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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 In the light of these facts, and continuation
Sulfonamides posses many types of of reported work [13], the present study aimed to
biological activities and representatives of this class identify putative CA inhibitors, used computer
of pharmacological agents are widely used in clinic docking technique, which plays an important role in
as antibacterial [1], antithyroid [2], diuretic the drug design and discovery, by placing a molecule
[3,4],hypoglycaemic [5]and anti-carbonic anhydrase into the binding site of the target macromolecule, to
[3,6]. From  other studies, aryl/heteroaryl predict the correct binding geometry for each ligand
sulfonamides may act as antitumor agents through at the active site, which reveals the hydrogen bonds
several mechanisms, most famous suggested formed with the surrounding amino acids and MVD
mechanism by inhibiting carbonic anhydrase score values. MVD program enable us to predict
isozymes(CA) [7-11]. After widely evaluation, favourable protein—ligand complex structures with
Sulfonamides were found act as carbonic anhydrase reasonable accuracy and speed.
(CA) inhibitors [12].

In brief, the CA is a family of 2. MATERIALS and METHODS:
metalloenzymes involved in the catalysis of an 2.1. Synthesise:
important physiological reaction: the hydration of All synthesized dipeptides (3-19) were
CO2 to bicarbonate and a proton. The inhibition achieved according previously reported literature
mechanism of tumour by sulphonamide CA [13].
inhibitors was suggested by Chegwidden and Spencer
[12], sulfonamides may be decrease the provision of 2.2. Molecular Modelling Study:
bicarbonate to synthesis of nucleotides and other cell 2.2.1. Generation of Ligand and Enzyme
components such as membrane lipids. Structures:

Also, peptide derivatives possess several Docking study was carried out for the target
biological activities such as anti-tumour effect and compounds into (hCAII) using virtual docker(MVD
DNA binding activity [13,14]. Moreover, most 08). The crystal structure of the (1G54) complexed
natural peptides are composed of L-form o-amino with (E7070) was uploaded from protein data bank
acids, and because of the ubiquitous prevalence of PDBJ23].
peptidases, they have limited bio-stability, and
low bioavailability. To overcome this problems, 2.2.2. Preparation of Small Molecule:
biologically active pseudo-peptides have been Molecular modeling of the target
developed, which have highly specificity and compounds were built using ChemDraw Ultra
non-toxicity pharmaceuticals. version 8.0.3, and minimized their energy through
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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 A3), The-
199, His-119, His-98 and His-96 residues. During
docking the grid resolution was set to 0.3 A, while
the binding site radius was set to 9 A. 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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Fig. 1. Structural elements of CA inhibitors in the CA enzymatic active site.
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This pharmacophore includes the structural
elements should be present in the compounds to act
as CA inhibitors:

%“ﬁu«il iRy

(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.

(i) 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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pharmacophore features acting as carbonic anhydrase inhibitors.

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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Fig. 3. Reported and proposed antitumor sulfonamide derivatives.
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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 A*>> MV <
426.03 A’ 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].
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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
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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.

Compd Toxicity effects

No. name M| T |1 R

Eron low | low | low | low
Gly low | low | low | bow

* Drug Score

1

2

3 [B-Al low | low | low | low o * Drug Likeness

4 [L-val low | low | low [low 5 T

5 [ LMet low | low | low | low

6 |L-Pro low | low | low [ low

7 | Giy-om low | low | low [ low

8 | f-Ala-OMe low | low | low [ low

9 [ L-VakOMe low | low [low | low T

10 [ L™e-oMe flow | low [ low [ low T6E5 8321

- 1615141312110 9 8
11 [LPro-0MeJlow [ow [low [low || b3

12 | Gly-thiazo| low | low | low [low || E3

3 low | low
14 low | low
15 [ L-Met-thiazol [ low | ow | low | low
16 | LPro-thinzol | low | low | low | low

Fig.4. In siﬂcu toxicity risks (left panel) and drugscore (right panel) of
the E7070 and the synthesized antitumor synthesized derivatives
over breast cancer (M, mutagenic; T, tumorigenic; I, irritant; R,
reproductive).

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 1I), 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(Il) 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 SO,NH,.
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
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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 [GIn-92, Asn-67, His-64, and Asn-62]
(Fig. 6).

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



New York Science Journal, 2011;4(10)

http://www.sciencepub.net/newyork

for

compounds for designing new candidates
clinically tumour treatment.

A B
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.

Table]: Solubility and calculated Lopinsi's rule of five for the most
active compounds over breast cancer (MCF-7) cell line.

A B
Lipinski rule
NO. Cpd. TPSA [Vol. [ mIPF [N N[N [MW [N
] EFO70 S0253 | 24023 1041 5 El E] HE a
2 Giv 150 20537 Q-1138 TR E 3 365 a
El B-dia 150 31217 Q 0026 10 [ 4 o 370 [
4 L-Fal 150 34353490502 i0 (4 9 A7 [
5 L-Mer 150377 | 363600 -0018 i0 [4 11 49 a
[ L-Pro 1413588 | 33534 -1568 i (3 7 5 [
7 Gih-0Mz 130353 | 3128000372 13 |9 37 [
El F-Ala-OMe 130353 |32070Q 0334 ig {3 FEREE] [
9 L-Val-OMe 130333 | 362300 148 I E THES a
o L-Mer-OMe 39383 (3812101154 3 2 |43 i
i 303504 | 352.86 303 2 419 a
2 5308 577, 735 4 M7
E] 5308 7452 6538 4 0 | 461
4 L-Fal-thigzol 33068 | 407600 1478 4 0 |480
5 [-Met-thiazol || 155068 42605115 i1 |4 iz |31 2
18 I-Pro-thigzol || 146270 | 307 600 -132 I |2 3 487 1
e — —
TPSA: Topological Polarsusface area (4°). Vol.-Volume
mLP* -MolinL ogP N°: Number ON N: Number OHNH
N?: Number Rotatable bond N=Number Vielations

- Solubility parameter. - Caleulated lipophilicity.

Table 2: Different Scoves Derived from the MV Docking Tools:

¥o. MV. Reak sfniy- T-nter  Iners  HBood  LEL 12
Scoref  SeoreE actionf _actionE £ E £

70 1806 [ 87 ! 8% [ DX Sy T =N o5

32 3715 Y -3729 -148 128 0582

437 AT AT B 66 3542 B 148 R

54 32T 988 (2191 | 4LYT -36.59 278 126 037

65 3IAUOEETEE BB e 305 A8 B

196 2313 | ALE T 350 | 3620 2608 S 875 0%

G ¥ 5 R 0 Y 7 ) . R 84 LR L] i35 138 070

8 3231 : 2346 : 1828 | -3331 -3392 -102 095 069

5 3157 2307 -23.07 Lk -3316 <207 -1.08% 078

10 TATE T AR TS e ) BES| A8 557

P75 VOGS PR |- B 0 ¥ G L Gik] Y] Fix:3 5

112 309 | 1004 |54 308t -30.59 319 0911 029

RIS S i TR v I T 3551 £ i )

1314 2789 ¢ 21 1 9 i 3095 -3035 2785 -1.07 084

1418 I T AEE TR T 3500 i L) 5]

2116 2238 | 826 | -n& | 1588 2618 068 .66 0.4

Where:

MYV Scare(Kealimol} Ensrgy roors used during docking -
Re-rank Score(Kcal'mol):The re-rawking seove.

Affinity Kcalmol) . binding affirity.

H. Bond E mrgy{Kcalimol) :Hydrogen bonding snsrgy betwesn protsin and ligand.

T. inter-action(F calmal)-The 1otal interaction energy benveen the pore and the 1arget moleculs.
Intra-action affimity (Kcalmol): The total intsraction snsrgy bstwesn ths poce andtheprotsin
LE I(Kealmol)MolDock Score divided by Heavy Atone count

LE2 (Keal'mol)Rerant Score divided by Heavy Atons count.

Table3: Show imteraction between compounds and amine acid residues

and thelr lengths,

which derived from the MV Docling Tools.

NO. of HL. Bond

Cpd. Involved group of | Involed atom of Length
NO amino acid ligand of
Bond
(CA)
MDDHEsI119.H [ 0-24(050) 331
EN070| 3 (N Th-199._H 0-23(050) 182
(OG1)The-199. H 23
2 16 nH 0-24(CO0H) 208
() The-199. H 3.04
(OGI)The-199._H 166
(OE1)Gil06..E 434
(ND1)His119. H 3.86
MD1)HD6. H 43
MNE)H=04. H 432
Zn. H 0-23(CO0H) 2908
ME)HE=119. H 42
MDDH=119. H 278
MDH=119. H 278
MNE)H=04. H 3.61
®DNHL4. H 0-16(050) 321
(ND3jAsnT6. H ' 28
N 4 {Pyrimidine) 33
-H O-H050) 3
3 4 (OGDTh-200.H [ 0-24(COOH) 317
(OGDThe-200.H | O20CONHE-AR) |3.13
(NE2)H=94-. H N-13(NHCH:CO) 35
(OEDGH2. H O-16(050) 315
Table3: (Contd.)
Cpd. NO. of H. | Involved group of | Involved atom of Length
NO. Bond amino acid ligand u:%und
4 14 n . H 0-24(CO0H) 303
(N)The-200.. H 3.1
(OGD)The-200.. H 278
)The-199. H 273
(OG1)The-199. H 272
n H 0-23(CO0H) 39
(OG1)The-200.. H 282
(NE2)Hi04. H 304
(ND1)H=04. H O-20(CONE[Val) 337
(ND1)Hi=64. H 0-16(050) 3.18
(OH)Tl . H N-4(Pynmidine) 19
(OG)The200. H | N-2(NH502) 335
(ND1)Hi64. H 0-0(050) 32
(ND2)Asn76.. H 281
5 12 n . H 0-24(CO0H) 433
(OG1)The-200. H 261
(NEDHis-24.. H 424
Zn H 0-23(CO0H) 344
(M)Thr-200.. H EX|
(OG1)The-200.. H 335
(M)The-199. H 323
(OGTThe- 199 H 203
(NED)His-%6... H 44
(NE2)His-94.. H 0-16(050) 434
(NDDEs$4. H | 0-0(050) 276
(OG1)The-200.. H 2.68
6 13 Zn HN O—J?(CO@ED 1.89
(ND1)H-119. H 236
(ND1)He-119. H 236
(OE1)Glul06... E 446
(NED)FRs-119. H 41
(WNE2) He -96. H 3.68
(NE2) He -94. H 3.09
Zn HN 0-26(CO0H) e
(ND1)H-119. H 379

23
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Table3: (Contd.)
Cpd NO. of . | Involed group of |Involved atom of Length
NO. Bond amino acid ligand of Bond
F4)
(NE)) B -94.H 378
(ND2)A=n-67... H | 0-16(050) 283
(ND2)A=n-62.. H 276
(OGDThr-200..H | N-4(prymidine) 27
7 g (N)Thr-200..H 0-24(COOCH:) 315
(OG1)Thr-200..H 332
NIThe- 199, 5 292
(OG1)Thr-199..H 279
(OGD)Thr-200.H | N-19(CONHCOGH |2.61
(ND1)He-64.. H 0-160050) EN N
(ND1)Hi-64.. H N-2(80:NH) 276
(ND) A6 H 331
(ND2)A=:n-62..H | O-(0SO) 234
3 [ (OGI)Th-199. H [ 0-23(COO0CH:) 303
(T 180 H 5754
(OG1)A=n62..H | N-8(pyrmidine) 3.05
(OG)Thr-200..H | N-4(pyrmidine) 347
(NDDHs-64. H | O-0(050) T
(ND2)A=n-62... H 2.39
9 6 (N)Thr-200.. H 0-Z4(COOCH:) 337
(OG- 2007 H 353
(OG1)Thr-200.H | 0-23(COOCH:) 311
(OGTThr- 199 H 334
(OGDTh-200..H | N-2(S0:NH) 192
(ND1)H-64.. H 0-050) 347
Table3: (Contd.)
Cpd. NO. of-H. Involved group of | Involved atom of Length
NQO. Bond amino acid ligand of Bond
4
10 13 (NDI)Hs-64. . H O0-24(COOCH:) 298
(NDD)Asn62.. H | O-20(NHCOCH:CO) | 2.79
(OEDGR92.. H | N-I3(NHCOCH,CO) [3.01
(ODD)Asn-67.. H 3383
(N) Thr-200.. H 0-16(050) 35
(OGI)Thr-199. H 272
M)Th-199.. H 293
(0)Pr-201..H N-A{pyrmidine) ER D
(O)Thr-200..H 282
(OGI)Thr-200..H 201
(O)The-200..H N-2(50.NH) 344
(OGD)The-200. H 17
(N)The-199. H O-0s0) 343
11 3 (NDDAsn-62.. H | O-20(COCH:) 263
(NE2)Hs-64... H 265
(NEJ)YGindZ... H O-16(050) 301
12 3 (NEJ)He=94 _H N27(Thia=m]) 343
N The 200 H O-ZZ{CONH-Thazoli | 523
(OGI)Thr-200. H 276
(OG The- 190 T 313
(NE2)H=-94.. H N-23(CONH-Thaze)) | 3.1
(OGDTh-200.H | N-8 (prymidine) 254
(0O)Pr-201.. H N-2(S0:NH) 351
(OGI)Thr-200..H ENE]
(NE2)Gin-92. . HD | O-16(050) 352
3 3 (NLDD)Asr 62, HD | O-20(CONH-p-Al) ] 3.0
(NDI)His-64.. HD 3.03
(NE2)Gin-92..HD | O-16(050) 352
14 6 (NE2)Gin-92.. H O-20{CONH-Val) 354
(OGDTh-200. H | O-16(050) 233
(ODDAsn67.. H | N-13(NHCH:) 2.98
(OHTw-1.H N-8 (prymidine) in
(ND1)Hs-64. H N-2(§0:NH) EN b
(NDDHi=64. H O-0(050) 263

24

Tabled: (Contd. )
Cpd. NO. ofH. |Involed group of |Involved atom of Length
NO Bond amino acid ligand of Bond
A
(OGDThr-200. H | N-31({ Thia=D 3.06
(OGDThr-200. H [ O-24(CONH-Thiazol) | 2.07
) The-200..H 129
[ T-1997"H EJVES
(OGD)Thr-199. H | N-19(CONH-Mef) 329
NED)H=s-96.. H 28
ME)Hs-94. . H 322
(ODDAsn-67.. H | N-8( prymidine ) 358
16 4 (OGDThe-200. H | O-26(CONH-Thazol) | 3.1
MNDDAsn62.. H | O-20(CONH-Pro) 247
(ODDAsn67.. H | N-13(NHCH) 236
(OGD)The-200. H | N-8(Pyrinidins) 203
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