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Abstract

Objective: The aim of this study is to reports the purification, biochemical characterization, and biological activities
of superoxide dismutase (SOD) isoenzymes from the marine snail Tectus dentatus (TdSOD). Methods: The enzyme
was purified through DEAE-cellulose ion-exchange and Sephacryl S-300 size-exclusion chromatography, yielding two
distinct isoenzymes, 7dSOD1 and 7dSOD2. TdSOD1 was further purified to homogeneity with a 6.9-fold purification
and a specific activity of 658.3 U/mg. Results: Electrophoretic analyses confirmed the enzyme’s purity and revealed
a native molecular weight of approximately 180 kDa, composed of subunits around 90 kDa. 7dSOD1 showed optimal
activity at pH 7.8 and was strongly activated by Zn?* and Cu?*, while inhibitors such as KCN and H-O- significantly
reduced its activity. Functionally, 7dSODI demonstrated notable antimicrobial activity, especially against Candida
albicans (97.3% inhibition) and Gram-negative bacteria including Pseudomonas aeruginosa (61.7%) and Escherichia
coli (60.2%). Lower activity was observed against Klebsiella pneumoniae (39.1%) and Staphylococcus aureus (2.9%). In
anticancer assays, 7dSOD|1 exerted a dose-dependent cytotoxic effect on MCF-7 and MDA-MB-231 breast cancer cell
lines, with an ICso 0f 33.42 pg/mL for MDA-MB-231 cells. Conclusion: These results suggest that 7dSOD1 possesses
promising antimicrobial and anticancer potential, supporting its future exploration as a multifunctional therapeutic agent.
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Introduction

Marine ecosystems are a rich source of bioactive
compounds, many of which have been harnessed for
therapeutic applications. Among marine invertebrates,
mollusks have garnered attention due to their production
of diverse secondary metabolites with significant
pharmacological properties, including antimicrobial
and anticancer activities [1, 2]. Reactive oxygen species
(ROS), such as superoxide anions (O2"), are byproducts
of normal cellular metabolism, while low levels of ROS
play important roles in cell signalling; however, their
excessive accumulation can cause oxidative stress, damage
cellular components and contribute to the pathogenesis
of many diseases including cancer, neurodegeneration,
cardiovascular disorders, and ageing [3-6]. Organisms
have evolved antioxidant defence mechanisms to mitigate

ROS-induced damage, with superoxide dismutase (SOD)
being a pivotal enzyme in this defence system [7]. SOD
facilitates the conversion of superoxide radicals into
oxygen and hydrogen peroxide, helping to shield cells
from oxidative harm [3, 8, 9]. Marine snails, like many
other aerobic organisms, possess several types of (SOD)
enzymes that play critical roles in defending against
oxidative stress [10]. The primary SOD isoforms identified
in marine snails include copper/zinc SOD (Cu/Zn-SOD),
manganese SOD (Mn-SOD), and, to a lesser extent,
iron SOD (Fe-SOD). Cu/Zn-SOD is typically found in
the cytosol and extracellular fluids, and its expression
in marine gastropods such as Onchidium struma has
been shown to increase in response to environmental
stressors like heavy metals [11]. Mn-SOD is localized
in the mitochondria and is essential for neutralizing
superoxide radicals generated during aerobic respiration,
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mitochondrial SOD activity has been inferred from
broader molluscan research [12]. Fe-SOD, although
more common in bacteria and plants, has been detected
in certain invertebrate marine species, suggesting it may
also be present in some marine snails [13]. The therapeutic
potential of SOD extends beyond its antioxidant capacity
[14, 15]. Studies have demonstrated that SOD exhibits
antimicrobial properties, effectively inhibiting the growth
of various bacterial and fungal pathogens [16, 17]. For
instance, SOD purified from the marine snail Cellana
rota displayed significant antibacterial activity against
Escherichia coli, Salmonella typhi, and Staphylococcus
aureus, as well as antifungal activity against Aspergillus
niger [18]. In addition to its antimicrobial effects, SOD has
shown promise as an anticancer agent [19, 20].The study
on C. rota SOD revealed its cytotoxic effects on human
cancer cell lines, including A549 (lung carcinoma), Caco-2
(colorectal adenocarcinoma), and HepG2 (hepatocellular
carcinoma), indicating its potential role in cancer therapy
[21]. Similarly, mucin extracted from the terrestrial
snail Eremina desertorum was found to enhance the
expression of antioxidant enzymes and Tumor suppressor
genes in HepG2 and Caco-2 cells, further supporting the
anticancer potential of snail-derived compounds [22].
The emerging significance of SOD in infectious diseases,
especially concerning COVID-19, has been highlighted
by recent findings [23], which suggest that alterations
in SOD activity could help predict disease severity and
outcomes. Despite these promising findings, research on
SOD from Tectus dentatus, a marine gastropod, remains
limited. Therefore, in this study superoxide dismutase was
isolated from the soft tissues of 7. dentatus marine snail
and identified, as well its antimicrobial and antitumor
activities were evaluated.

Materials and Methods

Sample collection

Tectus dentatus snails were collected from Ain El-
Sokhna shore, Red Sea, Egypt ((latitude: 29°28°18.2”N
and longitude: 32°27°12.6”E, May, 2023), transferred to
laboratory and cleaned utilizing distilled water, shells
were crushed and the soft tissues were dissected out and
kept at -20°C till utilized in the experimental tests [24].

Chemicals

All chemicals were obtained from reputable suppliers
as follows: xanthine sodium salt, xanthine oxidase
enzyme, cytochrome C (from horse heart), nitroblue
tetrazolium (NBT), Dimethyl sulfoxide (DMSO), phenyl
methosulfate (PMS), phenylmethylsulfonyl fluoride
(PMSF), 1,4-dithiothreitol (DTT), 1,10-phenanthroline,
trypan blue dye, bovine serum albumin (BSA), blue
dextran, crystal violet, Sephacryl S-300, DEAE-cellulose,
and gel filtration molecular weight marker kits were
purchased from Sigma Co. SDS molecular weight marker
proteins were acquired from Pharmacia Co. Meanwhile,
cell culture media and supplements including DMEM,
RPMI-1640, fetal bovine serum, HEPES buffer solution,
gentamicin, and L-glutamine were obtained from Lonza,
Belgium.
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Methods
SOD activity assay

The superoxide dismutase (SOD) activity is typically
measured by assessing its ability to inhibit the reduction of
cytochrome C. This process is based on the scavenging of
superoxide anions, which are generated by the xanthine-
xanthine oxidase system. In this assay, a reaction mixture
is prepared containing 1.0 mL of a 0.02 M potassium
phosphate buffer (pH 7.8), supplemented with 0.1 mM
EDTA, 0.01 mM cytochrome C, and 0.05 mM sodium
xanthine. The reaction is triggered by the addition of 21
mU of xanthine oxidase, which catalyzes the oxidation of
sodium xanthine, leading to the formation of superoxide
anions. These anions reduce cytochrome C, causing a shift
in absorbance, which can be measured at 550 nm. The level
of SOD activity is determined by its ability to inhibit this
reduction, with one unit of activity corresponding to the
amount of enzyme that results in 50% inhibition of the
cytochrome C reduction rate [3].

Staining of SOD activity on polyacrylamide gels

The staining of superoxide dismutase (SOD) activity is
often performed using the method described by Weisiger
and Fridovich, [8]. In this method, the activity of SOD
following electrophoresis is assessed by using a reaction
mixture containing phenazine methosulphate (PMS)
and nitroblue tetrazolium salt (NBT), which generates
superoxide anions. These anions then reduce NBT,
producing formazan, which causes a colour change.
When SOD is present, it scavenges the superoxide anions,
preventing NBT reduction and forming achromatic zones
on the gel. These clear zones appear where the superoxide
radicals have been neutralized by the SOD enzyme,
contrasting with the blue colour of the surrounding gel.
The gels are incubated with the buffered mixture of NBT
and PMS, and then exposed to sunlight for several minutes,
allowing the achromatic zones to develop, indicating areas
of SOD activity.

Purification of T. dentatus snail superoxide dismutase
Preparation of snail crude extract

All experimental proceedings were carried out at 4°C
unless mentioned otherwise, and the snail extract was
prepared according to [25]. 7 g of T_ dentatus snail tissues
were mixed with 2 volumes of 0.02 M K-phosphate buffer
at pH 7.4 and homogenized utilizing a Teflon pestled
homogenizer. The homogenate was then centrifuged at
10000 x g for 30 min to remove insoluble materials and
cell debris and obtaining the filtrate (15 ml) as a crude
extract.

Chromatography on DEAE-cellulose column

The procedure was carried out as described by Sheehan
and FitzGerald, [26]. Crude extract of the 7. dentatus snail
was subjected to ion-exchange chromatography using a
DEAE-cellulose column (12 cm x 2.4 cmi.d.), which had
been pre-equilibrated with 0.02 M potassium phosphate
buffer at pH 7.4. Elution of the proteins bound to the
column was achieved by applying a stepwise gradient of
sodium chloride (NaCl), ranging from 0 to 1 M, in the
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equilibration buffer. The elution process was conducted
at a flow rate of 60 mL per hour. Fractions of 5 mL were
collected throughout the process, and those containing
superoxide dismutase (SOD) activity were identified and
pooled based on their activity profiles.

Chromatography on Sephacryl S-300 column

The procedure was carried out as described by
O’Fagéin et al, [27]. The material from the peak containing
superoxide dismutase (SOD) activity was concentrated
and subsequently applied to a Sephacryl S-300 column
(142 cm x 1.75 cm i.d.) for further purification. The
Sephacryl S-300 column was pre-equilibrated with a 0.02
M potassium phosphate buffer at pH 7.4, and the proteins
were eluted at a flow rate of 30 mL per hour. Fractions of
2 mL were collected throughout the elution process for
further analysis.

Electrophoretic analysis

Gel electrophoresis was performed using 7%
polyacrylamide gel electrophoresis (PAGE), following
the method of Smith [28]. SDS-PAGE was carried out
with12% polyacrylamide gel, based on the method of
Laemmli [29]. The molecular weights of the purified
superoxide dismutase (SOD) enzymes were determined
using SDS-PAGE, according to the method described
by Weber and Osborn [30]. Proteins were stained using
Coomassie Brilliant Blue (R-250) at a concentration
of 0.25%. To detect SOD activity, the gel was stained
according to the protocol of Weisiger & Fridovich [31],
allowing for the visualization of SOD activity.

Protein determination

Protein concentrations during the purification steps
were measured spectrophotometrically using the Bradford
method [32].

Effect of pH

The optimum pH for activity of purified 7dSOD was
carried out as described by Ibrahim et al, [33] utilizing
buffer 20 mmol L-1 pH 6.0 to 9.0 (Na-phosphate and
Tris-HCI buffer).

Effect of cations

The effect of divalent cations on TdSOD activity was
measured after 5 mM for each cation pre- incubation at
37°C as described by Ibrahim et al. [33]. Activity without
added cations was taken as 100% activity.

Effect of inhibitors

The effect of divalent cations on TdSOD1 activity was
assessed after pre-incubation with 5 mM of each cation at
37°C as described by Ibrahim et al., [33]. Activity without
inhibitors cations was taken as 100%.

Antimicrobial activity determination

The antimicrobial activity of purified 7dSOD was
tested against a panel of microbial strains, including
four bacterial species; S. aureus, K. pneumoniae, P.
aeruginosa, and E. coli, and one fungal species, C.
albicans. All bacterial strains were cultured in nutrient

broth at 37 °C for 18-24 hours, while Candida albicans
was grown in Sabouraud dextrose broth under the same
conditions [34].

Antitumor activity determination
Cell Culture

MCF-7 and MDA-MB-231 cell lines were purchased
from the Cell Bank of Type Culture Collection of the
Vacsera, Giza, Egypt. Dulbecco’s Modified Eagle’s
Medium (DMEM, Hyclone) was supplemented with 1%
Penicillin-Streptomycin Solution (GP3108, Genview) and
10% fetal bovine serum (FBS, A0500-3010, Cegrogen
Biotech). Cell lines were incubated at 37 °C in a
humidified incubator containing 5% C02/95% air (v/v) [2]

Cell viability measurement

Assessment of cell viability was carried out using the
MTT assay [35]. MCF-7 and MDA-MB-231 cells were
seeded in 96-well plates (5 x 10° cells/well) and incubated
for 24 h at 37°C with 5% CO.. Cells were then treated
with varying concentrations of SOD for another 24 h. After
treatment, 10 pL of MTT solution (5 mg/mL) was added
and incubated for 4 h. The resulting formazan crystals were
solubilized with 100 uL DMSO. Plates were shaken for
10 min in the dark to ensure full dissolution. Absorbance
was read at 570 nm using (BioTek Instruments, USA). All
experiments were performed in triplicate.

Statistical analysis

Statistical analyses were performed by GraphPad
Prism 8 software. The results are representative of at least
three independent experiments performed in triplicate and
are expressed as the means £SD. The data were analyzed
using the student’s t-test and data were considered
significant when P<0.05 [36].

Results

Purification of superoxide dismutase from T. dentatus snail

The purification process of 7. dentatus superoxide
dismutase (Td SOD) isoenzymes was carried out through
a series of chromatographic steps, resulting in progressive
increases in specific activity and purification fold. Starting
from the crude extract, which contained 64 mg of total
protein and 6150 units of SOD activity (specific activity of
96.1 U/mg), two distinct SOD isoenzymes were separated
using DEAE-cellulose ion-exchange chromatography
(Figure la). The first isoenzyme, 7dSOD1, was eluted
with 0.0 M NaCl, yielded 2665 units in 14.4 mg of protein,
corresponding to a 43.3% recovery, a specific activity
of 185.1 U/mg, and a 1.93-fold purification (Table 1).
The second isoenzyme, 7dSOD2, was eluted with 0.2 M
NaCl, exhibited 1556 total units in 11.4 mg of protein,
with a 24.9% recovery and specific activity of 136.5 U/
mg (1.6-fold purification). Further purification of 7dSOD1
using Sephacryl S-300 size-exclusion chromatography
(Figure 1b) produced 2.3 mg of protein with 1514 units of
activity, achieving a 24.6% recovery, a specific activity of
658.3 U/mg, and a 6.9-fold purification compared to the
crude extract (Table 1). The molecular weight of 7dSOD1
was determined from gel filtration column elution volume
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Figure 1. (A) A typical elution profile for the Tectus dentatus snail crude extract on DEAE-cellulose column (12 cm
x 2.4 c¢cm i.d.) previously equilibrated with 0.02 M K-phosphate buffer pH 7.4. (B) Typical elution profile for the
chromatography of the concentrated pooled DEAE-cellulose fraction 7dSOD1 on Sephacryl S-300 column (142 cm x
1.75 cm i.d.) previously equilibrated with 0.02 M K-phosphate buffer pH 7.4.

to be 180 + 2.3 kDa (Figure 2c). corresponding to the SOD activity band (Figure 2b),
indicating the progressive purification and homogeneity
Electrophoretic analysis of the 7dSODI1 preparation. Further analysis using

The purification steps: including the crude extract, =~ SDS-PAGE revealed that the purified 7dSOD1 molecular
DEAE-cellulose fraction, and Sephacryl S-300 fraction = weight was 180 kDa consisting of two identical subunits
were analyzed by electrophoresis using 7% native PAGE.  with an estimated molecular weight of approximately 90
A single distinct protein band (Figure 2a) was observed  + 1.7 kDa each, as determined by comparison to standard

Table 1. A Typical Purification Scheme of 7dSOD Isoenzymes

Purification step Total proteins (mg) Total units Recovery (%)  Specific activity Fold purification
T. dentatus crude extract 64 6150 100 96.1 1
DEAE-cellulose fractions

0.0 M NaCl (7dSOD1) 14.4 2665 433 185.1 1.93

0.2 M NaCl (7dSOD2) 11.4 1556 24.9 136.5 1.6
Sephacryl S-300 fractions

TdSOD1 2.3 1514 24.6 658.3 6.9
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Figure 2. Electrophoretic Analysis of Tectus dentatus Superoxide Dismutase 1 (7dSOD1) Purification Steps on 7%
Native PAGE; (a) Protein patterns, and (b) SOD isoenzyme patterns: (1) crude extract, (2) DEAE-cellulose fraction
and (3) Sephacryl S-300 fraction. (c) Subunit molecular weight determination of 7. dentatus superoxide dismutase 1
(TdSOD1) on 12 % SDS-PAGE: (1) Molecular weight marker proteins and (2) denatured purified 7dSOD.

Table 2. Effect of Divalent Cations on the Purified
TdSOD1

Reagent (5 mM)

Residual activity (%)

Control 100.0
CaCl, 37.6
CoCl, 108.8
CuCl, 153.1
FeCl, 32

MgCl, 13.5
MnCl, 76.5
NiCl, 21.9
ZnCl, 186.7

* These values represent % of the control and the means of triplicate
experiments

protein markers (Figure 2c).

Effect of pH
The optimum activity of purified 7dSOD1 was carried

out utilizing buffers (Na-phosphate and Tris-HCI) pH 6.0
to 9.0. The highest 7dSOD1 activity was recorded at pH
7.8 (Figure 3a).

Effect of cations

The effect of various divalent cations on the residual
activity of purified 7dSOD1 was evaluated by incubating
the enzyme with 5 mM of each cation. The control sample,
without any divalent cation, showed 100% enzyme
activity. Among the tested cations, ZnCl, exhibited the
most significant enhancement, increasing enzyme activity
to 186.7% of the control. CuCl, also strongly activated
TdSOD1, with residual activity reaching 153.1%. CoCl,
provided mild activation, with residual activities of
108.8%. In contrast, MnCl,, NiCl,, CaCl,, MgCl,, and
FeCl, showed inhibitory effects with residual activities
of 76.5%, 21.9%, 37.6%, 13.5%, and 3.2%respectively.
These results suggest that zinc and copper are the most

effective divalent cations in enhancing the activity of
TdSODI1 (Table 2).

Effect of inhibitors

The effect of various inhibitors on the activity of
purified 7dSOD1 was assessed by incubating the enzyme
with 5 mM of each inhibitor. The control sample showed
no inhibition (0.0%). Potassium cyanide (KCN) caused
a significant inhibition, reducing enzyme activity by
67.5%, suggesting that 7dSOD1 is highly sensitive to
cyanide, likely due to its interaction with the enzyme’s
active site. Hydrogen peroxide (H,O,) also resulted in
substantial inhibition (53.6%), indicating that oxidative
stress can severely impair 7dSOD1lactivity. DL-
Dithiothreitol (DTT), a reducing agent, led to a the most
significant inhibition of 76.5%, which may be attributed
to its interference with the disulfide bonds essential for
TdSOD1’s structure and function. Other inhibitors such as
Sodium azide (NaN3), B-Mercaptoethanol, and Potassium
dichromate caused moderate inhibition, with activity
reductions of 8.1%, 21.8%, and 25.7%, respectively.
(EDTA), which chelates metal ions, reduced activity by
13.5%. (SDS), a detergent, caused minimal inhibition
(3.2%), while 1,10-phenanthroline, a metal chelator, led
to slight inhibition (6.8%). These results suggest that
TdSOD is particularly vulnerable to inhibitors that target
the enzyme’s active site, disrupt metal ion cofactors, or
cause oxidative damage, with KCN and H,O, being the
most potent inhibitors (Table 3).

Antimicrobial activity

The antimicrobial activity of purified 7dSOD1 was
evaluated against a panel of bacterial and fungal pathogens
compared with standard antibiotics ciprofloxacin (5 pg)
and nystatin (10 pg). 7dSODI1 exhibited strong antifungal
activity against C. albicans, achieving 97.3% inhibition,
which was comparable to the activity of nystatin (98.9%).
Among the tested bacterial strains, 7dSOD1 showed the
highest inhibitory effect against P. aeruginosa (61.7%)
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Figure 3. (a) The optimum pH for activity of purified Tectus dentatus superoxide dismutase 1 (7dSOD1) was carried
out utilizing buffer 20 mmol L-1 pH 6.0 to 9.0 (Na-phosphate and Tris-HCI buffer). (b) Antimicrobial activity of

purified 7. dentatus superoxide dismutase 1 (7dSOD1).

Table 3. Effect of Inhibitors on the Purified 7dSOD1

Inhibitor (5 mM) Inhibition %
Control 0.0

Potassium cyanide (KCN) 67.5
Hydrogen peroxide (H,0,) 53.6
Sodium Azide (NaN,) 8.1
Sodium dodecyl sulphate (SDS) 3.2
Ethylenediamine tetraacetic acid (EDTA) 13.5
DL-Dithiothreitol (DTT) 76.5
-Mercaptoethanol 21.8
Potassium dichromate 25.7
1,10-Phenanethroline 6.8

* These values represent % of the control and the means of triplicate
experiments

and E. coli (60.2%), followed by K. pneumoniae (39.1%)).
Minimal inhibition was observed against S. aureus,
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with only 2.9% inhibition. In contrast, ciprofloxacin
demonstrated high efficacy against all bacterial strains,
with inhibition rates exceeding 97%, while nystatin
was ineffective against bacteria. These results suggest
that 7dSODI1 possesses selective antimicrobial activity,
particularly against Gram-negative bacteria and fungal
pathogens (Figure 3b).

Antitumor activity

The effect of 7dSOD1on the viability of MCF-7 and
MDA-MB-231 breast cancer cells was evaluated using
the MTT assay, as shown in (Figure 4). Both cell lines
were treated with increasing concentrations of 7dSOD1
(a Cu/Zn SOD isoenzyme) (ranging from 0 to 100pg/
mL), and cell viability was expressed as a percentage
relative to untreated control cells. The results revealed a
dose-dependent cytotoxic effect of 7dSOD1 on both cell
lines. In MCF-7 cells, a sharp decline in cell viability was
observed at low concentrations, with viability dropping
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Figure 4. The Effect of Tectus dentatus Superoxide Dismutase 1 (7dSOD1) on the Viability of MCF-7 and MDA- MB-
231 Breast Cancer Cells was Evaluated Using the MTT Assay.

below 60% at approximately 25pg/mL. This downward
trend continued with increasing concentrations, ultimately
reducing viability to about 35% at 100pg/mL, indicating
a strong cytotoxic effect. Similarly, MDA-MB-231 cells
exhibited a dose-dependent decrease in viability, with the
half-maximal inhibitory concentration (ICso) calculated
at 33.42pg/mL. At higher concentrations, 7dSOD1
significantly reduced cell viability, further confirming its
cytotoxic potential against MDA-MB-231 cells. These
findings suggest that 7dSODI1 exerts potent cytotoxic

activity in a dose-dependent manner on both MCF-7 and
MDA-MB-231 breast cancer cell lines.

Discussion

Interest in marine mollusks has grown exponentially
over the past several decades, driven by the discovery
of a wide range of health-promoting compounds they
contain. These bioactive substances have positioned
marine mollusks as a valuable source for the expanding

Asian Pacific Journal of Cancer Prevention, Vol 26 4543
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nutraceutical and pharmaceutical markets, as reflected
in rapid increase of marine organism-based products
currently available [21, 2, 37]. The exploration of
marine-derived SODs is of particular relevance [38, 39].
T’ dentatus, a marine mollusk, has not been extensively
studied for its enzymatic activities. In this context, the
present study focused on isolating and characterizing SOD
from this species, assessing its activity in the presence
of divalent cations and inhibitors, and exploring its
antimicrobial and antitumor potential. Previous studies
have highlighted the promising roles of marine SODs
in various biotechnological applications, including their
antioxidant, antimicrobial, and anticancer activities [40,
41]. The purification of SOD from T dentatus (TdSOD1)
was successfully carried out in the present study leading
to isolation of two distinct isoenzymes, 7dSOD1 and
TdSOD2, from the crude extract, each with different
levels of activity and specificity (Figure 1a). 7dSOD1
was the more active isoenzyme, with a higher specific
activity and fold purification, suggesting it may be the
primary isoform responsible for the enzymatic function
in T. dentatus. In contrast, 7dSOD2 exhibited lower
specific activity and recovery, which could indicate a
lower abundance of this isoform in 7. dentatus. Different
SODs from different sources have been isolated similarly
[42, 33, 43]. Purification of SOD from T. dentatus
(TdSOD1) was closely monitored using 7% native PAGE
electrophoresis at each purification step. The results
confirmed the successful isolation and enrichment of
the target enzyme throughout the different stages, from
crude extract to final purification by Sephacryl S-300
chromatography. Native PAGE analysis confirmed the
successful purification of 7dSOD1 from 7. dentatus, with
a single protein band corresponding to the SOD activity
band in the final Sephacryl S-300 fractions. The molecular
weight of 7dSOD1 was 180 kDa and the enzyme is likely
a dimer consisting of two 90 kDa subunits. The dimeric
nature of 7dSODI1 is consistent with the molecular
structure of many SOD enzymes, which often function
through multimerization to achieve optimal enzymatic
activity [44-46].

The optimal pH for enzymatic activity is a critical
parameter that provides insight into the physiological
conditions under which the enzyme functions most
effectively. In this study, the results revealed that 7dSOD1
exhibited the highest activity at pH 7.8, suggesting that
this is the optimal pH for the enzyme’s activity. Likewise,
the optimal pH for SOD activity in tick larvae was 7.8.
[33], and at pH 8.0 in pearl millet [47] and tea [48].The
effect of divalent cations on the activity of the purified
TdSODI revealed that the most notable activators were
CuCl2 and ZnCl2, both of which significantly enhanced
TdSOD1 activity. The presence of CuCl2 resulted in
153.1% of the control activity, indicating that copper ions
play a critical role in the enzyme’s activity. Similarly,
ZnCl, showed an even greater enhancement, with residual
activity reaching 186.7% of the control. This suggests
that Cu** and Zn?" ions may be essential cofactors for
TdSOD1 or significantly improve its catalytic efficiency.
These results align with findings from other studies,
where copper and zinc are integral components of many

4544 4sian Pacific Journal of Cancer Prevention, Vol 26

Cu/Zn-SODs, facilitating the dismutation of superoxide
radicals. Cu?*" and Zn*' ions were required for SOD
activity from C. rota snail [18] and ZnCl, was required
for SOD activity of the shrimp muscle tissue [49]. On the
other hand, CaCl, reduced enzyme activity indicating a
possible inhibitory effect of calcium ions on 7dSODI.
FeCl2 caused the most substantial inhibition, suggesting
that Fe?" may interfere with the enzyme’s structure
or function, potentially by disrupting the active site.
MgCl2 and NiCl2 also reduced enzyme activity. SOD
can be classified based on their metal cofactors, and the
differentiation between SOD classes is often achieved
through selective chemical inhibitors, such as hydrogen
peroxide (H20:) and potassium cyanide (KCN). These
inhibitors exhibit distinct effects on different SOD
isoenzymes, depending on the metal ion in the enzyme’s
active site. 7dSOD1 was highly sensitive to inhibition by
KCN, with 67.5% inhibition. This finding is consistent
with the characteristics of Cu/Zn-SOD isoenzymes, which
are well known for their sensitivity to KCN. The cyanide
ion binds to the copper or zinc cofactor at the enzyme’s
active site, preventing the enzyme from catalyzing the
dismutation of superoxide radicals. This inhibition
suggested that 7dSOD likely belongs to the Cu/Zn-SOD
class, which is characterized by the presence of copper and
zinc in its active site [8]. In addition to KCN, 7dSOD1 also
exhibited significant inhibition by H-0: (53.6%), another
common inhibitor of Cu/Zn-SODs. The presence of H202
can lead to oxidative damage at the enzyme’s metal
center, further inhibiting its activity. This characteristic
inhibition by H-0: is another key feature of Cu/Zn-SODs
and further supports the classification of 7dSODI1 as a
Cu/Zn-containing isoenzyme [50, 18]. DL-Dithiothreitol
(DTT), areducing agent, also potently inhibited 7dSOD1,
likely by reducing disulfide bonds that are important
for maintaining the enzyme’s structural integrity. This
suggests that 7dSOD1 may have critical disulfide linkages
that contribute to its stability and function like to SOD of
Radix lethospermi seed [51].

The antimicrobial activity of 7dSOD1 isolated from 7.
dentatus demonstrated selective and promising bioactivity
against a range of microbial pathogens. Notably,
TdSOD1 exhibited potent antifungal activity against
Candida albicans, achieving 97.3% inhibition, which
is comparable to the standard antifungal agent nystatin
(98.9%). This strong effect suggests that 7dSOD1 may
interfere with fungal oxidative stress defence mechanisms,
potentially disrupting cell membrane integrity or
metabolic processes. Among bacterial strains, 7dSOD1
showed higher efficacy against Gram-negative bacteria,
particularly P. aeruginosa (61.7%) and E. coli (60.2%),
followed by K. pneumoniae (39.1%). The relatively
higher susceptibility of Gram-negative bacteria may be
attributed to their thinner peptidoglycan layer and greater
sensitivity to oxidative stress induced by SOD activity.
In contrast, the Gram-positive S. aureus was minimally
affected (2.9%), likely due to its thicker cell wall and
more robust antioxidant defence systems. Compared
to ciprofloxacin, a broad-spectrum antibiotic, 7dSODI1
exhibited moderate antibacterial activity, suggesting it
may not act as a direct bactericidal agent but rather exert
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its effects through oxidative stress modulation. The lack
of antibacterial activity by nystatin and lack of antifungal
activity by ciprofloxacin further support the selective
nature of 7dSODI1’s antimicrobial spectrum. These
findings indicate that 7dSOD1 may serve as a potential
antimicrobial agent, especially against fungal infections
and Gram-negative bacterial pathogens. Similarly, SOD
from C. rota snail displayed efficient antimicrobial activity
against E. coli, S. typhi, P. aeruginosa, S. Aureus, C.
albicans and A. niger [18].

The 7dSOD1 was screened for its antitumor activity;
the findings from the MTT assay demonstrated that
TdSODI1 exerts a significant dose-dependent cytotoxic
effect on both MCF-7 and MDA-MB-231 breast cancer
cell lines. This cytotoxicity is evident from the marked
reduction in cell viability with increasing concentrations
of TdSOD1. Notably, MCF-7 cells displayed a higher
sensitivity to 7dSODI1 at lower concentrations. A sharp
decline in viability below 60% at just 25 pg/mL. In
contrast, MDA-MB-231 cells, which are resistant to many
therapies, also showed substantial sensitivity, with an ICso
0f 33.42 pg/mL. While the decline in viability was more
gradual compared to MCF-7, the results still indicate that
TdSODI1 can overcome resistance mechanisms in these
cells at higher concentrations. The dose-dependent nature
of the response in both cell lines highlights the potential
of the Cu/Zn SOD isoenzyme (7dSOD1) as a therapeutic
agent or adjunct in breast cancer treatment. 7dSOD1 may
modulate signalling pathways involved in cell proliferation
and survival. Overall, the results support the hypothesis
that 7dSOD1 possesses strong anti-proliferative properties
against diverse breast cancer subtypes. In comparison to
other investigations, C. rota snail SOD displayed potent
toxicity against A549, Caco2 and HepG2cell lines [18].
Also, an enzyme from Turbo radiates snail with GST
activity exhibited comparable cytotoxic impacts against
PC3, HepG2 and MCF7 cell lines [52].

In conclusion, the present study successfully purified
and characterized superoxide dismutase (7dSOD1) from
the marine snail Tectus dentatus, revealing it as a high-
molecular-weight Cu/Zn-dependent isoenzyme with
significant biological activity. 7dSOD1 demonstrated
strong antioxidant properties, optimal enzymatic activity
at physiological pH, and marked sensitivity to metal
cofactors and specific inhibitors, indicating its structural
and functional dependence on metal ions. Importantly,
TdSOD1 exhibited substantial antimicrobial activity,
particularly against Candida albicans and Gram-negative
bacteria, as well as potent dose-dependent cytotoxic
effects on MCF-7 and MDA-MB-231 breast cancer
cells. These findings highlight the potential of 7dSOD1
as a multifunctional bioactive compound with promising
therapeutic applications in antimicrobial and anticancer
treatments.
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