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Abstract

Centipedes contain pharmacologically active compounds used as important medicinal material. However, the poisons pro-
duced by centipedes can cause human diseases; therefore, its use as a food ingredient is prohibited. This is the first report to
develop a real-time PCR method for detection of centipedes. The primer and probe targeting the mitochondrial cytochrome
c oxidase subunit 1 (COI) gene were newly designed. The specificity was verified using ten species and was confirmed to
amplify only the centipede species. The real-time PCR method exhibited good linearity with a high-determination coefficient
(R*=0.999) and a detection limit was 0.001 ng. The performance of our method was also verified using five real-time PCR
platforms under Universal and Fast PCR conditions. Finally, its applicability to processed food was evaluated using binary
insect mixtures, and at least 0.1% of centipedes was detected. Therefore, our method can specifically and sensitively detect

centipedes in food, contributing to food safety.
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Introduction

Arthropods of the Scolopendra genus are extensively distrib-
uted globally, especially in Southeast Asia, North or Cen-
tral America, and North Africa (Kang et al., 2017; 2019).
Scolopendra species have been used for medicinal purposes
at long time with Bombyx mori, Cordyceps militaris, and
Protaetia brevitarsis seulensis in Asia (Kang et al., 2017).
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The centipedes are arthropods in the Scolopendra genus
used as an important source of herbal medicine due to their
high-medical value such as anti-inflammatory, analgesic,
and antitumor activities (Han et al., 2018; Kang et al., 2019;
Liu et al., 2020). However, they produce venomous and toxic
substances that contain numerous active ingredients, includ-
ing enzymatic proteins (acid/alkaline phosphatases, ester-
ases, and hyaluronidases), non-enzymatic proteins (cardio-
toxins and mycotoxins), and non-peptide active ingredients
(histamine and serotonin), which pose a high risk to humans
(Guo et al., 2013; He et al., 2019). Furthermore, infection
with centipede venom can cause symptoms such as myocar-
dial ischemia, infarction, hemoglobinuria, fever, chills, rash,
eosinophilic cellulitis, and anaphylaxis (Kong et al., 2013).

Arthropods have been used for medicinal purposes long
time in Asia, with the most commonly consumed arthropods
worldwide include silkworm, white-spotted flower chafer,
and centipedes (Kang et al., 2017). However, the regula-
tory agency in Korea strictly prohibits the manufacture of
centipedes as food except to use herbal medicine because
centipedes are poisonous (Ministry of Food and Drug
Safety, 2010). Although centipedes were mostly imported
from China as herbal medicines, domestic breeding became
possible with the development of breeding technology
(Rural Development Administration, 2011; Yoon, 2014). In
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addition, it was included as the insect industry in the cate-
gory of livestock, it is bred in the form of a farm (Ministry of
Agriculture, Food and Rural Affair, 2019). For these reason,
centipedes are easily accessible to the public at herbal mar-
kets without a special permit, resulting in a high likelihood
of misuse as a folk remedy or functional food. In reality,
there has been a case of the illegal manufacture and selling
of functional foods mixed with steroids and centipede and
athlete who was actually taking it was caught for doping
(Ministry of Food and Drug Safety, 2011). Thus, considering
consumer protection and food safety, it is crucial to rapidly
and accurately detect unintentional contamination and inten-
tional product fraud from non-approved centipedes as food
ingredients (Hong et al., 2017).

Many techniques have been applied to detect adulteration
and fraud in food, such as thin layer chromatography (TLC),
matrix-assisted laser desorption ionization time-of-flight
mass spectrometry (MALDI-TOF MS), polymerase chain
reaction (PCR), real-time PCR, PCR-restriction fragment
length polymorphism (RFLP), loop-mediated isothermal
amplification (LAMP), and near-infrared (NIR) spectros-
copy (Hong et al., 2017; Kim et al., 2019a; 2019b; Kim
et al., 2022; Li et al. 2019a; 2019b; Lopez-Calleja et al.,
2005; Ochiai and Komiya, 2021; Suh et al., 2020; Ulrich
et al., 2017). However, the protein-based methods have
weaknesses, such as less sensitivity when applied to ther-
mally treated foods due to protein denaturation and alteration
in specific epitopes (Li et al. 2019a; 2019b; Melgar-Lalanne
et al., 2019). Conversely, DNA-based PCR methods have
been mostly applied in food adulteration and fraud detec-
tion due to their higher thermal stability than protein-based
methods (Kim et al., 2019a; 2019b). Furthermore, real-time
PCR has significant specificity for fresh, digested, or pro-
cessed samples than other techniques enabling it to rapidly
and accurately detect target DNA in food (Kim et al., 2019a;
2019b). In particular, centipedes were identified by the mor-
phological classification, near-infrared spectroscopy, and
sequencing methods in previous studies (Kang et al., 2017,
2019), but PCR-based methods, including real-time PCR,
that can detect centipedes rapidly and sensitively has not
been reported.

In order to improve the specificity and sensitivity of
PCR-based methods, the selection of target genes or target
sequences is a crucial factor (Kim et al., 2021). Mitochon-
drial genomes have been targeted to eukaryote by real-time
PCR methods (Li et al. 2019a; 2019b; Sul et al., 2020).
Among the mitochondrial genes, the cytochrome c oxidase
subunit 1 (COI) gene was mainly used as a genetic marker
to distinguish eukaryotic species (Kim et al., 2019a;
2019b). Although the COI gene is highly conserved in
the same species, it has a high-DNA variation between
different species (Hebert et al., 2003). Toxic substances
produced by centipedes can cause the illness to humans,
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so toxin-producing genes could be a candidate for primer
targets. However, this gene has a low copy number, and
missing expression of a toxic gene can lead to false-neg-
ative results (Kang et al., 2017). On the other hand, the
mitochondrial genome can sensitively detect target species
even when the DNA in the samples is degraded minutely
with processed foods due to the high-copy number of DNA
in the cell than nuclear DNA like toxic-producing gene
(Girish et al, 2004). Therefore, in many studies, mito-
chondrial genomes have been targeted to eukaryotes by
real-time PCR methods (Li et al. 2019a; 2019b; Sul et al.,
2020).

In this study, we designed a new primer and probe set
targeting the COI gene in centipedes. Additionally, we devel-
oped the real-time PCR method to rapidly and accurately
detect centipedes in foods, preserving the consumers from
their presence.

Materials and methods
Sample preparations

The four types of animals ingredient used at herbal medi-
cines (centipede, Scolopendra mutilans; earthworm, Lum-
bricina sp.; gecko, Gekko gecko; blister beetle, Hycleus
cichorii) and six types of edible insects (two-spotted cricket,
Gryllus bimaculatus; migratory locust, Locusta migratoria;
rhinoceros beetle larvae, Allomyrina dichotoma; honey pupa,
Apis mellifera; rice grasshopper, Oxya chinensis; silkworm,
Bombyx mori) were obtained from the National Institute of
Biological Resources (NIBR, Incheon, Korea), the Rural
Development Administration (RDA, Jeonju, Korea), and
the herbal medicine local market in Korea. All specimens
were homogenized in liquid nitrogen and stored at — 20 °C
until use.

DNA extraction

DNA of each sample was extracted using a DNeasy Blood
and Tissue Kit (Qiagen, Hilden, Germany) following the
manufacturer's instructions with minor modifications.
Briefly, 25 mg of ground sample was lysed with 400 pl of
ATL buffer and 20 pl of proteinase K (20 mg/ml) at 56 °C
for 2 h. After adding 4 pl of RNase A, the reaction mixture
was incubated at room temperature for 2 min. Then, 400 pl
of chloroform was added and centrifuged at 11,600xg for
15 min. Finally, after washing with washing buffers, the
column-bound DNA was eluted with distilled water. The
DNA concentration and purity were measured using a UV/
VIS Spectrophotometer (Mecasys, Daejeon, Korea).
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Design of primer and probe

The mitochondrial COI genes of centipede (Scolopendra
mutilans, accession no. MG991738.1), Blister beetle (Hycleus
cichorii, accession no. NC039657.1), Earthworm (Lumbricina
sp., accession no. HQ405776), Gecko (Gekko gecko, accession
no. AY282753), Rhinoceros beetle (Allomyrina dichotoma,
accession no. LC074686.1), Honeybee pupa (Apis mellifera,
accession no. L06178.1), Silkworm (Bombyx mori, acces-
sion no. NC002355.1), Migratory locust (Locusta migratoria,
accession no. NC001712.1), Rice grasshopper (Oxya chin-
ensis, accession no. EF437157.1), Rice grasshopper (Oxya
Japonica, accession no. KC261378.1), Two-spotted cricket
(Gryllus bimaculatus, accession no. KR071876.1) were
obtained from the GenBank database. The sequences of centi-
pedes and the non-target species were aligned using the online
ClustalW2 software. The primer and probe set for identifica-
tion of centipede was designed using Primer Designer version
3.0 (Scientific and Educational Software, Durham, NC, USA).
The primer and probe were synthesized by Bionics (Seoul,
Korea). The nucleotide sequences of the primer and probe
used in this study are shown in Table 1.

Specificity and sensitivity of real-time PCR method

The specificity of designed primer was confirmed using target
species and nine non-target species. The standard curve was
generated using serially diluted DNA extracted from centi-
pedes (from 10 to 0.001 ng).

A real-time PCR method was performed with a 7500 Real-
Time PCR system (Applied Biosystems, Foster City, CA,
USA). The reaction mixture contained 12.5 pl of TagMan™
Universal PCR Master Mix (Applied Biosystems), 400 nM of
primer, 200 nM of probe, 10 ng of template DNA, and distilled
water to a final volume of 25 pl. Amplification was performed
with a denaturation step at 95 °C for 10 min, followed by 40
cycles at 95 °C for 15 s and 60 °C for 60 s. Finally, the PCR
results were analyzed using the 7500 Software version 2.3
(Applied Biosystems). Notably, all reactions were performed
in triplicates.

Verification of the developed real-time PCR method

PCR System) were used to verify the performance of the
developed method and compared under Universal and Fast
real-time PCR conditions.

The conditions of the ViiA7 Real-Time PCR System
(Applied Biosystems) are shown in ‘Specificity and sen-
sitivity of real-time PCR method’ section. PCR amplifica-
tion conditions using the 7500 Fast Real-Time PCR Sys-
tem (Applied Biosystems), StepOnePlus Real-Time PCR
System (Applied Biosystems), and QuantStudio 3 Real-
time PCR System (Applied Biosystems) are as follows:
500 nM of primers, 250 nM of probe, 10 pl of TagMan™
Universal Fast PCR Master Mix (Applied Biosystems),
10 ng of the template DNA, and distilled water to a final
volume of 20 pl. Real-time PCR condition involved a hold-
ing stage at 95 °C for 20 s, followed by 40 cycles at 95 °C
for 3 s and 60 °C for 30 s. The Universal and Fast real-time
PCR conditions are shown in Table 2.

Applicability of the real-time PCR method

The binary mixture sample was prepared to measure the
detection limit of centipedes in processed foods. First,
binary mixture samples containing 0.1%, 0.5%, 1%, 5%
and 10% of centipede powder in silkworm powder were
prepared, and then 100 mg of the binary mixture sample
was immediately extracted for analysis. The detection limit
of the binary mixture sample was confirmed using five
real-time PCR platforms (7500 Real-Time PCR system,
ViiA7 Real-Time PCR System, 7500 Fast Real-Time PCR
system, StepOnePlus Real-Time PCR system, and Quant-
Studio 3 Real-Time PCR system) under the Universal and
Fast conditions.

Table 2 Cycling conditions for Universal and Fast real-time PCR

Step Universal condition Fast condition (7500
(7500 and ViiA7) Fast, StepOnePlus, and
QuantStudio 3)

1. First denaturing 95 °C, 10 min, 1 cycle 95 °C, 20, 1 cycle

Four real-time PCR platforms (ViiA7 Real-Time PCR > De"re 95 °C. 15 927G, 3s
System, 7500 Fast Real-Time PCR System, StopOnePlus 3. Anneal - 60°7C. 60s 60°7C. 305
Real-Time PCR System, and QuantStudio 3 Real-Time 4 Repeat steps 2-3 Repeat 40 cycles Repeat 40 cycles
Tablg 1 Sequence information Primer/probe name Sequences (5'—3") Size (bp) Target gene
of primer and probe developed
in this study Muti-2-F CTC ATG CTG GAC CGT CAG TT 154 col
Muti-2-R ACT GAT CAT ACA AAT AAA GGA GTT
Muti-P GAG CTT CCT CTA TTT TAG GGT CT
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Results and discussion
Specificity test

The accuracy of real-time PCR depends on the specificity
of the target gene or sequence used in the experiment (Kim
et al., 2021). Mitochondrial genes are highly conserved in
different animal species (Kang et al., 2017; van der Kuyl
et al., 1995). Mitochondrial DNA has been used to develop
detection methods since its high-copy number, and small
circular shape permit greater stability in numerous pro-
cessing conditions (Kim et al., 2019a; 2019b; Sentan-
dreu and Sentandreu, 2014). Furthermore, mitochondrial
genes, such as the D-LOOP gene, 12S rRNA and 16S
rRNA genes, COI gene, and the cytochrome b gene, have
been used for animal species identification in foods (Li
et al., 2019a; 2019b; Ghovvati et al., 2009; Wang et al.,
2021). The COI gene plays an important role in eukaryote
metabolism and has been mostly used as a target gene for
distinguishing closely related species.

In this study, new primer and TagMan probe set was
designed to target the COI gene of Scolopendra mutilans
(accession number MG991738.1) after aligning with
the mitochondrial COI region of nine non-target species
(Fig. 1). The amplicon size was 154 bp, increasing the
target DNA detectability in processed foods. The specific-
ity was evaluated using a target centipede (Scolopendra
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mutilans) and nine non-target species. The target
DNA of the centipede was successfully amplified (Ct
value =18.83 +0.08), and no amplification was observed
in the nine non-target DNA tests, revealing that the primer
and probe were specific for centipede detection (Table 3).
These results indicate that our method is specific and accu-
rate assay for detecting centipede DNA.

Sensitivity test

A standard curve for the centipede (Scolopendra mutilans)
was constructed using serial dilution of centipede DNA.
A standard curve had a slope of —3.57, and the coefficient
of correlation (R?) was 0.999 (Fig. 2). The amplification
efficiency, calculated from the equation, E=[10 (- 1/
slope) — 1], was 90.64%, further highlighting this method's
suitability in detecting centipede DNA. To generate a valid
primer and probe set, the R? and slope values for the stand-
ard curve should be >0.98 and — 3.1 to— 3.6, respectively
(Broeders et al., 2014). Hence, the real-time PCR method
is a highly efficient technique for centipede (Scolopendra
mutilans) detection.

The detection limit in centipede DNA was 0.001 ng, with
a Ct value of 32.99 4+ 0.08 (mean =+ standard deviation). Pre-
vious studies have identified the detection limit of real-time
PCR methods to detect eukaryotes used for the edible or
medicinal purposes (Kim et al., 2019a; 2019b; Quek et al.,
2018). Kim et al. (2019a; 2019b) obtained a detection limit

Muti-2-R
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Fig. 1 Alignment of nucleotide sequences of cytochrome c oxidase subunit 1 (COI) genes from 11 different species used as herbal medicines or

edible insects

Table 3 Result of specificity

” . Classification Common name (scientific name) Ct value
test using real-time PCR
method Target species Centipede (Scolopendra mutilans) 18.83+0.08*
Non-target species Blister beetle (Hycleus cichorii) ND
Earthworm (Lumbricina sp.) ND
Gecko (Gekko gecko) ND
Honeybee pupae (Apis mellifera) ND
Migratory locust (Lcusta migratoria) ND
Rhinoceros beetle larvae (Allomyrina dichotoma) ND
Rice grasshopper (Oxya japonica) ND
Silkworm (Bombyx mori) ND
Twin-star cricket (Gryllus bimaculatus) ND

ND not detected

#Mean Ct value + standard deviation obtained from triplicate reactions
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Fig.2 (A) Real-time PCR amplification plot and (B) standard curve of centipede DNA ranging in concentration from 0.001 to 10 ng

value of 0.001 ng for edible rice grasshopper (Oxya chin-
ensis) DNA by real-time PCR method. Additionally, Quek
et al. (2018) developed a real-time PCR method to quan-
tify an edible bird (Aerodramus fuciphagus) with a detec-
tion limit of 0.004 ng. Therefore, the detection limit value
obtained from our study is similar to or slightly lower than
in previous studies.

Verification of the real-time PCR method

In general, the detection values of real-time PCR platforms
from the same company do not show significant differences,
but there may be differences in detection values between
different platforms (Lu et al., 2010). The performance of
the real-time PCR method was verified using four different
real-time PCR platforms (ViiA7 Real-Time PCR System,
7500 Fast Real-Time PCR System, StepOnePlus Real-Time
PCR System, and QuantStudio3 Real-Time PCR System).
The ViiA7 Real-Time PCR System was performed under
the same Universal conditions as the 7500 Real-Time PCR
System. Conversely, the 7500 Fast Real-Time PCR System,
StepOnePlus Real-Time PCR System, and QuantStudio3
Real-Time PCR System were amplified under Fast real-time
PCR conditions.

The slopes for the ViiA7 Real-Time PCR System, 7500
Fast Real-Time PCR System, StepOnePlus Real-Time
PCR System, and QuantStudio3 Real-Time PCR System
were — 3.30, — 3.54, — 3.56, and — 3.22, respectively, and the
R? value was 0.998, 0.998, 0.997, and 0.993, showing high
linearity. The amplification efficiencies of the four real-time
PCR platforms ranged from 90.91 to 104.824%, revealing a
high efficiency (Broeders et al., 2014). Moreover, the detec-
tion limit in centipede DNA was 0.001 ng in both Universal
and Fast real-time PCR conditions. Therefore, the primer
and probe desgined in this study were able to sensitively and
accurately detect centipede DNA under Universal conditions

(within 100 min) and Fast real-time PCR conditions (within
40 min).

Application of real-time PCR method in binary
mixture samples

Furthermore, binary mixture samples were applied to eval-
uate the applicability to food samples contaminated with
centipedes. The analytical detection limit for food samples
contaminated with centipedes was tested three times on dif-
ferent days using binary mixture samples containing 0.1%,
0.5%, 1%, 5% and 10% centipedes mixed with silkworm
powder. The detection limit of five real-time PCR platforms
were 0.1% centipede in silkworm powder (Table 4). Both the
Universal and Fast conditions shoewed the same detection
limit. To verify the applicability of processed food, in the
previous studies, various types of binary mixture samples
were prepared, and limit of detection was confirmed. Amaral
et al. (2014) allowed 0.1% sensitivity for a binary mixture
sample containing red deer in pork meat. Also, Kim et al.
(2019a; 2019b) obtained a 0.1% detection limit value for a
binary mixture sample containing rice grasshopper in the
Bombay locust by rice grasshopper-specific real-time PCR
method, consistent with our study. These results propose
that the sensitivity of this method is sufficient for detecting
centipedes in food samples.

This assay is the first to report a real-time PCR method
to detect centipede (Scolopendra mutilans) DNA in food.
Target DNA was successfully detected under both Univer-
sal (within 100 min) and Fast real-time PCR conditions
(within 40 min). The analysis showed a sensitivity of 0.1%
for binary mixture samples containing centipedes in silk-
worm, suggesting its usefulness in identifying unintentional
contaminants and intentional product fraud using centipedes.
Although binary mixture samples were used to evaluate the
applicability of food samples contaminated with centipedes,
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Table 4 Results of centipede-specific real-time PCR in binary mixture samples

Binary mixtures Ratio of centi-

Ct values of centipede in silkworm

pede (%) " :
7500 ViiA7 7500 Fast StepOnePlus QuantStudio 3
Centipede in silkworm 10 26.16+1.06 27.3+0.68 28.13+£0.12 27.63+£0.06 27.80+0.09
5 27.59+1.06 28.73+0.66 29.08 £0.72 28.88+0.27 28.90+0.16
1 29.84+1.18 31.07+0.66 31.99+0.31 31.38+0.16 31.16+0.13
0.5 31.02+1.10 32.05+0.79 32.71+0.30 32.93+0.07 32.42+0.12
0.1 33.34+1.12 35.12+1.47 36.11+£0.69 35.36+£0.20 35.02+0.10

*Mean Ct value + standard deviation obtained from triplicate reactions

it will be necessary to detect centipedes contained in vari-
ous food matrices in the future. The real-time PCR method
might be a rapid, sensitive, and efficient method to manage
illegal health functional foods or unintentional adulteration
of centipedes in food.
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