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8. A recombinant baculovirus having a promoter
capable of directing expression of a heterologous gene having a
coding sequence in insect cells infected with the reccmbinant
baculovirus, the promoter being operably linked to the
‘ heterologous gene and the coding sequence being preceded by an

untranslated leader of sequence TAATCAT CCACAGGA AG
ACTTTCTG.

13. A process for preparing a recombinant
baculovirus, which process comprises:

(a) providing a recombinant baculovirus transfer
vector having a promoter capable of directing expression of a
heterologous gene in ingsect cells infected with the recombinant
baculovirus, the promoter being operably linked to the
heterologous gene and the coding sequence of the heterologous
gene being preceded by an untranslated leader of sequence T A A
TCATCCACAGGAGACTTTCTG; and

(%) ¢cu-transfecting the cells with the
recombinant baculovirus transfer vector and with intact wild-
type baculovirus DNA.

26. A baculovirus transfer vect>r comprising
(1) a restriction site into which a heterologous
gene may be cloned downstream of the sequence encoding the N-

terminus of the polyhedrin gene; y
e /2
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(ii) another triplet of nucleotides in place of
the natural ATG translation start codon of the polyhedrin
coding sequence;

(iii) from up to the first 24 to up to the first 50
bases of the polyhedrin coding sequence; and

(iv) downstream of (iii) but upstream of (i), an
untranslated leader of sequence TAATCATCCACAGGAG
ACTTTCTG.
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EXPRESSION SYSTEM

This invention relates to the preparation of
proteins by way of a baculovirus expression system.

The baculovirus vector system has been used to
express both procaryotic and eucaryotic genes. The
expression of these genes is controlled by the polyhedrin
promoter of a baculovirus, in particular of Autographa
californjca nuclear polyhedrosis virus (AcNPV). The
foreign genes are expressed in insect cells in culture
which are infected with recombinant baculovirus
incorporating the foreigri gene.

In order to obtain a recombinant baculovirus, a
baculovirus transfer vactor is used. This vector includes
the polyhedrin promoter. Baculovirus DNA flanking the
polyhedrin gene is provided. The rest of the vector is
typically made up of DNA from a bacterial plasmid. A
foreign gene is inserted into the transfer vector
downstream of the polyhedrin promoter such that its
expression is controlled by this promoter.

The transfer vector containing the foreign gene and
a baculovirus then co-transfect insect cells susceptible to
baculovirus infection. Typically Spodoptera frugiperda
cell cultures are utilised. Homologous recombination then
occurs involving the viral DNA in the transfer vector
upstream and downstream of the foreign gene and the
corresponding DNA of the baculovirus. The foreign gene and
its polyhedrin promoter is therefore transferred to the
baculovirus. The recombinant baculovirus is cultured to
express the foreign gene.

There are two types of baculovirus transfer
vectors. First, there are transfer vectors which include a
restriction site into which a foreign gene may be cloned
downstream of the polyhedrin ATG start codon for
translation. Such transfer vectors result in fusion
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proteins in which the product of the foreign gene is fused to a
N-terminal portion of the polyhedrin peptide.

Second there are transfer vectors in which the 5’

5 untranslated leader of the polyhedrin gene ends before the
natural ATG translation codon for polyhedrin and a restriction
site is then provided. Such a transfer vector is pAc373 in
which the 5’ untranslated leader ends 8 bases upstream of the
natural polyhedrin ATG. Genes cloned into the restriction site

10 are expressed as mature proteins if they contain an ATG
followed by an open reading frame coding for the desired
product.

In EP-A-0340359 we described and claimed a

15 baculovirus transfer vector which incorporates a restriction
site into which a foreign gene may be cloned a short distance
downstream ovf the N-terminus of the polyhedrin gene and in
which another tripiet of nucleotides is present in place of the
natural ATG translation start codon for the polyhedrin gene. A

20 preferred such vector is pAc36C. Increased levels of
expression of a protein could be achieved by use of this type
of transfer vector.

L We have now surprisingly found that expression

§'". 25 levels can be further improved by cloning a prokaryotic

: sequence in front of the coding sequence of a heterologous gene
et it is wished to express. The baculovirus expression system is
LN not a prokaryotic expression system. Rather, expression occurs
. in insect cells whaich are classified as higher eukaryotic. Use
. «« 30 of the prokaryotic leader sequence of the invention

Sl surprisingly results in higher levels of protein expression

Teel t than if a Kozak sequence is employed instead. A Kozak sequence
S is a sequence believed optimal for eukaryotic expression.

§j.k 35 Accordingly, the present invernition provides a

R process for preparing a protein, which process comprises

culturing, under such conditions that the protein is obtained,
insect cells infected with a recombinant baculovirus having a
promoter capable of directing expression in the cells of a
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heterologous gene having a coding sequence encoding the

protein, the promoter being operably linked to the heterologous
gene and the coding sequence being preceded by an untranslated
leader of sequence TAATCATCCACAGGAGACTTTOC

. T G.

The invention further provides a recombinant
baculovirus having a promoter capable of directing expression
of a heterologous gene having coding a sequence in insect cells
infected with the recombinant baculovirus, the promoter being
operably linked to the heterologous gene and the coding
sequence being preceded by an untranslated leader of sequence
TAATCATCCACAGGAGACTTTCTG.

The leader of the invention may be extended at its
5’ end, for example by up to 12 or up to 6 further nucleotides.
Additional nucleotides may have been provided therefore to
enable the leader sequence to be cloned into a restriction site
cf a baculovirus transfer vector. The additional nucleotides
may therefore represent the sequence of a restriction site or
restriction sites. A leader sequence extended at its 5’ end to
accommodate a Bam HI site is:
ATCCTAATCATCCACAGGAGACTTTCTG.

This sequence may be provided with a G nucleotide
at its 5/ end. A sequence incorporating becth a Hind III site
and a Bam HI site is:

Hind III Bam HI
AGCTTGGATCCTAATCATCCACAGGAGACTTT
CTG.

Typically, the leader sequence is fused to the
translation initiation codon of the coding sequence of the
heterologous gene it is wished to express. In such
circumstances, therefore, the 3’ end of the leader sequence is
fused directly to the ATG translation start codon of the coding
sequence. By "heterologous gene" is meant a gene which encodes
a polypeptide not ordinarily produced by the cells infected

4\with the recombinant baculovirus. Preferably, the heterologous
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gene is not a baculovirus gene or an insect cell gene.

The coding sequence of the heterologous gene
commences with a translation initiation codon. The gene may be
a procaryotic or eukaryotic gene. It may be a synthetic gene.
The coding sequence encodes a selected polypeptide. The
selected polypeptide may be a physiologically active
polypeptide, for example, a polypeptide active in the human
body. The polypeptide may be capable of raising antibody. The
polypeptide may be tetanus toxin fragment C, stromelysin,
pertussis major surface antigen or the HIV integrase protein.
Other polypeptides which may be encoded by the heterologous
gene include:
hepatitis B virus surface antigen;
hepatitis B virus core antigen;
growth factors such as epidermal growth factor or transforming
growth factor;
interferons,
polypeptides derived from the envelope of an AIDS-associated
retrovirus;
polypeptides derived from an organism of the genus Plasmodium;
polypeptides derived from the Epstein-Barr virus;
the heavy chain of a human immunoglobulin molecule;
the light chain of a human immunoglobulin molecule;
the heavy chain of a mouse immunoglobulin molecule;
the light chain of a mouse immunoglobulin molecule;
hybrid immunoglobulin molecules e.g. molecules wherein the
variable region of the hybrid immunoglobulin molecule is
derived from a non-human, such as a mouse, variable region
sequence and the constant region of the hybrid immunoglobulin
molecule is derived from a human constant region or wherein the
complementarily determining regions (CDRs) of the hybrid
immunoglobulin molecule are derived from a non-human
immunoglobulin such as a murine immunoglobulin and the
remaining sequences of the hybrid immunoblogulin molecule are
derived from a human immunoglobulin; and fusion polypeptides
which comprise a hybrid immunoglobulin molecule contiguous with
or connected through an amino acid sequence to an enzyme
molecule.
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The promoter is typically a polyhedrin promoter.
The baculovirus is preferably Autographa californica. The
insect cells which are infected with the recombinant
baculovirus are suitably cells of Trichoplusia ni, Spodoptera
frugiperda, Heliothis zea or Manduca sexta. The cells are

preferably cells of a Spodoptera frugiperda cell line.

The cells which are infected with the recombinant
baculovirus are typically cultured according to standard
procedures (Summers, M.D. and Smith, G.E., 1987. A manual of
methods for baculovirus vectors and insect cell culture
procedures, Texas Agricultural Experimental Station, Bulletin
No. 1555). The desired protein is expressed. It may then be
isolated and purified.

The recombinant baculovirus may be prepared by a
process comprising:

(a) providing a recombinant baculovirus
transfer vector having a promoter capable of directing
expression of a heterologous gene in insect cells infected with
the recombinant baculovirus, the promoter being operably linked
to the heterologous gene and the coding sequence of the
heterologous gene being preceded by an untranslated leader of
sequence T AAT CATCCACAGGAGACT TTCT G; and

(b) co-transfecting the cells with the
recombinant baculovirus transfer vector and with intact wild
type baculovirus DNA.

Cells of Trichoplusia ni, Spodoptera frugiperda,
Heliothis zea or Manduca sexta may be transfected. Preferably

the cells are cells of a Spodoptera frugiperda cell line. The
recombinant baculovirus transfer vector typically comprises DNA
from the baculovirus Autographa californica flanking the
promoter, leader sequence and foreign gene. The wild-type
baculovirus DNA which also transfects the cells is then the

genomic DNA of Autographa californica.

Following homologous recombination, the promoter, leader
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sequence, foreign gene and flanking viral DNA from the
recombinant transfer vector are transferred to the wild-type
baculovirus DNA. Recombinant baculovirus is screened for, for
example by plaque assay. The recombinant baculovirus can be

5 purified.

The recombinant baculovirus transfer vector which is

employed in step (a) also forms part of the invention. Such a
transfer vector may be prepared by cloning a DNA sequence

10 consisting essentially of a coding sequence and the leader
sequence of the invention into a baculovirus transfer vector.
The DNA sequence is cloned into the transfer vector at an
appropriate restriction site so that it is under
transcriptional control of the promoter that will direct

: 15 expression of the gene. The transfer vector is preferably

§ .o pA¢3sc, in which case the DNA sequence is cloned into the Bam

: HI site in the vector.

et Alternatively, the recombinant baculovirus transfer

" 20 vector may be prepared from a transfer vector which

1oL, incorporates the leader sequence. A coding sequence of a

f" f heterologcus gene may be cloned into the transfer vector at a

restriction site immediately downstream of the leader sequence.
A preferred transfer vector of this type comprises:
25 (1) a restriction site into which a heterologous
* e gene may be cloned downstream of the sequence encoding the N-
terminus of the polyhedrin gene;
(ii) another triplet of nucleotides in place of
the natural ATG translation start codon of the polyhedrin
30 coding sequence;
(iii) from up to the first 24 to up to the first 50
bases of the polyhedrin coding sequence; and
(iv) downstream of (iii) but upstream of (i), an
unstranslated leadex of sequence TAATCATCCACAGGA
35 GACTTTCTG.

Preferably from up to the first 27 to up to the
first 39 bases of the polyhedrin coding sequence are present.
Up to the first 33 bases may be present. These bases may be '
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followed by a linker sequence of up to 10 bases, for example of
up to 5 bases, before the leader sequence. Alternatively, no
linker sequence may be present. The leader sequence is
typically immediately followed by the restriction site (i).

The DNA sequence comprising the leader sequence and
a coding sequence of a heterologous gene is typically prepared
by constructing the leader sequence and fusing the leader
sequence to the coding sequence. A heterologous coding
10 sequence for use in the invention may be prepared by synthesis,
for example by annealing overlapping oligonucleotides.
Alternatively, it may be a cloned or a cDNA sequence.

The following Examples illustrate the invention. In the
15 accompanying drawings:

Figure 1 shows the construction of p36C-TETtac2;
Figure 2 shows (a) the construction of transfer vectors
20 p36CST1 and p36CSTM2 and (b) the oligonucleotide used for
oligonucleotide directed mutagenesis on the M13 derivative of

PKSST2;

Figure 3 shows the structure of p36CST1;

B'.': 25
et Figure 4 shows the activity of cell lysates infected with

Vv36CSTM2 on days 1, 2, 3 and 4 post-infection in the presence
®3) or absence () of tissue metalloproteinase inhibitor
(TIMP), C denoting control, W denoting wild-type baculovirus,

**:*. 30 DPM denoting disintegrations per minute and ENZ denoting a

oo, control aliquot of pure enzyme.

3 Figure 5 shows the sequences of the oligonucleotides used
in the construction of p36CP40 and p36CP40pl;
35

Figure 6 shows the results of sodium dodecyl
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sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) of
cell infected with vP40, v36CP40pl and v36P60pl (lanes 3 to
5), whilst lanes 1 and 7 contain protein molecular weight
markers and lanes 2 and 6: uninfected cells;

Figure 7 shows the sequences of the nucleotides
used in the construction of pAc36CHIVK and pAc36CHIVP;

Figure 8 shows SDS-PAGE analysis of lysates of
insect cells expressing the integrase protein from HIV-1,
in which Lane 1; Lysate of cells infected with VAc36CHIV/K.
Lane 2; Lysate of cells infected with VAc36CHIV/P. 1lane 3;
Lysate of cells infected with wild type virus. Lane 4;
Lfsate of uninfected cells. Lane 5; Protein molecular
weight markers (The arrow indicates the HIV integrase
band) ; and

Figure 9 is a restriction map of the 1.2 kb EcoRI-
BamHI fragment employed in Example 2, in which the
translation start codon is underlined.

EXAMPLE 1: Expression of tetanus toxin fraagqment C
1. Materials and Methods

Bacterial strains and recombinant DNA technicues

E. coli strain TGl and plasmid pTETtac2 have been
described previously (Makoff et al, Biotechnology 7, 1989,
1043-1046; WO 90/15871). DNA manipulations were performed
as described by Maniatis et al ("Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Lab., Cold Spring
Harbor, New York, US, 1982).

Baculovirus procedures

Baculovirus recombinants were generated by
cotransfectinn of 1ug AcCNPV DNA with 2pg recombinant
plasmid DNA (prepared by the method of Birnboim and Doly,
Nucl. Acids Res 7, 1979, 1513) into Spodoptera frugiperda
cells by calcium phosphate precipitation. After 4 hours,
the cells were rinsed once, re-fed with TC100 medium (FLow
Labs) and cultured for 3 days at 28°C. Supernatants were
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then plaque titrated and screened visually for inclusion
negative plaques. Stocks of S. frugiperda cells were
maintained in spinner flasks (Techne) at room temperature.
Plaque assavs were performed by seeding S. frugiperda cells
into 35mm p2tri dishes at 106 cells/dish, adhering for 10-
15 minutes at room temperature, and then infecting with
100ug virus/dish. After one hour at room temperature virus
inoculum was removed by aspiration and monolayers overlayed
with 1% agarose (2 volumes TC100 plus 1 volume 3% Seaplaque
IGT agarose). When set, a further 1ml of TCl00 was
overlaid on the agarose. -After 3 days at 28°'C the TC1l00
was removed and plaques visualised by staining for 1 hour
with 1ml/dish of 10% neutral red (BDH) in PBS. Plaque

purified clones were expanded in Techne spinner flasks at
28°C.

Immunisation procedures

Mice were immunised with recombinant fragment C in
alhydrogel and were tested for immunity to tetanus by toxin
challenge as described previously (Fairweather et al,
Infect, Immun. 55, 1987, 2541-2545).

Affinity chromatography and ELISA

Fragment C was purified from S. frugipesrda extracts
by affinity chromatography using monoclonal antibody TTO8
(Sheppard et al, Infect. Immun. 43, 710-714, 1984) bound to
cyanogen bromide activated Sepharose (Trade Mark) 4B.
Fragment C was 2luted with 0.1M sodium citrate pH 3.0 and
was neutralised by the addition of an equal volume of 0.1M
sodium phosphate. Fragment C was assayed by an enzyme-
linked immunosorbent assay (ELISA) as described previously
(Makoff et al, 1989).
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2. RESULTS AND DISCUSSION

Cloning of fragment C into baculovirus

The structural gene for fragment C is present on
pPTETtac2, an E. colji expression plasmid which directs the
synthesis of fragment C at 3-4% total cell protein (Makoff
et al, 1989). As fragment C is a cleavage product of
tetanus toxin, pTETtac2 directs the synthesis of mature
fragment € with a methionine residue at the N-terminus. A
1.4kb BglII-BamHI fragment, containing the entire fragment ¢
structural gene preceded by the sequence
AGATCTTAATCATCCACAGGAGACTTTCTGATG, was cloned into the
unique BamHI site of p36C which is a high level baculovirus
expression vector (Page, Nucl. Acids Res. 17, 454, 1989).

The resulting plasmid, p36C-TeTtac2 (see Figure 1)
was cotransfected with baculovirus AcNPV DNA into S.
frugiperda cells by calcium phosphate precipitation. Cells
containing recombinant viruses were identified by screening
for inclusion negative plagues, and after plaque
purification several recombinants were screened for the

production of fragment C by SDS-PAGE and Western blotting
eeet (data not shown).

R One recombinant, BVFCl, was studied further. S.
i::: frugiperda cells were infected with BVFC1 at a multiplicity

of infection of 0.1. Cells were taken at daily intervals
TR for analysis by sodium dodecy) sulphate-polyacrylamide gel
**%’ electrophoresis (SDS-PAGE). Fragment C was synthesised by
R BVFCl1l infected cells at days 2-4, with the maximum amount
."'u being produced on day 3. Fragment C was clearly one of the
u: major polypeptides produced by the cells, at a level only
e slightly lower than polyhedrin.

: S. frugiperda cells were grown in spinner flask
culture and were infected with BVFC1l virus at an m.o.i. of
10. After 4 days, cells were harvested, lysed by
sonication and a soluble extract was obtained by low and
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high speed centrifugatioin. The c211 proteins were then
analysed by SDS-PAGE and Western blotting. A band of 5
was one of the major proteins in the cell extract. Its
identity as fragment C was confirmed by Western blottin:
against anti-fragment C sera.

Very high expression of fragment C was thus
obtained (about 400ug/ml). The fragment C was purified
from the cell extract by affinity chromatography using
monoclonal antibody TT08. Fragment C purified in this -
judged to be 80% pure as determined by SDS-PAGE.
Iamunogenicity of fragment C expressed by baculovirus

Fragment C from C. tetani or E. coli is able to
protect mice from challenge with tetanus toxin. In crdr
to determine whether fragment C broduced from baculovir:
retained this activity, mice were immunised with the
soluble extract of S. frugiperda calls which had been
infected with baculovirus BVFCl. Preliminary results
indicated that such preparations had immunising activit:
(data not shown). This test was repeated with
immunopurified fragment C followed by challenge with
tetanus toxin. The results are shown in Table 1.




Table ] Immunisation of mice with recombinant fragment C
expressed from Baculovirus

Treatment Amount (ug)@ SurvivorsP
One dose Two_doses
Frag C 1 10 10
Frag G 0.25 10 10
Frag C 0.06 0 10
Yrag C 0.01 0 0
ce pPBS 0 0
ST Frag c€ 10 10
':::‘ dantigen in alhydrogel was injected into BALB/c mice
:.5:. subcutaneously. The second dose as given 4 weeks after the
TS primary injection. '

bMice (n=10 per group) were challenged with 50 LDggs of
tetanus toxin 4 weeks after the last injection.
Cperived from tetanus =oxin.
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Mice immunised with one dose of 0.25pg or with two
doses of 0.06ug were fully protected against tetanus
challer ,e, indicating that the fragment C expressed by
baculovirus was biologically active in this assay. The
levels of fragment C necessary for immunity are similar to
those required of fragment C derived from ¢. tetani or E.

coll (Makoff et al, 1989) showing comparable activity of
vhe baculovirus expressed material.

EXAMPLE 2: Expression of the Stromelysin protein

1. . General I

Expression of fragment C in Example 1 had not been
compared with expression of fragment C using a sequence
believed optional for eukaryotic translation (a Kozak
sequence). The baculovirus expression system , in which
expression occurs in insect cells, is classed as higher
eukaryotic. The translation rules would be expected to
conform to the Kozak rules determined for mammalian genes,
although there is no expecimental evidence that Kozak rules
apply. The leader of the invention employed in Example 1
is very sub-optimal with respect to the concensus Kozak
sequence, though.

Experiments were therefore conducted to compare the
leader sequence of the invention with Kozak sub-optimal,
Kozak optimal and Kozak perfect sequences. The first set
of experiments involved expression of the stromelysin
protein. Two constructs were made ard assayed. The first
construct was a recombinant baculovirus termed v36ST1l which
was sub-optimal around the translation initiation codon ATG
for the Kozak consensus sequence:

v36ST1 5' GATCCGAATTC ATG T 3!

The second construct was a recombinant baculovirus
termesi v36STM2 which contained the leader sequence of the
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invention fused to the translation initiation codon of the
stromelysin gene. The infected cells were assayed by
determining protease activity. The protease activity of
cells infected with v36ST1 was indistinguishable from.
background activity (about 400 units). The activity of
uninfected cells and cells infected with wild-type virus
was similarly low (200-300 units). In contrast, cells
infected with v36STM2 had a protease activity of about £000
units, i.e. a stimulation of 20~fold. 1In more detail:

2. Construction of transfer vectors p36CST1 and
p36CSTM2 .

The transfer vectors, p36CST1 and p36CSTM2,
containing the engineered stromelysin gene were derived
from pAc36C (Page, 1989). The entire stromelysin gene
(Whitham et al, Biochem. J. 240, 913-916, 1986; EMBL
database, code HSSTROMR) was synthesised as a 1.2kb EcoRl -
BamHI fragment (Figure 9), which was cloned into the pUC18
plasmid. This fragment was purified by gel electrophoresis
and electroelution, ligated to one or other of the two
oligonucleotides shown in Figure 2a and then cloned into
the BamHl site of Bluescript KS. The resulting plasnmids

were designated pKSST1 (Figure 2a(i) and pKSST2 (Figure
2a(ii)).

_Plasmid pKSST1 was digested with BamHl and the
1.2kb fragment purified by gel electrophoresis followed by
gel electroelution and cloned in the correct orientation
into the baculovirus transfer vector pAc36C. This plasmid
was called p36CST1 (Figure 3).

3. Construction of p36CSTM2 - mutagenesis of pM13ST2
The 1.2kb BamHl fragment from pKSST2 was purified
by gel electrophoresis followed by gel electroelution and
cloned into the BamHl site of the replicative form in the
antisense orientation of the M13 mpl9. This plasmid was
called pM13ST2. Hewever, in order to regenerate exactly
the sequence of the prokaryotic leader it was necessary to
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delete the sequence AATTC positioned before the translation
initiation codon of the stromelysin gene. This was done
using the Amersham International oligonucleotide
mutagenesis kit, and single strand M13 template derived
from pM13ST2. The oligonucleotide used is shown in Figure
2b. The sequence position around the translation start of
the mutated form, pM13STM2, was confirmed by DNA
sequencing. The 1.2kb Bail fragment from pM13ST2M was
purified from the replicative form of the plasmid and
cloned in the correct orientation into the baculovirus
transfer vector pAc36C. The resulting plasmid was called
PAC36CSTM2.

4. Generation of recombinant virus

Spodoptera frugiperda (Sf21) cells (Vaughen et al, In
vitro, 13 213-217, 1977) were grown in suspension cultures
at 27°'C in TC100 medium (Flow Laboratories), supplemented
with 10% foetal bovine serum (Gibco) and 5ug/ml gentamycin.
AcNPV was propagated in Sf21 cells grown at 27°C in
suspension cultures. Recombinant viruses containing the

.'é heterologous gene sequences were generated by co-

e transfection of a 20:1 molar ratio of the recombinant
oo transfer vectors p36CST1 and p36CSTM2 with ACNPV DNA
Ve, purified from extracellular virus (ECV) cultures in Sf21

e, cells. The method of purification of AcNPV DNA was as
described (Summers and Smith, 1987, "A Manual of methods

. e for Baculovirus vectors and Insect cell culture

. procedure"), except that cultures were infected at 0.1 pfu
. per cell and harvested after 6§ daysz and the sucrose

et gradient step was omitted. Co-transfection was as
described (Summers and Smith 1987, Method 1).

The resultant ECV was screened for recombinants by
standard agarose overlay plaque assay (Brown and Faulkner,
1977, J.Gen.Virol, 36, 361-364) using serial dilutions of
the transfection culture supernatant. Following neutral
red staining, potential recombinant plaques were selected
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visually by screening for the absence of polyhedra, picked
into 0.5ml of culture medium and purified by repeated
plaque assay. Recombinant viruses were scaled up to high
titre (> 108 pfu/ml) by infection of monolayer cultures of
Sf21 cells at 27°C. The resulting high titre viruses were
called v36CST1 and v36CSTM2.

5. Analysis of proteins from cells infected with the
recombinant viruses

The structure of the recombinant viruses described

_in_sectiqn 4 was confirmed by Southern blotting.

Polyhedrin negative, insert positive plaques were picked
into 0.5 mls of culture medium and allowed to diffuse for
at least 1 hr. A 100ul aliquot of this was used to infect
2 x 108 Sf21 cells in a 35 mm tissue culture dish, which
was incubated at 27°C for 1 hr. The inoculum was removed
and replaced with 1 ml of fresh culture medium and the
plates incubated at 27°C for three days. The cells were
then washed in phosphate buffered saline solution (PBS) and
removed.

6. Protease activity of baculovirus expressed
stromelysin

The proteins expressed from the recombinant viruses
were assayed as follows. Infected cells were lysed with 1%
Nonidet P40(NP40) and 150mM NaCl and the membranous
material was removed by centrifugation. The remaining
lysate was incubated with tritiated casein (200pg in 100pl
Tris buffer - Sigma). The reaction was incubated at 37°C
for 2 hours and terminated by the addition of 504l of a 30%
of trichloroacetic acid (TCA). "%1e activity of the
stromelysin was determined by measuring the TCA
precipitated radioactivity. Figure 4 shows the results of
this assay on v36STM.. The values obtained for v36ST1 were
virtually indistinguishable from background and are not
included.

Surpfisingly, presence of tissue metalloproteinase
inhibitor (TIMP), an inhibitor of stromelysin, did not
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reduce the activity observed. in the cell lysates. It is
proposed that a factor in the lysate inhibits the action of
stromelysin. Evidence to support this comes from the
observation that if the lysates from the negative controls
are "spiked"© with a known amount of pure active
stromelysin, then the observed activity is lower than that
expected.
EXAMPLE 23: Expression of Pertussis major surface antigen
1. General

Two constructions were .initially expressed in
baculovirus. The first, called vP60pl, encoded the
pertussis major surface antigen (molecular weight = 60kDa)
and was expressed in p36C and contained the leader of the
present invention. Expression of this protein in insect
cells infected with vP60pl was very efficient (400~
5004g/ml). The second construction, vP40, was a truncated

form of the major surface antigen. The sequences upstrean

of this gene were Kozak optimal, though not Kozak perfect,
as follows:

vP40 GAATTCAAT ATG G
Kozak Concensus (CccCc)y (GCcC)yGCcC ACC ATG G
* * * k%
Translation
initiation

codon

Those bases starred (*) in the Kozak concensus are
more important in translation. Those in brackets are less
important. Expression of the 40kDa protein in cells
infected with vP40 was still efficient (about 100uxg/ml) but
4-5 fold lower than expression of P60 from vP60pl infected
cells.

The experiment that was then done was to make a
recombinant virus expressing the 40kDa protein preceded by
the same prokaryotic leader as in vP60pl. Expression of
the 60kDa protein and the 40kDa protein from the %we
constructions was determined. Expression of the 40kDa
protein was 3-4 fold higher from vP40pl than from vP40 and
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approached the levels of protein expressed from vP60pl.
2. Construction of p36CP60pl, p3ScP40 and p36CP40pl

The plasmids p36CP40 and p36CP40pl were made by
fusing the pertussis major surface antigen (PMSA) gene body
lacking its N-terminus to synthetic oligonucleotides
containing various translation leaders and the N-terminus
of the PMSA. The sequence of oligonucleotides used in the
construction of the two plasmids is shown in Figure 5.
(1) Construction of p36CP60pl

The 1.8kb BglII-BamHI fragment from pPertac 7,
containing the PMSA coding sequence fused to the leader of
the invention, was purified by gel electrophoresis and gel
electroelution and cloned into the Bam Hl site of the
baculovirus transfer vector pAc36C (Page, 1989). The
resulting plasmid was called p36CP60pl.
(i) Construction of pAc36CP40 and pAc36CP40pl

The 4.6kbp BglI II - Sac I fragment from pPertac 9
(derived from pPertac 7, Makoff et al.) was purified by
electrophoresis followed by electroelution. An

oligonucleotide pair containing a Kozak optimal sequence

was cloned into this vector as a Bgl II-SacI fragment.
After sequencing, the 1.1 kbp Bgl II - Bam_Hl fragment was
cloned in the correct orientation inte the Bam HI site of
pAc36C. The resulting plasmid was called pAc36CP40.

Plasmid pAc36CP40pl was constructed in two stages.
The 1.1kbp Bgl II - Bam Hl fragment of pPertac 7 (Makoff et
al, Biotechnology 8, 1990, 1030-1033) was purified and
cloned into the Bam Hl site of puUC9 in the antisense
orientation. This plasmid was called pUC69-6. A pair of
oligonucleotides, containing the leader of the invention
and the N-terminal sequence of the 40kDa protein, was
cloned as a Bam Hl - Hind III fragment intc the replication
form of M13 mpl9. The sequence »of the oligonucleotide was
confirmed by DNA sequencing. The Bam Hl-Hind III insert
from the replicative form of this construction was purified
and clcned between the Bam HI and Hind III sites of the
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pUCY plasmid. The resulting plasmid was designated pUc9-3.

The pUC9-3 plasmid was digested with Sac I and Hind
III and the 3.0kb fragment, containing the leader of the
invention, the N-terminal sequence of the 40 kDa protein
and the pUC9 vector body, was isolated. The 1.1kbp Sac I -

Hind III fragment, containing the C-terminal portion of
the 40kDa protein, was purified and cloned into the Sac I-
Hind III digested puUc9-3. The resulting plasmid was
designated pUC 9-1. This plasmid contained the entire
coding sequence for the 40kDa truncated PMSA fused to the
leader and flanked by two Bam Hl sites. The 1.2kb Bam H1l
fragment from'pUC 9~1 was purified and c¢loned into the Bam
HI sites of pAc36C. The resulting plasmid was designated
PAC36CP40pl.

3. Generation of recombinant virus and analysis of
proteins from cells infected with the recombinant viruses

This was performed as described in Example 2. The
resulting high titre viruses were called v36CP60pl, v36CP40
and v36CP40pl. Infected cells were lysed with 5% SDS and
the products analysed by SDS/polyacrylamide electrophoresis
on 10% gels followed by Coomassie blue staining. The
results are shown in Figure 6.

The identity and antigenicity of these products was
confirmed by Western blotting using a polyclonal rabbit
antisera (not shown). The 60kDa product (lane 5) actually
migrated as a 69kDa band. The reason for this anoumalous
migration is wunclear. The predicted molecular weight as
determined from the amino acid sequence is 60kDa. The
60kDa product shows some breakdown to the 40kDa product
which cross-reacts with the antibody. Both the 40kDa and
60kDa proteins are stable as determined by pulse-chase
experiments (data not shown). The levels of expression
were as indicated above, demonstrating the superiority of
the use of the leader sequence of the invention.

EXAMBLE 4: Expression of the human immunodeficiency wvirus
(HIV) integrase protein
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1. General

Two recombinant baculoviruses were prepared and
assayed. The first, v36HIVK, contained the integrase gene body
fused to a perfect Kozak leader sequence. The second, V36HIVP,
contained the integrase gene body fused to the leader sequence
of the invention. The level of expression of the integrase
protein by Vv36HIVP was 4-5 fold better than the level of
expression of the integrase protein by V36HIVK.
Z. Construction of plasmids pAc36CHIVK and pAc36CHIVP

The fragment of DNA containing the integrase gene in
PAC36CHIVK and pAc36CHIVP was derived from the plasmid
pINpUC19. This construction contained the HIV integrase
protein coding sequence on a 1.6kbp Kpn I - Hind III fragment
(Sherman and Fyfe, PNAS USA, 87, 5119-5123, 1990). A Nde I
site had been introduced by site directed mutagenesis
immediately adjacent to the N-terminal phenylalanine of the HIV
integrase protein. Plasmids pAc36CHIVP and pAc36CHIVK were
constructed by purifying the 898bp Nde I fragment from pINpUC19
by gel electrophoresis followed by gel electroelution. The
fragment was then ligated to one of the pairs of
oligonucleotides shown in Figure 7 and cloned ints» the Bam HI
site of pAc36C. The construction containing the leader of the
invention fused to the ATG was called pAc36CHIVP (Figure 7a)
whilst that containing the perfect Kozak consensus sequence was
called pAc36CHIKK. '
3. Generation of recombinant virus and analysis of
proteins from cells infected with the recombinant viruses

This was performec as described in Example 2. The
resulting high titre viruses were called v36HIVK and V36HIVP.
Inifected cells (2X10%, 72 hpi) were lysed with 100ul of 150mM
Tris, 5% SDS, 25% glycerol and 0.1% w/v bromophenol blue.
Samples of these lysates were analysed on 10% SDS-PAGE gels
(Figure 8). Cells infected with Vv36CHIVP expressed the HIV
integrase protein at around 5 fold higher levels than cells
infected with v36HIVY,
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THE CLAIMS DEFINING THE INVENTION ARE 25 FOLLOWS:

1. A process for preparing a protein, which
process comprises culturing, under such conditions that the
protein is obtained, insect cells infected with a recombinant

5 baculovirus having a promoter capable of directing expression
in the cells of a heterologous gene having a coding sequence
encoding the protein, the promoter being operably linked to the
heterologous gene and the coding sequence being preceded by
an untranslated leader of sequence TAATCATCCACAGG

10 AGACTTTCTG.

2. A process according to claim 1, wherein the
leader is immediately preceded by the sequence A T C C.
3. A process according to claim 1 or 2, wherein

the leader is fused to the translation initiation codon of the
15 coding sequence.

4. A process according to any one of the
preceding claims, wherein the coding sequence encodes tetanus
toxin fragment C, stromelysin, pertussis major surface antigen
or the HIV integrase protein.

20 5. A process according to any one of the
: preceding claims, wherein the promoter is the polyhedrin
§~“, promoter.

. 6. A process according to any one of the

;:3: preceding claims, wherein the insect cells are cells of a
.:ﬁz. 25 Spodoptera frugiperda cell line.

Tt 7. A process according to any one of the

ve oo preceding claims, further comprising isolating and purifying
i:J: the protein.

:?Ef 8. A recombinant baculovirus having a promoter

30 capable of directing expression of a heterologous gene having a
coding sequence in insect cells infected with the recombinant
baculovirus, the promoter being operably linked to the
heterologous gene and the coding sequence being preceded by an
untranslated leader of sequence TAATCATCCACAGGAG

35 ACTTTCTG.

9. A recombinant baculovirus according to claim

oo eeae oo
oo
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8, wherein the leader is immediately preceded by the sequence A
T CC.
10. A recombinant baculovirus according to claim
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8 or 9, wherein the leader is fused to the translation
initiation codon of the coding sequence.

11. A recombinant baculovirus according to any
one of claims 8 to 10, wherein the coding sequence encodes
tetanus toxin fragment C, stromelysin, pertussis major surface
antigen or the HIV integrase protein.

12. A recombinant baculovirus according to any
one of claims 8 to 11, wherein the promoter is a polyhedrin
promoter.

13. % process for preparing a recombinant
baculovirus, which process comprises:

(a) providing a recombinant baculovirus transfer
vector having a promoter capable of directing expression of a
heterologous gene in insect cells infected with the recombpinant
baculovirus, the promoter being operably linked to the
heterologous gene and the coding sequence of the heterologous
gene being preceded by an untranslated leader of sequerice T A A
TCATCCACAGGAGASTTTCTAG; and

(b) co-transfecting the cells with the
recombinant baculovirus transfer vector and with intact wild-
type baculovirus DNA.

14. A process according to claim 13, wherein the
leader is immediately preceded by the sequence A T C C.

15. A process according to claim 13 or 14,
wherein the leader is fused to the translation initiation codon
of the coding sequence.

16. A process according to any one of claims 13
to 15, wherein the coding sequence encodes tetanus toxin
fragment C, stromelysin, pertussis major surface antigen or the
HIV integrase protein.

17. A process according to any one of claims 13
to 16, wherein the promoter is the polyhedrin promoter.

18. A process according to any one of claims 13
to 17, vherein the insect cells are cells of a Spodoptera
frugiperda cell line.

19. A recombinant baculovirus transfer vector as
defined in any one of claims 13 to 17.

20. A DNA sequence consisting essentially of a
coding sequence preceded by an untranslated leader of sequence
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TAATCAYT '"CACAGGAGACTTTTOCT®TG.

21. A DNA sequence according to claim 20, wherein
the leader is immediately preceded by the sequence A T C C.

22, A DNA sequence according to claim 20 or 21,
wherein the leader is fused to the translation initiation codon
of the coding sequence.

23. A DNA sequence according to any one of claims
20 to 22, wherein the coding sequence encodes tetanus toxin
fragment C, stromelysin, pertussis major surface antigen or the
HIV integrase protein.

24. A process for preparing a recombinant
baculovirus transfer vector, which process comprises cloning a
DNA sequence as claimed in any one of claims 20 to 23 into a
baculovirus transfer vector.

25. A process according to claim 24, wherein the
transfer vector is pA36C.

26. A baculovirus transfer vector comprising

(1) a restriction site into which a heterologous
gene may be civned downstream of the sequence encodinc tlie N-
terminus of the polyhedrin gene;

(ii) another triplet of nucleotides in place of
the natural ATG translation start codon of the polyhedrin
coding sequence;

(iii) from up to the first 24 to up to the first 50
bases of the polyhedrin coding sequence; and

(iv) downstream of (iii) but upstream cf (i), an
untranslated leader of sequence TAAT CATCCACAGGAG
ACTTTCTG.

27. A process for preparing a recombinant
baculovirus transfer vector, which process comprises cloning a
heterologous gene into the restriction site (i) of a
baculovirus transfer vector as claimed in claim 26.

28. A process for preparing a protein, which
process is sukstantially as described hereinbefore in Example 2
with reference to recombinatit baculovirus v36STM2, Example 3
with reference to recombinant baculovirus v36CP60pl or
v36CP40pl, or Example 4 with reference to recombinant
baculovirus v36CIntP.

29. A recombinant baculovirus substantially as
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described hereinbefore in Example 2 with reference to
recombinant baculovirus v36STM2, Example 3 with reference to
recombinant baculovirus v34CP60pl or v36CP40pl, or Example 4
with reference to recombinant baculovirus v36CHIVP.

5 30. A process for preparing a recombinant
baculovirus, which process is substantially as described in
Example 1 with reference to recombinant haculovirus BVFC1,
Example 2 with reference to recombinant baculovirus v36STM2,
Example 3 with reference to recombinant baculovirus v36CP60pl

10 or v36CP40pl, or Example 4 with reference to recombinant

baculovirus v36HIVP.
31. A baculovirus transfer vector substantially

as described in Example 1 with reference to p36C-TETtac2,
Example 2 with reference to p36CSTM2, Example 3 with reference
15 to p36CP60pl or pAc36CP40pl, or Example 4 with reference to

PAC36CHIVP.

Dated this 23rd day of December 1993

THE WELLCOME FOUNDATION LIMITED
By their Patent Attorney
GRIFFITH HACK & CO.
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ABSTRACT
EXPRESSTON SYSTEM

A process for the preparation of a protein, which
process comprises culturing under such conditions that the
5 protein is obtained cells infected with a recombinant
baculovirus having a promoter, capable of directing the
expression-of a gene in the cells, operably linked to a
heterologous gene which encodes the protein and which is
preceded by a leader sequence comprising: |
I0OTAATCATCCACAGGAGACTTTCTG.
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