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In this study, we examined low molecular weight peptides using proteomics in order to identify their
original proteins, derive their peptides, and determine the functions of the proteins in Tenebrio molitor,
the mealworm (larvae, pupae, or adult) from which the peptides were extracted. Fifty-four proteins
were finally identified through an analysis of proteome to derive the analyzed peptides. The proteins
that induced low molecular weight peptides were identified to be the most abundant in adults only,
and the next highest were derived from a group containing both adults and larva. However, other
groups, including pupa, were detected to have a lower frequency of peptides. As a result of ortholo-
gous classification of the detected proteins, the general function prediction was only investigated at
the highest frequency among the examined proteins. Proteins related to chromatin structure and dy-
namics were detected by their higher frequency among functional classes. The next highest frequency
was shown by proteins related to amino acid transport and metabolism and carbohydrate transport
and metabolism. Therefore, it is assumed that proteins correlated with chromatin, amino acid, and car-
bohydrate metabolisms are easily induced into low molecular weight peptides, and that their peptides

could play a role as bioactive substances.
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Introduction

Insects have been highlighted as an alternative resource
that can solve a food problem caused by shortage of live-
stock products in the future. Especially, insect’s larvae have
been variously utilized for purposes such as improvement
of liver function and health promotion as a classically
Chinese herbal medicine resources [4]. Since protein content
of insect (larva, pupa, and adult) is composed of approx-
imately 50% in a dry weight, insects have been highly val-
uable for application as alternative protein source [2, 5]. Fat
content of insects maintains approximately 30~40%, in
which proportion of saturation/unsaturation fatty acids is
approximately 0.5 [6]. Especially, since oleic acid and al-

pha-linolenic acid as major unsaturated fatty acids maintain
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high contents with 50 and 28%, respectively, insects are opti-
mal for health supplement [6]. T. molitor larvae have a slight-
ly lower fat content compared to beef, but have a slightly
higher protein and metabolic energy [7]. In terms of amino
acid composition, T. molitor larvae maintain a high content
of isoleucine, leucine, valine, tyrosine and alanine compared
to beef, whereas they have a low content of glutamic acid,
lysine and methionine. In fatty acids, T. molitor larvae main-
tain a low content of palmitoleic acid, palmitic acid, stearic
acid, etc. compared to beef, whereas they have a high con-
tent of linoleic acid, an essential fatty acid. Minerals in T.
molitor larvae remained similar to beef, while vitamins were
generally high.

Since low molecular weight peptides in T. molitor influ-
ence on various physiological processes as autocrine/para-
crine signaling molecules, molecular adaptors, or anti-
bacterial peptides, we examined less than 10 kDa peptides
among protein extracts of T. molitor. As we tracked the pro-
teins to cause the low molecular weight peptides and
tracked functions of the proteins in the body, we examined
possible of applications of them as basic data for functional

peptides.
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Materials and Methods

Pretreatment of T. molitor

An aliquot (5 g) of larvae (13~16" instar and 1 kg), pupa
(7 days after pupation and 1 kg), or adults (1 month and
1 kg) of the freeze-dried mealworm were suspended with
45 ml of PBS buffer, pH 7.4, and then homogenized for 5
min at 12,000x g by a homogenizer (T25basic, IKA,
Damstadt, Germany). The supernatant of the homogenized
samples were collected by centrifugation for 20 min at 2,000
xg and then filtered under 10 kDa by centricon
(Merckmillipore, Damstadt, Germany). To examine pro-
teome, the filtered fluids were dried with SpeedVac Vacuum
concentrator (ThermoFisher scientific, Massachusetts, USA),
and then the treated T. molitor extract (30 mg) was resolubi-
lized in a 10 mM Hepes buffer, pH 8.0, containing 6 M urea
(GE), 2 M thiourea (Sigma-Aldrich Korea, Seoul, Korea), and
reduced, alkylated, and digested essentially as described
previously [3]. To reduce disulfide bonds, 100 mM dithio-
threitol was added to a final concentration of 10 mM in the
protein solutions and incubated for 1 hr at 56°C. Each sample
was digested with trypsin (1.2 mg (>800 U)/50 mg sample
protein) for 18 hr at 37°C.

Proteomic analysis

The digested peptides were separated and identified by
liquid chromatography integrated with electrospray ioniza-
tion mass spectrometry (LC/ESI ion Trap MS). Tryptic pep-
tides (30 ug) were loaded on a trapping column with 75 um
inner diameter, packed with 5 ym C18 particles (Acclaim
PepMap100, ThermoFisher scientific, Massachusetts, USA)
and analyzed using a 15 cm analytical column packed with
2 pm C18 particles (Acclaim PepMap RSLC, ThermoFisher
scientific). Reversed phase chromatography was performed
using an Ultimate 3000 RSLC nano system (ThermoFisher
scientific) with a binary solvent consisting of 0.1% formic
acid (buffer A) and 80% ACN in 0.1% formic acid (buffer
B). The peptides were separated by a linear gradient of buf-
fer B from 5% up to 95% for 180 min with a flow rate of
0.3 ml/min. Liquid chromatography was coupled to a Q
Exactive Plus hybrid quadrupole-Orbitrap mass spectrome-
ter (Q Exactive Plus, Thermo Scientific). Q Exactive Plus was
operated in data-dependent mode with MS scans acquired
at a resolution of 70,000 an ion target value of le6 and max-
imum ion injection time for the MS scan was set to 250 ms.

Bioinformatic analysis

For protein identification, MS/MS spectra were searched
by MASCOT 24 (Matrix science, www.matrixscience.com)
[1]. Genome sequences of T. castaneum and Uniprot insect
DB were obtained from NCBI (https://www.ncbinlmnih.
gov/) and Uniprot database (https://www.uniprot.org/),
respectively, for protein identification. Mass tolerance of pa-
rent ion or fragment ion was 0.8 Da. Cabamidomethylation
of cysteine and oxidation of methionine were considered in
MS/MS analysis as variable modifications of tryptic pep-
tides [1].

Results and Discussion

The number of queries analyzed from proteome were
38,578~42,678, and total residues were 9,906,812, and se-
quences after taxonomy filter were 16,696. Signal threshold
for analysis of proteome was 0.01, and false discovery ratio
was 5.37+1.33, 10.08+2.49, and 8.69£0.51 for larva, pupa, and
adult samples, respectively. The number of proteins con-
firmed by peptide levels were 94~107, 71~77, and 119~125
from larva, pupa, and adult samples, respectively. These re-
sults presented less than half value when compared to result
of 382 proteins obtained by analysis of proteome from
Scleroderma guani parasitization [8].

The original proteins to derive the peptides were finally
matched with total 54 through MASCOT filtration via ge-
nome sequence of T. castaneum DB (https://www.ncbi.
nlm.nih.gov/). Among them, the most number was identi-
fied in adult only, and the next higher number was main-
tained by the larva and adult group (Fig. 1). Proteins to be
identified in groups including pupa showed totally low de-
tection ratio. From the results, it is assumed that adult has
the most low molecular weight peptides and the next larva
has higher, but pupa maintains the lowest value. In fact,
as a result of analysis in this laboratory, it was found that
peptides less than 10 kDa possess various antibacterial activ-
ities (unpublished data). Therefore, it is possible that the
peptides shown in the current analysis may be involved in
various physiological activities including innate immunity.

As a result of orthologous cluster, general function pre-
diction only showed the most count of 23 (Fig. 2). In addi-
tion, orthologous clusters predicted by high ratio were de-
tected by proteins associated with chromatin structure and
dynamics, amino acid transport and metabolism, and carbo-

hydrate transport and metabolism. Proteome of mealworms
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Fig. 2. Cluster of orthologous group. The orthogolous clustering was done by the clusters of orthologous groups (COG) database
(http:/ /www.ncbinlmnih.gov/COG/) and kyoto encyclopedia of genes and genomes (KEGG) database (http://www.geno-

me.jp/kegg).

has been only studied for differential protein expression in
T. molitor pupa parasitized by Scleroderma guani [8]. There-
fore, we suggest that the data obtained in this study are a
value as a reference for study of mealworm proteome in
future.
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