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Abstract ‘ N\
Background: The H9]‘€ &Vlrus is one of the most important subtypes of influenza that
has caused irreparaﬁ damage/to the poultry industry, and many efforts are underway to develop

its recombin

a Va
* f this study was to evaluate the effectiveness of H9-RBD-Pichia, a novel

inant subunit vaccine, in stimulating the immune system and producing hemagglutinin-
inhibiting antibodies in mice.
Methods: 24 female BALB/c mice were purchased and randomly divided into six groups. Group

1: Oral administration of lysed yeast twice. Group 2: One injection of lysed yeast. Group 3: Two
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injections of lysed yeast. Group 4: One injection of pure recombinant protein. Group 5: Two
injections of pure recombinant protein, and Group 6: Negative control. Prime and booster
immunizations were performed on days 14 and 28, respectively. Sera samples wgre collected on
day 42. Hemagglutination Assay (HA) and Hemagglutination Inhibition (HIKays were
performed on antigen and sera samples, respectively.

yeasts, respectively, which shows the functionality of the expressed recombinant

Results: HA titers of 1:4, 1:4, and 1:32 were seen in the positive control, ‘;\Dd beild treated
protein. By performing the HI assay, it was observed t vaecine could stimulate the
immune system and produce anti-hemagglutinin antllqhes in‘mice. T}&nghest antibody titer
n days I‘and 28.

e‘l based on genetic engineering

(1:512) was observed when yeast lysate was injected twi

Conclusions: The H9-RBD-Pichia vaccine has been

technology and could produce high titers of hemagglu 1biting antibodies in mice.

N
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Introduction fc \

The most common SW of low-pathogenicity avian influenza (LPAIV) in poultry is HON2. In
the 196Nhe st 1selation of the HON2 virus was conducted from turkeys in the United States
of rica (Igbal“et al., 2013). This subtype has been recognized in a number of mammalian
species. ans, swine, dogs, weasels, and mink are just a few examples in which the HON2

viruses have been identified. In most cases, the HIN2 virus or its antibodies have been detected



during regular surveillance in healthy mammals, but in certain cases, they have been linked to
clinical illness (Song and Qin, 2020).

HON?2 viruses have raised concerns about zoonotic infection; hence, numerous @himal models,
especially mice, have been employed to assess their propensity to infect huma&usch and
Suarez, 2018). In Iran, HON2 avian influenza virus serological evidence has Wu d‘among

etal., 2016). p
Nili and Asasi, (2003) showed that the mortality rates on fected farms typically ranged
from 20% to 60% in Iran. Although the isolate in tl‘Kcurrent HON?2 A&ou‘[break in Iran was

poultry workers, veterinarians, and occupations associated with poultry (]ia*O 1 }); Heidari

classified as having low pathogenicity (LP), mortality in the field ongeveral farms reached 65%.
Such a significant fatality rate could be attributed to coinfec 'ogwith other respiratory diseases.
Clinical symptoms included anorexia, decreasemer nsumption, depression, sneezing,
coughing, dyspnea, and body weight loss in‘both M experimental investigations. In field
cases, sinus swelling and ocular-nasal discharge \Nrequent (Nili and Asasi, 2003).

The major antigen in the activation 0 c&’e immune response against the influenza virus
is Hemagglutinin (HA), makingcit’a g Yaccine target. In addition to mediating the fusion of
the viral envelope with th ndos‘al membrane, HA is expressed on the viral surface as
trimeric glycoproteins ebﬁ\sialic acid on target cells to facilitate host cell entrance (Wu
and Wilson, 2020)4™

One of the primary Wes‘;or the health of humans and animals is immune protection against
infectio di{es pez and Legge, 2020; Mascola and Fauci, 2020). It has been shown that
immunizatiomagainst influenza can diminish viral shedding and tissue spread in challenged birds
(Abdi ji eial., 2021). Today, in addition to the scientific literature, aspects of certain
immunization tactics and vaccine-induced immune responses are extensively investigated and

widely debated in the media. It is typically difficult to rapidly include the entire infectious agent
3



in a safe and protective vaccine formulation, whether in inactivated or attenuated versions,
especially in cases of influenza pandemics. This is also supported by the biological risks that are
inevitably present when pathogens are chemically inactivated on a large scale or when attenuated
strains have the potential to revert to their virulence (Delrue et al., 2012; Lee et al.w.

e‘ntional

vaccine strategies because they are safe and there is no need for large qid tlee%gs or live

Nowadays, recombinant subunit vaccines are being considered an alternativﬁ:o
viruses. In addition, the production of these vaccines is economicaland can'be done swiftly
during a pandemic (Athmaram et al., 2011; Lei et al., Ghadimipeur et al., 2014).
Additionally, tampering with subunit vaccinations mi%elimmate the n& for biosafety level 3
laboratories and high-biosafety facilities. A >

There are several types of systems for the production of r ccgnbinant vaccines. As shown in
Figure 1, one of the most interesting systems tha%b widely used by researchers is the
production of new recombinant subunit vacc bM an expression host system. The most
prevalent cell factories utilized fi recMant protein production with  appealing
characteristics include Escherichia fe y‘st species, insect cells, mammalian cells, and
plant cells (Wang et al., 2019). @ h‘eCch’ls have been extensively used for the production of
different proteins of animal origin (Karbalaei et al., 2020). It should be mentioned that
there are differences a'g kand the process of producing a recombinant vaccine depends
on the type of host/path en&

P. pastoris ibec ea 1gh1y successful expression system, due to its increasing popularity,

d laboratory technique.

which

N@on ighy yield expression of heterologous proteins and the capability of performing
eukaryotie,pos translational modifications (Balamurugan et al., 2010). The P. pastoris system is

attributed to several factors such as high growth rate, the ease of genetic

much easier to perform and cheaper in cost compared with bacterial expression systems (Liu et
al., 2013). P. pastoris usually produces higher yield of recombinant proteins and is less
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demanding in terms of time and effort relative to complex eukaryotic systems (Maccani et al.,
2014).

The H9-RBD-Pichia is a novel recombinant subunit vaccine that has been produc€d based on the
surface display of the receptor binding site (RBD) of the hemagglutinin anti‘n Pichia
pastoris yeast using genetic engineering technology. The aim of this study v&ﬁe

effectiveness of this vaccine in stimulating the immune system and prf@maﬁglutinin-

% hkne the

inhibiting antibodies in mice. @

: \
Material and methods @ % \
Preparation of the recombinant vaccine >

The new H9 subunit vaccine produced in our labor s used for the immunization of mice.

Transgenic P. pastoris cells, containing t 9§ gene were cultured, precipitated, and
disrupted using the glass bead lysis methed asydes d previously (Zhang et al., 2020). In
addition, the purification of pure H9-RB nti%&as performed using the HisPur™ Ni-NTA

Resin (Thermo Scientific, Catalog : 882

@
Culture condition ‘ \

Specific media for the @ur\t\chia pastoris and the expression of the recombinant antigen,
including yeast ext@t peptenie dextrose (YPD), buffered complex glycerol medium (BMGY),

and bufferthmeplex medium (BMMY), were prepared according to the pichia

ex@dt nuali(Thermo Fisher Scientific, Catalog Number: K171001).

) according to the manufacturer's instructions.

Mice immunization



Six to eight-week-old healthy female BALB/c mice were purchased from the Mashhad
University of Medical Sciences and randomly divided into six groups, with four mice in each
group. &

e Group 1: Oral administration of lysed yeast twice. \

e Group 2: One subcutaneous injection of lysed yeast.

e Group 3: Two subcutaneous injections of lysed yeast. \\ )

e Group 4: One subcutaneous injection of pure recombinant profein:

e Group 5: Two subcutaneous injections of pure recon@ p%te'{

e Group 6: Negative control (administration of uﬁansformgd yeast)

The animals were housed in a controlled environment ndard réom temperature with a 12-
hour day/night cycle of light and received a com ially formulated diet and water ad libitum
until the end of the experiment.

P. pastoris cells expressing the H9-RB eg untrwrmed yeast cells, as negative control,
were bead-treated, diluted in 200 pl of 1le oxin-free PBS (1 x 10° CFU/mouse), and
injected subcutaneously in each Q ck region. The purified recombinant protein
(100pg/ mouse) was also in ec'ced wi tgdjuvant In another group, P. pastoris cells were
precipitated after expressio Wa\i twice with PBS, resuspended in PBS, and orally
administered using a stainles e&mouse gavage needle. Prime and booster immunizations were

performed on daysﬁ andi284 respectively. Sera samples were collected on day 42. In order to

determine the(pote erse effects of the vaccine, water consumption, food intake, and mice
weight 1n all groups until the end of the experiment. It should be mentioned that
the vivo (experiment was performed according to the Animal Research Reporting in

Vivo Experiments (ARRIVE) guidelines.

Hemagglutination Assay



The recombinant protein expressing P. pastoris (OD600 of 10) was washed twice with PBS and
used as antigens in an HA assay, along with bead-treated yeast cells, to assess the ability of the
expressed recombinant protein to hemagglutinate chicken RBCs. A two-fold sefial dilution of
antigens was made using PBS in a microtitre plate, followed by the addition OKMI of 1%

chicken RBCs and incubation at room temperature for 30 minutes (Sano and Ogawa, 2014)\

Hemagglutination inhibition (HI) assay \ 4

After heat inactivation at 56°C for 30 min, sera samples e serlally d11u d twofold and
incubated with four HA units of commercially availab an 1& (Pasouﬂu Pasouk,
Mahdasht, Iran) in a 96-well U-bottom microtiter pl&e for 3M1nutes at room temperature.
Then, 25 pL of 1% PBS-washed chicken erythrocytes ded togach well and incubated for
30 minutes. The HI titer was determined as the i seruhi dilution that could inhibit the

\J

hemagglutination reaction (Sano and Ogawa, 2014).
‘

Statistical analysis Q '

The data were statistically the one-way analysis of variance (ANOVA) followed by
tukey test for post hocfr&n@s using the SPSS software version 22 (SPSS Inc, Chicago,
Ilinois, USA). P-Vre 05 was considered significant for all tests.

AN

Growth parameter:



There was no significant difference between the control and immunized groups in terms of food
intake or the mice’s weight (P> 0.05). In addition, no mortality was observed in the control or

immunized groups. &

Hemagglutination Assay \

HA assay was carried out to indirectly ensure the functionality of the e@ed HO-RBD
recombinant protein. A functional antigen prevents chicken erythrogyte \ séttling by
agglutination. Therefore, the settling of RBCs at the bottom the’well indicates the lack of
hemagglutinin activity in the sample. Settling patterns werérved iwega'tive control wells
containing PBS or untransformed P. pastoris. HA titéts, of 1:4 , 1i4, and 1:32 were seen in the
positive control, intact, and bead-treated yeasts, respe . The ﬁA titer in the bead-treated
yeast was higher than in intact yeast cells. It is plaq t some of the recombinant protein is

ca;

retained in the cell or periplasmic space an% fter cell lysis (Buckholz and Gleeson,

1991; Ferrara et al., 20006). Q
£ Y

Hemagglutination inhibitio (HI) assa
In this experiment, it w. hat injection and oral administration of the recombinant vaccine
candidate produced i1 vés 5 could stimulate the immune system and produce anti-
hemagglutinin antibodies in#mice. The highest antibody titer (1:512) was observed when yeast
lysate was injecte Mn days 14 and 28. Administering the booster vaccine increased the
anti thnhntly compared to the groups that received just one dose of the vaccine (P<
0.05).“Fhe ant‘ody titer in injection groups was significantly higher than in oral vaccine groups.

No hemagglutination-inhibiting activity was observed in the control serum.



Discussion

P. pastoris is a safe organism whose genome has been completely sequenced and widely used for
the expression of endogenous, secreted membrane proteins and the production& recombinant
subunit vaccines (Juturu and Wu, 2018). For instance, Wasilenko et al. (2010) eXpﬁfd the HA
protein from the influenza HSN1 subtype in the P. pastoris GS115 strain and@te that oral
administration of the transformed yeast resulted in the production of n nxwmt}bodles in
white leghorn chickens. In another study, Pietrzak et al. (2016) tfan for med a recombinant
pPICZaC vector containing HSN1 hemagglutinin into the P¢pastoris 71 strain. Their study
showed that the recombinant protein produced in the yeast expresswn system could be used as an
effective vaccine and protect layer chickens from the 1 challengt Furthermore, a published
paper by De Sa Magalhaes and Keshavarz- Moor )s Wed that P. pastoris is a strong
system and cost-effective tool for the prod@n of ombiant vaccines in low- and middle-

income countries.

As mentioned before, surface-displ &10 has been used in the production of the H9-
RBD-Pichia vaccine. Therefore,‘the ep";opes of influenza HA antigen have been placed on
the external surface of Pichiapastoris yeast, and the resultant vaccine can be administered orally
or injected subcutaneou q

In this study, the twstic\a}s were treated with glass beads. Although some researchers

have used the sonication cell'lysis method for the disruption of yeast cells, the lysis of P. pastoris

cells wi k ads was a more effective method in this study, which is in agreement
han et a ( 0) who showed that bead lysis is a more productive method in comparison
to soni hlgh -pressure homogenization approaches.

Adjuvants are chemical or biological substances that boost the immune system. According to a

study performed by Radmehri et al. (2021), a combination of the ISA70VG adjuvant and nano-
9



selenium could be used to enhance the immunological response of chickens to the bivalent
ND+AI vaccine. Analysis of serological tests revealed that the antibody titer in mice injected
with bead-treated transgenic yeast is higher than in mice injected with pure anti@ens. This may
be caused by the natural adjuvant activity of P. pastoris cell wall componentxhas been
previously demonstrated that the administration of recombinant protein acco@e b‘ yeast
cell wall components is more immunogenic than administering pure protgi R'*‘-Hel”nandez et

al., 1994; Stubbs et al., 2001). @

A . 4
High antibody titers were seen in the groups that receivec@ooste‘accine, and this is in

agreement with previous studies. Lei et al. (2020) used'surface display technology to produce an
oral vaccine against H7N9 influenza. Saccharomyces isiae yegst expressing recombinant
HA antigen was administered orally to BALB/c mi Qs band 14. A single administration
of the vaccine led to the production of loy\%tectable antibodies. But a significant

increase in the level of antibodies was obsgftd er booster immunization.
t

At the end, it should be pointed out ug’vaccination of susceptible species, particularly
poultry, is an effective approach %or ian/influenza control, it should not be considered as a
single strategy and a comt*tion‘different measures, including biosecurity, management,
diagnosis of influenza iﬁt s&ctive and passive surveillance, and reducing the susceptibility
of the host, must be"us (SX

careers shoul receiwoper education since teaching is one of the most important factors in

yne, 2012). Besides, veterinarians, farmers, and poultry-related

Al cont 'ous\)ects of this recombinant vaccine and its protective effects in chickens will

be 1 stigate‘in our next study.
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Figure legends 0 :

Fig. 1. The general process of recombinant Wuctlon using the expression system. The main
antigen of a pathogen that stimulates t e s tem and results in the production of neutralizing
antibodies should be detected and 1 tid sequence determined. After that, the sequence of this
specific gene must be codon o im 1zed a ned into an expression vector through biotechnological

methods such as restriction en e digestion and ligation processes. The recombinant plasmid can be
transformed into an expression hest system. After transcription and translation processes that occur inside
the transformed cells, the recom} ant antigen can be secreted into the culture medium or attached to the

cell surface. Inthe caWchment on the surface, the whole cell might be used as a source of antigen,

either w\n oNadjuvant.

) N
Fig. 2. eMHA experiment, the results showed that bead-treated yeasts (B) with 1:16 titer, intact
transgenic yeast (C) with 1:4 titer, chimerical HA antigen (D) with 1:4 titer, have considerable

hemagglutinin activity in chicken red blood cells. Negative control (A). Hemagglutinin activity in group
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C indicated surface-display partial H9 antigen in transgenic yeast. In the HI experiment, the highest
antibody titer was observed when yeast lysate was injected twice. Numbers 1-6 are representatives of
groups 1-6, respectively. 7: Positive control 8: The second positive control (chicken se with a titer of

1:128)
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