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Abstract

The superworm Zophobas morio is becoming increasingly important food insects for people. In this paper, larvae of the su-
perworm were used as research materials to detect and analyze the protein data of larvae of Z. morio by using data indepen-
dent acquisition technology. Gene Ontology database, Kyoto Encyclopedia of Genes and Genomes database, clusters of eu-
Karyotic Orthologous Groups database and other databases were used for protein identification and detection, i.e., proteom-
ic analysis. The results showed that the number of detected proteins was 4589, and 91.9% of them were successfully annotat-
ed, among which Trx-2 protein was found to be a high-quality protein that can be absorbed by the human body and the lar-
vae of Z. morio were developed in the food industry to grind insect powder as a food raw material, and the edible benefits of
amino acid oral liquid manufacturing need to be further studied, so PCR amplification analysis was carried out for its Trx-2

gene.
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Introduction

The superworm Zophobas morio is relatively high
in proteins, amino acids, fatty acids, and trace elements [1].
In recent years, research on it has gradually shifted from tra-
ditional feed to edible nutrition research, demonstrating its
potential as food and feed. There is comparatively less re-
search on Z. morio at home and more research abroad, espe-
cially in the application of insects as food and feed. Al-
though insects are still not widely used at home and abroad
as a food source, studies have shown that the higher the con-
sumer's awareness of insect nutrition, the higher their accep-
tance of raw insect food and the less resistant they are to
fisheries and insect-fed livestock meat products. The market
is not yet saturated and still needs to be expanded, resulting
in a huge market for people's consumer demand, which
needs to be further explored [2]. Regulations allow specific
insect species to be used in aquafeeds and human food, and
Z. morio larvae are also approved for use in human diets,
providing a legal basis for the promotion of insect foods
[3,4]. In summary, Z. morio has a promising application in
the food and feed sector. With the deepening of research
and the support of regulations, they may become an impor-
tant source of nutrition in the future. Currently, there has
been some progress in the study of the Z. morio transcrip-
tome. Several studies have selected 11 transporters from the
midgut transcriptome of Z. morio, revealing gene expres-
sion in different parts of the midgut and the physiological
processes in which these transporters may be involved [5].
Some studies have also proposed antennal transcriptome se-
quencing information for Z. morio, which provides a solid

foundation for future research on its chemo sensing genes

[6].

In addition, proteomics studies can directly reveal
the expression level, modification status, and function of
proteins in organisms. Insect proteomics mainly focuses on
the study of pathogenic mechanisms and differential analy-
sis of specialized survival [9]. Zhao et al. identified differ-
ences in DEG expression patterns during the overwintering
period of four western bees through transcriptomic identifi-
cation and KEGG and GO enrichment analysis. The study
explains the cold resistance mechanism of Western honey
bees [7]. Guo et al. performed deep sequencing of the intesti-

nal tract of Chinese honey bee larvae under coccal stress us-
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ing proteomics and performed in-depth analysis using relat-
ed software [8]. However, there is comparatively little re-
search on the Z. morio proteome. Therefore, it is very neces-
sary to conduct proteomic studies on the proteins of Z.
morio, and the study of annotating protein functions in its
proteomics is increasingly valuable. The preliminary statisti-
cal analysis of functional proteins in the proteome of Z.
morio larvae was achieved by applying data independent ac-
quisition (DIA) technology to analyze the proteome of Z.
morio larvae to obtain the classification of annotated pro-
tein functions. PCR amplification analysis of the nutritional-
ly representative immune protein Trx-2 in protein annota-
tion. The results showed preliminary results that the larvae
of Z. morio contained the Trx-2 protein. This finding has
certain positive benefits for the subsequent breeding, food
research and development, and market expansion of Z.
morio larvae, and also lays a foundation for the nutritional

analysis of subsequent Z. morio larvae.

Materials and Methods
Experimental Materials

The animal materials used in this experiment were
50 larvaes of Z. morio purchased online from Yangjiang,
Guangdong in October 2023. These Z. morio larvaes were
reared in the laboratory, and individuals exhibiting robust
vitality were selected and promptly treated with liquid nitro-

gen for subsequent use.
Experimental Methods

Sample preprocessing includes protein extraction,
denaturation, reduction and alkylation, enzymatic diges-
tion, and peptide desalting. In this project, the iST sample
preprocessing kit (PreOmics, Germany) was used for the
preprocessing of tissue samples. The tissue samples were
ground in liquid nitrogen, and an appropriate amount of
sample was taken and mixed with 50 pl of lysis buffer. The
mixture was heated at 95°C with 1000 rpm shaking for 10
minutes. After cooling to room temperature, trypsin diges-
tion buffer was added, and the samples were incubated at
37°C with 500 rpm shaking for 2 hours. The enzymatic reac-
tion was stopped by adding a termination buffer. The pep-
tides were desalted using the iST cartridge provided in the
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kit, and eluted with 2 x 100 pl of elution bufter. The eluted

peptides were vacuum-dried and stored at -80°C.

Construction Process of the Z. morio Larvae Protein

The proteome construction process is shown in

Figure 1.
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Figure 1: Proteome construction process

In this experiment, DIA technology was used for
proteome data identification and annotation, and through
the comparison of detection information with traditional
databases, it had the advantages of high quantitative and
qualitative accuracy, high repeatability, and data traceabili-
ty. It is suitable for protein detection of large sample sizes
and complex systems. Therefore, DIA technology can ob-
tain more accurate and abundant proteome analysis results

of the Z. morio larvae.

Results

Identification Results of Larval Protein of the
Z. morio Larvae

Proteins were extracted from the Z. morio larvae
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and enzymatically hydrolyzed. Before mass spectrometry de-
tection, add Biognosys's internal standard reagent iRT Kit
to each sample for the calibration of peptide retention
times. Calibration is performed based on the retention time
(RT) of peptides in chromatography, and use QuiC (Biog-
nosys) software to perform quality control on raw mass
spectrometry data, and assess whether the quality control in-
dicators are similar across various samples. If the quality
mark results are similar, it indicates that the test is well re-
producible. Then, database construction of the collected MS
data using Pulsar software, and the identification standards
of Precursor Threshold 1.0% FDR and Protein Threshold
1.0% FDR were met at the peptide and protein levels, respec-
tively. A total of 25571 protein peptides, including 23235
peptides segments, 4538 protein groups and 4589 proteins,

were detected. Statistics on the results obtained (Table 1).
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Table 1: Statistical table of protein identification

Annotation Results of the Z. morio Larvae Protein

To clearly measure the Z. morio larvae, protein do-
main alignment was performed by comparing with the GO,
KEGG, and KOG databases. The total number of proteins
was 4589, of which 4221 were successfully annotated in the
databases. Specifically, 4058 proteins were annotated in the
GO database, 2271 in the KEGG database, and 3505 in the
KOG database. The effective protein function annotation

rate was 91.98%.

A total of 4058 proteins were annotated by GO
function, and according to the GO enrichment table, most
of the proteins were enriched in biological processes (Fig-
ure2). Among them, the functions of proteins in biological
processes were divided into 26 detailed functions, of which
3160 were the most enriched proteins in cellular processes.
According to the cellular component, the protein function
can be divided into 21 categories, and the most enriched
protein is the cell composition. According to the molecular
function, it can be divided into 12 functions, and the func-

tion of enriching the most proteins is the binding function.
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Figure 2: GO function annotation classification statistics
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The most enriched pathway in KEGG is
metabolism, with a total of 2271 proteins annotated to
metabolic pathways. According to the analysis of the figure
(Figure 3), these proteins can be divided into six branches,
namely metabolism, genetic information processing, envi-
ronmental information processing system, cellular process-
es, human diseases, and biological systems. The top 10 signi-
ficantly enriched pathways have been listed and statistically
analyzed (Table 2), Among them, three pathways are relat-
ed to human diseases, two pathways are related to
metabolism, genetic information, and cellular processes,
while pathways related to biological systems appear only
once. Among them, the metabolic pathway has the highest
number of annotated proteins, with 784, the lowest is the en-

docytosis pathway, with only 89 annotated proteins.

The identified proteins were compared with the
KOG database, and the protein function was predicted and
its function was classified and counted. A total of 3505 pro-
teins were enriched. The functional annotation results show
that these proteins are classified into 25 functional cate-
gories. (Figure 4). The annotations in the KOG database cov-
er a wide range of protein functions, and we utilized it to
perform statistics on the top 9 enriched functions. (Table 3).
Among them, the top three representative functions were se-
lected: functional prediction pathways, with a maximum en-
richment of 638 proteins, Signal transduction pathway has
an enrichment of 509 proteins and post-translational modi-
fication, protein turnover, and chaperones, which have an

enrichment of 504 proteins.

Table 2: Statistics of the top 10 enrichment pathways in the KEGG database

KEGG A-level annotation KEGG B-level annotation access Amoun.t of
protein
metabolism metabolism Metabolic pathways 784
Human disease Neurodegenerative diseases Alzheimer's disease 126
Genetic Folding, categorizing, and explaining | Protein processing 120
Human disease Neurodegenerative diseases Huntington's disease 117
Cellular processes Transport and catabolism Lysosomes 106
Human disease cancer Cancer pathways 103
Genetic Translation ribosome 102
Biological systems Adaptation to the environment thermogenesis 99
metabolism metabolism Carbon metabolism 97
Cellular processes Transport and catabolism Endocytosis 89

Transcription Factor Analysis

Transcription factor (TF) is a protein molecule
that can specifically bind to a specific sequence upstream of
the 5'-end of a gene, thereby ensuring that the target gene is
expressed with a specific intensity at a specific time and
space. Due to the special significance of transcription fac-

tors, these proteins will be annotated and analyzed in
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deptho. The Plant TFDB (Plant Transcription Factor
Database) and Animal TFDB (Animal Transcription Factor
Database) contain the transcription factors and transcrip-
tion factor family’s information of plants and animals re-
spectively, and can predict whether the target protein is a
transcription factor and the transcription factor family to

which it belongs.
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Figure 3: Statistics of KEGG protein metabolism pathway

The analyzed species the Z. morio larvae is an ani-

mal, and the predicted protein sequences were compared

with the corresponding TF database (plant TFdb/animal

TFdb) by hmmscan. The database screened the transcrip-

tion factors of the measured the Z. morio larvae proteins,

and the results showed that 36 proteins belonged to the tran-

scription factor category. The top 10 transcription factor

families were counted, and the statistical results are as fol-

lows (Figure 5).

B0

It can be seen from the statistical chart that the
transcription factors TSC22, HMG, CSD, and MYB families

are tied for first place in the protein of the Z. morio larvae,

and each family accounts for 14.28% of the total matching

proteins. The Homeobox family accounts for the least, with

only 3.57%.

Table 3: KOG top 9 annotation statistics

Code Functional-Categories Amount of protein
R Functional prediction 683
T Signaling mechanisms 509
O | Post-translational modifications, protein turnover, chaperones 504
I Lipid transport and metabolism 317
U Intracellular transport, secretion, and vesicle transport 277
J Translation, ribosome structure, and biological processes 263
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Amino acid transport and metabolism 261
Carbohydrate transport and metabolism 235
Energy production and conversion 222
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Figure 4: Classification statistics of KOG enrichment function
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Figure 5: Transcription factor family statistics
Identification and annotation result analysis ticipate in cellular processes, constitute cellular compo-

nents, and perform binding functions. Among them, the
The protein results were identified by comparing

the GO, KEGG, KOG databases, and the protein mainly par-

proteins annotated by KEGG pathways are most associated
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with human diseases in terms of functional categories. How-
ever, this does not mean that the consumption of the pro-
tein can cause illness in humans. It can only indicate that
the immune regulatory proteins of the Z. morio larvae are
the majority among the enriched functional proteins. The
KOG database has the highest number of enriched proteins,
with a total of 3505, and is also the most comprehensive.
Among them, functions of proteins related to nutrition,
such as lipid transport and metabolism, amino acid trans-
port and metabolism, carbohydrate transport and
metabolism, and energy production and conversion, were
all enriched in the top 9 functions. This indicates that the Z.
morio larvae have better nutrient conversion and storage ca-
pabilities, reflecting their higher nutritional value, and the
Z. morio larvae are easy to cultivate due to their vigorous

food digestion and absorption .

Discussion

As a new food, Z. morio larvae have been the
focus of research in recent years. In this paper, 4,589
proteins were detected and identified by using DIA tech-
nology to construct GO, KEGG and KOG databases, and
the annotation rate was 91.98%. Among them, protein
functions related to nutrition, such as lipid transport
and metabolism, amino acid transport and metabolism,
carbohydrate transport and metabolism, energy produc-
tion and conversion, are all concentrated in the first 9
functions of KOG annotation, which can predict that the
nutritional value of Z. morio larvae is high. KEGG notes
that the functional proteins of pathway are related to
human diseases at most, and Trx-2 protein is found,
which is related to immune regulation and reducing
sulfur-oxygen conjugate. This study showed that the
protein content of Z. morio larvae reached 51%
(dry weight), which was significantly higher than that of
Coleoptera related species Monochamus alternatus
(23.99%) and Batocera horsfieldi (16.90%-26.54%),
and close to that of water beetle (47.86%-48.74%) and
Chestnut beetle (48%) [12]. Compared with Lepidop-
tera insects (such as tussah pupa, bamboo worm,
etc.), Z. morio is slightly lower than tussah pupa (60%)
and oriental migratory locust (75%)[13-14], but it’s
essential amino acids account for 36.53%, and its essen-
tial amino acid index is more than 92%, which is signifi-

cantly higher than that of Monochamus alternatus
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(39.51%) and most traditional protein sources (such as bee-
f) . In addition, the content of taste-presenting amino acids
(glutamic acid, aspartic acid and glycine) of Z. morio is outs-
tanding, which can improve the palatability of food process-
ing [16]. Compared with Tenebrio molitor (essential amino
acids account for 42.21%-44.01%), the amino acid balance

of Z. morio is better[17].

The fat content of the Z. morio reached 32.70%,
which was significantly higher than that of the Massicus
raddei Blessig (13%) and the Batocera horsfieldi
(2.20%-4.41%), but lower than that of water beetle [12]. Its
fatty acids are mainly unsaturated fatty acids (such as linole-
ic acid and linolenic acid), which have the functions of regu-
lating blood lipid and anti-inflammatory [15]. At the same
time, the Z. morio is rich in trace elements such as Zn, Fe
and Cu, and the content of heavy metals meets the food safe-
ty standards [18]. The synergistic effect of iron and protein
may enhance its bioavailability, which is consistent with the
research results of cricket powder [19]. Compared with bam-
boo worms (60% crude fat), golden cicada nymphs (9% fat)
and other insects, Z. morio are more balanced in the ratio of
"high protein to moderate fat", which meets the needs of

modern functional food development.

In this study, Trx-2 protein was identified for the
first time in Z. morio, which participated in antioxidant reac-
tion through thioredoxin pathway. Unlike Lepidoptera in-
sects (such as silkworm chrysalis) which rely on chitin to ac-
tivate immunity, the discovery of Trx-2 protein in barley
provides a new perspective for the immune regulation mech-
anism of Coleoptera insects [20]. In addition, the high ex-
pression of Trx-2 protein may explain the low oxidative
stress of Z. morio, which has not been reported in water bee-
tle [12]. Compared with plant-derived protein, the nutrition-
al integrity of Z. morio protein is better, which may be relat-
ed to its amino acid balance and fat-soluble vitamin content
[21], providing a theoretical basis for developing anti-fa-

tigue and antioxidant functional foods.

The protein quality (essential amino acid index >
92%) and the advantages of functional protein of Z. morio
make it have broad prospects in the fields of feed replace-
ment, biopharmaceuticals and so on. For example, com-

pared with Tenebrio molitor, Z. morio has a more significant
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effect on improving muscle synthesis and endurance of exer-
cise mice [21], suggesting its potential as a sports nutrition-
al supplement. In addition, the antioxidant function of
Trx-2 protein can be extended to the medical field, such as
inflammatory regulation or adjuvant treatment of chronic
diseases. In the future, it is necessary to further analyze the
mechanism of Trx-2 and evaluate its stability under differ-
ent processing conditions in order to promote industrial ap-
plication. At present, the research on the metabolic pathway

and functional protein interaction network of protein
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Group of Z. morio is insufficient, and its nutritional
metabolism mechanism can be further analyzed by combin-
ing transcriptome and metabonomics. In addition, it is ne-
cessary to systematically evaluate the digestion and absorp-
tion characteristics of Z. morio protein, and compare it with
feed insects such as housefly larvae (crude protein
33.3%-64.0%) and Black soldier fly (41.1%-43.6%) to clarify
its application scenarios [18]. Optimizing amino acid com-
position or functional peptide segments through variety

breeding will further enhance its market competitiveness.
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