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Recombinant human carbonic anhydrase VII: Purification,
characterization, inhibition, and molecular docking studies
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Abstract

Human carbonic anhydrase VII (hCA VII), a cytosolic enzyme, defends against
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oxidative stress by preventing reactive oxygen species from forming. In our study,
first, hCA VII was cloned into Escherichia coli (One Shot Machl-T1R) strain

3The Rectorate of Bilecik Seyh Edebali by using cDNA of the human brain and successfully expressed. The integrity

University, Bilecik, Turkey of the plasmid generated by colony PCR was checked, and after, for protein

expression, the plasmid was transformed into E. coli BL21 (DE-3) strain. hCA VII
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expression was observed after 6 h of isopropyl-D-1-thiogalactopyranoside (IPTG)
induction. The fusion protein containing hexahistidine (6xHis) was purified with
7.02 EU/mg of specific activity, had 48.07% of purification yield, and approxi-
mately 21-folds using a ProbondTM nickel chelating resin affinity column. Then,
both molecular mass determination and purity control of the purified recombi-
nant enzyme was done by SDS-PAGE (sodium dodecyl sulfate-polyacrylamide
gel electrophoresis). The mass of the SUMO-hCA VII fusion protein was calcu-
lated as 46.77 kDa. As a result of Western blot analysis using anti-His G-HRP
antibody, the fusion protein was detected as approximately 45 kDa. Further-
more, the characterization assays and in vitro inhibition studies were done for
the recombinant enzyme. Ky values of these agents were found between 0.29 uM
and 157.6 mM. Finally, molecular docking investigations of these antibiotics were
undertaken to understand further the binding interactions on the active site of

this recombinant enzyme.

KEYWORDS
carbonic anhydrase, E. coli, enzyme catalysis, metalloenzymes, molecular docking, recombi-
nant protein

1 | INTRODUCTION

and making the correct diagnosis and necessary treatment
approaches. It has been put into practice by scientists for

Today, a new era is approaching due to the increase in the
level of knowledge in medicine, genetics, and proteins in
solving the functioning mechanisms of various diseases

Abbreviations: CA, carbonic anhydrase; hCA VII, human carbonic
anhydrase VII; OD, optic density; rhCA VII, recombinant human
carbonic anhydrase VII; SDS-PAGE, sodium dodecyl
sulfate-polyacrylamide gel electrophoresis.
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many years. Many human proteins such as antibodies, vac-
cines, natural interferons, and various metabolic enzymes
have been recombinantly produced to diagnose and treat
many diseases. These products are used in many fields,
especially medicine’! Carbonic anhydrase (CA; E.C.4.2.1.1)
enzyme, is coordinated with either iron, cadmium, or zinc
through three histidine residues in its active site, is a
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metalloenzyme. CA catalyzes the transformation of CO,
and HCO;™.? CAs are present in bacteria, archaea, and
eukarya'3 According to their structural similarities, CAs
are classified as alpha (), beta (), gamma (y), epsilon
(¢), delta (8), zeta (&), eta (1), and theta (6). Among these
classes, the a-class CAs studied in detail are mammals,
fungi, prokaryotes, plant cytoplasm, protozoa, and algae*
Zinc-dependent metalloenzymes play different roles in
diverse organisms. Some of these are for the transportation
of CO, and HCO;", respiration, and CO,-pH balance.>°

The amino acid sequences of CA gene families are not
similar. a-CAs are the class of CA found in humans, of the
16 human a-CA isoforms, cytosolic ones: CA I-ITII-VII-XII;
membrane-bound ones: CA IV-IX-XII-XIV-XV; mitochon-
drial ones: CA VA-VB; and secretory: CA VI7 CAs contain
zincions (Zn?*) in their active site. This is necessary for CA
to be active. Many studies have been done to understand
the inhibition and activation of CA enzymes. Substances
such as sulfamides, sulfonamides, many inorganic anions,
and sulfamates cause the enzyme to be inhibited.®’ Inhi-
bition of CAs has a significant function in treating many
illnesses such as diabetes, epilepsy, and cancer'® There-
fore, CA inhibitors are frequently used in medicine."""*
Human carbonic anhydrase VII (hCA VII) protects against
oxidative stress by inhibiting the formation of reactive
oxygen species.'*!> hCA VII, a cytosolic enzyme, is also
expressed in the salivary glands and hippocampus. How-
ever, its distribution in different tissues is not known.
hCA VII gene is localized on chromosome 16q21-23''° The
hCA VII gene is thought to be involved in the mecha-
nism of GABAergic excitement and seizure generation'’
Furthermore, its role controlling neuropathic pain has
recently been hypothesized; however, the mechanism is
unknown''®

Antibiotics are extensively used in human therapy to
prevent and cure illnesses and promote growth'” In addi-
tion, antibiotics play an important role in combating
bacterial infections?’ The term antibiotics is defined in
medicine as compounds that can be natural or synthetic
that neutralize microorganisms. Antibiotics must be tar-
geted to the microorganism in order to have a beneficial
effect. Therefore, the main target of antibiotics is bacte-
rial cell walls. Antibiotics show their effects on bacterial
cell properties or mechanisms. For example, -lactams
and glycopeptides inhibit cell wall synthesis, aminoglyco-
sides and tetracyclines cause protein synthesis inhibition,
and fluoroquinolones and rifamycins cause nucleic acid
inhibition-!

Because CAs are found in many tissues and in distinct
isoforms, scientists have been able to build inhibitors with
biomedical uses. In clinical practice, enzyme inhibitors
are frequently utilized. Our study aims to produce a fast
and simple recombinant hCA VII (rhCA VII) enzyme and

to understand the biochemical behavior of the enzyme
against therapeutics. For this purpose, we have conducted
an investigation involving cloning, expression, purifica-
tion, characterization, and inhibition of rhCA VII. We have
also carried out molecular docking studies to assess com-
monly used antibiotics’ inhibition mechanisms against
rhCA VIL

2 | EXPERIMENTAL

2.1 | Materials

We used human brain cDNA from Clontec, pET-SUMO
vector from Invitrogen, p-nitrophenolate, GeneJET Plas-
mid Miniprep, Triton X-100, NaCl, guanidine hydrochlo-
ride, imidazole, NaH,PO,, and glycerol from Sigma, pro-
tein molecular weight marker from Thermo, and the
IPTG from BBI Fermentas. Metabion synthesized forward
primer and reverse primer.

2.2 | Cloning of hCA VII using the
pET-SUMO vector

First, with reverse primer (5-AAGGAGGCCTTTACCAC-3)
and forward primer (5-ATTGGCACAAGCTGTATCCC-3),
hCA VII was generated from the human brain cDNA by
PCR method. PCR was performed as follows: 4 min at
94°C, 35 cycles (1 min at 94°C, 30 s at 51.5°C, 1 min at 72°C)
and finally 5 min at 72°C. The purity control for the PCR
result was made by agarose gel electrophoresis. The bind-
ing of the pET-SUMO vector with the hCA VII gene from
the His6 region in the N-terminal region occurred. It was
left to ligation overnight at 16°C. After ligation, the plasmid
containing the hCA VII gene was transferred to Escherichia
coli One-Shot Machl1-TIR cells. The cells were incubated
overnight at 37°C in the plate containing LB kanamycin.
Colonies incubated overnight were grown in LB after har-
vesting. The obtained pET-SUMO-rhCA VII was isolated
with GeneJET Plasmid Miniprep. Later, sequence analysis
was done at Iontek Company.

2.3 | Expression of hCA VII gene

After sequence analysis, the plasmid for protein expres-
sion was transformed into E. coli BL21 (DE-3) strain.
Bacteria were grown at 37°C in LB supplemented with
1 mg/ml kanamycin. When the optic density (OD) was
0.8, at 600 nm, the bacteria were transferred to LB with
1 mg/ml kanamycin and grown at 225 rpm and 37°C. Then
when OD 600 was 0.8, the gene was induced with IPTG
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determination of the recombinant protein were performed
according to the Laemmli method.”"?’ The size of the
fusion protein was determined by Western blot analysis.

DURAN AND BEYDEMIR
TABLE 1 PCR product sizes for different combinations
Reaction F. primer R. primer Size (bp)
1 Gene Gene 794
2 Vector Gene 899
3 Gen Vector 947
4 Vector Veetor 105 2.6 | rhCA VII activity assay

(0.5 mM) for 6 h. The cells we obtained were centrifuged.
After centrifugation, the pellet was resuspended in the lysis
buffer. Cells were incubated on ice by adding lysozyme.
Obtained lysis was centrifuged at 5000 rpm for 15 min. The
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) gel electrophoresis was performed for purity
analysis.

2.4 | Purification of hCA VII

Lysozyme, DTT, and glycerol were added to the lysate, and
the sample was incubated on ice. Pellets were split using a
sonicator. After adding 0.1% Triton X-100, the sample was
shaken for 2-3 hours. After the sample was centrifuged,
the clear lysate was loaded into 2 ml of Ni-NTA resin.
The lysate was passed through the column, and then first
25 ml of buffer I, then 25 ml of buffer II, were passed
from the column. Buffer III was used for washing the col-
umn. Finally, 10 ml of elution buffer was used to elute the
recombinant protein attached to the column. The fractions
collected in elution were dialyzed twice in dialysis buffer
for 2h at4°C. Quantitative protein determination, Western
blot, SDS-PAGE electrophoresis, enzyme activity measure-
ment, and inhibition studies were performed in the sample
obtained after dialysis. The molecular docking study was
performed according to the inhibition result obtained.

2.5 | Protein analysis

Qualitative protein determination was done by the Brad-
ford method.?>?* The purity analysis and molecular mass

TABLE 2
conditions and refolding
Total Total
Purification Activity volume Protein protein
steps (EU/ml) (ml) (mg/ml) (mg)
Lysate 0.84 8 2.52 20.16
SUMO-hCA VII 3.23 1 0.46 0.46

purified from Ni
resin affinity
column

rhCA activity was determined by using the esterase
activity.?%?

2.7 | Characterization study for rhCA VII
Determination of optimum pH, optimum temperature,
ionic intensity, activation energy, activation enthalpy, Q10
value, Ky, and V. values for rhCA VII was carried out as
per the protocols elucidated in the previous studies by our
group.30-2

2.8 | Invitro inhibition study

The inhibition effects of antibiotics on recombinant
enzyme were investigated using five different inhibitor
concentrations. Control cuvette had enzyme activity only,
but no inhibitor was added. The ICs, value was accepted as
the inhibitor concentration causing 50% inhibition and this
value for each inhibitor was calculated graphically.**~3¢
The inhibition types and Kj constants were found by
Lineweaver-Burk’s curves®’*® as described in previous
studies.**~*? Analysis of the data was realized using Graph-
Pad Prism version 8 for Mac (GraphPad Software, La Jolla,
CA, USA). Differences between datasets were considered
statistically significant when the p-value was less than 0.05.

2.9 | Molecular docking study

The molecular docking analysis was performed within
the Schrodinger Small-Molecule Drug Discovery Suite
2021-1 for Mac (Schrodinger, LLC, NY, USA) using

Summary of SUMO-hCA VII fusion protein by affinity column rhCA VII purification from inclusion body in denaturating

Total Specific

activity activity Purification
(EU) (EU/mg) Yield (%) fold

6.72 0.33 100 1

3.23 7.02 48.07 21.07
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FIG 1 Sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE) analysis of pET-SUMO-rhCA VII (M:
marker, 1-2-3-4-5-6-7-8-9; purified pET-SUMO-hCA VII)

the panels: Maestro*® Protein Preparation Wizard**
SiteMap*> Receptor Grid Generation*® LigPrep*’ and
Prime MM-GBSA “? First, the crystal structure of hCA VII
(PDB ID: 6H37; species: Homo sapiens; resolution: 1.90 A;
R-values free and work: 0.236 and 0.194, respectively)*’
was downloaded from the Protein Data Bank.”’”! The
6H37 was minimized using the Protein Preparation Wiz-
ard tool’>>* applying force field OPLS4°*> with default
parameters at pH 7.4 + 0.5°% The active sites were
predicted using the SiteMap module.”®>° The grid was
generated used the Receptor Grid Generation tool®"%!
with all the active site residues. Next, the 2D SDF format of
all the drugs was sketched using ChemDraw version 19.1
for Mac (PerkinElmer, Inc., Waltham, MA, USA)%>% and
converted into the 3D format using LigPrep module®*-%°
with the OPLS4 force field. A one-step docking method-
ology was used, Glide XP.®”-% Finally, MM-GBSA binding
energies,””””> which estimate relative binding affinities
for rifamycin, kanamycin, and lincomycin that exhibit
competitive inhibition, were calculated in the OPLS4 force
field and VSGB energy model.”*~7>

3 | RESULTS AND DISCUSSION

Recombinant DNA technology is a technology that is not
possible to form spontaneously in nature, and involves
the cutting of DNA molecules obtained from different
biological species by genetic engineering technology and
combining the different DNA parts obtained. In the past
centuries, the development of the desired characteristics
of living things by controlling the expression of the rele-
vant gene was completely an imagination. However, the
recombinant DNA technology that has developed in recent
years allows this. The recombinant production of proteins

that are associated with problems threatening human life
has significantly increased the popularity of this technol-
ogy in recent years. This technology, which focuses on
the necessary improvements for human health, improve-
ment of nutritional facilities, and reduction of the negative
effects of the environment, is multidisciplinary. Recombi-
nant technology makes it easy to reach the product safely
and quickly in the health sector. Additionally, recombinant
DNA technology, genetic modification, and gene therapy
techniques are also widely used for the cure of biological
reproduction and critical diseases

Cloning and expression are performed using the pET-
SUMO vector. SUMO proteins can be synthesized in a
precursor form prior to conjugation to the target protein,
such as ubiquitins”’’ Cellular processes such as nuclear
transport, transcriptional regulation, and protein stability
on the SUMO-targeted protein are the main differences
between these two groups”’® One of the crucial problems
encountered, especially in low-level hosts such as E. coli, is
inefficient production of recombinant protein and soluble
form. Approaches such as fusion proteins, promoter alter-
ation, and chaperone co-expression are generally preferred
to avoid this problem. In addition to providing expression
and uniform folding of the target protein, the fusion pro-
teins protect the protein of interest from degradation and
facilitate purification and detection. For this reason, it has
started to be preferred quite frequently in recombinant
production techniques”’

Cellular metabolism involves the necessary series of
reactions that allow movements. These series of reac-
tions occurring in cells are defined as metabolic pathways.
These metabolic pathways in living organisms form the
metabolic network. Failure in occurrence of any of these
pathways that make up the metabolic network can affect
the entire metabolism. Almost all of the reactions in
metabolism are carried out by catalysts called enzymes for
fast and effective reactions. Therefore, the deficiency in
enzymes or the activation-inhibition of the enzyme has
the power to affect the whole metabolism. This situation
reveals the importance of the enzyme-drug interaction.
The mechanisms of action of drugs and chemicals can
be understood by examining the activities of enzymes in
metabolism*°

In this study, the recombinant vector was formed
by applying the steps described in the method section.
After the gene sequence was amplified (Figure S1), the
protein was cloned into the pET-SUMO vector. The
results of colony PCR (Figure S2), plasmid isolation,
and cross-PCR (Figure S3) showed that the protein gene
was correctly linked to the vector. The product length
obtained was within the desired range (Table 1). The
recombinant hCA VII protein was expressed in E. coli.
The recombinant protein was produced using BL21 (DE3).
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Electrophoresis for purity analysis was performed on the
protein obtained after induction with IPTG. At the same
time, the molecular mass was determined by SDS-PAGE.
As a result, approximately 47.77 kDa fusion protein was
obtained in pure form (Figure S4). The Bradford method’s
qualitative protein determination results are given in
Table 2. The results show that induction by isopropyl-3-
D-thiogalactopyranoside (IPTC) significantly affects the
amount of protein (Figure 1). The recombinant protein
was verified by applying Western blot analysis. The fusion
protein mass was determined to be 45 kDa as expected
(Figure S5).

Characterization studies were carried out on the recom-
binant enzyme. The optimum pH value of rhCA VII was
assigned as pH 8.0 in Tris-H,SO, buffer as the maximum
activity was observed (Figure S6). As the study was per-
formed to determine the ionic strength using a Tris-H,SO,
buffer between 0.1 and 1 M and 0.8 M Tris-H,SO, buffer,
pH 8.0 was determined as the ionic strength value of the
recombinant enzyme (Figure S7). Determining the opti-
mum temperature value of the rhCA VII due to the enzyme
activity measurements between 0°C and 50°C, the high-
est enzyme activity was measured at 50°C (Figure S8). The
Arrhenius curve calculated E,, AH, and Q10 values. The
results are as shown in Figure S9: E,: 1843 kcal/mol, AH:
1199 kcal/mol, and Q10: 1.4 (Figure S9). Lineweaver-Burk
plot was drawn with PNF used in different concentrations,
and using the graph drawn, the K, value was calcu-
lated as 1.36 mM and the V., value as 0.405 EU/ml
(Figure S10). The inhibitory effects of some antibiotics on
rhCA VII enzyme activity produced and purified by bac-
teria were investigated under in vitro conditions. All the
results obtained in the study are summarized in Table 3.
ICs, curve and Kj graph for rifamycin sodium are given in
Figures S11 and S12, respectively.

In our study, Lineweaver-Burk graphics were used to
determine Kj constants and inhibition types for antibi-
otics showing inhibition effect on rhCA VII**’ In order to
obtain accurate results, 1/V and 1/[S] values were obtained
at three different constant inhibitor concentrations for
each inhibitor study. The ICs, value is defined as the
concentration of inhibitor that halves enzyme activity.
In our inhibition studies on rhCA VII enzyme activity,
ICy, values were determined for each inhibitor, and the
highest inhibition showed rifamycin sodium with an ICs,
of 0.56 uM. This compound is followed by vancomycin
HCI and tobramycin compounds with ICs, values of
51 and 59 uM, respectively. rhCA VII enzyme activity of
the inhibitors studied in the order of magnitude from
the following are as follows: rifamycin sodium > van-
comycin HCI > tobramycin > amoxicillin > kanamycin
sulfate > teicoplanin > gentamicin sulfate > amikacin
sulfate > piperacillin sodium > cefuroxime sodium >

clindamycin phosphate > lincomycin HCl > ampicillin
sodium > cephazolin sodium > cephazolin sodium > cep-
hazoline sodium. Among the compounds studied, it can be
concluded that rifamycin sodium is a potent inhibitor of
rhCA VII. According to the results of our inhibition stud-
ies, rifamycin sodium showed a high inhibition effect on
rhCA VII enzyme. From the study, we infer that hydroxyl
and methyl groups present in rifamycin sodium provide
effective inhibition. Although the chemical structures of
amoxicillin and ampicillin drugs were completely identical
except for a single hydroxyl ion, we observed that the inhi-
bition rates were quite different. Compared to ICs, values,
amoxicillin showed a 231 times more inhibitory effect than
ampicillin. In this case, it was concluded that the hydroxyl
ion provides an effective inhibition of the enzyme rhCA
VII.

When the cephalosporin group was compared in itself,
cefaperazone sodium had the best inhibition effect com-
pared to other antibiotics in the group (K;: 0.304 mM). This
can be explained by the fact that it contains hydroxyl ions
in the structure, as mentioned above. Antibiotics of the
fluoroquinone class (ciprofloxacin, levofloxacin, ofloxacin,
and moxifloxacin) showed no inhibitory effect on the
rhCA VII enzyme. The aminoglycoside class of antibi-
otics contains hydroxyl and amino groups. This class was
effective in inhibiting the rhCA VII enzyme except for
antibiotic netilmicin. Lincomycin HCIl and clindamycin
phosphate found in the class of lincosamides showed
a more inhibitory effect than clindamycin phosphate
(K7: 1.80 mM). The fact that this antibiotic contained
a chlorine atom changed the inhibition rate by about
5.3 times. In antistaphylococcal antibiotics, vancomycin
HCl exhibited 11 times more effective inhibition than
teicoplanin. This can be attributed to the fact that it con-
tains an extra chlorine atom than teicoplanin. Accordingly,
we can conclude that the enzyme rhCA VI is susceptible to
chlorine, amino, and hydroxyl groups and that molecules
containing these groups freely may be potential inhibitors
of the enzyme rhCA VII.

Recent studies have shown that the identification of CA
inhibitors is of tremendous value in understanding the
roles of normal and disease processes. This has encour-
aged studies of the synthesis of more potent CA inhibitors.
Therefore, today many researchers are developing strong
and specific CA inhibitors® Studies on the interaction
of different enzymes purified from different sources with
antibiotics increase day by day. For example, in 2009, the
effect of antibiotics on the PON1 enzyme purified from
human serum was examined. The order of antibiotics
from small to large according to K; values: teicoplanin >
rifamycin > tobramycin > ceftriaxone sodium > cefurox-
ime sodium > ceftazidime pentahydrate > ornidazole >
amikacin sulfate®? In another study, the effects of some
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TABLE 3 ICy, K; values, and inhibition types for rhCA VII
Antibiotics IC5, (mM) K; (mM) Inhibition type
Rifamycin sodium 0.56* 0.29* Competitive
Amoxicillin 60.00" 0.60* Uncompetitive
Tobramycin 0.06 0.01 Uncompetitive
Kanamycin sulfate 0.08 0.03 Competitive
Vancomycin HCI 0.05 0.08 Noncompetitive
Cefoperazone sodium 0.48 0.30 Uncompetitive
Gentamicin sulfate 3.52 0.73 Uncompetitive
Teicoplanin 0.61 0.89 Noncompetitive
Clindamycin phosphate 7.62 1.80 Uncompetitive
Cefazolin sodium 34.65 4.95 Uncompetitive
Cefuroxime sodium 5.06 5.34 Uncompetitive
Piperacillin sodium 4.23 7.78 Noncompetitive
Amikacin sulfate 3.96 8.27 Noncompetitive
Ampicillin sodium 13.86 8.46 Uncompetitive
Lincomycin HC1 8.25 9.52 Competitive
Ceftriaxone sodium 53.32 157.60 Noncompetitive
Ciprofloxacin NA NA -
Levofloxacin NA NA -
Metronidazole NA NA -
Moxifloxacin NA NA -
Netilmicin NA NA -
Ofloxacin NA NA -
Ornidazole NA NA -

Abbreviation: NA, not activated.
AuM.

antibiotics on hCA I and hCA II isoenzymes were exam-
ined in vitro. These examined antibiotics were found
to inhibit hCAI and hCA II isoenzymes at a very low
rate® In another study examining the effects of antibi-
otics on enzymes, the inhibitory effects of cefoperazone,
cefazolin, cefuroxime, ceftazidime, and ceftriaxone antibi-
otics on sheep kidney purified aldose reductase (AR) and
sorbitol dehydrogenase (SDH) enzymes were investigated.
While AR enzyme was inhibited by the drugs studied,
SDH enzyme was inhibited only by cefuroxime®* The
effect of antibiotics (gentamicin, amikacin sulfate, lin-
comycin, kanamycin sulfate, and clindamycin) on ALDH
(alcohol dehydrogenase) enzyme purified from sheep liver
was investigated in another study. ICs, values of these
antibiotics were 43.31, 36.47, 20.38, 18.73, and 1.31 mM,
respectively. Clindamycin was the antibiotic that showed
the best inhibitory effect®

First, to better understand the interactions of the
drugs that exhibit competitive inhibition with 6H37,
the rifamycin sodium, kanamycin sulfate, and van-
comycin HCl were docked in the enzyme’s binding
site. For the re-docking computes, the structure of
crystal ligand, including, FKQ (4-[4-oxidanyl-4-phenyl-

piperidin-1-yl]carbonylbenzenesulfonamide, = PubChem
Ref.: 135393500) in the active site, were used. The docked
pose of FKQ overlapped with the pose in the X-ray crystal
structure at a root mean square deviation value of 0.34.
Next, in the present docking study, the docking pattern of
FKQ (MM-GBSA value of —29.49 kcal/mol, docking score
of —8.17 kcal/mol) was compared with that of these drugs,
and the binding interactions of the inhibitors with the
hCA VII are displayed in Figure 2.

An MM-GBSA value of —16.19 kcal/mol and docking
score of —1.51 kcal/mol indicated that rifamycin is a tight
binder for hCA VII. The -OH groups and carboxy moi-
ety formed H-bond with residues His64 (distance 2.60 A),
Gln67 (distance 2.22 A), GIn92 (distance 2.41 A), and
Asn62 (distance 1.87 A), respectively. However, hydropho-
bic interactions were monitored between rifamycin and
residues Trp5, Tyr7, Vall21, Phel31, Alal35, Leul4l, Val143,
Leul98, Pro201, and Pro202 (Figure 3). Structurally, there
was a relative correlation between the number of H-bonds
and the MM-GBSA value. Accordingly, kanamycin (MM-
GBSA value of —22.68 kcal/mol and docking score of
—6.85 kcal/mol) formed six H-bond interactions between
-OH groups and residues Trp5 (distance 1.83 A), Asn62
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FIG 3 Molecular docking of hCA VII (PDB ID: 6H37) with rifamycin. (A) 3D ligand interaction diagram of 6H37 with rifamycin. (B) 2D
docking pose of rifamycin with the key amino acids within the binding pocket of 6H37

(distance 2.54 A), His64 (distance 2.31 A), GIn67 (distance
1.78 A), GIn92 (distance 2.10 A), and Thr200 (distance
1.69 A) of hCA VII, while amino moiety displayed Pi-cation
interaction with His94. Nevertheless, kanamycin has

hydrophobic fragments, Tyr20, Vall21, Leul98, Pro201, and
Pro202 (Figure 4). The docking showed that lincomycin
(MM-GBSA value of —20.56 kcal/mol and docking score
of —6.36 kcal/mol) has two H-bonds with GIn67 (distance
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FIG 4 Molecular docking of hCA VII (PDB ID: 6H37) with kanamycin. (A) 3D ligand interaction diagram of 6H37 with kanamycin. (B) 2D
docking pose of kanamycin with the key amino acids within the binding pocket of 6H37

1.86 A) and Thr200 (distance 2.29 A) from the binding site 4 | CONCLUSIONS

residues of hCA VII. Moreover, lincomycin was supported

by hydrophobic residues: Trp5, Vall2l, Phel3l, Alal3s, Today, a new era is approaching because of the increase
Leul4l, Leul98, Pro201, and Pro202 (Figure 5). in the level of knowledge in the field of medicine,
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(B) 2D docking pose of lincomycin HCI with the key amino acids within the binding pocket of 6H37

nose and treat many diseases, have been recombinantly
produced. In this study, which aims to produce a fast
and simple method for recombinant production of hCA
VII enzyme and to understand the biochemical behavior
of this enzyme against therapeutics, inhibition effects of

genetics, and proteins, in terms of solving the mechanisms
of various diseases and making the correct diagnosis and
necessary treatment approaches. Therefore, many human
proteins such as antibodies, vaccines, natural interferons,
and various metabolic enzymes, which are used to diag-
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commonly used antibiotics against rhCA VII was inves-
tigated. The K; values were found between 0.29 uM and
157.6 mM. Finally, to further understand the binding inter-
actions on the active site of this recombinant enzyme,
molecular docking investigations of these antibiotics were
undertaken. These results will help us identify new ther-
apeutic strategies for drug design and discovery. In the
following years, the recombinant products produced by the
development of this technology will also be combined with
other small molecules that may have a synergistic effect.
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