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ABSTRACT

KEYWORDS
Antibacterial peptide;

Dybowskin-2CDYa (Dy2) with broad spectrum antibacteria activity isa
novel antimicrobial peptideidentified from skin of the frog Rana dybowskii.
In order to get adual function protein with inhibiting bacterial growth and
promoting cell proliferation, we explored the fusion expression of Dy2 and
human epidermal growth factor (hEGF) by yeast expression system. The
fusion gene was constructed and cloned into the expression vector
pPIC9K, transformed to competent P. pastoris GS115. Theexpressed fusion
protein was purified from the culture supernatant by Sephadex G-50 and
followed by C18 reverse phased HPL C and indentified by SDS-PAGE and
antibacterial activity assay. Antimicrobial activity assay showed that the
recombinant fusion protein could inhibit the growth of a broad spectrum
of bacteria, while displaying asignificant promoting effect on proliferation
and migration of NIH3T3 cell linescompared with the control group. These
results indicated that the expressed fusion protein was capable of killing
baterial and promoting proliferation of cells, which suggest that it has a
good prospect in the therapy of trauma and burns.
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INTRODUCTION

Antibacteria peptides secreted by amphibian skin
granular glandswith broad spectrum antimicrobid ac-
tivity and other biologica functionscontributetothefirst
lineof innateimmunity defensearel ow molecular weight
peptides composed of 10-50 amino acid residuesand
usudly positively charged™. Dybowskin-2CDYa(Dy2)
isanovel antibacterial peptideidentified from Rana
dybowskii (SAV GRHSRRFGLRKHRKH, GenBank
number: ACF08009.1), and showslow conservation

with other amphibian’s antibacterial peptides@. It has
thepotentid to be peptideantibioticswithricharginine,
positivecharge, high pl (12.60) aswell asstrong ability
toinhibitsthe growth of avariety of Gram-negative
(Pseudomonas aeruginosa, Escherichia coli) and
Gram-positive (Saphylococcus aureus, Listeria
monocytogenes)!,

Human epiderma growth factor (hEGF) isoneof
growth promotingfactors. Itisamitogen for epithelia
and mesenchymal cellsand one of the most powerful
cytokineinvolvedin promoting cell proliferationand dif-
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ferentiation. hEGF have been widely and effectively
appliedintreating skin burns, scald, corneainjury, and
gastric ulcer!,

Main measuresfor traumaand burnsisto prevent
infection and promotewound heaing®. Inorder to get
adual function protein which couldinhibit bacterial
growth and promote cell proliferation, the coding se-
guence of Dy2 and hEGF connected by the cutting se-
guence (LVPRAYS) of thethrombin protein was con-
structed by PCR method. Weamed for expressingthe
fusion proteinwhich could havethedual functionand
be used to treat traumaand burns.

MATERIALSAND METHODS

Restriction enzymeEcoRI, Not |, T4 DNA ligase,
pMD19T plasmid, DNA markerswereall purchased
from TAKARA (Dalian, China). Tris, acrylamide,
bisacrylamide, low molecular protein marker were ob-
tained from SigmaChemica Company. Theyeast ex-
pression vector pPICOK and Pichia pastoris
GSl115(his-) were ordered from Invitrogen. Escheri-
chia Coli IM 109 was purchased from Promega. Ba-
cilluscereus(1.126) was purchased from ChinaGen-
eral Microbiological Culture Collection
Center(CGMCC), NIH3T3 cell was ordered from
ATCC, Entro-hemorrhaguc E.coli 0157, Sreptococ-
cus pneumoniae, Klebsiella pneumonia, Saphylo-
coccus aureus, Salmonella typhi, Acinetobacter
haemolyticus bauamnniiyE.Coli EBSL were pro-
vided by National Institute on Drug Abuse of China.
Sequencing and primer synthesis were done by
TAKARA (Ddian, Ching). All other chemicasusedwere
of analytica grades.

METHODS

Geneamplification and constr uction of pPI C9K-
HDy2

Dy2 genewasfirstidentified from the skin of Rana
dybowskii and cloned into plasmid pMD19T in our
laboratoryt. The coding sequence of mature peptide
was obtained by the amplification of vector pMD19T-
Z73 (containing Dy2 cDNA) with primers of Z73-1
and Z73-2. PCR reaction system were of 0.2 mL tubes
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inafina volumeof 50 uL containing 5 uL. 10xPCR
buffer, 0.12mM dNTPs, 0.4 uM of Z73-1 and Z73-2,
1 U PfuTag polymeraseand 10 ng pMD19T-Z73, and
thereaction conditionwasof 94 °Cfor 5min, 30 cycles
of 94°Cfor 30s,55°Cfor 30sand 72 °Cfor 30s, and
then 72 °C for 5 min. The recovered product was
named Dy2mp, which had the sequence of thrombin
cleavage site at 5' end and Not | restriction site se-
guenceat 3' end. The coding sequence of hEGF was
constructed by Overlap Extension PCR™® using the
primers Ph1-Ph4, which were designed according to
the cDNA sequence of the mature peptide
hEGF(GenBank number: JQ346088.1). Part se-
quencesof 4 primerswere complementary in order to
congtruct acompl ete sequenceof hEGF named hEGF
with EcoR| at 5' end and the sequence of thrombin
cleavagestea 3 end. After that, another amplification
was performed by primersE1 and Z73-2 with thetem-
plateof hEGF_ and Dyzrrp under the same conditions
above. Therecovered product wasnamed HDy2which
was digested and connected with pPIC9K using EcoR
| and Not | sitesat the end of HDy2. The constructed
pPIC9K-HDy2 wastransformed into E. coli IM 109
by electroporation and screened on lysogeny broth
(LB)-ampicillinplates. Severd bacterid coloniesonagar
plates wererandomly chosen and cultured, and then
plasmidswere extracted which used astemplatefor
theamplification by universal primersof 5’ a-factor
(GACTGGTTCCAATTGACAAGC) and3’AOX
(GCA AAT GGCATT CTGACA TCC). The pres-
ence of the HDy2 genewas confirmed by the size of
PCR production and DNA sequencing. The sequence
of primers, theengineered restriction Site, complemen-
tary sequence and termination codon wereshownin
TABLE 1.

Expression of HDy2

pPIC9K-HDy2 waslinearized by Sacl and trans-
formed into spheroplasts of P. pastoris GS115 by
electroporation system(MicroPulser, BIO-RAD,
USA )at the conditionsof 1500V, 25uF, 200&!, 3.8mS
and 0.2cm cuvette. In order to select positive clones
with multiple copies of the expression vector, Clones
were planted onto RD platescontaining G418 at con-
centrations of 0-20 mg/ml, and clonesgrowing at the
highest concentration of G418 were picked and
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TABLE 1: The primers sequence for antibacterial peptide HDy2 gene cloning

Primers Sequence (5'-3")

Phl 5'-AATAGTGACTCTGAATGTCCCCTGTCCCACGATGGGTACTGCCTCCATGATGGTG-3
Ph2 5'-CATACTTGTCCAATGCTTCAATATACATGCACACACCATCATGGAGGCAGTACC-3'
Ph3 5-TGAAGCATTGGACAAGTATGCATGCAACTGTGTTGTTGGCTACATCGGG-3
Ph4 5'-CCACCACTTCAGGTCTCGGTACTGACATCGCTCCCCGATGTAGCCAACAACACAG-3
El 5'- CCGGAATTCAATAGTGACTCTGAATGTC -3
E2 5-AGAACCTCTTGGAACCAAGCGCAGTTCCCACCACTTCAGGTCTC- 3

zZ73-1 5-TTGGTTCCAAGAGGTTCTTCTGCAGTAGGAAGACATAG-3

Z73-2 5 -ATAGTTTAGCGGCCGCTTAATGTTTTCTGTGTTTTC -3

Single underlined bases are complementary sequences of the primer Phl and Ph2 , Ph3 and Ph4; double underlined bases are
complementary sequences of the primer Ph2 and Ph3; The hatched section shows the restriction enzyme cutting site (EcoR |
and Not I); the thrombin cleavage site are shown in bold; Wavy line bases show the position of the termination codon.

screened for expression. Selected cloneswereincu-
bated at 28°C in 100ml of BMGY medium (1% yeast
extract, 2% peptone, 100 mM potassium phosphate
[pH 6.0], 1.34% Y NB, 1% glycerol and 2x10% Bi-
otin) in ashake flask to OD,,, ~ 8, and cells were
harvested by centrifugation at 8000g for 10minandre-
suspendedin2L BMMY mediumin afermentor. Fer-
mentation was maintained at 28°C, pH6.0, 30%-40%
dissolved oxygen and added methanol to 1% every 24
h. Culture supernatants were got by centrifuging at
8000g, 4°C for 10 min, and the fusion protein were
analysed by 10% SDS-PAGE and Coomassie Blue
Staining™.

Purification of HDy2

Culture supernatantswerefiltered through 0.45um
nitrocellulosefilter, and then EDTA wasadded to afi-
nal concentration of 10uM toinhibit the degradation of
the HDy2 by metal -dependent proteases. Thefiltrate
was concentrated to 10% of origind volumeby Rotary
Vacuum Evaporator at 40°C and then loaded onto
Sephadex G25(GE, Hed thcare) column (2.6cmx 28cm)
for desdting. Thecolumnwaspre-equilibratedwithdis-
tilled water containing 0.02% NaN,, and then el uted
with the same solution at aflow rate of 3ml/min. The
el uent was monitored by absorbance at 280nm, and
elution peak were collected and lyophilized, and then
diluted to the concentration of 5mg/mL in0.1% (V/V)
TFA solution applied to RP-HPL C semi-preparative
C18 column (10mmx150mm, 10um, Beckman, USA).
Thecolumnwasduted withthefollowing conditionat a
flow rate of ImL/min: Omin, 100%A (A: 0.1%

TrifluoroaceicAcid, V/V indH20); 0-40min, 0%-40%
B(B:0.1% TrifluoroaceicAcid, V/V inmethanol). The
eluent wasmonitored by absorbance at 214 nm. The
peak fractionwith antibacteria activity waslyophilized
and itspurity was examined by SDS-PAGE.

Antibacterial activity of HDy2

The purified HDy2 were screened for their anti-
bacterial activity by using the cup-plate agar diffusion
method’. Bacteriumwerecultured at 37°Cin LB liquid
medium, harvested in exponential phase (0D, 0.6-
0.8), centrifuged at 8000g for 10min and diluted to 10’
CFU/mL by normal saline solution, and thenmixedto
the 50°C sterile nutrient agar (0.5%, V/V) by gentle
shaking. The Oxford cups (¢=8 mm) were placed onto
theagar mediumandfilled with 100ulL (0.2mg/mL) pu-
rified HDy2.

Céll proliferation assay of HDy2

In order to test the influence of HDy2 concentra-
tion andincubationtimeon NIH3T3 cdll proliferation,
NIH3T3 cellswere seeded into 96-wel | plate(1.6x10%
well) and culturedin DMEM medium (10% FBS, 5%
CO2, 37°C and 24h), and then HDy2 was added into
eechwellstofina concentration of 37.5ug/mL, 18.75ug/
mL, 9.38ug/mL, 4.69ug/mL, 2.34ug/mL. 15 well cell
were prepared for each concentration, and 5 weretaken
totest theproliferationrateby MTT method every 24
hourg®

Wound healing assay in vitro

NIH3T3 cells were seeded into 6-well plate
(1.0x10%well, 10% FBSinDMEM, 5%CO,, 37°C),
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and alinear wound was generated in the monolayer
with asterile 200ul plastic pipettetip, and cellswere
washed twiceto remove detached cellsand debris. Six
separaewoundsweregenerated®. Size of woundswere
observed and analyzed by software TScratch at Oh,
6h, 24h and 48h after treatment by HDy2.

Satistical analysis

Thedata(mean+ SD) of all the experiments were
subjected to statistical analysis by one-way
ANOVA (n=5for Cell proliferation assay and n=6 for
Wound healing assay. P<0.05 was considered to be
datidicaly sgnificant).

RESULTS

Genecloneand construction of expression vector
pPl C9K-HDy?2

Theentirecoding region of thefuson protein HDy2
was obtained by PCR amplification using 8 primers
shownin TABLE 1. Amplified sequenceswere cloned
into E. coli IM 109 and confirmed by DNA sequenc-
ing. Thenthe HDy2 gene was connected into the yeast
expression vector pPIC9K, and theinserted genewas
confirmed by PCR and sequencing. Agarose €l ectro-
phoresis appeared a450bp band as expected and the
sequencing result showed sequencesand the ORF was
consi stent with designed. Positive yeast strainswith

HDy2 gene were selected by G418 and onewas ran-
domly selected for expressing thetarget protein.

Expression of HDy2

Expresson of thefuson HDy2 wasinvestigated by
detecting the presence of the recombinant proteinin
the supernatant of the cultured P. pastoris. Theresult
showed that an approximeately 8.8kD band was present
inthe supernatant of P.pastoris precipitated by TCA-
acetone method after 24-60h and thetarget proteinwas
not found inthe 0-12h broth (Figure 1).

Oh__ 12h 24h_36h _ 48h _60h M _
' . T e
45 kDa
_ 35 kDa
- 27 kDa
o it 20kDa
e — 9.5 kDa
6.5 kDa
4.1 kDa

Samples were collected at 12h intervals after 0.5% methanol
induction. 8.8 KD expression product was detected after 24h
methanol induction. M:low molecular weight marker; 0-60h:
fermentation time of recombinant P. pastoris.

Figure 1 : SDS-PAGE analysis of recombinant HDy2 expres-
sion at different induction times

T T T
1500 20000 2500

The column (C18, 10mmx150mm, Spm, Beckman, USA) was eluted with the following condition at a flow rate of 1ml/min:
Omin, 100%A (A: 0.1%(V/V) TrifluoroaceicAcid (TFA) in dH20); 0-40min, 0%-40% B(B:0.1% (V/V) Trifluoroaceic Acid (TFA)in
methanol). The eluent was monitored by absorbance at 214nm and three mainly peak were collected(A). Only peak 3 exhibited

antibacterial activity(B).

Figure 2 A: Purification of HDy2 by RP-HPL C with a C18 cloumn chromatography. B:Antibacterial activity of themainly peaks

showninA

BioTechnologqy — commm—

Hn Tudian Jounual



BTAIJ, 10(5) 2014

Wang qiuyu et al

1039

Purification of recombinant HDy2

Concentrating and desalting were needed before
theRP-HPLC. Collected main peaksfrom RP-HPLC
and examined the antibacterial activity. The result
showed that the main peak 3 (retention time was
21.78min, and peak arearatio was 6.32%) had the
antibacterial activity and other peaks were
inactivity(Figure2). Total protein of fermentation su-
pernatant was 79 mg/mL detected by BCA method.
Therelative content of the recombinant protein was
6.32% by areanormalization method and the expres-
sion quantity approximately 0.30 mg/mL though theo-
retica caculations. Themain peak 3wascollected and
lyophilized, and SDS-PAGE andysisresult reveded a
singleband of about 8.8kD (Figure 3).

Antibacterial activity of HDy2
Bacteria inhibition zone method was applied to

M 1 2

200KDa

116KDa
97.2KDa

66.4KDa
44.3KDa

29.0KDa

20.1KDa
14.3KDa

6.7KDa

Peak,, ., collection of RP-HPLC chromatography was lyo-
philized, dissolved in distilled water and subjected to SDS-
PAGE analysis. A single band of 8.8 kD was shown in the gel.

M: low protein marker. 1,2: purified recombinant HDy2
Figure 3 : SDS-PAGE of purified recombinant HDy2
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observetheantibacterial activity of HDy2, theresults
showed that HDy2 hasdifferent antibacteria activity
againg tested strains. The bacterid inhibitory effect on
Saphylococcusaureuswasthe strongest (9=22.0mm)
and Streptococcus pneumoniae was the
weakest(¢=8.4mm). The detail result was shownin
TABLE 2.

Proliferation activity of HDy2 on NIH3T 3 cell

The proliferation rate of NIH3T3 cells was in-
creased by HDy2 in therange of 18.75-37.50ug/mL
at 24h and 72h group. But at 48h, proliferation rate
wereincreasedin 9.38-18.75ug/mL. Thepeak value
all appeared in 18.75ug/mL at each time group, and
theproliferation ratein 18.75ug/mL wassignificantly
increased in comparison with control at 48h time
group(P<0.01) (Figure4). When the concentration fur-
ther increased or decreased, the proliferationrate did
not add further.

Promoting cell migration of HDy2

Effect of HDy2 on migration of NIH3T3 cellswas
measured by wound healing assay. Thespeed of wound
hedling dependsontherate of cdl migration. Basedon
thegatigicsanays's, theresultsshowed that thewound
closurerate of experimental group (18.75ug/mL) was
more significantly improved than the control group at
thetime of 24h and 48h (P<0.01). Other highandlow
concentrationsand longer culturetime have been tested
which didn’t show much effect on cell proliferative
property of fusion proteinindicating the optimum con-
centrationrequired to achievesignificant cell prolifera
tion.

DISSCUSSION

Antimicrobid peptideswith broad-spectrum antibac-

TABLE 2: Antimicrobial activity of HDy2 (0.20 mg/mL)

Tested gtrains Result Tested strains Result
Bacillus cereus ++ Klebsiella pneumonia +
Entro-hemorrhaguc E.coli 0157 + Salmonella typhi ++
Sreptococcus pneumoniae + Acinetobacter haemolyticus bauamnnii ++
Staphylococcus aureus +++ E.coli EBSL +

The judgment standard of the anti-bacterial effect was as follow: judged to be negative(-) if the diameter of bacterial inhibition
ring=8mm; 8mm<@<10mm as critical value(x); 10mm<@<15mm as weakly positive(+); 15mm<@<20mm as positive (++);

¢>20mm as strong positive (+++) .
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Concentration of HDy2(pg/mL)

NIH3T 3 cellswere cultivated in DMEM medium and exposed to HDy2 (Opg/mL-37.50pg/mL). Proliferation of NIH3T3 cell was
analyzed by MTT method at 24h, 48h and 72h. The group without HDy2 (Opg/mL) was taken as control. * P<0.05, ** P<0.01

Figured: MTT result showed effect of HDy2 on NIH3T 3 cell praliferation at different concentrationsand incubation time

terid and antifungal abilitieshaveamuchclinicd pros-
pect asexternd antimicrobia agentsfor burnsand other
wound™, Chalekson’ results showed that the survival
ratesof D2A21-trested ratsweres gnificantly higher than
control by therat modd of SkinWoundswith Pseudomo-
nasaer uginosa infection, and moreover theeschar in
theexperimenta group showed nobacterid growth, while
the control group showed numerousbacterid3. Szabo
et a. found that antibacterid peptideA3-APO wasef-
fectiveagangt systemic infections of Escherichiacoli in
different mousemodd g%,

Human epidermal growth factor (hEGF), amajor
cytokineinvolved in wound healing, hasbeen applied
inwound therapy!*4%l. So we designed thefusion pro-
tein HDy2 which should increasethemol ecular weight
of Dy2 to prevent its degradation during expression,

120

1 con
£ 400 @@ HDy2 .
=
2 8o}
: A
(7]
o 60}
o
e 40} p
=
o
ol———u===a
6 hours 24 hours 48 hours
Time

Experimental group had higher wound closure rate than con-
trol group at 24h and 48h and the difference was significant
(*P<0.05). Con, control group; HDy2,experimental
group(18.75pg/mL HDy?2)

Figure 5 : Effect of HDy2 on migration of NIH3T3 cells with
wound healing assay

becausethelow molecular weight peptideswith their
potential toxicity to the host weredifficult to achieve
highlevel of expression*¥. It could bedua function of
prevent infection and promotewound hedling.

Theresult of this paper showed that expressed fu-
sion protein HDy2 did not affect Dy2’ antibacterial ac-
tivity. This phenomenon suggested that the activity do-
main of Dy2 wasnot disturbed by fusnghEGF initsN-
termind, whichwasdifferent fromthat antimicrobid pep-
tideswould beinactivated by adding 3 amino acidg*®.

Totest hEGF activity in the expressed fusion pro-
tein, theeffect of HDy2 on proliferation and migration
of NIH3T3 wasstudied by themethod of MTT assay
and wound-healing assay. Thelater issmple, inexpen-
sive, and oneof the earliest devel oped methodsto study
directiona cell migrationinvitro'’. Theresult demon-
strated that proliferation and migration of NIH3T3were
sgnificantly enhanced by HDy?2. Accordingly, by inhib-
itinginfection and promotingfibroblast proliferationand
migration, thefusion peptide HDy2 arerespected to be
applied for treating acute and chronic wound, espe-
cidlyfor that withinfection.
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