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Background: Allergic reactions have been observed following both direct centipede bites and the clinical
use of centipede-containing medicines, such as traditional Chinese medicines utilizing Scolopendra
subspinipes mutilans; however, no natural centipede allergen has yet been characterized.
Methods: An allergen was purified from S. s. mutilans venom using Superdex 75 gel filtration and
RESOURCE S ion chromatography, and its primary structure was determined via a combination of LC-MS-
MS, MALDI-TOF/TOF and protein sequencing techniques. Its potential allergenicity was evaluated by
immunoblotting, ELISAs, skin prick tests (SPTs) and mast cell activation assays.
Results: A novel allergen Sco m 5 (210 amino acids long) was successfully purified from crude S. s.
mutilans venom. Sco m 5 could promote the degranulation of a human mast cell line, HMC-1. Among
centipede-allergic patients, Sco m 5 showed an 83.3% IgE-binding frequency and a 66.7% positive re-
action frequency, as detected by immunoblotting and SPTs, respectively. Sco m 5 IgE-binding frequencies
of common Chinese population was found to be 9%—16%. Sera positive for Sco m 5 IgE-binding was cross-
reactive against venom from the wasp Vespa mandaeinia.
Conclusions: The present study isolated and characterized a novel allergen termed as Sco m 5 from the
centipede S. s. mutilans. The use of Sco m 5 to identify centipede-allergic individuals could be important,
given the high potential allergenicity of Sco m 5 among the general Chinese population, along with the
likely possibility of cross-reactivity against wasp venom among centipede-allergic patients.
Copyright © 2020, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

shellfish), aeroallergens (e.g., house dust mites, molds, pollens, and
feathers), and other allergens (e.g., hornets, cats, dogs, rodents, and

IgE-mediated allergy is a life-threatening condition affecting
people in all countries.! Allergic diseases cause a heavy burden due
to the direct or indirect therapy needed to treat the symptoms and
the loss of work productivity.>> At present, numerous allergens are
recognized, such as food allergens (e.g., milk, egg, peanut, fish, and

cattle).>*® Various arthropods (e.g., honeybees, mosquitoes,
houseflies, weevils, cockroaches, bugs, caterpillars, wasps, and
ants) produce potent allergens that sensitize and induce IgE-
mediated allergic reactions in humans, especially in response to
bites or venom injection by these creatures.” 2
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Centipedes, which are distributed worldwide and have a fossil
record spanning 420 million years, can secrete venom from
poisonous glands in their forceps, and venom plays an important
role in their predation and defense.'>* The most common re-
actions to centipede bites include redness, edema, severe itching,
fever, chills, general rash, swelling, blistering, and eosinophilic
cellulitis.">'® Notably, many of the observed signs and symptoms
following centipede envenomation, such as severe itching, fever,
chills, general rash, and eosinophilic cellulitis, may be attributable
to allergy-like complications.'®!° Envenomation symptoms can last
several days and may lead to necrosis, hypersensitive reactions,
shock, or even death if not treated properly.® 2 A type-I allergic
reaction has been reported following envenomation by centi-
pedes.”> However, according to one case report, a centipede bite
triggered a type-IV allergic reaction and caused the death of a 21-
year-old female.'” Centipede venoms contain many active compo-
nents and induce a variety of pharmacological and biomedical ef-
fects. Due to their unique characteristics, centipedes have been
used to make traditional medicines in China and Korea for thou-
sands of years.”* These medicines have been reported to have
therapeutic effects on convulsion, stroke, tetanus disease, rheu-
matism, hemorrhoids, scrofula, and snake bite.!?4?> However,
centipede-containing medicines sometimes cause adverse re-
actions, the most common of which are allergic reactions, repre-
sented by rashes, papules, redness, itching, swelling, nausea,
dyspnea, and even anaphylactic shock.'®

At present, nucleotide sequences of some suspected centipede
allergens can be found in the NCBI database, but no natural centi-
pede allergen has yet been purified and characterized. Our previous
transcriptomic analysis identified five venom allergen-like proteins
from the Scolopendra subspinipes mutilans, but only one of these
allergen-like proteins could be identified based on a sequence
similarity comparison of the S. s. mutilans proteomic data with
known allergens from other arthropod species.’® Moreover, ven-
omic and transcriptomic analyses of S. subspinipes dehaani venom
revealed that allergen-like proteins were also existed in the
venom.?’” However, no natural allergens from S. s. mutilans or S. s.
dehaani have been isolated and characterized. Thus, the novel
allergen from S. s. mutilans reported in the present investigation
represents the first natural centipede allergen to be characterized.
Based on its similarity to allergen 5 from various wasp and bee
venoms, the allergen was approved and registered as Sco m 5 by the
WHO/LU.LS. Allergen Nomenclature Sub-committee.

Methods
Allergen purification and identification

Adult S. s. mutilans (both sexes, n = 400, length > 16 cm) were
bought from Suizhou county, Hubei province, China. Venom col-
lections were performed as previously described.?’ Lyophilized
crude venom powder (500 mg) was dissolved with 2 ml of 20 mM
Tris—HCI buffer; after centrifuging the mixture at 12,000 rpm for
10 min, the resulting supernatant was loaded onto a Superdex 75
column (2.6 x 100 cm, GE Healthcare, USA). The column was pre-
equilibrated with the same buffer and eluted at a flow rate of
1.5 ml/min. Peak V from the gel filtration was collected and dialyzed
against 20 mM phosphate buffer (NaH2PO4, NaHPO4, pH 6.5), then
further purified on a RESOURCE S column (1 ml, GE Healthcare).
This column was pre-equilibrated with the same phosphate buffer
and eluted with 20 mM phosphate buffer containing 1 M NaCl at a
flow rate of 1 ml/min. Both the Superdex 75 and RESOURCE S col-
umns were connected to a fast protein liquid chromatography
(FPLC) system (AKTA Pure, GE Healthcare). Elution was monitored
by the FPLC system at a wavelength of 280 nm. Each purification

step was monitored by an allergenicity assessment assay (immu-
noblotting), and the resulting purified allergens were stored
at —20 °C until use.

Mass spectra generation and N-terminal sequencing of the pu-
rified allergen were performed as previously described.”® Internal
peptide fragments were obtained by using MALDI-TOF/TOF (Auto-
flex speed TOF/TOF, Bruker, Germany) on a linear mode. The N-
terminal sequence was determined by a protein sequencer (PPSQ-
31A, Shimadzu, Japan), and the molecular weight was determined
by an LC-MS-MS (Exactive Plus, ThermoFisher Scientific, USA).

Patients and ethics

All experiments were approved by the Ethics Committee of Puer
People's Hospital (Authorization No. 2018pesyll-01). Informed
consent was signed by each volunteer, and skin prick tests (SPTs)
were performed on these subjects at Puer People's Hospital,
Yunnan, China. The study conforms to the standards of the Decla-
ration of Helsinki, and the related clinical trial was registered with
the WHO International Clinical Trials Registry Platform (ICTRP)
(name: identification and function of allergen from centipede,
registration number: ChiCTR1900021604).

In this study, we recruited six centipede-allergic patients who
were previously bitten by a centipede and displayed typical allergy
symptoms, such as redness, itching, blistering, edema, or swelling
(Supplementary Table 1). We also recruited 120 volunteers
randomly selected from people undergoing a health examination
(these individuals were not questioned or tested regarding centi-
pede exposure or allergy) and 19 volunteers who self-reported that
they had not ever been bitten by a centipede or used centipede-
containing medicines (subjects answered this question prior to
being selected).

Potential allergenicity assessment of Sco m 5

To evaluate the allergenicity of Sco m 5, SPTs,”° immunoblot-
ting,>*>! and ELISAs® were performed on samples from the six
centipede-allergic patients as previously described. Mast cell acti-
vation tests (MATs)' were performed using the HMC-1 cell line of
human mast cells to validate the allergenicity of Sco m 5. The same
ELISAs and immunoblotting assays were performed on samples
from the 139 recruited volunteers to evaluate the potential aller-
genicity of Sco m 5 in the general Chinese population. For detailed
information on these methods, see the Supplementary Methods.

Allergenicity of differently prepared S. s. mutilans samples

Avariety of S. s. mutilans samples were prepared as follows: the
head (1-2 segments containing the venom glands) and trunk
(remaining segments of the body) of dried/live S. s. mutilans were
collected and separately subjected to extraction using a juice
extractor. The protein concentrations of these different samples
were determined with a GENEQUANT 100 (Classic; GE Healthcare),
using the assumption that an optical density at 280 nm (OD;gg) of 1
is equal to 1 mg/ml. Thermally treated Sco m 5 samples were
prepared by boiling at 100 °C for 20 min. HMC1 cells were sensi-
tized to serum IgE and stimulated with various processed S. s.
mutilans samples. The f-hexosaminidase release was measured as
previously described.">?> The percentage of p-hexosaminidase
release was calculated using the following formula: B-hexosamin-
idase release (%) = (S—C)/(L—C) x 100, where C, S, and L represent
the absorbance of cell-free medium, the supernatant from the
lysate of treated HMC1 cells and the supernatant from the lysate of
untreated control cells exposed to medium alone, respectively.

Please cite this article as: Lan X-Q et al., Isolation and characterization of the major centipede allergen Sco m 5 from Scolopendra subspinipes
mutilans, Allergology International, https://doi.org/10.1016/j.alit.2020.06.003




X.-Q. Lan et al. / Allergology International xxx (Xxxx) xxx 3

PCR assessment of the tissue distribution of allergens in S. s.
mutilans

To clarify the tissue distributions of Sco m 5 and S. s. mutilans
allergen-like proteins, PCR assays were performed as previously
described.”® Tissue samples were carefully dissected and pooled as
follows: V (milked venom glands), H (head, 1-2 segments without
venom glands), and T (trunk). RNAs from different tissues were
extracted using the Eastep® Super Total RNA Extraction kit
(Promega, USA) in accordance with the manufacturer's in-
structions. First-strand cDNA was synthesized using the Prime-
Script™ RT reagent kit with gDNA Eraser (RR047A, TaKaRa
Biotechnology Co., Ltd., China) following the manufacturer's pro-
tocol. The NCBI primer-blast tool was used to design primers and
amplicon lengths varied from 100 to 300 bp (Supplementary
Table 2).

Data analysis

All sequence alignments were performed using DNAMAN 8
software. All sequence data were deposited in the NCBI or UniProt

databases or the GenBank database under accession numbers
MK440600, MK440601, MK440602, MK440603, MK440604,
MK440606, MK440607, and MK440608. All data were analyzed in
GraphPad Prism 5, and the criterion for statistical significance was
defined as p < 0.05.

Results
Purification and identification of Sco m 5

To identify a natural allergen in S. s. mutilans venom, the aller-
genicity of each venom fraction was assessed via incubation with
pooled serum from six centipede-allergic patients after each puri-
fication step. Superdex 75 gel filtration of crude S. s. mutilans venom
resulted in the separation of six protein peaks (Fig. 1A, left), and the
immunoblotting results for these peaks identified a positive reac-
tion in peak V (Fig. 1A, right). The Superdex 75 gel filtration peak V
was subsequently separated into five protein peaks by RESOURCE S
cation exchange chromatography (Fig. 1B, left), and the immuno-
blotting results for these peaks identified a positive reaction in the
peak V fraction (Fig. 1B, right). Sco m 5, with an apparent weight of
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Fig. 1. Purification and identification of Sco m 5 from crude S. s. mutilans venom. A. Crude S. s. mutilans venom was divided into six fractions by a Superdex 75 gel filtration column
(left). SDS-PAGE and immunoblotting for the six protein peaks (right). B. Peak V from (A) was divided into five fractions by RESOURCE S column (left). SDS-PAGE and immuno-
blotting for the five proteins peaks (right). C. The purity and apparent molecular weight of Sco m 5 were determined by silver staining. D. The deduced amino acid sequence of Sco m
5. Boxed: N-terminal sequence, bold: sequences of two internal peptide fragments. E. The exact molecular weight of Sco m 5 was determined by LC-MS-MS.
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20 kDa, was obtained from this fraction (Fig. 1C). The N-terminal
sequence of Sco m 5 was determined to be CDMKVRGLDNAMKK-
MIL by N-terminal protein sequencing, and 2 amino acid sequences
of ELHWDDQIAANAQR and YSYLGENIYMGSYPDPIPR identified by
MALDI-TOF mass spectrometry for interior peptides (Fig. 1D,
Supplementary Fig. 1A and B). Transcriptomic and proteomic data
analyses revealed that the deduced protein sequence of Sco m 5 is
composed of 210 amino acid residues and has a 23-amino-acid
signal peptide (Fig. 1D, accession number: MK300948.1). The exact
molecular weight of Sco m 5 was determined by LC-MS-MS to be
20,635 Da (Fig. 1E). Overall, the identified N-terminal protein

and the observed molecular weight (20,635 Da) matched well with
the deduced protein sequence of Sco m 5 and its theoretical mo-
lecular weight (20,636 Da), unequivocally confirming the identities
of Sco m 5 protein and its coding cDNA.

Interestingly, the primary structure of Sco m 5 shared 43%—49%
sequence identity with other allergen-like proteins from the same
species (Fig. 2A) and 33%—89% sequence identity with other
centipede allergen-like proteins (Fig. 2B, Supplementary Fig. 2). The
N-terminal sequence of allergen-like proteins from S. s. dehaani
shared high sequence identity with the N-terminal sequence of Sco
m 5, as did the N-terminal sequences of certain proteins from

sequence, the determined amino acid residues of two fragments, Scolopendra  viridicornis nigra and Scolopendra angulata
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Fig. 2. Sequence alignment of Sco m 5 with allergen-like proteins from different centipede species. A. Comparison with four other venom allergen-like proteins from the same
species: MK440600 (49%), MK440601(45%), MK440602 (42%), and MK440603 (43%). B. Comparison with venom allergen-like proteins from S. s. dehaani: KC144347.1 (82%),
KC144549.1 (85%), KC144967.1 (89%), KC144555.1 (89%), and KC144061.1 (52%). Identical amino acids are highlighted.

Please cite this article as: Lan X-Q et al., Isolation and characterization of the major centipede allergen Sco m 5 from Scolopendra subspinipes
mutilans, Allergology International, https://doi.org/10.1016/j.alit.2020.06.003




X.-Q. Lan et al. / Allergology International xxx (Xxxx) xxx 5

(Supplementary Fig. 3A). In addition, Sco m 5 shared 36%—41%
sequence identity with allergens from non-centipede arthropods
(Supplementary Fig. 3B).

Potential allergenicity frequency of Sco m 5

To assess the potential allergenicity of Sco m 5, we recruited six
patients with known centipede allergies (Supplementary Table 1)
and performed immunoblotting assays and SPTs. Sco m 5 had an IgE-
binding frequency of 83.3% (5/6; Fig. 3A) and an SPT-positive reaction
frequency of 66.7% was found among these patients (4/6; Fig. 3B).
Competitive inhibition ELISAs, performed using sera from two of the
centipede-allergic patients, revealed that the maximal inhibition of
patient IgE binding to precoated crude S. s. mutilans venom was
approximately 50% (Fig. 3C, D). In in vitro MAT tests, Sco m 5 induced
approximately 2- and 2.5-fold increases in degranulation (as deter-
mined by CD63 and CD107a surface staining) following incubation
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with centipede-allergic as opposed to nonallergic patient sera,
respectively (Fig. 3E, F; Supplementary Fig. 4A and B).

Potential allergenicity of Sco m 5 among the general Chinese
population

To assess the potential allergenicity of Sco m 5 in the general
Chinese population, we first screened sera from 120 randomly
selected individuals by performing immunoblotting assays, and Sco
m 5 had a 9.2% (11/120) IgE-binding frequency in these subjects
(Fig. 4A). Afterwards, we recruited 19 volunteers who self-reported
that they had never been in contact with centipedes or taken
centipede-containing medicines and repeated the same immuno-
blotting assays on their donated sera. Surprisingly, the IgE-binding
frequency of Sco m 5 was 15.8% (3/19) in these volunteers (Fig. 4B).
The immunoblotting results for both groups were supported by the
results of ELISAs (Fig. 4C). In conclusion, our data indicate that the
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Fig. 3. Potential allergenicity assessment of Sco m 5. A. Immunoblotting of specific IgE binding to Sco m 5 using sera from six centipede-allergic patients. B. Skin prick test of Sco m 5
(The four patients are 1, 2, 3 and 5 in A; red arrows: Sco m 5; black arrows: histamine). C, D. The dose-dependent inhibition rate of Sco m 5 against the binding of IgE from allergic
patient serum (from patients 2 [C] and 3 [D] in A) to precoated crude venom (CV). The data represent the mean + SEM from three technical replicates, *p < 0.05 by unpaired t-test. E,
F. Sco m 5 induced HMC-1 degranulation was measured based on CD63 (E) and CD107a (F) surface staining. HMC-1 sensitized with sera from centipede-allergic patients (patients 2,
3 in A) and non-allergic subjects (two randomly selected individuals among the 19 volunteers whose sera showed a negative IgE-binding reaction to Sco m 5). The data represent

the mean + SEM from three technical replicates.
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Fig. 4. Potential allergenicity of Sco m 5 in the general Chinese population. A. Immunoblotting for specific IgE binding to Sco m 5 in sera from 120 randomly selected volunteers;
lanes 12 and 13 show representative negative reactions. B. Immunoblotting for specific IgE binding to Sco m 5 in sera from 19 volunteers who self-reportedly had never contacted a
centipede or used centipede-containing medicines; lanes 4 and 5 show representative negative reactions. C. ELISA for specific IgE binding to Sco m 5. 14 Sco m 5-sensitive sera
(lanes 1-11 of A and lanes 1-3 of B) and 10 specific IgE binding-negative sera samples were used. The data represent the mean + SEM and were analyzed using a Mann—Whitney U

test, ««p < 0.001.

IgE-binding frequency of Sco m 5 in the general Chinese population
is approximately 9%—16%.

Allergenicity cross-reactivity between S. s. mutilans and
V. mandarinia

To determine the allergenicity cross-reactivity between centi-
pedes and Hymenoptera, we prepared the crude venom of Vespa
mandarinia. Immunoblotting revealed that 14 of the 19 sera posi-
tive for allergy to Sco m 5 also showed a positive reaction to
V. mandarinia venom (Fig. 5A). A competitive inhibition ELISA was
conducted using sera from two of the centipede-allergic patients
that had a positive immunoblotting reaction to V. mandarinia
venom. The IgE reactivity to V. mandarinia venom was inhibited by
up to 20% by Sco m 5 and was inhibited 40% by S. s. mutilans crude
venom, respectively (Fig. 5B, C). These results indicate that many of
the patients who are allergic to centipedes also displayed cross-
reactivity against venom from the wasp V. mandarinia.

Allergenicity of various S. s. mutilans samples

The potential allergenicity of different S. s. mutilans samples
were evaluated by the level of B-hexosaminidase release. The
quantity of f-hexosaminidase released by HMC-1 cells in response
to the positive (10 pg/ml C48/80) and negative controls was
approximately 40% and 3%, respectively (data not shown). How-
ever, different concentrations of variously prepared samples (head
and trunk from live/dried centipedes, untreated/boiled Sco m 5)
induced B-hexosaminidase release in a dose-dependent manner
(Fig. 6A, B). Interestingly, there was no significant difference in the
amount of B-hexosaminidase release triggered by equal doses of
differently processed S. s. mutilans samples (i.e., using fresh, dried,
or boiled preparations), which indicates that the various processing
methods did not affect the allergenicity of S. s. mutilans allergens.

Tissue distribution of S. s. mutilans allergens

The tissue distribution of S. s. mutilans allergens was assessed
via PCR (Fig. 6C), Sco m 5 and S. s. mutilans allergen-like proteins
(MK440600, MK440601, MK440602, and MK440603) were widely
distributed in different parts of the centipede body, but each
allergen/allergen-like protein had a unique distribution. Sco m 5
was expressed mainly in the venom gland, with the second
strongest signal coming from the rest of the head (which may have
contained trace amounts of the venom gland). In contrast,
MK440600, MK440602, and MK440601 were expressed mainly in
the trunk and head but not in the venom gland, whereas
MK440603 was equally expressed in the head, venom gland, and
trunk.

Discussion

Allergic reactions are recognized as the most common adverse
reaction to centipede bites or the clinical use of centipede-
containing medicines.>> The nucleotide sequences of suspected
allergens from different centipede taxa are available from the NCBI
database, based on their deduced sequences, these allergen-like
proteins have molecular weights of approximately 20 kDa and
belong to venom allergen families 3 and 5. Our lab previously
demonstrated that as many as 21 allergen-like nucleotide se-
quences exist in the venom gland of S. s. dehaani and identified five
allergen-like proteins via N-terminal protein sequencing of purified
venom fractions.”’” Additionally, allergen-like proteins from
S. viridicornis nigra have high sequence identity (40%—50%) with
allergen 5 from wasp venom.'® Interestingly, Sco m 5 shares 43%—
49% protein sequence identity with four other allergen-like pro-
teins from the same species but showed the highest identities with
four deduced proteins from S. s. dehaani (82%—89%) (Fig. 2) and one
allergen-like protein from S. subspinipes mojiangica (87%)
(Supplementary Fig. 2B). Thus, our results suggest that Sco m 5 and
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Fig. 5. Allergenicity cross-reactivity of Sco m 5 and S. s. mutilans crude venom against Vespa mandarinia venom. A. Immunoblotting of V. mandarinia venom after incubation with 19
sera previously identified as positive for specific IgE binding to Sco m 5. The right 5 lanes showed negative reactions. C: centipede-allergic patients, P: unscreened participants, V:
self-reportedly non-centipede-exposed volunteers. The subject numbers match those shown in Fig. 3 and 4. B, C. The dose-dependent inhibition rate of Sco m 5 and S. s. mutilans
crude venom (CV) against the binding of IgE from centipede-allergic patient serum (C2 [B] and C3 [C] in A) to precoated V. mandarinia venom (VV). The data represent the

mean + SEM from three technical replicates. **p < 0.01, ***p < 0.001 by unpaired t-test.
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Fig. 6. Potential allergenicity assessment of S. s. mutilans samples processed in various manners and tissue distribution of S. s. mutilans Sco m 5/allergen-like proteins. A, B. B-
hexosaminidase release in response to different S. s. mutilans samples or boiled Sco m 5. The data represent the mean + SEM from three technical replicates. *p < 0.05 and ns = not
significant by unpaired t-test. C. PCR of Sco m 5/allergen-like proteins from S. s. mutilans (V: venom gland, H: head, T: trunk).

its homologues are distributed across S. s. mutilans, S. s. dehaani, and
S. s. mojiangica. Meanwhile, Sco m 5 also shared 36%—41% sequence
identity with proteins from several non-centipede arthropod spe-
cies (Supplementary Fig. 3B). The presence of highly similar
allergen-like proteins across different centipede species suggests
that certain allergens may be contained in a variety of centipede
types and may play an important role in centipede allergenicity, at
least for S. s. mutilans, S. s. dehaani, and S. s. mojiangica.

The difference in the measured IgE-binding frequency of Scom 5
between an unscreened sampling of the general population (9.2%;
11/120) and a group of volunteers who had self-reportedly never
been exposed to centipedes or centipede-containing medicines
(15.8%; 3/19) might be caused by the dissimilarity in sample size
(Fig. 4A, B). As such, the IgE-binding frequency of Sco m 5 in the
general Chinese population is likely in the range of 9%—16%. For
comparison, the frequencies of allergic reactions induced by flying
Hymenoptera in general and by bee stings in particular were re-
ported to be 2%—26% and 16%, respectively, in an unselected Eu-
ropean population.®* % Furthermore, proteins from S. viridicornis
nigra have a strong similarity to allergen 5 from wasp venom, and
patients with allergies to centipede venom have also shown allergic
reactions to wasp, yellow-jacket, and honey bee venom.’’ The
levels of sequence similarity are related to the cross-reactivity

levels of allergens.>® Here, we used the sera that displayed a posi-
tive IgE-binding reaction to Sco m 5 to perform the same experi-
ments against V. mandarinia venom, and results show that 14 of the
19 tested samples had positive reactions (Fig. 5). Allergic reactions
to centipedes are rare, but allergies to wasps and bees are common.
Taken together, a reasonable explanation for the high IgE-binding
frequency of Sco m 5 among the Chinese population is a cross-
reactivity between allergens from centipedes and those from
various flying Hymenoptera.

Centipedes are an important animal source of traditional med-
icine, and a database search yielded 252 drugs derived from cen-
tipedes (https://www.yaozh.com/). Although there is still
controversy over whether to keep or discard the heads of centi-
pedes when they are used in clinical practice, all components of the
preparation are required to be boiled before administration.
Allergic reactions are reported to be the most common adverse
reaction caused by centipede-containing medicines. Our present
investigation demonstrates that different processing methods had
no significant influence on centipede allergenicity (Fig. 6A, B). Sco
m 5 and other allergen-like proteins were thermostable and were
widely distributed throughout the bodies of S. s. mutilans (Fig. 6C).
This thermostability may be the reason why centipede-containing
medicines retain allergenicity after being boiled. Because 9%—16%
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of the general Chinese population is susceptible to an allergic re-
action against Sco m 5, the widespread clinical usage of centipede-
containing medicines could contribute to a high frequency of
allergic reactions against centipedes.

In conclusion, we purified and characterized a new allergen
from centipede venom and evaluated its allergenicity. The dis-
covery of Sco m 5 helps explain the occurrence of allergic re-
actions caused by centipede bites and the consumption of
centipede-containing medicines. Allergic reactions caused by Sco
m 5 should be noted as a possibility when a patient is bitten by a
centipede or uses medicine that contains centipede parts. How-
ever, further research should be conducted to expand the known
range of centipede allergens and to diagnose and treat allergic
disease caused by centipede bites or centipede-containing
medicines.
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Supplementary Materials

| solation and characterization of the major centipede alergen Scom

5 from Scolopendra subspinipes mutilans

Supplementary Methods
Allergen purification and identification

Venom collections were performed as previously described . Briefly, eectric
stimulation-induced venom was washed with 20 mM Tris-HCl buffer (pH 7.8,
containing 100 mM NaCl). The collected venom pools were centrifuged at 12,000
rpm for 10 min at 4 °C, and the resulting supernatants were vacuum freeze-dried and
stored at —20 °C until use.
Potential aller genicity assessment of the Scom 5
Skin prick test

SPTs were executed via the method of D’Avino 2 Briefly, 100 ug/mL (final
concentration) Sco m 5 dissolved in a 0.9% saline solution, 10 mg/ml histamine
(Sigma-Aldrich, St. Louis, MO, USA) was used as a positive control, and a 0.9%
saline solution was used as a negative control. All skin test liquids were freshly
prepared by mixture with sterile glycerin in aratio of 1:1 (v/v) and filter sterilized by
being passed through 0.22 um membrane filters (Millipore, Billerica, MA, USA).
Testing was conducted at a dose of 50 pl/test point.
| mmunaoblotting

SDS-PAGE and immunoblotting were performed as previously described 3 .



Briefly, 200 ng of purified Sco m 5 were subjected to SDS-PAGE and transferred onto
a polyvinylidene difluoride (PVDF) membrane (Millipore, USA). The membranes
were blocked with 5% BSA (Sigma-Aldrich) and then further incubated with diluted
(2:10, v/v) human sera and peroxidase-labeled anti-human IgE monoclonal antibody
diluted 1:5000 (KPL, Inc., Gaithersburg, MD, USA). Finally, IgE-binding proteins
were visuaized with Super Signal chemiluminescence reagents (Thermo Fisher
Scientific, USA). Each incubation step was followed by three 10-min washes with 0.1%
TBST (100 mM Tris, 150 mM NaCl, pH 7.4, containing 0.1% tween 20).
ELISA

ELISAs were carried out as previously described with minor modifications °.
Briefly, 200 ng of purified Sco m 5 was pre-coated overnight onto a 96-well plate
(Corning, USA) with 100 ul of coating buffer (15 mM Na,COs, 35 mM NaHCOs, pH
9.6) a 4 °C. The plate was then blocked with 5% BSA and incubated with 100 ul of
diluted sera 1:10 (v/v) at 37 °C for 2 h. After IgE binding, the plate was incubated
with 100 pl of the abovementioned peroxidase-labeled anti-human IgE monoclonal
antibody at a dilution of 1:2000 for 1 h at 37 °C. Each incubation step was followed
by three 1-min washes with 350 pl/well of 0.1% TBST. The plate was then incubated
with 100 pl of colored substrate (Beyotime, China) at 37 °C for 15 min. An additional
50 ul of termination fluid (Beyotime) was added to each well to end the reaction.
Finally, the plate was read at 450 nm with a microplate reader (TECAN, infinite
M200 PRO NanoQuant).

Competitive inhibition ELISAs were performed in accordance with a previously



described method °. Sera from two allergic patients were randomly chosen for use in
the inhibition assay. After the sera were pre-incubated with different amounts of the
purified proteins or crude venom (final concentration: 0-1 pug/ml) at 37 °C for 1 h, the
mixtures were added to a 96-well plate previously coated with 2 ng of crude venom
per well. The remaining steps of this assay were the same as those described in the
ELISAs method section above.
Mast cell activation test

Human mast cells of the HMC-1 cell line were used to the perform mast cell
activation test (MAT), as described in a previous report °©. HMC-1 cells were
purchased from Beijing Luyuan Bode Biotechnology Co. Ltd. The cells were cultured
with supplementary medium [Iscove’s modified Dulbecco’s medium (Gibco, USA) +
10% fetal bovine serum (BI, Isragl) + 0.5% penicillin-streptomycin solution] in a cell
incubator (37 °C, 5% CO,). The cells were sensitized overnight with diluted (1:10,
v/v) sera from patients with centipede allergies, after which the cells were incubated
with different concentrations of Sco m 5; goat anti-human IgE antibody (10 pg/ml)
was used as a positive control. After 1 h of incubation, the cells were stained with
CD107a-APC (clone H4A3, BD, PeproTech, USA) and CD63-FITC (clone H5C6,
BD, PeproTech) antibodies and analyzed by flow cytometry (BD LSRFortessa™, BD
Biosciences, USA) and FlowJo software (FlowJo 7.6-1).
Allergenicity of variously prepared S. mutilans samples

The B-hexosaminidase release dicited by various S. mutilans samples was tested as

previously described ® 7. Briefly, HMC-1 cells (1-5x10° cells/well) were preincubated



with centipede-allergic patient sera overnight and incubated for 1 h with different S
mutilans samples. C48/80 (Sigma-Aldrich) at a final concentration of 10 ng/mL was
used as a positive control. Afterward, the cells were centrifuged at 1,000 rpm for 5
min, and 100 pul of the resulting supernatant was taken and transferred to a new
48-well plate. An additiona 100 pl of B-hexosaminidase substrate [1 mmol/L
p-nitrophenyl N-acetyl-B-D-glucosamine (Sigma-Aldrich) in 0.05 mol/L citrate buffer
(pH 4.5)] was added to each well and incubated for 2 h in acell incubator (37 °C, 5%
COy). Findly, the reaction was stopped by adding 300 pl of 0.05 mol/L sodium
carbonate (pH 10), and the optical density at 450 nm was measured with a microplate

reader.
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Supplementary Fig. 1. Identification of Scom 5.
A, B. MALDI-TOF determination profiles of two internal peptide fragments.




sco_m_5 MTIFLTSTLFVLLVFQILGKGMGCOMKYRGDanmkkMELD LIk KR TV osGosRAREKEL Hlopo T AANEER S A 81
A o) I 1] o A MRGGIKTEETHENTRAGIK AGS Ve HOQAQE SIS RIEREV VS S ELAT IRERWA 55
tr[TlIKBE MAKCDYEGFGKEHTMCKYTKHLDCVLASTHSSTQKN LESL R LgIE Fi{as T SDPNF[EK] ) DDELEMIBIEKWT 88

Sco_m_5 E@FQHTAKNLRKTSK%\’ .............. LGENIYMGSYPDPIP..... RS N:EVDEUKD\;TPAWKSFRSGGJ 142
tr|T1IFC9  EQWINAKDQNRRTSKLPYSLEKNGMPEKPKTFEHVGQNVFHSHSRTNNPSADVTNVIEARYNEVEKPGFNASNINPFHFNP 136
tr|T1IKB6  DQEKQGPDAERRSYKYPIEIG. ... 0vuuur.n. QNRFLDTEDDDKVKKDVSGLANR TF SKKQGFSTNDVAEFKSSE . . 145
Sco_m_5 Mxﬁvgﬁgrmﬁwmm. - .KNTY[:EQGP%VPGE PIYKQGSPASDCKKGKSSKYPGLCN. .. cuu... 210
tr|T1IFC9  SVAQYTELIMROIDL IiMerF VY FQTSDF TYHKHT T@NGAS GENTKDGMMYKVGPQCSNCPKGCSITYPGLCSSAVNASLYN 217
tr|T1IKB6  KTNQFSEMIBITSESIQMEF TRYKEVF . . FSNAT T@NGGPARNIPGN TAAGKEKEPNGATRLLRFNFMIYLCVFPILFLIF 224
T <L - T T L T 218
tr|T1JFC9  ENYQLASSIGNPNKTAVLQLDDEIISENKNESKVITEGGGLKYGLLDONDEGTQDIKNSDPLHVSTEKVVLDLVTEKTNK 36% 296
R TETIBD:  omservicns oo i s msonsots oo ool a T3 0 B T 0 A 339 224
L B o I MTIFLTSTLFVLLVFQILGKGMGEDMK 27
B MKA4@604 o ovivinenenrnnrnannannanns MVDYRLLGEGNPTSKMNILLTFSLFVFVVFHTLECGMGEDMK 42
MK448606 MLYTVPFFVFVFSQILQGGMPQSTGAFIGRTSQQIPNNFTFGRKLPVELPAKTQPYSAMVKSETENIL 68
MEAABEET  ovrsissien sy Seer s e e s e e MMIRIALCFFFLNEVNRYNIEAE LK 26
MEARBDREE s vrirm srmd e BB B Rk A MNFVITAVSALLTFQLYVDGWGEQMS 26
Sco_m_5 KMILDLEHIKKROT DDQIMANIAeR SE T@VFQRETAKNLRK 95
MK440604 KMILDLEIKKEQT DDE IfASNMeR SIAE T{eK FQETAQSLRK 11e
MK44@686 KEIVNLELUK LIOK DNDLEHYIWT LENRIEVAKENSPTLKK 136
MK448607 QLVD R LIGAK] DDE LEBAKEE WRNT@OGGRD LYDGRK 94
MK440608 NR IVKHEIVE LFQK NDE LIMANMeR AINE R{@\VF QS SDEERT 94
Sco_m_5 TSKYSYLGENIYMGSYPDP....... IPRSVN TPAVVKSFRSG.GPMI 155
MK448604 SGKYSYLGENIYMGSYPDP....... IPRSVN VSPAVVKSFSSG. GPMI 17e
Mk448606 YRSVGONIGAGWSSFSEKTP. . ... KFKSFID FDSKKIQPFMYS..TV 157
MK440687 TSKYPVAGONFYASYALGTGSANKINLYSPVQ FDRNAVKSYKFD. . PKT 168
MK448608 TTKYGVTGESMYAGTFSNP....... LKTAVDRERIE NPSIVDSYDYYPGAV 155
Sco_m_5 ERL[ddeL vT. . . . ASDKNTYIFCQYGPSGNYPGEPTIYKQGSPASDCKKGKSSKYPGLCN. 210
Mk448684 ERLEEEM VT . o ASDKNSYVF . s s v vavenssnssmsrssasnsasnnssnnsnnssnns 87% 188
MK448606 QielderF TAFRDDKGVFNKIFVCNYGPGGNYPGSSVYLSGKSCSNCKKGCSKQFPSLCNY 42% 257
MK440607  ERT/deevVLFPR.GSWTEQHIICNYGPAGNFIGQPVYLEGTPASRCRS.KSTQYLGLCSS  47% 218
MK448608 EfTlelge AKS . . . AADGQSYVFCHYAPRGLYPQQSVYKRGSPASACKKGQSSRYPGLCK. 52% 211

Supplementary Fig. 2. Sequence alignment of Sco m 5 with allergen-like proteins
from centipede species.

A. Comparison with tr|[T1JFC9 (36%) and tr|T1IKB6 (33%) from Strigamia maritima
(European centipede). B. Comparison with MK440604 (87%, incomplete),
MK440606 (42%), MK440607 (47%), and MK440608 (52%) from S. mojiangica.
Identical amino acids are highlighted.



Sco_m_5 . . CDMKVREADANMMKMILDLHNKKRQTVANG. . . . oo v v v e an st 30
qu KC144555.1 . . COMKVREJIDANMYKMILDLHNKKRQIVANG. . .. v v v ven e 97% 30
KC144967.1 . . CDMKVREIIDANMKMILDLHNKKRQIV. . . . ..o vvi v vnnaen. 96% 27
KC144549.1 . . CDMKVREIADANMMKMILDLHNKKRQIVANG. . .. ... ovvenn. 97% 30
KC144061.1  WGCQMSEREEDKKMMNKILKHHNELR. ... .t vvvnrevnennes 57% 26
KC144347.1 . .CDMKVREJRDANMSKMILDL. . . o v v v v vt vi i vn e nnenens 100% 19
sp|PecsD7 . . XQMVEREIEDAK AMLDAHDXARQKVANGQEAGQPGAXNMKELH 57% 45
sp|Pecspa . . XQVVEREADAK AMLDAHNKARQKVANG. .........u.... 68% 30
sp|PeCsD5 . . XKMSE NAQMWAQIVDLHNXARQGVANGQ.............. 61% 31

Sco_m_5 R R A e e A MTIFLTSTLFVLLVFQILGKG. .MGCOMKVRGLDANMKKMI LDLHK 48
XP_624885001.1 MSLFKMVKQLVSYLIVFSLMGLSCACSGAKLLKSGGLSCEEKRLIVDAQIR 54
]E; KFMEB495.1 ceeeee s JMVNHVIRIGLFFVLLLGLSECAKCPYAKFSPDHSFCKDPNPKCTILERGLKSDOKQRL LOLERMYRE 67
XP_@O1845617.1  ..uvurenarianennns MEKQKGSPPTLPATLPHIACNGLTTLATS.CGSGSQETLLDSSLQALTLDATRK 56
XP_0814222136.1 MTKSLIVCSLAVISLINFGDAQNYCNLNKCQGNSHTMCQYRSNNAGSKCGRVLSAG. LSENEKRTIVNVERO 74
tr|ABA2PBYFDA MGNME L TSLLAF LVVVCAVTVEANNNYCSLCKDHTLCKYPQFGPN. . . CNARKASGVDEASQKVIVDVERK 71
tr|ABA132AMKS e e e e e S e T s e e s DLAGTSKRORK LTLDARKEY 22
sp|P81657.1 T — NNYCKI.KCRSGIHTLCKFGISTKPNCGKNVVKASGLTKAEKLEILKQQIEF 53
Sco_m_5 PhE. .. ..QQ56QR KTSKYSYLGEQIYMGSYP. .. ... 112
XP_024085001.1 A KVPGQS RVSRFLVG . QQILAMTWSSPHPNSL 123
KFME@495.1 BsEKE . . TOAGKLP QUDRFDVG. QQLYRAGSSD. . . .K 135

A R

E K

Ti K
XP_881845617.1 LSEQQTYAANALYPORIA 5 NTVAFPYAS IAMFSYSGQT. .F 127
XP_©142221308.1 LNEREGRGLPGPQFARIK R NVERYSVG. QUIAYVGTTG....D 142
tr|AGA2PBYFDA ENEKENRGKPGPQPPRS R NVOQRFEVG. QRIVFMSFS5GSN. .Q 141
tr|ABAL32AMKS L SKLGFPSEA K RTGKHSVW! LYQYRTSK....5 a8
sp|P81657.1 S RELETRGKPGPQPPRK. Wi NTAKYSVG . QIIAENGST. .. .. A 128

,,,,,,,,,,, LVTASDKN 169

¥SY......FLKGNQYT 179
FVWW......YKEPEWYR 196
XP_801845617.1 TYNELITGFVNDQFSSFKDANPNYVASYFR. . GYTGPDI LVE. - . YDEDGWTN 192

YNIEVEDYSKNSVSKFTSLEGPNGKDV!
YNIRVDK YNKNEVQS. . . . . YKFNSQT
EFIEIAPPQVAVS. .. .FQLFELNI
KNYQYGSTKN.......KLIEW

YNDGRFNK 209
YTAFR...... SANGGTVN 285
FTSYQNNDHSGNNAVFRTV 161
..SIK. .. ... YIENGWHR 130

XP_014222138.1  VNTLKVESMVNI
tr|ABA2PEYFDA NYSPEWENAI
tr|ABAL32AMKS SMK PQWKKIVE

Sco_m_5 . . .DPIPRSVNARYDEVKDVTPAVVKSFRS . . . .GGPMI

XP_0824885001.1  GDKPDFETQINNRFNEVAYYRGYYSTQ........... v

KEM6@495.1 PTKHDWDRMVKKYDEVSMFDKSYIKP. . . .. . FESGVY|
u

sp|P81657.1 ASFASVSNMV/

Sco_m_5 KQGS . PASDCKKGKSSKYPGLCN. . v o vv et Crsssssanaren 218
XP_o24@85001.1 KSGSPACAQHGTTPSRTYPGLCRNQKYLSQPCSNYFYYYYY. ... . svisen 239
KFME@495.1 VGR . TCSYCPTGSCCGADCTKKFKKTAKYPSLC .. oo un s 248
XP_881845617.1 GN. ACSKCTSGCNAAYPGLCNANENVSPIP. . oovvnunn.s 241
XP_@14222138.1 231
tr|ABAZPEBYFDA 246
tr|ABAL32ZAMKS 235
sp|P81657.1 282
Sco_m_5 218
XP_624885801.1 239
KFM68495.1 248
XP_@81845517.1 241
XP_014222138.1 231
tr|ABA2PBYFDA 246
tr|ABAL32AMKS 318
sp|P81657.1 202
Sco_m_5 219
XP_624885801.1 239
KFME@495.1 . . . v 248
P ORIRASEIT . X vivnrmmmn ot b e o e R L e A 241
L) T T e P S o S T S T R P R R W W T R R PPy 231
tr|ABA2PBYFDA 246
tr|ABA13ZAMKS 385
sp|P81657.1 2082
S5co_m_5 218
XP_624885801.1 239
KFMEB495.1 248
XP_B81845617.1 241
XP_014222138.1 231
tr|ABAZPEYFDA 246
tr|ABA13ZAMKS 448
sp|P81657.1 282

Supplementary Fig. 3. N-terminal sequence identities of Sco m 5 with other
centipede allergen-like proteins and sequence alignment of Sco m 5 with
allergens from non-centipede species.

A. N-terminal sequence identities of Sco m 5 with allergen-like proteins from S
dehaani (KC144347.1, KC144549.1, KC144967.1, KC144555.1, and KC144061.1), S



viridicornis nigra (sp|POC8D7), and S. angulata (sp|POC8D4 and sp|POC8D5). B.
Comparison with other allergens from non-centipede species (sequences sourced from
NCBI and UniProt database): venom alergen 5 isoform X3 from Cimex lectularius
(36%, XP_024085001.1), venom allergen 5 partial from Stegodyphus mimosarum
(38%, KFM60495.1), venom alergen 5 from Culex quinquefasciatus (41%,
XP_001845617.1), venom allergen 3-like from Trichogramma pretiosum (41%,
XP_014222130.1), venom adlergen 3 from Blattela germanica (37%,
trJAOA2P8Y FD4), Vespid v5 venom allergen-like protein (36%, tr|JAOA132AMKY5),
and venom allergen 5 from Vespa mandarinia (36%, sp|P81657.1|). Identical amino
acids are highlighted.

>
>~

% CD63+HMC
& 2
%CD107a+HMC
5 8

L]
(=]
I
B
=
1

|
|

&
Supplementary Fig. 4. HMC-1 activation by Sco m 5. Related to Fig. 3E&F.
A, B. Sco m 5 induced HMC-1 degranulation was measured based on CD63 (A) and
CD107a (B) surface staining. HMC-1 cells that had been sensitized with sera from
centipede-allergic patients (2 and 3 in Fig. 3A) and non-dlergic subjects (two
randomly selected individuals among the 19 volunteers whose sera showed a negative
IgE-binding reaction to Sco m 5). Either left untreated or exposed for 1 hour to
anti-IgE (10 pg/mL) as a positive control. The data represent the mean + SEM from

three technical replicates.



Supplementary Table 1. Information of the six centipede-allergic patients

Period from Presence | Experience of
No. | Age| Sex Symptoms of allergy appearance to of toxic | Hymenoptera
blood collection reaction sting
1 19 Male Redness, itching, fever 1 week Acute pain Unknown
Redness, itching,
2 | 25 | Femde o 1 year Pain Unknown
blistering
3 38 Mae | Redness, itching, edema 3 weeks Acute pain Unknown
Redness, itching,
4 | 42 | Mde o 2 months Acutepain | Unknown
blistering
Redness, itching,
5 | 45 | Femde _ 6 months Acutepain | Unknown
swelling
6 | 48 Mae Redness, itching, 3 months Acute pain Unknown

Supplementary Table 2. Primers of Sco m 5 and 4 venom allergen-like proteins

Gene name Forward primer Sequence (5-3) Reverse primer Sequence (5-3)
Scom5 CGATCTGCTGAGACATGCGT ACAGATCGCGGAATAGGGTC
MK440603 GCCAGGAACCTGCAACATTC TAAACGACGACCACCCTGAG
MK440600 AAGCCCAAGAGTGGACGAGT TGCCCAGACAACCTGTGAAT
MK440601 TGGACGAGTGAATGCAAGCC TGCCCAGACAACCTGTGAAT
MK440602 AACCAGACTTCGACAACCCC TCGGAGGAAAAAGAGCCACC
Actin TCCCCGAGCTGTATTTCCCT GGCCACTCGGAGTTCATTGT
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