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Host defence peptide LEAP2 contributes i

to antimicrobial activity in a mustache toad
(Leptobrachium liui)
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Abstract

Background The liver-expressed antimicrobial peptide 2 (LEAP2) is essential in host immunity against harmful
pathogens and is only known to act as an extracellular modulator to regulate embryonic development in amphibians.
However, there is a dearth of information on the antimicrobial function of amphibian LEAP2. Hence, a LEAP2 homo-
logue from Leptobrachium liui was identified, characterized, and chemically synthesized, and its antibacterial activities
and mechanisms were determined.

Results In this study, LEAP2 gene (LI-LEAP2) cDNA was cloned and sequenced from the Chong'an Moustache Toad
(Leptobrachium liui). The predicted amino acid sequence of LI-LEAP2 comprises a signal peptide, a mature peptide,
and a prodomain. From sequence analysis, it was revealed that LI-LEAP2 belongs to the cluster of amphibian LEAP2
and displays high similarity to the Tropical Clawed Frog (Xenopus tropicalis)'s LEAP2. Our study revealed that LEAP2
protein was found in different tissues, with the highest concentration in the kidney and liver of L. liui; and LI-LEAP2
mMRNA transcripts were expressed in various tissues with the kidney having the highest mRNA expression level. As

a result of Aeromonas hydrophila infection, LI-LEAP2 underwent a noticeable up-regulation in the skin while it was
down-regulated in the intestines. The chemically synthesized LI-LEAP2 mature peptide was selective in its antimicro-
bial activity against several in vitro bacteria including both gram-positive and negative bacteria. Additionally, LI-LEAP2
can kill specific bacteria by disrupting bacterial membrane and hydrolyzing bacterial gDNA.

Conclusions This study is the first report on the antibacterial activity and mechanism of amphibian LEAP2. With
more to uncover, the immunomodulatory functions and wound-healing activities of LI-LEAP2 holds great potential
for future research.
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Background
Antimicrobial peptides (AMPs), which are a class of small
peptides, are highly abundant and diverse in the innate
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of the species, and AMPs are likely key players in host
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Fig. 1 Multiple alignment of the amino acid sequences of LI-LEAP2 and its homologs. The threshold for shading was 70%; similar residues are
marked in grey, identical residues are marked in black, and alignment gaps are marked as *-". The four conserved cysteine residues in the mature
peptide are indicated by “*". A cartoon picture of the experimental animal was painted by DING Zimu

resistance of these pathogens [2—10]. Additionally, AMPs
are also involved in extensive immunomodulatory func-
tions [11, 12] well as healing skin wounds [13, 14].

In 2003, the liver-expressed antimicrobial peptide 2
(LEAP2) was first discovered and it was also the second
blood-derived antimicrobial peptide [15]. It is primar-
ily expressed in the liver and its structure consists of a
cysteine-rich peptide and it possesses four conserved
cysteine residues [15-17]. LEAP2 has been shown to
destroy a variety of pathogenic microorganisms, includ-
ing Bacillus megaterium, Bacillus subtilis, Neisseria
cinerea, and Micrococcus luteus [15, 17]. Besides mam-
mals, LEAP2 has been identified in different species of
birds [18], reptiles [19], and even fishes [20, 21].

To date, the amphibian LEAP2 gene was only reported
in the African Clawed Frog (Xenopus laevis) [22]. LEAP2
of X. laevis was found to act as an extracellular modulator
to regulate embryonic development [22]. However, there
is a dearth of information on the antimicrobial function
of amphibian LEAP2. Hence, we identified, characterized,
and chemically synthesized another amphibian LEAP2,
named LI-LEAP2 from the Chong’an Moustache Toad
Leptobrachium liui (Pope, 1947) (Anura: Megophryidae),
which is an endemic species distributed in mountain-
ous stream habitats of eastern China, and determined its
antibacterial activities and mechanisms.

Results

Molecular characterization

The cDNA sequence of LI-LEAP2 was deposited to
the GenBank database (https://www.ncbi.nlm.nih.gov)
under accession No. ON393998. It was estimated that
the open reading frame of LI-LEAP2 consists of 80

amino acids and is 243 nt in length. The LI-LEAP2 con-
tained three parts: a signal peptide, a prodomain, and
a mature peptide (Fig. 1). The third part of LI-LEAP2
was 4.5kDa in putative molecular weight and 8.79 in pl.
The result of LI-LEAP2 alignment with other amphib-
ian LEAP2 signifies the highly conserved nature of the
mature peptide, but the signal peptide and prodomain
were subjected to greater variability. The mature LI-
LEAP2 peptide contains five cysteine residues, four
of which are conserved among amphibian LEAP2
homologs. Further analyses of the amphibian LEAP2
mature peptide revealed a mostly helical second-
ary structure (Fig. 2). Based on the phylogenetic tree,
amphibian LEAP2s were discovered to be clustered and
distinguished from other vertebrate species, and LI-
LEAP2 was closest to the LEAP2 found in the Tropi-
cal Clawed Frog (Xenopus tropicalis) (Fig. 3). The highly
conserved nature of the mature peptide of LI-LEAP2
strongly suggests its importance in vertebrates despite
different evolutionary history.

Protein concentration and gene expression

The LEAP2 concentrations differed significantly in the
seven tissues (ANOVA, F¢ , =9.18, P<0.001). The
mean LEAP2 concentration was highest in the kid-
ney and liver and lowest in the heart, with the other
tissues in between (Fig. 4A). LI-LEAP2 was found to
be expressed in all tissues (ANOVA, Fg ,; =234.69,
P<0.001), with the highest expression in kidney, fol-
lowed by liver, intestine, and spleen, and the lowest in
heart and skin (Fig. 4B). The level of gene expression
in the kidney was 2487.9-fold compared to the heart.
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Fig. 2 Amino acid sequences and predicted secondary structures of LI-LEAP2 and other amphibian LEAP2 mature peptides
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Fig. 3 Phylogenetic reconstruction of amino acid sequences of LEAP2 based on neighbour-joining method. The values at the forks indicate the
percentage of trees in which this grouping occurred after bootstrapping (1000 replicates; shown only when >60%). The scale bar shows the

number of substitutions per base

Our results indicated that the LI-LEAP2 is ubiquitously
expressed in L. liui and highly expressed in the kidney.
Similarly, the protein concentration of LEAP2 sup-
ported the mRNA expression level result. Hence, there
was a corresponding increase in LEAP2 concentration
when there was higher expression of LI-LEAP2.

Changes in LI-LEAP2 expression post Aeromonas hydrophila
infection

We found significant differences in LI-LEAP2 expres-
sion levels between the control and infection groups in
the skin and intestine (¢-test, both P<0.01), with a 24.7-
fold up-regulation in the skin of the infection group,
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Fig. 5 Mean values (+ SE) for the relative expression of LI-LEAP2 between control and infection groups in different tissues. **: P<0.01, ***: P<0.001
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and a 2.6-fold down-regulation in the intestine of the
infection group (Fig. 5). However, there was no signifi-
cant difference in expression levels between control and
infection group for the rest of the other tissues organs
which includes the liver, kidney, and spleen (¢-test, all
P>0.05). In conclusion, the expression of LI-LEAP2 was
significantly altered only in the skin and intestine after A.
hydrophila infection.

In vitro antibacterial activity

As shown in Table 2, antimicrobial activities of the func-
tionally mature peptide LI-LEAP2 and other studied
Sm-LEAP2 from rockfish (Sebastiscus marmoratus) [23]
were listed. The strongest antimicrobial activity of LI-
LEAP2 was towards E. coli and S. enterica, with an MIC
value of 2.78 uM. The MIC value of LI-LEAP2 against A.
hydrophila and S. aureus was 5.6 uM, and those against
P, aeruginosa was 22.2 uM. However, we observed no sig-
nificant bactericidal activity against P. mirabilis, S. sonnei,
V. alginolyticus, and V. parahaemolyticus at the set con-
centrations of LI-LEAP2. In summary, LI-LEAP2 had the
effective antibacterial activity against gram-positive and
negative bacteria, and the MIC values of LI-LEAP2 were
all lower than those of Sm-LEAP2 in the same tested bac-
teria (Table 2).

LDH release

0.5 -
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Effects on the cell membrane integrity

LI-LEAP2 significantly affected the integrity of cell
membrane in A. hydrophila (ANOVA, F, ;5=10.44,
P<0.001). A significant amount of LDH was detected
as the concentration of LI-LEAP2 reached 100 pg/mL,
which was 1.64-fold that of the BSA treatment (Tuk-
ey’s post hoc test, P<0.001) (Fig. 6), indicating that
LI-LEAP2 induces disruption of cell membrane in A.
hydrophila. The membrane disruption concentration of
LI-LEAP2 was higher than the MIC, suggesting that LI-
LEAP2 had multiple antibacterial mechanisms against
A. hydrophila, possibly including membrane disruption
and gDNA hydrolysis.

Hydrolytic effect on bacterial gDNA

LI-LEAP2 significantly hydrolyzed bacterial gDNA
(ANOVA, F, ;5=49.48, P<0.001). When LI-LEAP2
concentration increased, there was a correspond-
ing decrease in the intensity of bacterial gDNA band
(Fig. 7A). 36.71% of bacterial gDNA was hydrolyzed
in the LI-LEAP2 concentration of 50pug/mL, while
the bacterial gDNA was completely hydrolyzed under
the 100pg/mL LI-LEAP2 treatment (Tukey’s post
hoc test, both P<0.001) (Fig. 7B). Below 100 pg/mL
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Fig. 6 Effects of LI-LEAP2 on the integrity of cell membrane in Aeromonas hydrophila. The BSA treatment was used as the negative control group.
LDH release represents fold-change relative to the control group, which was assigned a value of 1. Means with different letters indicate significant

differences (Tukey’s post hoc test, a > b)
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Fig. 7 Hydrolytic effect of LI-LEAP2 on bacterial genomic DNA. A Various concentrations of LI-LEAP2 were incubated with 800 ng of genomic
DNA of Aeromonas hydrophila at room temperature for 30 min, then genomic DNA was analyzed by electrophoresis on a 1.0% agarose gel. The
BSA treatment was used as the negative control group. One of three independent experiments is shown. B Mean values (4-SE) for the intensity of
nucleic acid bands in different treatments. Means with different letters indicate significant differences (Tukey’s post hoc test,a>b > c)

concentration, the effect of LI-LEAP2 was stronger in
gDNA hydrolysis than in membrane disruption, and
the synergistic effect of the two or more bacteriostatic
effects on A. hydrophila resulted in a low MIC value of
LI-LEAP2.

Discussion
LEAP?2 is a small cysteine-rich cationic AMP that is nec-
essary for functioning of the immune system [15]. In
this study, we identified the cDNA sequence of a puta-
tive LI-LEAP2, and predicted that LI-LEAP2 consists of
three parts: a signal peptide, a prodomain, and a mature
peptide. To date, there are currently no studies on the
function of the prodomain of LEAP2, or the propeptide
of LEAP2. However, cathelicidin, a type of AMPs, which
has the similar prodomain structure as LEAP2, showed
no antimicrobial function in its prodomain [24]. How-
ever, the cathelicidin propeptide has stronger antimi-
crobial activity than the mature peptide when targeting
certain gram-negative bacteria [24]. Other studies have
also shown that the propeptide of AMPs have certain
functions like the Drosophila Baramicin A, which is an
antifungal peptide [8], hence more work is needed to fur-
ther determine the various functions that LI-LEAP2 may
possess.

Lastly, the mature peptide of LI-LEAP2 has four con-
served cysteines, as reported in the African clawed
frog [22]. The analysis of the secondary structure of the

mature peptide of LI-LEAP2 revealed that most of its
secondary structure was helical. In the human LEAP2
structure, the mature peptide is known to have a com-
pact central core with disorder at the N and C termini
[15]. The core comprises of a B-hairpin and a 3;,-helix
which are braced by two intramolecular-disulfide bonds
and further stabilized by a network of hydrogen bonds
[15]. According to the phylogenetic analysis, LI-LEAP2
belongs to the amphibian LEAP2 group and is closest
to the LEAP2 in X. tropicalis.

LI-LEAP2 was constitutively expressed in many
healthy tissues mainly in the kidney and liver, and
these results are congruent with other vertebrates stud-
ies which showed that LEAP2 was highly expressed in
these tissues [15, 18, 25, 26]. Meanwhile, our results
confirmed that tissues with higher LI-LEAP2 expres-
sion also had a higher concentration of the correspond-
ing peptide in L. liui. Additionally, our results showed
that LI-LEAP2 expression was significantly up-regu-
lated in skin tissues following A. hydrophila infection
and this was similar to other studies [27, 28]. In Yang
et al. [28], the expression of LEAP2 in the common carp
was swiftly up-regulated in the skin after infections
with Vibrio anguillarum. Meanwhile, the expression of
LI-LEAP2 was down-regulated in the intestine, which
was similar to other results reported in the mudskip-
per [20] and large yellow croaker [29]. As the intesti-
nal immune system is reliant on a rich and healthy



Chen et al. BMC Veterinary Research (2023) 19:47

microbiota, AMPs are found to play a key role in estab-
lishing and maintaining a stable gut microbiota for
the organism [30]. After bacterial infection, the AMPs
concentrations may be altered with some being up-
regulated while others are being down-regulated. This
results in a new equilibrium of AMPs concentration in
response to infection by pathogenic microorganisms
and creates a more robust gut microbiota [3].

Recently, several in vitro studies have shown that ver-
tebrate LEAP2s have direct antibacterial activity [15, 17,
20, 31, 32]. Synthetic peptides of the mudskipper LEAP2
demonstrated antimicrobial activity against V. alginolyti-
cus and V. vulnificus, in vitro [20]. Despite this, there is
no information available on the antibacterial properties
of amphibian LEAP2s. We observed that LI-LEAP2 had
significant antimicrobial activity against five tested bac-
teria (A. hydrophila, E. coli, P. aeruginosa, S. enterica,
and S. aureus). Moreover, the MIC of 2.78uM for LI-
LEAP?2 against S. enterica and E. coli was considered to
be relatively low, suggesting that this peptide can poten-
tially inhibit S. enterica and E. coli infections. Although
our study showed no antimicrobial activity of LI-LEAP2
against Pichia pastoris; in another study, LEAP2 was
effective in inhibiting yeast growth [23]. Specifically,
S. marmoratus LEAP2 displayed antibacterial activity
against Candida albicans and Cryptococcus neoformans
[23]. Furthermore, we investigated the bactericidal mech-
anism of LI-LEAP2 and found that LI-LEAP2 can disrupt
bacterial cell membranes and hydrolyze bacterial gDNA,
which is consistent with the results observed in mam-
mals [17, 33] and fish [25].

Conclusion

In summary, a LEAP2 homologue from L. liui was
characterized, and its protein concentration and gene
expression were higher in the kidney and liver of L. liui.
LI-LEAP2 was revealed to possess antibacterial activity
against a wide range of bacteria species including both
gram-positive and negative bacteria. Meanwhile, LI-
LEAP2 has the ability to kill specific bacteria by disrupt-
ing bacterial membrane and hydrolyzing bacterial gDNA.
With more to uncover, the immunomodulatory functions
and wound-healing activities of LI-LEAP2 holds great
potential for future research.

Materials and methods

Animal collection and management

All the samples were collected with permission in accord-
ance with the local license. All methods were performed
in accordance with the relevant guidelines and regula-
tions in the ethics approval and consent to participate
section along with the approval of the Ethics Committee
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of Lishui University (Permit No. AREC-LSU202011-001)
and ARRIVE guidelines.

Twelve male adult L. iui individuals (30-40g/indi-
vidual) were captured from the Zhejiang Jiulongshan
National Nature Reserve (N28.370°, E118.887°) in
Suichang, China on 12 November 2020, and randomly
assigned to control and experimental groups in this
study. During the breeding season, they are defined
by having cornified spies in the maxillary of males and
sexual size dimorphism in which the males are gener-
ally larger than the females. Each toad was placed sepa-
rately in a covered food-grade polypropylene plastic bin
(300 x 200 x 120mm) with 2.4L pure water free from
pathogens at 9-12°C in a system with recirculating fil-
tered water and had 2 weeks to be accustomed to labora-
tory conditions before the actual start of the experiments.

Molecular characterization of LI-LEAP2 cDNA

LI-LEAP2 cDNA was assembled using the transcrip-
tome of L. liui liver deposited in the NCBI SRA database
(https://www.ncbi.nlm.nih.gov/sra) under accession No.
SRR23238843, and reverse transcription-polymerase
chain reaction (RT-PCR) was used to amplify the gene.
The primers used were F: 5-AGCCTGAGCTTTCAG
GACTAGC-3/, R: 5-CCTCCTTTTCCAAGCACC
AG-3/, which were designed by Primer Primer 5 [34],
and sequenced using Sanger Sequencing to verify the
base composition of LI-LEAP2. We used SignalP 5.0 [35]
to predict the cleavage sites of the signal peptide, ran
ClustalW [36] to analyze multiple alignments, and used
PSIPRED software to predict the secondary structure of
the protein, and operated MEGA version X [37] to per-
form phylogenetic analyses.

LI-LEAP2 expression profiles

After 2weeks of animal acclimatization, four healthy
individuals were dissected immediately on the ice after
euthanasia with MS-222 (400ppm), and seven tissues
(spleen, lung, kidney, intestine, skin, heart, and liver)
were isolated separately, transferred into a 1.5mL plas-
tic tube, and stored at —80°C. To detect the impact of
pathogenic microbes on the expression of LI-LEAP2, we
performed Aeromonas hydrophila infection based on
previous studies [38]. A. hydrophila was re-suspended in
sterile 0.65% saline with a final concentration of 1 x 10°
colony forming units (CFU)/mL, and a single intraperito-
neal injection (100 uL) was performed to all four healthy
individuals in the infection group. The other four indi-
viduals were injected with the same volume of 0.65%
saline as the control group. Five tissues (spleen, kidney,
intestine, skin, and liver) of each individual were isolated
separately and stored at —80°C at 12 hours post-infection
until analysis. Animal dissection were done on the clean
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bench in experimental units of Laboratory of Amphibian
Diversity Investigation at Lishui University, China.

Biochemical assay

The concentrations of LEAP2 in seven tissues of healthy
individuals were determined by enzyme-linked immu-
nosorbent assay (ELISA) via Frog LEAP2 ELISA Kit (no.
SU-B85013; Quanzhou Kenuodi Biotechnology Co., Ltd.,
Quanzhou, China) following the instruction of the man-
ufacturer. Before the ELISA, tissue homogenates were
prepared in advance. Each tissue was mixed with ice-
cold 0.65% saline at a weight: volume ratio of 0.1g: 9mL,
homogenized on ice, and then centrifuged at 2000 rpm at
4°C for 10min to precipitate insoluble tissue fragments.
The supernatant was transferred into a 1.5mL plastic
tube, and centrifuged at 13,000 rpm at 4°C for 20 min to
remove additional organelles (mitochondria). The super-
natant after the second centrifugation was further trans-
ferred to a 1.5mL tube for biochemical assay. The totoal
protein concentration in each sample was measured
based on the Bradford method using the Total Protein
Quantitative Assay Kit (no. A045-2-2; Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) according to

Table 1 Sequences of oligonucleotide primers used in this study
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the manufacturer’s instruction. The LEAP2 concentration
was expressed as mass per microgram of total protein.

Real-time quantitative PCR (qPCR)

Total RNA of each sample was extracted using Trizol rea-
gent (Sangon Biotech, Shanghai, China) and synthesized
c¢DNA using PrimeScript RT reagent Kit with gDNA
Eraser (TaKaRa, Dalian, China). For the baseline refer-
ence gene, we used L. liui glyceraldehyde-3-phosphate
dehydrogenase (L{-GAPDH). qPCR was performed with
the TB Green Premix Ex Taq (TaKaRa, Dalian, China),
and data was generated using the Real-time PCR Detec-
tion System (CFX96, Bio-Rad, Hercules, CA, USA) to
determine the cycle threshold (Ct) values of LI-LEAP2
and LI-GAPDH. We used the following conditions for
amplification: 95°C for 5min, followed by 40cycles of
95°C for 30s, 60°C for 30s, and 72°C for 30s. The prim-
ers (Table 1) were designed by employing Primer3web v
4.1.0 (https://primer3.ut.ee; accessed on 01 May 2021).
The 2°22¢ method [39] was used to calculate the relative
expression of LI-LEAP2 to LI-GAPDH. Melt curve analy-
sis was used to determine the quality and specificity of
the amplified products.

Gene Accession number Primers Sequence (5’-3) Amplicon
size (bp)
LI-LEAP2 ON393998 LEAP-2-t(4) ATCTTCAGCCTGGGAGATGG 154
LEAP-2-t(—) ATAGGACGCAGAGAAAGCCC
LI-GAPDH ON462259 GAPDH-t(+) AGCCGCACAGAACATCATTC 241
GAPDH-t(—) AACCTCGTCCTCAGTGTAGC

Table 2 Minimal inhibitory concentration (MIC) of LEAP2 against bacteria and fungus

Bacteria/fungus Strains Medium Temperature (°C) MIC (pM)

LI-LEAP2 Sm-LEAP2 [23]
Aeromonas hydrophila ATCC7966 LB 37 56 > 50
Escherichia coli K12 LB 37 278 25-50
Listeria monocytogenes ATCC19115 BHI 37 - NT
Pichia pastoris (fungus) GS115 YPD 30 - NT
Proteus mirabilis ATCC25933 LB 37 - NT
Pseudomonas aeruginosa ATCC27853 LB 37 22.2 25-50
Salmonella enterica ATCC13076 LB 37 278 NT
Shigella sonnei ATCC25931 LB 37 - NT
Staphylococcus aureus ATCC6538 LB 37 11.1 > 50
Vibrio alginolyticus ATCC17749 TSB 28 - > 50
Vibrio parahaemolyticus ATCC33847 TSB 28 - > 50

—:no inhibition detected at 22.2 uM. NT not detected
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Antibacterial assay

The fully mature peptide of LI-LEAP2 (MTPFWR-
GLSLRPIGASCRDASECLTQLCKKNRCCLQTFAD)
was synthesized chemically (>95% purity; Sangon Bio-
tech, Shanghai, China). To test the antibacterial activ-
ity of LI-LEAP2, we used a range of bacteria including
the commensal bacteria Escherichia coli, Salmonella
enterica, and Shigella sonnei, the human opportunistic
pathogens A. hydrophila, Listeria monocytogenes, Pro-
teus mirabilis, Pseudomonas aeruginosa, Staphylococcus
aureus, Vibrio alginolyticus, Vibrio parahaemolyticus.
The methylotrophic yeast Pichia pastoris was also part of
the experiment. We used a modified two-fold microdilu-
tion method [4] to determine the minimal inhibitory con-
centration (MIC) of LI-LEAP2 in eight bacterial species
and one fungus. Six concentrations including 22.2 M
(100pg/mL), 11.1uM (50pg/mL), 5.6puM (25pg/mL),
2.78uM (12.5 ug/mL), 1.39 uM (6.25 pg/mL), and 0.69 uM
(3.125 pg/mL) of LI-LEAP2 solution were obtained using
phosphate-buffered saline (PBS, pH="7.4) as a solvent.
Each microbe was diluted to 1 x 10° CFU/mL in suitable
media (Table 2) after incubation to the mid-logarithmic
phase. We mixed 10pL LI-LEAP2 solution and 90pL
microbial solution and added them to the corresponding
well of the 96-well plate. According to each of the appro-
priate incubation temperatures for each microbe, these
plates were placed for 12h in the incubators at a constant
temperature of either 28°C, 30°C or 37°C. Then, MIC
was determined at 600 nm using Microplate Absorbance
Reader (Bio-Rad, Hercules, CA, USA).

Lactate dehydrogenase (LDH) release assay

Detection of damage in the bacterial cell membrane was
determined by the LDH Release Assay Kit (Beyotime,
Shanghai, China) following the study of Chen et al. [40].
1 x 10° CFUs of A. hydrophila was obtained by centrifu-
gation at 5000x g for 2 min, and re-suspended into 200 uL
PBS. Subsequently 200 uL of 5x 10° CFU/mL bacterial
solution was mixed with LI-LEAP2 to create a final con-
centration of 0, 25, 50, and 100 ug/mL, respectively, and
followed by incubation at 37°C for 2h. In the negative
control group, bovine serum albumin (BSA)/PBS solu-
tion with a final concentration of 100 ug/mL was added
to the 200 pL bacterial solution. We separated the super-
natant by centrifugation at 8000xg for 2min and added
120 uL to each well of the 96-well plate. A total of 60 uL of
LDH detection solution was then added to each well and
incubated at room temperature (approximately 23—25°C)
for 30min, and its absorbance was measured at 490 nm
using Microplate Absorbance Reader (Bio-Rad, Hercules,
CA, USA).
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DNA degradation assay

The hydrolytic effect of LI-LEAP2 on bacterial genomic
DNA (gDNA) was measured based on the previous
method of Chen et al. [41]. We used the Ezup Column
Bacteria Genomic DNA Purification Kit (Sangon Biotech,
Shanghai, China) to extract A. hydrophila gDNA. The
concentration of gDNA was determined using a micro-
volume spectrophotometer (NanoDrop 2000, Thermo
Fisher Scientific, Wilmington, DE, USA). Subsequently, a
total of 800ng of gDNA was added to 20 puL of PBS with
0, 25, 50, and 100 ug/mL of LI-LEAP2, respectively. In the
negative control group, 20 uL BSA/PBS solution (100 pg/
mL) was mixed with 800 ng of gDNA. After incubating at
room temperature (approximately 23-25°C) for 30 min,
4uL of 6 xloading buffer was mixed with the sample.
Each reaction was analyzed by 1.0% agarose gel electro-
phoresis in 0.5 x tris-acetate-EDTA buffer and electro-
phoretic scanning. The intensity of each nucleic acid band
was determined using Image] (NIH, Bethesda, MD, USA).

Statistical analysis

All results were presented as mean + standard error (SE),
and differences were considered to be statistically sig-
nificant at P<0.05. Prior to analysis, the normality and
homogeneity of the data were verified using Kolmogorov-
Smirnov and Bartlett’s tests, respectively. The data of tis-
sue-specific expression and relative expression between
control and infection groups in skin and intestine tis-
sues were log.-transformed and fulfilled the normality
assumptions for parametric tests. One-way analyses of
variance (ANOVA) was used to examine the differences
in LEAP2 protein concentration and its gene expression
among different tissues and the effect of LI-LEAP2 on
the integrity of membrane and gDNA hydrolysis in A.
hydrophila. Tukey’s post hoc test was performed on the
traits that differed among the different tissues and treat-
ments. We used the ¢-test to examine whether the rela-
tive expression of LI-LEAP2 in each tissue was different
between the control and infection groups. The statistical
analyses were performed using SPSS Version 13.0 statisti-
cal software (SPSS Inc., Chicago, IL, USA).

Abbreviations

AMP Antimicrobial peptide

ANOVA Analyses of variance

BSA bovine serum albumin

CFU Colony forming units

Ct Cycle threshold

ELISA Enzyme-linked immunosorbent assay
GAPDH Glyceraldehyde-3-phosphate dehydrogenase
gDNA Genomic DNA

LDH Lactate dehydrogenase

LEAP2 Liver-expressed antimicrobial peptide 2

MIC Minimal inhibitory concentration
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