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are transformed with a neuraminidase expression vector or infected with a virus which is transformed with a neuraminidase expression
vector, wherein the expression vector comprises at least a part of the coding region of a neuraminidase gene of an influenza virus minus
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INFLUENZA VACCINCE
The present invention relates to a recombinant

influenza neuraminidase, an expression vector with which the

recombinant neuraminidase can be expressed 1n host cells,

5 methods for producing and purifying recombinant
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neuraminidase, vaccines against influenza and the use of

recombinant neuraminidase according to the 1nvention.

Thus in one aspect, the invention provides
recombinant influenza neuraminidase 1n 1solated form,
obtainable by: a) culturing 1n a suitable culture medium
host cells which are transformed with a neuraminidase
expression vector or infected with a virus which 1is
transformed with a neuraminidase expression vector, whereiln
the expression vector comprises at least a part of the
coding region of a neuraminidase gene of an influenza virus

minus the region which codes for the membrane anchor, or a

fragment of neuraminidase responsible for causing protective
immunity upon immunization with said fragment wherein the
fragment excludes the region of neuraminidase which codes
for the membrane anchor, preceded 1n phase by a signal
sequence; and b) 1solating the expression product

neuraminidase from the culture medium.

In another aspect, the i1nvention provides
recombinant i1nfluenza NAZ neuraminidase 1n isolated form,
obtainable by culturing 1n a suilitable culture medium host
cells infected with a virus which 1s transformed by double
homologous recombination of its genome with the recombinant
expression vector pAc2IVNAs with the deposit accession
number LMBP 2976 and 1solating the expression product

neuraminidase from the culture medium.
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In another aspect, the invention provides
recombinant influenza NAZ neuraminidase obtalnable by
culturing in a suitable culture medlium host cells
transfected with the recomblinant expression vector

pPP1IVNAfls with the deposit accession number LMBP 3223.

In another aspect, the invention provides a vector
for expressing a secretable influenza neuraminidase
comprising: a) at least a part of the coding region of the
influenza neuraminidase gene minus the region which codes
for the membrane anchor, or a fragment of neuramilnidase
responsible for causing protective i1mmunity upon
immunization with said fragment wherein the fragment
excludes the region of neuraminidase which codes for the
membrane anchor; b) a signal sequence located at 5' from the
coding region and coupled in phase thereto; c¢) a promoter
located at 5' from the signal sequence; and d) a
transcription terminator located at 3' from the coding

region.

In another aspect, the i1nvention provides a vector

for expressing a secretable i1nfluenza NAZ neuramlnidase
comprising: a) the coding region of the influenza

NA2 neuraminidase gene of the virus strain A/Victoria/3/75
minus the region which codes for the membrane anchor, or a
fragment of neuraminidase responsible for causing protective

immunity upon immunization with said fragment wherein the

fragment excludes the region of neuraminidase which codes
for the membrane anchor; b) a signal sequence located at

5' from the coding region and coupled in phase thereto; c) a

promoter located at 5' from the signal sequence; and d) a
transcription terminator located at 3' from the coding

region.
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In another aspect, the invention provides vector

PACZ2IVNAs with the deposit accession number LMBP 2976.

In another aspect, the invention provides a vector

for expressing a secretable influenza neuraminidase in

yeast, comprilsing: a) the coding region of the influenza

neuraminidase gene minus the regions which code for
respectively the membrane anchor and at least a portion of
the stalk part of the neuraminidase, or a fragment of

I

.

curaminidase responsible for causing protective immunity

upon 1lmmunizatlon with said fragment wherein the fragment
excludes the region of neuraminidase which codes for the
membrane anchor; b) a signal sequence located at 5' from the
coding region and coupled in phase thereto; c) a promoter
located at 5' from the signal sequence; and d) a
transcription terminator located at 3' from the coding

region.

In another aspect, the invention provides a vector
for expressing a secretable influenza NA2 neuraminidase in
yeast, comprising: a) the coding region of the influenza
neuraminidase gene of the virus strain A/Victoria/3/75 minus
the regions which code for respectively the membrane anchor
and at least a portion of the stalk part of the
neuraminidase, or a fragment of neuraminidase responsible
for causing protective immunity upon immunization with said
fragment wherein the fragment excludes the region of
neuraminidase which codes for the membrane anchor; b) a
signal sequence located at 5' from the coding region and
coupled 1n phase thereto; c¢) a promoter located at 5' from
the signal sequence; and d) a transcription terminator

located at 3' from the coding region.

In another aspect, the invention provides a method

for manufacturing a recombinant influenza neuraminidase
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comprising the steps of: a) constructing an expression
vector comprising a signal sequence and coupled thereto 1n
phase the coding region of an i1nfluenza neuraminidase gene
minus the region which codes for the membrane anchor or a
fragment of neuraminidase responsible for causing protective
immunity upon immunization with said fragment wherein the
fragment excludes the region of neuraminidase which codes
for the membrane anchor, said signal sequence and said
coding region being under the regulation of suitable
promoter and terminator sequences; b) transforming a host

cell with the thus obtained expression vector; c¢) culturing

the transformed host cell 1n a culture medium under

conditions enabling the expression of the recombinant
neuraminidase; and d) 1solating the recombinant

neuraminidase from the culture medium.

In another aspect, the invention provides a method
for manufacturing a recombinant influenza neuraminidase
comprising the steps of: a) constructing a vector comprising
an expression module consisting of a signal sequence and
coupled thereto 1n phase the coding region of an influenza
neuraminidase gene minus the region which codes for the
membrane anchor, or a fragment of neuraminidase responsible
for causing protective immunity upon immunization with said

fragment wherein the fragment excludes the region of

neuraminidase which codes for the membrane anchor, said
signal sequence and said coding region being under the
regulation of suitable promoter and terminator sequences for
transcription; b) bringing the expression module of the
vector 1nto the genome of a virus by means of double
homologous recombination; c¢) infecting a host cell with the
thus obtalned transformed virus; d) culturing the infected
host cell 1in a culture medium under conditions enabling the

expression of the recombinant neuraminidase; and
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e) 1solating the recombinant neuraminidase from the culture

T

medium.

In another aspect, the invention provides a method
for manufacturing a recombinant influenza NAZ neuraminidase
comprising the steps of: a) constructing a vector comprising
an expression module consisting of a signal sequence and
coupled thereto in phase the coding region of an influenza
NA2 neuraminidase gene of the virus strain A/Victoria/3/75
minus the region which codes for the membrane anchor, or a
fragment of neuraminidase responsible for causing protective
immunity upon immunization with said fragment wherein the
fragment excludes the region of neuraminidase which codes

for the membrane anchor, said signal sequence and said

codlng region being under the regulation of suitable

promoter and terminator sequences for transcription;

b) bringing the expression module of the vector by means of
double homologous recombination i1nto the genome of a wild-
type or baculovirus derived therefrom in order to obtain a
recombinant baculovirus; c) infecting a host cell with the
recombinant baculovirus; d) culturing the infected host cell
1n a culture medium under conditions enabling the expression
of the recomblinant neuraminidase; and e) isolating the

recombinant neuraminidase from the culture medium.

In another aspect, the invention provides a method
for manufacturing a recombinant influenza NA2 neuraminidase
comprising the steps of: a) transforming a baculovirus with
the expression module of the vector pAc2IVNAs with the
deposit accession number LMBP 2976 by means of double
homologous recombilnation; b) infecting a host cell with the
thus obtalined recombinant baculovirus; c¢) culturing the
infected host cell in a culture medium under conditions

enabling the expression of the recombinant neuraminidase;
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and d) isolating the recombinant neuraminidase from the

culture medium.

In another aspect, the invention provides a method

for manufacturing a recombinant influenza NAZ neuraminidase

comprising the steps of: a) constructing a vector comprising

bl

an expression module consisting of a signal sequence and

gt

coupled thereto 1n phase the coding region of an influenza

NA2 neuraminidase gene of the virus strain A/Victoria/3/75
minus the region which codes for the membrane anchor and the
region which codes for the stalk part of the neuraminidase,
or a fragment of neuraminidase responsible for causing
protective immunity upon immunization with said fragment
wherein the fragment excludes the region of neuraminidase
which codes for the membrane anchor, said signal sequence
and sald coding region being under the regulation of
suitable promoter and terminator sequences for
transcription; b) transforming a host cell with the thus
obtained recombinant vector; c¢) culturing the transformed
host cell in a culture medium under conditions enabling the
expression of the recombinant neuraminidase; and

d) i1solating the recombinant neuraminidase from the culture

medium.

In another aspect, the invention provides a method
for manufacturing a recombinant i1nfluenza NAZ neuraminidase

comprising the steps of: a) transforming Pichia pastoris

with the vector pPPlIVNAfls with the deposit accession
number LMBP 3223; b) transforming a host cell with the

vector; c¢) culturing the transformed host cell in a culture
medium under conditions enabling the expression of the
recomblinant neuraminidase; and d) 1solating the recombinant

neuraminidase from the culture medium.
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In another aspect, the invention provides a method
for producing secreted and immunogenic recombinant
neuraminidase by: a) culturing in a suitable culture medium
host cells which are transformed with a neuraminidase
expression vector or infected with a virus which 1is
transformed with a neuraminidase expression vector, whereiln
the expression vector comprises at least a part of the
coding region of a neuraminidase gene of an influenza virus
minus the region which codes for the membrane anchor, or a
fragment of neuraminidase responsible for causling protective
immunity upon immunization with said fragment wherein the
fragment excludes the region of neuraminidase which codes
for the membrane anchor, preceded i1n phase by a signal
sequence; and b) isolating the expression product

neuraminidase from the culture medium.

In a further aspect, the i1nvention provides a
vaccine comprising the recombinant influenza neuraminidase

of the invention, and the corresponding use of the inventive

recombinant influenza neuraminidase 1n the preparation of a

vaccine against influenza, e.g. 1nfluenza of the NAZ type.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the strategy for the construction of
a secretable NA gene and its integration in a baculovirus
20 transfer vector. Only the relevant restriction sites are
indicated. The single lines show bacterial plasmide
sequences, while the denser portions indicate HA-specific
(full) or NA-specific (dotted) segquences. The HA signal
sequence is indicated with single hatching. The NA signal
25 sequence/membrane anchor sequence is indicated with
double hatching. ' '
‘Figure 2 shows the nucleotide sequence of the posi-
tive cDNA string and the amino acid sequence of the
flanking regions of the ligation site between the HA
30 signal peptide and the NA with its NA membrane anchor

removed.
Figure 2A shows non-processed HA with, in detail,
the signal peptidase restriction site between Ala,, and
- Gln,, (dotted vertical line). The NA terminal segment used
35 for the secretion of NAs is designated with an arrow.
In figure 2B is shown a detail of the "stalk" regien .
cf NA. The truncated sequence involved in the construc-
tion of NAs is designated with an arrow. |
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In figure 2C is shown how the sequence of NAs is
constructed from A and B. Shown here in detail is the
fusion region between HA- and NA-specific sequences. NAs
probably begins with the four NA terminal amino acids of
mature HA followed by a mutated codon (underlined with a
dotted line). ' ' '

In Figure 3 the SDS/PAGE-analyses of purified pNA
are shown. Figure 3A relates to the analysis of protein
samples taken in the different steps during purification
of pNA. Lane 1 shows the marker proteins; lane 2 the
crude pNA material (1 pg; pNA bands below detectable
levels), lane 3 shows the Sepharose S-pool (1 ng): lane 4
the Superdex 200-poocl (1 ug). Shown in figure 3B is a
5.0% to 7.5% gradient gel of 1 ug pNA cross-linked by
means of BS'. Lane 1 shows the marker prbteins ; lane ‘2 the

pNA after croams-linking. Extra bands appear at about 105
kd (dimey), about 160 kd (trimer) and about 210 kd (tet-
ramer) . |

Figure 4 shows the time progression of specific
activity (0) which is detected in the culture medium, as
derived from the enzymatic activity levels (o) and the
total protein concentration (©¢), after inoculation of Sfs
cells with recombinant baculovirus. .

In figqure 5 the anion exchange chromatography on
Sepharose Q is shown. After dissolving and dialysing the
(20-60)% (NH,),SO, precipitate, the solution (97.5 mg
protein, 117,000 U) was loaded onto a Sepharose Q-column.
Non-bound material was washed away before the elutien was

performed with a linear NaCl gradient (---} to a concen-
tration of 250 mM which was added to the starting buffer.

The protein concentration of the eluate was followed by
Fractions of 2.5 ml were collected

and tested for enzymatic activity (0) and for antigenici-

ty in an ELISA (a). :
Figure 6 shows the gel filtration of NAs on Superdex

200. The eluate after N- (p-amincphenyl) oxamic acid-
agarose separation (2.63 mg protein, 49,100 U) was con-
centrated to 2.0 ml and subseguently chromatographéd in
fractions of 1.0 ml sample volume on a Superdex 200-
column run at a throughflow rate of 10 ml/hour. A,, was
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continuously followed (___). Individual fractions (1.0
ml) were tested for enzymatic (0) as well as antige‘nic
activity (a). The arrows indicate the elution volumes of
the calibration proteins (see text): 443 kd (1), 200 kd
5 (2), 150 kd (3), €67 kd (4) and 29 kd (S).
Figure 7 shows ‘the SDS/PAGE analysis of purified
NAs. Each lane corresponds with the specified fraction

number of the Superdex 200 gel filtration. Figure 7A
shows the SDS/PAGE pattern after denaturation of 10 ul

10 samples (R-mercaptoethanol was added). The lanes A and B
indicate marker proteins. In figure 7B the proteln sam-
ples were cross-linked with BS® and subsequently separated
by electrophoresis on a gradient gel of 5.0% to 7.5% in
the presence of 8DS but under non-reducing conditions. ’

15 The fractions 57 to 68 show 10 pul sample volume; frac-
tions 70 to 77 show 25 ul sample volume. Tetrameric NAs
causes bands at about 220 kd (tetramer) and about 110 kd
(dimer) . Dimeric and monomeric NAs remain wvisible as '
bands of respectively about 110 kd and about 55 kd.

20 Shown in figure 8 are the SDS/PAGE results of pro-
tein samples taken during different steps of the NAs
purification procedure. Lane 1 shows the marker proteins;
lane 2 the crude medium (5 ug); lane 3 (20-60)% (NH,),SO,
precipitate (5 pg); lane 4 the Sepharose Q-pool (2.5

25 ug)); lane 5 the pool after N-(p-amincphenyl) oxamic acid
agarose separation (1 ug); lane 6 the pool of tetrameric
and dimeric NAs fractions after Superdex 200 gel filtra-
tion (1 uqg).

. Figure 9 shows the comparative analysis of the

30 carbohydrate content linked to pNA and NAs, as estimated
from NA-glycanase digestion and SDS/PAGE. The enzyme NA-

- glycanase is visible as a band of about 35 kd. In figure
9A lane 1 shows the marker proteins; lane 2 non-digested
pPNA (1 ug); lane 3 pNA (1 ug) treated with NA-glycanase.

35 In figure 9B lanes 1 and B8 show the marker proteins; lane
2 non-digested tetrameric NAs; lane 3 tetrameric NAs
treated with NA-glycanase; lane 4 non-digested dimeric
NAs; lane S dimeric NAs treated with NA-glycanase; lane 6
non-digested monomeric NAs; lane 7 monomeric NAs treated

40 with NA-glycanase.
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Figure 1C illustrates the antigenic near-identicity
between NAs and pNA. Samples of pNA and NAs were brought
to an equal protein concentration and then serially
diluted 1 to 2 in an ELISA. The figure shows the sigmoid

§ antigenicity curve measured for the specific antigens.
The pNA reference is indicated by ©; the tetrameric NAs
by ¢; the dimeric NAs by O and the monomeric NAs by a.

The antibody response to NAs is illustrated in

figure 11. Fourteen days after each immunisation (desig-

10 nated by means of an arrow), blood samples were taken
from the mice and the presence of NAs antibodies was
measured in an ELISA (see text for experimental details).
Full -shaded bars and hatched bars represent average serum
titres (+ S.D) of vaccinated and control animals res;:;ec-

15 tively. Figure 12 shows the homovariant protection.
Vaccinees [--- in (A); v 1n (B) and (C)] and controls ([___
in (A); ® in (B) and (C)] were challenged with 20 LD,, of
homovariant, mouse-adapted X-47 wvirus. The prdgress of
the infection was followed by recording the rate of

20 survival (A) and by measuring the rectal temperature (B)
and the body weight (C) of the mice (see text for experi-
mental details). The data points give average values i
S.D. _

, The heterovariant protection is illustrated in

25 figure 13. Vaccinees [(--- in (A); v in (B) and (C)] and
controls [___ in (A); @ in (B) and (C)] were challenged
with 20 1D, of heterovariant, mouse-adapted X-31 virus.
The progress of the infection was followed by recording
the .r“ate of survival (A) and by measuring the rectal

30 temperature (B) and the body weight (C) of the mice (see
text for experimental details). The data points give

average values + S.D.
Figure 14 shows the protection by pasgsive inmmunisa-

tion. Groups of mice were passively immunized by intra-
35 peritoneal injection of NAs immune sexrum. [--- in (A); ¥
in (B) and (C)] or control sexum [ in (A); @ in (B)
and (C)]. Twenty-four hours later they received a chal-
lenge of 20 LD, mouse-adapted X-47 virus (see text for
experimental details). Rate of survival, rectal tempera-
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tures and body weight are shown in respectively (A), (B)

and (C). Data points indicate the average wvalue + S.D.
Figqure 15 shows a diagram of the pPICS plasmide

which contains in addition to the AOXI promoter and

terminator sequences the HIS4 marker of P. pastoris and
the prepro secretion signal of the a-factor gene of

Saccharomyces cerevisiae. A multiple cloning site is

situated behind the secretion sigmal. ,

Figure 16 gives a survey of the fusion region be-
tween the prepro secretion signal and the recombinant
"hat" part of the neuraminidase. "KEX2" lndn.cates where
the propeptide is cleaved in the late Golgi by the endog-
enous KEX-2 protease. The (Glu-Ala), dipeptide is removed

by an STEl3-type dipeptidyl aminopeptidase. The tyrosine

residue does not come from the neuraminidase but is not
removed. The following proline corresponds with position
79 of the X-47 neuraminidase. .

Figure 17 is a Westerm blot of a 12 5% polyacryl-
amide gel with S medium samples of individual transfor-
mants. Lane 1 contains the medium sample of an untrans-

formed P. pastoris strain. The protein material of 1 ml
culture medium precipitated with TCA is loaded per lane.
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Influenza A and B virus epidemics cause considerable
discomfort to those affected and have a great influence
on social and economic life. They cause a significant

10 mortality rate in older people and in patients with
chronic illnesses. Since their introduction during the
1940s, inactivated vaccines based on virus material
cultured in chicken eggs have been found to be clearly
effective aga'inst influenza infection and have resulted

15 in a significant fall in the mortality rate of high-risk
populations.

The influenza viruses are unigque among the viruses
of the bronchizl tubes because they undergo a significant
antigenic variation (so-called " rift") in their two

20 surface antigens, that is, the hemagglutinin (HA) and the
neuraminidase (NA). .

In addition, influenza A in particular can escape
the prevalent immunity due to the phenomenon of "shift".
Appearing herein in the human virus is an NA gene which

25 comes from the animal reservoir of. influenza genes. In
1957 the NAl-type virus prevalent up to that time was
thus replaced by a new NA2-type virus. Since 1977 the

NAl-type viruses have also returned to the human popula-
tion. The present vaccines must therefore preferably be

30 aimed against both NAl and NAZ2-type viruses.
NA catalyses the removal of terminal sialic acid

residues of glycosyl groups whereby potential receptors
for HA are destroyed (Gottschalk, 1957; Burmet and Stone,

1947) . It is assumed that NA is essential in preventing
35 wvirus aggregation and in an efficient spreading from cell
to cell (Colman and Ward, 198S5).
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Each NA molecule (M, = 240,000} has a toadstool-like
structure which consists of four identical polypeptide
chaing built up of two dimers which are linked to disul-
phide‘bridges'and in turn held together by non-covalent
bonds (Bucher and XKilbourne, 1872:; Laver and Valentine,
1969; Varghese et al., 1983; Ward et al., 1983). Other-
wise than HA, NA is anchored in the lipid membrane by a
non-spliced, NA-terminal, lipophilic sequence (Fields et
al., 1983; Block et al., 1982), the gso-called membrane
anchor. The greatest part of the total structure pro-
trudes above the membrane and forms there a distal, box-
shaped "head" area localised on top of an elongate
"gtalk" region (Wrigley et al., 1973’). Inside the head
each monomer has 1ts own catalytic site and contains at
least four NA-linked glycosyl groups (Colman et al.,
1983; Ward et al., 1982). The presence of O-glycosylation
has not vet been demonstrated up to the present time.

On account of their external localization the HA and
NA antigens represent the most important viral target
gtructures for the host immune system. Of antibodies

which bind specifically toe HA it ig thought that they
neutralise the viral infectivity, procbably by blocking
the early steps of infection (Hirst, 1542; Kida et al.,
1983) . NA-specific antibodies normally do not prevent the
initial infection of a target cell ({(Jahiel and Kilbournhe,
1966; Kilbourne et al., 1968; Johanssen et al., 1888) but
precisely the spread of the virus. In addicion, due to
competition mechanisms, the immunologic response to NA
appears to be partly suppressed in favour of the more
frequently occurring HA antigen (Johanssen et al., 1987,
Kilbourne, 1976). As net result the effect of NA immunity
is generally overshadowed by the neutralising HA antibod-
jes. For this reason the attentiocn of vaccine designers
has been fociussed for a long time almost exclusively on
HA.

A number of expecrimental observations indicate
however that NA is indeed capable of playing a signifi—
cant part in the build-up of protective immunity to
influenza (Schulman et al., 1968; Johansen and Kilbourne,
1990; Johansen et al., 1993). Fundamental studies intoc




. WO 95/18861 21 80 965 PCT/BE95/00002

10

15

20

25

30

35

40

3

the immunogenic potential of NA neceasitate the avail-
ability of very pure antigens in sufficient quantities
and with the correct three-dimensional conformation. Up
until now NA has been prepared by treating viral enve-
lopes with detergents (Gallagher et al., 1984; Kilbourne
et al., 1368) or by proteolytic cleavage of the protein
head, often by means of pronase (Seto et al., 13966; Rott
et al., 1874), followed by purifying of the NA. Although
to some extent usable, these methods have congiderable
limitations in respect of yield and purity.

It 1s therefore the object of the present invention
to provide a recombinant influenza neuraminidase which
has antigenic properties corresponding with the naturally
occurxing neuraminidase and igs folded in the correct
manner.

Such a recombinant neuraminidase in substantially
isolated form can be obtained according to the invention
by :

a) culturing in a suitable culture medium host cells
which are transformed with a neuraminidase expression
vector or infected with a virus which is tranaformed with
a neuraminidase expression vector, wherein the expression
vector compriges at least a part of the coding region of
a neuraminidase gene of an influenza virus minus the
region which codes for the membrane anchor, or a modified
version thereof, preceded in phase by a signal seguence:
and

b) isolating the expresgion product neuraminidase
from the culture medium.

The recombinant neuraminidase according to the
invention which is secreted in the culture medium can for
ingstance be used for fundamental studies, wherein the
separate vaccination with NA is performed in order to
determine the role of NA in a vaccine. In practice recom-
binant NA will however probably still be used in combina-
tion with HA in order to increase the degree of protec-
tion (percentage of the inoculated population that is
effectively protected against an infection) and the
protection persistence (protection against later epidemic
strains).
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More particularly the invention provides a recombi-
nant infiuenza NA2 neuraminidase which can be obtained by
culturing host cells in a suitable culture medium and
isolating the expression product neuraminidagse from the
culture medium. This entails in practice for instance
that a recombinant expression module from pAc2IVNAs is
crossed in a wild-type baculovirus or a derivative there-
of. Host cells are then infected with this recombinant
baculovirus.

The host cells used for the production of the recom-
binant Influenza neuraminidase preferably originate from
lower eukaryotic organisms such as insects, preferably
the ingect cell line sf9, but can alsoc be yeast cells

such as Saccharomyces or Pichia.

The present invention further relates to two vectors
for expressing a secretable influenza neuraminidase
comprising a replication origin, at least a part of the
coding region of the influenza neuraminidase gene minus
the region which codes for the membrane anchor, or modi-
fied versions thereof, a signal segquence located at 5°¢
from the ccded region and coupled in phase thereto, a
promoter located at 5’ from the signal sequence and a
transcription terminator located at 3’ from the coding
region. More particularly the invention provides a vector
for use in expressing a secretable irfluenza NA2 neur-
aminidase comprising a replication origin, the coding
region of the influenza NA2 neuraminidage gene of the
virus strain A/Victoria/3/75 minus the region which codes
for the membrane anchor, or modified versions thereof.

For expression in insect cells such a vector is
placed in a cell together with a wild-type baculovirus or
derivative thereof. A recombinant baculovirus results due
to the occurrence of a double homologous recombination,
wherein the expression module from the vector is intro-
duced into the viral gencme. After plagque purification a
stock of recombinant baculoviruses is cobtained which can
subsequently be used to infect for instance Sfs-cells.

The signal seguence preferably originates from the
hemagglutinin gene of the influenza NA2 virus A/Victo-
ria/3/75 (H3N2). The invention preferably comprises the

PCT/BE95/00002
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vector pAcl2lVNAs, filed on 3 January 19%4 at the Labora-
torium veoor Moleculaire Biologie-Plasmidencollectie
(LMBP) , K.L. Ledeganckstraat 35, B-39000 Ghent, Belgium
with the deposit accession number LMBF 2976, and used for
S transforming a virus, such as for instance the baculovi-
rus, by means of double homologous recombination. Herein
the expression module of the vector, consisting of the
transcription regulation signals, the signal segquence and
the coding region, is placed in the genome of the virus.
10 In another embodiment of the invention a second
vector according to the invention is used. Such a vectar
is intended for use in yeast and comprises for instance a
replication origin, the coding region of the influenza
NA? neuraminidase gene of the viral strain A/Victoria/3/-
15 75 minug the regions which code for respectively the
membrane anchor and the stalk part of NA, or modified
versions thereof, a signal sequence located at 5' from
the ccded region and coupled in phase thereto, a promoter
located at 5 f£rom the signal sequence and a transcrip-
20 tion terminator located at 3’ from the coding region.

The promoter and terminator sequences are preferably
homologous and originate from the methylotrophic yeast
Pichia pagtoris, such as the alcohol oxidase I-gene
sequences. The gignal sequence ig for instance the secre-

25 tion signal of the prepro-mating factor o of Saccharomv-
ces cerevislae.

This vector pPPlIVNAflg was filed on 3 January 1995
at the Laboratorium voor Moleculaire Biclogie-Plasmiden-
collectie (LMBP), K.L. Ledeganckstraat 35, B-9000 Ghent,

30 Belgium with the deposit accession number IMRP 3223.

The recombinant neuraminidase according to the
invention is found to be able to generate a protective
inmunity against influenza virusesg, particularly those of
the NA2 type. The invention therefore also relates to a

35 wvaccine against influenza in which the recombinant neur-

aminidase is included.
The invention moreover relates to a method for

manufacturing recombinant neuraminidase and a method for
purifying same.
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Referred to in the present description and claims by
the term "NAs" is secretable (recombinant) neuraminidage
"PNA" refers to natural neuraminidase treated with pro-
nase. "NA" means neuraminidase.

The present invention will be further elucidated
with reference to the examples hereinbelow which are only
intended by way of explanation and do not imply any
limitation whatever in the scope of the invention.

EXAMPLE 1 |
EXPRESSION, PURIFICATION AND CHARACTERIZATION OF RECOMRBI-
NANT INFLUENZA NA2 NEURAMINIDASE

Materials and methods

L. Construction of a gene which codes for a neuramini-
dase which is secretsd and its integration into a
baculovirus expression system

a. Plasmides

The plasmide pV6/21 is a pBR322 derivative contain-
ing a copy of the neuraminidase gene of A/Victoria/3/7s
(H3N2) influenza virus (Van Rompuy et al., 1982). pSVS1
and both p8SV23m and pSV24m are respectively late and
early SV40 replacement vectors and are described else-
where (Huylebroeck et al., 1988). pSR S-8 is a plasmide
based on pPLa231l1 which contains the start sequence of
the hemagglutinin (HA)-gene of A/Victoria/3/75 (H3IN2)
(Huylebroeck et al., 1988). The baculovirus transfer
vector pVLI4l1l was designed by Luckow and Summers (1989).

b. Subcloning of the HA signal peptide sequence {(pIV-

PreHA).

The 1830 bp BStNI fragment of pSR S-8 was filled in
with Klenow-enzyme. Pvull-linkers (GCAGCTGC) were subse -
quently arranged. The resulting fragment and pBR322 were
digested with Pvul and PvuII and the fragments of respec-
tively 731 bp and 1699 bp were igclated. Ligation of
these two produced pIVpreHA which contained the 5’ non-
translated region of the HA-gene, starting at G, (ATG =
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+l, +2, +3), followed by the intact HA-signal peptide
sequence and the first few codons of mature HA.

c. Construction of a chimeric pequence which codes for

NA that can be secreted: pATIVNAGS.

PV6 /21 was opened with Pvul and treated with Bal3l
exonuclease. To this mixture were ligated HindIII-link-
ers, followed by digestion with HindIII. An NA-fragment
©f about 1500 bp was selected and cloned in the unigue
HindIIT restriction site of psSva3m (PSV23mIVNA) . Plasmi-
des with the counter-clockwise insert were subsequently
digested with FnudII en Sall and the 1291 bp fragment
which contained the NA-gene minus the membrane anchor
sequence was recovered. pIVpreHA was subsequently incu-
bated with PstI and PvuII and the 861 bp fragment with
the HA-signal sequence was retained. Both fragments were
finally fused by PvuII-FnudII blunt ligation and inserted
in the 2253 bp Sall/Pstl fragment of PAT153, resulting in
PATIVNAs. This plasmide carries the sequence which codes
for the signal peptide of HA including the first few
amino acids of mature HA, immediately followed by the NA-
sequence lacking the signal peptide/membrane anchor and
by a part of the region which codes For the "stalkwy,
Ligation of the HA and Na fragments resulted only in a
single amino acid substitution (Gly to Ala), which corre-
sponds with position S of mature HA. Based on the infor-
mation published by Min Jou et al. (1988) and Van Rompuy
et al. (1982), the predicted DNA- and amino acid sequenc-
es flanking the ligation site in NAsS are shown in fig. 2.

d. Integration of NAs in a baculovirus transfer vector.

The 1368 bp Xbal/Sall fragment of PATIVNAS was
ligated to the 5562 bp SalI/EcoRT fragment of p8SV51 and
the 624 bp EcoRI/Xbal fragment of psSva4m. A copy of the
1647 bp BamHI fragment containing the Nas gene and the
S5V40 poly{(A)-site was subsequently inserted into the
unigque restriction site of pvlL941, taking into account
the correct orientation relative to the polyhedrine
promoter, resulting in pAc2IVNAs. This construct enables
an homologous recombination with wild-type AcNPV DNA
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after cotransfection of Sf9 cells. Recombinant virus
descendants were isolated by successive plague purifica-
tion procedures as described by Summers and Smith (1987).

2. Insect cell culture - production of NAs
5 For routine culture S£9 insect cells were kept as

confluent cell monolavers in TCl00 medium with 10% foetal
calf serum and 50 ug/ml gentamycine. For infection with
the recombinant baculovirus the cultures were transferred
to 200 ml suspensions growing in 850 cm? roller bottles

10 (25 rpm). Suspension cells at the end of their log phase
(2 x 10° cells/ml) were then infected with recombinant
baculovirus at a moi (Ymultiplicity of infection", i.e.
number of infective virus particles per cell) of 1.0.
After two hours the infected cells were transferred to

15 fresh serum-free TC1l00 medium and further incubated in
suspension for 48 hours. NAs was purified out of the
medium, as described below.

3. Growth of influenza X-47 virus
The influenza strain X-47 was used as scurce for the
20 preparation of natural NA of A/Victoria/3/75 after treat-
ment with pronase. The X-47 virus was cultured in the

volk bag cavity of 1l day-old embryo-containing chicken
ogge. After two days incubatiman at 28 5O tha agge wara

cooled overnight at 4°C and the yolk-bag fluid was har-
25 vested for further processing.

4. Buffer systems
The following buffers were normally used:
buffer A: 20 mM diethanolamine/HCL pH 8.5;
. buffer B: 50 mM NaAc, pH 5.5;
30 buffer C: 10 mM NaP, pH 7.4, 150 mM NacCl;
Buffers A and C contain in addition 4% butanol (except

where indicated otherwise) and 2 mM CacCl,.

5. Purification of NAs
a. Ammonium sulphate fractionation.

35 Sf9 suspension cultures (normally about 1 litre)
were harvested after inoculation (see akove) and the
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cellular remnants were precipitated by centrifugation at
4,000 x g for 15 minutes. All further treatments were
performed at 4°. In the first purificacion steps SmM NaN,
was added to the solutions. The cleared crude medium was
S5 subjected to ammonium sulphate fractionation at pH 7.5.
Material that precipitated between 203 and 60% (NH,),SO,
was collected by centrifugation (10,000 x g, €60 minutes)
and dissolved in buffer A (without butanol) + 20 mM NaCl
in a quantity of 1/10** the starting volume. The redis-
10 solved precipitation was dialysed (mwco ("molecular
weight cut-off"): 25 kd) against S0 volumes of the same
buffer for 24 hours, wherein the buffer was changed three
guccessive times. Insoluble components were removed by
centrifugation at 20,000 x g for 15 minutes.

15 b. Sepharcse Q-anion exchange chromatography
The dialysed sclution was first supplemented to 4%

butanol and subsequently placed on a Sepharocse tholumn
(2.5 cm % 10 cm) which was equilibrated with buffexr A +
20 mM NaCl at a throughflow mpeed of 25 ml/hour. After

20 washing of the column with the same buffer the elution
was carried out with a linear NaCl concentration cradient
in washing buffer to 250 mM (250 ml; 25 ml/hour). Frac-
tions of each 2,5 ml containing NAs were identified by
measuring the enzyme activity and the ELISA levels. The

25 NA activity was eluated from the column as a single peak.

c. N- (p-aminophenyl) oxamic acid agarocse affinity
chromatography.
The use of this affinity matrix is described for the
purification of (non-recombinant) influenza NA and bacte-
30 rial NA-enzymes (Cuatrecasas and Illiano, 1971; Bucher,
1977) . The correct functioning cf£ the affinity matrix was
only achieved by adapting the originally recommencded
buffer conditions. The active fractions atfter Sepharose
Q-separation were collected and an equal volume of 200 mM
35 NaAc pE 5.5 was added thereto. The active Iractions were
subsequently loaded onto an N- (p-aminophenyl) oxamic acid
agarose column (1.5 x 5 cm) equilibrated in buffer B, 100

mM NaCl. The column was subsequerntly washed with equili-
*Trade-mark
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bration buffer and desalted with buffer B. A second
washing step was then performed with buffer A. The NAs
were finally eluated by applying buffer A supplemented
with 1 M NaCL at a throughflow speed of 10 ml/hour (frac-
tions of 2 ml were collected).

d. Superdex 200 gel filtration chromatography.

The eluate of the affinity column was concentrated
Lo 2.0 ml by making use of Centriprep™ concentrators
(Amicon; mwco: 30 kd). The concentrate was then chromato-
graphed in fractions of 1.0 ml sample volume on a Super-
dex 200 gel filtration column (1.5 em x €0 cm), which was
equilibrated in buffer C with 4% butancl. The column wag
eluated in the equilibration buffer at a flow speed of 10
ml/hour and fractions of 1.0 ml were collected. For long-
term storage at -20°C related fractions were Collected,
concentrated, as described above, and subsequently sup-
plemented with glycerol to an end concentration of 50%.

In order to estimate the molecular weight of puri -
fied proteins the gel filtration column was calibrated
with apoferritin from the spleen of the horse (443 kd),
B-amylase from the sweet potato (200 kd), alcohol dehy-
drogenase from yeast (150 kd), bovine serum albumin (67
kd) and carbonic anhydrage (29 kd) (all from Sigma Chemi-
cal Co.).

6. Preparation and purification of pKNa
a. Treatment with pronase

The yolk bag fluid of chicken eggs infected with X-
47 was first cleared by centrifugation at low sBpeed
(1,000 x g, 10 minutes) and then subjected to centrifuga-
tion at 13,000 x g for 16 hours for precipitation of the
virus. The viral precipitation wasg resuspended in 10 ml
buffer C per equivalent of 100 infected eggs and pronase
was added up to 2 mg/ml without any further purification
of the virus. The mixture was incubated for 16 hours at
20°C while being shaken lightly. Remaining virus cores
and ingoluble pronase components were subsequently re-
moved by ultracentrifugation (100,000 x g, 1 hour) at
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4°C. The supernatant containing the released NA heads was
then purified by column chromatography.

b. Sepharose S-cation exchange chromatography
The chromatographic procedures were carried ocut at
5 4°C. The crude pNA sample was diluted five times and
brought to 50 mM NaAc pH 5.5, 2 mM CaCl, and 1% butanol.
The solution was then loaded onto a Sepharose S*-chumn
(1.5 cm x 10 cm) which was equilibrated with buffer B +
1% butancl and 50 mM NaCl. The bound material was eluated
10 by creating a linear gradient up to S00 mM NaCl in the
game buffer. Fractions which displayed peak enzyme activ-
ity were collected and concentrated to 2.0 ml in Centri-

prep™ concentrator tubes (Amicon; mwco: 30 kd).

d. Superdex 200 gel filtration chromatograply

15 Gel filtration on Superdex 200 was performed in the
same manner as for NAs purification (except that the
butanol concentration was 1%). Pure pNA was stored at
-20°C in.S50% glycerol.

7. NA enzymatic assay
20 The assay of the catalytic activity of NA was based

on the method of Potier et al. (1978). In short, enzyme
tests were carried ocut in a 100 ul reaction volume with
200 mM NaAc pH 6.5, 2 mM CaCl, and 1% butancl in the
presence of 1 mM 2’'~(4-methylumbelliferyl) -a-D-N-acetyl-
25 neuraminic acid as substrate. After incubation at 37°C
for 30 to 60 minutes the reaction was stopped by adding
0.5 ml 133 mM glycine, 83 mM NaHCO,, 60 mM NaCl pH 10.7.
Free 4-methylumbelliferon was measured by reading the

absorption at 365 nm. One unit was defined as that quan-
30 tity of enzyme which released one nmol 4-methylumbelli-

feron per minute.

8. Immunclegic techniquesa
a. Preparation of polyclonal anti-pNA IgG.
A polyclonal antiserum against purified pNA was
35S generated in a three month-old rabbit of the New Zealand
strain. The primary immunisation was administered intra-

*Trade-mark
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muscularly in each paw as four 500 Ll doses containing 50
pg pNA/dose and 75% Freund’s complete adjuvant. Six weeks
later the animal received two corresponding booster
injections in both rear Paws. For preparation of IqG
fractions the c¢ollected serum was purified by adsorption
on protein A Sepharose (Pharmacia LKR).

b. ELISA

Wells of a microtitre Plate were coated with antsi-
PNA IgG of the rabbit. The samples for testing were
diluted in PBS with 0.1% bovine gsexum albumin. Bound
antigen was detected with biotinylated anti-pNa IgG of
the rabbit followed by stCreptavidine~alkaline phosphatage
conjugate {Boehringer). The enzyme reaction was developed
by incubating the platea‘with‘p-nitrophenylphosphate
(Sigma Chemical Co.). Absorption values were measured at
405 nm in a microtitre plate reader.

9. Analytical methods

SDS/PAGE was performed according to the Laemmli
method (1970) on a 10% separating gel (except where
stated otherwise). All samples were denatured in the
presence of B-mercaptoethanol, except where otherwise
stated. Used as marker proteins in 10% gels were phog-
phorylase b (94 kd), bovine serum albumin (67 kd), oval-
bumin (43 kd), carbonic anhydrase (29 kd) and trypsin
inhibitor (20.1 kd, not always visgible) (Pharmacia LKR) .
Gradient gels were run with the following mass standards-:
myosin (22 kd), B-galactosidase (116 kd), phosphorylase
b, bovine serum albumin and ovalbumin (from BioRad). A
8llver staining was performed on the gels by a modifica-
tion of the method described by Morrisey (1981). The

Protein concentration was determined by the method of
Bradford (1976) with ovalbumin of the chicken ag stan-

dard.

10. Cross-linking analysis

The cross~linking molecule BS® was freshly prepared
45 a 1.0 M solution in 10 mM Hepes, PH 7.4. The proteins
were cross-linked by adding BS? to a concentration cf 0.5
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mM in a reaction volume of 30 ul. The incubatioen was
performed for 1 hour at room temperature. The reaction
was subsequently stopped with 5 ul 1.0 M Tris, PH 8.0.
Polypeptide patterns were analysed by means of SDS/PAGE.

5 11l. Carbohydrate analysis
Protein samples (between 0.1 ug and 1 Lg) were
denatured by boiling in S00 mM Tris/HCl PH 8.0, 0.5% SDg,
>0 mM B-mercaptoethanol. After addition of NA-octylgluco-
side to a concentration of 2.5% resulting in at least a
10 sevenfold excess over the final =DS concentration, Na-

glycanase was added (about 0.5 units; units according to
Ehe manufacturer) and the reaction mixture was incubated
for 16 hours at 37°C. The digesgtion pPatterns were analy-
sed on SDS/PAGE. |

1S5 Results

1. Purlfication of pNA
In a typical experiment reported here a total of 186

infected eggs were processed. The different purification
Steps are summarised in table 1. After harvesting of the

20 yolk bag fluid and precipitation of the virus, pronage
was added to a concentration of 2 mg/ml and the mixture
wag incubated for 16 houre at 20°C. After ultracentrifu-
gation roughly 60% NA activity was encountered in the
supernatant fraction. It was found that under the said

<5 conditions the loss of activity was mainly attributable
Co an incomplete removal of NA heads of virus particles.
Higher pronase concentrations, longer incubation times or
increased temperatures did not increase recovery becauae
NA was gradually degraded more (data not shown). The

30 crude pNA material was subaequently diluted and brought
Co pH 5.5. It was then placed onto a Sepharose S-cation
exchanger. For a maximum yield of pNA all further solil-
tions contained 1% butancl. Most of the protein was not
held fast on the Sepharcse S-column and after gradient

35 elution only a single peak was recorded at about 400 mM
NaCl (not shown). This material consisted of substantial-
iy pure pNA since no contaminating bands were ocbserved
aflter SDS/PAGE (fig. 3A, lane 3). In addition, silver
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staining showed no difference at all between the Sepha -
rose S-pool and an additional Superdex 200 gel filtration
step (fig. 3A, compare lanes 3 and 4). The last column
provided a siﬁgle, bell-shaped peak at fraction &0 {not
shown), which corresponds with a molecular weight of
about 210 kd. The successive purification steps are
illustrated in fig. 3A.

On SDS/PAGE monomer pNA was in fact vigible as a
doublet of two bands, corresponding respectively with
approximately 54 kd and approximately 52 kd, wherein the
latter was the most frequently occurring, as derived from
the relative intensities of the silver staining. In all
probability this ambivalence derives from & preferred
digestion by pronase at two different sites in the stalk
region. Cross-linking with the chemical agent BS’ con-
firmed that pNA was recovered as an authentic tetrameric
protein (fig. 3B}.

2. Construction and expression of NAs

The NA gene of the influenza NA2 strain A/Victo-
ria/3/75 was separated from its NA terminal membrane
anchor and coupled instead to the 5’ sequence of the
A/Victoria/3/75 HA gene which containg a signal peptide
gplicing site. The gynthesis of a secreted, soluble
product was hereby made possible. The regulting chimeric
gene consists of an HA signal sequence including the
codons for the first 4 terminal amino acids of mature HA,
followed immediately by the NA sequence lacking the
transmembrane part (ancher) and a part of the stalk
region (amino acids 1 to 45). Both DNA sequenceg lie in
the game reading frame while no extra amino acide were
introduced. Ligation resulted in oenly a single amino aciq
subgtitution correapending with position 5 of mature HA
protein (fig. 2). A copy of this chimeric sequence, which
now substantially codes for a protein which can be se-
creted, was integrated behind the polyhedrine promoter of
ACNPV baculovirus by making use of pVIL941 as trangfer
vecltor. After inoculation of S£f9 insect cells NA activity
was quickly detected in the medium, which shows that
soluble protein is indeed produced.
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It can be seen in fig. 4 that the NAs activity in
the medium reached a plateau level at roughly 48 hours
after infection. Further incubation was unfavourable
because the total protein concentratien began to fall

S5 dramatically, probably as a result of extensive cell
lysis. It was found that the expression appeared to be
most extensive when intermediary passage between the
parent Sf9 monolayer and the extensive suspension culture
remained limited to a minimum (data not shown). Based on

10 diverse purification experiments it was determined that
NAs were expressed at levels varying from 6 to 8 mg/l, a
reasonably low production capacity, but still comparable
with yields reported for other secreted complex glycopro-
teins produced in this system (Jarvis et al., 1550).

15 3. Puriflcation of NAs
The TC100 medium was harvested 48 hours after infec-

tion, at the moment when the specific enzyme activity of
the soluble protein content reached a peak (fig. 4). The
different steps of NAs purification are summarised in

20 table 1. Ammonium sulphate precipitation of the crude
medium between 20% and 60% saturation provided a moder-
ate, twofold enrichment and enabled concentration of the
material. After extengive dialysis and removal of the
insoluble products butanol was added Fo a concentration

25 of 4%. It was found that addition of butanol had a stron-
gly favourable effect on mass recovery of NAs, particu-
larly at low protein concentrations. It is possible that
a determined extent of hydrophobicity of the medium was
necegsary to avoid the formation of insoluble aggregates.

30 The solution was subsequently fractionated by Sepharose
Q-anion exchange chromatography (fig. 5). The NA activity
eluated at the beginning of the salt gradient as a rea-
gscnably symmetrical peak. According to an ELISA test the
remaining fractions contaimed no NA-related material. At

35 this stage roughly 97.5% of the starting amount of pro-
Lein was removed, resulting in an increase in the gpecif-
ic activity by a factor of nearly 20. The pHE of the
solution was then decreagsed to 5.5 for loading of an N-
(p~aminophenyl) oxamic acid-agarose column. It is known

[ — [ — -— .
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from earlier studies that NA-substituted oxamic acids are
Btrong, reversible inhibitors of influenza NA (Edmond et
al., 1966). The use of N- (p-aminophenvl)oxamic acid-
agarose as selective absorbent for neuraminidases of
influenza or bacteria was first demonstrated by Cuatreca-
sas and Illiano (1971) and later by Buchexr (1977). Ac-
cording to the original procedure neuraminidase was
eluated with a buffer with a high pH (100 mM NaHCO,, pH
$.1) . In our experience however, these conditions allow
of only a partial and slow provision of NAs. But effi-
cient desorption could be achieved by combining an in-
creased pH with a high salt concentration. Prior to
elution a congiderable quantity of aspecifically bound
protein was removed from the column by performing an
additional washing step at pH 8.5 in the presence of a
low galt concentration. By preferring diethancolamine to
NaliCO, as buffer agent the absorption of 2 mM CaCl, with-
out precipitation was made pogsible. It has been repeat-
edly reported that retention of NA activity is somewhat
dependent on Ca** lons (Chong et al., 1966; Dimmock,
1971) . Whether this was indeed the case in the present
study was not investigated in detail.

In order to remove traces of residual contaminants
the eluate was concentrated by ultrafiltratiocn and sub-
jected to Superdex 200 gel filtration (fig. 6). A, check
produced three peaks with unequal absorption which elua-
ted at respectively about 220 kd, about 130 kd and about
54 kd. The immunoreactivity patterns of the eluate mea-
sured by means of ELISA were found to be a faithful
representation of the A,,, profile for each of the record-
ed three peaks, which suggests that all the material was
NAs-specific. SDS/PAGE analysis of the peak fractions
showed an intense band in the expected region of about 55
kd, although a small decrease in molecular weight was
cbserved with increasing fraction number (fig. 7A). The
220 kd peak was identified as tetrameric NAs by cross-
linking analysis with BS’, while the two peaks with a
smaller molecule size were found to be respectively
dimeric and monomeric NAs, wherein the latter form was of
limited quantitative signlficance (fig. 7B). It is
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thought that due to its rod-like structure dimeric NAs
eluates slightly above its actual molecular weight in
comparison with tetrameric and monomeric NAs, whereof it
is thought they have a rounder form. More worthy of ncote
was that the catalytic activity required a fully assem-
bled tetrameric structure of the NAs. It is posgsible that
tetramer formaticon induces several local conformatiocnal
changes which are essential for the enzymatic activity.

The fLlow diagram of the purification process is
shown in table 2.

4. Properties of NAS

Denaturation by boiling with SDS in the presence of
B-mercaptoethanol caused a complete digassociation of NAS
into monomer chains with a molecular weight close to 55
kd (Fig. 7A). Tetrameric and dimeric NAs were found to be
homogeneously purified judging from the gilver staining
of SDS/PAGE gels. The monomeric NAs werxe of slightly
lesser quality since geveral traces of contaminants were
visible. When they were denatured in the absence of a
reducing agent, tetrameric and dimeric NAs migrated as
dimeric chains of approximately 110 kd (not shown). Thesge
results indicate that NAs dimers are indeed internally
linked by disulphide bridges and can further associate
through non-covalent interactions, whereby a tetramer
protein is formed which corresponds with the structural
organisation of natural NAa.

1t has been repeatedly reported that insect cells
generate an NA-glycosylation pattern differing to some
extent from those produced by mammal and other higher
cells (Hsieh and Robbins, 1984; Butter and Hughes, 1981 ;
Butters et al., 1981l; Kurcda et al., 1990). The amount of
NA-linked carbohydrate associated with recombinant NAs
was therefore investigated in comparison to natural pNA.
Repregentative protein samples were treated with NA
glycanase enzyme and subsequently analysed by means of
SDS/PAGE (Fig. 9). From the relative displacement of the
bands it can be concluded that the total amount of NA-

linked carbohydrate assoclated with NAs was slightly
smaller compared to the natural molecule (compare fig. SA
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and 5B}, an observation which corresponds with that done
for other glycoproteins which are expressed in thig
system (Kuroda et al., 1986; Domingo and Trowbridge,
1988; van Drunen Littel et al., 1991). It was further
alsc established that the denatured, enzymatically degly-
cosylated NAs forms migrate with the same electrophoretic
mebility irrespective of their original cligomer struc-
ture, which confirms that primary NAs was synthesgized as
a polypeptide with a uniform chain length (Fig. 9B,
compare lanes 3, 5 and 9). The molecular weight of the
polypeptide chain treated with NA glycanase was estimated
at 47.5 kd, which corresponds with the theoretical mase
of 47,717 d as calculated from the predicted amino acid
sequence. Interestingly enough, the deqree of NA glycosy-
lation appeared to be linked to the capacity to form
tetramers, since the bands corregponding with glycosyla-
ted dimeric and monomeric NAs moved slightly more rapidly
in the gel than the band derived from glycosylated tetra-
meric NAs (Fig. 9B, lanes 4 and 6 as opposed to lane 2;
see also fig. 7A). It has indeed been suggested that NA-
linked carbohydrate, more particularly the oligosaccha-
ride chain which is linked to Asn,,,, could play a part in
stabilising the tetramer structure by entering into an
interaction with a adjoining sub-unit (Varghese et al.,
1983; Varghese and Colman, 1991).

Only the tetrameric protein contributed to the
catalytic properties of NAs. Isolated tetrameric NAs
exhibited a specific level of activity almost identical
o that of purified pNA (Tables 1 and 2). The obsgervation
that NAs forms of a lower structural order are enzymati-
cally inactive, even though each monomer has a catalytic
cavity, possibly reflects a crucial rele for quaternary
interactions in the functionality of influenza NA.

In order to verify the antigenic properties of NAg,
protein samples of equal concentrations were twice dilut -
ed serially and tested in a sandwich ELISA based on
polyclonal anti-pNA IgG (Fig. 10). Tetrameric NAg gave a
titration curve running identically to the pNA reference
graph, which indicates that both have identical or very
similar antigenic properties. Despite the absence of
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demonstrable enzymatic activity, the antigenic activity
of dimeric and monomeric NAs remained substantially
intact, although a small shift in antigenicity can be
observed. This small difference in antigenicity was
likewise apparent from the gel filtration profile (Fig.
6) where the antigenic activity/3,, ratio of the tetrame-
ric peak was slightly superior. It is possible that a
number of antibody molecules generated against the native
tetrameric structure were not capable of binding effi-
Ciently to incompletely assembled NAs, for instance those
which recognise contact areas between adjoining sub-
units. Local conformational changes induced by tetramer
formation could alsc cause a number of subtle antigenic
differences.

Discuasion

The main objective of the present invention was the
synthesis of influenza neuraminidase antigen as a pecret-
ed, correctly folded protein, together with determining
of a purification procedure in order to obktain a homoge-
neous product which can be used as an agent for vaccina-
tion. From the NA gene of the NA2 influenza gtrain A/Vic-
toria/3/75 was constructed a chimera gene wherein the
original NA terminal region which has a combined Eignal
sequence - membrane anchor function, was replaced by the
5’ sequence part of an influenza HA gene. The resulting
construct which, due to the cleavable signal peptide
derived from HA, substantially coded for a secretable NA
(NAs}, was subseguently incorporated into a baculovirus
expression vector under the transcription regulation of a
powerful polyhedrine promoter. After infection of Sf9
insect host cells NAs was indeed secreted in the culture
medium. Based on the purification results the level of
expression was estimated in the range of 6 to 8 mg/l. It
was demonstrated that in the course of baculovirus infec-
tion the capacity of the host cell to process proteins by
way of secretion decrecases dramatically (Jarvis and
Summers, 1583). The production system as described is
nevertheless applicable for laboratory-scale vaccination
studles and is suitable for a considerable scaling-up.



WO 95/18861

10

15

<0

25

30

35

40

- PCT/BES5/00002

2180965
20

The purification of NAs consisted substantially of a
four-step procedure comprising a first ammonium sulphate
fractionation, followed by a succession of three chro-
matographic steps. Of the enzymatic activity yields it is
estimated that roughly 25% of the NAs was recovered as a
purlfied protein. Through chromatography on a gel filtra- -
tion column the NAs was sub-fractionated into three
populations of different molecule sizes which were iden-
tified by cross-linking analysis as respectively tetrame-
ric, dimeric and monomeric NAS, wherein the latter form
was pregent in only very small quantities. The two main
forms, tetrameric and dimeric NAs, were obtained in about
equal quantities and were homogeneous, judging from
SDS/PAGE followed by silver staining.

In order to evaluate the enzymatic and immunolegic
properties of NAs it was necessary to isolate natural NA
as reference protein. A/Victoria/3/75 NA heads of X-47
virus were cleaved by pronase treatment and then purified
by cation exchange and gel filtration chromatography.
After cross-linking it was confirmed that pNA had re-
tained the tetrameric structure of intact membrane-bound
NA.

The catalytic propertiea of NAs were quite striking
since only the tetrameric protein exhibited enzymatic
activity. Tetrameric NAs had a gpecific activity almost
equal to that of pNA. It is improbable that dimeric and
monomeric MAs were simply inactive because they were
denatured proteins, since during the purification proce-
dure these forms were also held fast by affinity chroma-
tography based on the substrate binding site, which
suggests that the enzymatic cavity must be functionally
intact, but the following catalytic transition can appar-
ently not occur.

Treatment with NA glycanase revealed that on the
whole the carbohydrate content of NAs was slightly re-
duced relative to pNA, a property also observed for other
glycoproteins expressed in this system (Kuroda et al.,
1986; Domingo and Trowbridge, 1988; wvan Drunen Littel et

al., 1331). Hypoglycosylation was apparently more pro-
nounced for dimeric and monomeric NAsS.



WO 95/18861 PCT/BE95/00002
. 2180965

10

15

20

25

30

35

21

Structural studies by X-ray diffraction analysis
indicated that the carbohydrate chain linked to ASn,,,
makes close contact with an adjoining sub-unit, whiech
suggests that it could provide additional interactions to
strengthen the quaternary structure (Varghese et al.,
1983; Varghese and Colman, 1991).

The reactivity of tetrameric NAs with polyclonal I1gG
generated against purified pNA was substantially com-
plete, which indicates that both proteins have very
similar antigenic properties. Tt was possible to cbserve
a small shift in antigenicity in the case of dimeric and
monomeric NAs. It could be inferred herefrom that it
should be posgible to isolate monoclonal antibodies which
only bind on the tetrameric structure of influenza NA.
Such an antibody would probably enter into an interaction
with surface determinants derived from adjoining sub-
units or, in the alternative case, it could recognise
epitopes formed after conformaticnal rearrangement during
Cetramer formation. In addition, differences in carbohy-
drate composition could alsc modulate the antigenic
properties.

EXAMPLE 2
SECRETTON OF RECOMBINANT NEURAMINIDASE BY PICHTIA PASTORIS
Introduction

In order to investigate whether a yeast could be
used as host cell in addition to insect cells for the
production of recombinant influenza neuraminidase, an
eéxpression vector was constructed which contained the
enzymatic "hat" part of the neuraminidase.

Materials and method
1. Vector and host.

The pichia pastoris plasmide pPICS (Invitrogen) was

used to construct the expression caggsette. Thia plasmide
comprises a replication origin, an ampicillin resistance
gene, the promoter and terminator regions of the indu-
cable alcohol oxidase T (ADXI) gene of P. pastorig, the

pPprepro secretion gsignal of the g-factor of saccharomvces
cerevigliae and the HIS4 marker of P. pastoris.
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The methylotrophic yeast Pichig pagtoris (Invitro-
gen) was used as host.

2. Construction of the expression cagsette

By means Of site-oriented mutagenesis a Stul re-
striction site was introduced into the cDNA sequence of
the neuraminidase gene of A/Victoria/3/75. The regtric-
tion site was situated at the position of Pro79%. Using
this restriction site the immunogenic "hat sequence' of
the neuraminidase gene containing the enzymatically
active centre could be isolated as a Stul/HindIII frag-
ment and cloned in the SnaBI restriction gite of the P,
pagtoris plasmide pPICY9. Fig. 15 shows a diagram of the
pPPICI plasmide. Fig. 16 is a view of the fugion region
between the prepro signal sequence and the recombinant
neuraminidase. The propeptide is cleaved in the late
Golgi via the endogenous KEX2 protease. The (Glu-Ala),
dipeptide is removed by an STEl3-type dipeptidyl amino-
peptidase, The extra tyrosine residue is not cleaved and
remains present N-terminally on the recombinant neuramin-
idase, but is not required.

The resulting plasmide was linearised at the posi-
tion of the HIS4 selection marker by means of a SalT
digest and subsequently transformed into P. pagtoris
GTS115 (his4) protoplasts in the presence of polyethylene
glycol. DNA isolated from the transformants was subjected
to a Southern analysis. This showed that the expression
vector integrated wvia homologous recombination at the
position of the internal (but deficient) his4-locus. Most
transformants possess 1 to 2 copies ¢f the plasmide but
trangformants with a higher secretion capacity were found

- to possess multiple copies which were integrated head to

tail in the host genome in a tandem gstructure. The number
of copies rose to 25 per transformant.

3. Expression of the neuraminidase

Transformante were pre-grown in buffered minimal
glycerol medium (pH 6.0) and transferred after 48 hours
to buffered minimal medium containing 0.5% methanocl. The
alcohol oxidase I promoter was hereby induced and the
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neuraminidase "hat" expressed. Using a per se known
Northern analysis an estimate was made of the quantity of
mMRNA of the neuraminidase in the cell. This showed that a
very efficient induction took place.

5 A Western analysis of the cell supernatant showed
that the recombinant neuraminidase with a molecular
waight af apprnvimately 70 kDa wae caexcted thercin (see
£fig. 17).

The secreted product was deglycosylated with PNGase
10 F. Thip produced a "core" product with the expected gize
of 43 kDa. Depending on the number of copies the vyield of
recombinant neuraminidase in the medium was found to
fluctuate between 1 and 1.5 mg/l.

EXAMPLE 3
15 IMMUNISATION
Materials and methods
l. Animals
Female inbred Balb/c mice (SCK Mol, Belgium) were 8
weeks old at the beginning of the immunisation procedure.
20 In passive immunisation experiments recipient mice were
12 weeks old. The mice were accommodated in groups of
three animals per cage (410 cm?) and had access to food

and water ad libidum.

a. Vizruses

25 Influenza strains were made available by Dr. A
Douglas and Dr. J. Skehel (MCR Laboratories, Mill Hill,
London) . The labeoratory viruses X-31 and X-47 have an
H3N2-antigen compeosition and are derived through genetic
rearrangement Lrom A/PR/8/34 (HIN1) with respectively

30 A/Aichi/2/68 (H3N2) and A/Victoria/3/75 (H3N2). Both
virus stocks were adapted by a number of passages through
lungs such that they caused death in mice.

3. Recombinant secretable NA (NAs)
Influenza NA A/Victoria/3/75 was administered ag a
35 purified recombinant protein produced by a baculovirus
insect cell expression system, as described in Example 1.
The purified NAs preparation that was used for the immu-
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nisation experiments described herein contained a mixture
of tetrameric and dimeric molecules in phosphate-buffered

salt solution (PBS).

4. Adjuvants
5 Suitable adjuvants were chosen on the basis of an

immunisation study with recombinant influenza HA which
was performed in our own laboratory. Ribi-adjuvant (with
monophosphoryllipid A (MPLA)), trehalose-6,6-dimycoclate

(TDM) , squalene and Tween 80) and Salmonella typhigmurium

10 MPLA bottles were filled in accordance with the instruc-
tions of the manufacturer (Ribi Immunochem Research).
Muramyl dipeptide (MDP) was purchased from Sigma Chemical

- Co..

S. Immunisation protocol
15 The mice were injected subcutaneously at three-

weekly intervals with three 200 ul-doses of 1 ug NAs
each. For the first immunisation NAs was emulsified in
half the amount of a normal Ribi mouse dose (correspond-
ing with 25 pug MPLA, 25pug TDM, 2ul squalene and 0.1%

20 Tween 80*) . Booster injections were given by adding 2Sug
MPLA and 25uc MDP to NAs. The control animals received

adjuvant dissolved in PBS.

€. Pasgive immunisation
Three weeks after receiving a third immunisation

25 blood was taken from the donor mice by heart puncture and
serum preparations of correspondingly treated mice were
pooled. Recipient mice received a single intraperitoneal
injection of 400 ul immune or control serum.

7. Influenza challenge
30 Under a light ether anaesthetic the mice were inocu-

lated intranasally with 20 LD;, of the specified virus
three weeks after the last booster injection or one day

after passive immunisation. The progress of the infection
was then followed by measurlng the rectal temperature and
35 the body weight for a post- inoculation period of 10 days.

*Trade-mark
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8. Serologlcal method

One day before the start of the vaccination proce-
dure (pre-immune serum) and two weeks after each immuni-
sation blood samples were taken from the tail artery.

5 Individual serum samples were tested for NA-specific
antibodies by means of ELISA. Microtitre plates (Nunc
Maxisoxp) were coated with purified NAs (50 ng/well) angd
the sera were diluted in a 1/5 series. Binding of specif-
ic antibody was quantified by adding anti- (mouse IgG)

10 antibody of the rabbit conjugated with alkaline phospha-
tase (Sigma Chemical Co.), followed by incubation of the
plates with p-nitrophenol substrate solution (Sigma
Chemical Co.). The OD-values were measured at 405 nm in a
microtitre plate reader. The titre of NA~antibody was

15 expressed as the reciprocal of the logg-serum dilution
resulting in an absorption of 0.05 higher than the con-
trol wells (treated with pre-immune serum).

Results

1. Study design

20 Three groups of 12 mice were vaccinated with NAs in
accordance with the above described immunisation proto-
col. An equal number of control mice was treated in
parallel with PBS. Paired groups of wvaccinated and con-
trol mice were subsequently challenged with mouse-adapted

25 X-47 or X-31. In the alternative cagse they served as
serum donors for passive ilmmunisation experiments.

2. Sarological responsed
The antibody response against NAs was followed by
ELISA in the serum of a random selection of 12 vaccinated
30 and 12 contrel animals (1 animal from each cage) (fig.
11). The use of the NAs immunisation procedure in mice
caused a gteady increase of NAs antibodies in the serum.
The first booster injection caused an increase in NAs
antibodies of approximately three log. quantities, while a
35 second beooater injection resulted in yet another approxi-
mately five-fold increase in the NAs antibody titre. In
control mice the gingle administering of adjuvant did not
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result in a significant production of aspecific antibod-
ies which reacted with NAs.
3. Homovariant protection with NAs

Three weeks after vaccination vaccinated and control
mice were examined for immunity by administering 20 LD;,
of the homo-NA-variant virus X-47 (fig. 12). All control
mice became seriously ill, as determined by measuring an
increasing fall in the body temperature and loss of body
welght. On day 4 after infection the first victims were
counted and all controls were dead within 9 days of
inoculation. In contrast the clinical parameters in the
NAs vaccinees fell only transitorily and to very modesgt
extent. All vaccinated animals survived the infection.

Also investigated was whether the asame level of
protective immunity could be achieved without z third
immunisation, possibly via compensation by higher doses
of NAs and/or adjuvant. These tegts had substantially the
same experimental design. Although mice immunised in this
manner generally displayed a good resistance, a few
individual cases became seriously i1ll and a number of the
vaccineea occasionally died, although the gurvival per-
ceritage was seldom lower than 80%. But the level of
protective immunity achieved by three immunisations was
found to be superior all along the line.

4. Hetorovariant protection with NASs.

Parallel groups of vaccinated and control mice were
examined for immunity with 20 LDy, of the heterc-NA-vari-
ant virus X-31 which has an NA which is separated from
the NAs derived from A/Victoria/3i/75 by 7 years of anti-
gen drift (fig. 13). As also observed for the X-47 immu-
nisation study, the clinical consequences of infection in
the control group were dramatic. Control animals already
began to die 5 days after infection. Mortality reached g
maximum on day 8, whereafter only one survivor remained.
Mice immunised with NAs displayed 100% survival after the
normally lethal heterovariant infection. Just as in the
homovariant immunity study the vaccinees were here also
capable of maintaining their body Cemperature at reason-
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ably normal levels. The loss of body weight was somewhat
more pronounced but all mice began to recover from day 6.

S. Protective immunity can be obtained by paasive tran-
sfer of NAs immune serum
5 In order to determine whether it was the humoral

defence mechanisms which were mainly responsible for
causing protective immunity, the protection of animals by
passive immunisation was tested. For this purpose donor
mice were immunised according to the standard procedure.

10 Removal of blood from the animals provided an average of
about 400 pl serum per individual. After poocling on the
one hand of control sera and on the other of immune sera
recipient mice were injected intraperitoneally'with a
single dose of 400 ul gerum. Prior to the challenge with

15 20 LDy, adapted X-47 virus a period of 24 hours was intar-
polated to enable systematic spreading of the antibody
molecules in the mice. While animalg which had received
control serum subsequently developed acute hypothermia
and suffered serious weight loss uitimately leading to

20 death, administering of NAs immune gerum protected the
mice to substantially the same extent ae was demonstrated
for the actively immunised animals (fig. 14). It can
therefore be concluded that precirculating NA antibodijies
are capable of and sufficient fer providing complete

25 protection.

Discusgion
The immunity to influenza was studied for a long
time almost exclusively as a function of HA antibody,
while the importance of NA in contributing to immunity
30 was substantially ignored. This gituation resulted partly
from the observation that only antibodies capable of
binding HA had the capacity teo directly neutralise virug
particles (Hirst, 1942; Davenport et al., 1964; XKida et
al., 1983), while antibodies against NA did not appear to
35 be capable of preventing a primary infection over a great
range of concentrations {(Jahiel and Kllbourne, 196§;
Kilbourne et al., 1968; Johansson, 1989). This tolerance
probably reflects the late part NAs pPlayed in the life-
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cycle of an influenza virus by preventing newly formed
virus from aggregating at the surface of the infected
cell (Colman and Ward, 198S; Brown and Laver, 1968). It
was moreover found that NA, in contrast to HA, was the

5 lesser component of the influenza envelope, a fact which
could further contribute to the non-neutralising effect
of NA antibodies (Schulman et al., 1968). This difference
in molar presence likewise affects the relative antibecdy
responses to the individual antigens. Repeated over-

10 presentation of HA relative to NA due to successive
confrontations with the whole influenza virus could
result in suppression of the NA antibody production,
probably as a consequence of the weakened help of Na-
gspecific T-cells (Kilbourne, 1876; Johansson et al.,

15 1987: Kilbourne et al., 1987; Johansson et al., 1987). In
order to study the protective NA immunity it is therefore
necessary to develop systems in which the interference of
neutralising HA antibodies is eliminated and inhibition
of the NA immune response through competition of HA and

20 NA antigens is avolded. Classical approaches were either
based on the isoclation of the natural NA cowmponent (Schu-
lman et al., 1968; Johansson and Kilbourne, 1990; Galla-
gher et al., 1984) or were based in the alternative case
on the combined administration of a defined series of

25 influenza strains with serclogically differing HA and NA
antigens {(Rott et al., 1974; Kilbourne, 1576). The re-
sults described here directly demonstrate however a
protective immunisation by means of a purified, recombi-
nant NA protein. The NA-gene of A/Victoria/3/75 (H3N2)

30 virus was tranaformed to a gene which codes for a secre-
table protein (NAs) through replacement of the region
that codegs for the membrane anchor by the signal sequence
of an influenza hemagglutinin gene (see example 1).

In vitro techniques have already established that NA

35 antibodies can efficiently suppress the yield of virus
growth by inhibiting the release and apread of virus
particles (Jahiel and Kilbourne, 1268; Kilbourne et al.,
1968) . Similar conclusions were drawn from animals Immu-
nised with NA by measuring decreased virus titres in the

40 lungs and reduced development of lung lesicns (11,12,13).
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Although considerable attention has been devoted to the
effect of the NA immunity on virus replication in the
lungs, it was guestionable whether immunisation with pure
NA proteln could prevent clinical disease symptoms or
cculd improve the chances of survival after a potentially
lethal influenza infection. No satisfactory answer has as
yet. been provided to this question. The results shown
here clearly demonstrate however that complete protection
against a normally lethal influenza infection can be
achieved by immunisation with pure recombinant NAs,
wherein any possible contribution from anamnestic anti-HA
immune mechanisms or cell-mediated memory immune effects
against antigens of conserved intermal viral proteins is
excluded.

In the experiments presented here, mice were immuni-
sed with three doses of 1 ug NAs which were given in
intexvals of three weeks. Vaccinated animals were capable
of totally surviving a lethal infection of influenza
virus, wherein the virus expressed homo- or heterovariant
NA. In view of the high dose of infection virus it wag
very Btriking how well immunised animals remailned free of
clinical disease symptoms as indicated by changes in
temperature and body weight. It is important to note that
the adjuvants which were administered together with NAs
all have low reactogenic properties, so that the immuni-
sation procedure described herein is directly applicable
for human vaccination. The vaccines according to the
invention are in addition relevant for other mammals and
for birds.

Pasgsive transfer of serum of mice which were imwmuni-
sed with NAs to naive recipient mice resulted in the same
levels of protection, which indicates that the protective
effect of NAs immunisation can be explained on the basise
of circulating NA antibodies.

With regard to the heterovariant protection degeri-
bed herein, it is important to consider the structural
relation between the NA antigen of the vaccine A/Victo-
ria/3/75 and the NA of A/Aichi/2/68 which is present in
the variant infection virus X~31. Unfortunately, no
sequence data is available relating to the NA of A/Ai-
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chi/2/68 (H3N2), although a comparison can however be
made with the NA sequence of A/NT/60/68 (H3N2) (Bentley
and Brownlee, 1982), isolated in the same year as the
Aichi strain. Examining closely the head region of both
NA variants, amino acid Sﬁbstitutions are found at 28
pesitions, wherein the majority is located on the surface
of the molecule. | |

It is probable that the vaccine according to the
invention can also provide protection against still
further removed drift variants. It is further conceivable
that by means of genetic modification of the NA gene
variations can be arranged in the antigenic structure
thexreof. It hereby becomes possible for instance to
prepare Pcocktails® of different versions of the Na,
whereby extensive protection against different influenza
strains can be obtained.
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Table 1: Purification of pNA
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The table relates to a single typical purification exper-
iment (see text for details). The volume after Superdex

200 gel filtration shows a pool of two chromatography -
runs. '

Ta.ble 2: Purification of NAs produced by Sf9 insect cells
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The table contains a single typical purification experi-
ment (see text for details). The specified volumes after
Superdex 200 gel filtration show pools of NAs fractioms
collected from two chromatography runs.
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CLAIMS:
1. Recombinant influenza neuraminidase 1n 1solated

form, obtainable by:

a) culturing 1in a suitable culture medium host

5 cells which are transformed with a neuraminlidase expression
vector or infected with a virus which 1s transformed with a
neuraminidase expression vector, whereln the expression
vector comprises at least a part of the coding region of a
neuraminidase gene of an influenza virus minus the region

10 which codes for the membrane anchor, or a fragment of
neuraminidase responsible for causing protective immunity
upon immunization with said fragment wherein the fragment
excludes the region of neuraminidase which codes for the

membrane anchor, preceded 1n phase by a signal sequence; and

15 b) isolating the expression product neuraminidase

from the culture medium.

2. Recombinant influenza NAZ neuraminidase 1in
isolated form, obtainable by culturing in a suitable culture
medium host cells infected with a virus which is transformed
20 Dby double homologous recombination of 1ts genome with the
recomblinant expression vector pAcZ2IVNAs with the deposit

accession number LMBP 2976 and 1solating the expression

product neuraminidase from the culture medium.

3. Recombinant influenza NAZ neuraminidase obtainable
25 Dby culturing in a suitable culture medium host cells

transfected with the recombinant expression vector

pPP1IVNAfls with the deposit accession number LMBP 3223.

4 The recombinant influenza NA2? neuraminidase as

claimed 1in claim 3 and which is isolated from the culture

30 medium.
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5. The recombinant influenza neuraminidase as clailmed

in any one of claims 1 to 4, wherelin the host cells

originate from a lower eukaryotlc organism.

0. The recombinant influenza neuraminidase as claimed

5 in claim 1 or 2, wherein the host cells are 1nsect cells.

7. The recombinant influenza neuraminidase as claimed

in claim 6, wherein the insect cells are Sf9 insect cells.

8. The recombinant i1nfluenza neuraminilidase as claimed
in any one of claims 3 to 5, wherein the host cells are

10 vyeast cells.

9. The recomblinant i1nfluenza neuraminidase as claimed

o~

any one of claims 1 to 8 for use 1n a vacclne against

influenza.

10. The recombinant i1influenza neuraminidase as claimed
15 1n any one of claims 2 to 8 for use 1n a vacciline agailnst

influenza of the NAZ type.

11. A vector for expressing a secretable influenza

neuraminidase comprising:

a) at least a part of the coding region of the
20 1nfluenza neuraminidase gene minus the region which codes
for the membrane anchor, or a fragment of neuraminidase
responsible for causing protective immunity upon
immunization with said fragment wherein the fragment
excludes the region of neuraminidase which codes for the

25 membrane anchor;

b) a signal sequence located at 5' from the coding

reglon and coupled 1n phase thereto;

c) a promoter located at 5' from the signal

sequence; and
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d) a transcription terminator located at 3' from

the coding region.

12. A vector for expressing a secretable i1nfluenza

NAZ neuraminidase comprilsing:

a) the coding region of the influenza
NA2 neuraminidase gene of the virus strain A/Victoria/3/75
minus the region which codes for the membrane anchor, or a
fragment of neuraminidase responsible for causing protective
immunity upon immunization with said fragment wherein the

fragment excludes the region of neuraminidase which codes

for the membrane anchor:;

b) a signal sequence located at 5' from the coding

region and coupled in phase thereto;

c) a promoter located at 5' from the signal

sequence; and

d) a transcription terminator located at 3' from

the coding region.

13. The vector as claimed 1in claim 11 or 12, wherein
the signal sequence 1s the signal sequence of the
hemagglutinin gene of the influenza NA2Z2 virus

A/Victoria/3/75.

14. The vector as claimed 1n any one of

claims 11 to 13, wherein the promoter is a polyhedrine

promoter.

15. The vector as claimed in any one of
claims 11 to 14, wherein the transcription terminator is the
transcription terminator from either or both of SV40 and the

polyhedrine gene.
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lo. Vector pAc2IVNAs with the deposit accession number
LMBP 2976.
17. A vector for expressing a secretable 1nfluenza

neuraminidase 1n yeast, comprilsing:

5 a) the coding region of the influenza
neuramlinidase gene minus the regions which code for
respectively the membrane anchor and at least a portion of
the stalk part of the neuraminidase, or a fragment of
neuraminidase responsible for causing protective immunity

10 upon immunization with said fragment wherein the fragment
excludes the region of neuraminidase which codes for the

memprane anchor;

b) a signal sequence located at 5' from the coding

region and coupled in phase thereto;

15 c) a promoter located at 5' from the signal

sequence; and

d) a transcription terminator located at 3' from

the coding region.

18. A vector for expressing a secretable influenza

20 NAZ neuraminidase 1n yeast, comprising:

a) the coding region of the influenza
neuraminidase gene of the virus strain A/Victoria/3/75 minus
the regions which code for respectively the membrane anchor
and at least a portion of the stalk part of the

25 neuramilnidase, or a fragment of neuraminidase responsible
for causing protective immunity upon immunization with said
fragment whereiln the fragment excludes the region of

neuramlnidase which codes for the membrane anchor;
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b) a signal sequence located at 5' from the coding

region and coupled 1n phase thereto;

c) a promoter located at 5' from the signal

sequence; and

d) a transcription terminator located at 3' from

the coding region.

19. The vector as claimed in claim 17 or 18, wherein
the signal sequence 1s the prepro signal sequence of the

a-factor of Saccharomyces cerevisilae.

20. The vector as claimed in any one of
claims 17 to 19, wherein the promoter 1s an alcohol T

oxldase promoter of Pichia pastoris.

PPl P udefintbedeshddub

21. The vector as claimed 1n any one of
claims 17 to 20, wherein the transcription terminator is the
transcription terminator of the alcohol oxidase I gene of

Pichia pastoris.

22. Vector pPPlIVNAfls with the deposit accession
numpber LMBP 3223.

23. Vaccilne comprising the recombinant influenza

neuraminidase as claimed 1n claim 1.

24 . Vaccine comprising the recombinant influenza

NAZ neuraminidase as claimed in any one of claims 2 to 10.

25. Use of the recombinant influenza neuraminidase as
claimed in claim 1 for the preparation of a vaccine against

influenza.

20. Use of the recombinant influenza neuraminidase as
claimed i1n any one of claims 2 to 10 for the preparation of

a vaccine against influenza of the NA2Z2 type.
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27 . A method for manufacturing a recombinant 1nfluenza

neuraminidase comprising the steps of:

a) constructing an expression vector comprising a
signal sequence and coupled thereto i1n phase the coding
region of an influenza neuraminidase gene minus the region
which codes for the membrane anchor or a fragment of
neuraminidase responsible for causing protective immunity
upon 1mmunization with said fragment wherein the fragment
excludes the region of neuraminidase which codes for the
membrane anchor, said signal sequence and said coding region
belng under the regulation of suitable promoter and

terminator sequences;

b) transforming a host cell with the thus obtained

expression vector;

c) culturing the transformed host cell in a
culture medium under conditions enabling the expression of

the recomblinant neuraminidase; and

d) 1solating the recombinant neuraminidase from

the culture medium.

28. A method for manufacturing a recombinant influenza

neuraminidase comprising the steps of:

a) constructing a vector comprising an expression
module consisting of a signal sequence and coupled thereto
in phase the coding region of an influenza neuraminidase
gene minus the region which codes for the membrane anchor,
or a fragment of neuraminidase responsible for causing
protective immunity upon immunization with said fragment
wherein the fragment excludes the region of neuraminidase
which codes for the membrane anchor, said signal sequence

and said coding region being under the requlation of
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suitable promoter and terminator sequences for

transcription;

b) bringing the expression module of the vector

into the genome of a virus by means of double homologous

recombination:

c) infecting a host cell with the thus obtained

transformed virus;

d) culturing the infected host cell 1in a culture
medium under conditions enabling the expression of the

recombinant neuraminidase; and

e) 1solating the recombinant neuraminidase from

the culture medium.

29. A method for manufacturing a recombinant influenza

NAZ neuramlinidase comprising the steps of:

a) constructing a vector comprising an expression
module consisting of a signal sequence and coupled thereto
in phase the coding region of an influenza NA2 neuraminidase
gene of the virus strain A/Victoria/3/75 minus the region
which codes for the membrane anchor, or a fragment of
neuraminidase responsible for causing protective immunity
upon 1mmunization with said fragment wherein the fragment
excludes the region of neuraminidase which codes for the
membrane anchor, sald signal sequence and said coding region
being under the regulation of suitable promoter and

terminator sequences for transcription;

b) bringing the expression module of the vector by
means of double homologous recombination into the genome of
a wild-type or baculovirus derived therefrom in order to

obtain a recombinant baculovirus;
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c) 1infecting a host cell with the recombinant

baculovirus;

d) culturing the infected host cell in a culture
medium under conditions enabling the expression of the

5 recombinant neuraminidase; and

e) 1solating the recomblnant neuraminidase from

the culture medium.

30. Method for manufacturing a recombinant influenza

NAZ2 neuraminidase comprising the steps of:

10 a) transforming a baculovirus with the expression
module of the vector pAcZ2IVNAs with the deposit accession

number LMBP 2976 by means of double homologous

recombination;

b) i1nfecting a host cell with the thus obtained

15 recombinant baculovirus:;

c) culturing the infected host cell in a culture
medlium under conditions enabling the expression of the

recomblnant neuraminidase; and

d) 1solating the recombinant neuraminidase from

20 the culture medium.

31. A method for manufacturing a recombinant influenza

NAZ2 neuraminidase comprising the steps of:

a) constructing a vector comprising an expression
module consisting of a signal sequence and coupled thereto
25 1n phase the coding region of an influenza NA2 neuraminidase
gene of the virus strain A/Victoria/3/75 minus the region
which codes for the membrane anchor and the region which
codes for the stalk part of the neuraminidase, or a fragment

of neuraminidase responsible for causing protective immunity
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upon immunization with said fragment wherein the fragment
excludes the region of neuraminidase which codes for the
membrane anchor, salid signal sequence and said coding region
being under the regulation of suitable promoter and

5 terminator sequences for transcription;

b) transforming a host cell with the thus obtained

recombinant vector;

c) culturing the transformed host cell in a
culture medium under conditions enabling the expression of

10 the recombinant neuraminidase; and

d) 1solating the recombinant neuraminidase from

the culture medium.

32. A method for manufacturing a recombinant influenza

NAZ neuraminidase comprising the steps of:

15 a) transforming Pichia pastoris with the vector

pPP1IVNAfls with the deposit accession number LMBP 3223;

b) transforming a host cell with the vector;

c) culturing the transformed host cell in a
culture medium under conditions enabling the expression of

20 the recombinant neuraminidase; and

d) 1solating the recombinant neuraminidase from

the culture medium.

33. A method for producing secreted and immunogenic

recombinant neuraminidase by:

25 a) culturing in a suitable culture medium host
cells which are transformed with a neuraminidase expression
vector or infected with a virus which is transformed with a

neuraminidase expression vector, wherein the expression
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vector comprises at least a part of the coding region of a
neuraminidase gene of an influenza virus minus the region
which codes for the membrane anchor, or a fragment of
neuraminidase responsible for causing protective 1mmunity
5 upon immunization with said fragment wherein the fragment
excludes the region of neuraminidase which codes for the

membrane anchor, preceded 1n phase by a signal sequence; and

b) 1solating the expression product neuraminidase

from the culture medium.

10 34. The method of claim 33, wherein the host cells

originate from a lower eukaryotic organism.

35. The method of claim 33, wherein the host cells are

insect cells.

36. The method of claim 35, wherein the insect cells

15 are Sf9 insect cells.

37. The method of claim 33, wherein the host cells are

veast cells.

38. The method of claim 27, wherein said coding region
of an influenza neuraminidase gene lacks the region which

20 codes for the stalk part of the neuraminidase.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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