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Abstract
&

Pichia pastoris is a methylotrophic yeast with remarkable characteristics such&)t having

endotoxin, producing high amounts of recombinant protein, performing ‘post-translational
modifications, etc. Influenza A virus, a member of the Orthomyxovzrﬂa‘fem is the cause of
avian influenza. Three avian influenza virus subtypes, HS,Ommwre commercially and
physiologically significant in the poultry industry. So& researakrs considered influenza to be

the next pandemic disease. Nowadays, researchers hav Lntlon to the production of novel
oultry 1

and effective recombinant vaccines, espemaw Q industry. Due to the advantages of

P. pastoris yeast, it can be used as an 1 Wn system for producing subunit vaccines.
Although several studies have been ahis field, there is no comprehensive review of
using P. pastoris to produce rééombi fgﬂuenza vaccines. In this review, different strains,

phenotypes, and advant t\&st are explained, and then the production of recombinant
gs e

influenza vaccines ﬁl ression system is specifically discussed.

Keyw Mia pastoris, recombinant, vaccine, veterinary medicine.
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Introduction

Recombinant proteins are frequently made by yeaw arehnicellular fungi. Pichia pastoris
and Saccharomyces cerevisiae are two WMO\W'[ systems that can be used for this
purpose. The ability of yeast systems Qarryy post-translational modifications such as
acetylation, phosphorylation, gl}’/crs n, iroper protein folding, and the absence of endotoxin
are among its advantages (Taﬁaka et al.,2012; Kuruti et al., 2020; De et al., 2021).

P. pastoris is a me@owk organism known as an ideal organism for expressing
recombinant proteig)n an industrial scale (Alizadeh et al., 2013; Barone ef al., 2023; De et al.,
2021). X&is\ym methanol as its only carbon source. During the oxidation process
insideythe pe isc}me, 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
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have been used to produce recombinant proteins (Mohammadzadeh et al., 2021). It should be
noted that all P. pastoris strains, such as auxotrophic mutants (GS115) and prote' -free strains
(SMD1163, SMD1165, and SMD1168), are derived from the wild strai K\l 1430
(Tanaka et al., 2012). Influenza A virus, a member of the Orthomyxoviri‘a Niythe cause
of avian influenza. Three avian influenza virus subtypes, H5 a.\ﬁH9N2& commercially
and physiologically significant in the poultry industry Qhola etal., 20& Mirzaie et al., 2021;
Mohammadi et al., 2021; Abtin et al., 2022). Some r hers comsidered influenza to be the

next pandemic disease (Morens et al., 2023). A@ tel}between 250,000 and 500,000

individuals die from influenza virus infectx wWie annually (Norouzian et al., 2014;

Perdue and Swayne, 2005; Kim et al., ZOZQ )\

Avian influenza subtype H9N2¢i; t}gst’prevalent influenza virus in poultry worldwide. It

imposes economic loszo&e p&ry industry and has zoonotic potential (Alizadeh et al.,

2009; Mirzaie et (? 0; Zhao et al., 2021; Golgol et al., 2023). Nili and Asasi, (2003)

§ g
demonstrated{(:rtaWes between 20% and 60% on H9N2-infected farms. One possible

ex anehfo ihh mortality rate is co-infection with other respiratory diseases.
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The expression of the recombinant protein and subsequent manufacturing of the vaccine in yeast
are more suitable in terms of timing and scale of production than insect, mammal, or E. coli
expression systems (Athmaram et al., 2011). Genetic engineering technology and veterinary
medicine allow us to create novel and effective recombinant vaccines against various diseases
such as brucellosis, Clostridium, influenza, tuberculosis, etc (Soleimanpour ef al., 2015; Nouri
Gharajalar et al., 2016; Mayahi et al., 2016; Yousefi ef al., 2016; Farsiani ef al., 2016; Shirdast
et al., 2021; Asghari Baghkheirati et al., 2023; Taghizadeh and Dabaghian, 2022). Besides, new
subunit vaccines have been made in medicine against SARS-CoV-2, enterovirus, papillomavirus,
malaria, etc using 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 production in the
healthcare industry (Kuruti et al., 2020; Barone et al., 2023; De S4 Magalhdes and Keshavarz-
Moore, 2021). The objective of this review study is to describe P. pastoris as one of the most
efficient expression systems for developing recombinant vaccines for the poultry industry, with a

particular focus on avian influenza vaccines.
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P. pastoris Phenotypes
[ ¢

Depending on the yeast genotype, the presence or absence of the alcohol oxida &s (40X1

and A0X2), and subsequently the use of methanol, this yeast can be cla'{ed ’into three

phenotype categories (Maleknia et al., 2011; Singh and Narang, 2020)., Although both genes
4

affect the production of enzymes and consumption of meth@e\c@l oxidase 1 promoter

has a greater impact.

1) Mut+ phenotype (X33 and GS115 strains): tQQ Ee natural yeast P. pastoris with

both 40X and AOX2 genes. Compared to tMththenotypes, these strains use methanol
more quickly, consume more oxyge r? more recombinant protein. For these reasons,
most studies have used them vgtk he')type as an industrial strain (Camara et al., 2017;

Singh and Narang, 2020).

2) Muts phenotypm(g s)am) Although the AOX2 gene is present in this group, the AOX]
gene iﬁ . Due to the deletion of 4OXI, these stains cannot use methanol

“‘K

ese strains use methanol slowly, more complex proteins will have time to



acquire their correct conformation before being secreted into the medium (Wollborn ef al.,

¢
2022).

3) Mut- phenotype (MC100-3 and MC101-1 strains): In this group, both @ and!OXZ
promoters have been deleted, so these strains cannot use methanol aw ‘e pra 'ca“y unable to
grow in an environment containing methanol. The main ca\@u&{tilizea by these strains

are glycerol, sorbitol, or mannitol (Singh and Narang, M). \ N

The advantages of using P. pastori \

0

There are several reasons for ug’r% t ea’ as an expression system, as illustrated in Figure 1
and explained here: * \

1) Ease of workin‘: There.isM0 need to have complex culture media or special nutrients for P.
pastort’xe ro%v This yeast can be grown easily by using culture medium containing
xtract,

yex

Y tone, and dextrose (Kuruti et al., 2020).



2) High cell density: Fermentation is an essential process for recombinant protein production,
[ &
and its efficiency is highly dependent on cell density. P. pastoris can reach a high&l{ensity in

an optimized culture medium and produce more recombinant antigens tharﬁ ression

systems (Zhang et al., 2020). \\ 4

3) Eukaryotic expression system: Compared to prokaryoti@’n&%zstoris is a eukaryotic

organism that can produce mammalian and avian pr(%ms mor\mmllar to their original form

(Kuruti et al., 2020).
r)Q X

4) Genomic integration of the desired ge theW gene can be integrated into several
locations of the yeast chromosome. This Qrac:,t)rl plays an important role in the stability of

the gene and increased productlonp ﬂsenza protein (Wu et al., 2023).

5) High efficiency in lcx\\otem production: One of the reasons for the tendency

towards this yeast ﬁ pression level. The recombinant protein produced by this yeast

can include te 0 of the total proteins in the culture medium (Li et al., 2007). The
V one of the most potent eukaryotic promoters, has been used to produce a



variety of recombinant proteins, with documented yields of up to 20-30 g/L (Tanaka et al.,

[ ¢

o

6) Post-translational modifications: One of the most important processes in'protein syhhesis,

2012).

performed after transcription and translation, is glycosylation. The, r‘emlycosylation in
protein folding, protein structural stability, specific signal t@s\ (d secretion processes
has been proven. In comparing P. pastoris and Saccha:&nyces cerevisiae, it should be stated that
the oligosaccharide chains that are attached to proteins and e glycoproteins are more reliable
in Pichia (Li et al., 2007). One of the ad@ag@ usi giP. pastoris yeast is the lack of
mannosyltransferase. This enzyme causes pro@on of a-1,3-mannosyl bonds, which is seen
in S. cerevisiae. These connection: odthose in the mammalian system and may be
recognized and rejected by the ﬁuman L#le system. On the other hand, P. pastoris yeast is a
better option than S. ¢ Czsz ee oducing a recombinant protein because it has a higher

capacity for produeg avy roteins and secretes fewer unwanted internal proteins into the

extracellular {H\WTanaka etal.,2012).

7) Prebiotic "opertles. Several investigations have been accomplished regarding this yeast's

probiotic features. It was demonstrated that X-33 strain can survive in food at an appropriate
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concentration for at least two months. Salmonella, Clostridium, and E. coli are among the most

[ &
important bacterial pathogens in the poultry industry that have caused signiﬁxfconomic

losses (Seyedtaghiya et al., 2021; Daneshmand et al., 2022; Peighambariﬁ, 0%3). P.

pastoris can be used as a probiotic and antibiotic alternative to preve Mmﬁrol these

pathogens. This yeast's administration prevented Salmonella mu«um's growth in the culture

medium and decreased bacterial colonization in the BALB/c e intesting (Franca et al., 2015).
The mice had a higher survival rate in the challenge testswith the acute strain of S. typhimurium
(50% to 80%) than the control group (20% to S(W othsr study, Gaboardi et al. (2019)
found that the administration of P. pastoris¥33 Wn the quail’s diet could increase egg
weight, adjust the immune system, and igrease the level of antibodies against IBV, ND, and
IBD, compared to the control g:o}p. s%nic or wild-type P. pastoris strains can be used as

probiotics in chickens as an*otic ernatives to control necrotic enteritis (Santos et al., 2018;

t
Kulkarni ef al., 2022). c \\
C \J

8) Natural z‘
inherent adjuv

v Wty: It has been demonstrated that the yeast cell wall components have
a tx
need a ant)like aluminum to stimulate the immune system (Stubbs et al., 2001). Therefore,

properties (Franca et al., 2015). In other words, yeast-based vaccines do not
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expressed recombinant proteins and yeast cell wall components will be more immunogenic when

administered (Wasilenko et al., 2010; Asghari Baghkheirati et al., 2023). \

%
‘ N4
- . B '
P. pastoris transformation 0 AN \ g

It has been indicated that multiple copies of the desire} ne inm c pastoris genome result in
elevated gene expression. Therefore, it is important to, choose the best method for efficient
transformation. The most efficient way to tw rUlstorls is to use the settings of 25 pF,
200 Q, and 1500 V for the instrument's pach resistance, and voltage, respectively (Wu
and Letchworth, 2004; Yongklettra ‘J09; Sulfianti et al., 2015; Pratanaphon et al.,
2018). Furthermore, pre-tre g yeast IIs with lithium acetate and dithiothreitol has been

shown to boost transfov\ilency significantly by 150-fold (Wu and Letchworth, 2004).

c\J
\~

\)
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There are two types of expression vectors for P. pastoris, including pPIC9k and pPICZa (A, B,
and C). The only difference between pPIC9 and pPIC9K is the kanamycin resistan' ene, which
gives Pichia resistance to Geneticin®. As the number of integrated copwsﬁ&s Pichia
becomes resistant to higher concentrations of Geneticin®, and the e‘) M:Vﬂ will be
higher. pPICZ A, B, and C are 3.3 kb expression vectors used ss re‘c;)\nant proteins in
Pichia pastoris. This vector's multiple cloning sites in th\ree rwﬁ frame&A, B, and C) make it
easier to clone the desired gene in a frame with the C-terminal peptide containing a polyhistidine

(6xHis) tag and the c-myc epitope. The charactens@ C9k (Invitrogen, Catalog no. V175—

20) and pPICZa vectors (Invitrogen, CatalogXVlw have been shown in Figure 2.

J

P. pastoris usage in the pradzlcQ of avian influenza vaccine candidates

N

The development of 1n€12\ ines primarily focuses on the hemagglutinin (HA) protein, the
main antigenic pro in of%the influenza virus. Therefore, most research investigations have
focuse *‘m@ntopes and their production in various P. pastoris strains. Researchers
hav ploy Ppastoris yeast to produce various recombinant proteins, including influenza
antigens (Sulfianti et al., 2015; Qian et al., 2021). Some scientists delivered these proteins

12



through injections or oral administration to animal models, mainly mice and chickens, and then

[ &
measured the antibody titer. Many investigations have been conducted on the Varkl“spects of

e~t of a
novel vaccine using genetic engineering (Salamatian et al., 2020; ‘V\M al., 2021;

Mohammadi et al., 2021; Sahebnazar et al., 2021).
o \ .

influenza virus transmission, clinical symptoms, virology, serology, and the N

Several studies indicated that subunit influenza Vehmes pr‘bduced using the P. pastoris
expression system can elicit high antibody titers in, mi and chlckens (Taghizadeh and
Dabaghian, 2022; Asghari Baghkheirati e% g instance, Pietrzak et al. (2016)
transformed two hemagglutinin proteins, a eavage region sequence (HSDH) and one
without it (HSDHA), in P. pastoris. @ant antigens were diluted in PBS and injected
subcutaneously in the neck area of Sz&m laying hens twice. It was found that 100 percent
of the chickens injecte * }mad high titers of neutralizing antibodies in the HI assay.
Interestingly, all t tnehl chickens survived the challenge with H5N1, and no clinical
symptoms w ut the control group chickens died on the 4th day after the challenge.

Th\hsho s that using the yeast system in the production of recombinant proteins as a

subunit cc1 can be effective and protect chickens against lethal challenges. In research

13



conducted by Liu et al. (2020) the complete HA gene of the H7N9 subtype (A/Hangzhou/1/2013)
was cloned into the pPICZoA plasmid. Then, the resulting recombinant plasmid' linearized
by the Bgl/lIl restriction enzyme and transformed into P. pastoris using t g}peration
technique. Recombinant H7 protein led to immunostimulation, hig N and 100%
protection of mice following challenge with wild virus. Wasilenko {al. (2010) cloned the HA
gene of the A/Egret/Hong Kong/757.2/02 (H5NI) %&in along With\pha—agglutinin as an
anchor into the pPIC9K plasmid. The resulting recombi lasmid'was transformed into the P.
pastoris GS115 strain. It was found that the reconm CCil& can agglutinate red blood cells
in the HA test, which indicates the correct p‘uctWemagglutinin protein by the yeast. In
addition, the oral administration of thtecciM SPF Leghorn chickens resulted in the
production of neutralizing antibgd'ps@ye‘l et al. (2014) used the HA1 sequence and cloned it
into the pPIC9 vector. The)*ansfﬂed the P. pastoris SMD1168 strain and administered the
obtained recombinant @6\1& 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‘& o\evnyain structural proteins in influenza viruses with protected epitopes, can

stimulate CD‘ 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

14



study of Subathra et al. (2014a) the sequence of MI and HA genes were obtained from the
" ¢
A/Hatay/2004/H5N1 strain, and cloned in the pPICZaC plasmid and transformxlito the P.
pastoris GS115 strain. Based on their results, HA and M1 proteins can be cﬂle tgmake
faster and less expensive vaccines for influenza. In another study, Ebrahini Wl@ used the
@
KMT71H strain and the pPICZoA plasmid to produce the M2 tigﬁ of the subtype. They
demonstrated that the subcutaneous injection of antig&conuce Nyclonal antiserum in

rabbits. %

Moreover, the expressed antigen could also Qse& e commerc1al ELISA kits. Shehata
et al. (2012) prepared an ELISA kit usmg Wtorzs GS115 strain to detect HS influenza

infection. The results showed that Iy has high specificity and sensitivity. Studies

P

related to recombinant 1nﬂuen%a vac s'production, with and without in vivo test, were

illustrated in table 1 anctxt\i\/)-
C \J

g

P.Kth ‘ g}l the production of other recombinant vaccines

15



In addition to influenza vaccines, there are so many studies in which researchers have produced
recombinant antigens. Several studies used P. pastoris to express Mycobacterium Kulosis as

a novel tuberculosis vaccine candidate, and the results of their studies showe%th vaccine

>

could elicit protective immunity in BALB/c mice (Mosavat ef al., 201% IX\et[al., 2016;
&

Ravansalar et al., 2016). o \ -

In the study of Zhang et al. (2015) one of the outer\xembraﬂb\proteins of Proteus mirabilis
called OmpA was expressed in P. pastoris, and a high level ]gotection (80%) was observed in
administered chickens. It has been docume@ that€hickens EVaccinated with the recombinant
reticuloendotheliosis vaccine, produced theWD 168 strain, were completely protected

against challenge with REV (Li et C@l administration of transgenic P. pastoris cells
a hi

containing VP2 protein can cause e’el of protection against infectious bursal disease in
chickens (Taghavian et *Kﬁbst expression systems have been used in different studies
to produce Eimeriﬂt ic2}d avian reoviruses (6C and oB) proteins (Zhang et al., 2014;
Yang et al., ﬁO)\Wmore, this strong expression system has been used for recombinant

pr@f antimicrobial peptides that can be considered as antibiotic alternatives (Neshani et

al., 201 eshni et al.,2019; Ghazvini et al., 2021; Azghandi et al., 2022).
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¢
Discussion \
C\\

Influenza is one of the most crucial diseases that has resulted in unco‘pN&os‘ses to the
poultry industry worldwide (Nili and Asasi, 2003; Golgo@l.éOB)..Bday, inactivated
influenza vaccines are widely used to prevent inﬂu&za diseﬁe in p&ltry. However, these
vaccines have serious limitations, and in the event of a ic, they will not meet the needs of
the poultry industry for vaccines. Due to the adva@n tei;hnology, researchers have been
attracted to the development of recombinantxuerwcines (Athmaram et al., 2011; Barone
et al., 2023). These vaccines, whic ad@tage of developments in biotechnology and
molecular biology, present a ,Vﬁb sub*tute for conventional immunization techniques.
Recombinant DNA technol is utilized to manufacture and deliver particular influenza viral
antigens orally, the@;@iu&xstemic and mucosal immune responses in vaccinated animals
(Wasilenko et _al., 2010). It is worth mentioning that some influenza subtypes, such as HON2,
have bNe de& in a vast geographical area of the Middle East (Nili and Asasi, 2003;
Motamedi Na‘b ét 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
17



changes (Gong ef al., 2021). Potentially, the HON2 influenza subtype is a threat to public health,
[ &
and various researchers have mentioned it as the next global pandemic agev\ﬂerdue and

Swayne, 2005; Morens et al., 2023). Therefore, focusing on producing w eifective
influenza vaccines is so important. \\ 4

P. pastoris yeast has been recognized as a promising host @er‘ir&recombmant proteins,
and recombinant DNA technology has been employe}for developing novel vaccines against
avian influenza. It has been established that P. pastoris'¢an b shfely injected into mice and used

as a safe vaccine-development delivery syste%Be@ Garcia et al., 2022).

P. pastoris is an ideal host for influenza \QineMction that can overcome the drawbacks of
inactive vaccines (Barone et ak ). 'In addition to having characteristics similar to
mammalian cells, P. past ca\e easily manipulated genetically, and this makes the
production of recombm€ kln this yeast system economically viable (Wu et al., 2023). In
addition, this yeast as a hlgh'éblhty to rapidly express proteins as well as their translational and
post- tra\at& Nessmg (Li et al., 2007). These factors have made this yeast a very

g org‘nsm in the production of eukaryotic proteins. Also, it is possible to achieve high

cell density by using a bioreactor. Besides, P. pastoris has a special secretion system, so it

18



secretes a very small amount of its intrinsic proteins into the culture medium, therefore the cost

| @
of protein purification and subsequent processing is reduced. P. pastoris is able to‘disulﬁde

({ cause

hyperglycosylation of glycoproteins because it only adds short 011‘) M ~chains  to

bonds as well as O- and N-linked glycosylation (Kuruti et al., 2020). This yeﬁes

proteins. Recently, a lot of research has been done on this ye e%meer its genome in a way

that makes it more suitable for the production of r combi prote1 at high cell density

(Tanaka et al., 2012; Kuruti et al., 2020; Zhang et al., 2Q
In this review, P. pastoris was 1llustrateQ Qtab expression platform for creating
recombinant antigens for the veterinary cmﬂpoultry industry. Some influenza vaccines

produced by using this yeast system? &matlcally effective, could elicit high antibody

titers, and could protect anlmals'frgm el’ges with wild strains. Considering the benefits of P.

pastoris, it is necessary c t\re studies on developing universal recombinant influenza
S

vaccines using thls(a

™
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H3N2 NA GSI115 pPIC BALB/c First injection: Ribi 50 % Protection (Martinet et
(A/Victoria/3/75 9 mice, adjuvant against gthal al., 1997)
) SC,3 times Booster injections: S. challen
typhimurium
monophosphoryl lipid A. \’
H3N2 HA GS115 pPIC BALB/c (Saelens et al.,
(A/Victoria/3/75 9 mice, protectlon 1999)
) SC,3 times against a lethal
challenge
HINI M2e P. pPIC s adjuvant Significant Muetal.,
(A/NewCaledon pastoris (CFA/IFA) protection 2016)
1a/20/1999) & tlnj against lethal
H3N2 challenge
(A/Wisconsin/6 \ with an HIN1
7/2005) C\ or H3N2 viruses
HSN1 H w pPIC Chicken None Production of  (Wasilenko et
(A/Egret/Hong \ 9K Oral gavage virus al.,2010)
Kong/75 \ neutralizing
antibodies.




H5N1 SMD pPIC BALB/c Monophosphoryl Lipid Eliciting a high  (Kopera et al.,
(A/swan/Poland/ 1168and ZaC mice, A & synthetic Trehalose imm‘e 2014)
305- KM 71 3 times Dicorynomycolate in response
135V08/2006) intradermal Tween® 80 HQ N \
injection. \ '
H5NI1 GS115 pPIC BALB/c Freund’s 20 \ ter of (Lin et al.,
(A/CK/HK/Yu2 9K mice, ad]uva e anti-tHA1 2016)
2/2002) SC, 3 times serum was
} calculated as
o 1280.
H5SNI1 KM 71 pPIC Chic Al um hydroxide Protection from (Pietrzak et
(A/swan/Poland/ ZaC J lethal challenge. al., 2016)
305- t Q
135V08/2006)
HSNI1 W Chicken, Alhydrogel Eliciting a (Stachyra et
(A/swan/Poland/ r  ZaC SC, twice. strong humoral al.,2017)
305- \V response
135V08/ 6 \
H5N1 SMD116 pPIC Chicken, Freund’s adjuvant HI values ofup  (Nguyen ef al.,
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(A/Hatay/2004) 8 9 SC, twice. to 7 log2. 2014)
H5N1 HA P. pPIC Mice, 2% Aluminium A maxintm of (Murugan et
(A/Hatay/2004) pastoris ZaC SC, hydroxide 280 HI titer. al., 2013)
3 times, ‘ J £\ \
H5NI1 HA & GS115 pPIC  Swiss albino 2% Aluminium A titer.o (Subathra et
N\
(A/Hatay/2004) M1 ZaC mice hydroxi ‘ N 4 al.,2014a)
1 \
H5N1 NA GS115 pPIC Mice, 2% minium \ Significant (Subathra et
(A/Hatay/2004) ZaC SC, dro F immune al.,2014b)
3 timx o response against
V tNA. (ELISA).
HINI NA GS115 pPIC L ’ Aluminium hydroxide High antibody (Yang et al.,
(low- 9 ice, titer (1:4,900) 2012)
(A/newCaledoni @ '
glycosy IP, 3 times.
a/20/99) \
lated c \
NA)
e 4
HINI H W pPIC BALB/c aluminium hydroxide Broad (Wang et al.,
(A/Brisbane/5 9\ \ ZoA mice, protection in 2019)
2007) ) \ M, mice.
3 times,
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HIN1 HA KM 71 pPIC BALB/c Alhydrogel HI titres as high  (Kopera et al.,
(A/HIN1/Gdans ZoA mice, (aluminium hydroxide) as 1 : 2048 2019)
k/036/2009) SC,
3 times,
HINI HA GS115 pPIC  Rabbitsand  First injection: Freund’s (Athmaram et
(A/California/04 9K mice, IM, complete t al.,2011)
/2009) twice. (FCA 1:32
Booster: Freund
1A)
H7N9 HA P. pPIC BA Al um hydroxide High antibody (Liuet al.,
(A/Hangzhou/1/ pastoris  ZaA i titer & 2020)
2013) , twice. complete
protection

Ta

Q

2: Using P. pastoris for cloning and expression of influenza antigens.
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Influenza subtype Antigen P. pastoris Vector Methanol Ref.
strains concentraton (V/V) t
HIN1 HA GS115 pPICZa-A 1% (Sulﬁant1 etal.,
(A/Jakarta/271/2011) <\\ ,2015)
H5NI1 HA2 GS115 pPICZa-A % (Pratanaphon et al.,
.1 \ ‘\ 2018)
A/Thailan r
dacse- ()
83)/2004) x V
H5N1 NA (N1 7 piI! !!a—A 2-3% (96 h) (Yongkiettrakul et
(A/Viet Nam/DT- head ‘[ al., 2009)
036/2005) domai ‘ \ ’
H5NI1 N GS115 pPICZaA Not mentioned (Abubakar et al.,
‘ N 2011)
HA2 and NP  P. pastoris pPICZoB 1 % for 96h (Rungrojcharoenkit et




9) al., 2020)

HINI PB1-PB2- KM71 pPicZaA 0.5 % every 24h for ~ (Hwang et al., 2000)

(A/PR/8) PA 96h \
& pPic9

Figure legends
Figure 1. Advantages of using P. pastori %ﬂ expression of influenza antigens

according to the in vitro studies. The tri ¢ he utinin antigen, the most important antigen

in stimulating the immune system, sample.

Figure 2. The features of thaﬂ and pPICZ A, B, and C vectors (Invitrogen).
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