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Abstract:- Carbonic anhydrase (CA) has a significant 

role in abnormal cellular proliferation and might serve 

as a novel biomarker for cancer. Cellular level studies of 

several CA isoforms for CA inhibition potential had 

shown the role of CA in cancer pathways. The distinct 

tumor-associated CA isoforms identified in humans can 

be the targets for the potential approach in cancer 

therapeutics. Targeting these distinct isoforms in human 

tumorigenesis, by identifying CA inhibitors from plants, 

can be the answer to an advanced therapeutic strategy 

through personal therapy. Novel biomarkers of CA 

isoforms based on gene data and experimental results 

retrieved from literature to model a 3D protein 

sequence were developed using computational 

strategies.  
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I. INTRODUCTION 

 

Carbonic anhydrase ia a well studied  enzyme. The 

enzyme is targeted by some drugs, such as acetazolamide, 

methazolamide. There enzyme families were identified:  

alpha, beta, and gamma. All study CAs from the animal 

kingdom is of the alpha type.Fourteen different carbonic 

anhydrase isoforms were isolated in higher vertebrates.[1] 

Several essential functions are played by many CA 

isozymes, which are strongly constrained by aromatic and 
heterocyclic sulfonamides along with as inorganic, metal 

complexing anions[3]. The mode of action of these enzymes 

is  acquainted in detail, and this helped the design of potent 

molecules that block their activity. A current finding is 

related to the engagement of CAs and their sulfonamide 

inhibitors in cancer. Many potent sulfonamide inhibitors 

inhibited the growth of a multitude of tumor cells in vitro 

and in vivo. A few types of compounds that form protein 

ligan complexes with CAs have been identified recently,  

those compounds possess modified sulfonamide or 

hydroxamate functional groups. In this computational study 

based on secondary derivate data, an activity model for Ca is 
refined. This model is to be used in further biomarkers 

discovery and design.  

 

 

 

 

 

 

II. METHODS 

 

In order to develop biomarker templates based on 

carbonic anhydrase, human CA was computationally 

analyzed. PDB structures for human CA from  I to XIV 
were considered ( 1azm[3], 12ca, 1z93[4], 1znc, 1dmx, 

3fe4[5], 3mdz[6], 2w2j[7], 5fl4[8], 1jcz,4knn[9], 

5cjf[10]).Ligands, solvent molecules, and dummy atoms 

were removed from all discussed structures. Only subunit A 

was retained in all enzymes. Using the AMBER 99 force 

field, the energy was minimized, charges corrected, the 

structure was protonated at pH=7.4and 310K, and a salt 

concentration (NaCl) of 0.1mol/L, respectively. Human CA 

PDB structure for CA X, XI, XIII are not yet available.  

 

A homology model having CA VII as a template (PDB 

id 3ml5) was generated for CA X, starting from its amino 
acid sequence. Sequence identity was 31.78%, GMQE 0.59, 

QMEAN -2.23.  CA XI was modeled using CA II as the 

template (PDB id 4pxx). Sequence identity was 33.9%, 

GMQE 0.58, QMEAN -2.30. 

 

In order to characterize biomarkers in terms of specific 

activity, the future biomarkers design, based on CA 

isoforms, a prediction model was developed. The model was 

built using multiple linear regression.  The specific activity 

of human CA (s-1) was set as the dependent variable. 

Specific activity for each CA isoform (I-IXIV) was retrieved 
from the literature[17,18]. For all CA molecules, monomer 

form was used.  

 

Descriptors used for each CA (I-XIV), were computed 

using Schrodinger[11], MOE[12], and Mathematica[13] 

software. In computing these descriptors, each CA isoform 

was converted into a molecular graph using Hyper-

Chem[14] and TopoCluj[15]software. 

 

QSAR model for predicting CA bioactivity was built 

using multiple linear regression (MLR). Validation of the 

model was performed using Leave one out technique 
(LOO). The 14 molecules were spread into a training and a 

test set respectively. 

Descriptors cluster was represented in 2D plots(Figs. 1 and 

2), for testing the descriptor interrelation. 

 

To further explore the descriptor space, polynomial 

order, six equations were built using bond length and 

dihedral angle for each protein. Using these equations, areas 
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under the curve were computed. Those equations were used 

to correlate with descriptors used in the QSAR model.  
 

 

 

 

III. RESULTS 

 
3D models for CA (carbonic anhydrase) 1-14 are 

shown in table 1. In figures 1 and 2 regression equation of 

the QSAR model and descriptors space is shown.  

 
Table 1:- Carbonic Anhydrase Isoforms - B Factor Represented as Balls and Sticks 

 
Model was built using multiple linear regression. Equation and descriptors used are presented in Table 2. 

 

N r2 Descriptors 

1 0.99 BCUTSMR1, PEOEVSA+6, SlogPVSA3, chiral, 

vsurfDW12, vsurfEDmin3, vsurfIW8 

2 0.98 BCUTSMR1, PEOEVSA+6, SlogPVSA3, chiral, 

vsurfDW12, vsurfEDmin3, 

3 0.97 BCUTSMR1, PEOEVSA+6, chiral, vsurfDW12, 

vsurfEDmin3, vsurfIW8, 

4 0.96 BCUTSMR1, PEOEVSA+6, chiral, vsurfDW12, 

vsurfEDmin3, 

5 0.95 BCUTSMR1, GCUTPEOE0, PEOEVSA+6, chiral, vsurf_DW12, 

4 0.94 BCUTSMR1, PEOEVSA+6, chiral, rsynth, vsurfDW12, 

5 0.92 BCUTSMR1, PEOEVSA+6, chiral, vsurfDW12, 

6 0.91 BCUTSMR1, PEOEVSA+6, rsynth, vsurf_DW12, 

7 0.88 BCUTSMR1, PEOEVSA+6, vsurf_DW12, 

8 0.83 BCUTSMR1, rsynth, vsurfDW12, 

9 0.76 BCUTSMR1, vsurfDW12, 

10 0.57 vsurfDW12, 

Table 2:- Multiple linear regression model  built with the following descriptors: BCUTSMR1-The BCUT descriptors with 

atomic contribution to molar refractivity instead of partial charge, PEOEVSA+6 -Sum of vi where qi is greater than 0.3, 

SlogPVSA3-Sum of vi such that Li is in (0,0.1], chiral-The number of chiral centers, vsurf_DW12-Contact distances of 

vsurfEWmin3, vsurfEDmin3-Lowest hydrophobic energy, vsurfIW8-Hydrophilic integy moment (8 descriptors), rsynth- synthetic 

fesabiliy descriptors. 
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Model resulted from 7 descriptors (BCUT_SMR_1, PEOE_VSA+6, SlogP_VSA3, chiral, vsurf_DW12, vsurf_EDmin3, 

vsurf_IW8) has r2= 0.99, p-0.98, MSD-1.29, q2= 0.99 and the prediction equation: y=3888.3+0.993042×Observed activity. 
 

 
Fig 1:- QSAR Model for Carbonic Anhydrase 

 

 
Fig 2:- Cluster of QSAR Descriptors 

 

Model Bond length polynomial equation Dihedral angle equation 

CA 1 y = -19x6 -14x5 -11x4 -0.8x3 -0.5x2 - 0.0197x + 

2.6441 

 

y = -18x6 -14x5 -11x4 -0.7x3 + 0.0003x2 - 0.1334x + 

12.979 

 

CA 2 y = -18x6 -14x5 -11x4 -0.9x3 -05x2 - 0.0088x + 

2.2213 

 

y = -18x6 + 14x5 -11x4  -0.7x3 - 0.0002x2 + 0.0695x - 

8.0386 

 

CA 3 y = -18x6 -14x5 + 11x4  -0.7x3 + 0.0002x2 - 

0.0605x + 6.2892 

 

y = -19x6 -15x5 -12x4 -0.8x3 -0.6x2 + 0.0053x - 10.015 

 

CA 4 y = -19x6 -14x5 -11x4 -07x3 -0.4x2 - 0.0355x + 

4.4062 

 

y = -19x6 -15x5 -11x4 -0.7x3 + 0.0002x2 - 0.0668x - 

8.5229 

 

CA 5 y = -18x6 -14x5 -11x4 -0.8x3 + 0.5x2 - 0.0038x + 

1.586 

 

y = -19x6 -15x5 -11x4 -0.8x3 + 0.0002x2 - 0.1765x + 

51.341 

 

CA 6 y = -20x6 -16x5 -12x4 -0.9x3 -0.7x2 + 0.0001x + 

1.3189 

y = -18x6 -14x5  -11x4 -0.7x3 + 0.0003x2 - 0.1701x + 

26.197 
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CA 7 y = -19x6 -14x5 -11x4 -0.7x3 -05x2 - 0.0276x + 

3.4486 

 

y = -19x6 -15x5 -11x4 -0.8x3 -0.5x2 + 0.0126x + 8.5378 

 

CA 8 y = -17x6 -13x5 -10x4  -0.7x3 - 0.0003x2 + 0.0737x 

- 2.372 

 

y = -19x6 -15x5 -11x4 -0.8x3 -0.5x2 - 0.0334x + 16.88 
 

CA 9 y = -20x6 -15x5 -11x4 -0.8x3 -0.5x2 + 0.0136x + 

0.2563 

 

y = -17x6 -13x5 -10x4 -0.7x3 - 0.0003x2 + 0.0179x + 

28.311 

 

CA 10 y = -19x6 -15x5 -12x4 -0.9x3 -0.6x2 - 0.0005x + 

1.4446 

 

y =-18x6 -14x5 -11x4 -0.7x3 + 0.0002x2 - 0.12x + 30.724 

 

CA 11 y = -18x6 -15x5 -11x4 -0.8x3 -0.6x2 - 0.0013x + 

1.4871 

 

y = -18x6 -14x5 -11x4 -0.7x3 + 0.0002x2 - 0.109x + 

31.855 

 

CA 12 y = -19x6 -15x5 -11x4 -0.8x3 -0.5x2 - 0.004x + 

1.1516 

 

y = -19x6 -15x5 -13x4 -0.8x3 -0.5x2 - 0.0583x + 3.1948 

 

CA 13 y = -18x6 -14x5 -11x4 -0.8x3 -0.5x2 - 0.0029x + 

1.5573 

y = -19x6 -15x5 -11x4 -0.7x3 + 0.0002x2 - 0.0984x + 

29.467 

 

CA 14 y = -19x6 -15x5 -11x4 -08x3 -0.5x2 - 0.0269x + 

3.4656 

 

y = -19x6 -15x5 -11x4 -0.8x3 + 0.0001x2 - 0.0689x + 

11.984 

 

Table 3:- Polynomial Equations for CA Monomers 

 

For each CA monomer a distinct equation was obtained -Table 3). Areas under the curve resulted based on each equation are 

shown in table 4.  

  

Model Bond length polynomial equation based 

area 

Dihedral angle equation-based area 

CA 1 2.71746 19.1986 

CA 2 1.65166 - 

CA 3 15.7216 - 

CA 4 5.70645 - 

CA 5 1.58954 98.3808 

CA 6 1.11471 44.3944 

CA 7 2.99641 11.4111 

CA 8 - 25.9406 

CA 9 0.143058 49.3381 

CA 10 1.25969 53.656 

CA 11 1.33504 56.0112 

CA 12 0.974505 3.34435 

CA 13 1.41803 50.8769 

CA 14 4.52706 17.4196 

Table 4:- Areas Based on Polynomial Equations (Å2) 

 

QSAR model build using MLR shows that enzyme 

bioactivity correlates with BCUTSMR1, PEOEVSA+6, 

chiral, rsynth, vsurf_DW12. descriptors.  Enzyme activity 

is related to surface and shape. chiral, rsynth probably are 

showing the same impact on the shape and molecular 
surface regarding bioactivity. 

 

Undetermined surfaces are due to unbounded 

functions. In calculus, a function f describe on any set X 

with complex values is named bounded if the collection of 

its values is bounded. Namely, there must be a real number 

M such that f(x)≤ M for entirely x in X[16]. If f(x) is not 
bounded is said to be unbounded[17]. 
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The surface under the curve computed with bond 

lengths polynomial equation is related to GCUT, and Slog 
descriptors and surface under the curve computed based on 

dihedral angles equation also relates to CGUT. 

 

QSAR model will be used to further predict 

bioactivity for peptide motifs constructed using equations 

obtained for bond length and dihedral angle used in this 

study in order to develop and identify the future 

biomarkers. Peptide motifs will be further developed using 

bond lengths and dihedral angles equations. 

 

IV. CONCLUSIONS 

 
MLR model predicted accurately CA bioactivities, 

retrieved from literature. Bioactivity of CA isoforms is 

shape and surface dependent. The model will be further 

used to predict bioactive of novel enhance bioactivity - 

peptide motifs. 
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