it with the tested compounds in order to compare the binding mode of ligand and the tested compounds.

As shown from the (table 2, 3) figures (5and6, show  binding  modes  of compounds 2 and 10 respectively), the following results can be drawn: E7070 (the original ligand) reveals MVD score (-18.76 Kcal/mol) and form 3 hydrogen bonds: two hydrogen bond with Thr-199, and one hydrogen bond with His-119. Compound (2) gives strong binding affinity with MVD score (-37.07 Kcal/mol) and form 16 bonds with active binding site: two important bonds with Zn metal, two other important bonds with Thr-199, Three bonds with His-94, four bonds with His-119, one bond with [Glu-200, His-96, Asn76 , Asn72 and Tyr 7] (Fig. 5).  Also, Compound (10) gives binding affinity with MVD score of (-31.43 Kcal/mol) and form important 13 hydrogen bonds with active binding site: one bond with Pro-201, five bonds with Thr-200, Three bonds with Thr-199, one bond with [Gln-92, Asn-67, His-64, and Asn-62] (Fig. 6).
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Fig.4: Interaction between ligand (2) and binding site of CA (1G54, PDB code), which green dot lines represented hydrogen bonding 
interaction of igand (2) with binding 
site, yellow dot line represented electrostatic interaction of ligand (2) with binding site. B) A plot of  docked ligand (2) in active site where the backbone of protein is shown in flat ribbon. Ligand (2) are represented in stick mode. . Ligand (2) are represented in stick mode, which atoms are colored in dark grey, oxygen in red, nitrogen in blue and 
sulfur in yellow. Hydrogen atoms of the amino acid residues and ligand was removed to improve clarity.

4. Conclusion:
In the present work, led to the development of novel antitumor molecules  containing  N-substituted  sulfonamide  pharmacophore. Systematic structure based virtual screening of the synthesized compound library, identified synthesized compounds as putative CA binders most of the  synthesized compounds  formed  strong hydrogen bonding interactions and hydrophobic interactions, with central amino acids of  active site of enzyme.  In addition, the docking study of the compounds showed that, the most synthesized compounds act as CA inhibitors more than (E7070). Also, further study of  these  molecules   showed  that,  the studied compounds fulﬁlled  Lipinski  rule  of  5  and  present druglikeness  similar to antitumor drugs. These results point the N-sulphonamide derivatives as lead compounds for designing new candidates for clinically tumour treatment.
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Fig.5: Interaction between ligand (10) and binding site of CA (1G54, PDB code), which green dot lines represented hydrogen bonding interaction of ligand (10) with binding site. B) A plot of docked ligand (10) in active site where the backbone of protein is shown in flat ribbon. Ligand (10) are represented in stick mode. Ligand (10) are represented in stick mode, which atoms are colored in dark grey, oxygen in red, nitrogen in blue and sulfur in yellow. Hydrogen atoms of the amino acid residues and ligand was removed to improve clarity.
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