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It has become the direction and trend of influenza vaccine production by cell culture. This study aimed to establish
the key technologies of the cell culture of HIN2 subtype AIV (avian influenza virus). Results showed that during the
culture of the H9-4 isolate in MDCK (Madin-Darby canine kidney) cell lines, when the inoculation amount was 10
3~10 with 0.5 pg-mL* TPCK (tosyl phenylalanyl chloromethyl ketone)-trypsin, 40 mmol-mL* HEPES (hydroxyethyl
piperazine ethanesulfonic acid) or 3 mmol-mL™ GIn (glutamine) in the maintenance media, the proliferation of AIV was
excellent at 96~108 hpi (hour post inoculation). Moreover, the supplement of 0.3 ug-mL* TPCK-trypsin could increase
the titer of the virus to a certain extent. The chicken St3gall gene was cloned and transfected into MDCK cell lines. By
screening, 1 strain of highly-expressed St3gall monoclonal cell strain S8 was obtained, of which the a-2,3 linked
receptor abundance was evidently increased. On S8 cells, the proliferation of H9-4 was significantly increased. The
results confirmed that the infection sensitivity and replication capacity of the isolates of HIN2 subtype AIV were

further improved by increasing the receptor abundance on the host cell surface.

Key words: HIN2 AlV, MDCK, TPCK-trypsin, St3gal I gene, a-2,3 linked receptor.

INTRODUCTION

HIN2 subtype avian influenza is a low
pathogenic infectious disease of poultry caused by
the AIV [1,2]. In 1966, HIN2 subtype AIV was
isolated from the turkeys in the United States for
the first time [3]. Since 1997, the subtype AIV has
been in the epidemic in birds or poultry around the
world [4-6]. HON2 subtype AIV is a type of low
pathogenic AIV (LPAIV), but it can cause the
decrease of egg production rate, immune
suppression, as well as the mixed infections with
other viruses or bacteria, hence huge economic
losses were led to the poultry industry [7,8]. In
recent years, there have been world-wide incidents
of human infections of HIN2 subtype AIV many
times, indicating that the virus could increase its
gene mutations and recombinant opportunities with
other subtypes of influenza viruses because of
antigenic drift and antigenic shift, which would
result in continuous discoveries of new types of
AIlV [9-11]. Therefore, HON2 subtype AlV is a big
potential threat to human health.

According to the prevention practices of AIV in
China and internationally, the vaccine is the main
measure to prevent the avian influenza outbreak
and to avoid huge losses. Current production of
influenza vaccines for human and animals is mainly
the method of embryonated eggs [8]. Despite some
effective purification processing, this method still
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has many disadvantages. For example, the
influenza viruses isolated in embryonated eggs
often happen to antigenic variations after
continuous passages, this method requires high
labor intensity, huge amounts of embryonated eggs,
sometimes tedious purification processes, and there
are also contamination problems caused by
exogenous virus [12-15]. The influenza pandemic
and the continuous new strains of such influenza
virus call for an urgent need to establish a new
method of vaccine production. With the
improvement and wide application of animal cell
culture techniques, the vaccine production using
animal passage cells has become an inevitable trend.
Compared with the method of embryonated eggs,
the cell-culture-based production of influenza virus
is economical, convenient and reproducible with
stable quality, the mass production is easy to carry
out, and the antigenicity is closer to natural strains,
therefore the immune effects are quite reliable [15-
19]. Currently, the establishment of the flexible and
effective  cell-culture-based influenza vaccine
production platform has become the target of
numerous producers. In the vaccine production
process, the cell-culture-based production of
influenza virus also has disadvantages including
poor replication and low yield. In order to increase
the yield, it is necessary not only to optimize the
conditions for the proliferation of influenza virus,
but also to thoroughly study the mechanism of the
replication of influenza virus in the host cells. The
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hemagglutinin (HA) constitutes the most important
surface antigens of HIN2 subtype AIV [20,21].
Cell surface receptors and HA protein receptor
binding sites are the two most important factors of
the influenza viruses host specificity. There are two
common influenza virus receptors: the sialic acid a-
2,3 of D-Galactose (SA-alpha-2,3Gal), and the
sialic acid a-2,6 of D-Galactose (SA-alpha-2,6Gal)
[22-24]. Most AIV preferentially binds to the
receptor of SA-alpha-2,3Gal receptors, while
human influenza virus mainly binds to the receptor
of SAa-2,6Gal [25-27]. The infection of influenza
virus is mediated by the sialic acids on the cell
surface. Sialic acids usually bind with the 2nd from
the bottom at the end of N terminal of the glycans,
mainly Galactoses, in the way of a2, 3 or a2, 6
glycosidic bonds [6,28,29]. Under the effects of
Sialyl transferases (STs), sialic acids then bind with
the terminals of glycoproteins and glycolipids [30-
32]. Therefore, it is a potential approach to increase
the cell surface receptor abundance through
transgenic technology to improve the effect of virus
multiplication.

Given that HON2 subtype AIV is a kind of
LPAIV, it hasn’t attracted much attention, hence
related researches have lagged behind with very
inadequate  prevention  methods.  Although
vaccination is an effective means to prevent the
epidemics of the LPAIV, currently the production of
such vaccine takes long preparation period, with
low yields and high costs. The main reasons are that
the in vitro proliferation of HIN2 subtype AIV is
very difficult and that the cell culture technology is
not mature enough. The goal of this study is
optimizing of cell culture conditions of HI9N2
subtype AIV, and screen the cell strains with high
yields by genetic engineering technologies, so as to
try and establish the key technologies and
production platform for the cell culture of HIN2
subtype AV, as well as to provide technical support
for the prevention and control of the avian
influenza.

MATERIALS AND METHODS

Virus strains, cell lines, bacterial strains and
plasmids

HINZ2 subtype AlV local isolates including H9-1,
H9-2, H9-3, H9-4, H9-5, H9-6 and H9-BX, and cell
lines including MDCK, \ero
(Africa green monkey cell ), DF-1 (a continuous
cell line of chicken embryo fibroblasts), BHK
(Baby hamster kidney), Vero-E and CEF (Chick
embryo fibroblast) cells were all provided by
Shandong Lvdu Biological Technology Co. Ltd.
pCl-neo plasmid and DH5a bacterial strain were
preserved by Shandong Binzhou Animal Science
and Veterinary Medicine Academy. And pMD18-T
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plasmid  was  purchased from  TaKaRa

Biotechnology (Dalian) Co., Ltd.
Main reagents

T4 DNA ligase and restriction endonuclease
were purchased from TaKaRa Biotechnology
(Dalian) Co., Ltd. Plasmid extract kit and gel
extraction kit were purchased from Tiangen Biotech
(Beijing) Co., Ltd. Reverse transcription kit, Taq
DNA polymerase, DNA extraction kit, RNA
extraction kit, G418, DMEM cell culture media,
TPCK-trypsin, Lipofectamine 2000 Regeant were
purchased from Invitrogen (Thermo Fisher
Scientific), Fetal Bovine Serum (FBS) was
purchased from Gibco (Thermo Fisher Scientific),
the primers were produced by Shanghai Generay
Biotech Co., Ltd. 1% chicken red blood cell
suspension was prepared by blood collection from
SPF adult male chickens.

Optimization of the conditions of AlV proliferation

The H9-1, H9-3, H9-4 and H9-5 isolated virus
strains were inoculated into the embryonated eggs,
the allantoic fluid was harvested after 72 hours, and
used as a source of the experimental virus below.
The single-layer cells grown on six-well plates
(MDCK, Vero, DF-1, BHK, Vero-E and CEF cells)
were washed with PBS twice, and then were
inoculated with these viruses (H9-1, H9-3, H9-4,
and H9-5) at different dilution levels (102, 102, 1073,
104, 10°, and 10F). After different time lengths of
absorption (0, 30, 60, 90 and 120 min), TPCK-
trypsin at different concentrations (0, 0.125, 0.25,
0.5, 0.75, and 1.0 pg-mL™), trypsin at different
concentrations (0, 2, 5, 8, 10, and 12 pg-mL?),
serum at different concentrations (0, 0.2, 0.5, and
1.0%), HEPES at different concentrations (0, 5, 10,
20, 30, 40, and 50 mmol-L?), GIn at different
concentrations (0, 1, 2, 3, 4, and 5 mmol-L™?) or
BSA at different concentrations (0, 0.1, 0.2, 0.3, 0.4,
and 0.5%), were added into the maintenance media.
The supernatant was harvested at different time
points (24, 36, 48, 60, 72, 84, 96, 108, and 120 h),
and the routine micro-hemagglutination test was
conducted to measure the HA titer of the virus. At
24, 48 or 72 h after the inoculation, 0.3 or 0.5
ug-mL? TPCK-trypsin could be re-added to the
maintenance media [33].

Virus strain stability assay

The cells in the form of dense single layers were
washed with PBS twice, and then were inoculated
by 102 diluted H9-4 embryonated egg virus. After
60 min of absorption, the maintenance media
containing 0.5 pg-mL™* TPCK-trypsin was added.
And at 96 hpi the cell viruses were harvested [34].
During the 10 passages in MDCK cells, the HA
titer of each passage was tested [35].
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Gene cloning and vector construction

Based on the sequencing imformation of
chicken sialytransferase gene Stégal I, the primers

St3gal 1 LP: 5'-
GGGGAATTCATGGTCACCGTCAGGAAA-3',
and St3gal I RP: 5'-

GGGGTCGACTCATCTGCCCTTGAAAAAT-3'
were designed [31]. The 5' terminals of the primers
were added with restriction enzyme cutting sites
EcoR I and Sal I . With the SPF embryonated egg
of 12 d, RNA was extracted to produce reverse
transcription cDNA. The high-fidelity Taq enzyme
was used for the amplification of St3gal I, then the
product was lined with pMD18-T and sequenced.
The restriction enzyme cutting of pMD18-T-
St3gal I and pCl-neo plasmids were performed
with Sal I -EcoR I, and the extracted target
segements were linked, then the eukaryotic
expression vector pCl-neo-St3gal I  was then
established.

MDCK cell transinfection and cloned culture

Lipofectamine 2000 was used to transfer pCl-
neo-St3gal I plasmids into MDCK cells, and the
transgenic cell lines were acquired after 500
ug-mL?* G418 (neomycin) screening (according to
the specifications). The transgenic cells were
diluted to the concentration of 50/100 uL. Then 2
ML cell suspension was added to 96-well plate, with
the re-addition of 100 uyL DMEM culture media
containing G418. The single cell formed clonal
clusters after 10 d culture. After the consumption of
the cells, the culture was continued. With 90%
confluence, the cells were transfered into 24-well
plate to expand the culture [31,36].

Quantitative real time PCR

The total RNA of the stable cell strains were
extracted and then used to produce cDNA by
reverse transcription kit. With pg-actin gene of
MDCK cells as the internal reference, the
sequences of the primers were: g-actin LP: 5'-
CCTCTATGCCAACACAGT-3', p-actin RP: 5'-
GTACTCCTGCTT GCTGAT-3'. The expression of
St3gal I in transfected cells were measured by
gRT-PCR (Quantitative real time PCR) assay. The
primers for the amplification of St3gal I segment
were: St3gal | LP: 5'-
ACGAATCAGATGTTGGGAGC-3' and St3gal I
RP: 5-CATTCACCTCATCGCATA-3". The gRT-
PCR assay was performed by LightCycler®480
SYBR Green Master Kit by Roche. The results and
date were analyzed by LightCycler®480 software
and Excel 2003 [37].

FCM assay

The control and the stable transfected cell strains
were put into the 6-well plate evenly. At the cell

density of 90%, the cells were consumed and
collected, then washed 2 times by PBS containing
10 mmol-L* Glycine, and then washed 1 time by
Buffer 1 (50 mmol-L? Tris-HCI, 0.15 mol-L* NaCl,
1 mmol-L'? MgCl;, 1 mmol-L? MnCl, and 1
mmol-L? CaCl,, pH 7.5). The cells were re-
suspended by Blocking Solution on ice for 1 h, and
then were processed with Maackia
amurensisagglutinin (MAA) and blank control for
incubation on ice for 1 h. The cell sedimentation
was re-suspended by Rhodamine-labeled anti-
digoxin secondary Ab for incubation on ice for 1 h.
In the end, after 3 times wash with PBS, the
products were tested by flow cytometry (FCM) [36].

TCIDsp and EIDso assay

The control and the stable transfected cell strains
were put into the 96-well plate evenly. At the cell
density of 90%, the cells were inoculated with AlV
which was continuous 10 times serially diluted. The
CPE  (cytopathic  effect) were  observed
continuously for 72 h, then the viruses were
harvested for HA test. The TCIDso (tissue culture
infective dose) was calculated by Reed-Muench
method. The virus was diluted by saline and
inoculated into the allantoic cavity of 10 d SPF
chicken. The survival of embryonated eggs was
observed continuously for 72 h, then the viruses
were harvested for HA test. The EIDsy (egg
infectious dose) was calculated by Reed-Muench
method [38].

Data analysis

The date were analyzed by Excel 2003 and
SPSS 19.0. The significance analysis of the
differences among multiple groups were conducted
with Duncan's Multiple Range Test. Same letter
was defined as insignificant difference, while
different letters indicated significant differences on
0.05 level (lowercase letters). The significance of
the difference between two average numbers were
tested by the t test, p <0.05 was defined as
significant difference, p <0.01 was defined as
highly significant difference, and p <0.001 was
defined as extremely significant difference.

RESULTS AND DISCUSSION

The establishment of the key process conditions of
cell culture of HON2 subtype AIV
Cell proliferation features of HON2 subtype AIV

The HA gene sequence of the isolated virus
strains was compared with some international
reference strains and the representative strains,
which showed that these strains were divided into 3
evolved subtypes: representative strain AF156376
(Subtype 1), AF156378 (Subtype II), and
AF156377 (Subtype I11) respectively.
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Fig. 1. The phylogenetic relationship analysis of 7 isolates compared with HA gene.

In this study, 7 strains of HON2 subtype AIV in
the comparisons (including H9-1, H9-2, H9-3, H9-4,
H9-5, H9-6, and H9-BX) were all in Subtype I,
with the representative strain as A/duck/Hong
Kong/Y280/97 (AF156376), indicating that the 7
isolates all belonged to Eurasian strains with closed
phylogenetic relationship (Figure 1). According to
the locations of the isolates on the phylogenetic tree,
H9-1, H9-3, H9-4, and H9-5 were selected as the
candidate strains for the production of AIV vaccine.

The 4 selected strains were inoculated to MDCK
cells and the hemagglutination values were tested
after harvest. The results were shown in Figure 2A.
With the same amount of inoculation, the
proliferation of H9-4 was the best, with significant
differences between the other 3 isolates. This
indicated that H9-4 could proliferate easily in the
cells with the potential to become a vaccine strain.
H9-4 presented different sensitivities to different
host cells, and that MDCK cells were the most
suitable for the proliferation of H9-4 (Figure 2B).
The difference of the sensitivity might be because of
the better binding ability of H9-4 to cell surface
receptors and the more influenza virus receptors on
MDCK cells to facilitate more viruses to absorb and
invade. The proliferation of H9-4 was better after
24 h cell culture with the inoculation at 10°~10*
(Figure 2C). Too much inoculation dose would
accelerated cytopathic changes in the cells, and inhibit
the proliferation of the viruses; while inadequate
inoculation led to poor proliferation in the cells.
During 96~108 hpi, almost all the cells presented
CPE, and the titer of the virus was close to the peak
value (Figure 2D). With the cell culture time, the titer
decreased mainly because the constant nutrient
consumption of the media and the deaths of the host
cells [39]. The absorption time also influenced the
proliferation of AlV: with the absorption time as 60
min, the HA titer of H9-4 was higher (Figure 2E).
The HA titer was evidently increased after 2 times
of freezing and thawing of cells with 102 dilution
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of the wviruses (Figure 2F). Higher serum
concentration could present higher inhibitory
effects (Figure 2G). This was because serum not only
contained trypsin-resistant substance damaging the
proteolysis effects of trypsin, but also had some
substances that could cover virus receptors on the cell
membrane, thus affecting the virus infection of the
cells. Therefore, during the cell culture of H9-4,
serum shouldn’t be added to the maintenance media.

The influences of trypsin on the proliferation of AlV

After the inoculation of MDCK cells, trypsins
with different concentrations were added into the
maintenance media. The results showed that with
the concentrations of TPCK-trypsin and trypsin at
0.5 pg'mL™? and 10 pug-mL™* respectively, the titer
of the virus was at the peak value (Figure 3A and
B). Data analysis suggested obvious improving
effect of trypsin on the proliferation of AlV, and the
effect of TPCK-trypsin was better than the ordinary
trypsin. In addition, 24 h or 48 h after the
inoculation of MDCK cells, the supplement of 0.3
pgmL? and 0.5 pg'mL* TPCK-trypsin into the
maintenance media could both increase the titer to a
certain degree, with the better proliferation result of
the addition of 0.3 pg-mL* TPCK-trypsin at 48 hpi
(Figure 3C).

The influenza virus HA was split by the host
protease into the mature HA1 and HA2, which should
be the precondition of the cell infection of AIV.
However, such protease was lacking in the tissues and
cells, the right amount of exogenous trypsin should be
added during the proliferation period of AlV, so as to
increase the splitting of HA and to enhance the
infectivity of AIV [40,41]. But the excessive level of
trypsin would cause the early cell shedding and the
reduction of the titer, while the inadequate trypsin
couldn’t have the effects. After the treatment with
TPCK, trypsin could present higher activity and better
improving influence on the proliferation of the viruses.
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Other factors influencing the proliferation of AlIV

After the inoculation of MDCK cells, the solutions
at different concentrations of HEPES, GIn or
bovine serum albumin (BSA) were added into the
maintenance media. The results showed that the HA
titer was the highest with 40 mmol-L* HEPES with
significant differences, that the HA titer was
thehighest with 3 mmol-L* GIn with non-
significant differences, and that BSA inhibited the
proliferation of H9-4: with higher BSA
concentration, the titer was significantly lower
(Figure 3D-F).

HEPES, as a hydrogen ion buffer, might maintain
the long-term constant pH range; GlIn, as the must-
have additive in in vitro cell culture, was used as an
energy source in the synthesis of protein and nucleic
acid metabolism. Therefore, adding the right amount
of HEPES and GIn in the maintenance media could
help maintain normal cell growt. Just like serum, the
addition of BSA also led to the obvious reduction of
the titer, probably because it occupied the cell-surface
receptors.

Stability of H9-4 isolates

After 11 continuous passages of H9-4 isolates
from embryonated eggs in MDCK cells, the results
showed that the HA titer increased gradually and
achieved to the peak value at passages F4, and then
began to fall (Figure 4A). This is probably because
there was a gradual process of adaptation for the
proliferation of AIV in the host cells. But the
increased trypsin inhibitor accumulation level
elevated with the passages and caused the inhibition
to the proliferation, or it was also possible that the
abundance of the a-2,3 linked receptors was still low
on MDCK cells [39,42].

Analysis on the key factors influencing the
proliferation of AlV

H9-4 isolate was inoculated into MDCK and
Vero cells accordingly, with the addition of 0.5
ug-mL* TPCK-trypsin, 40 mmol-L* HEPES or 3
mmol-L* GlIn. It could be seen that without TPCK-
trypsin, there was hardly any proliferation of virus
in \Vero cells whether or not with the addition of
HEPES or GIn. For MDCK, it was found that
without TPCK-trypsin, there was poor proliferation
of AlV; and that with TPCK-trypsin, the HA titer
increased significantly, and improvement of the
proliferation if with the addition of HEPES or GlIn
(Figure 4B). The results above indicated that
TPCK-trypsin was the most important factor
influencing the proliferation of H9-4, and the right
amount of HEPES or GIn improved the
proliferation of the virus.

In order to better understand the effects of the
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supplement of TPCK-trypsin, 24 h, 48 h or 72 h
after the inoculation of Vero and MDCK cells, 0.3
ug-mL? TPCK-trypsin was re-added and the HA
titer was measured at 96 hpi. The results indicated
the re-addition of TPCK-trypsin could improve the
proliferation of the virus in both cells, but more
evidently in MDCK cells (Figure 4C). The reason
might be that with the elevated accumulation of
trypsin inhibitor during the replication of AlV, the
trypsin in the culture media was inactivated fast, and
only the timely addition of TPCK-trypsin could meet
the needs of effective proliferation of AlV [17,43,44].
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Fig. 4. Analysis on stability of HON2 subtype AIV
isolate and the key factors influencing the proliferation
of AIV. (A) Stability of H9-4 isolate; (B) Effect of
TPCK-trypsin, HEPES and GlIn on the proliferation of
HON2 subtype AlV; (C) Effect on the proliferation of
HION2 subtype AIV supplemented with TPCK-trypsin at
different time. The virus strain used in fig.4 was H9-4.
The cell line used in fig. 4A was MDCK. Same letter
was defined as insignificant difference, while different
letters indicated significant differences on 0.05 level. An
asterisk(*) represented p <0.05, two asterisks represented
p <0.01, and three asterisks represented p <0.001.

Establishment of high-yield cell strain of HIN2
subtype AIV

Construction of pCl-neo-St3gal / vector and
screening of stable transfected cell strains

In addition to optimizing the conditions of the
proliferation of influenza virus, other methods
could also be applied, such as reforming the cell
lines for the better virus proliferation environment,
the higher yield and titer. Influenza virus could
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infect the host by the specific binding of HA with
the host cell surface sialic acid receptor [25,45].
MDCK cells had both SAa-2,3Gal and SAa-2,6Gal
receptors, while the abundance of the SAa-2,3Gal
receptors were quite low and caused the low liter of
AlV in MDCK cells [46]. The a-2,3-
sialyltransferase I (ST3Gal I ) could transfer the
sialic acid to the host cell surface in the form of a-
2,3 link, and formed the receptor of AIV [31].
Therefore, through the high expression of St3gal I ,
the abundance of SAa-2,3 Gal receptors on MDCK
cells could be improved.

The SPF chicken St3gal I gene was cloned and
inserted into pCl-neo plasmid (Figure 5A). After
identification, the expression vector pCl-neo-
St3gal I was obtained (Figure 5B). The pCl-neo

and pCl-neo-St3gal I plasmids were used for the
transfection of the MDCK cells. Then 30
monoclonal cell strains were selected and picked
out. The PCR assay of the genomic DNA indicated
only the cell strains with the target genes could
present ~1 kb amplification band (Figure 5C). The
total RNA of the transfected cells were extracted
for RT-PCR assay. The results showed that the
stable transfected cell strains could amplified
proper bands (Figure 5D). 9 transfected cell strains
with good amplification effect were selected for the
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transcription level detection of St3gal I with p-
actin gene as internal reference. The results showed
that the St3gal I expression level in transfected cell
strains were higher comparatively (Figure 5E).
Combining the results of qRT-PCR, the expression
level of St3gal I gene was the highest in S8 cell
strain (p <0.001), followed by S1, S3 and S4 (p
<0.01) (Figure 5F). The HA titer analyses showed
the better proliferation of H9-4 in S8 cell strain than
the control (Figure 5G).

Analysis of high-yield cell strain receptor
abundance and AlV proliferation effect

Microscopic observation found that the normal
MDCK cells, empty transfected and S1 cells were
spindle-shaped, however S8 cells in tight
arrangement appeared prismatic-shaped (Figure
6Aa-d). At 72 hpi, the growth of the control cells
(uninoculated) were almost normal, with few cell
masses and shedding cells (Figure 6Ae). However,
the CPE were observed for the cells inoculated H9-
4 virus (Figure 6Af~h). By comparison, the
cytopathogenic degree of S8 cells was more severe
and there were fewer adherent cells. The abundance
of a-2,3 linked receptors on the stable transfected
cell strains was detected by FCM assay.
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Fig. 5. Construction of eukaryotic expression vector and screening of stable transfected cell strains. (A) Schematic
illustration of pCl-neo expression vector; (B) Schematic illustration of pCl-neo-St3gal I expression vector; (C) PCR
assay of stable transfected cell strains; (D) RT-PCR assay of stable transfected cell strains; (E) Detection of the St3gal I
expression level in stable transfected cell strains by RT-PCR; (F) Detection of the St3gal I expression level in stable
transfected cell strains by qRT-PCR; (G) HA titer analyses of stable transfected cell strains by inoculation of HIN2
subtype AlV. In Fig. 5G, the culture conditions of the H9-4 isolate in different MDCK cell lines: the inoculation amount
was 10 with the addition of 0.5 pug-mL™® TPCK-trypsin, the harvest time of AIV was at 96 hpi. An asterisk(*)
represented p <0.05, two asterisks represented p <0.01, and three asterisks represented p <0.001.
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Fig. 6. Detection of receptor abundance and AlIV proliferation effect. (A) The morphology of the stable transfected
cell strains and CPE at 72 hpi; (B) Detection of the abundance of a-2,3 linked receptors on the stable transfected cell
strains; (C~E) Detection of AlV proliferation effect by HA, TCIDso and EIDsg assay. An asterisk(*) represented p <0.05,
two asterisks represented p <0.01, and three asterisks represented p <0.001. In Fig. 6, the culture conditions of the H9-4
isolate in different MDCK cell lines: the inoculation amount was 10 with the addition of 0.5 pg-mL* TPCK-trypsin,

the harvest time of AlV was at 96 hpi.

The results indicated that the fluorescence
intensity of S8 cells were obviously improved, with
higher content of a-2,3 linked receptors than those
of the mock and S1 cells (Figure 6B). H9-4 was
inoculated to S8 cells to measure the HA titer,
TCIDsy and EIDso. Experimental results showed
that the HA titer of H9-4 in S8 cells was
significantly higher than control cells (p<0.05)
(Figure 6C). TCIDsy and EIDso were also higher,
including very significant differences of TCIDso
between S8 cells and the control (p<0.01) (Figure
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6D and E). Based on the above results, it concluded
that S8 stable transfected cell strain created by
transgenic technology could improve the cell surface
a-2,3 lined receptors, the sensitivity and replication of
the wvirus, thus it was more suitable for the
proliferation of HON2 subtype AIV. However, any
physiological process in cells should often be the
results of the combination of multiple genes. So the
single gene transfer was also limited here. In order to
increase yield of AIV in the cell culture, multiple
approaches should be integrated together.
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CONCLUSION

For the cell culture of the virus in some specific
cell lines, the obtaining of high-titer virus depends
on many factors, including the properties of the
virus itself, the sensitivity of the host cells, and the
ideal conditions for the biosynthesis. In this study,
two strategies improving cell culture conditions,
reforming cell lines were used to improve the yield of
the virus. The experimental results showed that during
the culture of the H9-4 isolate in MDCK cell lines,
when the inoculation amount was 10-3~10"* with the
addition of 05 pg'mL? TPCK-trypsin, the
proliferation of AIV was excellent at 96~108 hpi. At
different stages of AIV culture, the re-addition of 0.3
pug'mL? TPCK-trypsin in the maintenance media
could increase the titer of the virus to a certain extent.
Also, the addition of 40 mmol-mL?* HEPES or 3
mmol-mL? GIn in the maintenance media could
improve the proliferation of AlV, while the addition of
serum or BSA significantly inhibited the proliferation
of the virus. Among them, trypsin was the key
factors influencing the proliferation of HON2
subtype AIV by optimizing the cell culture
conditions. To further increase the sensitivity of
HIN2 subtype AIV to the host cells, the chicken
St3gal I gene was cloned, and was transfected into
MDCK cell lines. 1 strain of highly-expressed
St3gal I -positive monoclonal cell strain S8 was
detected, of which the «-2,3 linked receptor
abundance was evidently increased. After testing, it
was found that the stably-expressed St3gal I -positive
cell strain S8 could improve the infection sensitivity
and replication capacity of the isolates of HIN2
subtype AIV.
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OIITUMMBALINA HA KIIETBYHA KVJITYPA HA HON2 ITOATHUITI HA AIV 1
YCTAHOBSBAHE HA KJIETBUEH IIIAM C BUCOK JJOBVB

I0-/Ixuan JIio'?3, Keun-Mun By*, 10 I'yan*, Conr-Jlun Xanr®, lxun-JIluan Ban®, [lxuy-Kcua JKao®, Ben-
10 Xan?, XKu-1au ent*5*

YTocmookmopcka npozpama, * Axademus 3a HcusomHOBLOHU HAYKU U 6emepunapha meouyuna Lllandyn Bunuicoy,
bunuoicoy, Kumaii
2 [Tocmo Y K i
ocmookmopcka npoepama, J{3unun ynugepcumem, Yanuyn, Kumail.
3Omoenenue na naykume 3a scusoma, Yuueepcumem & Bunuscoy, Bunuxcoy, Kumail.
S llanoyncku uncmumym no 6uomexuonozus, Bunuocoy, Kumaii. Bunucoy, Kumaii.

IMonyyena Ha 10 okromepu 2016 r.; peBusupana Ha 10 deBpyapu 2016 r.
(Pesrome)

TennenuusTa B NMPOM3BOJICTBOTO Ha IPOTHBOTPUIIHA BAKCHMHA € I0JICYaBAHETO M OT KJIEThYHM KyinTypu. ToBa
Npoy4YBaHe MMalle 3a IeJl A2 YCTAaHOBHM KJIIOYOBHMTE TEXHOJIOTHMM Ha KieThyHarta Kyiarypa Ha montun HON2 na AlV
(Bupyca Ha ntiuust rpur). Pesyntarure nokassar, 4e o BpeMe Ha KyJITHBUpPAHE Ha KIEThbYHH JMHUH OT u3onar H9-4 B
MDCK (Manun-Jlap6u kyuemku ObOpek), korato uHOKyJdomMbT € 102 ~ 10% ¢ 0.5 mxr mn? TPCK (tosun
(enunananun xjaopmetwi kerton) -tpurcuH, 40 mmon wmal HEPES (XMIpOKCHETWINHUIIEPasHH €TaHCyN(pOHOBA
kucenHa) win 3 mmon Mt Gln (riyTamun) B cpesiata 3a NOAPHKKA, pasnpocTpaHenueto Ha AIV Geute oTiMuHO B
96 ~ 108 HPI (uac cnen 3apassBaneto). OcBen ToBa, no6askaTa Ha 0.3 Mkr M’ TPCK-TpuIcHH MOXe 13 yBEIUdYM
TUTBpPa Ha BHpyca 10 m3BecTHa cremeH. [Imnemku ren St3gall Ge kimoHMpaH M TpaHCHEKTHpPAH B KICTHYHU JIMHUH
MDCK. Ype3 ckpuHHHT, O€ TOIyYeH eIMH IIaM Ha MOHOKJIOHAJIEH KJIEThYCH maM S8, ChC CHITHO M3Pa3eHa MPOTyKITH
Ha St3gall, oT xoWTO WM3NMMIIBKA HA o -2,3 CBBP3aH PELENTOp OYEBHAHO CE yBEIMYaBa. JHAYMTEIHO CE yBEIMYaBa
pasnpoctpaHeHnero Ha kietkn S8 Ha H9-4. Pesynratute morBepamxa, de HWH(GEKIMOHHATA YYBCTBHUTEITHOCT W
KananuTeThT Ha pemukanus Ha uzosnatute Ha HIN2 moarun na AIV 0sxa JOMBJIHUTENHO NOAOOpPEHH Ype3
yBeJIMYaBaHE Ha W3JIMIIbKA HA PELIENTOP HA MOBPXHOCTTA Ha KJIETKATa TOCTOIIPUEMHUK.
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