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The complex between carbonic anhydrase enzyme center (CA) and a derivative of fullerene as 
a nanoscale inhibitor (C60-Inh) has been investigated, based on, B3LYP level, using 6-31G* 
basis set. The results of calculations indicate that this special fullerene derivative could be de-
protonated from three different positions and interacts with CA active site to form three CA—
C60-Inh complexes. The calculated results indicate that deprotonated inhibitor is coordinated 
to the Zn2+ ion and all the complexes have tetrahedral geometry. The calculated binding energy 
(BD) and complexation energy clearly show the complex between C60-Inh and CA active site 
from N13 position is more favorable than the other position. Also thermodynamic functions 
such as standard enthalpy of complexation ( 0

comH� ), standard entropy of complexation ( 0
comS� ) 

and standard Gibbs free energy of complexation ( 0
comG� ) for three CA-inhibitor complexes are 

evaluated. In order to approach the ideal geometry and provide further insight into the different 
complexation properties, the single point calculation at the B3LYP/6-311G**  
level have been used for all three different complexes to confirm the results of B3LYP/6-
31G*. Thus, fullerene derivatives show a new class of nano scale carbonic anhydrase inhibi-
tors that might find applications for targeting physiologically relevant isoforms of different 
forms of CA. 
 
K e y w o r d s: carbonic anhydrase, fullerene, inhibitor, complexation energy, QM calculation. 

INTRODUCTION 

Several carbonic anhydrase (CA, EC 4.2.1.1) isoforms are known to be present in the vertebrate 
central nervous system (CNS), being located in various cell populations, where they play a variety of  
 

functions [ 1, 2 ]. In all enzyme classes, a metal hydroxide species 
(L3—M2+—OH–) of the enzyme is the catalytically active species 
[ 3 ]. The active center normally comprises M(II) ions in tetrahe-
dral geometry, with three protein ligands (L) in addition to the 
water molecule/hydroxide ion [ 4 ], Fig. 1. CAs are mostly zinc-
metalloenzymes that are structurally classified into five families: 
�, �, �, �, and �. The �-class of CA, which includes human car-
bonic anhydrase II (HCA II), has been extensively characterized. 
HCA II catalyzed the reversible, two-step conversion of carbon 
dioxide to a bicarbonate ion and an excess proton via the �ping-
pong� mechanism [ 5—12 ].  
 

                                                                 
©  Ghiasi M., Kamalinahad S., Zahedi M., 2014 

 
 

Fig. 1. Chemical structure of car- 
bonic anhydrase (CA) enzyme 
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Fig. 2. Chemical structure of derivative of fullerene as a nanoscale inhibitor 
 

These enzymes are also involved in electrolyte secretion in a variety of tissues and in many bio-
synthetic reactions, such as gluconeogenesis, lipogenesis, ureagenesis, bone resorption, calcification, 
tumorigenicity, and many other physiological or pathological processes [ 13 ]. CAs are important tar-
gets for the design of novel pharmacological agents useful in the treatment or prevention of a variety 
of disorders, such as glaucoma, acid-base disequilibria, epilepsy, other neuromuscular diseases, as 
well as altitude sickness and obesity [ 13, 14 ]. The inhibition and activation of CAs are also well-
understood processes, with most classes of inhibitors binding to the metal center [ 13, 15—19 ].  

One main class of CA inhibitors (CAIs) is known as the metal complexing anions which bind to 
the Zn(II) ion of the enzyme by substituting the non-protein zinc ligand, Eq. 1, generating tetrahedral 
geometry of the Zn(II) ion. Thus, the CA—inhibitor interaction constitutes the initial stage of the 
mechanism of inhibitors action. 
 [E—Zn—OH2]2+ + I– (inhibitor anion) 	 [E—Zn—I]+ + H2O. (1) 

In this way, the nanomaterial fullerene C60 [ 20, 21 ] and its derivatives have exhibited many in-
teresting activities in biomedical application, such as antitumor photodynamic therapy [ 22 ], antiviral 
activity against human immunodeficiency virus [ 23 ], DNA photocleavage [ 24 ], antioxidant activity 
[ 25 ] and enzyme inhibition [ 26 ]. The fullerene derivatives incorporating a pendant-protected amino 
acid moiety, such as the phenylalanine derivative (Fig. 2), inhibits CA isozymes [ 27 ]. The use of  
nanomaterials to diagnose and treat disease has been a goal ever since the advent of methods to ma-
nipulate molecules at the nanometer level. The interesting properties of fullerenes offer possibilities of 
utilizing them in biology and medicinal chemistry and promise a bright future for fullerenes as me-
dicinal agents [ 28—30 ].  

The results of recent studies indicate that a large number of CA isozymes were inhibited by  
fullerenes derivatives [ 27, 31 ]. These compounds have been chosen to be investigated for their inter-
actions with CAs because of the presence of polar moieties in the molecules of derivatized fullerenes, 
such as the hydroxy, amino, or carboxy ones, leads to enhanced water solubility, since main limitation 
of fullerene-based derivatives is constituted just by their poor water solubility [ 32—35 ].  

The most potent inhibitors used in applications still present a primary sulfonamide group on a 
benzenoic or heterocyclic structure with anticonvulsant, antiurolithic, antiglaucoma, and anticancer 
properties that binds to the zinc ion through the deprotonated nitrogen atom [ 16 ]. However, despite 
the availability of several drugs, only 75 % of the epileptic population significantly benefits from the 
current pharmacotherapy. Thus, the search for less toxic, more efficacious agents for the treatment of 
seizure disorders has been continued.  

In our previous work the complexation between six inhibitors of carbonic anhydrase enzyme in-
cluding topiramate and its derivatives and analogues, has been studied extensively using QM calcula-
tions [ 36 ]. In the present study, we use the quantum mechanical calculations to investigate the bin-
ding of a fullerene derivative as a new nanoscale inhibitor from three different possible positions, 
1:N5, 2:N13 and 3:O12, Fig. 2, to the active site of CA enzyme. Interaction energies, electronic states, 
deprotonation enthalpy (DE) of inhibitor, and complexation energy for three different complexes have 
been determined. In addition, calculated results have been compared with our previous results.  

It should be mentioned that this distinctive feature of the CA active site architecture and details of 
CA-fullerene derivative complex structure is little understood at present. Determination of the energies  
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and relative orientations of the active site of CA and inhibitor in CA-inhibitor complex using high-
level calculations will contribute to advance our knowledge on the mechanism of inhibitors action.  
It should be mentioned that this.  

COMPUTATIONAL DETAILS 

Computational method. Ab initio calculations were carried out with the Gaussian program series 
1998 [ 37 ]. The geometries of carbonic anhydrase enzyme active site (CA), inhibitor and its related 
anion, the complex between inhibitors and CA were fully optimized employing Becke-style 3-para-
meter [ 38 ] of density functional theory (DFT) [ 39 ] with the standard 6-31G* basis set. Full optimiza-
tions have been performed without any symmetry constrains. The harmonic vibrational frequencies 
were computed to confirm that an optimized geometry correctly corresponds to a local minimum that 
has only real frequencies. In addition, the thermodynamic properties of all compounds were obtained 
from frequency calculations at 298.15 K and 1.0 atmosphere pressure. All reported enthalpies were 
zero-point (ZPE) corrected with unscaled frequencies. For the equilibrium geometries of the CA/Inh 
complexes, B3LYP single point calculations with the 6-311G** basis set were performed for the 
B3LYP/6-31G* optimized complexes.  

Calculation of binding energy. To quantify the interaction between inhibitor and CA active site 
in the optimized geometries, the binding energy (BE) and complexation energy (CE) are evaluated 
using the equation (2) and (3) [ 40 ]: 
 BE = ECA/Inh – (Eisolated CA + Eisolated Inh), (2) 
 CE = Eopt complex – (Eopt CA + Eopt Inh). (3) 
According the equation (2), the complexation energy is defined as the difference between the energies 
of isolated inhibitor and the CA active site, at their optimized conformations, and that of the complex.  

RESULTS AND DISCUSSION 

Geometry optimization of carbonic anhydrase active center. Structure of carbonic anhydrase 
active center was fully optimized at B3LYP methods using 6-31G* basis set with no initial symmetry 
restrictions and assuming C1 point group. Fig. 3 shows the optimized structure and some structural 
details of carbonic anhydrase active center. As Fig. 3 indicates, the average N(His)—Zn—O(OH2) and 
N(His)—Zn—N(His) bond angles are equal to 92.3
 and 119.74
 respectively. 

Nano scale inhibitor of fullerene and related anions. Geometry optimization. The geometry 
of nano scale inhibitor, Fig. 2, has been fully optimized using B3LYP/6-31G* method. Fig. 4 shows 
the optimized geometry of the inhibitor, and Table 1 indicates some chemical structure of optimized  
 

inhibitor.  
According to eq. (1), the anionic form of inhibitor 

binds to the Zn2+ ion to form the complex between active 
center of CA enzyme and inhibitor, so in the next step 
the different anionic forms of the inhibitor have been 
constructed by detaching the proton from N5, N13 and 
O12 positions, and then optimized at the same level of 
computation. Fig. 5 shows the optimized geometry. Ta-
ble 2 shows some structural details. Comparison be-
tween calculated results in Table 1 and Table 2 shows 
that the C4—N5 and N5—C6 bond lengths decrease 
from 1.46 Å and 1.39 Å, respectively, in the real mole- 
 

Fig. 3. Optimized structure of carbonic anhydrase enzyme in 
gas phase; the average bond angle N—Zn—N is 119.74
, the  
                   average bond angle N—Zn—O is 92.32
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Fig. 4. Optimized structure of inhibitor in gas phase 
 

   T a b l e  1  

Presentation of some structural parameters of optimized nanoscale inhibitor 

Connected atom Inhibitor Connected atom Inhibitor Connected atom Inhibitor 

Bond distance, Å Bond angle, deg. Dihedral bond, deg. 
C1—C2 1.64 C1—C2—C3 110.90 C1—C2—C3—C4 –53.07 
C4—N5 1.46 C4—N5—C6 127.58 C3—C4—N5—C6 –60.58 
N5—C6 1.39 C9—C10—O12 115.00 C7—C8—C9—N13 –44.79 
C9—C10 1.55 O11—C10—O12 121.53 C8—C9—C10—O12 179.94 
C10—O12 1.34 C9—N13—C14 123.45 O12—C10—C9—N13 –54.67 
C9—N13 1.46 N13—C14—O16 111.00 C8—C9—N13—C14 –156.11 
N13—C14 1.35 C8—C9—N13 110.13 C10—C9—N13—C14 77.08 

    C9—N13—C14—O16 170.84 
 

T a b l e  2  

Presentation of some structural parameter details of optimized deprotonated inhibitor from three positions;  
1: N5, 2: N13, 3: O12 

Connected atom N5 N13 O12 Connected atom N5 N13 O12 

Bond distance, Å Bond angle, deg. 
C1—C2 1.64 1.64 1.64 C1—C2—C3 111.14 111.06 110.71 
C4—N5 1.44 1.46 1.48 C4—N5—C6 123.00 125.84 118.93 
N5—C6 1.34 1.41 1.43 C9—C10—O12 114.96 114.86 115.22 
C9—C10 1.55 1.56 1.59 O11—C10—O12 121.28 121.41 130.05 
C10—O12 1.34 1.33 1.26 C9—N13—C14 124.02 116.22 126.19 
C9—N13 1.46 1.45 1.45 N13—C14—O16 111.05 111.45 109.55 
N13—C14 1.35 1.31 1.34 C8—C9—N13 109.72 109.68 114.29 

Dihedral bond, deg. 
C1—C2—C3—C4 –53.55 –52.84 –53.92 O12—C10—C9—N13 –53.79 –56.88 –7.60 
C3—C4—N5—C6 –78.02 –85.26 –79.59 C8—C9—N13—C14 –157.09 –159.36 –63.34 
C7—C8—C9—N13 –39.58 –57.43 –56.35 C10—C9—N13—C14 76.33 74.97 172.38 
C8—C9—C10—O12 –178.69 177.95 –133.33 C9—N13—C14—O16 171.01 170.01 –173.43 

 
cule, to 1.43 Å and 1.33 Å in the anion 1 (Table 2); the C9—N13 and N13—C14 bond lengths decrease 
from 1.46 Å and 1.35 Å, respectively, to 1.45 Å and 1.31 Å in the anion 2, and C10—O12 bond length 
decreases from 1.34 Å to 1.26 Å in the anion 3. 
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Fig. 5. Optimized structure of deprotonated inhibitor from three positions: N5 (1), N13 (2), O12 (3) 
 

All these differences are consistent with a decrease in bonding and delocalization of the negative 
charge in the anion. 

Calculation of deprotonation enthalpy (DE) of inhibitor. Total enthalpies of the species X, 
H(X), at the temperature T are from the equation 4 [ 41—43 ]. 
 H(X) = E0 + ZPE + Etrans + Erot + Evib + RT. (4) 
Where E0 is the calculated total electronic energy, ZEP stands for zero-point energy, Etrans, Erot, Evib are 
the translational, rotational, and vibrational contributions to the enthalpy, respectively. Finally, RT  
represents PV-work term and is added to convert the energy to enthalpy.  

The deprotonation enthalpy (DE) is equal to DE = Ha + Hp – Hih where Ha is the enthalpy of the 
anion generated by proton-abstraction, Hp is the enthalpy of proton and Hih is the enthalpy of the in-
hibitor. 
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Fig. 6. The plot of bond distance (Zn—X; X = 1:N5,  
2:N13, 3:O12) versus binding energy (BD) by using  
          keywords scan in B3LYP/6-31G* method 

 
Table 3 shows the calculated DE values for three anions formed by proton abstraction from in-

hibitor. According to data in Table 3, deprotonation of inhibitor from three positions is endothermic. 
The results show the following DE sequence for three anions in B3LYP level: O12 < N5 � N13. 

According to the resent study [ 27 ] on the fullerenes, these compounds have been chosen for in-
teractions with CAs for two resons: 1) the polar moieties in the molecules of fullerene derivatives, 
leads to enhanced water solubility of these compounds. 2) The same moieties were shown to interact 
with amino acid residues at the entrance of the carbonic anhydrase active center cavity, in classical 
carbonic CA inhibitors such as topiramate. It should be stressed that many amino acids such as his-
tidine 64, contribute extensively in proton transferring in such inhibitors [ 27 ] or the CA activators 
[ 44 ]. However, in the present study, because of big size of nanoscale inhibitor and using the high  
level of QM calculations we could not show the role of amino acids in proton transferring that lead to 
reduce the huge value of DE in our used model system.  

DFT calculations for complexes between carbonic anhydrase active center and nano scale 
inhibitor. In the presence of deprotonated inhibitor, an enzyme-inhibitor complex forms, reaction 1. 
To follow the complexation process employing scan procedure the potential energy variations have 
been obtained using B3LYP/6-31G* method, while the distance between N5, O12 and N13 atoms in 
inhibitor and Zn2+, as a proper reaction coordinate, was decreased from 5 Å in step of 0.3 Å. The bin-
ding energy at different distances is presented in Fig. 6. The negative BE change upon complexation 
clearly demonstrates that the CA active site can form stable complex with the nano scale inhibitor. 
Therefore, in the presence of the deprotonated inhibitor, an enzyme-inhibitor complex forms, reaction 1. 

According to Fig. 6 the optimum distances between Zn2+ and N5, O12 and N13 atoms are 1.93 Å, 
2.01 Å and 1.98 Å respectively. To calculate the complexation energy, the geometry of the three com-
plexes has been fully optimized at the Zn—X (X: N5, O12 and N13 atoms) optimum distance, Fig. 7. 
The computed complexation energy for the various complexes is reported in Table 4.  
 

T a b l e  4  

Calculated complexation energy for three complexes;  
[CA—C60-Inh(N5)]+, [CA—C60-Inh (N13)]+ and [CA—C60-Inhi(O12)]+,  

by using B3LYP/6-31G* and B3LYP/6-311G** methods  

�E, kcal/mol Complexes 
B3LYP/6-31G* B3LYP/6-311G** 

[CA—C60-Inh(N5)]+ –163.35 –155.72 
[CA—C60-Inh(N13)]+ –182.06 –169.30 
[CA—C60-Inh(O12)]+ –173.28 –167.44 

 
 

T a b l e  3  

Calculated deprotonation enthalpy (DE) 
for inhibitor from three positions; 1: N5, 
2: N13, 3: O12 by using B3LYP/6-31G* 

method 

Anion position DE, kcal/mol 

N5 352.75 
N13 353.75 
O12 342.31 

 
 

 

DE = (Han + HH � ) – (HIn). 
 



M. GHIASI, S. KAMALINAHAD, M. ZAHEDI  S398 

 
 

Fig. 7. Optimized geometry of complexes between CA active site and inhibitor from three positions:  
                        [CA—C60-Inh (N5)]+ (1), [CA—C60-Inh (N13)]+ (2), [CA—C60-Inh (O12)]+ (3) 

 
As the results in Table 4 indicate, substitution of the anionic form of inhibitor in the place of wa-

ter molecule at the active center of CA enzyme is energetically exothermic, and binding of the inhibi-
tor from N13 atom to the active center of CA is more favorable energetically. For the equilibrium ge-
ometries of the CA—Inh complexes, B3LYP/6-311G** single point calculations were performed.  
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T a b l e  5  

Presentation of some structural details for three complexes;  
1: [CA—C60-Inh(N5)]+, 2: [CA—C60-Inh(N13)]+, 3: [CA—C60-Inh(O12)]+ by using B3LYP/6-31G* method 

Connected atom 1 2 3 Connected atom 1 2 3 

Bond distance, Å 
C1—C2 1.64 1.64 1.64 C9—C10 1.55 1.52 1.56 
C4—N5 1.47 1.48 1.47 C10—O12 1.34 1.35 1.29 
X—Zna 1.93 1.98 2.01 C9—N13 1.46 1.45 1.47 
Zn—Nb 2.07 2.08 2.11 N13—C14 1.35 1.35 1.33 
N5—C6 1.39 1.41 1.39     

Bond angle, deg. 
C1—C2—C3 110.98 110.88 110.90 C8—C9—C10 112.89 111.50 113.46 
C4—N5—C6 120.45 124.05 127.04 C9—C10—O12 115.00 111.75 115.69 
X—Zn—N 115.01 115.33 117.38 C9—N13—C14 123.41 118.37 124.20 
N—Zn—N 103.54 102.99 103.55 C8—C9—N13 109.98 115.40 109.50 
A—X—Znc 115.37 134.01 129.26 O11—C10—O12 121.54 121.86 125.92 
B—X—Znd 124.14 105.46 —     

Dihedral angle, deg. 
C1—C2—C3—C4 –52.75 –52.68 –53.12 C9—N13—C14—O16 172.14 12.94 –175.07
C3—C4—N5—C6 –57.63 –49.51 –58.18 D—X—E—Zne –177.62 –165.62 — 
C7—C8—C9—N13 –46.45 –72.10 –49.43 F—G—X—Znf 124.54 –24.85 –59.80
C8—C9—C10—O12 179.83 60.75 –155.43 H—X—Zn—Ng –40.36 –22.57 –46.98
O12—C10—C9—N13 –55.14 –170.11 –30.24 I—X—Zn—Nh 21.91 55.12 — 
C8—C9—N13—C14 –156.28 –97.30 –162.17 O11—C10—O12—Zn — — 116.51
C10—C9—N13—C14 77.09 135.71 70.51     

 
 

 

a X in complex 1 is N5, in complex 2 is N13 and complex 3 is O12. 
b Average Zn—N18, Zn—N19 and Zn—N20.  
c A in complex 1 is C4, and complex 2 is C9 and complex 3 is C10.  
d B in complex 1 is C6 and complex 2 is C14.  
e D in complex 1 is C4 and E is C6, in complex 2 D is C9 and E is C14.  
f F in complex 1 is C3 and G is C4, in complex 2 F is C10 and G is C9 and in complex 3 F is C9 and G is C10.  
g H in complex 1 is C4, in complex 2 is C9 and complex 3 is C10.  
h I in complex 1 is C6, in complex 2 is C14. 

 
The results of recent calculations confirm that the CA—C60-Inh(N13) complex is about 2 and 
13.5 kcal/mol more stable than CA—C60-Inh(O12) and CA—C60-Inh(N5) respectively. 

Optimized geometry indicates that all complexes have tetrahedral geometry. Table 5 shows some 
structural details of these complexes according to the numbering in Fig. 8.  

A comparison of some structural details of three complexes with the native active center of CA 
indicates that a significant conformational rearrangement is necessary in the active site in order to al-
low the binding of the inhibitor. This fact has never been evidenced in CA—inhibitor adducts before, 
as the active site of this protein is a highly rigid one [ 45 ]. For example, according to Table 5, at the 
B3LYP level the average bond angle between nitrogen atoms of histidine and zinc, N—Zn—N, is 
about 103
 rather than 119.74
 in CA—OH2, and average bond angle X—Zn—N(His) is about 115
 
(in complex 1 and 2) and 117
 (in complex 3) rather than 92.3
 for bond angle O(OH2)—Zn—N(His) 
angle in CA—OH2. So, the inhibitor binding to the zinc ion generates a structure that closely ap-
proaches tetrahedral geometry. 
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Fig. 8. Numbering of chemical structure for complex 2:  
[CA—C60-Inh(N13)]+ 

 Fig. 9. Chemical structure of topiramate 

 
Analysis of thermodynamic properties for three complexes. No experimental data of thermo-

dynamic functions such as standard enthalpies of complexation ( 0
comH� ) and the standard Gibbs free 

energies of complexation ( 0
comG� ) for CA—inhibitor complexes is available. Therefore 0

comU� , 
0
comH� , 0

comS�  and 0
comG�  were calculated for [CA—C60-Inh(N5)]+, [CA—C60-Inh(N13)]+ and 

[CA—C60-Inh(O12)]+ complexes. The standard enthalpy change of the complexation ( 0
comH� ) is gi-

ven as: 
 

2 2
0 0 0 0 0
com complex H O EZn(II)OH inhibitor[ ] [ ].H H H H H � � �  �  (5) 

The total standard enthalpies of the studied species, at the temperature T are estimated from the ex-
pression (4). 

Similarity, 0
rS�  could be obtained by  

 
2 2

0 0 0 0 0
com complex H O EZn(II)OH inhibitor[ ] [ ].S S S S S � � �  �  (6) 

From the equation, �G = �H – T�S, the 0
comG�  was calculated. The computed thermodynamic 

properties for the various complexes are listed in Table 6. As the results in Table 6 indicate, substitu-
tion of the anionic form of inhibitor in place of water molecule at the active center of CA enzyme is 
energetically exothermic, and binding of the inhibitor from N13 atom to the active center of CA is 
more favorable energetically. It is noticeable that the entropy of formation for all the complexes is 
negative. The more negative values of 0

comH�  and 0
comG�  are found for [CA—C60-Inh(N13)]+ com-

plex, and the less negative 0
rH�  and 0

rG�  values are found [CA—C60-Inh(N5)]+.  
Topiramate [ 46—48 ], sulfamate substituted monosaccharide: 2,3:4,5-Bis-O-(1-methylethyl-

idene)-�-D-fructopyranose sulfamate, Fig. 9, is an anticonvulsant drug marketed worldwide for the 
treatment of epilepsy and prophylaxis of migraine. Topiramate binds to the zinc ion through the depro-
tonated nitrogen atom, [CA—Top)]+. Table 6 shows the thermodynamic functions of [CA—Top)]+ 
complex according to our previous study [ 36 ]. A closer look to the data in Table 6 shows a good  
 
            T a b l e  6  

Calculated thermodynamic properties of [CA—C60-Inh(N5)]+, [CA—C60-Inh(N13)]+ and  
[CA—C60-Inh(O12)]+ complexes and comparison with calculated thermodynamic function of  

[CA—Top)]+ complex according to reference 36 

Complexes �U, kcal/mol �H, kcal/mol �S, cal/mol �G, kcal/mol 

[CA—C60-Inh(N5)]+  –163.35 –162.76 –6.81 –160.72 
[CA—C60-Inh(N13)]+ –183.06 –182.47 –7.45 –180.74 
[CA—C60-Inh(O12)]+ –173.28 –172.69 –7.26 –170.52 
[CA—Top)]+ [ 36 ] –182.87 –182.87 –7.81 –180.55 
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   T a b l e  7  

Presentation of some net atomic charge on every atom in different complexes  
1: [CA—C60-Inh(N5)]+, 2: [CA—C60-Inh(N13)]+, 3: [CA—C60-Inh(O12)]+  

and related inhibitors anion; by using B3LYP/6-31G* method 

Atom 1 2 3 Atom 1 2 3 

Complex Anion 
Zn   0.93   0.92   0.96 C4   0.04   0.06   0.03 
C4

   0.06   0.03   0.05 N5 –0.65 –0.74 –0.60 
N5 –0.78 –0.69 –0.71 C6   0.30   0.35   0.27 
C6   0.38   0.31   0.40 C9 –0.07 –0.09 –0.03 
C9 

 –0.07 –0.05 –0.07 N13 –0.62 –0.78 –0.62 
N13

 –0.62 –0.68 –0.60 C14   0.83   0.96   0.81 

C14   0.84   0.84   0.88 C10   0.63   0.80   0.58 
C10   0.63   0.60   0.65 O12 –0.60 –0.71 –0.67 
O12 –0.61 –0.56 –0.66     
Na –0.57 –0.56 –0.57     

 
 

 

a Average N18, N19 and N20.  
 
agreement between predicted thermodynamic properties of [CA—C60-Inh(N13)]+ and [CA—Top)]+ 
complexes. These data may be helpful in the design of carbonic anhydrase inhibitors with a potential 
as anti-obesity drugs or other pharmaceutical applications. 

Details of atomic net charges of nanoscale inhibitor and three complexes. Calculated net 
atomic charges on the nanoscale inhibitor and three different complexes are presented in Table 7. 
These partial charges are derived from NBO (natural bond orbital) calculation. The net negative 
charge on the N13 atom is more than N5 and O12 atoms. An interesting point is the partial charge on 
zinc, which is worth mentioning. The net charge on the zinc is 0.92, 0.93 values changes that the Zn2+ 
ion is approximately reduced to Zn1+. By taking into account the charge of nanoscale inhibitor inter-
acting atoms, N13 (–0.78), N5 (–0.65) and O12 (–0.67), a strong electrostatic bonding could be evi-
denced.  

CONCLUSIONS 

Ab initio calculations have been carried out in order to study the interaction between a derivative 
of fullerene as a nano scale inhibitor and active center of carbonic anhydrase. The inhibitor from three 
positions are tetrahedrally coordinated to the zinc ion of the enzyme via deprotonated nitrogen or oxy-
gen atom in a hydrophobic pocket of the CA active center. This binding mechanism implies electro-
static Zn—X (X = N5, N13 or O12) coordination. On this basis, the electronic distribution on the polar 
moiety in the pendant tails attached to the fullerene should correlate with the antiepileptic activity if 
this mechanism has any effect on the control of epilepsy. The results indicate that the [CA—C60-
Inh(N13)]+ complex is the most favorable complex energetically. The molecule is a combination of a 
large, globular hydrophobic region and a small hydrophilic pendant tails. We suggest that the nature 
and disposition of these two segments are important for the biological activity. In addition, the fullere-
nes represent a totally new class of nanoscale carbonic anhydrase inhibitors that may find applications 
for targeting physiologically relevant isoforms. 
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