DOI:http://dx.doi.org/10.7314/APJCP.2014.15.12.5055
Expression and Characterization of Latcripin-3 from Lentinula edodes C91-3

RESEARCH ARTICLE

Expression and Characterization of Protein Latcripin-3, an
Antioxidant and Antitumor Molecule from Lentinula edodes

CI91-3

Xiao-Hua Ann'?¥, Yong-Zhi Lun'**, Wei Zhang!, Ben Liu', Xing-Yun Li', Min-
Tao Zhong', Xiao-Li Wang', Jing Cao', An-Hong Ning', Min Huang'*

Abstract

In this study, an anti-oxidant and anti-tumor protein Latcripin-3 of Lentinula edodes C91-3 was expressed in
Escherichia coli. for the first time. According to the cDNA library, the full-length gene of Latcripin-3 was cloned
by the methods of 3’-full rapid amplification of cDNA Ends (RACE) and 5’-full RACE. The structural domain
gene of Latcripin-3 was inserted into the pET32 a(+). The functional protein of Latcripin-3 was expressed in
Rosetta-gami (DE3) E. coli, evaluated by Western blotting and mass spectrometry. DPPH testing showed that
the protein Latcripin-3 can scavenge free radicals remarkably well. The activity of functional protein Latcripin-3
on A549 cells was studied with flow cytometry and the MTT method. The MTT assay results showed that there
was a decreases in cell viability in a dose-dependent and time-dependent manner in protein Latcripin-3 treated
groups. Flow cytometry demonstrated that Lafcripin-3 can induce apoptosis and block S phase dramatically
in human A549 lung cancer cells as compared to the control group. At the same time, the cell ultrastructure
observed by transmission electron microscopy supported the results of flow cytometry. This research offers new

insights and advantages for identifying anti-oxidant and anti-tumor proteins.
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Introduction

Valued as both edible and medicinal resources,
mushrooms have captured the attention of many investigators
on account of the exploitable bioactive constituents that
they contain. Mushroom polysaccharides may exhibit
hypolipidemic, hypoglycemic, immunostimulant and
antitumor activities. Lentinula edodes is an edible
mushroom isolated from Basidiomycetes Umbelliferae
fungi, and many strains of Lentinula edodes have
been researched by the fermentation technology of
bioengineering according to the international study of
pharmaceutical research regarding Lentinula edodes.
The extracts contain a variety of proteins in addition to
polysaccharides and amino acids. Some direct anti-tumor
and antioxidant effects have been found in fermentation
broths (Takehara et al., 1981; Huang et al., 2001; Lin et
al.,2008). Our group has been committed to the research
of the strain of Lentinula edodes C91-3. Because the strain
was studied for the first time in March 1991, it was named
as “C91-3”, C referring to China (Liu et al., 2012; Zhang
et al., 2013). The extracts contain a variety of proteins
in addition to polysaccharides and amino acids (Wasser

2002; Chen et al., 2004; Moradali et al., 2007). The in
vivo and in vitro experiments confirmed that some of the
protein components have significant effects on inducing
cell apoptosis (Huang et al., 2001; Li et al., 2009).

In this paper we report for the first time details of
Latcripin-3 full length gene cloning by means of the 3’-
Full RACE and 5’-Full RACE methods, structural domain
expression and purification. The biological activity of
functional protein Latcripin-3 on A549 cells was studied
with flow cytometry, the 3-(4, 5-Dimethylthiazol-2-yl)-2,
5-Diphenyl-tetrazolium Bromide (MTT) method, and the
DPPH radical scavenging method .

Materials and Methods

Materials

Lentinula edodes strain C91-3 was kept in our
laboratory. The Escherichia coli strain JM109, used as
the host for cloning the gene Latcripin-3, was purchased
from Takara. The Escherichia coli strain Rosetta-gami
(DE3) and pET32a (+) vectors used for Latcripin-3
expression were purchased from Novagen. RNAiso
plus kit, the In-FusionTM Advantage PCR Cloning Kit,
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3’-Full RACE Core Set Ver.2.0 kit, 5’-Full RACE Kit,
BigDye Terminater V3.1 Cycle Sequencing Kit, Plasmid
purification kit, PrimeSTAR® HS DNA Polymerase Kkit,
MiniBEST Agarose Gel DNA Extraction Ver. 3.0 Kit,
BamHI, Xholl, Protein molecular weight markers and
primers were purchased from Takara (Dalian, China).
Ampicillin, Chloramphenicol, Tetracycline, Kanamycin
sulfate, IPTG and PMSF (protease inhibitor) were
purchased from TianGen (Beijing, China). Ultrafiltration
centrifuge tubes were purchased from Millipore. DPPH
was purchased from Sigma-Aldrich (Shanghai, China). A
Ni-NTA-His binding affinity column, mouse anti-his Tag
monoclonal antibody and goat anti-mouse IgG peroxidase
conjugate were purchased from Novagen. Bicinchoninic
Acid (BCA) Protein Assay Kit for Protein Determination
and Annexin V-FITC/PI kit were purchased from KeyGen
Biotech (Nanjing, China). The integrated potato culture
medium was prepared by the staff of our own laboratory.
All other reagents were of analytical grade available from
commercial suppliers.

Method of determining the ORF region of Lentinula
edodes C91-3 Latcripin-3 full-length gene

Total RNA from Lentinula edodes C91-3 mycelia,
which had been cultivated for 18 days in the integrated
potato culture medium, was isolated using the RNAiso
plus kit (Takara), chloroform and isopropanol. The RNA
was washed with 75% ethanol, dissolved in nuclease-
free water, and checked for integrity by 1.0% agarose
gel electrophoresisy. The primers for the 3’-RACE and
5’-RACE experiments were designed with primer 5.0
software according to the information of transcriptome,
and all primers required for the research are listed in Table
1. The sequences of 3’-Full RACE and 5°-Full RACE
were analyzed and stitched, and then primers F and R
were designed accordingly. The cDNA was synthesized
by Takara 3’-Full Race Core Ver. 2.0. The cDNA was
amplified by PCR with primers F and R. The sequence
of the amplified gene was analyzed and confirmed by the
ABI PRISMTM 3730XL DNA Sequencer and Applied
Biosystem.

cDNA synthesis, cloning, and plasmid constructs of
Latcripin-3

The cDNA structure segments synthesis of the
peroxidase domain was performed using 3’-Full RACE
Core Set Ver. 2.0 kit (Takara) and PrimeSTAR® HS

Table 1. Primers Used in the Experiments

Primer Name Primer Sequence (5’—3") Length (bp)
3’-RACE Outer Primer F TATTTGCTGTGATTTTATTCCG 22
3’-RACE Outer Primer R CACCGGTGTGGAAGGCGTATT 21
3’-RACE Inner Primer F GCCCATGAAGTGCTTCGTTT 20
3’-RACE Inner Primer R TAGATGCCAGGGACCGCTTCT 21
5’-RACE Outer Primer F TCTTCGCCAGGGACCGTAGAT 21
5’-RACE Outer Primer R GGTGGACAATGCAAGGGCTACGA 23
5°-RACE Inner Primer F CTGAGCGTCGGTAGCATTTGC 21
5°-RACE Inner Primer R~ TGCAAGGGCTACGAAAGGGA 20
F Primer ATGAGTGGCGGATTTGAACG 20
R Primer ATAACAGCCATCTTTGCCAT 20
BamH I
Primer 1 F GGCTGATATCGGATCCCTTGCCCAAGATCTTACCG 35
Primer 1 R GGTGGTGGTGCTCGAGCTGGTTGATCATTGATTGC 35

Xhol I

5056 Asian Pacific Journal of Cancer Prevention, Vol 15, 2014

DNA Polymerase kit (Takara), strictly according to the
manufacturer’s instructions. The primers 1F and 1R
(shown in Table 1) were designed by us and synthesized by
Takara. The restriction sites were introduced to facilitate
cloning into the pET32a (+) vector, and the randomly
added extra GC and CC nucleotides in the forward and
reverse primers, respectively, provided support for the
restriction enzymes. A 6xHis tag was added at the 3’
end for later verification. The amplified cDNA (738 bp)
separated on 1% agarose gel was eluted by using the
MiniBEST Agarose Gel DNA Extraction Ver. 3.0 Kit
(Takara), and cloned into the BamH I/Xhol I sites of the
pET32a(+) vector by using the In-Fusion® HD Cloning
Kit (Clontech). In-Fusion production was transformed
into JM109 E. Coli competent cells, and grown on
ampicillin-containing a 100 ug/ml LB-agar plate by
streaking. The positive white colonies, confirmed by DNA
sequencing from Takara (Dalian), were inoculated into
100 ug/ml ampicillin-containing medium at 37°C. The
plasmid was isolated from the overnight mini-culture, and
transformed into Rosetta-gami (DE3) E. coli competent
cells (Novagen) for expression. The positive recombinant
clones were identified by means of 1.0% agarose gel
electrophoresis of the double restriction enzyme digestion
of the plasmid.

Culture cultivation and expression of the recombinant
protein

An overnight culture of E. coli bearing pET32a-
Latcripin-3 was diluted with a 1:100 ratio in 100 ml TB
medium supplemented with 34 ug/ml chloramphenicol,
12.5 ug/ml tetracycline, 15 ug/ml kanamycin sulfate, 100
ug/ml Ampicillin and 1% glucose, and cultured at 37°C.
The culture was induced with IPTG (final concentration
=0.8 mM) when the OD600 reached 0.6, and incubated
for another 2 h. After induction, 5 ml was withdrawn
from the culture at 1 h intervals, centrifuged to collect the
cells, lysed using lysozyme, and evaluated using Sodium
Dodecylsulfonate Polyacrylate Gel Electrophoresis
(SDS-PAGE). The expression of the fusion protein was
confirmed by Western blotting using an anti-his antibody,
and then it was compared to negative control (non-
recombinant clones).

Purification of the protein and analysis by mass
spectrometry

All the purification steps were performed at 4°C. The
cells were collected by centrifugation at 10,000 rpm for 10
min, then resuspended in buffer A (20 mM Tris, 500 mM
NaCl, and 2 OmM imidazole, pH7.9) to a concentration
of 0.1 g/ml, with 1 mg/ml lysozyme and protease
inhibitor (PMSF) added according to the manufacturer’s
instructions. Resuspended cells were sonicated and the cell
lysate was collected by centrifugation at 16,000 g for 20
min. The supernatant was removed after centrifugation,
and the precipitate was dissolved in extraction buffer B (20
mM Tris, 500 mM NaCl, 8 M Urea and 20 mM imidazole,
pH 7.9). After centrifugation, the supernatant was loaded
on a Ni-NTA resin affinity column, and the target protein
was eluted using 20 mM Tris-HCI supplemented with 8
M urea, 500 mM NaCl, and a linear gradient of imidazole
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from 50 to 500 mM with different concentrations of
imidazole, pH 7.9. The eluted protein was analyzed on
12% SDS-PAGE. After SDS-PAGE, the Coomassie
stained protein band corresponding to the correct mass for
the target fusion protein was extracted from the gel and the
protein digested using restriction grade trypsin. A hybrid
linear ion trap-Orbitrap (LTQ Orbitrap XL, Thermo) mass
spectrometer equipped with an Eksigent NanoLC-Ultra
2D Plus HPLC system was used for the analysis of the
tryptic fragments.

Refolding and concentration of the fusion protein

An appropriate volume of eluate containing the
fusion protein was diluted with the extraction buffer B to
a final protein concentration of 0.05 mg/mL. The dilute
solution was dialyzed against a renaturation buffer [PBS
supplemented with 0.5mM GSH (glutathi-one) and 0.05
mM GSSG (glutathione dimmer)] containing different
concentrations of urea. Refolding occurred during dialysis
at 10°C with stirring at 120 rpm; the buffer was changed
every 8 h, and the urea concentration was decreased
in a stepwise manner. Finally, the diluted solution was
dialyzed against PBS at pH 7.4. The diluted solution
was concentrated using a UFC 901096 (15 ml, 10 kda)
ultrafilter. The final protein concentration was measured
by a BCA Protein Assay Kkit.

Antioxidant activity assay

The antioxidant activity of Latcripin-3 was examined
by a 1,1-diphenyl-2-picrylhydrazyl(DPPH) radical
scavenging assay. Microplate DPPH assay was performed
as described by Brand-Williams et al. (1995) and
modified by Brem et al. (2004). Briefly, in a 96-well
plate, successive sample dilutions (100 pL/well, 15, 30,
60, 120, 240 and 360 pug/mL) and 100 pL/well ethanol as
a blank were tested in triplicate, received DPPH solution
(50 uM in absolute ethanol, 100 pL/well), and allowed
to stand for 30 min in the dark at room temperature to
enable any reaction to take place. L-Ascorbic acid was
used as the positive control. The absorbance was measured
at 517 nm with a microplate reader. A decrease in the
absorbance of the DPPH solution indicated an increase
in the DPPH radical scavenging activity. This activity is
given as a percentage of DPPH radical scavenging, which
is calculated with the following equation:

DPPH radical scavenging (%)=[(Ab-As)/Ab]x100

Where Ab is the average absorbance of the blank, and
As is the average absorbance of the sample (Amiri, 2011).
Antitumor activity assay

Cell culture

A549 human lung adenocarcinoma epithelial cell lines
were obtained from the American Type Culture Collection
(Rockville, MD, USA). The cells were seeded in a 25 mL
culture flask at a density of 2x10°, then maintained in
DMEM/F12 supplemented with 10% fetal bovine serum
(Hyclone, Logan, UT, USA), 100 units/mL of penicillin
and 100 mg/mL streptomycin at 37°C in a humidified
atmosphere under 5% CO,. The medium was changed
every 2 d during the experimental period. The cells were
treated with the Latcripin-3 in different concentrations.
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MTT assay

Cell viability was assessed by MTT colorimetric
3-(4, 5-dimethylthia-zol-2-yl)-2, 5-diphenyl tetrazolium
bromide (MTT) assay, which is based on the reduction
of an MTT into formazan dye by active mitochondria
(Mosmann, 1983). Briefly, the cells were placed in 96-
well culture dishes at a density of 5x10* cells/well in
DMEM/F12 culture medium containing 10% FBS, then
incubated at 37°C under 5% CO,. After 24 h, the cells
were washed and placed in a culture medium with different
concentrations of Latcripin-3 (7.5 pg/mL, 15 pg/mL, 30
pg/mL and 60 ug/mL), and 10% FBS DMEM/F12 was
used as a negative control, after 24 h Next, 20 mL of MTT
solution (5 mg/mL in PBS) was added to each well of a
microtiter plate, and the samples were then incubated for
4 hat37°C. After washing, the formazan dye precipitates,
which are proportional to the number of live cells, were
dissolved in 150 mL of DMSO. The absorbance at 492
nm was then read using a microtiter plate reader (Thermo
Electron, Vantaa, Finland). The rate of cell growth
inhibition was calculated using the following formula:

Inhibition ratio (%)=[(A0-At)/A0]x100%

Where AO is the average absorbance of the control
group, and At is the average absorbance of the test
group. The effects of each concentration were analyzed
in triplicate.

Flow cytometry assay and cell morphology

The logarithmic phase of the A549 cells were plated in
two 25 mL culture flasks at 3x10° cells/flask, then cultured
in4 mL 10% FBS DMEM/F12. After 24 h of incubation,
the medium was replaced with the medium supplemented
with 30 pg/mL and 60 pg/mL protein Latcripin-3, and 10%
FBS DMEM/F12 was used as a negative control. After
another 48 h of incubation, the cells were trypsinizated
with 0.25% EDTA (Ethylenediamine Tetraacetic Acid)-
trypsogen and washed with PBS three times. All the cells
were divided into three equal parts. Annexin V-FITC/PI
dye was added into one part according to the instructions
of the kit. First, 200 uL Binding Buffer was added, then
10 pL Annexin V-FITC and 5 puL PI were added. After
15 min of dark incubation, the apoptosis function of
Latcripin-3 was analyzed with FAC-Scan Flow Cytometry
(Becton Dickinson), and analyzed by Cell Quest software
(Cell Quest Software, Version 3.3,2007, Cell Quest, Inc.:
Tokyo, Japan). The second part was used to quantitatively
detect the cell-cycle distribution. Cells were fixed in 70%
ethanol overnight at 4°C and stained with 50 pg/mL
propidium iodide (PI) by incubation at 4°C for 30 min
(Ye et al., 2005). The stained cells were also analyzed
with FAC-Scan Flow Cytometry (Becton Dickinson)
and analyzed by Cell Quest software. Finally, the last
part of the cells were fixed with 2% glutaric dialdehyde
and prepared for transmission electron microscopy. After
having been fixed at 4°C for 24 h, the cells were fixed
with 1% osmic acid for 3 h. After washing, the cells
were dehydrated by being placed in increasingly higher
concentrations of alcohol at 4°C. Then, 100% acetone
and embedding solution (2:1) were added at 25°C for 4 h.
100% acetone and embedding solution (1:2) were added
at 25°C for 12 h. Embedding solution was added at 37°C
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for 12 h, then incubated at 45°C for 12 h, and at 60°C
for 24 h. When the embedding medium became hard, the
sections were cut on an ultramicrotome. Then the sections
were stained with 3% uranyl acetate-lead citrate. The cells’
ultrastructure was observed with an electron microscope.
Annexin V-FITC and PI double staining were used
to analyze apoptosis, and PI staining was used the cell-
cycle distribution by flow cytometry assay. Changes of
cell ultrastructure were observed by transmission electron
microscopy.

Statistical analysis

SPSS10.0 software (SPSS10.0 Software, Version
10.0,2007, SPSS Statistical Program for Social Sciences,
Inc.: Chicago, IL, USA) was used for statistical analysis.
Independent-sample T-testing was used to compare
the differences between the two groups. p<0.05 was
considered to be statistically significant between the two
groups

Results

ORF region of Lentinula edodes C91-3 Latcripin-3 full-
length gene

In order to investigate the protein in Lentinula edodes
C91-3, the total RNA of Lentinula edodes C91-3 was
extracted and a cDNA library was prepared. The short
reads were obtained by using the Solexa High-flux
Sequencing Technique. These short reads were assembled
de novo with the sequence assembly software SOAP2.
The output was the Unigene sequences, which could
not be extended at both ends. At the same time, the
given information was parsed and the gene function was
annotated (Takehara et al., 1981; Wouter et al., 2008). The
Unigene sequences were blasted with the blastx method.
All of the information on the Lentinula edodes C91-3
transcriptome was obtained. Latcripin-3 was found to have
a peroxidase domain using the online tools Sanger Pfam
(Pfam-ID: PF00141). According to the results of the gene
functional annotation, Latcripin-3 as a novel member of
the peroxidase Family was screened out of the Unigene
sequences. The name Latcripin-3 was derived from three
words: Lentinula edodes, transcriptome and protein. The
stem “La tcri pin” represents the novel molecule (Liu et
al.,2012).

After the 3’-Full, 5’-Full RACE reaction, the RT-PCR
reaction with primer F and R, 5 pL of RT-PCR product
was tested by 1.0% agarose gel for electrophoresis.
Consistent with the sequencing results, a clear band was
shown at about 1100 bp (Figure 1a) which is in line with
the Lentinula edodes C91-3 Latcripin-3 full-length gene
Open Reading Frame (ORF) region (GenBank Accession
Number: KF682440).

Protein structure analysis of protein Latcripin-3

The secondary structure of the protein Latcripin-3 was
analyzed with the Swiss-Model database (Arnold et al.,
2006) and the Pfam database (Pfam Database. Available
online: http://www.pfam.sanger.ac.uk/ accessed on 26
November 2012).

The results showed that two Pfam-A matched the search
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sequence (Figure 1b). Therefore, the tertiary structure of
Latcripin-3 was predicted by structure modeling on phery2
website online tools. The tertiary structure of Latcripin-3
showed that the proteins with multiple consecutive alpha
helix structure eventually formed a three-dimensional
structure of a pocket by RasMol software (Figure 1c).

Construction of recombinant plasmid

PCR amplification and double enzyme digestion were
conducted to examine the recombinant plasmid. The
double restriction enzyme digestion of pET32a(+) vector
production and recombinant plasmid was separated on 1%
agarose gel. The size of the target fragment from restriction
enzyme digestion of recombinant plasmid was about 800
bp, the same as the structural gene fragment we designed.
The recombinant gene was reconstructed successfully.

Expression and affinity purification of protein Latcripin-3

As shown in Figure 2a, Latcripin-3 was expressed
as insoluble inclusion bodies with a molecular weight of
approximately 44.5 kDa on SDS-PAGE. The inclusion
bodies were dissolved in a denaturation buffer, loaded onto
a nickel ion affinity column, then washed with an elution
buffer containing different concentrations of imidazole.
Figure 2b shows the purification of the Latcripin-3. After
dialysis with the refolding buffer containing different
concentrations of urea, about 30 ml intermediate was
obtained as the 45-kDa final product of refolding. We
propose that autocatalytic activation occurred during
dialysis at 10°C. After centrifugal concentration using the
ultrafiltration centrifuge, the protein thickened. Measured
with the Bicinchoninic Acid (BCA) method, the protein
concentration was 720 pug/mL.
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Figure 1. A) Agarose gel Electrophoresis of Latcripin-3
Full-Length of Gene. M: DNA Marker DL2000, 1: Full-
length of Latcripin-3 Gene PCR 2:Nnegative control; B) The
Structural Domain Analysis of Protein Latcripin-3 with Pfam
Database (significant Pfam-A Matches); C) The tertiary structure
of protein Latcripin-3
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Figure 2.A) SDS-PAGE of expression in different time
spans. M: Premixed Protein Marker (Low). lane 1, supernatant
of control group; lane 2, precipitation of control group; lane 3,
supernatant of sample induced for 3 h; lane 4, precipitation of
sample induced for 3 h. B) SDS-PAGE of affinity purification
of protein Latcripin-3. M: Premixed Protein Marker (Low).
Lane 1, inclusion bodies were dissolved in denaturation buffer;
lane 2, flow through solution; lane 3, purified target protein. C)
Western blot of purified protein Latcripin-3
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Western blotting and mass spectrometry

To validate the purified protein, the Western blot
method and mass spectrometry were used, an anti-his-
tag positive band which appeared in the position of
about 45 kda (Figure 2¢) was the Trx-Latcripin-3-(His)6
protein. The resulting protein product was subjected to
identification by a hybrid linear ion trap-Orbitrap (LTQ
Orbitrap XL, Thermo) mass spectrometer. In accord
with the primary mass spectrogram and the results of the
analysis comparison, a manganese peroxidase fragment
gained the highest score, and 65.83 s is the appearance
time of the prominent peak. As shown in the secondary
mass spectrogram of 65.83 s, there is a steeple-crowned
peak indicated in the active protein fragment.

Antioxidant activity assay

The DPPH radical is a stable organic free radical with
an absorption band at 517, and thus it is a useful reagent
for investigating the free radical scavenging activities of
different compounds. The results of the DPPH free radicals
scavenging activity is shown in Figure 3. The Latcripin-3
was capable of neutralizing the DPPH free radicals via
hydrogen donating activity by 10. 27, 15.89, 18.45,
21.07,30.16 and 35.18% at respective concentrations of
15, 30, 60, 120, 240 and 360 mg/ml; DPPH scavenging
was increased in a concentration dependent manner
compared to ascorbic acid, which was used as the positive
antioxidant control in this investigation.
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Figure 3. DPPH Radical Scavenging Activity of
Latcripin-3
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Figure 4. A)Cell viability ratio of MTT B) Apoptosis
rate of Latcripin-3 on A549 cell, (1) negative control
group, (2) 30 ug/mL Latcripin-3 group, (3) 60 ng/mL
Latcripin-3 group. C) Cell cycle analyses of Latcripin-3
treated cells A549. (1) negative control group, (2) 30 ng/
mL Latcripin-3 group, (3) 60 ng/mL Latcripin-3 group
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Antitumor activity assay

MTT assay of protein Latcripin-3: To evaluate the
effects of Latcripin-3 on the growth and survival of A549
cells, the cells were exposed to various concentrations
of Latcripin-3 for 24 h and 48 h, and their viability was
then evaluated by an MTT assay. As shown in Figure
4a, treatment with Latcripin-3 led to decreases in cell
viability in a dose-dependent and time-dependent manner.
Furthermore, the decrease induced by Latcripin-3 (60 pg/
mL) at 48 h was significantly greater than the decrease
induced by Latcripin-3 (60 ng/mL) at 24 h (46.67% vs
30.21%). Therefore, further experiments were conducted
using Latcripin-3 (30 pg/mL and 60 pg/mL) for 48 h.

Apoptosis function detection by flow cytometry

After 48 h of incubation, the A549 cells were
stained with the Annexin/PI. The cell apoptosis rate was
measured by flow cytometry in triplicate with the Cell
Quest software. In Figure 4b, the upper right quadrant
shows the advanced stage apoptotic cells, the lower right
quadrant shows early stage apoptotic cells, the upper left
quadrant shows dead cells, and the lower left quadrant
shows normal cells. The results illustrated that 60 pg/
mL Latcripin-3 induced A549 cell apoptosis increased.
Treated by Latcripin-3, the tolerance to physical and
chemical effects of the A549 cell was decreased, the cell
debris was increased and the number of dead cells was
increased significantly.

Cell cycle analyses by flow cytometry

To investigate the effects of Latcripin-3 on cell-
cycle status, the A549 cells were treated with different
concentrations of Latcripin-3 for 48 h, then analyzed for
cell-cycle alteration by flow cytometry. We observed that
protein Latcripin-3 caused a dose-dependent accumulation
of cells in S phase. The percentage of S cells increased
from 12.84 in the control to 21.26% in populations treated
with 30 pg/mL Latcripin-3 and to 29.73% in populations
treated with 60 pg/mL. Consequently, fewer cells
progressed to G2/M phase, from 16.65% in the untreated
group to 11.26%, and 6.24% in the treated group (Figure
4c). This finding indicated that cell cycle progression
was dramatically blocked in S phase when the cells were
treated with Latcripin-3.

Discussion

This is the first attempt to express the protein of
Lentinula edodes C91-3 with the prokaryotic expression
system. The results of this research show that Latcripin-3
expressed by this system has high biological activity,
which proves that this prokaryotic expression system is
suitable for the expression of fungus proteins.

This is also the first time to produce an antioxidant
and antitumor protein from Lentinula edodes C91-3.
According to the transcriptome sequence, a peroxidase
gene attracted our attention, due to the prediction of
the structure function domain. There are two structure
domains, i.e. peroxidase domain and DUF 3415 domain
(Figure 1b), and we found that the protein’s tertiary
structure is very distinctive. With a multiple consecutive
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alpha helix structure, the protein can properly combine
with the receptor.

Reactive Oxygen Species (ROS) are produced
during normal cellular function (Kathiria et al., 2012),
and ROS can induce DNA sequence changes in the
form of mutations, deletions, gene amplification and
rearrangements (Mate’s et al., 2008). In addition to the
obvious link between tobacco consumption and cancer of
the lung, there is increasing evidence that carcinogens in
smoke many also have an impact in many other organ sites
(Moor, 2002). Smoking can produce mass ROS, and do
harm to human health. These alterations may result in the
initiation of signaling leading to cell death or the activation
of several proto-oncogenes and/or the inactivation of some
tumor suppressor genes (Raj et al., 2011). As a type of
antioxidant enzyme, peroxidase can eliminate the free
radicals of ROS, resist damage caused by oxidative stress,
and sometimes possess an antitumor function (Benabadji
et al., 2004; Cakar et al., 2012).

Reactive oxygen species and free radicals are involved
in a variety of pathological events including cancer. The
anti-oxidant defense enzymes have been suggestive of
playing an important role in maintaining physiological
levels of oxygen and hydrogen peroxide and eliminating
peroxides generated from inadvertent exposure to
xenobiotics and drugs. Any natural compound with anti-
oxidant properties may help in maintaining health when
continuously taken as components of dietary foods, spices
or drugs. The increase in the levels of antioxidant profiles
i.e.GPx,GR, SOD and Catalase by Moringa oleifera, Lam
drumstick extract may be attributed to have biological
significance in eliminating reactive free radicals that
may affect the normal functioning of cells (Bharali et al.,
2003; Moor, 2013). Therefore we cloned and expressed
this gene, and the research results proved that the protein
has strong antioxidant and antitumor functions.

We speculated that such a molecular structure posses
a peroxidase biological activity in some aspect. It can
also be seen from Figure 4 that the biological function
of Latcripin-3 is obverse. The A549 cells were markedly
induced to apoptosis, and at the same time the cell cycle
of the A549 cells changed significantly. The improved
understanding of these functional domains will potentially
provide further understanding of the apoptosis mechanism
of Latcripin-3. Further research is required to elucidate the
relationship of these two functional domains (peroxidase
and DUF 3415).

In conclusion, in this study a novel antioxidant and
antitumor molecule, namely protein Latcripin-3 from
Lentinula edodes C91-3, was successfully induced and
expressed by means of a prokaryotic expression system.
The protein can scavenge free radicals, induce them to
apoptosis, and change cell cycle in human lung cancer cells
(A549). Although further research is required to elucidate
the apoptosis mechanism induced by Latcripin-3, this is the
first time to determine and study this new protein (GenBank
Accession Number: KF682440). This study reveals new
insights and advantages in finding antitumor proteins,
and addresses the possibilities of solving screening or
purification problems, further building the foundation for
future antitumor studies of Lentinula edodes C91-3.
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