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ABSTRACT

Disclosed 1s a method for expressing non-bacterial heterologous gene
products in Drosophila which comprise the steps of: transfecting a Drosophila

host cell with a gene expression unit encoding a heterologous gene product and

a selectable marker, culturing transfected cells under conditions such that the

gene product 1s expressed; and collecting the desired gene product.
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EXPRESSION OF FOREIGN GENES IN DROSOPHILA CELLS

Field of Invention
This invention relates to a method for the
expression of foreign genes in Drosophila cells. More
specifically it relates to a system for expression of high
levels of tissue plasminogen activator (tPA) in Drosophilla
cells and purification of the expressed gene product.

Background of the Invention

Human tPA 1s a glycoprotein of about 70,000
daltons and 527 aminc acids. It is secreted by a variety
of human tissues and is naturally present in serum. tPA
functions 1in clot 1lysis by converting plasminogen to
plasmin. tPA has an affinity for and is more active in
the presence of fibrin. Thus, tPA is useful in treating
disorders associated with thrombi formation such as deep
vein thrombosis, acute myocardial infarction and pulmonary
embolism. See, generally, Rijken et al., Biochem.

Biophys. Acta 580:140 (1979), Vetterlein et al., J. Biol.

Chem. 254:575 (1979), Rijken et al., J. Biol, Chen.

256:7035 (1981) and Matsuo et al., Nature 291:590 (1981).
tPA 1s overproduced by certain cell 1lines,

including the Bowes melanoma cell line. See, e.g., Wilson
et al., Canc. Res. 40:933 (1980). Collen et al., European



10

15

20

25

30

35

-2 - 1341345

Patent Application (EP-A)-41,766, discldse purification of
Bowes melanoma-derived tPA. Wilson, EP-A-113,3189,
disclose production and purification of tPA wusing a
serum-independent Bowes melanoma cell line. Brouty-Boye,
Bio/Technoloqy, December 1984, p. 1058, report production
of tPA by human embryonic lung cells. Schleuning et al.,
Sixth .Int'l Conf. Fibrinolysis, Lausanne, Switzerland,
Abstract, July 22-23, 1982 report production of tPA by

‘HeLa cells.

tPA can also be prepared by recombinant DNA
techniques. Isolation of mRNA for tPA 1s disclosed, e.qg.,
by Opdenakker et al., Eur. J. Biochem. 121:269 (1982).
Isolation of cDNA for part of tPA 1s disclosed by Edlund
et al., Proc. Natl. Acad. Sci. USA 80:349 (1983). Cloning
of c¢cDNA for tPA in E. coli 1s reported by Pennlca et al.,
Nature 301:214 (1983). Cloning of cDNA for tPA in E. cclil
and in Chinese Hamster .Ovary cells by application of
routine recombinant DNA procedures 1s disclosed by Goeddel
et al., EP-A-93,619 and by Levinson et al., EP-A-117,059.
Goldberg et al., PCT patent application WO85-03949,
disclose expression of tPA in E. colili. Meyhack et al.,
EP-A-143,081, disclose expression of tPA 1n vyeast.
Robinson, WO84-01786, discloses a modified tPA lacking all
or a portion of the carbohydrate moleties present 1n
native tPA.

The development of Drosophila cell cultures which
are stable and can be grown under laboratory conditions
have been reported. See Schneider, J. Embrvol. EXp.
Morphol. 27:353 (1972). Various vectors systems
contalning specific coding sequences have been 1nserted
into Drosophila under the control of the Drosophila heat
shock promoter or COPIA promoters. DiNocera et al., Proc.
Natl. Acad. Sci. USA 80:7095 (1983). More recently, mRNA
encoding the heat—-shock promoters has been translated 1in

Drosophila cells at high rates, McGarry et al., Cell
42:903 (1985).

oo CH I Ml T o H e L 2 R, et
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Summary of Invention
One embodiment of the present invention relates

to the development of a selection system to co—-introduce
and express foreign genes 1in Drosophila cells. By use of
this method, tPA can be produced 1n Drosophilla cells by
culturing Drosophila cells transfected with a tPA gene
expression unit such that the tPA 1s expressed and '
secreted and collecting the secreted tPA. The selection
system developed <can be used to co-introduce and
overexpress other genes of interest. |

Another embodiment of the 1invention relates to
tPA produced by. a recombinant Drosophila cell. A tPA gene
expression unit comprising a DNA coding sequence for tPA,
or an active variant thereof, and a regulatory element
necessary for the transcription of the tPA coding segquence
and subsequent translation within a Drosophila cell 1is
described. The tPA gene product 1s then secreted 1nto the
cell media and collected.

In another embodiment, the invention is a method
for expressing a heterologous gene product 1n Drosophila
which comprises cotransfecting Drosophila cells with a
vector contalning a gene expression unlt for the gene
product and a vector containing the S5'LTR from an
integrated COPIA element and a hygromycin B
phosphotransferase or methotrexate resistance selection
marker; culturing transfected cells under conditions such
that the gene product 1s expressed; and collecting the

gene product.

Detailed Description of the Invention
It has now been found that high level production

of tPA can be obtained in a Drosophila cell culture. The
Drosophila cells are transfected by using standard cloning
techniques which permit introduction of foreign DNA into a

" B TP PR TITN R TP ST TTCRROPP LTI T [T T PPRPRE IO T POOE NS E XS (IHPL I (T u“:;a',;-WM;“.’|h‘ﬂﬁ3¢c1h‘hk¢“@{l&.lltl{mﬁdwiil{mt‘%l“ﬁ‘diﬁ#eﬁ.‘in,a..-;'.l.’lnt)luimb.:.l P T
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host cell without adversely affecting the foreign DNA or
the host cell. The recombinant Drosophila cells so
constructed secrete tPA at high levels.

Any Drosophila cells can be used in the practice
of the 1nvention. A preferred cell 1line 1is the 82
line. Introduction of the tPA ¢DNA coding sequence 1nto
Drosophila S, cells by DNA transfection techniques
produces unexpectedly large amounts of tPA. The S2
cells (Schneider, J. Embryvol. exp. Morph. 27:353 (1972))
are stable cell cultures of polyploid embryonic Drosophlla
cells. Use of the S, Drosophila c¢ell has many
advantages 1including but not 1limited to 1ts ability to
grow to a high density at room temperature. Stable
integration of the selection system has produced up to
1000 copies of the transfected gene expression unit 1into
the cell chrorﬁosomes. Other available Drosophlla cell
S

lines are S - KC-0 and hydel.

17 ~3°

Droscophila cells can be cultured 1n a varlety of

nutrient media, 1including, e.qg. M3 media. = The M.
media consists of a formulation of balanced salts and
essential amino acids at a pH of 6.6. Preparation of the
media 1s substantially as described by Lindquist, DIS,
58:163 (1982).

A tPA gene expression unit which 1is a recombinant
DNA molecule and which can be used to prepare the
recombinant Drosophila cells of the 1nvention comprises a
DNA coding sequence for tPA, or for an active variant
thereof, and requlatory regions necessary or desirable for
transcription of the tPA coding sequence and subsequent
translation.

The tPA coding sequence 1s avallable from several
sources or can be obtalned from human cells or cell lines,
such as the Bowes melanoma cell 1line or the HeLa cell
line. Standard techniques of genetic engineering are

utilized to derive a tPA coding sequence from the genomic

W e e e AR O IR A NS e T MR RALRA T S e e
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DNA of a human cell. Variants therecf can also be
prepared by standard recombinant DNA techniques. Such
variants comprise tPA molecules 1n which one or a few
amino acids have been substituted, added or deleted
without significantly adversely affecting thrombolytic
activity. See, for example, Robilnson, WO084-01786; Rosa
et al., WO86—-01538; Heyneker et al., GB2,173,804A.

The regulatory region typically comprises a
prombter region which functions 1in the binding of RNA
polymerase and in RNA transcription initiation. The
promoter region 1s typically found upstream from the tPA
coding sequence. Promoters which are commonly employed in
mammalian cell expression vectors 1ncluding, e.qg., avian
Rous sarcoma virus LTR and simian vwvirus (SV40 early
promoter) demonstrate poor function and expression in the
Drosophila system. The preferred promoters are of
Drosophila origin. It has been found that the SV40 early
promoter gives lower levels o©of expression than the
Drosophila metallothionein promoter. Examples of other
Drosophila promoters 1include, e.g., heatshock (Hsp70) and
COPIA LTR promoters.

The tPA coding sequence 1is followed by a
polyadenylation (poly A) region within the tPA gene
expression unit, such as an SV40 early poly A region. The
poly A region which functions 1in the polyadenylation of
RNA transcripts appears to play a role 1in stabilizing
transcription. The poly A region can be derived from a
variety of genes 1n which 1t 1s naturally present. }Other
available poly A regions 1include, e.g., those derived from
growth hormone and metallothioneln genes. Such region can
also be modified to alter 1ts sequence provided that
polyadenylation and transcript stabilization functions are
not significantly adversely affected.

- Fiem me ATORERAY 0zeeT Tee = - zesEet T VR LR« TOOIRIE 31 Aot s M PO el o es e Aol W g e R S et =.
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Use of the Drosbphila metallothionein promoter
results in the metallothloneln vector system retaining
full regqulation even at very high copy number. This 1s 1n

direct contrast to the results in mammalian cells using

the mammalian metallothionein promoter wherein  the
requlatory effect of the metal 1s diminished as copy
number increases. The result of this retained
inducibility effect 1s 1increased expression of the gene
product in the Drosophila cell at high copy number.

Once the vector <containing the tPA gene
expression unit has Dbeen constructed, 1t <can Dbe
transfected into the Drosophila c¢ell using standard
transfection techniques. Such techniques 1include, f£for
example, calcium phosphate co-precipitation, cell fusion,
electroporation, microinjection and viral transfection.

It 1s typlical when deciling dgene cloning to

incorporate the gene of choice into a larger recombinant

DNA molecule prior to transfection. Such larger DNA
molecule preferably comprises at least a genetilc selection
marker in addition to the tPA functions. The selection
marker can be any gene or genes which cause a readily
detectable phenotypic change in a transfected host cell.
Such  phenotypic change can Dbe, for example drug
resistance, such as the gene for hygromycin B resistance.

A selection system using the drug methotrexate
and procaryotic dihydrofolate reductase (DHFR) can be used
with Drosophila cells. The endogenous eucaryotic DHFR of
the cells is inhibited by methotrexate. Therefore, by
transfecting the <c¢ells with a plasmid containing the

39 Procaryotic DHFR which is insensitive to methotrexate and

35

selecting with methotrexate, only cells transfected with
and expressing the procaryoctic DHFR will surwvave.
Unlike methotrexate selection of transformed

mammalian and bacterial cells, 1n the Drosophlla system,
methotrexate can be used to 1initially select high copy



10

15

20

25

30

35

1541343

number transfectants. Only cells which have incorporated
the ©protective procaryotic DHFR gene will survive.
Concomitantly, these cells have the gene expression unit

of interest.
A two vector system can be used 1n the present

invention to cotransfect into the Drosophila cell a gene
expression unit for a gene product of 1nterest and the
coding region for the selection system to be used. For
example, the pDM100 expression system, consisting of the
vectors pDM100 and PpHGCO, can be wused to prepare
recombinant S, cells containing the DNA coding sequence

for tPA. The vector, pDM100, comprises a tPA gene
expression unit 1in which the promoter 1s the Hsp70
heatshock promoter from Drosophila. Hsp 70 1s a

Drosophila heatshock promoter which has been found
advantageous for gene expression 1in Droscophila cells
(Ingolia, et al., Cell, 21:669 (1980)). The pHGCO vector
comprises a DHFR gene expresslon unit and 1s cotransfected
with the pDM100 vector thereby providing the DHFR gene
necessary for selection. A more complete description of
this embodiment of the 1nventilion 1s found 1n Example 1.

A second illustrative embodiment = of this
invention 1s the production of tPA uslng a two vector
method but with a tPA gene expression unit which employs
the pCOHYGRO vector system consisting of the vectors
pCOHYGRO and pDMtPA. |

pCOHYGRO comprises a hygromycin B gene expression
unit. pDMtPA contains the tPA gene expression unit using
the metallothioneln promoter. A tPA gene expression unit
which utilizes the pCOHYGRO vector system will produce tPA
in S, Drosophila cells by maximizing the advantage of
hygromycin B resistance for selection. With thils system,
the antibiotic hygromycin B can be used to select for
those cells containing the transfected vectors.

. any O L ey sepecv i gpee U LT TR MENIERFTEERY I O ST TP e PR TR T - TR RNEY VY, | L L e B L .
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The two vectors are cotransfected into the S,

Drosophila cell using the method as described by Wigler et
al., Cell 16:777 (1979). The vectors are cotransfected in

varying ratios depending upon the particular copy number
desired. The transfected cells are then selected, such as
in M, medium contalning serum and the appropriate
selection agent, e.g9. hygromycin B or methotrexate.

Other known Drosophila cell culture systems which
may be wused are, for example, the KC-O Drosophila
melanogaster cell line which 1s a serum free cell 1line,
Schulz, et al., Proc. Natl. Acad. Sci. USA 83:9428
(1986). Preliminary studies using the KC-O 1line have
suggested that transfection 1is more difficult than with
S, cells. Another cell 1line which has been used 1is a
cell line from Drosophilila hydel. Proteln expression can
be obtained wusing the hydel «cell line, however,
transfection 1into this cell 1line can result 1in the
transfected DNA being expressed wilith very low efficiency.
Sinclair, et al., Mol. Cell. Biol. 5:3208 (198S).

Once an approprilate vector system has Dbeen
constructed and transfected into the S, cell line, the
expression of tPA 1s 1induced by the addition of an
appropriate inducing agent, such as cadmium 1in the case of
the metallothioneln promoter or heat 1n the case of the
Hsp70 promoter. Transcription of the tPA codilng sequence
after induction can be monitored.

Southern Dblot analysils (Maniatis, et al.,
Molecular Cloning, Cold Spring Harbor Laboratory, Cold:
Spring Harbor, N.Y. 1982) can be used to determine copy
number of the tPA gene. Northern blot analysis (Maniatis,
supra, p. 202) provides information regarding the size of
the transcribed gene sequence. The level of transcription
can also be quantitated. A specific tPA mRNA of
approximately 2.4 kb can be determined. Expression of tPA

in the recombinant cells can be further verified through
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Western blot analysis and activity tests on the resulting
protein. |

The S,
especially suited to high yileld production of protein.

cells of the present 1nvention are

The cells can be maintained in suspension cultures at room
temperature (24x1°C.). Culture medium 1s M3
supplemented with between 5 and 10% (v/v) heat inactivated
fetal bovine serum. In the preferred embodiment of the
invention the culture medium contains 5% fetal Dbovine
serum. After induction, the cells are cultured 1in serum
free media. When the pCOHYGRO vector system 1s used, the
media is also supplemented with 300 ug/ml hygromycin B.
2 cells can be grown 1n suspension
cultures, for example in 250 ml to 2000 ml spinner flasks,
with stirring at 50-60 rpm. Cell densities are typically

. and 107 cells per ml. In one

malntained between 10
embodiment of this inventlon the cells are grown prior to
induction in 1500 ml spinner flasks in medlia contalining 5%
serum.

Following cell culture, the tPA can be 1isolated
from the spent media such as by use of a monoclonal
antibody affinity column. Other kKnown protein
purification steps, e.g. metal chelates, various affinity
chromatography steps or absorptlion chromatography, can be
used to purify the tPA from the culture media. The use of
the cell 1line S2 which secretes the gene product
directly into the media 1s an 1important feature of the
present invention. Direct secretion into the media allows
utilization of an efficient one-step purification system.
Using a monoclonal antibody column directed agalnst tPA,
the spent culture media can be added directly to the
column and the tPA eluted using 1.5 M KSCN 1n phosphate
buffered saline. |

The Drosophila cell system has been used to

produce entirely single chain tPA. The ratio of long to

SRR o e - WSRERAR o M Y AR VR R ey S TR R TR TS - R W A T
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1 short form at the amino-terminus is found to be completlely
opposite to that found in mammalian systems. Preliminary
gel mobility studies indicate the Drosophila tPA also
differs in glycosylation. Because the human tPA is being

s  produced in an insect system, the tPA is completely free
of human, hamster or mouse contaminating materials. In
addition, human tPA made 1in Drosophila 1is free of
mammalian retroviruses. |

Following additional purification methods in

19 order to obtain pharmaceutical grade tPA, the ¢tPA is

formulated into a pharmaceutical composition (European
Patent Application 0,211,592 published February 25, 1987)

such that each dosage unit comprises an amount of tPA which
is non-toxic, that is, free of significant adverse side
lSeffects, and which is effective in causing thrombolysis
following administration to an animal, particularly man.
Such pharmaceutical composition for treatment of myocardial
infarction typically is in the form suitable for intravenous
injection or infusion and comprises 0.1 to 10 mg/ml of tPA
29 in a pharmaceutically acceptable diluent or carrier.
Suitable diluents and carriers are well—kndwn to a
pharmaceutical chemist, as are technigques £for preparing
the pharmaceutical composition.
Although the preceding description and the
o5 examples which follow are directed primarily to expressiocn
of tPA in Drosophila, the expression vectors and the two
vector expression systems described herein can be used to
clone and express other genes and coding sequences 1in
Drosophila. For example, a coding sequence for a growth
39 hormone, a lymphokine, urckinase, an antigen or other gene
| product of interest can be 1inserted within a gene
expression unit into a vector such as pDM100 or pDMtPA and
cotransfected with a vector such as PpHGCO or pCOHYGRO.
Transfected cells can then be selected as described above.

35
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Examples
The examples which follow are illustrative, and

not limiting of the invention.

EXAMPLE 1
Expression of tPA using the Hsp70 wvector and a DHFR
selection system.

Construction of Vectors:

pDMKAH
As the Dbasic vector for gene expression 1in

Drosophila pML2 was used, which 1s a small pBR322 vector
containing the B-galactamase gene (Mellon et al., Cell
27:297 (1982)). This vector was digested with Sal I which
creates a unique cut 1n the plasmid. Into this site was
inserted a Sal I casette containing the SV40 early
promoter followed by the galactokinase gene and the 8V40

early polyadenylation site.
The Sal I casette was obtained from pDSPI (Pfarr

et al., DNA 4:461 (1985)). The orientation of the insert

was determined by fine restriction analysis using HindIII
and BamHI. The new construct pDMK has the transcription
unit for the galactoklinase and B-lactamase gene running in
the opposite direction. pDMKAH was created by a
deletion of a HindIII site in the pBR322 sequence S5' to
the SV40 early promoter. pDMK was digested with HindIII
and the site was endfilled (Maniatis, supra p. 113) and
the wvector was religated. pDMKAH now has a unique
HindIII site positioned between the 8SV40 early promoter
and the galactokinase gene.

VAL B gwenl F s e e eD TE L i oo R b s e snafiee BIITN MGG A RPA L AR R B LT A RRBRMCT A e ipe ity e »- . . - N S T UL . Y VP SR PV PR SV T UL N
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pDMKHSP
pDMKAH was digested with Smal and HindIII which

drops out the SV40 early promoter. The HindIII site was
end-filled and the Drosophila HSP70 promoter fragment was
inserted into this wvector.

The fragment used was a 460 bp fragment obtained
by Xbal and XmnI digestion of pDM301 (McGarry, et al.,
Cell 42:903 (1985)). This fragment contains what 1is
thought to be the regulatory sequences for heat
induction. The fragment was endfilled and ligated to the

Smal, HindIII cut vector.

| The ligated DNA was transformed into E. ¢coli and
colonies containing the desired plasmid were 1identified by
fine restriction of minipreparations of DNA with HindIII

and Xhol.

pDM100
pDMKHSP was cut with Xbal, then endfilled and
finally c¢cut with  HindIII. This drops out the

galactokinase gene. The tPA coding sequence was 1isolated

from a cDNA clone obtained from Schleuning, et al., supra,
on a HindIII-Ball fragment which includes the
prepropeptide and the entire coding sequence of tPA. This
fragment was 1inserted 1into the cut pDMKHSP vector. The
ligated DNA was transformed 1into E. coll and the correct
plasmid was 1dentified by restriction with the enzymes
HindIII, BamHI and Xbal. Conditions for all restrictions
were as recommended by manufacturer (New England Biolabs).

Transfection into Drosophlla 82 Cells

pDM100 was <cotransfected 1into S, Drosophila

cells together with pHGCO which 1s a plasmid containing
the E. colli derived procaryotic DHFR gene driven by COPIA
S'LTR (Bourouls et al., EMBO 2:1104 (1983)). The

transfection procedure was substantially as described by
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Wigler et al., Cell 16:777 (1979). 20ug plasmid DNA

pDM100 + PpHGCO was cotransfected 1n varying ratios
6

depending upon the copy number desired onto 3 x 10
cells and the precipitate was 1left on the cells for 18
hours. The cells were then washed and allowed to grow 48
hours to allow expression of DHFR. Cells were spun down
and resuspended 1in "~ medium containing 2 X 10~ "M
methotrexate to select for transformants expressing the

DHFR gene. Stable transformants were obtained after 6
weeks selection.

Analysis of gene product
Resistant cells were seeded at a density of

5 X 10° cells/ml 1n M3 medium without serum. The
cells were allowed to express tPA for 3 days before the
media was collected and assayed for the presence of tPA
protein. Western analysis substantially as described by
Bittner, et al., Ann. Biochem. 102:549 (1980) showed the
presence of high amounts of tPA protein, 1.e. the protein
has the expected molecular weight (approx. 70 kd) for
single chain tPA. 'Conf:{rmation that the tPA protein was
expressed and active was confirmed using the S2251
activity assay. Ranby, et al., Thromb. Res. 27:743 (1982).

Southern analysis of the tPA producing polyclonal
cells showed that they contalned up to 1000 copiles of the
tPA gene expression unit per cell and that the tPA gene
expression unit is amplified and 1integrated 1in the host

chromosomes 1n a head to tail pattern.

EXAMPLE 2
Expression of tPA using the hygromycin B selection system.



1341345

- 14 -
1 Construction of vectors:

UCOPIA
As the basic cloning vector for gene expression

5 in Drosophila, pUCl8 containing a BamHI and Smal site was
used. The S'LTR from an 1ntegrated COPIA element (357
base pairs) was cloned 1into the BAMHI site of vector pUC18
resulting in the vector designated pUCOPIA. COPIA is a
representative member of the disperse middle repetition

10 sequences found scattered through the Drosophila genome

(Rubin, et al. in Cold Spring Harbor Symp. Quant. Biol.
45:619 (1980)).

pCOHYGRO
15 The wvector pUCOPIA was cut at the Smal site and
the E. coli gene ceding for hygromycin B

phosphotransferase (hygromycin B cassette) was cloned into
pPUCOPIA using standard cloning techniques. The hygromyciln
B cassette was 1solated on a HindIII - BamHI fragment of

20 1481 base pairs from the vector DSP-hygro (Gertz, et al.
Gene 25:179 (1983)). The hygromycin B cassette contains
the sequence coding for the hygromycin B phosphotranferase
gene and the SV40 early poly A region. The Hind III and
BamHI sites were filled in using T, DNA polymerase and

25 the hygromycin B cassette was ligated into the Smal site
of the vector pUCOPIA.

pDMtPA
The plasmid pBR322 containing the B(-galactamase
30 gene was used as the basic vector. The metallothionein

promoter, Lastowski-Perry, et _al., J. Biol. Chem. 260:1527

(1985) was 1isolated on an EcoR1-Stul fragment and was

inserted 1into pBR322 1n front of the entire tPA dgene.

containing the prepeptide. An SV40. early ©polvA site
35 follows the tPA gene.
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1 Transfection into Drosophila S, cells:
PCOHYGRO was cotransfected into S, Drosophila

cells together with pDMtPA carrying the tPA gene under the
control of the Drosophila metallothionein promoter. The
5 transfected cells were selected in M, medium with serum
containing 300 ug/ml of hygromycin B. After 2 to 3 days
under identical conditions the untransfected cells stop
dividing and begin to dile. The time of selection in order
to obtain stable, growing hygromycin B resistant cells in
19 the transfected cultures 1s approximately two to three

weeks. .
To obtain cultures having 1integrated 1into their

chromosomes different copy numbers of the tPA gene, the
ratios of the two vectors were varied at transfection as

15 1indicated 1n Table 1.

Table 1
| , | ADpProx.
20 DPDMtPA pCOHYGRO Isolated polyclonal Copy Number
.~ ____culture  Hygromycin B Gene tPA Gene
10mg 10mg A 50-100 30-40
18mg 2mg B 50-100 150
20mg 0.2mg C 50-100 2000
25
Expression of tPA was verified after induction of
the metallothionein promoter with 10 uM cadmium. A
specific tPA mRNA of approximately 2.4 kb was detected by
Northern blot analysis. Concommitantly, Western blot

30 analysis of the spent supernatant from the 1induced cell
cultures revealed a single tPA band at approximately 70 kd.
The 1level of tPA 1n the cell supernatants was

measured using the 82251 Activity Test. 5 X 106
were seeded 1n 1 ml of M3 medium without serum and

35 induced for 3 to 4 days. The level of tPA measured 1n the

cells

supernatant 1is indicated in Table 2.
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Table 2
uninduced cells induced cells
polyclonal culture (ng/ml) (ng/ml)
A 160 500
B 99 | 1500
C 85 1300
control pCOHYGRO 0 0

Scale up of polyclonal culture B along with two
single clone cultures derived from polyclonal culture B
using standard soft-agar cloning techniques resulted 1in
significant increase in tPA production as shown 1n Table 3.

Table 3
Cell Culture Copy Number ug/ml (after 3 days)
polyclone culture B 100-150 14-20
single clone T 30 3-12
single clone I 150 22-37

Cells were maintained as suspension cultures in
250 ml to 2000 ml spinner flasks. Culture medium was M3
supplemented with 300 ug/ml hygromycin B. Cultures were
incubated at 24*1°C and stirred at 50-60 rpm. Cell

densities were typically malntained Dbetween 10° and

107 cells per ml.

For 1induction, cells were harvested by low-speed
centrifugation and resuspended at a density of 5 x 10°
cells per ml 1in M3 medium supplemented with hygromycin
B. Cadmium chloride was added to a final concentration of
10uM, and the cultures were allowed to grow for 3 to 4
days in serum free media prior to harvesting the tPA.
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Example 3

Purification of tPA from conditioned cell culture media

PAM~-2 Sepharose® (American Diagnostica,
Greenwich, Ct.) is tPA monoclonal antibody coupled to
Sepharose 4B. 5 ml of PAM-2 Sepharose (approximately 10
mg monoclonal tPA antibody per column volume) was
transferred to a 1 x 6 cm column and washed with 2M KSCN
at 5 ml/hr. overnight to remove loosely bound monoclonal
antibody. After washing, 50 ml of phosphate buffered
saline (PBS) was passed through the column to equilibrate
the gel.

The sterile filtered conditioned media from the
induced Drosophila cells (1 1liter) was slowly passed
throﬁgh the column at 0.8 ml/min. The column was then
washed with 30 ml of PBS followed by 30 ml 0.5 M KSCN 1in
PBS at 0.8 ml/min. The tPA was eluted using 30 ml of 1.5
M KSCN followed by 2.0 M KSCN at a flow rate of 0.8
ml/min. Greater than 90% of the tPA eluted 1n a single
peak with 1.5 M KSCN. Following the elution with 2.0 M
RSCN in order to elute any residual, tightly binding tPA,
the column was washed with 30ml PBS then stored in 0.01%
Sodium Azide in PBS.

An analysis of the tPA produced 1in the Droscphilla
cells showed a direct correlation between the cell density
at time of induction and the amount of tPA produced. It
was found that 1induction of cells at a density 5 X 10°
greatly increased the concentration of tPA belng secreted

into the media.

Assays
The tPA concentration was determined using

various standard assays including HPLC, the S2251 Assay,
the particle fluorescence immunoassay (PCFIA) performed

35 according to the protocol provided by ‘the manufacturer
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(Pandex Laboratories, Inc. Mundelein, Ill.), and thé
enzyme immuno-assay (EIA) performed substantially as
described in the protocol provided by the manufacturer
(American Diagnostica).

Using the S§2251 assay, the activity of the
purified tPA has been found to be at least the same as the
highest reported for expression in mammalian cells.

| The above description and examples fully disclose
the invention 1including preferred embodiments thereof.
Modifications of the methods described that are obwvious to
those of ordinary skill in molecular genetics and related
sciences are 1intended to be within the scope of the

following claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of expressing a non-bacterial, non-Drosophila heterologous
gene product in Drosophila cells comprising the steps of:

transfecting cultured Drosophila cells with a gene expression unit
compnising & Drosophila metallothionein promoter, a DNA sequence encoding
said heterologous gene product, and a selection marker, wherein said selection
marker and said DNA sequence requare no further amplification and are stably

integrated into the genome of said transfected cells; and
expressing said gene product from said transfected cells.

2. The method of claim 1 wherein said selection marker is selected from
the group consisting of hygromycin B phosphotransferase and dihydrofolate
reductase.

3. The method of claim 1 wherein said gene expression unit and said
selection marker are located on different vectors.

4. The method of claim | wherein said DNA sequence encodes tPA.

5. The method of claim 1 wherein said gene product is of mammalian
origin.

6. The method of claim | wherein said gene product is expressed and
secreted into culture media.

7. A method of expressing a non-bacterial, non-Drousophila heterologous
gene product in Drosophila cells comprising the steps of:
transfecting cultured Drosophila cells with a gene expression unit

comprising a Drosophila metallothionein promoter, a DNA sequence encoding
said heterologous gene product, and a selection marker, wherein said selection
marker 1s hygromycin B phosphotransterase and said selection marker and said
DNA sequence require no further amplification and are stably integrated into the
genome of said transfected cells; and

expressing said gene product from said transfected cells.

8. The method of claim 7 wherein said gene expression unit and said
selection marker are located on different vectors.

0. The method of claim 7 wherein said DNA sequence encodes tPA.,

_ 10. A method of producing tPA in Drosophila cells comprising the steps
of:

cotransfecting cultured Drosophila cells with a vector which comprises a
DNA sequence encoding tPA and a Drosophila metallothionein promoter and a
vector which comprises a selectable marker, wherein said DNA sequence and said
selection marker require no further amplification and are stably integrated into the

genome of said transfected cells, and
exprassing tPA from said transfected cells.
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11. A gene expression unit comprsing:

a DNA sequence encoding tPA or an active varant thereof;
a Drosophila metallothionein promoter sequence;

a polyadenylation region; and

a selection marker.

12. A method of expressing a non-bacterial, non-Drosophila beterologous
gene product in Drosophila cells comprising the steps of:

cotransfecting cultured Drosophila cells with a gene expression unit
comprising a Drosophila metallothionein promoter, a DNA sequence encoding
said heterologous gene product, and a selection marker, wherein said selection
marker is dihydrofolate reductase and said selection marker and said DNA
sequence require no further amplification and are stably integrated into the

genome of said transfected cells; and
expressing said gene product from said transfected cells.

13. A method of expressing a non-bacterial, non-Drosophila heterologous
gene product in Drosophila cells comprising the steps of:
transfecting cultured Drosophila cells with a gene expression unt

comprising a promoter. a DNA sequence encoding said heterologous gene
product, and a selection marker, wherein said selection marker and saxd DNA

sequence require no further amplification and are stably integrated into the

genome of said transfected cells; and
expressing said gene product from said transfected cells at levels of at least

1 mg/L.

14. The method of claim 13 wherein said promoter is a Drosophila
metallothionein promoter.
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