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Antihepatoma peptide, scolopentide, derived from the centipede scolopendra

subspinipes mutilans

Hu YX et al. An antihepatoma peptide derived from centipede

INTRODU(EON

Centipedes have been widely used in traditional Chinese medicine to treat many
diseases, including convulsions, strokes, rheumatic joint diseases, snake bites and
tumorsl'l. It is a major challenge to isolate and characterize the effective components of
centipedes due to limited peptide purification technologies for animal-derived
medicines. Currently, the main extraction technologies are as follows: Aqueous
extractionl?, organic solvent extractionl?5], enzymatic hydrolysisl®l, ultrasonic
extraction(?, and freeze-thaw extraction(?. To obtain low-weight peptides, extracted
proteins require further purification. At present, the main purification technologies of
animal proteins are as follows: Sephadex column gel chromatography (GC)B378l,
HPLC/RP-HPLCP>>8], jon exchange chromatography!”?], and graded ultrafiltration!”l.
SDS-polyacrylamide gel el phoresis (SDS-PAGE) is a traditional separation and
identification techniquell], and mass spectrometry (MS) is the most widely used
technique for identifying peptides for use in animal-derived medicines>7l. To date,
there is no single method that can extract a single peptide from complex mixtures
(Table 1). Compound extraction plans are mostly used, which are costly and
complicated. Consequently, animal-derived medicines have not been developed as
herbal medicines. Currently, the main extracts are still crude peptides, and they have
some disadvantages, such as a low extraction ratio, undefined composition, unstable
properties and susceptibility[1112l. These disadvantages may be prevented by
identifying and characterizing the effective compositions of animal-derived medicines

and synthesizing them in vitro.
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Some ancient Chinese medical studies have reported that centipedes can be used to

treat tumors. “Compendium of Materia Medica”[®}l, a famous ancient Chinese
pharmaceutical work, recorded that centipedes can be used to treat tumors in the chest
and abdomen. It is also recorded in the modern Chinese medical literature “Integrating
Chinese and Western Medicine”['4] that centipede liquor can be used to treat esophageal
cancer with excellent clinical effects. Moreover, the Shendan Sanjie capsule, a medicine
containing centipedes, has already been applied to treat cancers and has been proven to
inhibit colitis-associated cancer(!>l. Although the antitumor theory and clinical efficacy
of centipedes have been verified for hundreds of years in China, current experimental
studies still focus on antimicrobial and anticoagulation agents. Only a few studies have
observed the antitumor effects of centipedes (Table 1). The potential mechanism is also
poorly understood. The tumor types focused on have been gliomasl?l, cervical cancer[!¢l,
leukemial'”l, epidermal cancer*], and melanomal®®, rather than tumors in the chest and
abdomen. Purified centipede peptides can suppress tumor cells by inducing caspase-
related apoptosis through a mitochondria-dependent pathwayl341618], inducing cell
cycle arrestP'8] and necrosis through a specific interaction with phosphatidylserine
(Table 1)['7I. Additionally, our previous studies showed that gcude centipede peptides
could induce apoptosis in HepG2 cells and lung cancer A549 cells by arresting cells at
the G2/M phase!20,

Apoptosis has been widely used as a target in cancer treatment(2ll. There are two
main apoptosis signaling pathways: Mitochondria-depende nd mitochondria-
independent pathways. The mitochondria-dependent pathway is controlled by Bcl-2
family proteins and is activated by DNA damage caused by chemotherapy and
radiotherapy through activation of the tumor suppressor gene p53(22l. However, the loss
of p53 is common in the clinic, contributing to the resistance of conventional
chemotherapy and the development of most cancersi?>2. Thus, the mitochondria-
'ﬂdependent pathway, which is independent of p53, has become a promising target(2>l.
Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is part of the

mitochondria-independent pathway. TRAIL can selectively initiate apoptosis of cancer
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cells but has no obvious toxic effect on normal cellsl?®2, which makes it a promising
chemotherapy drug for many cancers. Nonetheless, recent studies have shown that
some cancers, including liver cancer and esophageal cancer, are resistant to TRAIL-
mediated apoptosis, which greatly reduces its clinical efficacyl?%3l. Current research
focuses on finding suitable TRAIL sensitizers and developing TRAIL receptor agonists
to maximize the cell-killing effect. However, current studies mainly focus on sensitizers
rather than receptor agonists, and the clinical and laboratory results are not ideal(26:28].
Therefore, for research and clinical applications, it would be useful to find stable and
efficient TRAIL receptor agonists. Recently, the regulatory effect of Chinese herbal
extracts on the TRAIL apoptosis pathway was gradually di ered. Chinese herbal
extracts such as luteolin and artemisinin derivatives can induce apoptosis of liver cancer
cells by upregulating the expression of death receptor 4 (DR4) or DR5, which are TRAIL
receptors on the cell surfacel® 2],

In this study, we isolated a novel low-molecular-weight antihepatoma peptide,
designated scolopentide, from Scolopendra subspinipes mutilans L. Koch and synthesized it
in vitro. We observed that synthetic scolopentide inhibited tumor proliferation and was
more toxic to HepG2 human liver cancer cells than to LO2 human embryonic
hepatocytes.%echanistically, scolopentide activated TRAIL receptors (DR4 and DR5),
upregulated the expression of fas-associated death domain protein (FADD), caspase-8
and caspase-3 through a mitochondria-independent pathway and finally induced
tumor cell apoptosis.

MATERIALS AND METHODS

Chemicals and reagents

Dulbecco’s modified Eagle medium (DMEM) was purchased from Gibco (Thermo
Fisher "lﬁientiﬁc Inc., United States) and HyClone (Logan, United States). Fetal bovine
serum (FBS) was purchased from Gibco and Invitrogen (Thermo Fisher Scientific Inc.,
United States). DMSO was purchased from Amresco (Solon, United States). PBS was
purchased from Boster (Wuhan, Hubei Province, China) and WellBio (Shanghai, China).
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Trypsin was purchased from Invitrogen. Penicillin-streptomycin was purchased from

Beyotime (Shanghai, China). Hoechst was purchased from SolarBio (Beijing, China).

Cell culture

e Bel-7402 Liver cancer cell line, Eca-109 esophageal cancer cell line and A549 Lung
cancer cell line were purchased from the Cell Resource Center of Shanghai University of
Biolggy. The HepG2 Liver cancer cell line and L02 human embryonic hepatocyte cell
line were purchased from Cell Center of Xiangya Medical College, Central South
University. The SMMC-7721 liver cancer cell line was purchased from the BeNa Culture
Collection (Suzhou, Jiangsu Province, China). Cells were placed in culture flasks
(Corning Inc., United States) and cultured in a constant temperature incubator (SHEL-
LAB, Hitachi, United States) at 37 °C and 5% CO: with saturated humidity. The
mediu omprised 10% FBS, low-glucose DMEM and penicillin-streptomycin (100

U/mL). Cells were observed under an inverted microscope (Olympus, Japan).

Cell viability assay
The viability of HepG2, A549, Eca-109 and Bel7402 cells treated with different centipede
extracts was determined by a Cell Counting Kit-8 (Dojindo, Japan). The viability of
HepG2 and LO02 cells treated with synthetic scolopentide was also determined. Groups
and treatments were as follows: (1) Vehicle group: 100 pL cell suspension + 100 pL
complete medium; (2) zero group: 200 pL of complete medium; and (3) scolopentide
group: Cells were treated with different centipede extracts/synthetic scolopentide.
Three replicate wells were used for each group.

Cells at the logarithmic growth stage were collected, and the density was adjusted to
1 x 10* cells/mL. The cell suspension (100 pL) wagplated into a 96-well plate (Corning
Inc., United States). Four hours later, drugs were added after the cells had gdhered to
the well. Twelve hours later, 100 pL culture solution containing 10% CCKS8 was added
to each well. Cells were incubated for 2 h at 37 °C with 5% CQOs. Then, the absorbance

(OD) at 450 nm was analyzed by a microplate reader, and the mean was calculated. Cell
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viability (%) = scolopentide group OD/vehicle group OD x 100%. The cell suppression
ratio (IR) was determined with the following formula: IR (%) = (vehicle group OD-
scolopentide group OD)/vehicle group OD % 100%. The zero g%lp OD was subtracted
from the OD of all groups for correction. The 50% maximum inhibitory concentration

(ICs0) was determined by constructing dose-response curves.

Extraction of Crude Peptides from Scolopendra subspinipes mutilans

Crude centipede peptides were obtained by enzymolysis combined with acetone
precipitation. The “Pharmacopoeia of the People’s Republic of China (2020)” references
the use of the whole dried body of Scolopendra subspinipes mutilanslll. Centipedes were
purchased from the pharmacy department of the First Affiliated Hospital of Hunan
University of Chinese Medicine. They were identified as Scolopendra subspinipes mutilans
L. Koch by Chinese herbal experts. Then, the whole bodies of the centipedes were
ground into ultrafine powder by low-temperature ultrafine grinding in the Superfine
Powder Engineering Research Center of the Ministry of Education of China. First, 100 g
of centipede was dried at 50-60 °C. The superfine powder (particle size 1-75 pm) was
crushed by a BEM-6 Bailey superfine powder machine (amplitude 100 Hz, grinding
temperature 0-10 °C, grinding time 10-15 min). Microscopic image analysis and laser
light scattering were used in combination to assess the particle size, and the particle size
of more than 95% of the powder was smaller than 75 pm. Finally, the powder was
stored at room temperature until subsequent experiments.

We chose an optimized enzymatic hydrolysis method. The extraction process was as
follows: 2 g of centipede superfine powder was added to 10 mL of double distilled
water, mixed with trypsin, and incub in water at 55 °C for 4 h. The trypsin was
inactivated in a 99 °C water bath for 10 min. Then, the samples were centrifuged at 3500
r/min for 5 min (low temperature ultracentrifuge, Pharmacia Inc., Sweden), and the
supernatant was collected. The samples were centrifuged at 5000 r/min at 4 °C for 10
min. The supernatant was collected again. Two volu of precooled acetone were

added to precipitate the former supernatant, which was centrifuged at 5000 r/min at 4
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°C for 10 min. The precipitate was dissolved in double steaming water, and the process
was repeated twice. Finally, 2 volumes of precooled acetone and petroleum ether (1:1)
were added to precipitate again, which was centrifuged at 5000 r/min at 4 °C for 10
min, and the precipitate was collected. Finally, the preci;ﬁate was freeze-dried (FD-1
Freeze Dryer, Rikakika Co., Ltd., Tokyo, Japan), weighed, and stored at -20 °C, and the

protein content was determined for subsequent experiments.

Optimization of enzymolysis extraction methods

In the process of preparing crude centipede peptides, we tested the influence of single
factors on the extraction rate of the crude extract. The five factors included protease
type (trypsin, pepsin), water-centipede ratio, protease dose, enzymolysis temperatﬁ
and enzymolysis time. Then, an Lo(34) orthogonal design was adopted to investigate the
effects of enzymolysis time, enzymolysis temperature and trypsin dose on crude
extracts, which were the three most influentigl factors in single-factor experiments
(Table 2). In addition to the extraction ratio, a CCK8 assay was used to detect the
suppression effect of different crude extracts on HepG2 cell viability to determine the
optimal technological conditions. We also compared the cytotoxicity of the crude
extracts obtained from two methods, freeze-thawing with liquid nitrogen and
enzymolysis with acetone precipitation, under optimal technological conditions to

determine the significance of this improvement.

Purification and identification of an antihepatoma peptide from crude centipede
peptides

Gel chromatography: For the first step, a Sephadex G-25 column was used to isolate the
component with the strongest antitumor effect. With 0.1% trifluoroacetic acid-
acetonitrile as the mobile phase, gradient elution was performed using an AKTA
protein purification system (Amersham Bioscience, United States). In detail, a crude
centipede peptide solution (50 mg/mL) was slgwly added to a Sephadex G-25 column.

Chromatographic columns were eluted with 0.1% trifluoroacetic acid-acetonitrile (flow
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rate 0.5 mL/min). The resulting columns (3 mL/tube) were collected by an automatic
collector. After isolation, tubes with the same peak are collected together, according to
the peaks displayed on the corﬁauter ultraviolet spectrum. The protein contents of
different peaks were determined by a fluorescence microplate reader (TECAN, Austria).
The CCKS8 assay was used to assess the antitumor activity of different peaks and to
select the strongest peak for subsequent experiments.
High-performance liquid chromatography: For further purification, high-performance
liquid chromatography (HPLC) was used as the next step. Initially, we used a
conventional C18 column, byt the results showed that the sample was hydrophilic.
us, a hydrophilic XAmide column (5 pm, 100 A, 4.6 mm % 250.0 mm) was chosen.
The sample solution (1 mg/mL) was filtered through a 0.45 pm microporous membrane
and eluted with acetonitrile-water-100 mmol /L ammonium formate (pH 3.5) (flow rate
4 mL/min, detection wavelength 260 mm, injection volume 20 pL). Different fractions
were collected according to the HPLC chromatogram peaks. The CCKS8 assay was used
to select the fraction with the strongest antitumor activity. Then, the above HPLC and
CCKS8 assays were repeated. The final centipede peptide was concentrated, purified,

freeze dried and designated scolopentide.

etermination of the molecular weight and peptide sequence of scolopentide
Quadrupole time of flight mass spectrometry (UPLC-QTOF MS 6530, SHIMADZU,
Japan) was used to measure molecular weight. Theéon source parameters were as
follows: Electrospray ion source, positive ion mode, temperature 300 °C, gas flow 11
L/min, and spray pressure 15 psi. Scolopentide did not pass through the liquid column
but went directly through the mobile phase to the QTOF system. The Mascot search
engine from Matrix Science was used to match peptide sequences. Based on the protein
sequence library of Mascot, the molecular weight of scolopentide was compared with
that of known centipede proteins. The amino acid sequence that best matched the

molecular weight was selected.
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Solid-phase peptide synthesis

Scolopentides that were characterized by QTOF MS and Mascot were synthesized using
solid-phase peptide synthesis methods. Peptide synthesis was performed by Genscript
(Nanjing, China) as follows: (1) A total of 400_mg chloromethyl resin was selected to
synthesize the polypeptides, 20% piperidine/N, n-dimethylformamide was added to
the reactog_and the reactor was shaken for 20 min; (2) the solvent was removed by
filtration, N, n-dimethylformamide was added to the system, and the reactor was
shaken for 1 min, followed by filtering to remove the liquid, which was carried out
three times; (3) a total of 150 pl ninhydrin and a small amount of resin were added to
the detection tube, which was placed at 100 °C for 20 s, after which the resin’s color was
checked for change, which indicated that Fmoc was removed successfully; (4) the
prepared amino acid solution was added to the reactor, 1 mL of N,N’-diisopropyl
carbon diimine/ 1-hydroxybenzotriazole was added, and the reactor was shaken for 1 h;
(5) step 3 was repeated, and if the color did not change, the coupling was considered
successful; (6) step 2 was repeated to wash the resin; and (7) the above operation was
repeated, and the corresponding amino acids were added until polypeptide synthesis
was completed. Then, HPLC was used to test the purity of the synﬂ-Etic scolopentide,
and MS was used to test the molecular weight. Finally, the peptides were freeze-dried
and stored at -20 °C until they were used.

Flow cytometry

The apoptosis of HepG2 cells treated with extracted scolopentide was determined by
Annexin V-Alexa Fluor660/7-AAD (BB20121, BestBio, China). The cells were digested
and collected by trypsin. Approximately 5 x 10° cells were collected after washing with
PBS twice and centrifuged at 2000 rpm fgr 5 min. Then, 100 pL of Annexin V binding
buffer was added to resus&end the cells, and the concentration was adjusted to 3 x 10°
cells/mL. Five microliters of annexin V-FITC and 5 pL of propidium iodide were added

to the cell suspension, mixed and incubated for 10 min at 4 °C in the dark. Then, 400 pL
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of PBS was added to the cell suspension and mixed. Within 1 h, flow CytoFlex (A00-1-

1102, Beckman, United States) was utilized to detect cell apoptosis.

Molecular docking

To investigate the antihepatoma mechanism of scolopentide, Discovery Studio 2020
Client and AutoDock-Vina 1.1.2 were used to predict the binding affinity between
scolopentide and DR4 and DR5. BIOVIA Discovery Studio 2020 was applied to process
and visualize the results. To obtain molecular structure files, scolopentide structures
were constructed with Discovery Studio (Small Molecules) according to the sequence
RAQNHYCK. Molec structure files of DR4 (PDB code 5CIR) and DR5 (PDB code
419X) were retrieved from the RCSB PDB database (website: https:/ /www.rcsb.org/).
The DR4 and DR5 structures were modified by Discovery Studio for water deletion,
binding pocket ﬁediction, hydrogenation, and conformation optimization. Then,
AutoDock-Vina was used to perform molecular docking and calculate the affinity
potential energy of the protein molecule potential binding modes between scolopentide

and DR4 and DR5.

Haechsﬁaining assay

HepG2 cells were inoculated into 6-well plates (1 x 10 cells per well), and 100 pg/mL
synthetic scolopentide was ed. The cell slides were removed and washed with PBS 2
or 3 times after incubation at 37 °C and 5% CO; with saturated humidity for different
durations (6 h, 12 h, and 24 h). Then, the slides were fixed with 4% paraformalde e
for 30 min and rinsed with PBS 3 times. Hoechst (working concentration: 25 pM) was
added to the slides, which were incubated for 3 min and rinsed with PBS 3 ti )
Finally, the slides were sealed with glycerin buffer, stored away from light and

observed under a fluorescence microscope (Zeiss, Germany).

Animal and tumor xenograft experiments
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Male 5-week-old BALB/c nude mice (Shanghai SLAC Laboratory Animal Co., Ltd,,

Shanghai, China) were chosen for_the formation of subcutaneous xenograft tumors.
SMMC-7721 cells (0.2 mL/mouse, 1 x 107 cells/mL) were subcutaneously in'ﬁcted into
the right back. The tumor diameter reached 1 cm at 3 wk. Qualified model mice were
randomly divided into 2 groups (n = 6 per group): The scolopentide group
(intraperitoneal injection of synthetic scolopentide, 500 mg/kg/d) and the wvehicle
group (same volume of normal saline). The length and width of tumors were measured
every 2 d, and volume was calculated as the maximum tumor length x width? x 0.5.
After 14 d of treatment, all mice were euthanized by cervical dislocation, and tumor
weights were measured. All operations followed the United Kingdom Ani
(Scientific Procedures) Act, 1986. All laboratory animals were carefully handled, and the
study was reviewed and approved by the Ethical Review Committee of Experimental
Animal Welfare at Hunan University of Chinese Medicine (Approval No.
LL2021040705).

Quantitative real-time polymerase chain reaction

Total RNA was extracted from tumor tissues based on the instructions of the RNA
Simple Total RNA Kit (Novoprotein Scientific Inc., Suzhou, China), and the RNA
concentration was measured by microplate reader. Then, NovoScript“Plus
(Novoprotein Scientific Inc., Suzhou, China) was utilized to reverse-transcribe the RNA
into ¢cDNA, which was stored at-20 °C until subsequent use. According to the
instructions of NovoStart?SYBR (Novoprotein Scientific Inc,,_Suzhou, Jiangsu Province,
China), 10 pL SuperMix Plus, 7 pL RNase Freewater, 2 pL ¢cDNA, 0.5 pL forward
primers and 0.5 reverse primers (Genecreate Inc., Wuhan, Hubei Province, China) were
mixed. GAPDH was us as the internal reference. A LightCycler®96 (Roche,
Switzerland) was used for quantitative real-time polymerase chain reaction (qRT-PCR).
The primer sequences are shown in le 3. The qRT-PCR conditions were as follows:
Predenaturation for 60 s at 95 °C; 45 cycles of denaturation for 20 s at 95 °C, 20 s at 60
°C, and 30 s at 72 °C; 1 cycle of melting for 10 s at 95 °C, 60 s at 65 °C, and 1 s at 97 °C;
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and cooling for 30 s at 37 °C. Dat ere individually normalized to the mean of the
relative expression of GAPDH. The fold change was calculated using the 2-4ACT method.
The experiment was repeated at least three times, and the results that were the most

representative are shown.

estem blotting

Tumor tissue specimens were prepared and suspended in ice-cold RIPA lysis buffer
(CWBIO Co., Ltd, Beijing, China) and incubated for 20 min. The supernatant was
removed after ceptrifugation. The protein levels of tumor tissues were determined by
the BCA assay using a BCA Protein Assay Kit (CWBIO Co., Ltd, Beijing, Chin
Proteins (50 pg) were mixed with pure water and SDS loading buffer and denatured at
100 °C for 10 min. Proteins were resolved by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred to PVDF membranes (Merck Millipore Ltd.,
Germany). Then, PVDF membranes were blocked for 1 h in blocking buffer (5% milk in
TBST). The membranes were removed and washed with PBST (PBS + 0.1% Tween 20) 3
times, incubated with primary antibodies overnight at 4 °C, washed with TBST 3 times,
incubated with Proteintech HRP Goat Anta'{abbit IeG (H + L) (SA00001-2, diluted
1:6000) for 90 min at room temperature and washed with TBST 3 times. Protein signals
were visualized by enhanced chemiluminescence using an eECL western blot kit
(CWBIO Co., Ltd, Beijing, China). Membrane images were collected by an Amersham
Imager 600 (GE Healthcare, United States) and qualified by Quantity One software. All
experiments were repeated three times. Primary antibodies against DR5 (ab199357,
diluted 1:1000), FADD (ab108601, diluted 1:1000), cleaved caspase-3 (ab32042, diluted
1:1000), and cytochrome ¢ (Cyto-C) (ab133504, diluted 1:5000) were obtained from
Abcam (Cambridge, England). Antibodies against GAPDH (10494-1-AP, diluted 1:5000)
and DR4 (24063-1-AP, diluted 1:2000) were obtained from Proteintech Group, Inc.
(Chicago, United States). The antibody against cleaved caspase-8 (AF5267, diluted

1:1000) was obtained from Affinity Biosciences, Inc. (Jiangsu, China).
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Analysis of intracellular reactive gen species accumulation

Reactive oxygen species (ROS) were measured using a ROS Assay Kit (E004-1-1
Jiancheng, Nanjing, China) according to the manufacturer’s instructions. Briefly, the
tumor tissue was prepared into a single cell suspension by enzymatic hydrolysis. Three
groups of ﬁ)es were set up as follows: (1) Negative vehicle tube: cells without any
treatment were resuspended in 0.01 M PBS; (2) positive_yehicle tube: cells were
resuspended in diluted 2,7-dichlorofluorescin diacetate (DCFH-DA), and ROS
hydrogen donor (concentration: 30 pM) was added to induce the cells; and (3) sample
tube: cellwere resuspended in diluted DCFH-DA (cell density: 1 x 10°-2 x 107/mL).
Then, all cells were incubated for 50 min at 37 °C. After labeling with the probe, the
single-cell suspensions were subsequently collected and centrifuged for 5-10 min. The
precipitates were collected and washed with 0.01 M PBS 1-2 times. The precipitates
were centrifuged and collected again. Finally, the cell precipitates were resuspended in
PBS and measured on a fluorescence micropl reader (optimum excitation
wavelength 500 nm, optimum emission wavelength 525 nm). All results are expressed

as fluorescence values.

Statistical gnalysis

SPSS 25.0 and GraphPad Prism 8.3 software were used for all statistical analyses. Unless
otherwise stated, P < 0.05 was considered statistically significant. All data are expressed
as the mean + SD. For the cell viability assay, VA was used to compare the means
of multiple groups, Student’s t test was used for pairwise compagisons, and Fisher’s
exact test was used for ratio comparisons. For tumor weight, gRT-PCR and WSB,
Student’s t test was used when normality and ANOVA were satisfied. For ROS
assessment, the Mann-Whitney rank-sum test was used due to unsatisfactory normality.

Two-way ANOVA was used for tumor volume analysis.

RESULTS
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Crude centipede peptides extracted by optimal enzymolysis hydrolysis extraction ratio
of crude peptides under different conditions

Based on the extract ratio and protein content, we carried out five single-factor
experiments and finally obtained the optimum conditions: the protease was trypsin, the
water-centipede ratiOﬁas 5:1, the protease dose was 0.1 g (300 U/g, with a centipede-
trypsin ratio of 20:1), the enzymolysis temperature was 46 °C, and the enzymolysis time
was 4 h. The three most influential factors were enzymolysis time, enzymolysis
temperature and trypsin dose. Therefore, an Lo (34) orthogonal design was adopted to
further investigate the optimal group of three factors on the extract ratio, as shown in
Table 4. In conclusion, Group 4 (A2B1C2), Group 2 (A1B2C2), and Group 9 (A3B3C2)

had higher extract ratios.

Cytotoxicity of crude peptides under different conditions

The Lo (3%) orthogonal design was adopted to further investigate the optimal group of
the three factors for cytotoxicity in HepG2 cells, as shown in Table 5. A CCKS8 assay was
used to evaluate HepG2 cell viability. The results indicated that the 9 extracts induced
cell death in a concentration-dependent manner (P < 0.05). Extracts from Groups 4, 2,
and 9 showed stronger cytotoxicity, and Groups 1, 3, 5, 6, 7, and 8 showed moderate
cytotoxicity. In the Lo (34) orthogonal experiment, Group 2 (5.86%, 0.310 mg/mL), which
used the optimal process of the single-factor experiment, showed little difference from
the nonoptimal process of Group 9 (5.94% and 0.278 mg/mL). Indeed, Group 2 required
less time and a lower trypsin dose. Based on the ICso, extract ratio and suppression ratio
shown in Table 5, Group 2 was ultimately determined to have the optimal extraction
process. The optimal extraction conditions were as follows: Trypsin at 0.1 g (300 U/g,
centipede-trypsin ratio of 20:1), enzymolysis temperature of 46 °C, and enzymolysis

time of 4 h.

Cytotoxicity of crude peptides from the optimal enzymolysis hydrolysis and freeze-
thawing with liquid nitrogen
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HepG2 cells were treated with crude peptides extracted using two extraction methods.
The res showed that extracts obtained from the two methods significantly inhibited
HepG2 cells in a concentration-dependent manner. Optimal enzymatic hydrolysis (ICs:
0.31 mg/mL) was superior to freeze-thawing with liquid nitrogen (ICso: 3.07 mg/mL),

and the cytotoxicity of extracts increased nearly 10 times (Figure 1G).

Purification of scolopentide from crude centipede peptides
We purified and screened crude centipede peptides three times and obtained a low-
molecular-weight peptide with the strongest antihepatoma effect, which was

designated scolopentide.

The first purification step (Part A): Separation by a sephadex g-25 column

Sephadex G-25 gel chromatography was used, and the chromatogram obtained showed
3 peaks (Figure 1A). Part A samples (sample ID nos. Al to A3) were then collected
based on 3 peaks and assessed by a microplate reader. The protein and polypeptide
contents of Al, A2 and A3 were 55, 40 and 20 pg/mL, indicating that samples A1-3
were mainly composed of protein. Since the separation range of the Sephadex G-25
column was 1-5 kDa, we speculated that A1 contained proteins > 5 kDa and that A2 and
A3 were composed of low-molecular-weight polypeptides (1-5 kDa). Subsequently, a
CCKS8,assay was used to detect the suppressive effects of Al, A2 and A3 on HepG2, Bel-
7402 and A549 cells (Figure 1B-D). The CCK8 assay showed the following: (1) A2
showed the most significant inhibition of proliferation of the three tumor cell lines
amon ples A1-3 (P < 0.05); (2) A2 showed the strongest inhibitory effect on HepG2
cells: The ICsp values of A2 against the three tumor cell lines were 50.1 mg/mL
(HepG2), 132.8 mg/mL (Bel-7402) and 154.5 mg/mL (A549); and (3) A1-3 showed an

inhibitory effect on the three tumor cell lines in a concentration-dependent manner.

The second purification step (Part B): Purification by HPLC
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In Part B, A2, which had the best antineoplastic effect in vitro among samples A1-3, was
used. HepG2 cells, which were the most strongly inhibited among the three tumor cell
lines, were used. First, tricine-SDS-PAGEMY was performed to further purify this
sample in Part B, but the peptide separation was not obvious, and the band patterns
were light and diffuse. The reason may be that the molecular weight of the sample was
too low for separation by tricine-SDS-PAGE. However, satisfactory results were
obtained from HPLC. Therefore, HPLC was adopted for further purification. The
chromatogram indicated that the sample from Part B was composed of a variety of
peptides with very similar and low molecular weights in 6 peaks (Figure 1A; part 1).
Subsequently, the Part B sample was collected in 6 parts (sample ID nos. Bl to B6) based
on 6 peaks. A CCKS8 assay was used to assess the suppressive effect of B1-6 on HepG2
cells cultured for 48 h, which were the tumor cells that were most sensitive to the
centipede extracts. The CCKS assay showed that B1-4 hardly inhibited the proliferation
of HepG2 cells, while B5 and B6 inhibited proliferation (P < 0.05), with B5 having the
strongest effect (Figure 1E).

The third purification step (Part C): Purification by HPLC

In Part C, the B5 sample, which had the best antihepatoma effect in vitro among B1-6,
was used. HPLC was adopted for purification, and the chromatogram showed 4 peaks
(Figure 1A; part 2). Then, the sample from Part C was collected in 4 parts (C1-4) based
on the 4 peaks. The CCKS8 assay showed that C3 had the strongest inhibitory effect on
HepG2 cells cultured for 48 h, while C1, C2, and C4 showed relatively weak inhibition
of proliferation (Figure 1F). Finally, we concentrated and purified C3 and designated it

scolopentide.

Characterization of scolopentide
The peptide sequence of the extracted scolopentide is RAQNHYCK, and the mass
spectrum (Figure 2A) showed that its molecular weight was 1018.997 Da (the highest

peak). Mascot was used to determine the specific peptide sequence of scolopentide, and
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the final matc sequence was RAQNHYCK, which conformed to the restriction site of
the protease. The molecular structure of scolopentide (Ci2HessN16O12S) is shown in

Figure 2A (the asterisk).

Synthesis and detection of scolopentide

Scolopentide was synthesized in vitro according to the peptide sequence RAQNHYCK,
the length of which is 8 AA. Then, MS was used to detect the molecular weight. The
observed molecular weight of synthetic scolopentide was 1018.8 Da (Figure 2B), which
was similar to that of the extract (1018.997 Da). HPLC was used to assess the purity. The
chromatogram is shown in Figure 2C, and the peak proportion is shown in Figure 2D.
The synthetic scolopentide corresponds to peak 3; thus, its purity was inferred to be
98.014% according to the area fraction of peak 3. Consequently, the purity and

molecular weight of synthetic scolopentide met the requirements.

Antineoplastic effect of extract scolopentide in vitro

Eca-109, HepG2, and A549 cells were treated with the extracted scolopentide. A CCK8
assay showed that the ICsp values in the three cell types were 76.27 pg/mL (Eca-109),
22.06 pg/mL (HepG2), and 35.13 pg/mL (A549) (Figure 3A). Morphological changes in
the three cell lines showed that the A549 and HepG2 cells changed considerably (Figure
3B). Based on the CCKS8 assay and morphological changes, the following conclusions
were drawn: extracted scolopentide still has antineoplastic effects in vitro, which

inhibited the proliferation of three tumor cell lines, especially HepG2 cells.

Antihepatoma effect of synthetic scolopentide in vitro and in vivo

We wanted to determine whether synthetic scolopentide can exert an antihepatoma
ect. Our experiments suggested that synthetic scolopentide had antihepatoma effects

in vitro and in vivo, which may be related to apoptosis induction. In vitro, the CCK8

assay suggested that synthetic scolopentide inhibited the proliferation of HepG2 cells in

a concentration-dependent manner. The inhibitory effects were the strongest at 12 h,
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and there was no signif'ﬁant difference between 24 h and 48 h (Figure 3C). Moreover, a

Hoechst staining assay was used to obserye the morphological changes in HepG2 cells
treated with scolopentide (100 pg/mL) (6 h, 12 h, and 24 h). The results showed that
cytoplasmic staining and nuclear pyknosis occurred after treatment for 12 h and 24 h,
which indicated apoptosis. Apoptosis was most clearly observed at 12 h (ICsp: 208.11
pg/mL), consistent with the CCKS8 assay (Figure 3D). In vivo, the tumor xenograft
experiment suggested that the mean tumor volume of the two grcnﬁls increased
gradually, but that of the scolopentide group grew slower. The tumor weight of the

scolopentide group was lower than that of the vehicle group (Figure 3E-G).

Cytotoxicity of synthetic scolopentide to L02 cells and HepG2 cells

CCKS8 assays and morphglogical changes were used to compare the cytotoxicity of
synthetic scolopentide to liver cancer cells and normal liver cells. After treatment with
synthetic scolopentide for 12 h, the CCKS8 assay suggested that the cytotoxicity in L02
cells was significantly lower than that in HepG2 cells (100, 150, and 200 pg/mL) (Figure
4A). Morphological changes in the scolopentide group (100 pg/mL) and vehicle group
(0 pg/mL) are shown in Figure 4B. Compared to the vehicle group, most HepG2 cells in
the scolopentide group died, while some L02 cells survived. The CCKS8 assay and
morphological chan indicated that synthetic scolopentide was cytotoxic and was

significantly stronger in HepG2 cells than in L02 cells.

Molecular do%ng of scolopentide with DR4 and DR5

Scolopentide was more cytotoxic in HepG2 cells than in L02 gells (Figure 4), which is
similar to the activity of TRAIL, which selectively initiates apoptosis in cancer cells
without significant toxicity to normal cells. Among the known TRAIL receptors, only
DR4 and DRS5 are able to induce apoptosisi®l. In addition, Hoechst staining indicated
that HepG2 cells underwent apoptosis after treatment with synthetic scolopentide
(Figure 3D). Therefore, we hypothesized that scolopentide could induce apoptosis by
activating DR4/DR5. The binding free energies of scolopentide to DR4 and DR5 were-
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104 kcal/mol and-7.1 kcal/mol, respectively. Molecular docking suggested that

scolopentide tightly bound to DR4 (Figure 5A) and DR5 (Figure 5B), which supported

our hypothesis.

Apopftosis of HepG2 cells treated with extracted scolopentide

Flow cytometry suggested that apoptosis occurred in HepG2 cells after treatment with
extracted scolopentide in vitro. The apoptosis ratios were 5.01% (0 pg/mL), 12.13% (10
pg/mL), 16.52% (20 pg/mL), and 23.2% (40 pg/mL), which indicates concentration-

dependence (Figure 6A).

The antihepatoma mechanism of scolopentide was determined to be induction of
apoptosis by activating the TRAIL pathway

Animal experiments were used to further verify our hypothesis that scolopentide can
stimulate the TRAIL pathway to induce apoptosis. The results of qRT-PCR and western
blotting suggested that scolopentide activated DR4 (Figure 6B and C) and DR5 (Figure
6H and I), which promoted the expression of FADD (Figure 6E and F), activated the
apoptosis promoter caspase-8 (Figure 6E and F) and the executor caspase-3 (Figure 6C
and D), and finally induced apoptosis in SMMC-7721 Liver cancer cells. This form of
apoptos'é appears to be more related to the mitochondria-independent pathway, as
Cyto-C and Bcl-2-associated X protein/B-cell lymphoma-2 (Bax/Bcl-2), which are key
indicators in the mitochondria-dependent pathway, showed only slight upregulation
and insignificant differences (Figure 61-K). In addition, ROS levels were upregulated
(Figure 6L). Cellular fas-associated death domain-like interleukin-1f converting enzyme
inhibitory protein (c-FLIP), an inhibitory protein of caspase-8, was downregulated
(Figure 6M), and x-chromosome linked inhibitor-of-apoptosis protein (XIAP), an

inhibitory protein of caspase-3, was insignificantly upregulated (Figure 6N).

DISCUSSION
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Peptides from centipedes have potential antitumor activity that should not be ignored.
We isolated and purified crude centipede peptides 3 times and finally obtained a low
molecular weight peptide (scolopentide) with the strongest antihepatoma effect. We
further demonstrated that mechanistically, scolopentide ﬁﬂuced apoptosis in liver
cancer cells by activating DR4 and DR5 and promoting the upregulation of FADD,
caspase-8 and caspase-3.

Centipedes, an important part of animal Chinese medicine, have played an important
role in clinical treatmentlll. The remarkable activities and novel structure also give
bioactive components of centipedes enormous potential to be exploited and modified as
biological drugs(®l. However, pharmacological studies of centipedes are far behind
those of other animals, such as snakes and scorpionsi*®l. Similar to animal-derived
medicines, most centipede extracts are still crude. These crude extracts may contain a
large number of histamines, polypeptide toxins and other biologically active
substances/*, leading to allergic reactions such as itching or serious adverse reactions
such as acute myocardial infarction, arrhythmia, tissue necrosis, respiratory depression
and hemolysis, which hinder the clinical use of centipedes['’3l. Small molecular
substances from centipedes may not cause adverse reactions and may play a critical role
with precise effects.

We tried a variety of ways to obtain a higher extraction rate and more accurate
activity. For protein extraction, the optimal conditions were determined: 0.1 g trypsin
(300 U/g, centipede-trypsin ratio of 20:1), enzymolysis temperature of 46 °C and
enzymolysis time of 4 h. For peptide purification, GCB7-3%1 and HPLCI35.6, widely used
techniques, were adopted to further purify crude centipede peptides. Mass
spectrometryl>7l, the most widely used technique for peptide characterization, was used
to identify scolopentide. The object of extraction and method used here are also
noteworthy. The whole body of the centipede was chosen for extraction as recorded in
Chinese works(!l, even though most current studies focus on the venoml!23l In
addition, enzymatic hydrolysisl®l, a special extract technique, was chosen for the initial

extraction to obtain crude centipede peptides. We aimed to simulate the environment of
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Chinese medicine being digested by various proteinases in the stomach after oral
administration.

Currently, studies on the antihepatoma components of centipedes are rare (Table 1).
Thus, we isolated, purified, and screened the crude centipede peptides three times.
Finally, we obtained scolopentide (1018.997 Da), which had the strongest antihepatoma
activity. Moreover, the peptide sequence RAQNHYCK of scolopentide was matched
with the Mascot search engine, which helped to achieve scolopentide synthesis in vitro.
Mascot also revealed that scolopentide was supposed to be a polypeptide from
centipede venom proteins located in Kappa-scoloptoxin(07)-Ssm2a OS. It is worth
noting that the tumor types used for screening were tumors in the chest and abdomen,
such as liver cancer and esophageal cancer, as recorded in ancient Chinese worksl'3l.
Liver cancer cells were more sensitive than other tumor cells and were chosen for
subsequent mechanistic exploration (Figure 3A).

Antimicrobial activity is the most common pharmacological characteristic known
among isolated centipede peptides at present (Table 1). Centipede peptides mainly
destroy the integrity of cell membranes, which leads to the death of microbesl442l.
Inducing apoptosis is the second major mechanism by which centipede peptides induce
resistance to microorganisms (Table 1). Two antimicrobial centipede peptides,
scolopendin and scolopendin 1, were obtained by RNA sequencing!*'4%. They have
been shown to cause ROS accumulation in Candida albicans, which leads to
mitochondrial depolarization, thus releasing Cyto-C into the cytoplasm from
mitochondria and resulting in an increase in Ca2* in the cytoplasm and mitochondria,
ultimately inducing caspase-related apoptosisi 344, Some centipede peptides can also
block the cell cycle and affect the expression of genes related to DNA replication and
repairl43l. Additionally, some scholars have shown that a few antimicrobial centipede
peptides also have antitumor activityl'7-2l. Distinct from the antimicrobial mechanism,
the antitumor activities are mainly related to apoptosis, especially the mitochondrial-
dependent pathwayl3418. To date, there have been no studies related to the

mitochondrial-independent pathway of centipede effects (Table 1).
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DR4 and DR5 are involved in the mitochondria-independent apoptosis pathway,
which can receive extracellular death signals and induce intracellular apoptosisl4l.
FADD receives apoptosis signals transmitted from DR4/DR5 and forms the death-
inducing signaling complex TRAIL-DR4/DR5-FADD_procaspase. Then, caspase-8 is
activated to initiate two apoptotic pathways: (1) The mitochondria-independent
pathway, in which caspase-8 directly activates caspase-3; and (2) the mitochondria-
dependent pathway, in which caspase-8 cleaves Bid, resulting in tBID that triggers the
release of Cyto-C. Then, Cyto-C successively activates the promoter caspase-9 and the
executor caspase-3. ROS accumulation can cause mitochondrial permeability transition
pore opening, also leading to Cyto-C release. Apoptosis is the common end of these two
pathways (Figure 7)[2%4749],

We found that scolopentide may activate DR4_and DR5 and induce apoptosis. Flow
cytometry suggested that apoptosis occurred in HepG2 cells after treatment with
extracted ggolopentide in vitro (Figure 6A). Hoechst staining showed the occurrence of
apoptosis in HepG2 cells after treatment with synthetic scolopentide (Figure 3D). The
CCKS8 assay showed that scolopentide was significantly more cytotoxic in HepG2 cells
than in LO2 cells (Figure 4), which was similar to the effect of TRAIL, which selectively
induced tumor cell apoptosis. Molecular docking also indicated that scolopentide binds
well to TRAIL receptors (DR4 and DR5) (Figure 5). In our previous study, crude
centipede peptides were also found to inhibit STAT3 protein phosphorylation(!?], while
some studies have suggested that dovitinib and sorafenib could overcome TRAIL
resistance in HCC by inhibiting STAT3[5051. Consequently, animal experiments were
used to further verify our hypothesis that scolopentide can stimulate the TRAIL
pathway to induce apoptosis. In animal experiments, after treatment with synthetic
scolopentide, the expression of DR4 and DR5, which are upstream of the TRAIL
pathway, was clearly upregulated, especially the expression of DR4. The expression of
FADD, caspase-8, and caspase-3, which are downstream of the TRAIL pathway, was
also upregulated (Figure 6B-I). The animal experiments further confirmed the

viewpoint that scolopentide induces apoptosis by activating DR4 and DR5.

21/33




This process may be more related to the mitochondria-independent pathway, as
Cyto-C and Bax/Bcl-2 showed only slight upregulation and insignificant differences
(Figure 61-K), which are key indicators in the mitochondria-dependent pathway!52. ROS
were significantly upregulated but could not cause Cyto-C release (Figure 61, ], and L).
Thus, we hypothesized that ROS mainly acted as signal transduction factors of the
TRAIL pathway rather than the mitochondrial-dependent pathway!*’l. Additionally, c-
FLIP was inhibited, but XIAP was slightly upregulated (Figure 6M and N). A negative
feedback mechanism of apoptosis may contribute to preventing excessive apoptosis in
the body. Overall, our findings suggested that scolopentide may induce apoptosis in
tumor cells, especially gastrointestinal tumors, by activating DR4 and DR5 and leading

to the caspase cascade.

CONCLUSION

In summary, we obtained a small molecule polypeptide from Scolopendra subspinipes
mutilans L. Koch with the strongest antitumor activity, especially for liver tumors.
Mechanistically, scolopentide ma induce tumor cell apoptosis by activating DR4 and
DR5. Scolopentide is considered to be a promising drug candidate for cancer treatment,
especially treatment of gastrointestinal tumors. Our studies are also expected to provide
a reference for the extraction, purification and characterization of effective components
in animal-derived medicines. Both extracted and synthesized scolopentide had
antihepatoma activity. When HepG2 cells were cultured with two scolopentides for 48
h, a CCK8 assay showed that the ICsp values were 22.06 pg/mL (extracted scolopentide)
and 237.726 pg/mL (synthesized scolopentide), which indicates that the antihepatoma
activity of synthesized scolopentide was weaker than that of the extracted scolopentide.
This may be due to the lack of dimensional folding configurations in the synthesized
peptide during synthesis. Additionally, the TRAIL pathway was activated but
decreased incrementally. Key areas of future research include investigating methods of
modifying the spatial architecture of synthetic scolopentide, fully activating the TRAIL

pathway and improving its antihepatoma activity.
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Figure Legends

Figure 1 Purification of scolopentide from crude centipede peptides. A: After the first
purification, the Sephadex G-25 chromatogram showed 3 peaks, and A2 was chosen for
further isolation; after the second purification, the high-performance liquid
chromatography (HPLC) chromatogram showed 6 parts, and B5 was chosen for further
purification (part 1); after the third purification, the HPLC chromatogram showed 4
parts, and C3 was chosen for further purification (part 2); B-D: Relative cell viability of
HepG2 (B), A549 (C), and Bel7402 (D) cells treated with A1-3 at different concentrations
(mg/mL). A2 showed stronger suppression than Al and A3; E: The CCKS8 assay
showed that B5 (50 pg/mL) had the strongest suppression of HepG2 cells among B1-6;
F: The CCKS assay showed that C3 (20 pg/ mL) had the strongest suppression of HepG2
cells among C1-4; G: The CCK8 assay showed the cytotoxicity of extracts from two
methods, and optimal enzymatic hydrolysis was superior to freeze-thawing with liquid

nitrogen. 2P < 0.05, PP < 0.01,<P < 0.001, and 4P < 0.0001.

Figure 2 Characterization of extracted scolopentide and detection of synthetic
scolopentide. A: Mass spectrum of extracted scolopentide; the highest peak indicates
the active peptide (scolopentide). The observed molecular weight was 1018.997 Da; the

asterisk

scolopentide. The observed molecular weight was 1018.8 Da; C and D: HPLC

means molecular structure of scolopentide; B: Mass spectrum of synthetic
chromatogram of synthetic scolopentide (C); the highest peak (peak 3) indicates the

active peptide, and the area % of peak 3 indicates the purity of synthetic scolopentide
(98.014%) (D).
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Figure 3 Antihepatoma effect of scolopentide. A: The CCK8 assay showed the
suppression ratio of Eca-109, HepG2, and A549 cells treated with extracted scolopentide
at different concentrations; B: Morphological changes in Eca-109, HepG2, and A549 cells
under a light microscope (x 40); after treatment with extracted scolopentide, three cells
were morphologically changed, especially HepG2 cells; C: The CCKS8 assay showed the
suppression ratio of HepG2 cells_treated with synthetic scolopentide at different times
(6 h, 12 h, 24 h, and 48 h) and different concentrations (50 pg/mL, 100 pg/mL, 150
pg/mL, and 200 pg/mL); D: Hoechst 33342 staining (x 400) of HepG2 cells. After
treatment with synthetic scolopentide for 12 h and 24 h, cytoplasmic highlight staining
and nuclear pyknosis occurred; E-G: Tumor volume and weight of the scolopentide
group (synthetjc_scolopentide 500 mg/kg/d) and vehicle group (constant volume of
normal saline). n =6, PP < 0.01, <P < 0.001.

Figure 4 Cytotoxicity of synthetic scolopentide to L02 cells and HepG2 cells. A: The
CCKS8 assay showed that cytotoxicity to LO2 cells was significantly lower than that to
HepG2 cells after treatment with synthetic scolopentide for 12 h (100 pg/mL, 150
pg/mL, and 200 pg/mL); B: Morphological changes in HepG2 and L02 cells under a
light microscope after treatment with synthetic scolopentide for 12 h (x 100). Compared
to cells in the vehicle group (0 pg/mL), most HepG2 cells in the scolopentide group
(100 pg/mL) died, while some L02 cells survived. 9P < 0.0001.

Figure 5 Molecular docking of scolopentide and death receptor 4 and death receptor

5. A: Stereograms of the molecular docking of scolopentide and death receptor 4.
Hydrogen bonds formed with amino acid residues of the receptor include LYS145,
ALA201, PRO219, and CYS190; B: Stereograms of molecular docking of scolopentide
and death receptor 5. Hydrogen bonds formed with amino acid residues of the receptor

are TRP74, SER73, ER149, and TYR148.
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Figure 6 Antihepatoma mechanism of scolopentide. A: Flow cytometry suggested that
apoptosis occurred in HepG2 cells after treatment with extracted scolopentide in vitro.
B-I: Quantitative real-time polymerase chain reaction (qQRT-PCR) and western blotting
showed that the expression of DR4 (B and C), DR5 (H and I), FADD (E and F), caspase-8
(F and G), and caspase-3 (C and D) was significantly upregulated_in the scolopentide
group. DR4 was the most considerably upregulated; I-K: qRT-PCR and western blotting
showed that the expression of Cyto-C (I and J) and Bax/Bcl-2 (K) was notépregulated,
which are key indicators of mitochondria dependence; L: Tumor ROS levels in the
scolopentide group were higher than those in the vehicle group; M: c¢-FLIP, an
inhibitory protein of caspase-8, was significantly downregulated in qRT-PCR; N: P,
an inhibitory protein of caspase-3, was insignificantly upregulated in gqRT-PCR. DR4:
Death receptor 4; DR5; Death receptor 5; FADD: Fas-associated death domain protein. n
= 4 per group in qRT-PCR, n = 3 per group in Western blotting, n = 4 per group in ROS;
aP < (.05, PP < 0.01.

Figure 7 Activation of Ee mitochondria-independent and mitochondria-dependent
apoptosis pathways by tumor necrosis factor-related apoptosis-inducing ligand. The
mitochondria-independent pathway (engaged through death receptors, activated
caspase family directly) and mitochondria-dependent pathway (triggered through the
Bcl-2 gene superfamily) are represented. TRAIL: Tumor necrosis factor-related
apoptosis-inducing ligand; DR4: Death receptor 4, DR5: Death receptor 5; FADD: Fas-
associated death domain protein; Cyto-C: Cytochrome c; Bax: Bcl-2-associated X
protein; Bcl-2: B-cell lymp a-2; ROS: Reactive oxygen species; c-FLIP: Cellular Fas
associated death domain-like interleukin-1p converting enzyme inhibitory protein;

XIAP: X-chromosome linked inhibitor-of-apoptosis protein.
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Table 1 Small molecular extracts of centipede

Name Extract methods Function Ref.
Scolopendrinl Cation-exchange Antimicrobial (G*, [53]
chromatography and two G, and fungi)
steps RP-HPLC
Scolopin 1 (1) Sephadex Gel Antimicrobial (G*, [37]
Chromatography; (2) RP- G, fungi, drug-
HPLG; and (3) resistant bacteria)
characterized by MALDI-
TOF MS
Scolopin 2, @ Sephadex Gel (1) Antimicrobial [16,37,45]
Scolopin 2- Chromatography; (2) RP- (G*, G-, fungi, and
NH2 HPLC; and (3) Scolopin2- drug-resistant
NH2 was amidation bacteria); and (2)
modification from inhibit proliferation
scolopin 2 of cervical cancer
Hela cells
LBLP Transcriptomic data Anti-fungi [54]
analysis, peptide
synthesis
Scolopendrasin Next-generation (1)  Antimicrobial [40,55-
I, V, 111, X sequencing (G, G, drug- 57]
resistant  bacteria,
fungi)y and (2)
regulating immune
system to
antimicrobial
indirectly
Scolopendrasin Next-generation 1) Regulating [58]

IX

sequencing

immune system to

antimicrobial
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Scolopendrasin Next-generation

VIl

Scolopendin, 1,
2

SerGIn-Leu
(SQL)

Thr-Asn-Gly-
Tyr-Thr,
(TNGYT)

SsTx-R12A

sequencing

RNA sequencing

1) Ultrafiltration,
Sephadex G-50 column,
Source 15Q anion
exchange Column; (2) RP-
HPLC C18 column; and
(3) characterized by ESI-
MS

1) Sephadex G-50
column; (2) RP-HPLC C18
column; and (3)
Characterized by ESI-MS
Red-headed centipede’s

venom cDNA arsenal

indirectly; and (2)
treating

autoimmune

arthritis

(1)  Antimicrobial [17,59,60]
GY G, drug-
resistant  bacteria,

and fungi); (2
regulating immune
system to
antimicrobial

indirectly; and (3)
inhibiting leukemia

U937 and jurkat

cells

Antimicrobial (G*, [41-44]
G, drug-resistant
bacteria, and fungi)
Anticoagulation and [7]

antithrombotic

Anticoagulation and [38]

antithrombotic

Treating [61]

autoimmune
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SsmTX-1I

SsTx

Ssmbéa

Haemolymph

and
extracts

Lacrain

Pinipesin

AECS

tissue

Red-headed centipede’s
venom cDNA arsenal

Sephadex  G-50  Gel
Chromatography and RP-

HPLC

Sephadex Gel
Chromatography and RP-

HPLC

(1) Enzymatic hydrolysis;
(2) HPLC and (3)
characterized by MS

RP-HPLC and
characterized by MS

(1)  Organic solvent
extraction; (2 HPLC

Jupiter® C18 column; and
(3) Characterized by MS
Organic solvent extraction

(ethanol)

diseases mediated
by T cells
Analgesic
Blocking KCNQ

potassium channels

leads to
cardiovascular,
respiratory,
muscular and
nervous system
damage

Analgesic
Antimicrobial (G*,
G, fungi, viruses,

and parasites)

Antibacterial (G)

Antimicrobial

Inducing apoptosis

of human epidermal

carcinoma A431
cells and human
melanoma
HEK293/EGFR,
A375 cells

[62]

[8]

[39]

[6]

[63]

[5]

[4,18]
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Two
isoquinoline

alkaloids

Centipede
water extract,

alcohol extract

CE, CA
Centipede
chloroform

extract

Scom 5

1) Organic solvent
extraction (ethanol); (2)
sephadex  G-25  Gel

chromatography; and (3)
HPLC

(1) Water extraction; (2)
freeze-thawing with
liquid nitrogen, ultrasonic
extraction; and (3) organic
solvent extraction

(ethanol)

Organic solvent extraction

Organic solvent extraction
(hexane, chloroform,

ethanol)

1) 75 gel
filtration; (2) RESOURCE

Superdex
S ion chromatography;
and (3) characterized by
LC-MSMS, MALDI-
TOF/TOF

and protein

sequencing techniques

Inducing apoptosis

of brain glioma U87

cells

No tumour
inhibition in S180
and H22
Transplanted

tumour mice

Inhibiting  cervical
tumours in vivo

Reducing central
nervous system
symptoms of

Alzheimer’s disease

Human allergens

[3]

2]

[64]

[65]

[11]

HPLC: High performance liquid chromatography; RP-HPLC: Reversed-phase

high-performance liquid chromatography; MS: Mass spectrum.
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Table 2 Lo(3%) levels of orthogonal experimental design

Level Trypsin (g) Time (h) Temperature (°C)
1 0.1 3 37
2 0.2 4 46
3 0.3 5 55
Table 3 Primer sequences used for quantitative real-time polymerase chain
reaction
Gene Sequence (5’ to 3’)
GAPDH F: R:
AGAAGGCTIGGGGCTCATTT AGGGGCCATCCACAGTCIT
G C
DR4 F: R:
CCAGGCAGCATTGAAGTCA GTTITCCAGCATCACCAGGG
G T
DR5 F: R:
CCCTGGAGTGACATCGAAT CAGCCACAATCAAGACTAC
G GG
FADD F: R:
TGCGGGAGTCACTGAGAAT GGAGGTAGATGCGICTGAG
C TTC
Caspase-8 F: R:
GAGAAGCAGCAGCCTTGA GACAGTATCCCCGAGGTIT
AG G
Caspase-3 F: R:
CCCTCCTCAGCATCTTATCC TGGTACAGTCAGAGCCAAC
CT
Cyto-C F: R:
CACAAGACTGGGCCAAAT CCAGGGATGTACTTCITGG
CTC GA
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XIAP F: R:
CTATGCTCACCTAACCCCA TTCTGACCAGGCACGATCA

AG C

c-FLIP F: R:
GGAACCCTCACCTTGTTTC  CTCCTITGCITATCITGCCTC
G G

Bcl-2 F: R:
CCTTCTTTGAGTITCGGTGGG CGGTTCAGGTACTCAGTCAT

CC

Bax F: R:
CACCAGCTCTGAGCAGATC TGTTACTGTCCAGTTICGTCC
A C

DR4: Death receptor 4; DR5: Death receptor 5; FADD: Fas-associated death

domain protein; Cyto-C: Cytochrome C; XIAP: X-chromosome linked
inhibitor-of-apoptosis protein; c-FLIP: Cellular Fas associated death domain-
like interleukin-1f converting enzyme inhibitory protein; Bcl-2: B-cell

lymphoma-2; Bax: Bcl-2-associated X protein.
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Table 4 Extract ratio analysis of Lo (3*) orthogonal experimental design

Run A (mg, B (min, C (°C) D (blank) Extract
trypsin) time) (temperature) ratio (%)

1 1 1 1 1 4.55

2 1 2 2 2 5.86

3 1 3 3 3 4.32

4 2 1 2 3 5.63

5 2 2 3 1 4.21

6 2 3 1 2 3.98

7 3 1 3 2 3.34

8 3 2 1 3 3.68

9 3 3 2 1 5.94

K1 14.73 13.52 12.21 14.70 -

K2 13.82 16.01 14.83 13.18 -

K3 12.96 11.64 11.87 13.63 -

R 1.77 437 2.96 1.52 -

Kij parameters in a first level of the first i-j-average quality index; I =1, 2, 3,

representative of 3 levels; j =1, 2, 3; representing three factors.
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Table 5 Inhibitory effects of crude centipede peptides on HepG2 cells in

different conditions

Concentr appression ratio (%)

ation Group Grou Grou Grou Grou Grou Grou Grou Grou
(mg/mL) 1 p2 p3 p4 p5 pb p7 p8 p9
0.039 12510  6.880 12.07 5394 3.389 3.213 0.570 1.641 7.094
0
0.078 22270 1124 1306 1643 1289 4709 2280 4540 9.883
0 0 0 0
0.156 45.770 3643 4568 5229 1861 1662 2611 1154 3317
0 0 0 0 0 0 0 0
0.3125 85.510  85.04 8854 9436 6811 63.66 5850 6417 76.61
0 0 0 0 0 0 0 0
0.625 89.090  86.06 9244 9452 9417 9496 8320 9518 9457
0 0 0 0 0 0 0
1.250 91.840 8749 93.05 9477 96.78 9573 94.66 9530 96.00
0 0 0 0 0 0 0 0
2.500 92.070 8947 9343 94.69 9694 96.67 9554 95.67 96.92
0 0 0 0 0 0 0 0
5.000 92.750 9200 9580 96.68 9772 9778 9588 9579 97.65
0 0 0 0 0 0 0 0
ICso 0.457 0310 0480 0.360 0584 0681 0.812 0757 0278
(mg/mL)
Extract 4.550 5860 4.320 5.630 4.210 3.980 3.340 3.680 5.940

ratio (%)
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