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ABSTRACT

Pichia pastoris is a methylotrophic yeast with remarkable characteristics such as lacking
endotoxin, producing high amounts of recombinant protein, performing post-translational
modifications, and so on. Influenza A virus, a member of the Orthomyxoviridae family, is the
cause of avian influenza. Three avian influenza virus subtypes, HS, H7 and H9, are commercially
and physiologically significant in the poultry industry. Some researchers considered influenza
to be the next pandemic disease. Nowadays, researchers have paid attention to producing novel
and effective recombinant vaccines, especially in the poultry industry. Due to the advantages of
P, pastoris yeast, it can be used as an ideal expression system for producing subunit vaccines.
Although several studies have been conducted in this field, there is no comprehensive review of
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Introduction

ecombinant proteins are frequently made
by yeasts, which are unicellular fungi. Pi-
chia pastoris and Saccharomyces cerevisi-
ae are two well-known yeast systems that
can be used for this purpose. The ability
of yeast systems to carry out post-trans-
lational modifications such as acetylation,
phosphorylation, glycosylation, proper protein folding,
and the absence of endotoxin are among its advantages
(Tanaka et al., 2012; Kuruti et al., 2020; De et al., 2021).

P, pastoris is a methylotrophic organism known as an
ideal organism for expressing recombinant proteins on
an industrial scale (Alizadeh et al., 2013; Barone et al.,
2023; Deetal., 2021). P. pastoris can use methanol as its
only carbon source. During the oxidation process inside
the peroxisome, this yeast utilizes the alcohol oxidase
enzyme to metabolize methanol (Maleknia et al., 2011;
Athmaram et al., 2011; Moridi et al., 2020). Different
strains of this yeast have been used to produce recombi-
nant proteins (Mohammadzadeh et al., 2021). It should
be noted that all P. pastoris strains, such as auxotrophic
mutants (GS115) and protease-free strains (SMD1163,
SMD1165 and SMD1168), are derived from the wild
strain NRRL-Y 11430 (Tanaka et al., 2012). Influenza
A virus, a member of the Orthomyxoviridae family,
is the cause of avian influenza. Three avian influenza
virus subtypes, HS, H7 and HIN2, are commercially
and physiologically significant in the poultry industry
(Gholami et al., 2022; Mirzaie et al., 2021; Moham-
madi et al., 2021; Abtin et al., 2022). Some researchers
considered influenza the next pandemic (Morens et al.,
2023). Approximately between 250000 and 500000 in-
dividuals die from influenza virus infections worldwide
annually (Norouzian et al., 2014; Perdue & Swayne,
2005; Kim et al., 2022).

Avian influenza subtype HON2 is the most prevalent
influenza virus in poultry worldwide. It imposes eco-
nomic losses on the poultry industry and has zoonotic
potential (Alizadeh et al., 2009; Mirzaie et al., 2020;
Zhao et al., 2021; Golgol et al., 2023). Nili and Asasi,
(2003) demonstrated mortality rates between 20% and
60% on H9N2-infected farms. One possible explana-
tion for this high mortality rate is co-infection with
other respiratory diseases.

The expression of the recombinant protein and subse-
quent manufacturing of the vaccine in yeast are more
suitable in terms of timing and scale of production than
insect, mammal, or Escherichia coli expression systems
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(Athmaram et al., 2011). Genetic engineering technol-
ogy and veterinary medicine allow us to create novel and
effective recombinant vaccines against various diseases
such as brucellosis, Clostridium, influenza, tuberculosis,
and so on (Soleimanpour et al., 2015; Nouri Gharajalar
et al., 2016; Mayahi et al., 2016; Yousefi et al., 2016;
Farsiani et al., 2016; Shirdast et al., 2021; Asghari Bagh-
kheirati et al., 2023; Taghizadeh & Dabaghian, 2022).
Besides, new subunit vaccines have been made in medi-
cine against SARS-CoV-2, enterovirus, papillomavirus,
malaria, etc. using the P. pastoris expression system
(Mukhopadhyay et al., 2022; Xu et al., 2023; Noseda et
al., 2023; Kingston et al., 2023; Li et al., 2023). Previous
literature has emphasized the use of this yeast as a safe,
cost-effective and suitable organism for vaccine produc-
tion in the healthcare industry (Kuruti et al., 2020; Bar-
one et al., 2023; De Sa Magalhdes & Keshavarz-Moore,
2021). This review study aims to describe P. pastoris as
one of the most efficient expression systems for develop-
ing recombinant vaccines for the poultry industry, focus-
ing on avian influenza vaccines.

P, pastoris phenotypes

Depending on the yeast genotype, the presence or ab-
sence of the alcohol oxidase genes (40X7 and A40X2),
and the use of methanol, this yeast can be classified into
three phenotype categories (Maleknia et al., 2011; Singh
& Narang, 2020). Although both genes affect the pro-
duction of enzymes and consumption of methanol, the
alcohol oxidase 1 promoter has a greater impact.

1) Mut+phenotype (X33 and GS115 strains): This
group is the natural yeast P. pastoris with AOX1 and
AOX2 genes. Compared to the other two phenotypes,
these strains use methanol more quickly, consume
more oxygen, and express more recombinant protein.
For these reasons, most studies have used them with
this phenotype as an industrial strain (Camara et al.,
2017; Singh & Narang, 2020).

2) Muts phenotype (KM71 strain): Although the 40X2
gene is present in this group, the AOX! gene has been
eliminated. Due to the deletion of AOXI, these stains
cannot be used quickly by methanol. Since these strains
use methanol slowly, more complex proteins will have
time to acquire their correct conformation before being
secreted into the medium (Wollborn et al., 2022).

3) Mut-phenotype (MC100-3 and MCI101-1
strains): In this group, both 40XI and AOX2 pro-
moters have been deleted, so these strains cannot
use methanol and are practically unable to grow in

Asghari Baghkheirati., et al. (2024). P. pastoris in Influenza Vaccine Production. lran J Vet Med, 18(4):465-478.



https://ijvm.ut.ac.ir/

IRANIAN JOURNAL OF VETERINARY MEDICINE

an environment containing methanol. The main car-
bon sources utilized by these strains are glycerol,
sorbitol, or mannitol (Singh & Narang, 2020).

The advantages of using P. pastoris

Several reasons exist for using this yeast as an expres-
sion system (illustrated in Figure 1 and explained here).

1) Ease of working: There is no need to have complex
culture media or special nutrients for P. pastoris yeast
propagation. This yeast can be grown easily using a
culture medium containing yeast extract, peptone and
dextrose (Kuruti et al., 2020).

2) High cell density: Fermentation is an essential pro-
cess for recombinant protein production, and its effi-
ciency is highly dependent on cell density. P. pastoris
can reach a high cell density in an optimized culture
medium and produce more recombinant antigens than
other expression systems (Zhang et al., 2020).

3) Eukaryotic expression system: Compared to pro-
karyotic systems, P. pastoris is a eukaryotic organism
that can produce mammalian and avian proteins more
similar to their original form (Kuruti et al., 2020).

4) Genomic integration of the desired gene: The de-
sired gene can be integrated into several locations of
the yeast chromosome. This characteristic plays an im-
portant role in the stability of the gene and increased
production of the influenza protein (Wu et al., 2023).

5) High efficiency in recombinant protein production:
One of the reasons for the tendency towards this yeast
is its high expression level. The recombinant protein
produced by this yeast can include more than 80%
of the total proteins in the culture medium (Li et al.,
2007). The AOXI promoter, one of the most potent eu-
karyotic promoters, has been used to produce a variety
of recombinant proteins, with documented yields of up
to 2030 g/L (Tanaka et al., 2012).

6) Post-translational modifications: One of the most
important processes in protein synthesis, performed
after transcription and translation, is glycosylation.
The role of glycosylation in protein folding, protein
structural stability, specific signal transmission, and
secretion processes has been proven. In comparing P,
pastoris and S. cerevisiae, it should be stated that the
oligosaccharide chains that are attached to proteins and
make glycoproteins are more reliable in Pichia (Li et
al., 2007). One of the advantages of using P. pastoris
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yeast is the lack of mannosyltransferase. This enzyme
causes the production of a-1, 3-mannosyl bonds, which
is seen in S. cerevisiae. These connections differ from
those in the mammalian system and may be recognized
and rejected by the human immune system. On the
other hand, P. pastoris yeast is a better option than S.
cerevisiae for producing a recombinant protein because
it has a higher capacity for producing heavy proteins
and secretes fewer unwanted internal proteins into the
extracellular environment (Tanaka et al., 2012).

7) Probiotic properties: Several investigations have
been accomplished regarding this yeast’s probiotic
features. It was demonstrated that the X-33 strain can
survive in food at an appropriate concentration for at
least two months. Salmonella spp., Clostridium spp. and
E. coli are among the most important bacterial patho-
gens in the poultry industry that cause significant eco-
nomic losses (Seyedtaghiya et al., 2021; Daneshmand
et al., 2022; Peighambari et al., 2023). P. pastoris can
be a probiotic and antibiotic alternative to prevent and
control these pathogens. This yeast administration pre-
vented Salmonella typhimurium’s growth in the culture
medium and decreased bacterial colonization in the
BALB/c mice intestine (Franca et al., 2015). The mice
had a higher survival rate in the challenge test with the
acute strain of S. typhimurium (50% to 80%) than the
control group (20% to 50%). In another study, Gaboardi
et al. (2019) found that the administration of P, pastoris
X-33 strain in the quail’s diet could increase egg weight,
adjust the immune system, and increase the level of an-
tibodies against infectious bronchitis virus (IBV), New-
castle disease (ND) and infectious bursal disease (IBD),
compared to the control group. Transgenic or wild-type
P pastoris strains can be used as probiotics in chick-
ens as antibiotic alternatives to control necrotic enteritis
(SGil de Los Santos et al., 2018; Kulkarni et al., 2022).

8) Natural adjuvant activity: It has been demonstrated
that the yeast cell wall components have inherent ad-
juvant properties (Franca et al., 2015). In other words,
yeast-based vaccines do not need adjuvants like alu-
minum to stimulate the immune system (Stubbs et al.,
2001). Therefore, when administered, expressed re-
combinant proteins and yeast cell wall components will
be more immunogenic (Wasilenko et al., 2010; Asghari
Baghkheirati et al., 2023).

P, pastoris transformation
It has been indicated that multiple copies of the desired

gene in the P. pastoris genome result in elevated gene
expression. Therefore, it is important to choose the best
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Table 1. Using P. pastoris in the production of influenza subunit vaccines
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P.
Influenza Subtype  Antigen  pastoris Vector In Vivo Test Adjuvant Result Ref.
Strains
1% injection: Ribi
adjuvant
. Booster 50% Protection .
H3N2 BALB/c mice, SN . Martinet et
(A/Victoria/3/75) NA GS115 pPIC9 SC, 3 times |nJec_t|on§. S. against a lethal al, 1997
typhimurium challenge
monophosphoryl
lipid A.
1t injection: Ribi
adjuvant; booster Complete protec-
H3N2 HA Gs115 PICO BALB/c mice, injections: Mono- tio'; = airr)15t = Saelens et al.,
(A/Victoria/3/75) P SC,3 times phosphoryl lipid lethal i I 1999
A and muramyl Al ] G
dipeptide
(A /Nz\/}/gsle do- Significant protec-
) . s tion against lethal
nia/20/1999) & M2e P. pastoris PICZal BALB/c mice, Freund’s adjuvant challenge with an Mu et al.,,
H3N2 -P p IP, 3 times (CFA/IFA) 1 1g 3 2016
(A/Wiscon- HIN L or H3N
sin/67/2005) viruses
H5N1 . Production of .
(A/Egret/Hong HA GS115 pPICOK O;T'c:\?: o None virus-neutralizing ng";gli%et
Kong/757) gavag antibodies. v
. Monophosphoryl
HSN1 SMD BALB/.C mice, lipid a & synthetic Eliciting a high
(A/swan/ 3 times L Kopera et al.,
HA 1168 and  pPICZaC . Trehalose Dico immune response
Poland/305- KM 71 intradermal nomycolate in (512 Hl titer) 2014
135V08/2006) injection rynomyco
Tween® 80
H5N1 The Hl titer of the
(A/CK/HK/ HAL GS115  ppicok  PBALB/cmice, Frf“”d Sincom- antiTHAL SeUM  1in etal., 2016
Yu22/2002) SC, 3 times plete adjuvant was calculated as
1280.
H5N1
(A/swan/ Chicken, SC, Aluminum hy- Protection from  Pietrzak et al.,
Poland/305- HA kM 71 pPICZaC twice droxide lethal challenge. 2016
135V08/2006)
H5N1 Eliciting a
(A/swan/ Chicken, Stachyra et al.,
Poland/305- HA KM 71 pPICZaC SC, twice. Alhydrogel strc:zf l;unTeoraI 2017
135V08/2006) P
H5N1 Chicken, SC, o Hlvaluesof upto  Nguyenetal.,,
(A/Hatay/2004) HA SMD1168 pPICY twice Freund’s adjuvant 7l0g2 2014
H5N1 HA P pastoris PICZaC Néiée’ 2% aluminum A maximum of Murugan et
(A/Hatay/2004) -P P 3 times hydroxide 280 Hl titer al., 2013
H5N1 Swiss albino 2% aluminum . . Subathra et
(A/Hatay/2004) HA & M1 GS115 pPICZaC mice hydroxide HA titer of 1:32 al, 2014a
Mice Significant im-
H5N1 ¢ 2% aluminum mune response Subathra et
(A/Hatay/2004) hia Sl A 3 tsifr’\es hydroxide against rNA. al., 2014b
(ELISA).
HIN1 NA
) (low-gly- BALB/c mice, Aluminum hy- High antibody Yang et al.,
(A/pewCaIedo cosylated GS115 pPICO IP, 3 times droxide titer (1:4,900) 2012
nia/20/99) NA)
HIN1 BALB/c mice, . .
(A/Bris- HA KM71H  pPICZoA M, A'“(r;“rg‘x‘;g; hy- Bmai‘i F;;ci)ctzctlon Warz‘gf; el
bane/59/2007) 3 times :
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P.
Influenza Subtype  Antigen  pastoris Vector In Vivo Test Adjuvant Result Ref.
Strains
HIN1 BALB/c mice, Alhydrogel . .
(A/HIN1/Gdan- HA KM71  pPICZaA sC, (aluminum HI ;‘:rf,sza&g'gh KOP‘ZBal‘;t al,
sk/036/2009) 3 times hydroxide) :
1%t injection:
Freund’s com-
HIN1 Rabbits and plete adjuvant .
(A/Califor- HA GS115  pPICOK mice, IM, (FCA). hHEE '1"_'3"2”"'“ o Atglmazrgﬂ et
nia/04/2009) twice Booster: Freund’s ’ v
incomplete
adjuvant (FIA)
H7N9 . . . High antibody
(A/Hang- HA P. pastoris  pPICZoA BALB/c mice, Alumlngm hy titer & complete  Liu et al., 2020
IM, twice droxide .
zhou/1/2013) protection

method for efficient transformation. The most efficient express recombinant proteins in P. pastoris. This vec-

way to transform P, pastoris is to use the settings of 25 tor’s multiple cloning sites in three reading frames (A,
uF, 200 Q, and 1500 V for the instrument’s capacitance, B and C) make it easier to clone the desired gene in a
resistance, and voltage, respectively (Wu & Letchworth, frame with the C-terminal peptide containing a polyhi-

2004; Yongkiettrakul et al., 2009; Sulfianti et al., 2015; stidine (6xHis) tag and the c-myc epitope. The charac-
Pratanaphon et al., 2018). Furthermore, pretreating yeast teristics of pPIC9k (Invitrogen, Catalog No. V175-20)
cells with lithium acetate and dithiothreitol has been and pPICZa vectors (Invitrogen, Catalog No. V190-20)
shown to boost transformation efficiency significantly are shown in Figure 2.
150-fold (Wu & Letchworth, 2004).

P, pastoris usage in the production of avian
P pastoris vectors influenza vaccine candidates

There are two expression vectors for P. pastoris, in- The development of influenza vaccines primarily fo-
cluding pPIC% and pPICZa (A, B and C). The only cuses on the hemagglutinin (HA) protein, the main an-
difference between pPIC9 and pPIC9K is the kanamy- tigenic protein of the influenza virus. Therefore, most

cin resistance gene, which gives Pichia resistance 0 research investigations have focused on selecting HA
Geneticin®. As the number of integrated copies increas- epitopes and their production in various P. pastoris
es, Pichia becomes resistant to higher concentrations strains. Researchers have employed P. pastoris yeast to
of Geneticin® and the expression level will be higher. produce various recombinant proteins, including influ-

pPICZ A, B and C are 3.3-kb expression vectors that  enza antigens (Sulfianti et al., 2015; Qian et al., 2021).

Table 2. Using P. pastoris for cloning and expression of influenza antigens

. P. pastoris Methanol Con-
Influenza Subtype Antigen Strains Vector centration (V/V) Ref.
HINI HA GS115 pPICZa-A 1% Sulfianti et al., 2015
(A/)akarta/271/2011) .
H5N1
A/ HA2 GS115 pPICZa-A 1% every 12 h Pratanaphon et al., 2018
Thailand/3(SP-83)/2004)
(AViet Na:;ng_ 036/2005) N’;((J'\r'nla?ne)ad KM71 pPICZa-A 2-3% (96 h) Yongkiettrakul et al., 2009
H5N1
(A/chicken/5858/Malay- NS1 GS115 pPICZaA Not mentioned Abubakar et al., 2011
sian 2004)
HIN1 . o Rungrojcharoenkit et al.,
(A/California/07/2009) HA2 and NP P. pastoris pPICZaB 1% for 96 h 2020
HIN1 _SR6L pPicZaA 0.5% every 24 h
(A/PR/8) PB1-PB2-PA KM71 & pPic for 96 h Hwang et al., 2000
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Figure 1. Advantages of using P. pastoris in recombinant expression of influenza antigens according to the in vitro studies

Notes: The trimeric hemagglutinin antigen, the most important antigen in stimulating the immune system, was shown as a sample.

Some scientists delivered these proteins through injec-
tions or oral administration to animal models, mainly
mice and chickens and then measured the antibody ti-
ter. Many investigations have been conducted on the
various aspects of influenza virus transmission, clinical
symptoms, virology, serology, and the development of a
novel vaccine using genetic engineering (Salamatian et
al., 2020; Mirzaie et al., 2021; Mohammadi et al., 2021;
Sahebnazar et al., 2021).

Several studies indicated that subunit influenza vaccines
produced using the P. pastoris expression system can elicit
high antibody titers in mice and chickens (Taghizadeh &
Dabaghian, 2022; Asghari Baghkheirati et al., 2023). For
instance, Pietrzak et al. (2016) transformed two hemag-
glutinin proteins, one with a cleavage region sequence
(HSDH) and one without it (HSDHA), in P. pastoris. The
recombinant antigens were diluted in PBS and injected

subcutaneously in the neck area of SPF Leghorn laying
hens twice. It was found that 100% of the chickens injected
with HSDHA had high titers of neutralizing antibodies in
the HI assay. Interestingly, all vaccinated chickens survived
the challenge with H5N1, and no clinical symptoms were
observed, but the control group chickens died on the fourth
day after the challenge. This study shows that using the
yeast system to produce recombinant proteins as a subunit
vaccine can effectively protect chickens against lethal chal-
lenges. In research conducted by Liu et al. (2020), the com-
plete HA gene of the H7N9 subtype (A/Hangzhou/1/2013)
was cloned into the pPICZoA plasmid. Then, the resulting
recombinant plasmid was linearized by the BglII restriction
enzyme and transformed into P. pastoris using the electro-
poration technique. Recombinant H7 protein led to immu-
nostimulation, high HI titer and 100% protection of mice
following challenge with wild virus. Wasilenko et al. (2010)
cloned the HA gene of the A/Egret/Hong Kong/757.2/02

Asghari Baghkheirati., et al. (2024). P. pastoris in Influenza Vaccine Production. lran J Vet Med, 18(4):465-478.
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Figure 2. The features of the pPICIK and pPICZ A, B and C vectors (invitrogen)

(H5N1) strain along with alpha-agglutinin as an anchor
into the pPIC9K plasmid. The resulting recombinant plas-
mid was transformed into the P. pastoris GS115 strain. It
was found that the recombinant vaccine can agglutinate red
blood cells in the HA test, which indicates the yeast’s cor-
rect production of HA protein. In addition, the oral admin-
istration of the vaccine to SPF Leghorn chickens resulted
in the production of neutralizing antibodies. Nguyen et al.
(2014) used the HA1 sequence and cloned it into the pPIC9
vector. They transformed the P. pastoris SMD1168 strain
and administered the obtained recombinant antigens into
BALB/c mice and chickens. The vaccine produced a high
antibody titer in the HI test (6.7 and 7 titers in mice and
chickens, respectively). According to reports, M1, one of
the main structural proteins in influenza viruses with pro-
tected epitopes, can stimulate CD8+ lymphocyte cells and
protect chickens against influenza infection and mortality.
It is possible to produce multiple subunit antigens using
the yeast expression system. During the study of Subathra
et al. (2014a), the sequence of M1 and HA genes was ob-
tained from the A/Hatay/2004/H5N1 strain and cloned in
the pPICZoC plasmid and transformed into the P. pastoris
GS115 strain. Based on their results, HA and M1 proteins
can be combined to make faster and less expensive vac-
cines for influenza. In another study, Ebrahimi et al. (2010)
used the KM71H strain and the pPICZaA plasmid to pro-
duce the M2e antigen of the H9 subtype. They demonstrat-
ed that the subcutaneous injection of antigen could produce
polyclonal antiserum in rabbits.

Moreover, the expressed antigen could also be used to
produce commercial ELISA kits. Shehata et al. (2012)
prepared an ELISA kit using the P, pastoris GS115 strain
to detect HS influenza infection. The results showed that

rHA1-ELISA has high specificity and sensitivity. Stud-
ies related to recombinant influenza vaccine production,
with and without in vivo tests, were illustrated in Tables
1 and 2, respectively.

P, pastoris usage in the production of other
recombinant vaccines

In addition to influenza vaccines, there are so many
studies in which researchers have produced recombinant
antigens. Several studies used P. pastoris to express My-
cobacterium tuberculosis as a novel tuberculosis vaccine
candidate and the results of their studies showed that this
vaccine could elicit protective immunity in BALB/c
mice (Mosavat et al., 2016; Kebriaei et al., 2016; Rav-
ansalar et al., 2016).

In the study of Zhang et al. (2015), one of the outer mem-
brane proteins of Proteus mirabilis called OmpA was ex-
pressed in P. pastoris and a high level of protection (80%)
was observed in administered chickens. It has been docu-
mented that chickens vaccinated with the recombinant retic-
uloendotheliosis vaccine, produced by the SMD1168 strain,
were completely protected against challenge with REV (Li et
al., 2012). Oral administration of transgenic P. pastoris cells
containing VP2 protein can cause a high level of protection
against IBD in chickens (Taghavian et al., 2013). Yeast ex-
pression systems have been used in different studies to pro-
duce Eimeria (EtMic2) and avian reoviruses (6C and oB)
proteins (Zhang et al., 2014; Yang et al., 2010). Furthermore,
this strong expression system has been used for recombinant
production of antimicrobial peptides that can be considered
as antibiotic alternatives (Neshani et al., 2018; Neshani et al.,
2019; Ghazvini et al., 2021; Azghandi et al., 2022).
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Discussion

Influenza is one of the most crucial diseases that has
resulted in uncompensated losses to the poultry indus-
try worldwide (Nili & Asasi, 2003; Golgol et al., 2023).
Today, inactivated influenza vaccines are widely used
to prevent influenza disease in poultry. However, these
vaccines have serious limitations, and in the event of a
pandemic, they will not meet the needs of the poultry
industry for vaccines. Due to the advancement of tech-
nology, researchers have been attracted to the develop-
ment of recombinant influenza vaccines (Athmaram et
al., 2011; Barone et al., 2023). These vaccines, which
utilize biotechnology and molecular biology develop-
ments, present a viable substitute for conventional im-
munization techniques. Recombinant DNA technology
is utilized to manufacture and deliver particular influ-
enza viral antigens orally, thereby inducing systemic
and mucosal immune responses in vaccinated animals
(Wasilenko et al., 2010). It is worth mentioning that
some influenza subtypes, such as HON2, have become
endemic in a vast geographical area of the Middle East
(Nili & Asasi, 2003; Motamedi Nasab et al., 2023). It
has been indicated that influenza viruses can evolve
through point mutations and genetic reassortment,
which can result in pathogenicity and host preference
changes (Gong et al., 2021). Potentially, the HON2 in-
fluenza subtype threatens public health and various re-
searchers have mentioned it as the next global pandemic
agent (Perdue & Swayne, 2005; Morens et al., 2023).
Therefore, focusing on producing new and effective in-
fluenza vaccines is so important.

P. pastoris yeast has been recognized as a promising
host for generating recombinant proteins and recombi-
nant DNA technology has been employed to develop
novel vaccines against avian influenza. It has been es-
tablished that P. pastoris can be safely injected into mice
and used as a safe vaccine-development delivery system
(Becerril-Garcia et al., 2022).

P pastoris is an ideal host for influenza vaccine produc-
tion that can overcome the drawbacks of inactive vaccines
(Barone et al., 2023). In addition to having characteristics
similar to mammalian cells, P. pastoris can be easily ma-
nipulated genetically, making the production of recom-
binant proteins in this yeast system economically viable
(Wu et al., 2023). In addition, this yeast can rapidly ex-
press proteins and their translational and post-translational
processing (Li et al., 2007). These factors have made this
yeast a promising organism in producing eukaryotic pro-
teins. Also, it is possible to achieve high cell density by
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using a bioreactor. Besides, P. pastoris has a special secre-
tion system, so it secretes a very small amount of its intrin-
sic proteins into the culture medium; therefore, the cost of
protein purification and subsequent processing is reduced.
P, pastoris can form disulfide bonds and O- and N-linked
glycosylation (Kuruti et al., 2020). This yeast does not
cause hyperglycosylation of glycoproteins because it only
adds short oligosaccharide chains to proteins. Recently, a
lot of research has been done on this yeast to engineer its
genome in a way that makes it more suitable for the pro-
duction of recombinant proteins at high cell density (Tana-
ka et al., 2012; Kuruti et al., 2020; Zhang et al., 2020).

In this review, P. pastoris was illustrated as a suitable
expression platform for creating recombinant antigens
for the veterinary medicine and poultry industry. Some
influenza vaccines produced by using this yeast system
have been dramatically effective, could elicit high anti-
body titers and could protect animals from challenges
with wild strains. Considering the benefits of P. pastoris,
it is necessary to conduct more studies on developing uni-
versal recombinant influenza vaccines using this yeast.
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