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Abstract

Angiotensin-converting enzyme (ACE, EC 3.4.15.1) in the renin-angiotensin system regulates blood pressure by catalyzing
angiotensin I to the vasoconstrictor angiotensin II. In this study, the ACE was purified and characterized from sheep lung.
The kinetic properties of the ACE were designated. The inhibition effect of captopril, a specific ACE inhibitor, was deter-
mined. ACE was purified from sheep lung using the affinity chromatography method in one step. NHS-activated Sepharose
4 Fast Flow as column filler and lisinopril as a ligand in this method used. The molecular weight and purity of ACE were
designated using the SDS-PAGE method. Optimum temperature and optimum pH were found for purified ACE. K, and
V... Values from Lineweaver—Burk charts determined. The inhibition type, IC,, and K; values of captopril on purified ACE
were identified. ACE was 6405-fold purified from sheep lung by affinity chromatography in one step and specific activity
was 16871 EU/mg protein. The purity and molecular weight of ACE were found with SDS-PAGE and observed two bands at
around 60 kDa and 70 kDa on the gel. Optimum temperature and optimum pH were designated for purified ACE. Optimum
temperature and pH were found as 40 °C and pH 7.4, respectively. V .. and Ky, values were calculated to be 35.59 (umol/
min).mL~" and 0.18 mM, respectively. ICs, value of captopril was found as 0.51 nM. The inhibition type of captopril was
determined as non-competitive from the Lineweaver—-Burk graph and the K value was 0.39 nM. As a result, it was observed
in this study that the ACE enzyme can be successfully purified from sheep lungs in one step. Also, it was determined that
captopril, which is a specific ACE inhibitor, has a significant inhibitory effect with a very low ICs;, value of 0.51 nM.
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Introduction

Hypertension is one of the most important health problems
leading to coronary heart disease, myocardial infarction, and
kidney disease [1]. Angiotensin-converting enzyme (dipep-
tidyl carboxypeptidase, EC 3.4.15.1; ACE) regulates blood
pressure by converting the decapeptide angiotensin I to octa-
peptide angiotensin II, a potent vasoconstrictor, and inacti-
vates the vasodilator bradykinin compound [2]. The enzyme
hydrolyzes the angiotensin I, bradykinin, [3] but also the
important hemoregulatory peptide, Acetyl-Ser-Asp-LysPro
[4], as well angiotensin 1-7 [5] and substance P [6]. Also,
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the haemoregulatory peptide N-acetyl-Ser-Asp-Lys-Pro is
a specific and natural substrate of the N-terminal active site
of human ACE [4].

ACE is a zinc metallopeptidase that belongs to the dipep-
tidyl carboxypeptidase family. The human ACE enzyme has
two functional N and C domains, each with an active site
by a zinc ion binding site. Zinc is an important component
in the catalytic binding site of ACE [7]. Helix 13 includes
the canonical HEXXH zinc-connecting motif, using His 387
and His 383 along with Glu 411 on helix 14. The active
site of ACE combines with several other stabilizing residues
using the bound zinc [7]. The substrate connects the zinc by
replacing it with the water compound connected to zinc. Fol-
lowing, the water compound combines with nearby Glu 384,
causing polarization between the positive zinc ion and the
negative glutamate carboxylate group [8]. This increases the
nucleophilicity of water oxygen, triggering an assault on the
peptide carbonyl carbon substrate. The proton taken up by
the active site glutamate is sent to the nitrogen, presumably
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forming a tetrahedral gem-diolate intermediate with the aid
of Tyr 523. The dipeptide product protonated form consists
of cleavage of the C-N bond. [7]. The residuary peptide sub-
strate is balanced by hydrogen bond interplays between Ala
354 and the new terminal amide, His 513 and His 353 by the
secondary carbonyl group, and Lys 511 and Tyr 520 and the
terminal carboxylate [9].

The ACE enzyme is a high molecular weight integral
membrane protein situated on the lumen surface of the
cell membrane. There are two forms of ACE enzyme: the
somatic form, which is abundant in the endothelial surface
of the lung vessels, and a smaller germinal form found only
in the testis [10, 11]. The somatic isoform has a molecular
mass that varies from 130 to 180 kDa and was described in
the endothelial [12], epithelial, mesangial, and neuronal cells
[13, 14], and in the subsequent tissues as intestine, lung,
kidney, pancreas, heart, placenta, and liver [15—17]. The ger-
minal ACE of 90-100 kDa is similar to the C-terminal part
of the endothelial ACE. Germinal ACE is limited solely to
the testis found in germinal cells during the maturation of
spermatogenesis [18]. Soluble ACE forms were described
in urine and the ileal, seminal, and amniotic fluids [19-21],
and plasma [22].

In the literature, N-domain ACE was described in ileal
fluid and urine by Deddish et al. [19] and Casarini et al. [21,
23]. In urine, Casarini et al. [21, 23] observed two ACE iso-
forms by molecular weights of 65 and 190 kDa (N-domain
ACE) in the urine of healthy subjects, and two isoforms of
65 and 90 kDa (both N-domain ACE) in the urine of patients
with hypertension differing from the enzyme described by
Deddish et al. also N-domain ACE from human ileum fluid
with a molecular weight of 108 kDa [19]. Marques et al.
found the same profile in the urine of Wistar-Kyoto and
spontaneously hypertensive rats as described for the urine
of healthy and patients with hypertension, and suggested
the 90/80 kDa ACE isoforms as a likely genetic marker of
hypertension [24].

ACE interacts simultaneously with the RAS and the kal-
likrein-kinin system, separating the C-terminal dipeptide
from Angiotensin I and bradykinin. ACE has been observed
to play a very important role in the balance between the
vasodilatory properties of bradykinin and the vasoconstric-
tor features of angiotensin II. An increase in ACE activity
disrupts this delicate balance, activates the vasoconstrictor
angiotensin II and reduces the vasodilator bradykinin. ACE
inhibitors reduce high blood pressure by reducing angioten-
sin II formation and increasing the bradykinin compound.
Thus, these inhibitors restore this balance in hypertensive
patients [25-27].

The affinity chromatography method is very sensitive
and reduces the purification steps to a single step. Several
thousand folds of purification can be made using this highly
selective method. Therefore, the affinity chromatography

@ Springer

method is generally used in purification processes [28]. The
ACE enzyme was purified with lisinopril—affinity chroma-
tography from human plasma [29], pig kidney [30], adult
houseflies (Musca domestica) [31], swine serum [32], and
pig lung [33]. In this work, NHS-activated Sepharose 4 Fast
Flow as column filler in affinity chromatography method uti-
lized. Lisinopril, a specific ACE inhibitor, as ligand utilized.

In this work, the ACE enzyme was purified from sheep
lung with affinity chromatography and characterized. Opti-
mum temperature and optimum pH of the ACE were found.
Ky and V., values determined. Until now, the ACE enzyme
has not been purified from sheep lung in the literature. ICy
value, the inhibition type, and the K; value of captopril on
purified ACE were found.

Materials and methods
Materials

Sodium tetraborate (Na,B,0,.10H,0), HepesNa, Coomas-
sie Brillant Blue R-250, N-[3-(2-Furyl)acryloyl]-L-pheny-
lalanyl-glycyl-glycine (FAPGG), lisinopril, and Coomas-
sie Brillant Blue G-250 were bought from Sigma-Aldrich.
NHS-activated Sepharose 4 Fast Flow was obtained from
GE Healthcare Life Sciences. Captopril was purchased from
Alfa Aesar.

Obtain of the sheep lung

Healthy sheep lungs, which were slaughtered in the slaugh-
terhouse, were brought to the laboratory. Approximately
20 g of tissue was cut from different areas of the lung. This
section was cut into small cubic pieces with a scalpel. The
disrupted lung was added to 50 mM Tris (pH 7.4) buffer.
This mix was subjected to disintegration for 3 min with the
help of a mixer. Meanwhile, ice was placed around the mixer
to prevent it from heating. The homogenate obtained was
applied for 3 min in an ultrasonic homogenizer for further
disintegration. Then, the mixture in the beaker was placed in
the centrifuge tubes and centrifuged in a cooled centrifuge
device at 8500 xg at+4 °C for 1 h. This was done several
times. After centrifugation, the liquid from the top of the
tube was taken and stored in the freezer for use in the puri-
fication process.

Affinity chromatography method

NHS-activated Sepharose 4 Fast Flow (25 mL) in 100%
isopropanol was activated using the procedure of the manu-
facturer. To prepare the column, first, the gel was washed
with 1 mM cold HCI. Second, a coupling tampon (5 mM of
Lisinopril, 0.2 M of NaHCO; and 0.5 M of NaCl) was added
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to the affinity gel. Completion of the reaction was left at 4 °C
overnight. The gel was then kept in 0.1 M Tris—HCl (pH 8.5)
for several hours to prevent nonreacted groups on the affin-
ity gel. Following, the gel was washed with 0.1 M acetate
tampon (pH4.5) and 0.1 M Tris—HCI tampon (pH8.5). This
process was done three times. Then, the affinity gel was sus-
pended with an equilibration tampon (20 mM of Tris and
0.3 M of NaCl, pH8.0).

The suspended affinity gel was packaged in a column
(1 x 10 cm) with the equilibration tampon (20 mM of Tris
and 0.3 M of NaCl, pH 8.0). The flow rates for washing and
equilibration were determined using a peristaltic pump to
40 mL/h. After, the sheep lung was loaded onto the NHS-
activated Sepharose 4 Fast Flow affinity column, and the col-
umn was cleaned by the equilibrium tampon. Subsequently,
cleaning of the gel was continued until the absorbance was
0.1 at 280 nm. Following, sodium borate tampon (50 mM
of Na,B,0,-10H,0, pH9.0) was given to the column. The
elution was then taken as 2.5 mL fractions. The ACE activ-
ity in the fractions was determined spectrophotometrically
at 345 nm. The activity-containing tubes were pooled. All
of the procedures were done at 4 °C [34, 35].

ACE Activity determination

The ACE activity was measured spectrophotometrically as
the decrease in the absorbance at 35 °C and 345 nm accord-
ing to the method of Holmquist [36]. The assay cuvette
contained 50 mM HepesNa tampon (10 pM ZnCl,, 0.3 M
NaCl, pH7.5) and 1 mM FAPGG. One unit of activity was
identified as the quantity of ACE that produces a AA,s/min
of 1.0 [33, 36].

Protein determination

The protein concentrations of the purified fractions and the
lung homogenate were designated using Coomassie Brillant
Blue G-250 dye solution at 595 nm with the Bradford proce-
dure. In this method, bovine serum albumin was utilized as
the standard protein solution. The standard chart was drawn
with the values found [37].

Determination of purity and molecular weight
of ACE with SDS-PAGE method

Purity and molecular weight purity of the ACE, SDS-PAGE
were determined according to Laemmli’s method. The
acrylamide concentrations of the separating and stacking
and gels were prepared as 10% and 4%, respectively. Also,
both the separating and stacking gels were found to have 1%
SDS. After the process of running the proteins in the elec-
trophoresis process was finished, the gel was removed. The
gel was stained for 2 h in 0.025% Coomassie Brillant Blue

R-250 dye solutions including 7% acetic acid, 40% metha-
nol, and bidistilled water. The gel was taken from the dye
solution. The gel was first washed in the first wash solution
(10% acetic acid, 50% methanol, and 40% bidistilled water).
It was then washed in the second wash solution (7% acetic
acid, 5% methanol, and 88% bidistilled water). The photo of
the protein bands on the gel obtained was taken [38].

Optimum temperature determination

The optimum temperature of ACE purified from sheep lung
was found using a constant temperature circulation bath.
HEPES buffer, ACE, and FAPGG substrate to be used for
activity measurement were added into the cuvette, mixed
with a vortex and the first absorbance was taken in the spec-
trophotometer. Then the sample temperature was left in the
adjusted constant temperature circulation bath. At the end of
thirty minutes, it was removed from the constant tempera-
ture circulation bath and the final absorbance was read in
the spectrophotometer. Measurements were made between
20-60 °C at 5 °C intervals. To designate the optimum tem-
perature, the ACE activity was assayed at 345 nm in 50 mM
HEPES tampon at the distinct temperature intervals in the
range from 20 to 60 °C. The temperature was performed
with a Grant bath (model 6G).

Optimum pH determination

HEPES buffers with pH 6.8, 7.0, 7.2, 7.4, 7.6, 7.8, 8.0, 8.2
were prepared to determine the optimum pH of ACE purified
from sheep lung. ACE activities were measured individu-
ally using buffers at this pH. The same method was used for
activity measurement. For the optimum pH designation, the
ACE activity was performed in 50 mM HEPES tampon over
the pH ranges 6.8—8.2. The activity measurement was made
at 0.2 unit intervals between pH values of 6.8-8.2.

In vitro inhibition effect of captopril on ACE activity

The inhibition effect of captopril on ACE purified from
sheep lung was explored. For this, distinct concentrations
of the active substances were joined to the measurement
cuvette (100 pL enzyme solution, 50 mM HepesNa, 10 pM
ZnCl,, 0.3 M NaCl, 1 mM FAPGG,) for determination of
the concentration interval, and ACE activities were meas-
ured. Percentage activity vs active substances concentration
was plotted. The ICs, value of captopril was found from the
equations of the inhibition plots. To plot Lineweaver—Burk
graph and designate the inhibition type, five distinct con-
centrations of FAPGG and three different concentrations for
captopril were used [39].
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Results and discussion

In the present work, ACE was purified and characterized
from sheep lung. NHS-activated Sepharose 4 Fast Flow was
utilized as a column filling substance in the affinity chro-
matography method (Fig. 1). It was purified 6405 fold in
one-step ACE with affinity chromatography method and its
specific activity was designated as 16871 EU/mg protein
(Table 1). In a work, ACE was purified approximately 7000
times from human lung tissue [40]. In a work by Erickson
et al. ACE was purified 4500 fold from rat intestinal mucosa
after affinity chromatography and gel filtration with lisin-
opril-sepharose. The specific activity of the purified ACE
enzyme was calculated as 65 U/mg protein with benzoyl-
Gly-His-Leu used as a substrate [41]. The purification factor
of ACE enzyme purified from adult house flies (M. domes-
tica) by lisinopril-sepharose affinity column chromatogra-
phy was calculated as 709 [31]. In another work, ACE was
1588-fold purified from canine testes by lisinopril—affinity
chromatography [35]. ACE was 308-fold purified from pig
lung and the specific activity was 37 U mg™' [42]. Compared
to alike works, the high purification coefficient in our work
proves a successful purification in one step.
Angiotensin-converting enzyme (ACE) in a membrane-
bound form in epithelial or neuroepithelial cells, endothelial
cells, heart, lung, brain, kidney, and testes; It is a divalent
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Fig. 1 Purification of the ACE enzyme with NHS-activated Sepha-
rose 4 Fast Flow affinity chromatography column

dipeptidyl carboxyl metallopeptidase present in a soluble
form in the blood, serum, plasma, seminal and lymph fluid,
cerebrospinal fluid and many-body fluids [43, 44]. In most
of the studies, chemicals such as detergents have been used
to purify the membrane-bound ACE enzyme. For exam-
ple; Triton X-100 was utilized to be a detergent to purify
the ACE enzyme from human lung tissue [40]. Detergent
and protease inhibitors were used when purifying the ACE
enzyme in canine testicles [18]. Triton X-100 was used
when purifying the ACE enzyme from the ostrich (Struthio
camelus) lung [45]. In our work, sheep lung homogenate
was prepared with tris buffer (pH 7.4). As a result, soluble
forms of ACE pass into the solution medium while prepar-
ing the lung homogenate. Soluble forms of ACE from sheep
lung homogenate were purified by affinity chromatography.
Therefore, in this study, a successful purification was per-
formed in one step without using detergents such as Nonidet
P-40, Triton X-100, trypsin, and protease inhibitors. In this
case, it provided us a great advantage in terms of both time
and costs while purifying.

In the present work, ACE was purified from sheep lung
using affinity chromatography, in which lisinopril used as
ligand and NHS-activated Sepharose 4 Fast Flow utilized to
be column packing substance. This ligand is a specific ACE
inhibitor. Sodium tetraborate (pH 9) tampon was used as elu-
tion tampon and prosperous purification was performed in
a one-step method. In some studies, ACE was purified from
rabbit lung, human plasma, pig kidney, and pig striatum with
lisinopril-affinity chromatography by Sepharose CL-4B, col-
umn packing substance. Hepes (pH 7.5) was utilized to be
the elution tampon and 10 pM lisinopril was joined to Hepes
tampon. Dialysis was performed against EDTA (pH7.5) tam-
pon for 14 days to separate the lisinopril in the eluates [29,
46]. In this work, dialysis was not required since lisinopril
was not joined to the elution tampon. Therefore, significantly
high ACE activity was found in elutions that supply impor-
tant advantages in both costs of the process and time.

Studies have shown that there are two forms of eACE.
There are two isoenzymes, the first is the somatic ACE
(130-180 kDa) found in somatic tissues like the kidney and
lung, and the second is the testicular ACE (90-110 kDa),
which includes solely one catalytic domain, which is the
same as the C-terminal domain of the somatic ACE [47,

Table 1 Purification scheme of angiotensin-converting enzyme (ACE) purified from sheep lung

Purificaton steps Activity (EU/mL) Total Protein (mg/mL) Total protein (mg) Toplam Spevific Yield (%) Purifi-
volume activity activity (EU/ cation
(mL) (EU) mg) factor

Sheep lung 64.475 50 24.477 1223.85 3223.75 2.634 100 1.0

NHS-activated Sepha- 65.120 15 0.00386 0.0579 976.8 16871 30 6405

rose 4 fast flow chro-
matography
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48]. For instance; the molecular weight of the ACE enzyme
purified from adult house flies (M. domestica) was deter-
mined by SDS-PAGE to be 67 kDa [31]. The ACE enzyme
was purified from frog ovaries with affinity chromatogra-
phy by extraction with detergent and trypsin. The molecular
weight of the ACE enzyme extracted with both detergent and
trypsin was determined to be 150 kDa [49]. The molecu-
lar weight of the ACE enzyme purified from rat intestinal
mucosa was found as 160 kDa by SDS-PAGE [23]. In a work
conducted by El-Dorry et al., The molecular weight of the
ACE enzyme purified from rabbit testes was designated as
100 kDa [50]. Casarini et al. [21] characterized isoforms
of the ACE N-domain with 65 and 90 kDa. This group has
publications on mesangial cells, urine, tissue from Wistar
and SHR mice. Andrade et al. did a spectroscopic and struc-
tural analysis of somatic and N-domain ACE isoforms from
mesangial cells detecting differences between these enzymes
[51]. T another study the same group described sheddases
able to liberate 65 and 90 kDa ACE isoforms in mesangial
cells [52].

Also, in our previous studies, the molecular weight of
the ACE enzyme purified from human plasma was found to
be 60 and 70 kDa [53, 54]. In our work, purity and molecu-
lar weight of the ACE enzyme purified from sheep lungs
were designated by SDS-PAGE, and two bands, 60 kDa and
70 kDa, were observed on the gel (Figs. 2 and 3). Since
the ACE enzyme has two isoenzymes, distinct molecu-
lar weights were determined in distinct tissues that were
purified.

Biochemical parameters were found to further character-
ize the ACE enzyme purified from sheep lung. Measure-
ments were made for the purified ACE enzyme at 5 dif-
ferent FAPGG concentrations. Then, the Lineweaver—-Burk
plot was drawn using these values (Fig. 4). From this graph,
Vmax and Ky values were calculated as 35.59 (umol/min).
mL~" and 0.18 mM, respectively (Table 2). In a study by
Quassinti et al. the V_,, and Ky, values of the FAPGG sub-
strate for ACE purified from pig serum were determined to
be 0.061 +0.0014 nmol/min and 0.793 +0.052 mM, respec-
tively [32]. In another work, FAPGG substrate for ACE puri-
fied from frog ovaries (Rana esculenta) was used. The V.
and K, values were calculated to be 0.915 +0.04 nmol/
min and 0.608 +£0.07 mM, respectively [49]. For the
ram epididymal fluid form of the germinal ACE enzyme
derived from the sperm membrane, the Ky; and V.. values
of the FAPGG substrate were calculated as 0.18 mM and
34 umoles/(min.mg) [55].

In our work, the optimum pH and optimum temperature
range at which the activity of ACE purified from sheep lung
is the highest was determined. Optimum pH and optimum
temperature for ACE purified from sheep lung were found
to be pH 7.4 and 40 °C, respectively (Fig. 5 and Fig. 6).
Similarly, in our previous work, the optimum pH value of

Fig.2 SDS-polyacrylamide gel electrophoresis of ACE purified
by affinity chromatography. Lane 1: standard proteins (fermentas
unstained protein ladder SM0671). Lanes 2, 3, and 4: purified angio-
tensin-converting enzyme (ACE) from sheep lung

2.5 4
2 4
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=
e
= 1 y=-1.075x + 2.1578
R?=10.9028
0.5
0 T T T T )
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Fig.3 Standard relative mobility (Ry)- LogMy, graph of ACE using
SDS-PAGE

the ACE enzyme purified from human plasma was found
between 7.4 and the optimum temperature between 35-40 °C
[56]. In another work, ACE was purified from rabbit lung
and the optimum temperature was 37 °C and the optimum
pH was 8.0-8.3 [57].

Here, the inhibition effect of captopril, a specific ACE
inhibitor, on purified from sheep lung investigated. The
inhibitory effect of captopril on ACE activity purified using
different concentrations of captopril was measured. The

@ Springer



4196

Molecular Biology Reports (2021) 48:4191-4199

0.1 -
-
£ 0.08 -
£
£
A 0.06 1 v = 0.0052x + 0.0281
= R>=0.9633
F
H 0.04 -
Fe .
= Viaxt 35.59 (pmol/min).mL-!

02 A

Ky: 0.18 mM
-10 -5 0 5 10 15
1/FAPGG [mM-]

Fig.4 Lineweaver-Burk graph with five different substrate concen-
trations (FAPGG) used for the designation of V. and Ky, values

experiments were repeated three times and the experimen-
tal error bars were plotted (Fig. 7). % activity versus inhibi-
tor plotted (Fig. 8). Also, measurements were made on the
ACE activity at 3 different captopril and 5 different FAPGG
substrate concentrations. After, the Lineweaver—Burk graph
was drawn with these values (Fig. 9). The inhibition type,
Ki, and ICs, values of captopril on purified ACE from these
graphs were determined. ICs, value of captopril was found
as 0.51 nM. The inhibition type of captopril was found as
non-competitive from the Lineweaver—Burk chart and the
K; value was 0.39 nM (Table 2). In our previous study, the
inhibition effect of lisinopril on ACE purified from human
plasma was studied and the ICs, value was found to be
0.781 nM [58]. In many studies, it has been observed that
thiol-containing inhibitors such as captopril can exhibit non-
competitive inhibitory effects by forming strong bonds with
zinc near the enzyme’s active site. In a study, two inhibi-
tors containing thiol groups [captopril or SQ 14 225 and
2-(2'-hydroxyphenyl)-3-(3-mercaptopropanoyl)-4-thia-
zolidine carboxylic acid or SA 446] showed both a mixed

Table 2 Comparison scheme of molecular weight, optimum pH, optimum temperature, V,

110 1
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Activity %

60 T T T T ]

Fig.5 The effect of pH on the activity of sheep lung ACE

120 +
100 -
80 -

60 -

Activity %

40 -

20
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Fig.6 The effect of temperature on the activity of sheep lung ACE

competitive and non-competitive inhibitory effect on the rat
lung ACE enzyme [59]. At the same time, although inhibi-
tors such as captopril, enalaprilat, and ramiprilat are defined
as competitive inhibitors, they have shown a mixed and non-
competitive inhibitory effect in some studies [60].

Herein, ACE was purified and characterized for the
first time from sheep lung by affinity chromatography

maxe and Ky, values of purified angiotensin-converting

enzyme (ACE)
Purification The molecular weight Optimum pH Optimum K, values Vmax values References
tempera-
ture
Sheep lung 60 and 70 kDa 7.4 40 °C 0.18 mM 35.59 (umol/min) mL~!  This study
Human plasma 60 and 70 kDa 7.4 3540°C - - [56]
Rabbit lung - 8.0-8.3 37 °C 1.8 mM 0.42 pmol/min [57]
Adult houseflies (Musca domes- 67 kDa - - 235+21 uM 88 £4 units/mg protein  [31]
tica)
Swine serum 180 kDa - - 0.793+0.052 mM 0.061 +0.0014 nmol/min [32]
Frog ovary (Rana esculenta) 150 kDa 7-8.5 50 °C 0.608+£0.07 mM  0.915+0.04 nmol/min [49]
Sperm membrane-derived ger- 94 kDa - - 0.18 mM 34 umoles/(min.mg) [55]

minal ACE
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Fig.7 % ACE activity determined using different concentrations of
Captopril. Standard error bars representing Captopril concentrations
versus activity % measurements performed in triplicate
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Fig.8 The inhibition effect of Captopril on ACE from sheep lung.
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ACE activity were investigated
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Fig.9 Lineweaver—Burk graph with five different substrate concen-
trations (FAPGG) and three different Captopril concentrations used
for the designation of inhibition type and K;

method. Molecular weight, purity, and optimum condi-
tions of the purified ACE enzyme were determined. ACE
was successfully purified in single-step with NHS-acti-
vated Sepharose 4 fast flow column filler without using
detergent, ultrafiltration, precipitation with neutral salts,
dialysis. The molecular weight and purity of the purified
enzyme were confirmed with the SDS-PAGE method. In
this method, proteins are separated into subunits where
they are denatured with SDS detergent. It was observed
that the ACE enzyme purified from sheep lung was sepa-
rated with SDS-PAGE into two subunits of 60 and 70 kDa.
This showed that the ACE enzyme is a dimer enzyme with
two sub-monomers.

ACE associated with the vascular endothelium is one
of the most extensively studied enzymes both in vivo and
in vitro, partly due to its contribution to the continuation of
blood pressure in normal subjects and the pathogenesis of
systemic hypertension in animal models and humans [10,
11]. The ACE enzyme is an important enzyme that regulates
blood pressure and ACE inhibitors are generally utilized in
hypertension treatment. Therefore, doing inhibitor research
on pure ACE activity gives more accurate results. In future
studies, many studies can be done on these inhibitors with
the pure ACE enzyme.

Nowadays, the importance of ACE has increased even
more. Because the ACE2 enzyme, which is a homolog of
the ACE enzyme, is the entry point into the cells of violent
acute respiratory syndrome coronavirus 2 (SARS-CoV-2,
COVID19). ACE2, which is expressed in various human
organs, catalyzes angiotensin II conversion to vasodila-
tor angiotensin-(1-7) [61]. In studies on rodents, it has
been observed that ACE inhibitors utilized in hyperten-
sion treatment increase the amount of ACE2 and therefore
may increase the severity of coronavirus infections. There
are concerns that ACE inhibitors increase susceptibility
to the coronavirus SARS-CoV-2 virus and the severity of
COVID19 disease. However, no direct studies have been
found to show that ACE inhibitors increase the risk of
COVID19 [62-64].
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