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Abstract
Cancer is the high leading cause of cancer temporality worldwide. Treatment of cancer has always been
a challenge for primary care and the development of appropriate medicine against colon and lung
cancers is a major focus for budding researchers in the �eld. The mushroom lectin has, a few studies
explored relating to the biological activity such as antibacterial, antifungal, anticancer activity and others.
The mushroom lectin has attained considerable attention recently. The present study was undertaken to
evaluate Pleurotus �abellatus lectin (PFL-L) induced cell death on human pathogenic fungal cells. Fungal
cell viability was estimated at different intervals, moreover Aspergillus niger has the lowest cell viability
(11%) compared to the others. Additionally, PFL-L was examined on human colorectal carcinoma cancer
(HT29) cells and lung carcinoma cancer (A549) cells. The apoptotic changes were detected by apoptosis
assay on HT29 cells and A549 cells. Further, PFL-L was demonstrated to the HT29 cells were disturbed
against the presence of PFL-L at 100 µg/mL and the cell viability range is 25.90 ± 1.52%, whereas the
A549 cells range is low. Then, the PFL-L initiates that DNA damage within cancer cells and the effects of
cancer-related proteins were examined.

1. Introduction
In 2019, an reported around 1,335,100 new cancer patients distributed among 185 different countries
from the world and 3,97,583 cancer-related deaths occurred among adolescents and young adults [1]. In
2030, the new and death causes are raised to doubling more cases to be increased [2]. Lung (11.7%), and
colon (10.0%) cancer are the highest ratio when compared to other cancer. Colon cancer has now
surpassed lung cancer as the leading incidence in 2020. Human lung cancer is the most unanimously
diagnosed cancer and, closely followed by colorectal cancers [3]. The most treacherous cancers are
arising from lung and colon organs from the human body. However many chemotherapy drugs represent
the side effects of the immune system and arise different balance effects. The cancer death burden was
disproportionately higher among women than men. The cancer death ratio varied substantially across,
with the greater burden being in East Asia and South Asia [1]. Edible mushroom served as an antibacterial
[4, 5], antifungal [6], antiviral [7], Anti-nociceptive and anti-in�ammatory [8, 9], antioxidant [10] and
anticancer [11] properties. Its bene�cial potential act as different active bio-molecules including
secondary metabolites [12]. Lectins are monomeric in nature and previously it’s called hemagglutinins.
The lectins or glycoproteins are widely present in animals [13], plants [14] virus [15], bacteria [16], fungi
[17] and algae [18]. Lectins are traditionally extracted from the legume seeds and their vital function is
recognized and binds reversibly to the carbohydrates as a binding protein [19]. Lectin bind to the
carbohydrates in a reversibly recognized with highly speci�c mode and its structure to different variety of
size and structure [20]. Lectin is clear evidence of a wide range for biotechnological and biomedical
applications [21]. These lectins play the main role to control cancer cells as a tool of carbohydrate
bind/recognition in different structural positions [22]. Many natural carbohydrate-binding proteins are
participated to develop a new drug as a control/cure various diseases in a different manner [23, 24].
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Many researchers take steps towards cancer-associated carbohydrate-binding proteins to alter tumor
mechanisms. Speci�cally, MGL (Galactose-type Lectin) ligands from Chimeric MGL-Fc and mutant-MGL-
Fc in colon cells [25]. This Galactose-type lectin is associated with colon cancer cells to alter the
glycosylation process. The carbohydrate-binding proteins participate in early metastasis in various
cancer cells [26]. Natural lectins have an enormous scienti�c interest to detect their biochemical functions
in addition to biomedical applications. To recognize and interaction between cell and sugar moiety is
most responsible for the inhibitory apoptosis mechanism. Fungal lectins have exhibited a high a�nity to
cancer and other related diseases and participate in very important functions within the inhibition of
cellular proliferation with the initiation of early and late apoptosis processes [27]. Macro-fungi lectins are
promising agents to control cancer cells. Since macro-fungi contain a large number of toxic
glycoprotein/galectins involved as a defense mechanism against various parasites [28]. They have a
symbiotic association between lectin and tumor cells. Fungal lectin can possibly control cancer through
molecular mechanisms. Many pathways are described based on microRNAs and speci�c genes [29, 30].
Fungal glycoprotein to the cable induces a caspase-independent pathway in human cancer cells. The
binding capacity of lectin and cancer cells through carbohydrate receptors [19]. Apoptosis cells can
induce reactive oxygen species (ROS) in vast amounts during the mitochondrial process. Mechanistically,
the ROS is a trigger to activate cancer expression proteins p53 and p38. Lectin can suppress p53 and p38
activity [31].

Our previous report has demonstrated that P. �abellatus lectin (PFL-L) displayed notable antibacterial
activities toward several human pathogenic bacteria, such as Bacillus subtilis, Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli, and Klebsiella pneumonia. Additionally, the PFL-L induced
free radicals in the way of DPPH radical scavenging assay and Hydroxyl radical scavenging assay [32].
However, whether A549, and HT29 cells participated in PFL-L induced apoptosis to be investigated.

2. Materials And Methods

2.1 Material
3-(4,5- dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide (MTT), 5 – �uroracil (5 – FU), 4’,6-
diamidino-2-phenylinole (DAPI), Propidium Iodide (PI), Ethidium bromide (EB), RNase A (Ribonuclease A),
EDTA, Phosphate-buffered Saline (PBS) pH 7.4, Dulbecco’s modi�ed eagle medium (DMEM), Antibiotic
solution, Fetal bovine serum (FBS), Trypsin 0.25% solution 1X, Dimethyl sulphoxide (DMSO), were
purchased from Himedia Laboratories, Mumbai, India.

2.2. Assay of inhibitory activity of PFL-L on hyphal growth
Human pathogenic test fungus, Aspergillus �avus (AF017), Mucor sp (MC02). and Aspergillus niger
(AN019) were obtained from Fungal Culture Collection Facility, CAS in Botany, University of Madras,
Chennai, Tamil Nadu. Strains mature spore suspensions were grown on Potato Dextrose Broth (PDB)
liquid medium at room temperature in a rotary shaker (200 rpm). Growth stage maintaining with proper
subculture at fungal culture collection laboratory. After 7 days the strains were used as a further study.
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The spore’s suspension concentrations at 105 spores/ml of (80 µL) were added to a 96 well Microtiter
plate [33].

The activities of PFL-L were determined against three different fungal strains using micro-dilution assays
[34, 35]. PFL- L concentrations viz., 30 µg/ml, 40 µg/ml, 50 µg/ml, and 60 µg/ml of PFL-L were transferred
to the Microtiter plate (n = 3). The media (PDB) were added to the all well and it gives �nal concentration
at 120 µL. Standard drugs (70 µg/ml) were then added to the wells containing PDB suspension. The
microtiter plates were maintained at an aseptic condition with tight tinfoil, sealed with para�lm, and
incubated at 23–25ºC for 24 hours. Finally, the microtiter plates were measured at 570 nm by using a
spectrophotometer (SpectraMaxM2e, Multimode Plate Readers, California). To evaluate the IC50 value for
the antifungal activity ten doses (10–100 µg/ml) of PFL-L and standard drug as per our previous report
[36].

All measurements were conducted in triplicate. The percentage (%) of cell viability is calculated following
formula,

Cellviability% =
Absorbanceoftreatedcells
Absorbanceofcontrolcells × 100

2.3. In-vitro anticancer activity
The HT29, A549 cancer cells, and �broblast cell lines (3T3), were obtained from National Centre for Cell
Science (NCCS), Pune, India. Cell lines were grown DMEM medium supplemented with FBS 10% (v/v) and
Streptomycin with penicillin (250 U/mL) incubated 5% CO2 incubator at 37˚C. The cells were allowed to

grow for 24–48 hrs. The cell cultures were seeded in a 96 well plate, at a cell density of 1 × 105 cells/well
and incubated for 24 h at 37˚C and 5% CO2 [36, 37]. The cell viability and proliferation were evaluated
after the cells get attached were treated against PFL-L (µg/ml) of different concentrations ranging from
10 to 100 µg/ml. After 24hr, the treated cells were washed with PBS (pH 7.4). Twenty microliters of MTT
solution (5 mg/mL) were added to each well and allowed to stand for 4 h at 37˚C. Then, the medium with
MTT was discarded and 100 µL of DMSO was added to each well to neutralize the dark blue formazan
crystals. The microtiter plate was read a SpectraMaxM2e, Multimode Plate Readers, California at 595nm.
All the experiments were conducted in triplicates. The PFL-L inhibited at 50% of cell proliferation was
observed as IC50 value. Morphology of all cell lines was observed using by bright �eld microscope.

The percentage (%) of cell viability are calculated following formula,

Cellviability% =
Absorbanceoftreatedcells
Absorbanceofcontrolcells × 100

2.4. Identi�cation of apoptotic cells
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To identify apoptotic cells, in presence of PFL-L treated cancer cells (HT29, A549) was examined by using
a double staining method. The tested cells were washed with phosphate-buffered saline at pH 7.2 and
�xed cells using, methanol: acetic acid 3:1 (v/v) for 10 min. After incubation, the tested cells were added
in propidium iodide (PI), 50 µg/mL, and kept for 20 min to neutralize the reagents. Morphological analysis
of the apoptotic cells was performed after staining with PI under a �uorescence microscope.

2.5. Determination of DNA damage by alkaline comet assay
The damage of the DNA was evaluated under alkaline conditions [38, 39]. The tested PFL-L and control
cells were run the alkaline-based agarose gel with lysis buffer the following components, Tris – HCl (10
mM), pH 10, EDTA (100mM), sodium chloride (2.5M), DMSO (5%) and Triton X-100. HT29 and A549
cancer cells were embedded in low-melting-point agarose were lysed overnight at 4°C in lysis buffer. The
unwinding step was performed by NaOH (300mM) and EDTA (1mM) for 40 min at 4°C (pH > 13). After
running the gel, the slides were neutralized with Tris – HCl (0.4mM) pH at 7.5, and the cells were stained
with ethidium bromide (2µg/ml). The DNA tail moment length was measured. The tail formation was
scored by using a �uorescence microscope, Nikon, Japan.

2.6. Cell cycle analysis using �ow cytometry method
To measure DNA ploidy as well as to measure alternations of cell cycle pro�les characteristic of DNA
fragmentation (necrosis) compared to patterned DNA cleavage (apoptosis). To determine the cell cycle
analysis, 2.5 × 105 cells were incubated in 24 well plates with PFL-L in 0.5 ml of the medium at 5% CO2 at
37˚C in the incubator [40]. After treatment, �oating cells in the medium were pooled with attached cells
collected by trypsinization. Cells were collected by centrifugation at 600g for 10 min at 4 ºC. Cells were
washed with ice-cold PBS and �xed in 80% ethanol in PBS at − 20ºC. The �xed cells were pelleted and
stained with PI (50 µg/mL) in the presence of RNase A (20 µg/mL) for 30 min at 37ºC. Apoptosis was
quantitatively determined by �ow cytometry after incubation at 4 ºC in the dark for at least 24 h cells
containing nuclei with sub diploid DNA content. The number of cells at each stage of the cell was
estimated by �uorescence-activated cell sorting (FACS) and monitored by �ow cytometry. The data were
analyzed to determine the percentage of cells at each phase of the cell cycle (G0/G1, S, and G2/M) or in
the aneuploid peak.

2.7. Western blot analysis
To study the apoptosis nature of proteins on HT29 and A549 tested cells after 24 hours with PFL-L [41].
The equal amount of PFL-L was mixed with the sample buffer (2 X) and boiled for 5 minutes. The tested
cell's protein was separated on SDS-PAGE (10%) and electro-transferred onto a PVDF membrane (Bio-Rad,
USA). The blots were blocked with a blocking buffer (5%) for 4 hrs. After blocking, the membrane was
incubated with respective rabbit monoclonal antibodies. Goat monoclonal antibody Bcl-Xl, Bcl-2,
Procaspase-3, procaspase-9, MMP-3, MMP-9, B6, N-Cadherin, and E-Cadherin, in 1:5000 dilutions
overnight at 4˚C. Then, the membranes were washed thrice with T-TBS for 10 minutes each, followed by
horseradish peroxidase-conjugated secondary antibody (1:10,000 dilutions) and was incubated for 45
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min at room temperature. Finally, signals were visualized using an enhanced chemiluminescent system
(Pierce Biotechnology Inc, USA).

2.8. Statistical analysis
All experiments on both antifungal and anticancer activity tests were the average of triplicate analyses.
The data were recorded as mean ± standard deviation.

3. Results And Discussion

3.1. PFL – L
The Pleurotus �abellatus (PFL-L) lectin was puri�ed by using a DEAE – Cellulose anion exchange
chromatography is followed by gel-�ltration chromatography. The PFL–L chromatography is followed by
gel-�ltration chromatography. Arul Kumar et al (2021), previous �ndings indicates that the purity of PFL-L
increased to 62.40% with the recovery of hemagglutinating activity by 12.12% [32].

3.2. Effect of PFL-L on fungal cell viability
Fungal cell viability was recorded on 1, 6, 12, 18, and 24 hours respectively. The A. �avus, Mucor sp. and
A. niger spores were treated against PFL-L for different hours. A. �avus cell viability against PFL-L after
four different time intervals was recorded. A. �avus treated with PFL-L and the cell viability range is 10%
after 24 hours. While increased time, the cell viability was decreased due to the presence of PFL-L. The
percentage of growth inhibition of A. �avus was reached in that dose-dependent manner (Fig. 1a).
Table 1 indicates the IC50 value of A. �avus and range is 55.39 µg/ml. The standard drug (70mg/ml) was
served as a control for the experiments at different time intervals. The A. niger showed low cell viability at
60 µg/ml after 24 hours of treatment of PFL-L. The Mucor sp. and A. �avus showed moderate activity
against PFL-L at different incubation hours. Mucor sp activity was decreased on the highest
concentration of PFL-L (60 µg/ml) after 24 hours incubation (Fig. 1b). The IC50 range of Mucor sp. is 110
µg/ml was recorded. After an hour of incubation of A. niger with 30 µg/ml of PFL-L, the inhibition
percentage was zero, and the growth rate was found 100%. After 6 hours of inhibition, the growth rate of
A. niger was minimized with an increase in the concentration of PFL-L. However, with the PFL-L
concentrations at 60 µg/ml, the growth rate was reduced as a dependent by dose as well as time. After 6
hours, incubation with 60 µg/ml of PFL-L, the viability of A. niger cells was fully reduced and the mycelial
cell viability reached 11%. PFL-L showed the highest activity in A. niger followed by Mucor sp. and A.
�avus (Fig. 1c). PFL-L inhibited the 50% (IC50), of hyphal growth of A. niger, Mucor sp. and A. �avus at
49.82 µg/ml, 55.39 µg/ml, and 110 µg/ml, respectively (Table 1). Recently, the researchers also reported
that the fungal cell viability was more active against lectin from a mussel. The maximum level of
inhibition of the fungal cells at 24h, and the original level recovered from 12h [33]. Similar to the previous
result, PFL-L is shown to act as fungicidal properties. Lectin from leguminous plants (ConBr, DRL, and
DvioL) have antifungal potential [42]. The lectin concentration of 100 µg/well has shown the lowest
activity, compared with 200 µg/well of lectin against A. niger [43]. The PFL-L were similar results showed
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that the carbohydrate-recognition protein C-type lectin from Hemifusus pugilinus (Hp-Lec) was against A.
niger and A. �avus with 25 µg/ml and 50 µg/ml concentrations showed good mycelial inhibition after 25
hours intervals [44].

Table 1
Determination of Inhibitory Concentration (IC50)

against three human pathogenic fungi.

  A. niger A. �avus Mucor sp.

PFL (µg/ml) 49.82 55.39 110

Std.(µg/ml) 60.56 67.23 122.50

*All value is expressed as µg/ml from PFL-L.

3.3. Cell proliferation assay
The effect of PFL-L on 3T3, HT29, and A549 was studied using an MTT assay. Among the different
concentrations (20–100 µg/ml) of PFL-L has tested the different cancer cell lines. Figure 2a clearly
indicated that the cell viability range is 10.27 ± 1.00% on A549 followed by HT29 was exhibited at 18.47 ± 
1.53% with an effective inhibitory concentration of 60 µg/ml and 67 µg/ml. In the case of 3T3, upon
treatment with different concentrations of (20–500 µg/ml), the viability of cells reduced at 48.60 ± 1.17%
with an inhibitory concentration of 86.68 µg/ml. The IC50 ranges were observed on A549, and HT29,
which are 60 µg/ml, and 67µg/ml respectively. From cell proliferation assay to con�rm PFL-L against
colon and lung cancer cells were more potential cytotoxicity. The 3T3 cell line showed 50% inhibition at
486.68 µg/ml (Fig. 2b). Even at the concentration of 100 µg/ml of PFL-L, 89% of cell viability was
observed without any cell growth arrest/disturbance which con�rmed that PFL-L does not have any toxic
effect on normal human cell lines. There was no wide range of morphological changes were observed in
normal �broblast cell lines upon treatment with PFL-L. In the case of different cancer cell lines, in the lead
treatment of PFL-L, morphological changes were observed by shrinkage, round-shaped, and damaging
the cell membrane (Fig. 3).

Condensation of nuclear chromatin was also observed after 24hrs of incubation. Bauhinia ungulata
demonstrated the cytotoxicity assay against HT-29 cell line of human colon adenocarcinoma similar to
dose-dependent manner on PFL-L [45]. Lectin (LCL) from Lantana camara induced HT29 growth based
on time and dose-dependent manner [46]. Madhu et al reported chitin-speci�c lectin from Praecitrullus
�stulosus was strong cytotoxicity against colon cancer at 500 mg/ml [47]. Lung carcinoma (A549) cells
showed the highest growth of inhibition at low-level dose concentration on PFL-L than others. In contrast,
HT29 was the highest activity compared with A549 cells. Whereas, the Galactose-type Lectin (MGL)
showed strong anticancer activity against colon cancer cell lines [25]. While on the contrary, on lung
cancer against Daboialectin (C-type) from Russells viper venom-induced cell cytoskeletal damage on lung
cancer cells [48].

3.4. Identi�cation of apoptotic cells
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Nuclear staining assay consistently showed control and treated cancer cells against PFL-L. Cell death
has occurred on A549 and HT29 in presence of PFL-L. Morphological changes were analyzed by acridine
orange/ethidium bromide (AO/EB) and DAPI staining. In the treatment of AO/ EB staining were indicated
green color for live cells, orange color indicates early apoptotic cells; red color indicates late apoptotic
dead cells. The dark blue color was indicated in the DAPI stain. EB stain enters into the cell when loss of
membrane integrity. AO and EB were binding on the nucleus of dead cells and necrotic cells. HT29 cells
were treated with IC50 the range is 67µg/ml after 24 hours. The presence of PFL-L on HT29 cells were
dead condition was shown in Fig. 4a. AO was bound with both live cells and dead cells. In contrast,
Fig. 4b was indicating, A549 cells treated with PFL-L at 60 µg/ml showed green color. The absence of
PFL-L showed no dead cells. Morphological changes on A549 occurred at 60 µg/ml in dark green color
with AO. EB stained were negligible within cells in the condition of without PFL-L. The presence of PFL-L
at IC50 on A549 found apoptotic cells. Absences of PFL-L in AO, EB, AO/EB, and DAPI no necrotic or
apoptotic cells were found. Cell death is categorized by two divisions based on cell death viz., necrosis,
and apoptosis. The necrosis was showed accidental cell death and their morphology lose/lysis
membrane structure. Due to condensation of nucleus chromatin were indicated red cells. Apoptosis was
indicates programmed cell death and the cell membrane structure goes too small in size / bound
vesicles. [49]. In A549 and HT29 cells, membrane integrity, nuclear shrinkage/segmentation, and
condensation of chromatin were observed after 24hours upon treatment of PFL-L. Morphological
evidence showed lectin-induced apoptosis in colorectal adenocarcinoma cells and lung carcinoma cells.
Apoptosis on cancer cells was reported by [50]. A549 cells were treated with 60 µg/ml of marine-derived
lectin-induced degeneration cytoplasmic material, it is strong evidence for PFL-L induced apoptosis [51].
Kaempferia rotunda lectin (KRL) inhibited the proliferation of colon cancer cells at the doses of 0.25, 0.5,
and 1.0 mg/ml, respectively [52]. C-type lectin from Russell's viper venom and Polygonatum odoratum
lectin (POL) induced apoptosis in human lung cancer cells in Daboialectin (50 and 100 nM) and POL with
23 µg/ml for 24 h and 48 h, respectively [29, 48].

3.5. Comet assay
The PFL-L was treated with A549 (60 µg/mL) and HT29 (67 µg/ml) cells for 24 hours. The DNA
fragmentation was evaluated as shown in Fig. 5. The IC50 range was induced tail formation on A549 and
HT29 cells. In addition, the presence of PFL-L showed maximum tail movement on A549 cells (13.13 ± 
2.80) followed by HT29 cells (13.09 ± 1.31) respectively (Table 2). In contrast, the absence of PFL-L tail in
A549 cells and HT29 cells were observed 3.68 ± 1.04, 0.36 ± 0.45 respectively. Therefore, PFL-L can
induce A549 and HT29 cells apoptosis. The early apoptosis was indicating DNA damage (tail formation)
by the alkaline nature of single gel electrophoresis. The single cells of DNA strand breaks/damage were
detected apoptosis changes. [53, 54]. The comet/ single cell gel electrophoresis strongly indicated DNA
damage and apoptosis in A549 and HT29 cells. ACL induced DNA fragmentation from Allium chinense
with 100 µg/ml [55].
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Table 2
DNA head and tail calculated for absence/presence of PFL-L. DNA tail movement was

measured from eight different single cells (n = 8). DNA tail formation of single cells
from A549 and HT29 cells in presence of IC50 values.

    Head Tail

A549 Control 96.31 ± 1.04 3.68 ± 1.04

Treated 86.87 ± 1.52 13.13 ± 2.80

HT29 Control 99.63 ± 0.45 0.36 ± 0.45

Treated 87.03 ± 1.52 13.09 ± 1.31

* The experiments were calculated standard deviation from n = 8 (Mean ± SD; n = 8).

3.6. Cell cycle analysis
Cell cycle analysis was evaluated for both control and treated A549 and HT29 cell lines by �ow
cytometry. The presence/absence of PFL-L at IC50 concentration was treated on A549 cells and HT29
cells were studied. Figure 6a,d showed the absence of PFL-L on HT29 cell cycle phase indicate (≥ 30%).
Interestingly, the SubG0 phase cell population increased (≤ 40%) after 24 hours of incubation with 67
µg/ml of PFL-L. However, after 24 hours, HT29 cell’s apoptotic range decreased at the G0G1 phase (≤ 
30%). HT29 cells population arrest at SubG0 phase undergoes apoptosis in presence of PFL-L (Table 3).
The apoptotic range was identi�ed at the G0G1 phase in HT29 cell’s. S phase and G2M phase gradually
decrease cell population in the absence of PFL-L on HT29 cells (Fig. 6b). PFL-L induced apoptosis on
HT29 cells. A549 cells are signi�cantly similar to HT29 cells. After 24 hours of incubation, A549 cells
were arrested at the subG0 phase. A549 cells on the absence of PFL-L cell population range below 20%
while, presence of PFL-L range was above 60% (Fig. 6d) respectively. Interestingly, the G0G1 phase
increase (≤ 60%) in absence of PFL-L, but PFL-L at 60 µl/mg reduces cell population percentage (≥ 40%).
In contrast, the presence of PFL-L induces apoptosis on A549 cells (Fig. 6e,f). Cell cycle analysis was
measured by Flow cytometry to determine apoptotic cell arrest point. Forward-scattered light (FSC) and
Side-scattered (SCC) light with �uorescence light (FL) correlate the cell cycle phase in FACS Calibur. The
scatter light beam exposed on cells showed cell death, cell membrane breakage, condensation of
chromatin, fragmentation of DNA materials, shrinkage of cells, and apoptosis cells [56]. Mannose-binding
lectin (MBL) from Oreochromis niloticus was induced apoptosis at 50 µg/mL [57]. The macrophage
Galactose-type Lectin (MGL2) arrest on lung tumor cells in the nature of Tn antigen. The carbohydrate
recognizing domain such as CRD fused with MGL2 immuno-suppression conforming by a lectin-
dependent mechanism [58].
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Table 3
Percentages of cells each phase absence or presence of PFL-L. Apoptosis were identi�ed at G0G1

phase with absence or/ presence of PFL-L on HT29 and A549 cells after 24 hours.

  A549 cells (%) HT29 cells (%)

Control Treated Control Treated

Sub Go 4.87 ± 1.35 55.46 ± 0.66 21.91 ± 1.72 43.70 ± 1.87

GoG1 62.41 ± 3.55 31.29 ± 1.03 43.57 ± 1.57 29.43 ± 2.95

S 17.82 ± 1.51 6.93 ± 0.82 16.42 ± 3.54 13.76 ± 3.10

G2M 14.55 ± 3.48 5.21 ± 2.11 14.65 ± 5.90 10.94 ± 3.73

* The cell cycle phase analyzed at three time interval (n = 3).

Standard deviation calculated from n = 3 cell cycle analysis by �ow cytometry (Mean ± SD; n = 3).

3.7. Effects of PFL-L on the expression of apoptotic
regulatory proteins
In order to study the effect of PFL-L on apoptosis regulatory proteins were examined on A549 cells.
Figure 7a shows the apoptosis-related protein in Bax/Bcl2 range was recorded based on the down-
regulation process. The disruption of the mitochondrial plasma membrane by PFL-L activated the
proteins by cleaving pro-caspases3 and 9 and target protein PARP, respectively. In contrast that PFL-L
could induce apoptosis through the regulation of apoptosis-related protein expression in A549 cells. From
the results, PFL-L-induced apoptosis was demonstrated. The treatment of A549 cells has markedly
elevated the presence of PFL-L after 24 hours. The apoptosis-related protein inhibitory ratio in a dose-
dependent manner [59]. Mitochondrial-related protein was regulated to the caspase-dependent
mechanism [60]. From the above study were supported to the PFL-L was to inhibit mitochondria pore at
the time apoptosis mechanism. Next, we explored the HT20 cells treated with PFL-L after 24 hours. The
Fig. 7b results showed that PFL-L signi�cantly reduced the proteins levels of MMP-3, MMP-9, B6, N-
cadherin, and E-cadherin. From our results, the MMP protein which is a downstream process and protein
behaviors on HT29 cells were changed. Cheng Peng et al (2016), were reported the mesenchymal-
epithelial transition (MET) process regulating the epithelial-mesenchymal transition (EMT) and its
important role to play on colon cancer cells [61]. EMT process was interrupted the WNT pathway. After
PFL-L was treated with HT29 cells for 24 hours, we detected the MMP and cadherin protein levels were
decreased. The expression of colon cancer-related proteins such as N-cadherin and E-cadherin were up-
regulated. MMP was involving, many signaling pathways by transcriptions process [62]. The
mitochondrial-related proteins such as Bcl-2 and its act pro-apoptotic protein in colon cancer. Bcl-2 family
interacting with a mitochondrial-associated pathway [63]. From our results, the control Bcl-2 and Bcl-xL
were stimuli for the pro-apoptotic members.

Conclusions
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Conclusion

Present scenario, touching the most common cancer metastatic stages has high and the survival rate is
low. However, the chemotherapy against different cancer treatments and control measured to provide
limited success causes with more side effects. Moreover, cancer drug developments with non-toxic drugs
are manipulated from natural sources. The fungal lectin is emphasized to the urgent need to implement
the natural carbohydrate-binding protein towards cancer cells metastatic stages control. In summary, we
conclude that the induction of the cancer-related caspase-dependent activity of Bax/Bcl2, and
MMP/cadherin proteins may be involved in the cytotoxicity of PFL-L in HT29 and A549 cells. Our
investigation has proved that Pleurotus �abellatus lectin can be a promising candidate for treating
human colon and lung cancer.
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Figure 1

Effect of PFL on fungal mycelia. (a). Cell viability of A. �avus. (b). Cell viability of Mucor sp. (c).Cell
viability of A. niger. Concentration was expressed at microgram / milliliter (µg/ml). 70 µg/ml was
indicates as a standard drug.
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Figure 2

Cell viability of cancer cells treated with PFL-L for 24h by MTT assay. (a) Cell viability of A549 and HT29
cancer cells (b) Normal �broblast cells with presence of PFL-L at various concentrations for 24 hours.
The results are presented as the means ± SD of values obtained in three independent experiments. 



Page 20/23

Figure 3

Cell morphological changes in A549, and HT29 cells after 24 h under a phase contrast microscope.
Changes in cellular morphology were examined in absence or presence of PFL-L. PFL showed 50%
inhibition at 67 µg/ml and 60 µg/ml against HT29, A549 cells respectively. 

Figure 4

Morphological changes in the nuclei in absence/presence of PFL-induced apoptosis in HT29 and A549
cells detected by AO/EB and DAPI staining. (a). Acridine Orange/Ethidium Bromide (AO/EB) and DAPI
after incubation (24hrs) with HT29 colon cancer cells. (b). Acridine Orange/Ethidium Bromide (AO/EB)
and DAPI after incubation (24hrs) on A549 cells. Viable cells showed green �uorescence. Necrotic and
apoptotic cells show orange and yellow �uorescence. (Arrows indicate the following: L, live cells; A,
apoptotic cells; and N, necrotic cells).
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Figure 5

Single Cell Gel Electrophoresis (SCGE)/Comet Assay. Cell nucleus isolated from HT29 and A549 cells
after treatment with IC50 concentration of respective cancer cells in alkaline nature. (a-d) Representative
images of cell nuclei from HT29 and A549 cells of control/treated of PFL-L. DNA of both nuclei was
stained with EtBr after separation of DNA fragments by single cell gel electrophoresis. Images were
captures under a �uorescence microscopy. Scale bar 200μm. (e-f). Quanti�cation of DNA damage of
head and Tail length (in μm) indicating the extent of DNA fragmentation. Error bars represent means +
s.e.m.
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Figure 6

Flow cytometry assays measure apoptotic effect in HT29 and A549 cells treated with PFL-L at respective
IC50 concentrations. (a). Absence of PFL-L cell cycle analysis by �ow cytometry on HT29 cells. (b).
Presence of PFL-L (67 µg/ml) with cell cycle analysis. (c). Absence of PFL-L cell cycle analysis by �ow
cytometry on A549 cells. (d). Presence of PFL-L (60 µg/ml) with cell cycle analysis. Cell cycle distribution
of PI – labeled cells was analyzed by �ow cytometry analysis. The peaks in the illustration correspond to
the sub G0, G1/G0, S and G2/M phases of the cell cycle. (e – f). Histogram showed the percentages of
cells in each phase of the cell cycle. The percentages of growth inhibition of the presence or/ absence of
PFL-L with IC50 value on HT29 and A549 cells. The histogram was determined by �ow cytometry cell
cycle analysis in comparison with the different cell cycle phase. Presence of PFL-L is associated with IC50

both cell cycle arrest at the G0/G1 phase. Error bars represent means + s.e.m.
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Figure 7

Western blot analysis of apoptosis related proteins after 24 hours with PFL-L. (a). A549 cells were treated
with PFL-L for 24h. (b). HT29 cells were treated with PFL-L for 24h. (c). Western blot analysis of Bcl – xL,
Bcl-2, Procaspase – 3, Procaspase – 9, MMP-3, MMP-9, B6, N-cadherin, and E-cadherin expression in
HT29 and A549 human cancer cells. Protein levels are shown relative to the untreated control cells. 
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