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Abstract

Background: Methicillin-resistant Staphylococcus aureus (MRSA) is known to be one of the most potentially pathogenic organisms
in the world. Skin infections are one of the significant infections of S. aureus. Therefore, therapeutic constraints have challenged
researchers to seek new strategies to produce new medicines. Antimicrobial peptides (AMPs) are a new generation of natural drugs
with antimicrobial properties and high fatality potency. Oncorhyncin Il AMP is a group of peptides with bacteriostatic activity and
antimicrobial effect against Gram-positive and Gram-negative bacteria. Therefore, the development and promotion of antimicro-
bial peptides can be a new step in the treatment of skin infections due to bacterial resistant S. aureus in hospitals.

Objectives: The objective of this study was to produce recombinant Oncorhyncin II protein and evaluate its antimicrobial effects
on MRSA to determine the outcomes of the treatment.

Methods: In this experimental study, the Oncorhyncin I Antimicrobial peptide was synthesized by the recombinant method. The
effectiveness of this peptide was assessed by the minimum inhibitory concentration (MIC) test. The activity of recombinant protein
against S. aureus was investigated using in vitro and in vivo experiments.

Results: The effectiveness of this peptide obtained by the MIC test was 225 ug/mL. The activity test confirmed the MIC test and
showed that this antimicrobial peptide has been able to reduce MRSA cell growth. All mice infected with MRSA responded positively
to the protein treatment.

Conclusions: According to Oncorhyncin Il antimicrobial peptide activity studies, this peptide, as a new generation of antibiotics,
was expected to have positive outcomes in the improvement of S. aureus skin infections. Therefore, the results of the efficacy require
further studies to be confirmed.
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. Background puts serious obstacles in the way of therapeutic processes
(5,6).
According to the estimates made by the Healthcare

Centers and Prevention of Infections and Diseases hospi-

tals in the world, thousands of people died every year due
to infections caused by drug-resistant bacteria despite the
high cost of the treatment (1, 2). One of the main concerns
that challenged hospitals is the rapid outbreak of resis-
tance to this Pathogen (3, 4). According to the world health
organization (WHO), one of the most common infectious
organisms threatening public health is Staphylococcus au-
reus bacterium. Staphylococcus aureus is colonized in the
nose, skin, and other parts of the body. Skin infections are
one of the most important infections of this bacterium,
and the rate of infection in hospitals is increasing. There-
fore, developing the antibiotic resistance of this bacterium

Nowadays, scientists consider the antimicrobial pep-
tides (AMPs) as a new generation of antibiotics for the
future. These peptides have high killing power against
pathogenic agents such as bacteria, fungi, parasites, and
viruses (7-9). Oncorhyncin I is an AMP secreted from rain-
bow trout. This peptide, in addition to potential antimicro-
bial properties, has a lower toxicity than other AMPs. On-
corhyncin Il AMP, like other AMPs, has a destructive effect
on a wide range of Gram-positive and Gram-negative bac-
terial membranes. Therefore, the Oncorhyncin II peptide
with the collapse of the bacterial membrane leads to the
lysis and, ultimately, the death of bacteria (10, 11).
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2. Objectives

In this study, the recombinant Oncorhyncin II protein
was synthesized by the cloning method and its activity,
and inhibitory effects on methicillin-resistant Staphylococ-
cus aureus (MRSA) were evaluated using in vitro and in vivo
experiments. Moreover, the wound healing process in in-
fected mice with protein was assessed by microscopic im-
ages.

3. Methods

3.1. Cloning, Expression and Purification of Recombinant Pro-
tein Oncorhyncin Il

The gene synthesized Oncorhyncin II was purchased
from the Biometic, Canada. The Polymerase chain reac-
tion (PCR) product of Oncorhyncin II gene was digested
with BamH1and Xholenzymes purchased from Fermantas,
Lithuania for cloning in Escherichia coli. Then, pET32a plas-
mid vector was also digested with the same digestive en-
zymes (BamH1 and Xhot restriction enzymes) under sim-
ilar conditions. Then, to ligate the Oncorhyncin II gene
to the pET32a plasmid, cleavage sites were created for the
BamH1 and Xhot restriction enzymes in this gene to con-
struct two sticky ends (12). Lastly, pET32a and digested gene
fragment for ligation reaction were placed in the Proxim-
ity of T4 DNA ligase (Fermantas, Lithuania) for 1 h at 22°C
(13). The E. coli DH5« strain was applied as the primary
host for the replication of the recombinant plasmid. The
pET32a with recombinant DNA produced by transforma-
tion method was transferred to host bacteria E. coli DH5.

PCR and mini-preparation plasmid were applied to
confirm bacteria that carried recombinant DNA. The
pET32a expression vector and E. coli BL21 (DE3) host expres-
sion was utilized to gene expression. Colonies of E. coli BL21
(DE3) were cultured in Nutrient Broth Medium contain-
ing ampicillin antibiotic to induce protein expression in
the bacterial host. Then, 500 pL of cultured bacteria were
added to 50 ml of induction medium and shacked at 37°C
at 140 - 220 rpm on a shaker incubator. After the bacteria
reached to mid-log phase (OD600 = 0.6), Isopropyl 3-D-1-
Thiogalactopyranoside (IPTG) (Fermantas, Lithuania) with
a final concentration of 1 mM was added to the bacterial
suspension to induce protein expression. Then, 2 h af-
ter the addition of Isopropyl 3-D-I-thiogalactopyranoside
(IPTG), 50 mL of bacterial suspension centrifuged at 4000
rpm for 5 minutes. The induction result was confirmed
by transferring the resulting protein to the (12%) Sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) gel. Finally, the extraction of synthesized recombi-
nant protein was performed by using Ni-NTA kit (Qiagen,
USA), according to the manufacturer’s instructions (14, 15).

3.2. Refolding Optimization of Oncorhycin II

Employing urea for protein purification denatures the
active folding of proteins. The chemicals used in making
buffer and other required solutions were prepared from
Merck, Germany and enzymes were purchased from Fer-
mantas, Lithuania. Therefore, the purified protein was di-
alyzed by phosphate-buffered saline (PBS) at different pH
conditions. Urea was utilized to prevent peptide aggrega-
tion during the peptide purification step. Accordingly, for
recovery of the peptide refolding, elimination of urea by
dialysis method was essential. For this purpose, the sample
was poured into dialysis bags (10k molecular weight cut-off
(MWCO Thermo Scientific), and under different PBS condi-
tions (Table 1), it was placed at 4°C. After every 2 h, the dial-
ysis buffer was replaced to increase the dialysis efficiency.
Finally, the dialyzed protein was stored at 4°C for further
testing.

Table 1. Different Dialysis Conditions

Combination of PBS buffer with Arg/Pro/Cys/Gly pH
PBS 7
Pro (1M) 5
Pro (1M) 7
Cys (1M) 5
Pro (1IM) + Cys (1M) 5.5
Arg (1M) + Gly (1IM) 6.5
Pro (1M) + Arg (1M) 7
Pro (1M) + Arg (1M) 8.5

3.3. Antibacterial Activity Test

The antibacterial activity assay was performed accord-
ing to the National Committee for Clinical Laboratory Stan-
dards method M7-A7 (16). Antibacterial Activity of On-
corhyncin II protein against MRSA was investigated by the
turbidity assay. Oncorhyncin II protein activity was mea-
sured by cell lysis monitoring of MRSA cell suspension at
0D600 nm. Therefore, bacterial cultures were performed
in the Muller-Hinton broth (MHB) at 37°C and under gen-
tle shaking (180 rpm) for 18 h. Then, the cells were cen-
trifuged at 5320 rpm for 10 min and washed twice with PBS.
The pellet was suspended in MHB broth and a bacterial sus-
pension was prepared with a turbidity of 0.55 at OD600
nm. Subsequently, 125 ug of Oncorhyncin II protein (1.4
mg/mL) was added to glass vials containing 375 uL of the
bacterial suspension. These glass vials consisted of a sam-
ple (suspension containing Oncorhyncin II protein), the
negative control sample (protein-free suspension) and the
positive control sample (containing 16 yL of Ampicillins
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antibiotics), respectively. Suspension turbidity was mea-
sured at OD600 nm using a spectrophotometer (17).

3.4. Antimicrobial Susceptibility Testing

3.4.1. Minimum Inhibitory Concentration

The minimum inhibitory concentration (MIC) of the
Oncorhyncin Il antimicrobial peptide was measured in 96-
well microliter plates against MRSA (ATCC 25923) accord-
ing to the CLSI protocol. Serial dilutions of MRSA (OD600)
were carried out in the MHB culture and transferred to the
wells. After this step, Oncorhyncin Il protein with a concen-
tration of 1800 pg/mL into the wells. Next, the plate was in-
cubated at 37°C for 24 h. After the incubation, reassuring
dyes were added to the wells and the results were read (18).

3.4.2. Evaluation of Antimicrobial Effect In Vivo

The mice used in this study were mature males from
Westar mice. In the method of local infection, mice
were divided into three groups as follows: the negative
control (Group without treatment), positive control (2%
Mupirocin ointment treatment), and treatment with On-
corhyncin II recombinant protein. In this method, the
mice (200 and 250 g) were kept in a light-dark cycle for 12
h at 22°C for the adaptation to the condition. Initially, the
mice were anesthetized by Ketamine and then the poste-
rior part of the neck of the mice was shaved. The space
of the shaved region was 2 2 cm infected with MRSA (1.5
X 108 CFU). Two days after infecting the mice, the sam-
ple was taken from the contaminated area. After infect-
ing the tissue, the treatment was performed using 1000
pg/mLrecombinant protein (recombinant Oncorhyncin II
in Eucerin). The recombinant Oncorhyncin II ointment
was scrubbed into a skin scar of mice equally for one week
(14 times with a 12 h-interval) and after inoculation, animal
skin scar was examined in all three groups.

3.5. Microscopic Analysis

After the17th day of the treatment, the complete area of
the wound, including the excised area adjacent to normal
skin, was removed from the positive and negative groups
and blank. The excised tissues were fixed in formalin (pH =
6.9) and embedded in paraffin. Sectioning was performed,
according to stereological methods. In this study, 15 X 2
(6 pm thickness) sections were obtained from the heal-
ing wounds of each mouse. The sections were stained
with hematoxylin and eosin (H & E), observed, and eval-
uated by stereological methods. Hereby, 1,050 random
fields of all specimens of each group (n =7) (8,400 micro-
scopic fields, totally 7.43 mm? for all groups) were pho-
tographed, and a 10 x 100 objective lens (NIKON-Eclipse
E2000-Videocamera DS-Fil, Japan) was applied.
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4. Results

4.1. Amplification of Oncorhyncin Il by PCR

Following the PCR amplification, the products were
studied on the agarose gel (Figure 1).

200 bp
100 bp

4——— Oncorhyncin II Gene
Band

Figure 1. Lane 1: marker, Lane 2: Oncorhyncin Il band. As seen the 1000 bp

4.2. Expression and Purification Oncorhyncin II

The induction of protein expression in E. coli BL21(DE3)
strain was performed using IPTG. Protein was expressed
and produced with a molecular weight of 27 kDa. Finally,
the purification of the protein was verified by SDS elec-
trophoresis (Figure 2).

27 kDa

17 kDa

Figure 2. Oncorhyncin II protein purification: Lane 1: protein marker. Lane 2: On-
corhyncin Il
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4.3. Refolding Assessment of Oncorhycin II

The dialysis method with PBS was done (Table 1). High
antibacterial activity of recombinant Oncorhyncin II was
attributed to the arginine and proline amino acids at pH =
8.5. The concentration of Oncorhyncin II protein was mea-
sured with the spectrophotometer (Eppendorf, Germany)
atO0D280 nm. Finally, MIC was utilized to evaluate the effec-
tiveness of Oncorhyncin Il on S. aureus MRSA (ATCC25923)
using in vitro condition.

4.4. Antibacterial Activity Assay or Growth Curve of On-
corhyncin II Peptide

The growth curves of MRSA treated with Oncorhyncin
I are shown in Figure 3 by measuring Optical Density at
0OD600 nm., the growth curves of E. coli included three
phases: lag phase, exponential phase, and stabilization
phase. However, decline phases in each growth curve could
not be revealed because we only assayed the total numbers
of the bacteria, based on the value of OD600. In the ab-
sence of Vancomycin and Oncorhyncin II, MRSA reached
exponential phase rapidly. The antimicrobial peptide and
Vancomycin could reduce MRSA cells’ growth at 1,2 and 4
h. But exposed Vancomycin of MRSA cells were lagged to 7
and 9 h. So with increasing time, peptide activity was re-
duced, and the MRSA cells’ growth curves returned to the
enrichment phase (Chart1).

3 ~+ Control
25 ~#- MRSA + Oncorhyncin

= ~+ Vancomycin
z 2 v
S
8 1.5
a 1
So.5

& 0 1 2 4 7 9

Time (H)

Figure 3. The results of antibacterial activity the recombinant Oncorhyncin II

4.5. Antimicrobial Susceptibility Testing

4.5.1. Minimum Inhibitory Concentration

The results of this study showed that the MIC for re-
combinant Oncorhyncin I protein was 225 p1g/mL on MRSA
(ATCC 25923).

4.5.2. Antimicrobial Effect of Oncorhyncin Il in Mice Models
The results of the treatment of mice infected with
local infection by the MRSA (ATCC 25923) showed that
all infected mice were completely treated with the pro-
tein. However, no improvement was seen in the mice in
the negative control group. As previously mentioned, it

was shown that the treatment of the mice with the On-
corhyncin II protein (at a concentration of 1000 g in each
mice)resulted in aremarkable improvement in the wound
in the treated-protein-mice group compared with the pos-
itive and negative groups (Figure 4).

4.6. Microscopic Analysis

According to the microscopic images shown in Figure
5, there is a significant difference in the wound healing of
the experimental group post-treatment on day 15 in com-
parison to the pre-treatment. As shown in A, the wound
healing process has been very well-developed due to the
presence of small scars in the wound area. B, which is
related to the pre-treatment of the experimental group,
there is a vast scar area (arrows).

5. Discussion

Oncorhyncin II antimicrobial peptide is a fragment of
69 amino acids with a molecular weight of 7.2 kDa, de-
rived from the c-terminal region of histone Hiproduce in
the skin of the Rainbow trout fish. In addition to antimi-
crobial activity on Gram-positive bacteria such as MRSA,
Oncorhyncin II has also antimicrobial properties against
Gram-negative bacteria such as E. coli. Oncorhyncin II an-
timicrobial peptide penetrates to bacterial cells through
the binding to the teichoic acids bacterial wall and inter-
feres with wall integrity and by interrupting wall integrity,
which leads to intracellular material leakage and thereby
causing bacterial lysis and its death.

In this study, the Oncorhyncin Il gene was amplified by
PCR technique and ligated to pET32a vector by BamH1 and
Xhot as restriction enzyme. Given that the pET32a vector
is one of the most powerful carriers in the production of
soluble proteins, it has broad efficiency to express recom-
binant proteins in cloning. The plasmid pET32a was then
transferred to E. coli BL21 DE3 to express the Oncorhyncin
Il gene. The pET32a plasmid then transmitted to the E. coli
BL21 DE3 gene for expression of Oncorhyncin II gene, it
should be noted that this strain does not have known cy-
toplasmic proteases. Therefore, high protein expression is
due to protease deficiency in this strain. The advantages
of applying E. coli strain in this study were relatively small
genomes and high amplification of Oncorhyncin II gene.

Oncorhyncin I was successfully expressed and con-
firmed by SDS-PAGE, next, the expressed protein was pu-
rified using Ni-NTA kit. The results of the present study
showed that the antimicrobial peptide of Oncorhyncin II
was expressed at the high amounts by the recombinant
method, while in a research conducted by George in 2003,
this peptide was expressed and produced in relatively low
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Figure 5. The microscopic photographs of wound areas and adjacent normal skin pre- and post-treatment on the 15th day: In A after the treatment with peptide, the edges of

the wound are closed together, indicating a positive effect on the treatment

amounts (11). Therefore, the production of this peptide
by the recombinant method, in terms of the economically
and production time was more cost-effective. On the other
hand, the production of this protein by the recombinant
method has also problems such as a sharp decrease in the
activity of these proteins due to the loss of its natural struc-
ture during its production and purification. Therefore, to

Jundishapur ] Microbiol. 2020;13(4):e95948.

overcome this problem, it is necessary to refold the protein
structure after the purification step.

Therefore, by utilizing the dialysis method and elimi-
nating factors such as urea, it is feasible to refold the struc-
ture of the protein and thereby increasing its function.
For this purpose, dialyzed compounds should provide the
proper conditions for the formation of correct intramolec-


https://sites.kowsarpub.com/jjm

Jafari SFet al.

ular bonds. Therefore, in this study, the produced and pu-
rified Oncorhyncin II protein with various compounds was
dialyzed, and the conditions in which the protein had the
highest bactericidal property was selected. In this study,
PBS with pH = 8.5 was the main basis of dialysis buffer.
Therefore, various amino acids were employed to create
appropriate refolding conditions. Dialysis in the presence
of Proline (Pro) in combination with Arginine (Arg) pro-
vided the highest antimicrobial effect for the Oncorhyncin
II. Therefore, Pro, by binding to the hydrophobic surface of
Oncorhyncin II, causes stability and prevents aggregation
and ultimately facilitates its refolding. Additionally, Arg in-
teracts with the hydrophilic surface of the peptide and has
an inhibitory effect on the formation of inclusion bodies,
thereby preventing its accumulation.

The remarkable point is that the refolding of the On-
corhyncin II AMP has a direct correlation with its isoelec-
tric point. The natural isoelectric point of the Oncorhyncin
Il is 10.5. Therefore, the presence of Pro and Arg amino
acids makes the protein able to refold accurately in pH =
8.5 (19). In the following, MIC test and peptide activity as-
say were performed for evaluation of the antimicrobial ac-
tivity of purified peptide against MRSA. In this study, the
MIC required for inhibition of MRSA was reported to be
225 pg/mlL, indicating the functional level and the killing
power of this peptide. But in the study of Jacobsen et al.,
it was observed that MIC of histone H1 antimicrobial pep-
tides against MRSA was 2,500 ug/ml (20). According to
the results of the current study and a study conducted in
2003 by George on Oncorhyncin Il AMP, it seems that On-
corhyncin II peptide, like other recombinant AMPs, has
high antimicrobial properties to the Annihilation of MRSA.
We have demonstrated that Oncorhyncin II has good in
vitro activity against infections caused by MRSA.

Based on the results of the protein activity assay, we
conclude that the antibacterial effect of the Oncorhyncin
Il peptide is similar to the Vancomycin so that after 1 h, it
can cause a sharp decline in the number of bacteria. There-
fore, one of the advantages of this peptide is identical an-
timicrobial activity similar to Vancomycin against desired
bacteria. However, the study on the recombinant porcine
beta defensin 2 (pBD2) by Li et al. (2013) on MRSA showed
that the maximum effect of this peptide in the activity test
was 4 h, and after 4 h (by increasing the time), the num-
ber of bacteria and their growth increased. Therefore, the
antimicrobial peptide of Oncorhyncin II has high killing
power (21).

Following the confirmation of in vitro experiments, we
started in vivo experiments and evaluated the effects of the
recombinant peptide of Oncorhyncin II in experimental
mice in different therapeutic and non-therapeutic groups.
The results of this study showed that skin infections in all

mice of the treatment group were treated after receiving
Oncorhyncin II AMP, and their wounds well improved and,
no effect of MRSA infection was observed. Although wound
healing of the rat groups without treatment with the pep-
tide took a long time, the healing process during the treat-
ment period was clearly observed in the treatment group
after the first treatment dose.

A study of MRSA skin infections in 2014 showed that
the HH2 antimicrobial peptide had a less therapeutic ef-
fect on MRSA infections (22). Therefore, this study showed
that the antimicrobial peptide Oncorhyncin Il is capable of
treating skin infections caused by MRSA. Thus antimicro-
bial peptide Oncorhyncin I has a high ability to repair the
wound caused by this bacterium. In vivo data established
that Oncorhyncin IJ, in comparison to the clinically tested
antibiotics, is much more effective against MRSA. Conse-
quently, the Oncorhyncin II peptide as a new drug can be
utilized in the treatment of skin infections caused by MRSA
bacteria in the future. However, further studies are neces-
sary in this field to confirm the findings.

5.1. Conclusions

In this study, for the first time the Oncorhyncin Il gene
was expressed through cloning in E. coli host and, vari-
ous tests were performed to evaluate its efficacy using in
vitro and in vivo experiments. The MIC and peptide activ-
ity assays revealed that peptide has an efficient and pow-
erful antibacterial property against MRSA. On the other
hand, pathological studies confirmed that Oncorhyncin II
recombinant peptide has potential wound healing effects
on this infection since it overcame the MRSA during the
treatment, and the wound edge was closed together and
improved. Therefore, it seems that this peptide needs fur-
ther clinical trials to be possibly employed as new genera-
tion antibiotics for the treatment of skin infections in hos-
pitals.
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