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Abstract

The 74-3-3 gene plays important role in many biological processes, including cell survival, apoptosis, and
signal transduction. However, function of the 74-3-3 homologous gene in Musca domestica remains unclear.
Here, we identified and characterized the 74-3-3C of M. domestica. We found that Md14-3-3C gene was highly
homologous with other close insects. The qRT-PCR analysis revealed that the Md74-3-3C was highly expressed
in adults, and was expressed predominantly in hemocytes and fat body. Meanwhile, the expression of Md14-
3-3C was up-regulated after injecting Escherichia coli and Staphylococcus aureus. Moreover, the recombinant
protein rMid14-3-3C strongly inhibits the growth of E. coliand S. aureus. Notably, the rMd14-3-3C inhibits E. coli
and S. aureus by permeating the cell membrane. Taken together, our findings suggested that Md14-3-3C is in-

volved in the immune response against bacteria through damaging the cell membrane.
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The 14-3-3 proteins were firstly discovered in the bovine brain, the
proteins belong to phosphorylated-serine-binding and are highly
conserved from bacteria to humans (Fu et al. 2000, Yang et al. 2019,
Obsilova and Obsil 2020). All 14-3-3 proteins are acid-soluble
proteins and in forms of homo or hetero dimers with a molecular
mass of 28-32 kDa (Obsil and Obsilova 2011, Ulvila et al. 2011).
To date, B, v, €, M, 8, A, and T seven isoforms of the 14-3-3 gene were
reported in mammals and fifteen isoforms were recorded in plants.
Only € and C isoforms of 14-3-3 genes have been found in insects
(Kong et al. 2007, Shandala et al. 2011, Seong et al. 2018). Because
14-3-3 proteins have a hypervariable region at the C-terminus, more
than 200 cellular proteins have been found to be associated with
this protein. Thus, 14-3-3 proteins are implicated in a multitude of
cellular pathways, including signal transduction, host defense, stress
responses, DNA damage, and prevention of apoptosis (Fu et al.
2000, Obsil and Obsilova 2011, Shandala et al. 2011, Yang et al.
2019, Obsilova and Obsil 2020).

Numerous 14-3-3 genes have been functionally characterized
in eukaryotic organisms, including fungi, plants, invertebrates, and
vertebrates (Fu et al. 2000, Obsil and Obsilova 2011, Yang et al.
2019, Obsilova and Obsil 2020). Interestingly, 14-3-3 genes were
found to be involved in the metamorphosis, immune response,
and signal transduction in insects. For example, in Spodoptera

litura Fabricius (Lepidoptera: Noctuidae), Bombyx mori Linnaeus
(Lepidoptera: Bombycidae), and Helicoverpa armigera Hiibner
(Lepidoptera: Noctuidae), ubiquitous expression of the 14-3-3¢
genes in many organs during different developmental stages, and is
involved in the metamorphosis and regulation of diapause processes
(Kong et al. 2007, Chen et al. 2010, Feng et al. 2014). Meanwhile,
the shrimp’s 14-3-3 protein regulates the expression of immune-
related genes, including crustin and lysozyme (Liu et al. 2016). In
Tenebrio molitor Linnaeus (Coleoptera: Tenebrionidae) and Aedes
aegypti Linnaeus (Diptera: Culicidae), the 14-3-3¢ genes play im-
portant roles in host defense against bacteria and fungi (Trujillo-
Ocampo et al. 2017, Seong et al. 2018). Moreover, the 14-3-3¢ genes
of Drosophila melanogaster Meigen (Diptera: Drosophilidae) not
only require for neuronal differential and signal transduction, but
also developmental and immune response (Shandala et al. 2011).

Housefly, Musca domestica (M. domestica), is chronically
exposed to harsh environmental conditions, but seldom exhibits ill
effects (Neupane et al. 2019, 2020, Hinkle and Hogsette 2021). Such
observations suggest that the housefly is highly adapted to different
pathogens challenges. Therefore, M. domestica may serve as an ex-
cellent model for investigating insect immunity (Gao et al. 2015,
Zhang et al. 2019). However, to our knowledge, the 14-3-3 genes in
houseflies have not been identified and characterized.
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In the current study, we identified and characterized the 14-3-
3¢ gene from M. domestica, and named it Md14-3-3¢. In addition,
mRNA expression pattern from different developmental stages and
different tissues were checked by qRT-PCR. We also analyzed ex-
pression levels following immune challenges with Escherichia coli
and Staphylococcus aureus. Finally, we performed the functional
analysis of the recombinant protein and found that rMd14-3-3C
kills E. coli and S. aureus through damaging the cell membrane.
Our results provide a basis for understanding the immune response
mechanism of M. domestica.

Materials and Methods

Housefly Culture

Houseflies were reared at our laboratory under controlled conditions
(26 = 1°C, 65-85% RH, and a photoperiod of 14:10 (L:D) h) (Jiao et
al. 2022). Larvae were reared with artificial diet (55 g bran, 150 ml
milk, 3 g heat-inactivated yeast, and 0.35 g antimycotic nipagin),
and adult flies were fed with sugar and milk powder, and water was
supplied.

Microorganism Culture and Immune Challenges
E. coli (ATCC25922) and S. aureus (ATCC25923) were used for im-
mune challenges. LB medium (10 ml, 37°C) was used for the bacteria
culture and harvest at OD, = 1.0. Then, both of the bacterial cells
were washed with PBS (phosphate-buffered saline: 2.7 mM KCl,
138 mM NaCl, 1.47 mM KH,PO,, 7.3 mM Na,HPO,, pH=7.4) 3
times by centrifugation (2 min, 12,000 x g), the suspended cells were
mixed with a small volume of PBS.

For the immune challenges experiment, M. domestica adults
(n =6 per group) were microinjected with 5 pL suspensions of E.
coli 1 x 10° colony forming units (CFU), and S. aureus 1 x 105 CFU
using a microsyringe. Control groups (7 = 6 per group) were injected
with 5 pL of PBS. The samples were then collected at 0, 3, 6, 12, 24,
36, and 48 h for RNA extraction.

RNA Extraction and Reverse Transcription

Housefly samples were collected at six stages, including eggs, first
instar larvae, second instar larvae, third instar larvae, pupae, and
adults (7 = 6/group). The hemocytes, integument, fat body, midgut,
Malpighian tubules, trachea, and salivary glands were collected
from adult houseflies (7 = 6/group). High quality RNA extraction
was performed by using a Trizol Reagent Total RNA Kit. Then re-
verse transcribed cDNA was synthesized by using M-MLV Reverse
Transcriptase (Invitrogen) from 2 pg of total RNA (Jiao et al. 2022).

Cloning and Sequence Analysis of Md14-3-3C Gene
Md14-3-3C gene was selected from the cDNA library of M. domestica
(GenBank accession number XP-005182436). A pair of specific
primers, Md14-3-3F and Md14-3-3R was used for PCR (Table
1; Gene-1). PCR reaction was performed with predenaturation at
94°C for 4 min, followed with 35 cycles of 95°C for 30 s, 59°C for
30 s, and 72°C for 3 min, as well as a final extension at 72°C for
10 min. The products of PCR were cloned into the pMd18-T and
then transformed into E. coli DHS . Finally, the anti-Ampicillin ager
plate was used for detecting positive recombinants. Three positive
clones were amplified by PCR and then sequenced.

The sequences of Md14-3-3¢ were searched using BLAST in Gen
Bank, and ORF was detected by using ORF Finder (http://www.
ncbi.nlm.nih.gov/gorf/gorf.html). The sequence alignments were
performed by the National Center for Biotechnology Information

(https://blast.ncbi.nlm.nih.gov). The signal peptide was predicted by
SignalP program (http://www.cbs.dtu.dk/services/SignalP/). The phy-
logenetic tree was constructed by MEGA 7.0.

Expression of Md14-3-3C in Different Developmental
Stages and Tissues

The mRNA expression of Md14-3-3¢ from different tissues (7 = 6
per group), different developmental stages (7 = 6 per group), and
immune challenges experiment (7 = 6 per group at each time point)
were tested by qRT-PCR with qRT-PCR System (ABI 7500,
Applied Biosystems). The reaction solution of the gqRT-PCR was
containing 7.5 puL of TransStart Top Green qRT-PCR Super Mix
(final concentration at 2 uM; TransGen), 0.3 pL of primer (final
concentration at 40 uM; Table 1, Gene 2), 50 ng of cDNA, and 3.9
pL of RNase-free water. The reaction procedures were 40 cycles
of 95°C for 5 s and 60°C for 30 s and 72°C for 30 s. RPS18 (ID:
101887462) was used as a reference gene. The relative mRNA ex-
pression of Md14-3-3C was determined by the 2-*°T method (Jiao
et al. 2022).

Recombinant Expression and Purification of
rMd14-3-3¢

To amplify the mature peptide of Md14-3-3C, the gene specific
primer was designed (Table 1, Gene 3). The DNA fragment was
transformed into an expression vector pET-28a (Novagen), and re-
combinant plasmids were transformed into competent E. coli BL21
(DE3) cells. No insert fragment of pET-28a vector as the control,
and insert fragment of pET-28a vector were incubated in LB medium
and shaked (300 g) at 37°C until the OD,, = 0.5. Then, 0.5 mM of
isopropyl B-D-thiogalactoside was mixed and shaked for 4 h. After
that, bacterial cells were harvested by washing with PBS and then
sonicated on ice. The rMd14-3-3C was then purified using the High-
Affinity Ni-NTA Resin. Finally, the proteins were stored at -80°C
until use (Li et al. 2015).

Western Blotting Analysis of rMd14-3-3C

The size of purified rMd14-3-3C protein was confirmed by western
blotting analysis. Briefly, the purified rMd14-3-3C protein was
quantified by using a BCA Protein. After this, 12% SDS-PAGE
was used for loading and separating the purified protein (25 pg),
which was transferred to a nitrocellulose membrane. Then, the
membrane was incubated with mouse anti-His mono-clonal anti-
body at 4°C for 12 h. Finally, the membrane was incubated with
goat anti-mouse immunoglobulin G at 26°C for 2 h (Li et al.
2015).

Table 1. Primer sequences used in gene cloning (Gene-1), gRT-PCR
(Gene-2), and recombinant expression (Gene-3)

Primer Primer sequence
Md14-3-3¢ -F-1 5-TTCCTCCATTGAGCAGA-3’
Md14-3-3¢ -R-1 5-CTTCATAACAGATTTCCCTA-3’
RPS18-F-2 5-AAGGGTGTGGGTCGCCGTT-3’
RPS18-R-2 5-GCAATGGGTTGGAGATGAT-3’
Md14-3-3¢ -F-2 5-TTCCTCCATTGAGCAGA-3’
Md14-3-3¢ -R-2 5-CTTCATAACAGATTTCCCTA-3’
Md14-3-3¢ -F-3 5-CGCGAATTCATGTCGACAGTC
GATAAAGAGG-3’
Md14-3-3¢ -R-3 5-CGCAAGCTTTTAAAAAGGAAA

CAATTTAGTTTGGG-3’
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Antimicrobial Activity Assay

The antimicrobial activity assay was performed by LB agar plates
and the 96-well sterilized microplates. First, 6 and 10 pg of rMd14-
3-3C was mixed with E. coli and S. aureus (50 CFU), respectively.
Then, the solution was spread on LB agar plates and incubated
at 37°C. The inhibitory effect of rMd14-3-3C on the growth of S.
aureus and E. coli were observed after 12 h. Ampicillin (3 pg/ml) was
used as a positive control, and PBS was used as a negative control
for the assay. Meanwhile, 100 pL bacterial cultures were allocated to
96-well sterilized microplates, and 10 pg of rMd14-3-3C were mixed
into each well. Finally, the microplates were incubated in an orbital
shaker—incubator (37°C, 120 g). The absorbance was measured after
the microplates were incubated for 0, 2, 4, 6, 8, 10, 12, and 24 h.
Experiments were done in duplication and repeated at least three
times for each assay.

Minimum Inhibitory Concentration (MIC) Assay

The MIC of rMd14-3-3C was assessed by 96-well microtiter assay,
and resazurin was used as an indicator (Elshikh et al. 2016). Briefly,
different amount of rMd14-3-3¢ (250, 125, 62.5,31.25,15.62,7.81,
3.90, 1.95, 0.97, 0.48, 0.24, 0.12, 0.06, 0.03, and 0.015 pg) were
added into each well, and then mixed with 100 pL of nutrient broth
and 10 pL of resazurin indicator solution. After that, 10 uL of bac-
terial cell suspension (5 x 102 CFU/ml) was mixed in each well, 37°C
incubated for 24 h, and observed the color change. PBS was used
as the control. The wells that remained blue were scored above the
MIC value.

Bacterial Cell Membrane Permeabilization Assay
Bacterial cell membrane permeabilization was examined by releasing
cytoplasmic [3-galactosidase from E. coli and S. aureus in the culture

1 [ETGICGACAGTCGATARRGAGGARTT GGTCCAARAGGCARAAT TGGCCGARCAAT CCGRA.,
MSTVDKEELVQKAKLAEOQSE.
61 AGATACGATGACATGGCTCARGCTATGARATCAGTCACAGAAACCGGT GTCGRACTGTICA.,
21 RYDDMAQAMKSVTETGVETLS.
121 ARTGARGAAAGARATTTGCTATCAGTTGCTTACRARARTGT TGTTGGTGCCCGCAGRTCA.
41 NEERNLLSVAYKNVVGARRSES.
181 TCATGGAGAGTAATTTCCTCCAT TGAGCAGRARRCCGAAGCCTCCGCCAGARARCARCAR.
61 SWRVISSIEQEKTEASARKOQOQ .
241 CTCGCCCGCGAGTACRGAGARCGCGTAGR GRAGGARCTTAGGGARAT CTGTTATGRAGTT .,
8l LAREYRERVEEKELREICYEV.,
301 TTGGGT CTICTTGACRAATACCT TATTCCTAAAGCTAGCAATCCAGRRRGTARGGTTTITC.,
101 LG6LLDKYLIPKASNPESKVTF.,
361 TATCTGARAATGAAGGGAGATTATTACAGGTATTT AGCTGAAGTAGCCACAGGRGATGCC
121 YLKMKGDY YRYLAEVATGDA.
421 CGCARCACCGTTGITGACGACTCCCRAACCGCATACCAGGATGCATT TGARATTAGCARG .
141 RNTVVDDSQTAYQDATFETIGSK.
481 GGTARAATGCAACCARCACATCCCATCAGATTGGGTCTTGCACTTARTTTCT CAGTCTTC.,
16l GKMQPTHPIRLGLALNTF SVE.
541 TACTATGAGATT CTGART TCTCCAGACARAGCTTGCCAATT GGCCAARCAGGCRTTCGAT .,
181 YYEILNSPDEKACQLAKAOQATFTTD.
601 GATGCGATAGCT GAACTGGATACTCTCAACGAGGATTCGTACRAGGACTCAACACTCATC.,
201 DAIAELDTLNEDSYKDSTLTI.
661 ATGCAATTGTTGAGAGATARCCT TACCCT CTGGACATCGGACACCCAGGGTGATGGCGAT .
221 MQLLRDNLTLWTSDTQGDGD .
721 GAACCACAAGAAGIGGIGACAACTAACACCCAAACIMGTHCC.
241 EPQEVVITNTIQTIEKLT FPRPTF* .

Fig. 1. Nucleotide and deduced amino acid sequence of the Md14-3-3Zeta.The start codon (ATG) and termination codon (TAA) was shown in the black frame.The
putative transmembrane regions (172-180aa) were shown in double underlined. In 6-238aa were the structural domains of the Md14-3-3Zeta. The two potential

conserved sites (44-54aa, 214-233aa) were shown in single underlined.
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medium (Liu et al. 2004). First, bacterial cultures grown in LB me-
dium were harvested. Then, it was washed and suspended with PBS.
130 = 1.2. Each well
of standard microtiter plate contains 1,000 pL of bacterial suspen-
sion (5 x 10* CFU/ml), and then 100 pL. ONPG (o-Nitrophenyl-f-
D-galactoside, ONPG; 30 mM) were mixed into the well. Finally,
0.144 mg of rMd14-3-3C was mixed. Plates were incubated at 37°C

for 12 h and absorbance was monitored at 430 nm.

The bacterial cell suspension was adjusted at OD

Statistical Analysis

SPSS 17.0 were used for statistical analyses. The Levene test and
Shapiro-Wilk test were used for checked the homogeneity and nor-
mality of variances, respectively. Then, the differences between con-
trol and treatment were analyzed by using Student’s ¢-test (P < 0.05).
The differences among groups were analyzed by using one-way anal-
ysis of variance (ANOVA) and the Tukey (P < 0.05). All dates were
presented as the mean = SE.

Results

Md14-3-3¢ Gene Sequence Analysis

The gene sequence of 14-3-3C was obtained from the cDNA library
of M. domestica (GenBank accession number XP-005182436) and
named it Md14-3-3C. The open reading frame (ORF) is 771 bp
in length and encodes 257 amino acids. Signal peptide was not
predicted in Md14-3-3C. The domain prediction revealed that amino
acids 6-238 were Md14-3-3C structural domains with a transmem-
brane domain (170-180 aa), two conserved sites (44-54 aa, and
214-233 aa; Fig. 1). The predicted molecular mass and isoelectric
point of Md14-3-3C were 29.35 kDa and 4.87, respectively.

Phylogenetic Analysis of Md14-3-3C

Multiple sequence alignment revealed that Md14-3-3C amino acid
sequences were significant similarity with 14-3-3C of other close
insects (up to 86%), in which, 14-3-3C of housefly showed 95%

and 99% homology with D. melanogaster and Stomoxys calcitrans
Linnaeus (Diptera: Muscidae), respectively. Moreover, phyloge-
netic analysis revealed that 14-3-3C sequences of seventeen insects
were divided into eight groups. The 14-3-3C in these insects was
considerably conserved, and the Md14-3-3C was clustered with D.
melanogaster and S. calcitran (Fig. 2).

Expression Profiles of Md14-3-3C Gene

In order to investigate Md14-3-3C gene in the context of housefly
immunity, we first checked its expression pattern during all the de-
velopmental stages of the housefly. Results showed that Md14-3-3C
gene was constitutively expressed in all the six developmental stages
of the housefly, with higher expression levels in adults, which was
157-fold greater than that of eggs with lowest expression ratio (F;
= 111.287, P < 0.001; Fig. 3A).

Next, we checked the expression pattern of Md14-3-3C in dif-
ferent tissues, including immune tissues (hemocytes, integument, and
fat body), digestive tissues (midgut), excretory tissues (Malpighian
tubules), respiratory tissues (trachea), and reproductive tissues (sal-
ivary glands). We found that Md14-3-3C was highly expressed in
the immune tissues compared with other tissues (Fg 4=21.621,
P < 0.001; Fig. 3B). These results imply that Md14-3-3C may play a
key role in housefly immunity.

Expression Profile of Md14-3-3C Responding to
Bacteria Challenge

In order to investigate the putative function of Md14-3-3C in in-
nate immunity, M. domestica adult was challenged with E. coli and
S. aureus. The relative mRNA level of Md14-3-3C was increased
and peaked (14.7-fold) at 3 h after E. coli injecting (F, ,, = 43.889,
P <0.001; Fig. 4A). Similarly, the relative mRNA level of Md14-
3-3C was increased and peaked (11.8-fold) at 3 h after S. aureus
injecting (F; , = 150.061, P < 0.001; Fig. 4B).These results indicate
that Md14-3-3C is involved in the immune response against E. coli
and S. aureus.

mponotus floridanus XP_011250874.1

—
52 Apisflorea XP_003692803.1

Hymenoptera
47 " Athalia rosae XP_012265770.1
a7 4|::(d)mm orpha halys XP_014287708.1 ] Hemiptera
93 “imex lectularius XP_014246617.1
Plutella xylostelia XP_011556101.1
100 99 -Heliothis virescens ACR07788.1 Lepidoptera
W:Bombyx mori NP_001040164.1
Daphnia pulex EFX74245.1| Aphaniptera
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100 -Aedes aegypti XP_001652301.1
100 Stomoxys calcitrans XP_013105069.1 Diptera
96 { Drosophila ananassae XP_001959503.1
001 57 A Musca domestica XP_005182436.1

Fig. 2. Phylogenetic relationships of 74-3-3Zeta in different insect species using the neighbor-joining method with a bootstrap value of 1,000. The phylogenetic
trees were constructed using MEGA 7.0 software with the neighbor-joining method. A bootstrap analysis of 1,000 replicates was used, and bootstrap values are

shown in the cladograms.
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The rMd14-3-3C Inhibits the Growth of Bacteria

To investigate Md14-3-3C protein function in vitro, the recombinant
protein of Md14-3-3C was expressed in E. coli. PAGE and western
blotting with anti-HIS indicated rMd14-3-3C is around 30 kDa
protein (Fig. SA and B). Compared with those of the control, the
rMd14-3-3C strongly inhibited the growth of E. coli and S. aureus in
LB agar plates (Fig. 6A). The growth curve of E. coli and S. aureus
was maintained from 0 to 24 h (Fig. 6B and C). Furthermore, the
MIC of rMd14-3-3¢ inhibiting E. coli and S. aureus was 0.16 mg/ml
and 0.25 mg/ml, respectively. These results confirmed that Md14-3-
3C is involved in the immune response against E. coli and S. aureus.

The rMd14-3-3C Permeates the Cell Membrane of
Bacteria

The release of cytoplasmic (3-galactosidase that absorb at 430 nm is
an indication of cell membrane damage. When the suspensions of E.
coliand S. aureus were treated with rMd14-3-3C, the OD,  increased
rapidly from 30 to 120 min, while the control was maintained at all-
time points (Fig. 7A and B). These results indicate that rMd14-3-3C
inhibits E. coli and S. aureus by permeating the cell membrane.

Discussion

As a chaperone protein, the 14-3-3 protein is involved in numerous
biological functions in vertebrates and invertebrates, including de-
velopment, immune response, and metabolism (Fu et al. 2000, Obsil
and Obsilova 2011, Shandala et al. 2011, Trujillo-Ocampo et al.
2017, Obsilova and Obsil 2020). However, the protein function in
the housefly remains unexplored. In recent years, the housefly has
become a good model for investigating insect immunity (Gao et al.
2015, Andoh et al. 2018, Neupane et al. 2020, Hinkle and Hogsette
2021). In this study, the 14-3-3C gene of housefly was identified and
characterized.

The 14-3-3C protein is highly conserved from yeast to humans, it
has been identified and found the protein contained the 14-3-3 ho-
molog domain and showed high sequence identity to their respective
orthologues in eukaryotes (Fu et al. 2000, Obsil and Obsilova 2011,
Shandala et al. 2011, Liu et al. 2016, Obsilova and Obsil 2020).
We also found that Md14-3-3¢ holds a typically 14-3-3 structural
domain, a transmembrane domain, and two conserved sites, as well
as lacks the signal peptide. These features were consistent with the
characteristics of 14-3-3 protein. Moreover, the phylogenetic tree
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controls and Ampicillin was used as a positive control. (B) The growth of E. coli was measured at OD 600 nm every 2 h. (C)The growth of S. aureus was measured
at OD 450 nm every 2 h. Data are presented as the mean + SE. Experiments were run in triplicate for each assay.
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Fig. 7. The rMd14-3-3¢ permeates the membrane of E. coli (A) and S. aureus (B). Bacterial cell membrane permeabilization was measured by the release of
cytoplasmic -galactosidase from bacteria. PBS was used as the control. The absorbance was measured at OD 430 nm every 10 min. Data are presented as the

mean + SE. Experiments were run in triplicate for each assay.

has shown that 14-3-3¢ was clustered with that of Diptera species.
Our results indicated that Md14-3-3C shared a high level of con-
servation with other closed insects, and had a closer evolutionary
relationship with the Diptera.

Previous studies showed that the 14-3-3C gene has different ex-
pression patterns in many insects depending on specific roles (Kong
et al. 2007, Obsil and Obsilova 2011, Trujillo-Ocampo et al. 2017).
For instance, the 14-3-3C gene of Plodia interpunctella Hiibner
(Lepidoptera: Pyralidae) was expressed in all tested tissues and de-
velopmental stages, and no significant differences were found in the
tested tissues, thereby suggesting that the gene acted as a house-
keeping gene (Bian et al. 2015). Moreover, the 14-3-3C gene of S.
litura, B. mori, and H. armigera was identified and found relatively
high expression level in prepupa, suggesting that the genes were re-
lated to larval metamorphosis and diapause processes (Kong et al.
2007, Chen et al. 2010, Feng et al. 2014). Meanwhile, 14-3-3C gene
of T molitor and S. litura was mainly expressed in immune tissues—
hemocytes and fat body, suggesting that the genes were related to in-
sect immunity (Feng et al. 2014, Seong et al. 2018). This is consistent
with our results that Md14-3-3C was predominantly expressed in the
hemocytes, integument, and fat body. We also found that expression
of the Md14-3-3C gene could be induced by E. coli and S. aureus.
Because the innate immune responses of insects could be induced
by pathogens, and integument was the first checkpoint component,
while the hemocytes and fat body were regarded as key tissues re-
lated to insect immunity (Kong et al. 2007, Andoh et al. 2018, Zhang
etal. 2019).

Importantly, RNAi and recombinant protein-based strategies
have mainly performed functional analysis of the genes in many
studies. Based on RNAI, the previous study found that 14-3-3¢ is re-
quired for microbial resistance and phagocytosis in D. melanogaster
(Shandala et al. 2011). Meanwhile, knocking down 14-3-3C of S.
litura increased insects’ sensitivity to Nomuraea rileyi and resulted in
higher mortality (Feng et al. 2014). Similarly, silencing of the 14-3-3T
in A. aegypti and found it involved in phagocytosis of Gram-positive
and Gram-negative bacteria (Trujillo-Ocampo et al. 2017). However,
the recombinant protein rTm14-3-3¢ could inhibit the growth of E.
coli and C. albicans (Seong et al. 2018). Our results showed that the
recombinant protein rMd14-3-3C inhibits the growth of E. coli and
S. aureus. Moreover, our findings showed that rMd14-3-3C could
permeate the cell membrane of the bacteria, thereby inhibiting the
growth of E. coli and S. aureus.

Conclusions

In conclusion, we have identified and characterized the 14-3-3C gene
from housefly. The gene is predominantly expressed in the immune
tissues, and the expression of the gene could be induced by E. coli
and S. aureus. The recombinant protein rMd14-3-3C inhibits the
growth of bacteria by permeating the cell membrane. Our results
provide novel information for investigating the immune response
mechanism of the housefly.
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