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The b-carbonic anhydrase (CA, EC 4.2.1.1) from the fungal pathogen Candida albicans (Nce103) is involved
in a CO2 sensing pathway critical for the pathogen life cycle and amenable to drug design studies. Herein
we report an inhibition study of Nce103 with a library of sulfonamides and one sulfamate, showing that
Nce103, similarly to the related enzyme from Cryptococcus neoformans Can2, is inhibited by these com-
pounds with KIs in the range of 132 nM–7.6 lM. The best Nce103 inhibitors were acetazolamide, meth-
azolamide, bromosulfanilamide, and 4-hydroxymethylbenzenesulfonamide (KIs < 500 nM). A homology
model was generated for Nce103 based on the crystal structure of Can2. The model shows that com-
pounds with zinc-binding groups incorporating less polar moieties and compact scaffolds generate stron-
ger Nce103 inhibitors, whereas highly polar zinc-binding groups and bulkier compounds appear more
promising for the specific inhibition of Can2. Such compounds may be useful for the design of antifungal
agents possessing a new mechanism of action.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Candida albicans is an important opportunistic fungal pathogen
of humans.1 In healthy individuals C. albicans can be frequently
found as a member of the gastrointestinal flora and rarely causes
infections. However, when individuals become immuno-sup-
pressed secondary to chemotherapy, AIDS, or even as a conse-
quence of age, C. albicans is able to disseminate and cause
chronic and potentially life threatening systemic disease.1 One
important factor that contributes to C. albicans’ success as a path-
ogen is its polymorphic nature. Indeed, this ascomycete may grow
as yeast, pseudohyphal, true hyphal and chlamydospore forms. The
ability to switch between the yeast and hyphal forms is regulated
by a wide range of host environmental factors including serum, pH,
temperature, CO2, and available carbon sources.1–4 C. albicans is the
predominant cause of both superficial and invasive forms of candi-
dosis, with the last ones leading to serious complication for criti-
cally ill intensive care unit patients.5,6 The emergence of
resistance to the currently used drugs (e.g., azoles, polyenes, caspo-
fungin and amphotericin B), as well as changes in the spectrum of
Candida infections have led to an increased interest in susceptibil-
ity testing of new antifungal drugs, possibly possessing a different
ll rights reserved.

: +39 055 4573385.
ran).
mechanism of action. The management of these infections is
complicated and highly dependent on the susceptibility profile
not only of the species but also of particular strains of the infecting
fungi/yeast.7 Thus, there is a constant need for finding antifungal
agents with a new mechanism of action.

CO2 was shown to be a strong promoter of filamentation in C.
albicans.1,2 In systemic infections C. albicans disseminates into the
blood stream, being thus exposed to high concentrations of CO2

(5.5%). This phenomenon has been dubbed ‘CO2 sensing’ and has
opened up a wide and expansive new field into the diagnosis and
drug design studies in C. albicans research.2,8 C. albicans is the only
Candida species that displays a filamentous phenotype in the pres-
ence of CO2, allowing diagnosis and treatment within 48 hours of
the sample being received.1,2 Attempts to characterize the CO2

sensing pathway have so far highlighted two proteins that play a
significant role. The first is an adenylyl cyclase, which produces
the secondary messenger cAMP, required for filamentation in C.
albicans.2,8 Adenylyl cyclase in C. albicans is a soluble enzyme
which is directly activated by CO2/HCO3

�.2,8 The second protein
involved in CO2 sensing in pathogenic fungi is a carbonic anhy-
drase (CA, EC 4.2.1.1) belonging to the b-class,9 encoded by the
gene nce103, termed here Nce103.9,10 Nce103 in C. albicans was
identified through its similarity to the ortholog protein from
Saccharomyces cerevisiae, also denominated Nce103 but in order
to avoid confusions with the C. albicans enzyme, the S. cerevisiae

mailto:claudiu.supuran@unifi.it
http://www.sciencedirect.com/science/journal/09680896
http://www.elsevier.com/locate/bmc


Figure 1. CO2 sensing exemplified by the regulation of C. neoformans capsule.8

The involved proteins are a soluble adenylyl cyclase (Cac1) and a b-CA (Can2),
which can be probably targeted for the design of novel antifungals.1,2,9

Table 1
Kinetic parameters for the CO2 hydration reaction catalyzed by the fungal b-CAs
Nce103 and Can2, the bacterial b-CA from Helicobacter pylori hp-bCA and the human
a-CA isozymes hCA I–III (cytosolic), hCA VA and VB (mitochondrial isozymes), and
hCA IX (transmembrane, full length enzyme)), at 20 �C and pH 7.5 in 10 mM HEPES
buffer (a-CAs) and at 20 �C, pH 8.3 in 20 mM TRIS�HCl buffer and 20 mM NaClO4 (b-
CAs)

Isozyme Activity level kcat (s�1) kcat/Km (M�1 s�1) KI (acetazolamide)
(nM)

Nce103 High 8.0 � 105 9.7 � 107 132
Can2 Moderate 3.9 � 105 4.3 � 107 10.5
hp-bCA Moderate 7.1 � 105 4.8 � 107 40
hCA I Moderate 2.0 � 105 5.0 � 107 250
hCA II Very high 1.4 � 106 1.5 � 108 12
hCA III Very low 1.0 � 104 3.0 � 105 300,000
hCA VA Low 2.9 � 105 2.9 � 107 63
hCA VB High 9.5 � 105 9.8 � 107 54
hCA IX Very high 1.1 � 106 1.5 � 108 16

The inhibition data with the clinically used sulfonamide acetazolamide AAZ (5-
acetamido-1,3,4-thiadiazole-2-sulfonamide) are also provided.15
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protein will be denominated here as scCA.2,8–10 It has been demon-
strated by Muhlschlegel’s and Heitman’s groups2,8 that physiolog-
ical concentrations of CO2/HCO3

� induce filamentation in C.
albicans and capsule biosynthesis in Cryptococcus neoformans by a
direct stimulation of the adenylyl cyclase activity, as shown sche-
matically in Figure 1. Furthermore, it has been demonstrated that
CO2/HCO3

� equilibration by the b-CAs present in these organisms
is essential for pathogenesis of C. albicans in niches where the
available CO2 is limited.1,2,8 Thus, the link between cAMP signaling
and CO2/HCO3

� sensing is conserved in fungi and reveals CO2 sens-
ing to be an important mediator of fungal pathogenesis, also allow-
ing for drug design campaigns targeting some of these steps.

In previous work from our laboratories1–3 we investigated the
catalytic activity and inhibition of the b-CA from the fungal/yeast
pathogens C. neoformans (Can2), C. albicans (Nce103) and S. cerevi-
siae (scCA) with inorganic anions11 and aromatic/aliphatic carbox-
ylates.12 Can2 and scCA (but not Nce103) inhibition with
sulfonamides has also been investigated.13,14 These enzymes
belong to the b-CA genetic family, which is not present in mam-
mals, but is widespread in bacteria, fungi and archaea among oth-
ers.9 Finding selective inhibitors of such b-CAs may thus constitute
a novel means of obtaining antifungals possessing a different
mechanism of action compared to the pharmacological agents in
clinical use, to which significant resistance emerged.6–8

We report here the first inhibition study of the Nce103 b-CA
from C. albicans with a series of sulfonamides and one sulfamate,
as well as a homology modeling study for the interaction of this
inhibitor class with the enzyme, based on the recently reported13

X-ray crystal structure of Can2.

2. Results and discussion

2.1. Catalytic activity of Nce103

We performed a kinetic investigation of purified Nce103 and
Can2, comparing their kinetic parameters (kcat and kcat/Km) for
the physiological reaction, that is, CO2 hydration to bicarbonate
and a proton,15 with those of thoroughly investigated CAs, such
as the bacterial b-CA from Helicobacter pylori (hp-bCA) and a-class
human CA isozymes, hCA I, II and III (cytosolic), the mitochondrial
isoforms hCA VA and VB or the transmembrane, tumor-associated
hCA IX (Table 1).9,16,17 Data from Table 1 show that similarly to
other CAs belonging to the a- or b-class, the fungal CAs Can2 and
Nce103 possess appreciable CO2 hydrase activity, with a kcat in
the range of (3.9–8.0) � 105 s�1, and kcat/Km in the range of (4.3–
9.7) � 107 M�1 s�1. Thus, Nce103 shows a high catalytic efficiency,
with a kcat/Km > 5 � 107 M�1 s�1, similarly to those of the well-
established drug targets belonging to this protein family, hCA II
(antiglaucoma and diuretic drugs),9,18 hCA IX (antitumor
drugs)9,16,19 or hCA VB (antiobesity drugs).9,20 Data of Table 1 also
show that these enzymes are inhibited appreciably by the clinically
used sulfonamide acetazolamide AAZ (5-acetamido-1,3,4-thiadia-
zole-2-sulfonamide), with inhibition constants in the range of
10.5–250 nM (except hCA III which is not susceptible to be inhib-
ited by sulfonamides and also possesses a very low catalytic activ-
ity compared to other CAs).21 It can be also observed that the C.
albicans enzyme Nce103 is 2.3 times a better catalyst for CO2

hydration to bicarbonate (considering the turnover number, kcat/
Km) compared to the ortholog enzyme from C. neoformans, Can2,
investigated earlier.13

In order to try to rationalize the kinetic data reported here, an
alignment of the amino acid sequences of Nce103 and Can2 is
shown in Figure 2. Can2 has recently been crystallized and its
3D-structure reported by this group,13 and this structure will be
used to rationalize the catalytic activity and inhibition of Nce103,
which was not crystallized so far. Data from Figure 2 show that
the zinc ligands of the fungal b-CA Can2, that is, Cys68, His124
and Cys127 (Can2 numbering system)13 are also conserved in
Nce103, corresponding to residues Cys106, His162 and Cys164 in
the sequence of the C. albicans enzyme. A second pair of conserved
amino acid residues in all sequenced b-CAs, known to date, is con-
stituted by the dyad Asp70–Arg72 (Can2 numbering) correspond-
ing to Asp108–Arg110 in Nce103 (Fig. 2). These amino acids are
close13 to the zinc-bound water molecule, which is the fourth zinc
ligand in this type of open active site b-CAs, making a network of
hydrogen bonds with it, which assists the deprotonation of water
and formation of the nucleophilic, zinc hydroxide species of the
enzyme.12,13 Indeed, in b-CAs, unlike the a-class enzymes in which
the Zn(II) ion is coordinated by three His residues and a water mol-
ecule, the formal zinc charge is zero, and as a consequence the acti-
vation of the zinc-coordinated water molecule needs the assistance
of additional amino acids. The pair Asp108–Arg110 (Nce103) prob-
ably has this function, as it is conserved in all b-CAs sequenced so
far.13,17 As a consequence, the catalytic water molecule is activated
both by the metal ion (as in metalloproteases and a-CAs),9 but also
by an aspartic acid residue, as in aspartic proteases.22 This partic-
ular mechanism makes the b-CAs very different as compared to



Figure 2. Alignment of the C. albicans Nce103 and C. neoformans Can2 amino acid sequences. The conserved amino acid residues are marked by an asterisk. In blue are
evidenced the Zn(II) ligands (Cys68, His124 and His127, Can2 numbering system) of the two enzymes, and in red the residues thought to be involved in inhibitor binding (see
also Fig. 3).
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all other known enzyme classes involved in hydrolytic or hydration
processes.

2.2. Inhibition studies of Nce103 with sulfonamides/sulfamates

Table 2 shows Nce103 inhibition data with a panel of 36 sulfon-
amides and one sulfamate (obtained for the CO2 hydration reaction
catalyzed by CAs),15 some of which are clinically used drugs,9 such
as acetazolamide AAZ, methazolamide MZA, ethoxzolamide EZA,
dichlorophenamide DCP, dorzolamide DZA, brinzolamide BRZ,
benzolamide BZA, topiramate TPM, sulpiride SLP, indisulam IND,
zonisamide ZNS, celecoxib CLX, valdecoxib VLX, sulthiame SLT
and saccharin SAC. DZA, BRZ and TPM were enantiomerically pure
compounds (the clinically used ones as drugs).9 The simpler deriv-
atives 1–22 were also included in the study as they represent the
most extensively used scaffolds for designing potent or isoform-
selective CAIs.9,18–21 Data for the inhibition of the dominant human
isoforms hCA I and II9 as well as those of the related enzyme Can2
investigated recently for its interaction with sulfonamides,13 are
also included in Table 2, for comparison reasons. The following
SAR can be observed from data of Table 2:

(i) Three derivatives, that is, 2, 6 and 11, showed very weak
Nce103 inhibitory activity, with KIs in the range of 3195–
7627 nM. The three compounds are benzenesulfonamide (sulfanil-
amide 2 and 4-aminoethylbenzenesulfonamide 6) or benzene-1,3-
disulfonamide derivatives (11).

(ii) A larger number of derivatives, such as 1, 3–5, 7, 8, 14–16,
18, 19, 21, EZA, BRZ, BZA, TPM, IND, CLX and SLT showed much
more effective Nce103 inhibitory action, with inhibition constants
in the range of 1017–1510 nM. They belong to heterogeneous clas-
ses of derivatives, some of them possessing rather simple scaffolds
based on the benzenesulfonamide/disulfonamide motifs (1, 3–5, 7,
8, 16, 18, 21), whereas others incorporate more complicated scaf-
folds, such as those present in the clinically used derivatives EZA,
BRZ, BZA, IND, CLX and SLT. Quite small structural changes in
the inhibitor scaffold lead to dramatic changes of enzyme inhibi-
tory activity. This is obvious for example for the simple derivatives
1 and 2, with the ortho isomer 1 being 7 times a better Nce103
inhibitor than the para isomer 2, for the aminoalkyl-substituted
sulfonamides 5 and 6, with the aminomethyl derivative 5 being a
2.9 times a better inhibitor than the aminoethyl one 6, or for the
benzenedisulfonamides 11 and 12. In this last case, the chlorine-
substituted sulfonamide 12 is again a 7 times better Nce103
inhibitor compared to the structurally related trifluoromethyl-
substituted derivative 11 (Table 2). The nature of the moiety
substituting the benzene ring on which the sulfamoyl zinc binding
group is anchored is also highly important for the enzyme inhibi-
tory activity of these compounds. For example, the isostructural
and isosteric aminoethyl (present in 6) or hydroxyethyl (present
in 21) moieties lead to compounds differing by 2.6 times in their
affinity for the enzyme, with the most active one being the
hydroxyethyl-substituted sulfonamide 21.

(iii) A third subgroup of the investigated derivatives, including
10, 12, 13, 17, 22, DCP, DZA, SLP, ZNS, VLX and SAC, showed even
more effective Nce103 inhibitory activity, with KIs in the range of
699–949 nM (Table 2). Again they belong to heterogeneous classes
of derivatives, some of them being simple substituted benzenesulf-
onamides/disulfonamides (such as the halogeno sulfonamides 10,
12 and DCP, or the 4-carboxy-substituted derivative 22), simple
heterocyclic derivatives (13) or possess more complicated scaffolds
as those present in 17, and the clinically used drugs DZA, SLP, ZNS,
VLX and SAC. Some of these compounds may be considered good
leads to develop better Nce103 inhibitors, as they possess simple
scaffolds which can easily be derivatized in a versatile manner,
leading to compounds with different structures.

(iv) Four compounds showed effective Nce103 inhibitory activ-
ity, with KIs < 500 nM. More precisely, AAZ, 9, 20 and MZA
showed KIs in the range of 132–484 nM for inhibiting Nce103
(Table 2). Again quite small structural differences had large effects
in the inhibitory capacity, with AAZ and MZA differing only by a
CH2 group, having the activity different by a factor of 3.7. The
remaining two best inhibitors, 9 and 20, are very simple com-
pounds structurally related to other derivatives investigated here,
which showed weaker inhibition of Nce103. Thus, among the
many halogenated sulfonamides investigated here, bromosulfa-
nilamide 9 was the best inhibitor (KI of 408 nM) differing signifi-
cantly of the corresponding chloro-8 (3.3 times a weaker
inhibitor) or iodo-10 (1.7 times a weaker inhibitor) derivatives
with which it has a very similar structure. The same is true for
the 4-hydroxymethyl-benzenesulfonamide 20 (KI of 383 nM),
which is 3.15 times a better Nce103 inhibitor compared to the
4-hydroxyethyl derivative 21 and 2.9 times a better inhibitor than
the corresponding 4-aminoethyl derivative 5. Thus, again, small
structural changes in the inhibitor molecule scaffold are very sen-
sitive for the Nce103 inhibitory properties. Undoubtedly, AAZ is
the best Nce103 inhibitor detected so far, with an inhibition con-
stant of 132 nM (Table 2).



Table 2
hCA I, II, Can2 and Nce103 inhibition data with sulfonamides 1–22 and 15 clinically used derivatives AAZ–SAC
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Inhibitor KI
a (nM)

hCA Ib hCA IIb Can2c Nce103c

1 45,400 295 379 1086
2 25,000 240 765 7627
3 6690 495 440 1277
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Table 2 (continued)

Inhibitor KI
a (nM)

hCA Ib hCA IIb Can2c Nce103c

4 78,500 320 1150 1204
5 25,000 170 18,490 1109
6 21,000 160 1394 3195
7 8300 60 809 1240
8 9800 110 605 1345
9 6500 40 977 408
10 6000 70 711 719
11 5800 63 968 6115
12 8400 75 300 874
13 8600 60 791 832
14 9300 19 815 1368
15 6 2 42 1092
16 164 46 971 1310
17 185 50 624 727
18 109 33 3887 1108
19 690 12 379 1293
20 55 80 623 383
21 21,000 125 878 1209
22 23,000 133 484 861
AAZ 250 12 10.5 132
MZA 50 14 63 484
EZA 25 8 87 1070
DCP 1200 38 1203 909
DZA 50,000 9 8347 887
BRZ 45,000 3 87 1095
BZA 15 9 23 1510
TPM 250 10 367 1108
SLP 12,000 40 812 760
IND 31 15 963 1090
ZNS 56 35 971 942
CLX 50,000 21 3056 1017
VLX 54,000 43 704 699
SLT 374 9 890 1071
SAC 18,540 5950 32,000 736

Data of isoforms hCA I and II are from Ref. 21, whereas Can2 inhibition data from Ref. 13.
a Errors in the range of 5–10 % of the shown data, from three different assays.
b Human recombinant isozymes, stopped flow CO2 hydrase assay method, pH 7.5, 20 mM TRIS�HCl buffer.21

c Fungal recombinant enzymes, at 20 �C, pH 8.3 in 20 mM TRIS�HCL buffer and 20 mM NaClO4.
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(v) Comparing the Nce103 data of Table 1 with those for the
inhibition of the ortholog enzyme from C. neoformans (Can2) inves-
tigated earlier,13 it can be observed that these two b-CAs have a
diverse inhibition profile, which is to be expected considering the
different length and sequence of amino acid residues, as discussed
above and shown in Figure 2. Indeed, many compounds showing
excellent Can2 inhibitory activity, such as, for example, 15, MZA,
EZA, BRZ, BZA, are only moderate-weak Nce103 inhibitors. Gener-
ally speaking, Can2 seems to have an overall higher affinity for sul-
fonamides/sulfamates as compared to Nce103, with the best
inhibitor of both enzymes being acetazolamide AAZ. However,
AAZ is a 12.5 times a better Can2 than Nce103 inhibitor. In order
to understand the different behavior of these two b-CAs for their
interaction with sulfonamides, an considering that the X-ray struc-
ture of Nce103 is not available, a homology modeling study has
been performed for the interaction of AAZ with Can2 and
Nce103, based on the recently reported 3D structure of the first
enzyme13 (see later in the text).

(vi) The affinity of these inhibitors for the a-CAs of the human
host, that is, hCA I and II, compared to that of Nce103 is also dis-
cussed here. It may be observed from data of Table 2 that hCA I
has generally a low affinity for most of these compounds, except
for compounds 15, 20, MZA, EZA, BZA, IND and ZNS which possess
KIs < 60 nM. On the contrary, hC AII is much more inhibited by this
class of derivatives, most of the compounds 1–22 and AAZ–SLT
having KIs < 300 nM (only SAC is a weak hCA II inhibitor with a
KI of 5950 nM, Table 2). Thus, sulfonamides/sulfamates may be
considered as excellent hCA II inhibitors, whereas their affinities
for hCA I, Can2 and Nce103 are orders of magnitude lower.
2.3. Modeling of sulfonamide binding to Nce103

In order to compare the different inhibition profiles of Nce103
and Can2, a homology model was generated for Nce103 based on
the crystal structure of Can2.13 The Nce103 model was superim-
posed with the Can2 dimer and an AAZ molecule positioned in
the active site analogous to the modeled benzolamide BZA com-
plex of Can2.13 There are four major differences in the active sites
and ligand binding channels of Can2 and Nce103, as observed from
Figure 3. Near the sulfonamide group of the AAZ molecule, two
hydrophilic amino acids in the Can2 structure (Asn113 and
Tyr109) are replaced by hydrophobic amino acids in Nce103
(Val101 and Phe97). This substitution might be the reason for
the generally higher affinity of the hydrophilic sulfonamides/sulfa-
mates to Can2 than to Nce103. Close to the other end of the AAZ
molecule, two small amino acids in Can2 (Gly126 and Ile131) are
replaced by two bulkier amino acids in Nce103 (Asp114 and
Trp119). These side chains might be oriented toward the ligand
binding channel and thereby narrow it in Nce103, so that bulkier
inhibitors are harder to accommodate in the Nce103 active site.
This structural comparison thus suggests to focus on compounds
with zinc-binding groups having a less polar functionality and
more compact scaffolds for Nce103 inhibition, whereas highly
polar zinc-binding groups and bulkier compounds appear more



Figure 3. Modeling o AAZ binding to Can2 (dimer colored in blue and gray) and
Nce103 (dimer colored in green) based on Can2 crystal structure.13 The Zn(II) ion is
shown as an orange sphere. The different residues in the Can2 and Nce103
structures discussed in the text are shown in stick presentation.
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promising for the specific inhibition of Can2. Further work is war-
ranted to check these findings.

3. Conclusions

The b-carbonic anhydrase (CA, EC 4.2.1.1) from the fungal path-
ogen C. albicans (Nce103) is involved in a CO2 sensing pathway
critical for the pathogen life cycle and amenable to drug design
studies. This enzyme shows a high catalytic activity for the physi-
ologic, CO2 hydration reaction to bicarbonate and protons, with a
kcat of 8.0 � 105 s�1 and a kcat/Km of 9.7 � 107 M�1 s�1. Herein we
report an inhibition study of Nce103 with a library of sulfonamides
and one sulfamate, showing that Nce103, similarly to the related
enzyme from C. neoformans Can2, is inhibited by these compounds
with KIs in the range of 132 nM–7.6 lM. The best Nce103 inhibi-
tors were acetazolamide, methazolamide, bromosulfanilamide,
and 4-hydroxymethyl-benzenesulfonamide (KIs < 500 nM). A
homology model was generated for Nce103 based on the crystal
structure of Can2 recently reported by this group. The model
showed that compounds with zinc-binding groups incorporating
less polar moieties and compact scaffolds generate stronger
Nce103 inhibitors, whereas highly polar zinc-binding groups and
bulkier compounds appear more promising for the specific inhibi-
tion of Can2. Such compounds may be useful for the design of anti-
fungal agents possessing a novel mechanism of action.

4. Experimental

4.1. Materials

Sulfonamides 1–22 and AAZ–SAC are commercially available
compounds (from Sigma–Aldrich, Milan, Italy). The CA isozymes
used in the experiments were recombinant ones obtained and
purified as reported earlier by this group.11–13

4.2. CA activity and inhibition assay

An Applied Photophysics stopped-flow instrument has been
used for assaying the CA catalyzed CO2 hydration activity.15 Phenol
red (at a concentration of 0.2 mM) has been used as indicator, work-
ing at the absorbance maximum of 557 nm, with 10 mM Hepes (pH
7.5) or TRIS (pH 8.3) as buffer, and 20 mM Na2SO4 or 20 mM NaClO4

(for maintaining constant the ionic strength), following the CA-cat-
alyzed CO2 hydration reaction for a period of 10–100 s. The CO2

concentrations ranged from 1.7 to 17 mM for the determination
of the kinetic parameters and inhibition constants. For each inhib-
itor at least six traces of the initial 5–10% of the reaction have been
used for determining the initial velocity. The uncatalyzed rates
were determined in the same manner and subtracted from the total
observed rates. Stock solutions of inhibitor (1 mM) were prepared
in distilled–deionized water with 10–20% (v/v) DMSO (which is
not inhibitory at these concentrations) and dilutions up to
0.01 nM were done thereafter with distilled–deionized water.
Inhibitor and enzyme solutions were preincubated together for
15 min at room temperature prior to assay, in order to allow for
the formation of the E–I complex. The inhibition constants were ob-
tained by non-linear least-squares methods using PRISM 3, from
Lineweaver–Burk plots, as reported earlier,10–14 and represent the
mean from at least three different determinations.

4.3. Modeling of sulfonamide binding to Nce103

For homology modeling of the Nce103 structure, an alignment of
Nce103 and Can2 was prepared with ClustalW and corrected manu-
ally (Fig. 2). Modeling using the alignment and the crystal structure
of Can2 (pdb code 2w3q) was done with the program modeller9v1.23

An NCE103 complex with AAZ in the active site was generated by
superimposing the NCE103 model with a Can2 dimer structure con-
taining a modeled benzolamide BZA as ligand.13
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