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Abstract " ‘ \\ y

Background: Avian influenza subtype HIN2 is the most ewﬂue‘iﬂvims in poultry
worldwide. It imposes economic losses on the poultsy indu§‘ and has zoonotic potential.
Currently, there are two main groups of anti-infld€énzafdrugs in use; Adamantanes and
Neuraminidase inhibitors. In recent years, there ]@n gsing resistance to existing anti-
influenza drugs. Antimicrobial peptides a 0M0tential drug candidates with broad-
spectrum activity. cLF-chimera is i y)bial peptide synthesized from camel milk
lactoferrin. Qa t ’

Objectives: This study's bgiveN evaluate the inhibitory effects of cLF-chimera on avian
influenza, subtype

-

Methods: F is W, one hundred and seventy 11-day-old SPF embryonated eggs were
ra omNst te 17 groups. Different virus and peptide concentrations were injected into

the eg The}gs were incubated for four days with daily candling for viability assessment. On

the 4th day of incubation, each group's alive or dead embryos were sorted and evaluated for
2



gross anomalies. Next, the chick embryos were fixed with 10% neutral buffered formalin for one
week for histopathological studies. The MTT assay was also performed for the p' ide and virus
concentrations. bﬁ* >
Results: Overall, the embryo viability results and macroscopic and hi W’ findings
showed that the peptide has inhibitory effects against the vi Tl'ﬁ’e findings agree with the
MTT assay. Moreover, the peptide has proven effect aga@hoge bacteria that can be
advantageous compared to common anti-influenza medi . ®

Conclusions: According to the results, cLF- cha rhnhibitory effect on the HIN2

influenza virus. x v
Keywords ( \

Antimicrobial Peptide; Avian Inﬂr ’chlmera Histopathology; Subtype HoN>
Abbreviations

AIV = avian 1nﬂuenZGr\N = haemagglutinin; NA = neuraminidase; LPAIV = low
pathogenic avian i ﬂuenza virus; AMP = antimicrobial peptide; HDP = host defense peptide;
cLFcin a&la&emcin; cLFampin = camel lactoferampin; MDCK = Madin-Darby canine
kidney; DM Z\Dulbeco’s minimal essential medium; FBS = fetal bovine serum; EIDso =

embryo infective dose50; CAF = chorioallantoic fluid; HA test = haemagglutination test; H&E =
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hematoxylin and eosin; DMSO = Dimethyl sulfoxide; OD = optical density; ELISA = enzyme-

linked immunosorbent assay; ANOVA = analysis of variance; CPE = cytopathogeniceeffect



Avian influenza viruses (AIVs) have a negative-sense RNA genome with eight segments
in the Orthomyxoviridae family and Influenza A genus (Perez DR 2019, Moham' i, Sekhavati
et al. 2023). They are categorized as high and low pathogenic based on the &C&y and
molecular markers. They are also classified into 16 HA and 9 NA su Mi on surface
glycoproteins haemagglutinin (HA) and neuraminidase (N S\é/ne, % z et al. 2020,
Sheykhi, Modirrousta et al. 2021). The HoN2 subtype { a low'pathogenicyAIV (LPAIV), which
is the most prevalent avian influenza virus in poultry w ide (Nagy, Mettenleiter et al. 2017).
Its first report was from turkeys in the USA in 1 , mttenleiter et al. 2017). Later, it
spread to Asia, especially in 1990s %gy%enleiter et al. 2017, Mehrabadi,
Ghalyanchilangeroudi et al. 2019). The ﬁ(trepm HoN2 in Iran was by Vasfi et al. in 1998.

Since then, the virus has been ende n san and reported frequently (Ahmadi, Rajabi et al.
«®¥

2018). * N\

The HoN> ALV is imp@nNr llowing reasons: I: because of direct and indirect economic
losses such as mortality, vaéeination, and treatment costs (Swayne, Suarez et al. 2020); I1: the
possibl&&sswumans. The first zoonotic was reported in China in 1998 (Peacock,
Jamesyet al. 19,\Mayahi, Boroomand et al. 2021). Fortunately, in humans it is sporadic with

low severity, and there has been no report on transmission among the human population, but the
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virus can be considered a pandemic candidate (Pusch and Suarez 2018). III: the HoN> can be a
[ ¢
gene donor. To date, the role of HoN2 AIV in the emergence of at least three inﬂuKﬁjubtypes,

glet al.

HsNi1 (Peacock, James et al. 2019), H7No (Lam, Wang et al. 2013), and H1oNs ﬁ
2014), has been recognized. \ 4

Nowadays, the prevention strategy in poultry is bas n éccinat}% nd biosecurity
(Shen, Wu et al. 2014, Radmehri, Talebi et al. 2021, %)tam inasab, I&rbakhsh et al. 2023).
However, vaccination is the primary strategy, its effeetiveness isbmainly influenced by the
similarity of vaccine and virus HA glycoprotein (S@ in bOZO). In addition, vaccination in
birds with immunosuppressive diseases has n tiﬁ%ct (Sharif and Ahmad 2018).

In humans, anti-influenza drugs ar%edjmmment and prevention (Amarelle, Lecuona
et al. 2017). The two main types’ * inei, Adamantanes and Neuraminidase inhibitors, have
been proven in many count* (K%lka, Tilmanis et al. 2017). The mechanisms of action for
these drugs are blocking \2\»n channel and neuraminidase glycoprotein, respectively
(Watanabe and Ka&ka 20719).

\cc&o Msecurity in poultry cannot completely prevent the disease outbreaks.
Currently, th@‘ isho specific treatment for poultry, and the use of current human anti-influenza

drugs are prohibited in many countries (Tsuruoka, Nakajima et al. 2017, Ahmadi, Rajabi et al.
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2018). On the other hand, drug resistance, especially for Adamantanes, has increased in recent
years (Hussain, Galvin et al. 2017). In addition, prescribing these drugs 48 hours' r the onset
of symptoms, is not considered effective (Lehnert, Pletz et al. 2016). It is theﬁ&]&ired to
search for new anti-influenza agents as a drug that can also be used in p M’mlcroblal
peptides are one of many candidates (Ahmadi, Rajabi et alé { ¢ Angelis, Casciaro et al.
2021).

Antimicrobial peptides (AMPs) or host defens tides (Ist) are small amino acid
molecules (usually less than 100 amino acids) th of he innate immune system (Kang,
Kim et al. 2017, Lei, Sun et al. 2019). Théxeptnwst in many organisms (Lei, Sun et al.
2019) and have a broad-spectrum effect o bact ngi, and cancer cells (Yeaman and Yount

2003, Ong, Wiradharma et al. 20 IC)Q e&tl es are also an acceptable candidate in preventing

and treating viral diseases, h p1\n antiviral activity against some DNA and RNA viruses
(Bahar and Ren 2013). C \\

A group of AMPs i§"derived from larger proteins. The N-terminal of lactoferrin has
hydrop Q Vlonlc AMPs with antibacterial, antiviral, and anti-fungal activities
(Tan gh\ldl et al. 2018, Tanhaieian, Sekhavati et al. 2018). Chimeric peptide cLF-

chimera is derived from camel milk lactoferrin. The peptide is synthesized from the linkage of
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lactoferricin (cLFcin) C-terminus and lactoferampin (cLFampin) N-terminus by a lysine amino
acid (Tanhaiean, Azghandi et al. 2018, Pirkhezranian, Tahmoorespur et al. 2020)' expressed
recombinantly in E. coli and L. lactis (Tanhaiean, Azghandi et al. 2018, Tanhahs vati et
al. 2018). The peptide has an antibacterial effect against E. coli, S. F‘t i '\S.’Typhi, P.
aeruginosa, andS. aureusin vitroand E. coli and C. p@eﬁ' in % (Daneshmand,

, Rosha&, Pirkhezranian et al.

R

2020, Tanhaeian, Sekhavati et al. 2020). ®

Kermanshahi et al. 2019, Daneshmand, Kermanshahi et\al. 2

There are some researches on natural and ﬂ Mh which focus on antiviral drugs
in humans and birds. However, most reseaxs cWate on human pathogens like MERS-
CoV, SARS-CoV, HIV, hepatitis C Vin(and sles (Zhao, To et al. 2020); others have

focused on avian pathogens. O’ ese.important potential zoonotic pathogenes is AIV.
Different peptides have beex*sted‘different subtypes of AIV, like Hi, Hs, Hs, H7 (Li, Zhao et
al. 2011, Zhao, Zhou GI.‘N and HoN2 (Rajik, Jahanshiri et al. 2009, Arbi, Larbi et al.
2022). r =

wl&qu decided to predict the interaction of the so-called peptide with its

poteantially r*ted\receptors (HA, NA and M2 ion channel). In order to accomplish this task, we

used computational modeling technique. Computational modeling has the benefits of reducing
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wet lab practices costs and minimizing blind experiments (Meng, Zhang et al. 2011). On the

other hand, molecular docking has been accepted as a modeling technique that elucidate

the interaction between molecules (Pagadala, Syed et al. 2017). This method em nd and
A

target protein's most favorable binding mode (Tripathi and Bankaitis 20 W' it can be

used in molecular biology and drug design (Meng, Zhang &ﬁ la, Syed et al.

2017).

The objective of this study was to evaluate the le mhlhtory effects of cLFchimera
on HoN:z subtype of influenza virus to prevent arw #za both in humans and poultry.
Moreover, computational modeling predict iwn between the peptide and the virus
surface projections (HA, NA, M2).

Materials and methods t Q '

Virus, cells, and embryon

('\\
\§>"



Low Pathogenic AIV (LPAIV) strain A/chicken/Iran/UT-Barin/2017 (H9N2) was used in this
study. The virus was provided by the Department of Avian Diseases, Faculty\ofy Veterinary

Medicine, University of Tehran. Madin-Darby canine kidney (MDCK) cel]ﬁe chased

from Razi Vaccine & Serum Research Institute, Iran, and malntamed Mo’ minimal
essential medium (DMEM; Thermo Fisher Scientific corpora w1th % fetal bovine

serum (FBS; Thermo Fisher Scientific corporation; UK) at centlgra degrees and 5% CO2

atmosphere. Eleven-day-old SPF embryonated eggs also uséd to evaluate the possible

virus-peptide interactions. o F

cLF-chimera peptide (

The chimeric peptide is derived frtm ylﬁactofemn It is synthesized from the linkage of
cLFcin C-terminus (amino *s 17:30) and cLFampin N-terminus (amino acids 265-284) by a
lysine amino acid. ere \&) a six-aminoacids-histidine tag linked to lactoferampin

(Tanhaiean, Azghaﬁ et al’™2018, Tanhaieian, Sekhavati et al. 2018). Figure 1(A & B) shows

the caﬁ\s&e aNlmmo acid sequence of the peptide.
>

Experimental design
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The study was conducted in 6 steps as below:

Titration of the virus by the EIDso method ¢

First, a ten-fold dilution of the virus was prepared. Serial dilution continued tﬁ&ﬁ, each
dilution was injected into five SPF embryonated eggs. After incubati Wand 75%
humidity for 72 hours, the number of live and dead embryos ted h group. Then,
the chorioallantoic fluid (CAF) of all eggs was harvestedéﬂulds re evaluated for the

presence of the virus by HA test. To increase the accur; A test\'as performed in duplicate.

To reach 10% 10* and 10° EIDso of the Virusﬁ Muench method was performed

(Villegas 2008). x
O
=)

Injection of the peptide and tit’rre us rto embryonated eggs

Eleven-day-old SPF embryenated s were randomly distributed into 17 groups (each group

with ten eggs). After [@CNiNons were prepared (40, 80, and 160 pg) (Torres, Noll et al.
2013, Tahmooresp(Azghaﬂl et al. 2020), 0.1 ml of each dilution was mixed with 0.1 ml of

the vi 1IQSN! |O4 and 10° EIDso). The mixture remained at room temperature for 30

mi \ 5621()1 inoculum was injected into the allantoic sac of embryonated eggs (Tare and
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Pawar 2015). There were three groups: positive, negative, and injection control. All treatment

&

groups are summarized in table 1. \

Evaluation of macroscopic and histopathologic lesions of the embryo \ ’

®

The eggs were incubated for four days (Arbi, Larbi et al. 202 QLLE MP® incubator
model at 37°C and 75% humidity. During this perlod all eg ere dal candled for viability.
The deaths in the first 24 hours were assumed as in_]e i rror orsrobable bacterial infection
and were eliminated from the results. On the 4th® i cuh&tion, each group's alive or dead
embryos were sorted and evaluated for gross ma@xt, the chick embryos were fixed with
10% neutral buffered formalin for one WQ Finally, 4 um tissue sections were provided from
the whole chick body, 1nc1ud1ngr 0r&x and abdomen contents, then were embedded in

paraffin and stained with he toxylin and eosin (H&E) for microscopic studies.

Nmety\ cu\ |ates with MDCK cells were incubated at 37 centigrade degrees with a

Cytotoxicity assay

5% atmogphete for a day. Cells were then treated with various concentrations of the peptide,

virus, and peptide-treated virus for 24 hours with the same condition of the previous step (Table

12



2 shows all 14 groups in detail). Next, a cell viability assay was performed by MTT method to
determine the cytotoxicity of all the treatment groups. In brief, 10 uL. of MT lution was
added to each well and incubated for four hours at 37°C. Then, 50 pL ON wlution
(Thermo Fisher Scientific corporation; USA) was added to the wells Me’solution’s

optical density (OD) was measured at 570 nm by ELISA &%thos 020®) (Bahuguna,
Khan et al. 2017, Mehrbod, Abdalla et al. 2018). \
N N
D

Computational modeling OQ P

SWISS-MODEL web server modeled the HMIAWz projections (Waterhouse, Bertoni et

al. 2018). PEP-FOLD web server also m@ed hepeptide (Shen, Maupetit et al. 2014). Then,
docking complexes, prepared wilt ro ,web server (Porter, Xia et al. 2017), were opened
%

with Pymol software (Schrodinger 15,2020). Afterwards, photos were taken in the ligand-receptor

interaction site. ‘ \\
O N
StatistNQsi\ -

Statistical an?vsis\and diagrams were performed by Graph Pad Prism software, version 8.0

(GraphPad Software, Boston, Massachusetts USA, www.graphpad.com). The data represent the

13



mean+tstandard deviation for each sample. The two-way analysis of variance (ANOVA) was

used to compare the means.
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Results

@
Injection of peptide and titrated virus to embryonated eggs \y

After four days of incubation, eggs were candled to identify the livability of Nb gs The
results showed 100% vitality for all peptide concentrations (CP1, CP2, a Y ¢ was also
nearly 100% viability in all V1 (VIP1, V1P2, and V1P3) \% ’V2P1 2, and V2P3)
groups (except a death related to injection error in VZIKgrOQI embst)s in V3P1 and V3P2
were dead, but V3P3 had very high livability (excep deaths Telated to injection error in

V3P3). All embryos were dead in virus control gr #Z, and CV3), as expected. Table
3 shows the results in detail. x g
( N

Macroscopic and histopathologirl S obserJved in embryos

After four days of incubatic*nd ermining the number of live and dead embryos, they were
all checked for visible @s i&. Based on the findings, the embryos in virus controls (CV1,
CV2, CV3), V3P1g1d V3P2 were dwarf, featherless, and with visible hemorrhagic lesions in
some u\ C(NS’[ embryos were larger, feathered, and had no visible lesions in the

ren\ggn‘o s (all V1, all V2, and V3P3). Figure 2 shows prominent macroscopic findings in

some groups.
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After checking for gross lesions, all the embryos were processed and stained with
hematoxylin and eosin for microscopic studies. The results showed lesions in difg t organs in
the virus control groups (CV1, CV2, CV3), V3PI1, and V3P2. The lesions Wh&g vere in
the virus control groups, while no significant histopathologic lesions ‘ Meﬂ in other

groups. Table 4 and Figure 3(A-G) indicate the h1stopathologénc%gs m det

Histopathologic evaluation demonstrated targ{orga being zhcted significantly in
CV1, CV2, CV3, V3P1, and V3P2, according to table 4; )

The major histopathological findings in b“ onthl group were included of large
vacuolation of neuropil (status spongiosis), icthhed by edema. Moreover the blood
vessels were obviously congested, and Qleanuronal changes scattered throughout the
parenchyma. . ?

Massive hemorrhag*d cwstion in large and small blood vessels appeared in renal
and perirenal adipose t@es. h&ntensive tubular necrosis with deep eosinophilic staining was
an outstanding ﬁn&g Glomeruli were relatively spared from influential damage, and the
intersti &m\y@r a large population of inflammatory cells, chiefly mononuclear cells.

Intensive he n“rthage with focal to diffuse hepatocellular degeneration or necrosis with marked

congestion of central veins and small-sized blood vessels and sinusoids were obvious in the liver.
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large pulmonary vascular congestion with hemorrhage in the interstitium, which was
[ ¢
accompanied by large amounts of inflammatory cells were determined in L&llmonary

parenchyma. Furthermore, primitive parabronchi had highly-exfoliated epithﬁe ﬁl their

lumen. ‘ \ 5

In the eyeball, the continuous hemorrhages along the choroid ers&ith e%/e edema were
striking. Moreover, severe disruption of retinal pigmer@ epithelium orxn in some embryosit
completely detached, which not identified in microsc evaluation. Eventually, hemorrhage
and congestion were revealed in dermal and hypom erS\vith degraded collagen fibers in
the integument. Other organs with minimal x‘lgewme spleen and intestine, in which the
red pulps were filled with erythrocytes in gspleJe ,-and necrotic villi was detected in only some
intestinal tissues. . P '

No noticeable changes weiobseﬁd in other organs like the gizzard, proventriculus, and
musculoskeletal system. In w or peptide-virus treatment groups, all organs had normal

(

architecture similarito the negative control group. However, mild to moderate congestion was
seen in\& N-!, and V3P3 groups, and scant infiltration of inflammatory cells were
pres aroun‘cen%ral veins with mild hyperplasia of bile ducts in the liver.

Cytotoxicity assay
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We have tested different peptide and the virus concentrations and studied the mixtures at 570

nm. The results (Figure 4) showed that the peptide concentration increased in V%, VIP2,
iabi

lity. Al

cell viability percentages in V1 groups were lower than V2. In V3 gr &’ 3P2, and

V3P3), unlike V1 and V2, the increase in the peptide con%&aused an increase in cell

and V1P3) and V2 (V2P1, V2P2, and V2P3) groups leading to a decrease inﬁ'

viability. \

In the peptide controls (CP1, CP2, and CP3), th s a dectease in cell viability with an
increase in the peptide amount. The cell viability W e bn virus control group (figure 4).
Computational modeling ( \

We have applied SWISS—MODEI(a Pi OLD web servers to estimate the viral projections
|
and peptide shapes, respec*ly. %n we used ClusPro web server to evaluate the docking

complexes. Figure 5(@)\(& the docking complexes and putative interactions between

receptor and ligamramino‘ 4€ids. Molecular docking showed 5, 7, and 13 possible interactions

betwee&&tid&g viral Mz ion channel, HA, and NA glycoproteins.
) \

N\
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Discussion

[ ¢
The HoN2 subtype of AIV can cause direct and indirect losses in poultry indusﬁc}l can be

w, Alj,

Yaqub et al. 2019, Perez DR 2019, Swayne, Suarez et al. 2020). Becaus‘o \\1& mutative

transferred to humans, which is a public health matter (Mostafa, Abdelwhal@.

nature of the virus, resistance to current chemical drugs is a vnﬁding“es, Turpin et al.

2006). Since chemical drugs have several side effects @and, a\obo—He ra et al. 2019), there
is an immediate need for a new group of anti-influenz with lbss viral resistance and side

effects (Sala, Ardizzoni et al. 2019). For this pu@ kldies have focused on different

drug candidates; one group is antlmlcroblal tith have anti-influenza properties with
broad-spectrum activity (Kang, Kim 17)JT 1s study evaluated the anti-influenza effects

of the novel chimeric peptide, @r era’on HoN2 subtype in embryonated eggs and MDCK
cells.

In ovo model 1( ta ard method to evaluate the probable anti-influenza activity of
different drug candlwt is an ethical way in contrast to laboratory animal models and is on
the edge\i itro‘and in vivo models (Ghoke, Sood et al. 2018). In this study, the data from
emb ated ¥g }njection (Table 3) showed that the embryos were highly livable without

distinct macroscopic lesions (Figure 2) in peptide control groups. This result is comparable with
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Michalek et al.'sresults that have used melittin as an antimicrobial peptide in 2 puM

[ ¢
concentration which did not severely affect embryo vitality, and the embryos&mt have

(kngs in

peptide control groups were similar to negative control and saline contro M significant

macroscopic lesions (Michalek, Zitka et al. 2015). In addition, the histopathow

changes (Table 4 & Figure 3). Based on the above data, it 83% thatythe peptide was not

toxic to embryos in given doses.

We have observed that in virus control groups ryo mobahty was 100% (Table 3),
and the embryos were dwarf, featherless with visi hag& lesions in some cases (Figu 2).
Knowing that Avian Influenza viruses causxthow changes in chicken embryos through
apoptosis and necrosis (Ahmadi, Rajabi EQ ZMe histopathological findings contribute to
the viral damage. In our study, Irs 1cal results in virus control groups revealed that
(Table 4 & Figure 3), exce*or t astromtestinal tract with minimal lesions, the other main
infected organs were p@n lyaffected and severely damaged. This result is comparable with
Shah et al.'s study go evaluated the potential effect of three herbal extracts on HoN2 subtype in
embryo {elr\iy, positive controls were severely damaged in different organs (Liver,
sple bursa‘Sh\h Tipu et al. 2021). All in all, it is clear that the virus is very harmful to

embryos in given doses.
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Our results also revealed that the embryos were very livable in all V1 and all V2 groups
(Table 3), without distinct macroscopic lesions (Figure 2). The histopathologicaltﬁlgs in all
of these groups showed mild lesions in some cases (Table 4 & Figure 3). m &to the
results, the peptide in given doses in all V1 and V2 groups could prevent Nefect of the
different virus concentrations in ovo. This data (especially e 0 %vival % is comparable
with the study by Sauerbrei et al. on HoN: Subtype\(Saue eiy Haertlyet al. 2006). In this
research, four anti-influenza drugs were evaluated agai 0% and¥ EIDso units of the virus:
Amantadine, Rimantadine, Oseltamivir, and Zanaﬁ i tlkhighest embryo survival rate of
21.9% for adamantanes and 50% for neuramMgseWrs (Sauerbrei, Haertl et al. 2006).

In V3P1 and V3P2 groups, the erQo Nal rate is zero (Table 3), and embryos are
dwarf, featherless, with apparer;t rl co;;'c lesions (like hemorrhagic lesions) in some cases
(Figure 2). At histopatholog*seve\lesions were detected in these groups (like virus controls,
but the lesions were le@vﬁ*j V3P2 group had less severe lesions than V3P1) (Table 4 &
Figure 3). The data also indicated that the low and medium peptide concentrations could not
entirel ew&de&ctwe viral effects in the embryos. In V3P3 group, the survival rate is very
high ‘(except the d\eaths due to injection error) (Table 3), and the embryos have no noticeable

macroscopic lesions (Figure 2). From the histopathological point of view, the findings are similar
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to peptide control, negative control, saline control, and all V1 and V2 groups (Table 4) without
any significant changes (Figure 3). Based on the data obtained from V3 groups," is deducible
that the peptide could prevent the adverse effect of the virus in a dose—dependelﬁ&. %

MTT is a color-based assay that evaluates the metabolic activi ewlf assay is
routine, easy, and advantageous for different animal cell | {)sa Donato et al. 2015).
According to the results obtained from MTT assay in Q)tld ntrol gr s (Figure 4), the cell
viability decreases as the peptide dose increases. This suggest‘that the peptide is toxic to
the cell line in a dose-dependent manner. This S vshh previous studies on different
antiviral peptides for different cell lines (Sai rdw al. 2019, De Angelis, Casciaro et al.
2021). Overall, our results indicated thatQpe tide was toxic for the cell line but not for the
embryo. This difference can resur i( of defense mechanisms and higher sensitivity of
cells in the cell culture syste*om‘d to the body (Hartung 2007).

We have also dc cNat in the virus control group, the percentage of cell viability
was the lowest oftall groups (Table 5). The low percentage can be due to cytopathic effects

(CPE) QA Wen Lin et al. 2022). Based on the data, it is obvious that both the peptide

anNus ‘rmed cell livability, but the effect of the virus is much higher.
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Our study showed that in V1 groups, the cell viability decreases as the peptide dose

&
increases, and VIP1 had the best cell livability (Figure 4). The cell viability percﬁof these
groups is lower than the same dose of peptide controls, but is higher than Virmtr ‘except

V1P3 which is higher than P3 alone, but with a minimum difference) (Fi W’is that the

peptide in V1P3 group can block the viral effect, and the re gﬁptlde lower toxicity
than P3 alone. As the viral dose is constant in these gr ups, it ore probable that the decrease
in cell viability is much related to peptide toxicity at the Same time, the peptide can
partially prevent the destructive effects of the viru P

The data from V2 groups are 81mllar thaw but all cell viability percentages are

higher (Figure 4). As in these groups, like V1 erus amount is constant; it seems that the

decrease in cell vitality is relatet the toxicity. Compared to the virus control, in V2

groups, the peptide can part& t the harmful effects of the virus.

In V3 groups, cGiz\sNed that unlike V1 and V2, the increase in the peptide dose

causes an increasercell viability (Figure 4). All the percentages were higher than the virus

control l&er Mtﬁe peptide controls. Because the virus concentration is constant, and the
decr\\*‘l End V3P2 is much higher than in previous groups and it is close to the virus
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control, it might primarily result from viral CPE. However, even in this group, the peptide can
partly block the virus's adverse effects. ¢

Based on the data obtained in these three groups, it is inferable thah&t"le can
inhibit the destructive viral effects in all the groups. Our study also rev; th optimum
dose of the peptide in all V1, V2, and V3 groups were V1P1, , a&i V3PB3, respectively.

Molecular docking is a drug design procedure that antieipates binding form and mimics
the molecular interaction of ligand and receptor (Fan, F, . 2019%In our study, we have also
evaluated the interaction between the peptide, Virﬁa \ hproteins (HA and NA), and M2
ion channel by molecular docking in order toxemw probable mechanism of action for the
peptide. According to the docking results @ire)yz ion channel has five possible interactions
with the peptide. According to ‘hr us’studies on Adamantane's action mechanism, amino
acid residue ASP-44 is a s‘of aﬁn for these drugs (Rosenberg and Casarotto 2010, Ozbil
2019). Thus, the pept€ n\\mic Adamantane's action mechanism by blocking M2 ion
channel (Figure 5, A&B). &

K&in&)mplex between the peptide and viral HA showed seven potential peptide
attachment resi ue\§. Based on previous researches on drugs that block HA glycoprotein, amino

acids ASN-153 and ARG-131 are in the receptor-binding site of HA1 (Yang, Li et al. 2013).
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Therefore, the peptide may prevent the attachment of the virus to cellular receptors (Figure 5,
C&D). ¢
Our docking results also showed 13 possible interaction sites betweeﬁp&%ie and
viral NA glycoprotein (Figure 5, E&F). Based on previous studies on N M e of these
interaction sites have a role in blocking NA glycoprotein. \% j{)r igh number of
potential attachment sites, further studies are requlred whlchébe a subject for later studies on
cLF-chimera.

Finally, antimicrobial peptides like cLF-c a‘ean tp/e different potential modes of

action. Some action mechanisms include: mMthtachment and cell membrane fusion,
(l Mtlon and other probable mechanisms

disrupting viral envelope, inhibitin
(Skalickova, Heger et al. 2015). 'thQ e anti-influenza effect of the peptide in this study

can be a combination of the ntio mechanisms.

cLF-chimera h:‘ N}Nen the effects against bacteria participating in respiratory

complexes (Tanha an, Azghandi et al. 2018, Tanhaieian, Sekhavati et al. 2018, Roshanak,
Pirkhe Qa&!“ Tanhaeian, Sekhavati et al. 2020). This study also suggests that the
peptide has p* 51 anti-influenza properties. Since HIN2 subtype can mainly cause respiratory

disease in poultry (Nili and Asasi 2003, Swayne, Suarez et al. 2020) and flu-like, mild, primarily
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respiratory illness in human populations (Liu, Zhao et al. 2018, Song and Qin 2020), the peptide

can affect the virus and other secondary bacteria. Compared to common anti—ivana drugs,

3

In most viral respiratory diseases, a primary viral agent is acc Mﬁecondary

this broad-spectrum impact can be an advantage for the peptide. h

infections (Seto, Conly et al. 2013, Swayne, Suarez et al. % "wever further studies are
needed to explain the potential pros and cons of the pepti s/a dru&andidate. This study
elucidates some peptide characteristics with some unde uestions regarding its novelty: how

to use the peptide in vivo? how to find its precisw nd what is the exact mechanism of

action? These topics are beyond the scope of pmwcan be evaluated in future studies.
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Tables \*t 2 ['
Table 1: All grt\ klated egg injection.

M Treatment

)

\§g

No treatment for egg control

C
CS Normal saline injection for injection shock control
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10* EIDso unit of the virus injection for virus control

Control for 40 pg of the peptide

Control for 160 pg of

10% EIDso unit of the

~. 10*EIDsounit of the virus + 160 pg of the peptide

10° EIDso unit of the virus + 80 pg of the peptide
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O

Table 2: All groups of cell culture s

Treatment

Groups

Control of the virus (10° EIDso)

Control for 80 pg of the peptide

10? EIDso unit of the virus + 40 pg of the peptide
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10? EIDso unit of the virus + 160 pg of the peptide

10* EIDso unit of the virus + 80 pg of the peptide

10 EIDso unit of the virus +
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Table 3: Number of live and dead embryos in each gro

Number of live embryos N er of dead el y Livability (percent)

100

100

100

100

100

100
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Table 4: Histopathological lesions of the groups. V: Virus: 3 to 1 maximum to

minimum concentration  (3: High concentration, 2: Medium concentr:
concentration), C: Control, P: peptide: 3 to 1 maximum to minimum conce
concentration, 2: Medium concentration, 1: Low concentration), Pat

Intensive, 2: Moderate, 1: Mild, 0: none)

Tissue/Group c GCs Ccvl Cv2 cv3 crP1 CcP2 cP3 VI1P1 2P2 V2P3 V3r1 V3p2 V3P3

Eyeball

Intestine
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Figure Legends \%
Figure 1(A): T &tructure of cLFchimera (Green: cLFampin, Orange: Lysine,

Blue: cLFcin, Red: Histid1 ) Figure 1(B): The sequence of the peptide

QK\
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Figure 2: Prominent macroscopic findings of the embryos (A: C, B: CV3, C: CP3, D:
| ¢

AN

\NY,
Figure 3: Histopathological lesions in some groups & ‘ \
N\ Y

VIP1, E: V2P1, F: V3P3)

N

Figure 3(A): C & CS groups; normal structures of ch%en embryo. Brainy the neuropil is intact
(a). Eyeball; in the choroid layer, a few thin-wall sels are congested. RPE (retinal
pigmented epithelium) is continuously preserved@ j Brimitive parabronchi (PB) with
cuboidal epithelium are embedded in sligkal\wloose fibrous) connective tissue (c).
Liver; large blood vessels and sinusoids ‘are cﬁar nd only a few of vessels in lesser extent
congested (d). Kidney; the glo’m d vbules are in normal conditions, and some blood
vessels are congested (e). *; n&al architecture of feather follicles and epidermal-dermal
structure (f). HE. Scale bar (e\h pm.

C NI
Figure 3(B):/Vi SWI groups (CV1, CV2, CV3); Brain; status spongiosis of neuropil
&

N

1 essels are intensively congested. The prevascular spaces are significantly

(Vacoulation).
extend\ay ‘ema (arrows) (a). Eyeball; the retinal pigmented epithelial layer (RPE) is
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completely detached, and the choroid is extensively congested and hemorrhagic (arrows) (b).
Lung; intensive vascular congestion of the vessels and accumulation of both red' d cells and
inflammatory cells in parenchyma. The epithelial cells of parabronchi are lara& amated
into the lumen (arrows) (c). Liver; massive congestion of central Ve"ls &mgrrhage in
parenchyma (arrows). The spaces of Disse are impacted wi kocytes 0 focal areas of
hepatocellular degeneration or necrosis are evident (d&Kldn ; renal (&lptlon with intensive
hemorrhage in parenchyma and perirenal tissue (H) alo ith necrosis of tubular epithelial cells
which are markedly hyalinized (arrows). The Lar@ oplbation of inflammatory cells are
present (asterisks). Scant degeneration of &1 rw are identified (e). Skin; widespread

bleeding and congestion of the VesselsQ themms with prominently mononuclear cells

infiltration (f). HE. Scale bar a ISQSQ 480 pm.

Figure 3(C): Protein contro oups\Pl CP2, CP3), Brain; normal architecture of neuropil (a).
Eyeball: a few m1 C S\e in the choroid layer engorged with erythrocytes (arrow). The
retinal pig i‘ he ial layer (RPE) is intact (arrowheads) (b). Lung; parabronchi are

els are markedly congested (c). Liver; the structure is obviously normal.

A &tra Velns are dilated (d). Kidney; normal renal structure with large thin-walled
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congested blood vessels (e). Skin; normal anatomy of epidermal-dermal layer (f). HE. Scale bar

(A-F) 400 pm. L ¢

Figure 3(D): Virus-Protein groups (VIP1, VIP2, V1P3); intact and normal stru tureshof all

histological specimens. Brain (a), Eyeball (b), Lung (c), Liver (d), Kgln‘ (eN k{n (). HE.

Scale bar (a-f) 400 um. o e \ L i

Figure 3(E): Virus-Protein groups (V2P1, V2P2, V2P§ all tissk sguctures in normal position.

Brain (a), Eyeball (b), lung (c), Liver (d), Kidney (ell and.Skin W HE. Scale bar (a-f) 400 pm.

Figure 3(F): Virus-Protein groups (V3P1 &%’Z)M status spongiosis of neuropil. Marked
congestion of small and medium-size bloﬁ\wssels with relatively large perivascular
edematous spaces (a). Eyeball; t’th 1id 1’ extremely widened with a large amount of edema.
In the outermost choroid la*, a &n structure of microvessels is highly congested, and the
retinal pigmented epi liu\is trongly disrupted (b). Lung; disorganized architecture of
pulmonary parenchyﬁéa. The parabronchi epithelial lining is necrotic and exfoliated into the

lumen.\ms ial &e is invaded by inflammatory and red blood cells, and most air capillaries

A
an<\wls a%congested (c). Liver; extensive hemorrhage in parenchyma and severe congestion

from Disse spaces to large blood vessels. Also, a lesser population of inflammatory cells
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amongst erythrocytes are dispersed in the parenchyma (d). Kidney; massive necrosis of tubular

[ ¢
cells, that designated as intense eosinophilic structures (e). Skin; tiny to large le\ierssels are

‘ cells,

principally lying at the dermal-epidermal junction. Collagen fibers are t Ml‘ the deep

highly impacted with red blood cells and hemorrhage admixed with inﬁa

dermal layer (f). HE. Scale bar (A-F) 400 um. 0 ‘

Figure 3(G): Virus-Protein group (V3P3); the normal\stologlx archltecture of all the organs
is demonstrated. Only mild to moderate congestion in the River (d), Kidney (e), and Skin (f).
Brain (a), Eyeball (b), and Lung (c). HE. Sca'le ar@

Figure 4: Cell Viabiliiﬁlgiffe goups correlated to peptide and virus concentrations

N\
(*: P <0.05; ****: P < I,s: P > 0.05)
S
\{ \\

Flgur}S(A): The results of molecular docking between the peptide, the virus Mz ion
channel, and®HA glycoprotein. (A & B: Mz ion channel; Green: The M2 ion channel, Deep green:
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Amino acid residues of M2 at interaction site, Violet: The peptide, Deep blue: Amino acid
residues of the peptide at interaction site; C & D: HA glycoprotein; Cyan: The coprotein,

Green: Amino acid residues of HA at interaction site, Violet: The peptide, lml Amino
A

acid residues of the peptide at interaction site) (\\’

Figure 5(B): The results of molecular docking betwe@{) ide and the virus NA
glycoprotein. (E & F: Wheat: The NA glycoprotein, Deep pinl?‘mino acid residues of NA at

interaction site, Violet: The peptide, Deep blue: Amino idues of the peptide at interaction

sie) x(')
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