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Abstract The hemagglutinin (HA) gene of novel Swine
Origin Influenza A/California/04/2009 (HIN1) was engi-
neered for expression in Pichia pastoris as a soluble
secreted protein. The full length HA-synthetic gene having
o secretory tag under the control of AOX1 promoter was
integrated into P. pastoris genome through homologous
recombination. The resultant Pichia clones having single
and multiple copy integrants of the expression cassettes
were screened for the expression of full length HA protein
in the culture supernatant. In order to completely exploit
the expression potential of the P. pastoris expression sys-
tem, a systematic investigation on the influence of gene
copy number on the expression of the recombinant protein
was made. A panel of Pichia clones carrying increasing
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copies of the heterologous gene was selected based on
Geneticin resistance and SYBR green-based quantitative
real-time PCR approach. Using these strategies, recombi-
nant Pichia transformants carrying up to a maximum of
four to six copies of the transgene were identified. After
optimising the expression conditions for shaker flask cul-
ture, the resultant clones demonstrated that the increase in
copy number results in a proportional elevation in the
expression level of HINIHA recombinant protein. Our
findings clearly suggest that the gene dosage effect play a
vital role in high level expression of the pandemic Influ-
enza HA protein in yeast system.

Keywords Pichia pastoris - Yeast -
Copy number, swine origin influenza A virus - HIN1 -
Hemagglutinin - Gene dosage effect

Introduction

Pichia pastoris is methylotrophic yeast that is widely used as
a heterologous expression system. This microorganism is as
easy to manipulate as Escherichia coli, but has many
advantages of eukaryotic expression (e.g., protein process-
ing, folding and post-translational modifications) and it is
faster, easier and cheaper to use than other eukaryotic
expression systems, such as baculovirus or mammalian tis-
sue culture. It also generally yields higher expression levels.
The methylotropic yeast, P. pastoris is widely used as an
expression host to express various recombinant proteins
because of its potential for high expression levels, efficient
secretion of extracellular protein, post-translational modifi-
cations and growth to high cell densities [1]. The factors that
drastically influence protein production in this system
include: copy number of the expression cassette, site of
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chromosomal integration of the expression cassette, A+T
composition of cDNA, transcriptional and translational
blocks, nature of secretion signal, endogenous protease
activity, host strain physiology, media, growth conditions
and fermentation parameters [2]. All these factors should be
considered in designing an optimal production system.
Among these factors, selection of a clone with suitable copy
number of transgene incorporated is important for reaching a
high level of recombinant protein expression. It is often
desirable to select transformants containing multiple inte-
gration events as such clones potentially express signifi-
cantly higher levels of the recombinant protein.

Amongst several yeast transfer vectors, pPIC9K con-
taining bacterial kanamycin resistance gene (kan from
Tn903) that confers resistance to Geneticin (G-418) in
Pichia is popular. Because of the genetic linkage between
the kanamycin gene and the “expression cassette” one can
infer from Geneticin hyper-resistance that the clone in
question contains multiple copies of the transgene. The
level of Geneticin resistance roughly depends on the
number of kanamycin genes integrated. As previously
reported [3, 4], an increase in the recombinant protein is
anticipated with high copy number transformants that
could be attributed to gene dosage effect. However, it
should be note that if the recombinant protein produced is
toxic to the host cell, the selection of high copy number
transformant would have detrimental effects that lead to
decreased expression rather than increased expression with
increased copy number of the transgene. Hence, it is very
critical to experimentally determine the co-relation of
expression level with respect to the copy number for any
viral structural protein. In case of pPICK9K transfer vector,
the expression cassette also contains kan™ gene, and hence
the antibiotic (Geneticin) tolerance shown by a particular
Pichia transformant can be used as a tool to detect trans-
formants that harbour multiple copies of the transgene.
This study is aimed to establish a co-relation on the
influence of copy number on the expression levels of
pandemic influenza recombinant protein in P. pastoris. In
addition to the conventional antibiotic-based screening of
transformants, we have employed normal genomic DNA
PCR and SYBR Green-based real-time quantitative PCR
methods for selecting the transformants with different copy
numbers. The real-time quantitative PCR used here not
only gives precise information on the gene copy number
but also re-confirms the transgene. Further the co-relation
of gene copy number and expression level is established
based on protein expression study and their relative
quantitation.

Swine origin Influenza A virus belonging to the
Orthomyxoviridae family is an enveloped virus with seg-
mented negative sense RNA genome surrounded by a
helical symmetry shell. The 2009 HINI novel virus

derived its genes from viruses circulating in the pig pop-
ulation [5-7]. Current influenza vaccines protect against
homologous viruses but are less effective against antigenic
variants and provide little protection against a different
subtype. In the event of a pandemic, existing vaccines may
be ineffective because the manufacturing process requires
at least 6 months from identification of the pandemic strain
to distribution which is insufficient time to prevent wide-
scale morbidity or mortality. New vaccine strategies are
therefore needed that can both accelerate production and
provide broader spectrum of protection. Subunit vaccines
like recombinant hemagglutinin (HA) protein offer an
alternative over conventional vaccine strategies that could
save several months of manufacturing time, since the HA
gene of the newly circulating strain is available shortly
after virus isolation or nucleotide sequencing of HA gene.
In contrast to conventional approaches, there is no need for
live influenza virus or large quantities of eggs, and subunit
vaccines could be deployed earlier in the pandemic for
effective reduction of morbidity and mortality. Moreover,
it is also economical to produce these vaccines capable of
inducing antibody that can neutralise the circulating strain
of influenza virus. As it is very important to produce the
antigenic protein in its native soluble form, prokaryotic
system like bacteria may not be ideal for making this
vaccine protein. From the previous studies on bacterially
expressed HA proteins of HSN1 avian influenza virus
(AIV) reported, it has been found that in the absence of
glycosylation, newly synthesised HA proteins are not likely
to fold properly or trimerize-like native HA molecules [8].
These HA molecules may not present native conforma-
tional epitopes which are important for generation of an
effective protective immune response. Indeed the majority
of the previous studies did not demonstrate proper folding
and/or oligomerization of the HA proteins produced in
prokaryotic systems [9—11].

The expression of HA in insect cells and mammalian
cells are under development and/or clinical trials [12—15].
The H3N2 HA protein has also been expressed using
P. pastoris but in its monomeric form [16]. More recently,
the trimeric form of H3N2 HA subunit has been success-
fully produced using baculovirus system [17]. Both HA
and NA proteins of HINI have been expressed using
Pichia methalonica [18]. The HA monomer is synthesised
as a single polypeptide chain which undergoes post-trans-
lational cleavages at two sites: the N-terminal signal
sequence is removed and depending on the host cell and
virus strain, the molecule is cleaved, with the removal of
one or more intervening residues, resulting in two poly-
peptides chains called HA1 (36 KDa) and HA2 (27 KDa),
linked via a disulfide bridge [19-21]. The carboxyl termi-
nal stretch of hydrophobic amino acids anchors HA to the
viral membrane and though not essential for secretion, this
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sequence plays a major role in the trimerization process
[22]. With the above background, it is practically important
to have an alternate heterologous system that can make
pandemic influenza HA protein and can also overcome the
limitations associated with already reported systems. As
Pichia offers several advantages including rapid and eco-
nomical production of recombinant proteins, an effective
influenza HA subunit vaccine can be made with minimal
notice for pandemic variants using P. pastoris. We have
successfully employed the yeast expression platform for
making the HA recombinant protein of Pandemic HINI1
Influenza virus. Further in this study, we have demon-
strated the influence of copy number on the expression
levels of pandemic HIN1 influenza recombinant HA pro-
tein in P. pastoris system.

Materials and methods
Strains, plasmid and media

Pichia pastoris (GS115) and yeast expression plasmid
pPIC9K were from Invitrogen, USA. Escherichia coli
strain DH5 alpha, the host strain used for plasmid con-
struction was grown in LB (1 % tryptone, 0.5 % NaCl,
0.5 % yeast extract; pH 7.5). For P. pastoris cultivation
YPGy (1 % yeast extract, 2 % bacto peptone and 1 %
glycerol buffered with 100 mM potassium phosphate buf-
fer, pH 8.2) and for induction, YPM (1 % yeast extract,
2 % bacto peptone and 2 % methanol, buffered with
100 mM potassium phosphate buffer, pH 8.2) media were
used.

HIN1 HA gene synthesis and cloning into yeast
transfer vector

The DNA sequence of the wild-type HA gene of novel
HIN1 A/California/04/2009 (Genbank accession no:
FJ966082.1) was synthesised from Biotech desk (Hydera-
bad, India). The full length HA-encoding synthetic gene
was PCR amplified from the holding vector using high
fidelity Pfu DNA polymerase (Fermentas, USA) and sub-
cloned into pPIC9K yeast transfer vector in frame with the
alpha pre-pro secretory tag on the amino terminal end as
previously published by us [23].

Pichia pastoris transformation and selection
of transformants

The Sal I linearised recombinant plasmid pPICOKHINT1HA
DNA (submitted to NCBI Genbank wide accession number
HQ398363.1) was integrated at His4 locus on the Pichia
genome through electroporation and HIS+, Mut+ Pichia
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pastoris GS115 transformants were obtained [23]. The
transformants carrying the plasmid-borne Kanamycin
resistance gene that confers resistance to Geneticin was
used as a selective marker for selecting the putative
transformants and also to differentiate the copy numbers
integrated. The transformants were streaked on three dif-
ferent replica YPD agar plates containing different con-
centrations of Geneticin viz 0.25, 0.5 and 0.75 mg/ml and
incubated at 30 °C for 3 days and the growth obtained was
scored with plus (4) and minus (—) for the presence or
absence of growth, respectively.

Expression analysis of HIN1 HA protein
from recombinant yeast

The culture conditions including the type of medium,
temperature, pH, methanol concentrations and post-
induction harvest time were optimised as previously
published [23] for better expression of the recombinant
HA protein and the optimised conditions were used for
analysing the expression of recombinant HIN1THA protein
as follows:

The glycerol stock of recombinant P. pastoris clone
(Genetically modified P. pastoris culture deposited at
International Microbial repository, IMTECH, Chandigarh,
India wide accession number MTCC 5607) carrying the
transgene was inoculated into 50 ml of YPGy (1 % yeast
extract, 2 % bacto peptone and 1 % glycerol buffered with
100 mM potassium phosphate buffer, pH 8.2) taken in
500-ml conical flasks along with negative control (Pichia
transformed with pPICK9K without insert) and were
incubated at 28 °C in a shaker incubator at 250 rpm until
the culture reached OD (Agy) of 6-8. The cells were
harvested by centrifugation at 3,000g for 10 min at room
temperature and the cell pellet was resuspended in required
volume of fresh YPM induction medium (1 % yeast
extract, 2 % bacto peptone and 2 % methanol, buffered
with 100 mM potassium phosphate buffer, pH 8.2) so that
the OD (Agog) Was 5. Incubation was continued at 29 °C on
an orbitary shaker (250 rpm) for 2 days. To sustain
induction, required volume of 100 % methanol was added
once in every 24 h to reach a final concentration of 2 %.
Culture supernatant was harvested after 24 and 48 h of
post-induction and analysed on SDS-PAGE gel for
expression of the recombinant protein. The expressed HA
protein was confirmed through western blotting using
rabbit anti HA polyclonal antibodies (Genscript, USA) and
goat anti-rabbit Horse radish peroxidase conjugated 1gG
(Sigma, USA) as primary and secondary antibodies,
respectively. The colour development was done using
H,0,/DAB substrate/chromogen solution. The recombi-
nant protein was further confirmed for its authenticity using
MALDI-TOF/MS study.
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MALDI-TOF/MS analysis of yeast-derived
recombinant HA protein

The HA protein expressed from of Pichia cells was further
confirmed using MALDI-TOF/MS study. The coomassie-
stained recombinant HA recombinant protein was excised
from the gel, and the gel slices were washed thrice with
200 Wl destaining solvent (50 % v/v ACN in 25 mM
NH4HCO3) with constant vortexing of 10 min. The washed
gel pieces were dehydrated with 200 pl of 100 % ACN and
dried in speed-vac centrifuge (Thermo, USA). The protein
in the gel slices were subjected to digestion using 25 pl
(20 png/100 pl) of trypsin in 50 mM NH4HCOj; at 37 °C for
overnight in a shaker incubator at 100 rpm. The peptides
were extracted twice from the gel using 200 pl of extrac-
tion solvent (50 % ACN, 5 % TFA). This solvent was
lyophilised for complete removal of the solvent. The pel-
lets obtained after lyophilisation were reconstituted in 8 pl
milli Q water and was subsequently eluted using Mini Tip
C18 micro tips (Sigma,USA). Finally, 1 pl of the purified
peptide along with 1 pl of HCCA matrix was individually
spotted on the MALDI plate in a pre-determined order.
Mass spectrometric analysis was performed using MALDI-
TOF instrument (Bruker Microflex LRF-20, Flex Control
Workstation, Bermen, Germany) equipped with delayed
extraction (150 ns) and a UV ionisation laser (N2, 337 nm)
with a 3-ns pulse width. The accelerating voltage was
20 kV and the grid voltage was set to 19 kV and laser
repetition rate was 20 Hz. For the peptide mass finger-
printing, the instrument was operated in the reflector mode
using o-cyano-4-hydroxy cinnamic acid (HCCA) as matrix
and hundred shots were averaged per spectra and seven
hundred laser shots were accumulated. The spectra were
evaluated using the Flex Analysis Software (Bruker Dal-
tonics). The MS spectra obtained was submitted to MAS-
COT search via Bio tools versions 3.1. The search
parameters used were partial methionine oxidation, one
missed cleavage, Peptide mass Tolerance 200 ppm and the
database selected was NCBI.

Genomic DNA PCR and quantitative real-time PCR
(qQRT-PCR) based screening of transformants
to determine transgene copy number

For preliminary screening of recombinant clones having
differential copy numbers of the transgene, a simple PCR
was performed using equal concentrations of genomic
DNA. A total of 20 clones showing resistance to different
concentrations of Geneticin viz, 0.25, 0.5 and 0.75 mg/ml
were randomly selected and subjected to genomic DNA
PCR using AOX1 forward and HA reverse primers as
described previously [23].

One representative PCR positive clone from each
Geneticin tolerance category (0.25, 0.5 and 0.75 mg/ml)
was further selected for differentiating the copy numbers
using qRT-PCR. The genomic template DNA concentra-
tions in all cases were equally adjusted to 50 ng in the PCR
reactions to check its sensitivity to screen low, moderate
and high copy number integrants along with appropriate
negative control. Quantitative real-time PCR was per-
formed using Swine H1 forward and reverse primers
(SW HI Fwd: 5-AGA CTG GCC ACA GGA TTG AGG
AAT-3’; SW H1 Rev: 5-CGT CAA TGG CAT TCT GTG
TGC TCT-3). The real-time RT-PCR was carried out with
SYBR green chemistry-based reagents (Invitrogen, USA)
as per the manufacturer’s protocol. Briefly, 12.51 of 2x
SYBR green RT-PCR Master mixture, 0.5 pl each of H1
forward and H1 reverse primers (100 pM), 0.51 of
Superscript III platinum Taq mix, 50 ng of template DNA
(2 D and 9 I nuclease free water in 25 1 reaction volume.
The Stratagene Mx 3005p system was used to monitor the
SYBR Green signal at the end of each extension period for
40 cycles. The thermal profile consist of 10 min of poly-
merase activation at 95 °C, followed by 40 cycles of PCR
at denaturation at 95 °C for 30 s, annealing at 55 °C for
45 s and extension at 72 °C for 30 s. Following amplifi-
cation, a melting curve analysis was performed to verify
the authenticity of the amplified product by its specific
melting temperature (7y,) using melting curve analysis
software of the Mx3005p. This assay resulted in 184 bp
amplified product of H1 gene.The threshold cycle (C,) of
the amplified H1 gene and the difference between their C,
values with respect to the copy numbers was determined.
The pPICOKHINIHA plasmid purified using plasmid
miniprep kit (Qiagen, USA) was used as template DNA to
establish the standard curve for determining the copy
numbers. The DNA copy numbers of the plasmid
pPICOKHINIHA was calculated using the following
formula:

[Concentration of plasmid in g/pl]
[Plasmid length x 660)
x 6.022 x 107

DNA Copies/pl =

Thus, we calculated that each microlitre of
pPPICOKHINIHA (10,967 base pair long) with concen-
tration of 50 ng had 4.1 x 10° copies. A pPICOKHINTHA
plasmid standard curve with different DNA copy numbers
was constructed as described above.

Determination of the relationship of the number
of copies and the level of expression

In order to find out the relationship between the copy

number of transgene and the HA expression level, six
P. pastoris clones each carrying different copy numbers of
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the transgene based on Geneticin sensitivity and PCR
experiments were selected. The glycerol stocks of the
above clones were inoculated separately into 50 ml of
YPGy taken in 500 ml conical flasks along with negative
control (Pichia transformed with pPICK9K without insert)
and analysis of recombinant HA protein was done as pre-
viously described. Supernatants from all cultures were
harvested after 48 h of post-induction and concentrated to
1/10 of its original volume using Molecular weight cut off
(MWCO) filters with pore diameter of 10 kDa (Millipore
Corporation, USA) by centrifuging at 4,000g for
20-30 min at 4 °C. Protease inhibitor cocktail (Amersco,
USA) was added to the concentrated samples and the total
protein concentrations were determined through Bradford
assay against BSA standards [24]. The concentrated protein
samples obtained from all clones were further analysed by
running them on 10 % discontinuous PAGE and further
staining with Coomassie Brilliant Blue R-250 (Sigma,
USA) as per the methods described earlier [25]. The
expressed HA protein was confirmed through western
blotting using rabbit anti HA polyclonal antibodies (Gen-
script, USA) as mentioned earlier.

Results and discussion

Pichia pastoris transformation and selection
of transformants

Our initial goal was to determine whether there exists any
relationship between the copy number of the integrated
vector that included the HA gene of swine Influenza A and
the expression of recombinant HA. In order to achieve this
goal, first the putative transformants were screened on
Geneticin plate. After transformation, a total of 145

--‘ e

YPD+0.25mg/ml Geneticin

YPD+0.5mg/ml Geneticin

putative transformants showing resistance to different
concentrations of Geneticin were obtained in this study.
Out of 145 clones, there were 81, 43 and 21 clones that
appeared on antibiotic plate with 0.25, 0.5 and 0.75 mg/ml
Geneticin, respectively (Fig. 1). As both Kan® and
HINIHA gene are integrated together, resistance to
Geneticin would give a rough idea on the copy number of
the integrated HIN1 HA gene. Resistance to higher con-
centrations of Geneticin is directly proportional to the copy
numbers of Kanamycin resistance gene (Kan®) integrated
which confers resistance to Geneticin in yeast cells. As a
reference, clones that grow well on selection plate with
Geneticin concentration of 0.25, 0.5 and 0.75 mg/ml were
considered to have low, moderate and high copy integrants,
respectively. As reported earlier by Joan Lin Cereghino
[26], high copy integrants are due to the multiple gene
insertion events at a single locus in Pichia cells that hap-
pens spontaneously with a low but at detectable frequency
between 1 and 10 % of all selected His+ transformants.
The observed less number of high copy integrants is thus
justified. In addition, the poor transformation efficiency
(365 colonies/30 pug) may also have contributed signifi-
cantly in obtaining less number of transformants with high
copy number integrants. The large size of the plasmid also
partly contributed to the observed poor transformation
efficiency. In light of the above, we presume that, in order
to obtain more number of clones with very high copy
number integrants, one has to screen thousands of
transformants.

Expression analysis of HIN1 HA protein
from recombinant Yeast

The selected methanol-induced positive Pichia transform-
ant was checked after 24 h and 48 h for the expression of

YPD+0.75mg/ml Geneticin

Fig. 1 Geneticin sensitivity assay: Screening of Pichia transformants for differentiating into low copy, moderate and high copy integrants with

different concentrations of Geneticin viz 0.25, 0.5 and 0.75 mg/ml
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recombinant HA protein. As expected a distinct band of
~ 80 KDa was observed only in case of 48 h post-induced
culture supernatant. Negative control samples derived from
induced pPICI9K transformant (having no HA insert) and
uninduced positive transformant did not show such band as
seen in Fig. 2a. As seen in Fig. 2a, the yeast-derived HIN1
HA protein had an increase in its molecular weight
(~80 KDa) which is due to the glycosylation of the
expressed protein that happens within Pichia cells. This has
a reference from the previous report wherein the similar
sized H3N2 HA (75-78 KDa) has been expressed by
Saelens et al. [16]. Weldon et al. [17] have reported the size
of bacterially expressed protein to be ~ 60 KDa in its non-
glycosylated form. The protein from the positive transfor-
mants that showed a distinct band of ~80 KDa through
SDS-PAGE were further analysed through western blotting
to confirm the authenticity of the expressed protein.
Appropriate positive signal was obtained only in case of
the culture supernatant of positive yeast transformant col-
lected after 48 h of methanol induction (Fig. 2b).

MALDI-TOF/MS analysis of yeast-derived
recombinant HA protein

The authenticity of the yeast expressed recombinant HA
protein was further confirmed via MALDI-TOF/MS anal-
ysis. The 80 KDa protein band corresponding to recombi-
nant HA was enzymatically digested as described under
methodology section. As shown in Fig. 3, peptide mass
profiles were obtained from the destained band. Sixteen

—— — HA

Feean -

Fig. 2 SDS-PAGE and western blot analysis of the culture superna-
tants of P. pastoris transformants for confirming the expression of
recombinant HA protein. a SDS-PAGE profile of P. pastoris culture
supernatants after methanol induction. Lane I Pichia transformed from
pPICO9K DNA carrying no HA insert after 48 h of post-induction
(negative control). Lane 2 Pichia transformed from pPICOKHIN1HA
DNA carrying HA gene (pre-induced negative control). Lane 3 Pichia
transformed from pPICOKHIN1HA DNA carrying HA gene after 24 h
of post-induction. Lane 4 Pichia transformed from pPICOKHINIHA

peptides (range 800-3,000 Da) were used for peptide mass
database search which identified HA protein with 43 %
sequence coverage of the protein sequence (Table 1).

Genomic DNA PCR and quantitative real-time PCR
(qRT-PCR)-based screening of transformants
to determine transgene copy number

Before establishing the relationship between expression
level and gene copy number, it is essential to determine the
copy number of the integrated transgene. For preliminary
screening, a simple genomic DNA PCR was performed as
described under materials and methods. Genomic DNA
PCR from 20 selected yeast transformants using AOX1
forward and HA gene-specific reverse primer resulted in
amplification of ~1.96 Kb DNA in 14 genomic DNA
samples along with known positive control. The DNA from
non recombinants did not show any amplification (Fig. 4).
With genomic DNA PCR, a single band of 1.96 kb was
observed in 16 DNA samples. Six of the transformants
failed to amplify the transgene which may be due to the
poor quality of DNA in these cases as observed from A260/
280 ratio. As visualised on the DNA gel (Fig. 3), variation
in the amplicon band intensity was noticed with respect to
different clones that can be partially attributed to the dif-
ference in the transgene copy numbers. Although the DNA
template used in PCR reaction is same in all samples, the
difference in the copy numbers with multiple insertions of
the expression cassette into the Pichia genome have
resulted in detectable change in the band intensities with

B M 1 2 3 4

130

100 > HA
70 .
55

40
35

25

DNA carrying HA gene after 48 h of post-induction. b Western blot
analysis of P. pastoris culture supernatants after methanol induction:
Lane 1 Pichia transformed from pPICO9K DNA carrying no HA insert
after 48 h of post-induction (negative control). Lane 2 Pichia
transformed from pPICOKHINIHA DNA carrying HA gene (pre-
induced negative control). Lane 3 Pichia transformed from
pPICOKHINIHA DNA carrying HA gene after 24 h of post-induction.
Lane 4 Pichia transformed from pPICOKHINIHA DNA carrying HA
gene after 48 h of post-induction
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Fig. 3 MALDI-TOF/MS

spectrum of HIN1 protein
tryptic digests in reflectron
mode using HCCA as matrix
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Table 1 Tryptic peptides from hemagglutinin (HA) of HIN1 virus identified by MALDI-TOF/MS analysis on reflectron mode using HCCA as

matrix

SL Position (start— Measured mass Theoretical mass ~ Mass error Miss Peptide sequence

no.  end) M+H)* ™ (ppm) cleave

Tl 316-323 842.4575 841.5385 —105 0 R.LVLATGLR.N

T2 158-166 1021.5376 1020.5604 -29 1 K.KNSAYPTIK.R

T3 113-124 1479.6443 1478.8609 —150 1 R.INHFEKIQIIPK.S

T4 41-58 1992.1115 1991.0986 3 1 K.THNGKLCDLDGVKPLTLR.D

TS 393-409 2054.8011 2053.9639 —83 1 K.MNTQFEAVGREFNNLER.R

T6 125-145 2168.9086 2167.9229 -10 0 K.SSWSNHEASSGVSSACPYQGK.S

T7 88-107 2260.9115 2259.9630 -26 0 K.ASPANDLCYPGDFNDYEELK.H

T8 466487 2582.1515 2581.0382 41 1 K.ELGNGCFEFYHKCDNECMESVK.N

T9 195-217 2593.2708 2592.3911 —49 1 K.LYQNPTTYISVGTSTLNQRLVPK.I

T10 5-27 2596.1839 2595.1581 7 0 K.SDQICIGYHANNSTEQVDTIMEK.N

T11  478-500 2675.1627 2674.0145 53 1 K.CDNECMESVKNGTYDYPQYSEEA .-

T12  478-500 2691.2575 2690.0094 90 1 K.CDNECMESVKNGTYDYPQYSEEA .-
oxidation (M)

T13  418-440 2787.1019 2786.2931 =71 0 K.MEDGFLDVWTYNAELLVLMENER.T

T14  125-150 2793.1976 2792.2249 -12 1 K.SSWSNHEASSGVSSACPYQGKSSFFR.N

T15 418-440 2819.2410 2818.2830 —-17 0 K.MEDGFLDVWTYNAELLVLMENER.T
2 oxidation (M)

T16  417-440 2915.4999 2914.3881 36 1 K.KMEDGFLDVWTYNAELLVLMENER.T

PCR amplification. These findings were more or less
matched the Geneticin resistance data also (Table 2). Thus
genomic DNA PCR data in combination with the Geneticin
resistance data are useful in giving clue for selecting clones
with different copy numbers. However, the genomic DNA
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PCR is not necessarily titratable, hence qRT-PCR was
performed to determine the transgene copy numbers pres-
ent within the selected Pichia clones.

Real-time PCR technique is known for producing linear
response over a wide range of starting DNA concentrations
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Fig. 4 Agarose gel
electrophoresis of genomic
DNA PCR from selected
transformants with different
copy numbers of the expression
cassette: Lanes 1-20 Genomic
DNA PCR amplicons from
Pichia clones 1 to 20. Lane 21 M
PCR amplicon from
pPICK9KHIN1HA plasmid
DNA (+4ve control). Lane 22
Genomic DNA PCR amplicon
from Pichia cells transformed
with pPICK9K (negative
control)

15 16

17 18

9 10 11 12 13 14

19 20 21 22

Table 2 Co-relation between Geneticin resistance level and PCR positivity for screening the Pichia transformants for low copy number and

High copy number integrants

Clone no. Growth on YPD + Geneticin plate PCR positivity Copy number
0.25 mg/ml 0.5 mg/ml 0.75 mg/ml

1 +++ +++ - ++ 2

2 +++ - - + 1

3 +++ +++ ++ ++ 4-6
4 +++ +++ +++ +++ 4-6
5 +++ +++ - ++ 2

6 + - - - 0

7 + - - - 0

8 + - - - 0

9 +++ +++ +++ +++ 4-6
10 + - - - 0
11 + - - - 0
12 + — - - 0
13 +++ +++ +++ +++ 4-6
14 +++ - - + 1
15 +++ +++ - ++ 2
16 +++ +++ - ++ 2
17 +++ - - + 1
18 +++ +++ +++ +++ 4-6
19 +++ +++ - ++ 2
20 +++ +++ - ++ 2

Note: +4+, very good growth; ++-, moderate growth; 4, weak growth in

intense band; +, faint band

[27]. In order to establish the differences in transgene copy
number among the selected transformants, SYBR green-
based quantitative real-time PCR was optimised. The stan-
dard curve generated in this study using pPPICKOKHINTHA
plasmid DNA demonstrated the linearity of C, values with
respect to the H1 DNA copy numbers that ranged between
4 x 107 to 4 copies (Fig. 5a). Upon melt curve analysis, it
was noticed that the all the amplified PCR products had a
single T,,, of 79 °C, thus indicating the specific amplification
as expected (Fig. 5b). The standard curves showed high
efficiency (R* = 0.96) and was sensitive even up to four

YPD plate with Geneticin; for PCR positivity: +++, thick band; ++,

copies as seen in Fig. 6. Based on the Geneticin sensitivity
assay and genomic DNA PCR data, single clone each from
low copy, moderate and high copy number transformants
were selected for real-time PCR analysis. Similarly the
recombinant Pichia strains harbouring different transgene
copy number delivered consistent results showing different
C, values (Fig. 5c¢) but same T, values (Fig. 5d). A clear-cut
increase in the C, value with decreased copy number was
observed in this study, thus demonstrating that selected
transformants had a varied number of H1 gene on their
chromosomal DNA. Although it is difficult to indicate the
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Fig. 5 Quantitative real-time PCR (qRT-PCR) to differentiate the
transgene copy numbers within the genome of Pichia transformants:
a Amplification plots of showing the C, values with respect to the
copy number derived from known concentration of 10-fold serially
diluted pPICOKHINIHA plasmid; b melt curve analysis of the

Fig. 6 Real-time PCR standard 30 ~
curve to demonstrate the
linearity of C; values with i |

respect to log DNA copies:
SYBR Green I Real-time PCR
standard curve for copy number
detection generated from the C;
values obtained against the
known concentration of 10 fold
serially diluted
pPICOKHINIHA plasmid

ct value

Temperature (°C)

amplified PCR product from pPICK9KHINI HA plasmid DNA.
¢ Amplification plots of showing the C, values with respect to the
copy number derived from equal concentration of genomic DNA
obtained from different Pichia transformants; d Melt curve analysis of
the amplified PCR products from Pichia transformants

y=2625x +3.3
Rz =0.98 .

4x108

0 4x107

exact copy number of the transgene present in each of the
Pichia transformants at this stage, the concordance in the
results obtained from all the three different experiments viz.,
Geneticin sensitivity assay, genomic DNA PCR and qRT-
PCR have confirmed the selection of recombinant Pichia
transformants with different copy numbers for HA.
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Determination of the relationship of the number
of copies and the level of expression

The correlation between the numbers of HA copies inte-
grated into the Pichia genome and the respective HA pro-
tein expression level play an important role in choosing the



Virus Genes (2012) 45:440-451 449
A M1 2 3 45 6 B M1 2 3 45 6 7 C M1 23 45 6 7
m =EAREEE o DR WA Timer
130 | ©~ ‘ ,_ o 130 == {240KD)
100 | . 100 ‘-n 100 .o . 4 i
= a* 70 W . - — — 70 == H---J -

55 : 55 sl (BOKD)

i| d 40 40

40

35 1 d

25

25 b

25

Fig. 7 SDS-PAGE analysis of the culture supernatants of different
P. pastoris transformants after methanol induction: a Expression profile
of pPICOKHINIHA low copy integrants (lanes [-6). b Expression

best clone that can be used for economical bulk protein
production. Hence, to determine the influence of HA copy
numbers on the expression of HA protein, six Pichia clones
were selected (two each from low, moderate and high copy
number integrants) and further studied for the differences
in their expression levels of the recombinant protein.
Figure 7a—c illustrates the expression profile of the proteins
secreted from different Pichia clones with different copy
numbers of the transgene. As observed on the gel, there
was no or very little expression of HA protein in case of
pPICOKHINIHA low copy integrants. Whereas the mod-
erate copy integrants had reasonably good amount of HA
protein produced with an approximate size of 80 KDa
(Fig. 7b). Amongst all transformants tested, only the high
copy integrants showed high level expression of HINITHA
protein in secreted form (Fig. 7c).

The western blot data of the expressed HA protein revealed
intense signal only with moderate and high copy integrants
(Fig. 8, lanes 5 and 6), along with the HA protein derived
from HINI1 purified virus (Fig 8, lane 1), whereas the protein
sample transferred from negative controls, i.e. non-recombi-
nant Pichia transformed with pPICK9K (having no HA
insert), positive recombinant Pichia un-induced and low copy
number transformant did not develop any signal on the
membrane as seen in Fig. 8, Lanes 2, 3, 4, respectively. This
data clearly suggest that there is no expression of the
recombinant HA protein from low copy integrants. The
average amount of protein secreted in case of low copy,
moderate copy and high copy integrants was 0.03, 0.07 and
0.16 mg/ml of the culture supernatant, respectively, as esti-
mated through Bradford assay. This accounts for at least
fivefold increase in the expression level of recombinant HA
protein from high copy number transformants in comparison
to single copy integrants. It is also noteworthy that the HA
protein is non-toxic to Pichia cells and hence increased copy
numbers have no detrimental effect on the host and results in
increased expression level of the recombinant protein. This is

profile of pPICOKHIN1HA moderate copy integrants (lanes /-7 non-
recombinant transformant). ¢ Expression profile pPICOKHIN1HA high
copy integrants (lanes 1-7 non-recombinant transformant)

also supported by the growth kinetics study of the different
copy number cultures studied (data not shown). At this stage,
we have no clear reasons to justify the observed no expression
of HA gene from low copy integrant. However, this needs
further investigation for any possible mutation on the gene in
the selected low copy transformants. Further screening of
more number of low copy integrants for HA expression may
also give conclusive results. But these studies were beyond
the scope of our study. However, we feel that in case of Pichia
when expressing protein from a single recombinant gene
copy, the transcript level is most likely to be limiting factor in
the HA protein production. Another possible explanation is
that the HA protein produced is retained in the endoplasmic

Kb m 1 2 3 4 5 6
250

130

- W __ e

72

- HA
(~80KD)

55

36 -
28

17

Fig. 8 Western blot analysis of Pichia expressed HIN1 HA protein
using commercial antibodies (Genescript, USA): lane M pre-stained
protein marker. Lane 1 MDCK derived HINI purified virus. Lane 2
Pichia culture supernatant from non-recombinant negative clone (48 h
post-induced). Lane 3 culture supernatant from positive Pichia
clone (uninduced). Lane 4 Pichia culture supernatant from
pPICOKHINIHA low copy integrant. Lane 5 Pichia culture super-
natant from pPICOKHIN1HA moderate copy integrant. Lane 6 Pichia
culture supernatant from pPICOKHINI1HA high copy integrant
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reticulum of the host, and this accumulation of recombinant
HA protein in the ER limits the yield of HA secreted into the
extracellular environment. In this study, we show that there is
a proportional elevation in the HA expression with the
increased transgene copy number and the poor expression of
HA by some clones can be overcome by elevating the gene
dosage. Considering the practical utility of the Pandemic
Swine flu HA protein, there is a huge advantage of selecting
multi-copy transformants for maximal HA protein yield. It is
also important to note that if there is a mutation in one par-
ticular copy of the expression cassette, arising from the
integration process, then the protein that results from such
mutant copy may not contribute as significantly to the total
amount of protein expressed.

With the ability to replicate certain human glycosylation
patterns, yeast-based expression platforms offer an attractive
alternative to current mammalian or insect cell culture pro-
cesses due to a variety of advantages including faster growth
rates (and hence shorter culture times), cheaper operating costs,
simple chemically defined media, no viral contamination and
shorter development times from gene to protein. Unlike bac-
teria, as the target gene is integrated within the pichia genome,
itis difficult to lose the target gene when the recombinant yeast
is cultured and passaged. Therefore, P. pastoris has been used
successfully to express a wide range of heterologous proteins
[28, 29], and the influence of copy numbers on the protein
expression level has been well established for several proteins
[4,30-32], this is the first report on establishing the influence of
copy number on the expression level of HIN1 virus HA pro-
tein. Considering the economical and easy method of produc-
ing influenza recombinant protein, practical advantages of
Pichia expression system, the present findings are significant
and are invaluable towards exploring Pichia expression plat-
form making HA protein of pandemic HINT1 virus in secreted
form. This study also has an immense industrial application as
the yeast-derived HA protein has got both prophylactic and
diagnostic potential.

Conclusions

The expression of glycosylated HIN1 HA protein in
P. pastoris required high copy number integrants. Increase
in the copy number of the expression cassettes integrated
within the Pichia genome number was proportional to the
expression level of the recombinant HA protein of pan-
demic HIN1 virus. The low copy number transformants
showed no expression compared to the moderate and high
copy number integrants that could be attributed to the gene
dosage effect. The observed no expression protein from a
single recombinant gene copy is most likely to be associ-
ated with the limiting transcription and translational factors
that requires further investigation. It is noteworthy that the

@ Springer

HA protein of HIN1 is non-toxic to the Pichia host cells,
and hence the increased copy number has no detrimental
effects on the expression level of the target protein.
Selection of positive clones that gives maximum recom-
binant protein yield based on conventional DNA quantifi-
cation and Geneticin tolerance methods are less precise,
and hence we have performed additional experiments like
genomic DNA PCR, qRT-PCR, gene expression analysis
and western blotting that are more precise and conclusive.
As this is the first study establishing the co-relation of the
transgene copy number and expression level of HA protein
of pandemic HINI1 virus in P. pastoris expression system,
the multi-copy recombinant Pichia transformant obtained
in this study has an immense industrial application for large
scale production of HIN1 HA recombinant protein for
either prophylactic or diagnostic applications.
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