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Antimicrobial activity of Defensin—like peptide from Pacific
abalone, Haliotis discus hannai.

Phil lip Kwon

Department of Fisheries Biology, The Graduate School,

Pukyoung National University

Abstract

Abalone has been regarded as a high—value product in Korea's

aquaculture industry.

Previous study was carried out to find differentially expressed genes
associated with growth rate of Pacific abalone. For this, the abalones
were divided by size and weight and using analysis of differentially
expressed genes. This result identified several genes of which the
expression level was significant differences between large and small—
size groups. Among these genes, this study tested antimicrobial activity
of Defensin—like peptide. cDNA encoding HdhDef consists of 66 amino
acids (including 18 amino acids of a signal peptide and 48 amino acids of
a chain) The recombinant mHdhDef with hisg—tag added to the N-—
terminus was induced to overexpression in E. coli BL21 (DE3) and

purified with nickel column and then dialysis was performed. Purified

Vi



recombinant mHdhDef was tested for antimicrobial activity by URDA.
The result showed that recombinant mHdhDef has antimicrobial activity
against Gram-—positive bacteria (Bacillus subtilis, Streptococcus
parauberis) and Gram—negative bacteria (Vibrio harveyi, Escherichia
col). Several experiments were conducted to find out the mechanism of

antibacterial activity. This result suggested that mHdhDef seems not to

break bacterial cell wall, but interact with the bacterial cell wall.
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Antimicrobial activity of Defensin—like
peptide from Pacific abalone, Haliotis discus

hannai.

I . Introduction

Antibiotics have been used as an effective means to control the
population of pathogenic bacteria. With increasing usages of
antibiotics, there have been concerns about the treatment of bacteria
with antibiotic resistance as exemplified by the appearance of so—
called superbugs that have resistant to nearly all antibiotics (Neu,
1992). To overcome such a difficulty for the treatment of pathogenic
bacteria by using the first=generation antibiotics including Penicillin,
there has been efforts to develop the next generation antibiotics
(Rotem and Mor, 2009). In addition to chemical modification of
preexisting antibiotics, novel antimicrobial peptides (AMPs) from
various organisms have received attention as potential next—
generation antibiotics because their antimicrobial mechanisms are
different from conventional antibiotics (Jenssen et al., 2006).

In this study, we identified AMP from Pacific abalone Haliotis discus
hannai, a high—value aquaculture species in Korea. Previous study

was carried out to find differentially expressed genes associated with
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growth rate of Pacific abalone (Choi et al.,, 2022). For this, Pacific
abalones grown for 200 dpf (days post fertilization) were divided by
size and weight and using analysis of differentially expressed genes.
The result identified several genes of which the expression level was
significant differences between large and small—size groups. These
include genes encoding defensin—like peptide of Pacific abalone,
Haliotis discus hannai (HdhDef)).

Interestingly, marine invertebrates including abalones lack an
adaptive immune system, thus innate immunity was essential for
marine invertebrates (Loker et al.,, 2004). Defensins were well—
known for antimicrobial peptides (AMPs) (Oppenheim et al., 2003). In
general, AMPs are small and cationic peptides that play an important
role in the innate immune system and they have broad—spectrum
antimicrobial activity and are found in diverse organisms (Huan et al.,
2020). To test the antimicrobial activity of HdhDef, cDNA encoding
HdhDef consisting of 66 amino acids (including 18 amino acids of a
signal peptide and 46 amino acids of a chain) were cloned into
expression vector. Recombinant HdhDef overexpressed in E. coli was

purified and tested for antimicrobial activity by URDA.



II. Materials and Methods

1. Cloning and transformation

The full-length cDNA sequence of Haliotis discus hannai defensin—
like peptide (HdhDef) consists of 322 bp including an untranslated
region (UTR) of 121 bp and coding sequence (CDS) of 201 bp. CDS
encodes 66 amino acids including signal peptide of 18 residues and,
mature peptide of 48 residues, designated as mHdhDef. Gene
corresponding to cDNA of mHdhDef was amplified by polymerase
chain reaction (PCR). PCR primers were designed from the sequence

corresponding to

the mature peptide region of HdhDef gene. PCR reaction was carried

out in 20 yL of a mixture containing cDNA templates and 1 pL of

forward primers and 1 upL of reverse primer in 1X HiQ—PCR Mix

(Genotech, Korea). Each PCR reaction consisted of an initial
denaturation at 95C for 3 min, together with 30 cycles of
denaturation at 95C for 30 sec, annealing for 30 sec at 68T, and
extension at 72C for 30 sec. The final extension was carried out for

5 min at 72C. The PCR products were cloned into Ndel/Xhol



restriction enzyme sites of pColdl DNA expression vector (Takara

Bio Inc).

For the competent cell preparation, E. coli BL21 (DE3) were
cultured in LB broth at 22C overnight with shaking (180 rpm). When
the E. coli cells reached 0.6 of ODggo, the cells were chilled on ice for
10 min and centrifuged at 2,500 xg for 10 min at 4C. Pellet was
resuspended in transformation buffer (TB) [10 mM Hepes, 55 mM

MnCly, 15 mM CaCl,, 250 mM KCI, pH 6.7], followed by addition of 7%

DMSO. For transformation, 100 pl of competent cells were mixed with

recombinant plasmid and incubated on ice for 30 min. Upon heat—
shock at 42C for 1 min followed by rapidly chilling on ice for 3 min,
500 pl of LB medium were added to the mixture followed by
incubation at 37C for 1 hour. Cells were plated onto the LB agar

medium containing ampicillin (100 pg/mL) and incubated at 37T

overnight. Recombinant mHdhDef was designated as rmHdhDef.

2. Sequence analysis

The full-length amino acid sequences of HdhDef were aligned with
other genes encoding defensin from other organisms searched from

NCBI GenBank database. Phylogenetic trees were constructed by the



neighbor—joining method (Saitou and Nei, 1987) using the version of
MEGA: 11.0.13 (Molecular Evolutionary Genetics Analysis). The
reliability of each node was estimated by the bootstrap method with
1000 replications. Gaps and missing data were treated by the pairwise
deletion manner.

The amino acid sequences of the phylogenetic tree were obtained
from Haliotis discus hannai (ABF69125.1), Haliotis madaka
(ALU63750.1), Haliotis rufescens (XP_046358087.1), Haliotis discus
discus (ACZ15982.1), Haliotis diversicolor (QHIO6028.1), Haliotis
rubra (XP_046584092.1). Mammalian defensins from Homo sapiens
(AAA52304) and Mus musculus (NP_034160.1) were used as

outgroups.

The molecular mass (MW) and isoelectric point (PI) of the

predicted mature peptide were calculated by ProtParam

(http://www.expasy.ch/tools/protparam.html). The SWISS—MODEL

prediction algorithm (https://swissmodel.expasy.org/) was applied to

generate the three—dimensional (3D) structure model. Antimicrobial
Peptide Calculator and Predictor at APD

(http://aps.unmc.edu/AP/main.php)




3. Purification of recombinant protein

Transformed E. coli BL21 (DE3) cells were precultured in Luria—

Bertani (LB) broth containing ampicillin (100 pg/mL) overnight at 37C

with shaking 200 rpm. Precultured cells were diluted 1:100 with LB
broth containing ampicillin (100 pg/mL) at 37 C with shaking (200
rpm) until the concentration of cells reached about 0.5 of ODggg, and

then quickly cool the culture to 15T in ice for 30 minutes. After

cooling, expression of recombinant mHdhDef was induced with

isopropyl 4 —D-thiogalactoside (IPTG) (final concentration of 0.5
mM) at 18C for 20 hours. Cells were harvested by centrifugation at

5000 xg at 4C for 20 minutes.

Harvested cells were resuspended in LEW buffer (50 mM NaH2P04,
300 mM NaCl, pH 8.0). After several freeze—thaw cycles, the cells
were sonicated on ice at 20% amplitude (Scientz—IID, SCIENTZ
Biotechnology, Ningbo, China) for 20 minutes, and then additionally
add CaCl, and DTT (final concentration of 10 mM, and 2 mM

respectively). The lysate was divided into soluble proteins and

insoluble proteins by centrifugation at 5000 xg at 4C for 20 minutes.

The pellet containing the most of the target proteins was solubilized in

LEW buffer containing 8 M urea. The suspension was sonicated on ice

6



at 20% amplitude for 20 minutes, and then additionally add CaCl, and

DTT (final concentration of 10 mM, and 2 mM respectively) and
centrifuged at 5000 xg at 4C for 20 minutes. The supernatant was

diluted to a concentration of 2 M urea. The supernatant was loaded

onto a nickel column (Protino® Ni—TED) and washed with LEW

buffer containing 2 M urea three times. Recombinant protein mHdhDef
was eluted by using LEW buffer containing 2 M Urea and 250 mM

Imidazole. Finally, 5 mL of purified mHdhDef was obtained.

4. Dialysis of purified proteins

To remove denaturants and refold denatured rmHdhDef protein,

stepwise  dialysis was performed by dialysis Membrane

(Spectra/Por® 3 Dialysis Tubing, 3.5 kD MWCO) at room

temperature.

5 steps of dialysis were performed with decreasing stepwise
concentration: 1 M Urea in LEW buffer, 0.5 M Urea in LEW buffer, O
M Urea in LEW buffer, LEW buffer/ 0.1 M Tris (pH 8.0) buffer, 0.1 M
Tris (pH 8.0) buffer. Each dialysis step was performed for 2 hours
respectively. Finally, purified mHdhDef was obtained in 0.1 M Tris

(pH 8.0).



Dialyzed mHdhDef was run through sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS—PAGE) and then the
concentration of protein was estimated by bovine serum albumin

(BSA) as standard.

5. Antimicrobial activity (URDA)

Antimicrobial activity was tested by using ultrasensitive radial
diffusion assay (URDA) (Lehrer et al., 1991). Bacterial cells were
cultured in tryptone soy broth (TSB) overnight at 37 ° C or 30 ° C

with shaking.

Overnight cultured cells were diluted with 20 mM phosphate buffer
(containing 0.03% TSB) to 84%T (= 1 x 10°® CFU/mL). The
suspension (0.4 mL) of the bacterial cells were mixed with 7.1 mL of
underlay gel (containing 20 mM phosphate buffer, 0.03% TSB, and 1%
agarose). Total 7.5 mL of mixed underlay gel was poured into a petri
dish (90 mm of diameter, 15 mm of height) and set at room
temperature for 10 minutes. After the mixture was completely

solidified, 2.5 mm of wells were punched. For examining an



antibacterial activity, 5 pl of the sample was loaded to each well (2.5

mm of diameter, 1 mm of thick) and set at room temperature for 30
minutes, until all of the sample wells were completely diffused and
absorbed into each sample well. Each sample was loaded once again.
and absorbed for 3 hours at room temperature. Total, 7.5 mL of
overlay gel (containing 20 mM phosphate buffer, 6% TSB, and 1%
agarose) was poured into the underlay gel. The petri dish was
incubated at 37 ° C or 30 ° C for 8 hours, antimicrobial activity was
visualized as a clear zone of each sample well.

Subtracting 2.5 mm of the sample well’ s diameter, a clear zone was
measured.

Antimicrobial activity was compared with ampicillin as a positive
control. TDW and 0.1 M tris (pH 8.0) were used as negative and

positive control respectively.

6. Bacterial agglutination assay

An agglutination test of bacterial cells was performed to test
whether antimicrobial peptides induce bacterial agglutination of
bacterial cells (E. coli expressing green fluorescent protein (GFP)

and Bacillus subtilis) with CaCl, (Zhang et al., 2018). Bovine serum



albumin (BSA) was used as a negative control.

Bacterial cells were cultured in tryptone soy broth (TSB) at 37 ° C

for 4 hours and harvested by centrifugation at 12000 xg at 4° C for

10 min. Harvested bacterial cells were resuspended in tris—buffered
saline (TBS) at an ODg of 0.6.

Resuspended cells were mixed (1:1) with purified rmHdhDef and
incubated at 28 °C for 1 hour in the presence of final concentrations
of 10 mM CaCl,. For staining, 4’,6 —diamidino—2—phenylindole (DAPI)
was additionally added to a mixture of Bacillus subtilis cells for
staining. Using fluorescence microscopy, bacterial agglutination was

observed.

7. Bacterial binding assay

To investigate the binding of mHdhDef with bacterial cells, bacterial
binding assay was performed (Zhang et al., 2018). Bacterial cells
were cultured in tryptone soy broth (TSB) at 37 °C for about 5 hours
and harvested by centrifugation at 12000g at 4°C for 10 min.
Harvested bacterial cells were resuspended in tris—buffered saline
(TBS) at an ODgoo of 1.0. To make the mHdhDef sample soluble,
mHdhDef was mixed with DM. After that, the mixture was added to
resuspended bacterial cells and incubated at room temperature for 30
min with shaking. Finally, the mixture was divided into supernatant,

10



and pellet by using centrifugation. Each sample was analyzed by
immunoblotting. An anti—his tag antibody was used to analyze each

samples.

8. Outer membrane permeabilization assay

The outer membrane permeabilization activity of antimicrobial
peptides was determined by 1—N-phenylnaphthylamine (NPN)

uptake assay (Falla et al., 1996; Hancock et al., 1991). E. coli ML35
cells were precultured in tryptic soy broth (TSB) overnight at 37 °C

with shaking. And then precultured cells were diluted in TSB and
grown to O.Dgog of 0.4—0.6. The cells were harvested by
centrifugation and washed with 5 mM HEPES buffer (5 mM KCN, 5

mM glucose, pH 7.2). And then the cells were resuspended to O.Dgog
0of 0.4—0.6 and 1 mL of resuspended cells was mixed with 20 ul of 0.5
mM NPN and 10 pl of antimicrobial peptides. The mixture was

measured for 3 min using a Fluorescence spectrometer ( Fluorolog—
QM, Horiba) with excitation wavelength of 350 nm and an emission

wavelength of 420 nm. Piscidin was used as positive control.

11



9. DNA binding assay

To investigate whether antimicrobial peptides bind to DNA
molecules, a DNA binding assay (Fried, 1989; Nam et al., 2014) was
performed with a slight modification. Antimicrobial compounds are
mixed with a DNA marker, and DNA retardation was analyzed by
using agarose gel electrophoresis. If antimicrobial peptides bind to
DNA molecules, the retardation of DNA band was inhibited. For the

control, 150 ng of DNA Ladder Marker (Enzynomics, Daejeon, Korea)

was mixed with 1.5 ug or 3 pg of antimicrobial peptides and then

leave it at room temperature for 30 minutes. After the electrophoresis

in 1.5% agarose gels, DNA was visualized upon staining with 1 pg/mL

ethidium bromide (EtBr).

12



III. Results and Discussion

1. Cloning and transformation

Based on the results of NCBI BLAST, the full-length mRNA
sequence was obtained (Figure 1). The sequence encoding HdhDef
consists of 322 base pairs encoding 66 amino acids including a signal
peptide (1—18 region) and a mature peptide (19—66 region). The
theoretical isoelectric points (plI) and molecular weight (Mw) of
HdhDef were 7.65 and 6,874 Da respectively. The mature peptide of
HdhDef was composed of 48 residues and its theoretical isoelectric
points (pI) and molecular weight (Mw) were 7.85 and 5,020 Da,
respectively.

To express the mature peptide of HdhDef, DNA corresponding to
cDNA of mHdhDef was amplified by PCR (Figure 2). Upon cloing PCR
products into pColdl DNA expression vector, the recombinant pColdl
DNA expression vectors were transformed into E. coli BL21(DE3)

cells.

13



(A)

1 attcctgaagtcaacatg
M 1

19 aaactgcttctgctctctttggtaattgccattgtcggtatggccgatgecggcectcccteccagaag
K LLLLstLv I AIlVGMADAASILA QK 23

85 cgcgtcacctgcgacctgctgtecttccagatcggtggattctecttcggtgattctgectgtgcet
RVTCDLLSFQIGGFSFGDSACA

151 gctcattgcattgttcttcaccacaacggtggacactgcagcaatggegtectgtgtctgtcggtaa
AHCIVLHHNGGHT CSNGVCVCR?®* 66

217 acagttatttcagacttacactgcagatcaacatctgtgtatcattgactcttcaatazacagat

283 tataaagctttaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

(B)

Length 66
Mass (Da) 6.874

le 2 12} 4a 5
MELLLLSLVI ATVGMADAAS - LOKRVTCDLL @ SFOIGGFSFG  DSACAAHCIV  LHHNGGHC

Figure 1. (A) The full-length mRNA sequence of Haliotis discus hannai and
its coding sequence. Amino acid sequences were shown as upper
cases. (B) Amino acid sequences of HdhDef, blue underline
indicates hydrophobic, red underline indicates polar amino acid

residues, respectively.
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(A) pCold DNA I —mHdhDef

Nde I Xho I

cspA promote,x . . | mHdhDef | .

lac operator Hise.tag stop

(B) (®)

200 bp

100 bp

Figure 2. (A) A Schematic representation of the constructed pColdl—
mHdhDef expression vector. (B) ¢cDNA of mHdhDef was run on a 2%
agarose gel. (C) The constructed pColdl—mHdhDef was run on a

1.5% agarose gel.
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2. Multiple sequence alignment and phylogenetic tree

analysis

Translated amino acids sequences of HdhDef sequence was
obtained from NCBI database (Figure 3). HdhDef encoded 66 amino
acids. Amino acid sequence from HdhDef exhibited identities of 98.48%
with Haliotis madaka (Genbank ALU63750.1), identities of 84.85%
with that of Haliotis rufescens (NCBI reference sequence
XP_046358087.1), identities of 84.85% with Haliotis discus discus
(Genbank ACZ15982.1), identities of 81.82% with Haliotis
diversicolor (Genbank QHIO6028.1), identities of 72.73% with Haliotis
rubra (NCBI Reference Sequence XP_046584092.1).

The domain of invertebrate defensin contains six cysteine residues
which might form three disulfide bonds in the mature peptide of
invertebrate defensin. Multiple sequence alignment of HdhDef was
performed using Clustal Omega

(http://www.ebi.ac.uk/Tools/msa/clustalo/) (Figure 3).

Phylogenetic trees were constructed with Vetigastropoda defensin
and mammalian defensin (Figure 4). The phylogenetic tree also
indicated a similarity between HdhDef and other Vetigastropoda
defensins but a broad distinction from mammalian defensin. HdhDef
was grouped with Haliotis madaka.

The prediction of the HdhDef 3D structure was obtained by UniPro

16



(https://www.uniprot.org/peptide—search) (Figure 5.)

Predicted mature peptide region of HdhDef included a one alpha

helix and two beta sheets.
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(A)

T T T T T T T T T T T T o
5 10 8 20 25 30 35 40 a5 50 5 &3 55

% 66
o 5 . & . 20 o 5 o ! 40 5 X " 5 I &0
WOKIEIL I LSS L | oA [ % GIM ATD APAS N QKR TG DIE| LSS F @ | |6 GF SHE GISIACHA AW CHN YL HIH NG GH CIE NGYEYER

1-18: signal peptide
19-66: chain
24-66: domain of invertebrate defensin

(B)
Haliotis rubra MKLLLLCLYVY | ¥AMADAAS | EKR | TEDLLSF T IMGNS | GDSACAAKCL | TKHSGGHCSG B0
Haliotis discus hannai  MRLLLLSLY [ & | YGMADAASLOKRYTCDLLSFO | GGESFGDSACAAHC | YLHHNGGHCSN - 60
Haliotis madaka MKLLLLCLY | & | YGMADAASLOKRY TCDLLSFQ | GGFSFGDSACAAHC [ VLHHNGGHCSN - 60
Haliotis rufescens MRFLLLCLY | AFYGMSDAASLOKRYTCDLLSLO | MGNSFGDSACAAHC | GLHHSGGHCSG B0
Haliotis discus discus MKFLLLCLY | AFYGMSDAASLOKRYTCDLLSLO IMGNSFGDSACAAHC | GLHHSGGHCSG 60
Haliotis diversicolor MKFLLLCLY | AFYGMSDAAS | OKRYTCDLLSLQ | MGNSFGDSACAAHC | GLSHSGGHCSG B0
Sk dokk skl ok ok Dkokaok | Dok D skakokokokh ] R ek D Aokkokolokok Dok K KKK
Haliotis rubra GYCVeR 66
Haliotis discus hannar GYCVCR 56
Haliotis madaka GYCVCR 66
Haliotis rufescens GQYCVCR 66
Haliotis discus dliscus GYCVCR B6
Haliotis diversicolor GYCYCR B6
e ke ok ek

Figure 3. (A) Amino acid sequences of HdhDef. The red bar indicates signal
peptide, yellow bar indicates mature peptide, purple bar indicates
domain of invertebrate defensin. (B) Multiple alignment of amino

acid sequences was performed by using Clustal Omega.



——  Haliotis discus hannai _

a7

——  Haliotis madaka

———  Haliotis rubra
55

—— Defensin of Vetigastropoda

—— Haliotis discus discus

—— Haliotis rufescens

Haliotis diversicolor "

—— Homo sapiens

= Defensin of Mammalia

——  Mus musculus

Figure 4. Construction of neighbor—joining tree based on amino acid
sequence of Defensin from Vetigastropoda and mammals.
Bootstrap values are indicated for each node. Taxonomic groups
are indicated on the right. Defensin sequences from Haliotis discus
hannai (ABF69125.1), Haliotis madaka (ALU63750.1), Haliotis
rufescens (XP_046358087.1), Haliotis discus discus
(ACZ15982.1), Haliotis diversicolor (QHI06028.1), Haliotis rubra
(XP_046584092.1). mammalian defensins from Homo sapiens
(AAA52304) and Mus musculus (NP_034160.1) were used as

outgroups.
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N-term

C-term

Figure 5. The predicted 3—dimensional structure . ..cocc. caocw o
AlphaFold Protein Structure Database. The colorful region of the
N—terminus indicates the signal peptide (1—18 amino acids), green
region indicates the mature peptide (19—66 amino acids) of

HdhDef.
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3. Recombinant protein purification

N—terminal His—taggedrecombinant mHdhDef was overexpressed

in E. coliBL21 (DE3) cells. Molecular weight of mHdhDef was

estimated to be 8.8 kDa. Overexpression of mHdhDef was induced at
18° C, 120 rpm with 0.5 mM IPTG. The amount of mHdhDef was
mostly overexpressed as an insoluble protein. For purification,
insoluble protein was solubilized in 8 M urea and purified by using a
nickel column (Protino® Ni—TED). Recombinant mHdhDef was eluted
in LEW buffer (with 2 M Urea and 250 mM Imidazole). Stepwise
dialysis was performed to increase proper refolding of proteins.
Finally, purified mHdhDef was obtained in the presence of 100 mM

Tris (pH 8.0)

21



¢ 0h 10h 20h

Figure 6. Expression profile of the recombinant construct pCold I —mHdhDef

transformed into Escherichia coli BL21 (DE3). Overexpression of
mHdhDef was induced by 0.5 mM IPTG at 18 °C for 20 hours.
BL21 (DE3) cell lysate was run on SDS—PAGE gel to confirm the
overexpression of mHdhDef. Each lane indicates the time after
induction of IPTG: O hour, 10 hours, and 20 hours, respectively.

The red arrow indicates the mHdhDef.
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Figure 7. Purification profile of the recombinant protein run on a 15 % SDS—
PAGE gel. E. coli BL21 cells were sonicated to purify mHdhDef
and then lysate was divided into supernatant and inclusion body.
The inclusion body was solubilized in urea and then divided into
supernatant and inclusion body wupon centrifugation. The
supernatant was poured into a nickel column and obtained purified
mHdhDef. Each lane indicates protein marker, together with cell
lysate, Sup: supernatant, IB:! inclusion body, IBS: inclusion body
sup, Ft: flow through, W: wash, Elution. The red arrow indicates

the mHdhDef
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Figure 8. SDS—PAGE profile of the purified mHdhDef obtained from dialysis.
After dialysis, purified mHdhDef was in 100 mM Tris and run on a

SDS—PAGE gel. The concentration of purified mHdhDef sample

was compared with BSA.
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4. Antimicrobial activity (URDA)

The antimicrobial activity of purified mHdhDef was determined by
using

ultrasensitive radial diffusion assay (URDA). The result showed
that mHdhDef has antimicrobial activity against Gram-—positive
bacteria (Bacillus subtilis KCTC1021, Streptococcus parauberis
KCTC3651) and Gram—negative bacteria (Vibrio harveyi ATCC
14126, Escherichia coli ML35).

The sample was loaded into each well with increasing concentration

from minimal inhibitory concentration (MIC, pg/mL). After 8 hour
incubation, the sample well having antimicrobial activity formed a
clear zone and the distilled water, 100 mM Tris (pH 8.0) was used as
negative control, respectively. Ampicillin was used to compare the

antimicrobial activity of mHdhDef.
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mHdhDef Ampicillin

1 2.5uM  1.25uM 2.76uM  138uM  0.69 uM

(A)
B. subtilis

AR

55uM  2.67uM  1.38 uM

(B)

S. parauberis |

55pM  267uM 138 uM

Lo ---.1
l..

| hait

©
V. harveyi

G

690 uM 276 uM 138 uM
® 22iM

Figure 9. Antimicrobial activity of the recombinant mHdhDef. The sample
was loaded into each well with increasing concentration from
minimal inhibitory concentration. (A) Bacillus subtilis. (B)

streptococcus parauberis. (C) Vibrio harveyi. (D) Escherichia coll.
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Microbes Gram Minimal effectives concentration
(ng/ml) [pm]
rmHdhDef Ampicillin
B subtilis + 11 [1.25] 0.25 [0.69]
S. parauberis + 49 [5.5] 0.5 [1.38]
E coli - 196 [22] 50 [138]
V harveyi B 49([5.5] 0.5 [1.38]
M. luteus + _ 2.5 [6.9]
S. enterica - . 5113.8]
E. prscicida - r 35 [96.6]
V alginolyticus - e 30 [82.8]

Table 1. Antimicrobial activity of mHdhDef and ampicillin. The recombinant
mHdhDef showed antimicrobial activity against B. subtilis, S.
parauberis, E. coli, V. harveyi, but not against M. luteus, S. enterica,

E. piscicida, V. alginolyticus in the mHdhDef concentration of 1000

pg/mL.
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5. Bacterial agglutination assays

We tested whether defensin could bind to bacterial cells using a
centrifugation assay in which the supernatant containing the unbound
protein was separated from the pellet containing bacteria bound to
defensin. Although most of defensin was present in the fraction
containing precipitated bacterial cells after centrifugation, the purified
defensin tended to self—precipitate under our experimental conditions.
To further confirm the specific binding of the recombinant protein to
the bacterial cells using an assay based on centrifugation, we inhibited
the defensin self—precipitation by using dodecyl maltoside, which is
widely utilized for membrane protein solubilization. The result showed
that defensin was detected in the supernatant but did not precipitate,
indicating that dodecyl maltoside adequately solubilized the purified
defensin in the absence of bacteria (Figure 9). In contrast, most of
the defensin was detected in the pellet containing bacterial cells upon
the addition of either Gram—negative E. coli or Gram—positive B.

subtilis. These results show that defensin bound to bacterial cells.
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Figure 10. Microscopic analysis of the bacterial agglutination. Experiment
was carried out with mHdhDef in E. coli BL21—-GFP cells in a
CaCls—dependent manner. Bacterial agglutination tests were
performed on E. coli BL21—GFP cells mixed with antimicrobial
peptides and CaClz and then mixtures were incubated at room
temperature for 1 hour. (A), (B), (C), (D) were used as negative
control. (A): TBS buffer was mixed with mHdhDef and CaCly, (B):
E. coli BL21—GFP cells were mixed with 0.1 M Tris and CaCly, (C):
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E. coli BL21—GFP cells were mixed with BSA and CaCls, (D): E.
coli BL21—GFP cells mixed with mHdhDef and triple distilled water.

(red scale bar: 10 ym).
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Figure 11. Bacterial agglutination assay of the recombinant defensin by
microscopic and fluorescence microscopy by using. DBacillus
subtilis was stained with DAPI to observe the cells. Bacterial
agglutination tests were performed on Bacillus subtilis cells mixed
with antimicrobial peptides and CaCly and then mixtures were
incubated at room temperature for 1 hour. (A), (B), (C), (D) were
used as negative control. (A): TBS buffer was mixed with

mHdhDef and CaCly, (B): Bacillus subtilis cells were mixed with
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0.1 M Tris and CaCly, (C): Bacillus subtilis cells were mixed with
BSA and CaCly, (D): Bacillus subtilis cells mixed with mHdhDef and

triple distilled water. (red scale bar: 10 ym).

6. Bacterial binding assay

We tested whether rAbCTLD could bind to bacterial cells using a
centrifugation assay in which the supernatant containing the unbound
protein was separated from the pellet containing bacteria bound to
rAbCTLD. Although most of rAbCTLD was present in the fraction
containing precipitated bacterial cells after centrifugation, the purified
rAbCTLD tended to self—precipitate under our experimental
conditions (data not shown). To confirm the specific binding of the
recombinant protein to the bacterial cells using an assay based on
centrifugation, we inhibited the rAbCTLD self—precipitation by using
dodecyl maltoside, which is widely utilized for membrane protein
solubilization. We found that rAbCTLD was detected in the
supernatant but did not precipitate, indicating that dodecyl maltoside
adequately solubilized the purified rAbCTLD in the absence of
bacteria (Figure 9). In contrast, most of the rAbCTLD was detected in

the pellet containing bacterial
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Figure 12. Bacterial binding analysis of the purified mHdhDef. Assay was

carried out with recombinant protein dissolved in dodecyl
maltoside (final concentration of 0.05%) and then mixed with E.
coli BL21—GFP. (A) Negative control, E. coli cells were replaced
with TBS buffer. (B) Purified mHdhDef was mixed with 1 X E. coli
cells and divided by centrifugation. (C) Purified mHdhDef was
mixed with 10 X E. coli cells and divided by centrifugation. (D)
Purified mHdhDef was mixed with 100 X E. coli cells and divided

by centrifugation. (T) total sample. (S) supernatant. (P) pellet.
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7. Outer membrane permeabilization assay

The permeabilization of the E. coli ML 35 outer membrane was
observed by the NPN uptake assay. This was based on the fact that If
antimicrobial peptides break the outer membrane of Gram—negative
bacteria, NPN emits fluorescence in hydrophobic environments.

The NPN was excited at 350 nm and fluorescence intensity was
recorded at 420 nm. Upon addition of mHdhDef to the mixture of NPN
and E. coli ML35 cells, fluorescence was measured for 3 minutes.
While the fluorescence was drastically increased upon addition of
piscidin, only a slight increase in was observed upon addition of
mHdhDef. This result suggested that mHdhDef has little, if any, outer

membrane permeabilization ability.
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Figure 13. Bacterial outer membrane permeability of mHdhDef was

monitored for 3 minutes. The blue bar graph indicates mHdhDef

(150 pg/mL) and the orange bar graph indicates piscidin (150

pg/mL).
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8. DNA binding assay

DNA binding ability of mHdhDef was conducted using a commercial
marker DM3200 ExcelBand™ 1KB Plus (0.1—10 kb) DNA Ladder.
Agarose gel electrophoresis (containing 1.5% agarose gel and EtBr)
was used for analysis.

While an addition of piscidin which was known to have a DNA-—
binding ability, showed an inhibitory migration of DNA molecules,
mHdhDef showed no binding to DNA molecules, which is evident in

the migration of DNA bands along the agarose gel.
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Figure 14. DNA binding ability of mHdhDef. 4 pug of the antimicrobial peptide

was mixed with 350 ng of DNA marker. Piscidin exhibited potent
DNA binding ability, DNA band was inhibited on the agarose gel.
On the other hand, mHdhDef exhibited no potent DNA binding

ability.
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IV. Discussion

Defensin—like peptide of Haliotis discus hannai was shown to be

related with growth of Pacific abalone. Moreover, it exhibits
antimicrobial activity against Gram—positive bacteria (Bacillus subtilis,
Streptococcus parauberis), and Gram-—negative bacteria (Vibrio
harveyi, Escherichia coli). HdhDef might play a role of the innate
defense, so it leads to the normal growth of abalone. The mature
peptide of HdhDef consists of 48 amino acid residues which were
predicted to form one alpha helice and two beta sheets. The
antimicrobial mechanism of mHdhDef seems not to break bacterial cell
wall, but interact with the bacterial cell wall.
The antimicrobial activity ~of mHdhDef was not remarkable as
compared with other antimicrobial peptides, thus finding the region of
antimicrobial activity was needed to improve the minimal inhibitory
concentration (MIC) of mHdhDef (Koo et al., 2008; Nam et al., 2014;
Seo et al.,, 2013).

An additional experiment of the hemolytic assay was needed to

determine the possibility of mHdhDef being used as antibiotic.
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V. Abstract (Korean)

174 5 (Haliotis discus hannai) ol A4 -2k g Al FAF S Efo] = 9] 4t
g4
A3
AU g FAAE S

AEL U Aol Slo] AL 717HR] S o' AT A AToA A
5o A E 247 A7E R IFS Uae § RNAseq= ©|-&sto] IR &
Axpol 5 Hol= A 24 AAS A & 253 &2 1539 79
st Aol & Hol= £ dd FAAE 2 /A glstsith & Aol
Ae &A% B33H F2425 Defensin—like peptided] A 523 Hels)

|

At A 5429 coding sequences 201 bpE 66 7H2] ofw] =AFS oF
s 3}sl 18 709 signal peptide$} 48 709 mature peptide® /3 ¥t}
mature peptide®] nZehol hiSG—tagO] F7Hd Az G AS E coli

b4

BL21 (DE3)NA FadS 53k 3L nickel column® ® FAF T4
AREh AAE ALE GRS URDAS Bo ek 3o 1954 7
zyzy e Ade sk Ot Bacillus  subtilis,

Streptococcus parauberis 2 18S7d1 Escherichia coli, Vibrio
harveyi o &S Bt S WAYUSTES Lot y] st 2 7}
A AHE Rt ar 1 Ay ARt AlZurE sty st Hohs ARy A
48E TN FT LTS TR 2ol

39



VI. References

Choi, M. J., Kim, Y. R., Park, N. G., Kim, C. H., Oh, Y. D., Lim, H. K.,
& Kim, J. M. (2022). Characterization of a C—Type Lectin Domain—

Containing Protein with Antibacterial Activity from Pacific Abalone

(Haliotis  discus hannai). International journal of molecular

sciences, 23(2), 698.

Falla, T. J., Karunaratne, D. N., & Hancock, R. E. (1996). Mode of

action of the antimicrobial peptide indolicidin. Journal of Biological

Chemistry, 271(32), 19298—19303.

Fried, M. G. (1989). Measurement of protein-DNA interaction

parameters by electrophoresis mobility shift

assay. Electrophoresis, 10(5-6), 366—376.

Hancock, R. E., Farmer, S. W., Li, Z. S., & Poole, K. E. I. T. H.
(1991). Interaction of aminoglycosides with the outer membranes and

purified lipopolysaccharide and OmpF porin of Escherichia

coli. Antimicrobial agents and chemotherapy, 35(7), 1309—1314.

40



Huan, Y., Kong, Q., Mou, H., & Yi, H. (2020). Antimicrobial peptides:

classification, design, application and research progress in multiple

fields. Frontiers in microbiology, 2559.

Jenssen, H., Hamill, P., & Hancock, R. E. (2006). Peptide

antimicrobial agents. Clinical microbiology reviews, 19(3), 491—-511.

Koo, Y. S., Kim, J. M., Park, I. Y., Yu, B. J., Jang, S. A., Kim, K. S., ...
& Kim, S. C. (2008). Structure—activity relations of parasin I, a
histone H2A-—derived antimicrobial peptide. Peptides, 29(7), 1102—

1108.

Lehrer, R. 1., Rosenman, M., Harwig, S. S., Jackson, R., &

Eisenhauer, P. (1991). Ultrasensitive assays for endogenous
antimicrobial polypeptides. Journal of immunological methods, 137(2),

167—-173.

Loker, E. S., Adema, C. M., Zhang, S. M., & Kepler, T. B. (2004).

41



Invertebrate immune systems—-not homogeneous, not simple, not well

understood. Immunological reviews, 198(1), 10—24.

Nam, B. H., Moon, J. Y., Park, E. H., Kim, Y. O., Kim, D. G., Kong, H.
J., ... & Seo, J. K. (2014). Antimicrobial activity of peptides derived

from olive flounder lipopolysaccharide binding protein/bactericidal
permeability —increasing protein (LBP/BPI). Marine drugs, 12(10),

5240-5257.

Nam, B. H., Moon, J. Y., Park, E. H., Kim, Y. O., Kim, D. G., Kong, H.
J., ... & Seo, J. K. (2014). Antimicrobial activity of peptides derived

from olive flounder lipopolysaccharide binding protein/bactericidal
permeability —increasing protein (LBP/BPI). Marine drugs, 12(10),

5240-5257.

Neu, H. C. (1992). The crisis in antibiotic

resistance. Science, 257(5073), 1064—1073.

Oppenheim, J. J., Biragyn, A., Kwak, L. W., & Yang, D. (2003).

Roles of antimicrobial peptides such as defensins in innate and

42



adaptive immunity. Annals of the rheumatic diseases, 62(suppl 2),

1l17-ii21.

Rotem, S., & Mor, A. (2009). Antimicrobial peptide mimics for

improved therapeutic properties. Biochimica et Biophysica Acta

(BBA) —Biomembranes, 1788(8), 1582—1592.

Saitou, N., & Nei, M. (1987). The neighbor—joining method: a new

method for reconstructing phylogenetic trees. Molecular biology and

evolution, 4(4), 406—425.

Seo, J. K., Lee, M. J., Nam, B. H., & Park, N. G. (2013).
cgMolluscidin, a novel dibasic residue repeat rich antimicrobial

peptide, purified from the gill of the Pacific oyster, Crassostrea

gigas. Fish & shellfish immunology, 35(2), 480—488.

Zhang, X. W., Man, X., Huang, X., Wang, Y., Song, Q. S., Hui, K. M.,
& Zhang, H. W. (2018). Identification of a C—type lectin possessing
both antibacterial and antiviral activities from red swamp crayfish.

Fish & shellfish immunology, 77, 22—30.

43



Acknowledgement

A

L
s

SERPIENE!

=
=
o st oujet

A o2

Ay shel A g el 4

=]
RUN

A AEA o] o R Ao A @

St
=

& 5 glojA U 71,

K
]

o|J
Mo
5
o

v

R

HPARA A AL

(e}

3

2.3

il
=

o], g Fol 2}

ik =

L
s

- e

AALE =Yt 2ol A4

|

o _
2o], &4k 8t

t= Aol Al

o

]

)

=) O
Ay 98-8 E5

Djp
s
<
R
]

=

Nk
Jo

=
-

[a=dy

o

o} mhAuho 2 Al

44



	I.  Introduction
	Ⅱ. Materials and Methods
	1. Cloning and transformation 
	2. Sequence analysis
	3. Purification of recombinant protein
	4. Dialysis of purified proteins
	5. Antimicrobial activity (URDA)
	6. Bacterial agglutination assay
	7. Bacterial binding assay
	8. Outer membrane permeabilization assay
	9. DNA binding assay

	Ⅲ. Results
	1. Cloning and transformation
	2. Multiple sequence alignment and phylogenetic tree analysis
	3. Recombinant protein purification
	4. Antimicrobial activity (URDA)
	5. Bacterial agglutination assays
	6. Bacterial binding assay
	7. Outer membrane permeabilization assay
	8. DNA binding assay

	IV. Discussion
	V. Abstract (Korean)
	Ⅵ. Reference


<startpage>13
I.  Introduction 1
Ⅱ. Materials and Methods 3
 1. Cloning and transformation  3
 2. Sequence analysis 4
 3. Purification of recombinant protein 5
 4. Dialysis of purified proteins 7
 5. Antimicrobial activity (URDA) 8
 6. Bacterial agglutination assay 9
 7. Bacterial binding assay 10
 8. Outer membrane permeabilization assay 11
 9. DNA binding assay 11
Ⅲ. Results 13
 1. Cloning and transformation 13
 2. Multiple sequence alignment and phylogenetic tree analysis 16
 3. Recombinant protein purification 21
 4. Antimicrobial activity (URDA) 25
 5. Bacterial agglutination assays 28
 6. Bacterial binding assay 32
 7. Outer membrane permeabilization assay 34
 8. DNA binding assay 36
IV. Discussion 38
V. Abstract (Korean) 39
Ⅵ. Reference 40
</body>

