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i
HETEROPOLYMERIC PROTEIN |

' BACKGROUND OF THE INVENTION

This invention relates to the use of récombinant
DNA techniques to produce heteropolymeric proteins.

Various polypeptide chains have been expressed, via
recombinant DNA technology, in host cells such as
bacteria, yeast, and cultured mammalian cells. Fiddes, J.
C. and Goodman, H. M. (1979) Natire Vol. 281, pg.
351-356 and Fiddes, J. C. and Goodman, H. M. (1980)
Nature Vol, 286, pg. 684-687 describe the cloning of,
respectively, the alpha and beta subunits of human
choriogonadotropin (hCG).

5

Kaname U.S. Pat. No. 4,383,036 describes a process 13

for producing hCGin which human lymphoblastoid
cells are implanted into a laboratory animal, harvested
from thé animal, and cultured in vitroj accuntulated .
1CG is then harvested from the culture.

SUMMARY OF THE INVENTION

In general, the invention features, in 6ne»‘ aspect, a
biologically active heteropolymeric protein composed
of a plurality of subunits, each subunit being synthesized

by a cell having an autonomously replicating (i.e., not 25

mtegrated into the chromosone of the host cell) expres-
" sion vector containing heterologo&s DNA encoding the
subunit.

In preferred embediments, the pretem is synthesized
by a eukaryotic cell and the protein is modified post-
translammally, most preferably by glycosylation; and
the protein is a secreted protein such as a hormone,
most preferably a fertility hormone such as hCG, lutein-
lizing hormone (LH) or foilicle stimulating hormone
(FSH); or the hormone thyroid stuuu}atmg hormone
(TSH).

"In another aspect, | the invention features a cell, con-
taining a first expression vector, which cell is capable of
producmg a biologically active beteropolymieric pro-

tein that is encoded at least in part by the vector. In 40

pteferred embodxmems, a second aumnomously reph-
cating expression vector encodes a second portion of
the protein or at least two subunits of the protein are-
encoded by a single expression: vector; the protein is
hCG or human luteinizing hormone (LH), the vector is
. a replicating virus or a plasmid; the cell is a monkey or
mouse cell; transcription of the different hCG or LH.
subunits is under the control of the SV40 late promoter;
transcription of the alpha subunit of the protein is under
the control of the SV40 eatly promoter and transcrip-
tion of the beta subunit is under control of the mouse
metallotl:nonem promoter, or transcnphon of both sub-
units is under the control of the mouse metallothionein
promoter; and the expression vector which includes the

mouse metallothionein promoter also includes at least 55

the 69% transforming region of -the bovine papilloma
virus (BPV) gendme.

In another aspect, the mvent:on features an autono-
mously replicating expression vector mcludmg two

genes encoding two different heterologous proteins, the 60

genes being under the control of two different promot-
ers, most preferably a metallothionein promoter and a
BPV promoter; the use of different promoters advanta-
geousiy minimizes the possiblity of deleterious rccombx~
“nations.

As used herein, “subunit” refers to a partmn of a
.protein, which portion, or homologue or analogue
thereof, is encoded in nature by a distinct in mRNA.
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Thus, for example, & heavy chain and a light chain of an
IgG. immunoglobulin are-each considered a subunit.
Insulin, on the ‘other hand, is composed of two chains
v}hnch are not considered subpnits, because both are, in
nature, encoded by a single mRNA, and cleavage into
two chains naturally occurs only after translation.

The term “expression vector” refers to a cloning

. vector which iricludes heterolcgous “(to the -vector)

DNA under the control of control sequences which
permit expressxon il a host cell. Such vectors include
replicating viruses, plasmids, and phages.

. The invention permits the productzon of a bxologl-

. caIIy active heteropeiymenc protein from a single cul-

ture of transformed cells. The productxon of both sub-
unitsofa hete:opolymenc ‘protein in the same cell elimi-
nates the nf:cessxty of recombining subunits from sepa-
rate cultures to assemble; an active heteropolymeric

"molecule The system- also-allows pmduction of prote-
ins, in a single culture, which undergo, in the culture,

post-translational modification, e.g. glycosylation and
proteolytic processing, for activity or stability.

The use of aum::z)mously replicating expression vec-
tors prevents undesicable mfmence of the desired cod-
mg‘regxoqs by control sequences in the host chromo-
sone.

Other acivaxxtages and features of the invention will
be apparent from the i‘ollawmg description of the pre-
ferred embediments thereot‘ and from the claims.

DESCREIPTIDN OF THE PREFERRED
BMBODIMENTS

We turn. now to the prefecred ambodunents of the
mvenuon, first ‘briefly desc:nbmg the drawings thereof.

D:awmgs

FIG. 1lisa diagrammatxc illustration of the construc-
tion of the plasmid p alpha SVHVPI, which contains.
the alpha hCG c¢DNA clone, portions of SV40 viral
DNA, and sequences of the plasmid pBR 322

FIG. 2 is'a diagrammatic illustration of the construc-
tion of plasmid p beta SVVP], which incorporates the
beta hCG.cDNA clone, fegions of SV40 DNA and a
pamcm of 'pBR ‘322 including the region confemng
resistance to ampicillin on-host E. coli,

FIG. 3 is a diagrammitic illustration of the construc-
tion of the plasmid p alpha beta SVVP1 in which the

alpha and beta hCG - cDNA clones are inserted into

SV40 DNA.
FIG. 4 is a diagrammtic illustration of the construc-
tion of ‘the plasmids pRF375 and pRF398.

FIG.5isa dlagrammaﬁe illusteation of the construc-
tion of the plasmid RF398 alpha t. '
FIG. 6 is a diagram illustrating the location of an 88

bp probe within the beta hCG cDNA clone
FIG. 7iltustrates the beta LH restriction. map, and the

. pieces used in the construction shown in FIG. 8.

FIG: 8 is a diagraimatic illustration of the construc- .
tion of a plasmid, LHS20H/B, containing the complete
mature beta LH cDNA clone.

FI(3, 9 is a diagrammatic illustration of the construc-
tion of the viral vector p alpha LHSVVPL,

FIG. 10 s a diagrammatic illustration of the construc-
tion of the - ~ BPV.-containing plasmid
pCL28XhoLHBPYV, encoding the beta subunit of LH.



o

Structure

The cloning vectors of the invention have the general
structure recited in the Summary of the Invetmon,
above. Preferred vectors have the structures shown in
the Figures, and are described in more detail below.

CONSTRUCTION OF CLONING VECTORS

Isolation of cDNA. Clones Encoding the Alpha and
Beta Subunits of hCG

All of the techniques used herein are described in
detail in Maniatis et al. (1982) Molecular Cloning: A
Laboratory Manual (Cold Spring Harbor Labcratory),
hereby mcorporated by reference.

RNA is extracted from placental tissue by the follow-

10

t5

mg method. Homogenization of the tissue is cartied out

in a 1:1 mixture of phenol:100mM Na-acetate (pH 3.5)

contammg 1 mM EDTA, that has been warmed to 60° .

for 20 min. After cooling on ice for 10 min., the phases
are separated by centrifugation. The hot pheno’l extrac»
tion is repeated twice more followed by two extractxons
with chloroform.

RNA is precipitated from the final aqueeus phase by
the addition of 2.5 volumes of ethanol.

In order to enrich for poly A+mRNA, placental -

RNA is passed over oligo (dT)-cellulose in 0.5 M NaCl

20

25

buffered with 10 mM Tris-Hel, pH 7.5, and washed -

with the same solution. Poly A+mRNA is eluted with
10 mM Tris-HCl (H 7.5), 1 mM EDTA, 0.05% SDS
and precipitated twice with ethanol. Typtca! initial
yields are 1.5-2.0 mg of total RNA per g of tissue, of
which about 2% is poly A4-mRNA.

Placental cDNA. libraries are constructed by reverse
transcription of placental mRNA, second strand synthe-
sis using E. coli DNA polymerase I {large fragment),
treatment with SI nuclease, and homiopolymer tailing

30

region of the clone is ¢ . filled in with E coli DNA
polymerase Klenow, and then ligated to a synthetic
BamHI linker. This fragment is cloned into the plasmid
pBR 322 between its HindITI and BamHI sites to gener-
ate the plasmid alpha 574 H/B. This plasmid is digested
with BamHI, treated with alkaline phosphatase, and
ligated to the 396 bp Sau3A. fragment of SV40 DNA
(from 0.07 to 0.14 map units) which has been isolated
from.a polyactylanudc g¢l, The ligation mix is used to
transform E. .cofi to ampsczllm resistance and the desired
plasiid, alpha 97¢ I—I/B is identified among the trans-

. formants.

The plasmid Q17 is constmated by cutting SV40 at-its.
Hpall site, making flish ends by digestion with nuclease
S1, ligating on Eco RI linkers, digesting with EcoR1,
and cloning the resn%tmg 1436 bp fragment into the
EcoRlI site of pBR 322.

Referring to FIG. 1, Qﬂ is digested completely with
EcoRI and partially with HindIH; the fragment from

0.72 to 0.94 map units is isolated ‘and cloned into alpha

970 H/B, which has been dxgested with EcoRI and
HindIII and treated with aikaline phosphatase. The
ligation mix is used to transform E. col, and the desired
plasmid, p alpha SVL, is 1dcnt1ﬁeﬂ among the transfor-
mants by restriction mappmg

p alpha SVL s digested with: EcoR1 and the frag-

“ment of $V40, with EcoRI eads, extending from 0 to

0.72 map units, and containing the SV40 origin of repli-
cation and the intact early region, is-ligated to it to
generate the plasmid p alpha SVHVP1, which is iso-

: lated from E. cal: transfcnnants

35

(dC) with terminal deoxynucleotidyl transferase; .all -

such procedures are by conventional techniques.
In a typical preparation, 20-30% conversion of
mRNA. to single strand (ss) cDNA; 70% resistance to

40

digestion with nuclease St after second strand synthesis; -

and dC “tails” of ten to twenty-five bases in length, are
obtained. These cDNA molecules are then annealed to

DNA fragments of the plasmid pBR 322, whick has -

been digested with Pstl, and to which dG “tails” have
been added. These recombinant plasmids are then used
to transform E coli cells to generate a cDNA h‘brary
(transformied cells are selected on. the basis of tetracy-
cline resistance).

In order to identify the human alpha hCG clone, a
219 bp fragment of a mouse alpha thyroid stimulating
hormone (TSH) clone is used as a hybridization probe.
This probe has 77% sequence homology with the
human clone. It is radicactively labeled by nick transla-
tion and hybndxzed to the cDNA library under condi-
tions that take into account the extent of homaclogy.
Strongly hybridizing clones are analyzed by restriction
mapping and clones containing the complete. coding
sequence of alpha hCG are verified by DNA sequenc~

ing.
Construction of Plasmid p alpha SVHVP1
Referring to FIG. 1, in order to construct the plasmid

435

50

55

6G

alpha 970 /B, a ¢DNA clone containing the ulpha .

hCG fragment is digested with Ncol. The Ncofl site,
just 3 to the ATG codon signalling initiation of transla-
tion, is filled in and ligated to a synthetic HindIIl linker.
Similarly, the natural HindIII site in the 3’ untranslated

65

Construcuon of Plas:md p beta SYVP1

A 579 bp cDNA clone coding for beta hCG was
obtained from John C. Fiddes at Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y, (Fiddes et al
(1980) Nature Vol. 286, pg. 684-687). T is fragment is
ligated 4t each end to sj,fntlzenc BamHI linkers. After
dzgestx;m by Hoal restriction enzyme, the ends are filled
in with Klenow DNA polymerase and synthetic EcoRI
linkers are hgated on so that zh EcoRI site is about 10
bp 5 to the ATG codoa of the signal peptide coding
sequence. A BamHI site is about 60 bp 3 to the non-
sense codon marking the end of the coding sequence.
Referring to FIG: 2 this 556 bp EcoRI-BamHI frag-
ment is isolated and cloned into pBR 322, between the
g;%m and BamHI sites to gwe the plasmid p.befa 556

In order to construet the plasmid PSVHR (FIG. 2),
SV40 DNA is partially dxgested with HindII to yield
linear molecules, digested- with nuclease S1 to make
flush ends, ligated to synthetic EcoRI linkers and di-
gested with EcoRI and BamHL The fragment from 0.94
to 0,14 map units, contammg the SV40 origin of replica-
tion and early regmn, is cioacd into pBR 322 as an
EcoRI-BamHI piece.

Referring still to FIG. 2, the EcoRlI site of the plas-
mid p beta 556 R/B is methylated in a reaction cata-
lyzed by EcoRl methy!asc, following which the plas-
mid is cut with Ndel EcoRI linkers are ligated to the SI
treated Ndel flush ends and activated by digestion with
EcoRI, which is followed by dxgesuon with BamHI,

The SV40 fragment of pﬁVHR from the EcoRI site
to the BamHI site is isolated and ligated in a reaction
mix containing the digestion f’ragments of p beta 556
R/B. Following ligation, the miyx is digested with Sall
to ehmmate plasmids which have re-inserted the EcoR1
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(Ndel) to BamHI piece of pBR 322. E. coli'is trans-

formed with the digested ligation mix and p beta
SVVP1 is identified and isolated.

Construction of the Plasmid p Alpha Beta SVVP1

Referring to FIG. 3, pBR 322/Kpn is derived from

pBR 322 by inserting a Kpnl linker into its unique
EcoRI site, after this site is deleted by digestion with
EcoRl, followed by digestion with S1 nuclease.

. Referring still to FIG. 3, SV40 DNA is digested with
Avall, The staggered ends of the. resultmg fragmerits
are filled in by Klenow DNA polymarase to form flush
ends, and the mixture is then fractionated’ on a poly-
acrylamide gel. The 682 base pau' fragment (0.64 to 0.77
map units) contammg the origin of replication and the
unique Kpal site is isolated from the gel,’ ligated to
synthetic HindIII linkers, and digested with HindlII
and Kpnl.

The resulting fragments are ligated to pBR 322/Kpn.
p266, which contains the 266 base pair Kpnl HindII
fragment, mcludmg the SV40 late promoter region, is
isolated. p266 is cut with HindlI and BamHl, and
treated with bacterial alkaline phosphatase.

Still referring to FIG. 3, p-beta SVVPI/B is con-
structed as follows: p beta SVVPI (FIG. 2) is-cut with

EcoRl, followed by ligation to eliminate pBR 322 se-

quences. Subsequently, this DNA is cut with BamHI
and cloned into the BamH] site of pBR 322.

The resulting plasmid, p beta SVVPI/B, is then di-
gested with HindIIT and BamHI and the 1003 base pair
HindIII-BamHI fragment is hgatcd into p266 to yield
the plasmtd p beta VP1 266, in which the beta hCG
cDNA is positioned downstream from the SV40 late
promoter in such a way that its RINA transcnpt would
be spliced as if it were the viral VP1 tx:anscnpt.

i 6
neered by the addxtxon of synthetxc Bam HI linkers at
theu' termini.

The resulting plasmids pRF 302 (alpha) or pRF
394(beta) are digested withi restriction enzymes BamHI
and Sall to release the SV40 DNA sequernces.

Plasmid ‘pB2-2, which contains the entire BPV ge-
nome, and some pBR 322 sequences, is digested with
BamHT and ‘Sall to yield the BPV genome with Bam-
HI/Sall ends; this fragement is ligated into pRF 302
(alphz) and pRF 394 (betd) containing the metalioth-
ionein-hCG sequences,

Following transformation of E. coli, plasmids pRF

375 and pRF 398 are identified and isolated. They en-
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The alpha hCG cDNA is inserted into p beta VP1 .

- --266 as a HindIII fragment, which has been cut at its

. HindIIl site and treated with bacterial alkaline phospha~
tase. E. coli transformants derived-from this hgauon are
screened by restriction mapping, and plasmzds are iso-
lated that have the desired | structure, in which the alpha
hCG ¢DNA has replaced VP2 in the correct orienta-

40

- code alpha hCG or beta h€G, respectively, under the

control of the mouse metallothionein promoter.
Construction of the Plasmid RF 398 alpha t;
Referring to FIG. 5, the plasmid p alpha ty is derived

- by cloging the alpha h€G 574 HindIIl fragment into.

plasmid pVBt2 (V.B. Reddy et al, PNAS 79,
2064-2067, 1982), p alpha t;, which contains the alpha
hCG c¢DNA under the control of the SV48 early pro-
moter, is digested with EcoRI. The 5' overhangs are
removed by S1 nuclease d:geshon prior to the addition
of synthetic. BamHI linkers by blunt end ligation.
Plasmid RF 398 (FI1G. 4)is digested with BamHI and
treated with bacterial alkaline phasphatase The 1735
base pair BamHI fragment of: p alpha t2 is inserted in to

‘RF 398. The resulting plasmid RF 398 alpha t; is iso-

lated from E coli transformants. This plasmid thus has
the beta hCG cDNA in 8 transeriptional unit under
controt of the mouse metallothionein promoter and the
alpha hCG ¢DNA in a transcriptional unit controlled
by the SV40 early promoter.

Expression of Luteinizirig Hormone (LH) ¢DNA
Clones Construction of a Human Pituitary cDNA
Lzbzary

RNA is prepared from ‘human pxtmtanes by homoge-
nizing 5 to 10 grams of the frozen glands in 20 ml of 2

.. solution coitaining 4 M guamdme thiocyanate, 1 M

tion, followed downstream by the beta hCG cDNA, )

which has replaced VP1,

One such isolated plasmid, p alpha beta V?l, is used
to complete the construction of p alpha beta SVVPL
"The plasmid is cut with Kpnl, and the full SV40 ge-
nome, cut with Kpnl, is inserted by ligation- into this
site. Following transformation of E.. colf, aplm:xmd with
the required structure, p alpha beta SVVP), is isolated.
This plasmid contains DNA encading both the alpha

and beta subunits of hCG, and thus is capable of direct- -

ing the expression, in host mammalian cells, o both
subunits, whereby bzologxcauy functional, glycosylated
heterodimeric hCG is produced (glycosylatmn OCCUrs
post-translationally). -

Construction of Plasmids pRF 375 and pRF 398

Referring to FIG. 4, the plasmid CL28 (identical to
plasmid JYMMT(E); Hamer et al. (1983) J. Mol. Ap-
plied. Gen. 1, 273-288), containirig the murine metal-
lothionein promoter, V40 DNA, and pBR 322 sequen-
ces, is cut with the restriction endonuclease Bgl 11, At
this site are inserted cDNA clones of either alpha hCG
or beta hCG, containing untransiated regions of about”
10 and 30 bp at their 5' and of about 220 and 60 bp at
their 3’ ends. These clones have heen genetlcaﬂy engi-
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2-mercaptoethanol, 0.05 M Na-acetate (pH 5.0), and
0.00l M EDTA. One 8 CsCl is added per ml of homog-

‘enate and the suspension is centrifuged at 2,000 rpm for -

15 min. The supernatant is-layered carefully over a 15
ml cushion of CsCl solution (containing 1.25 mi of 1 M
Na-acetate (pH 5), 62.5 mieroliters of 0.4 M EDTA and
39.8 g of CsCl in-a final volume of 35 ml) and centri-
fuged at 45,000 rpm. in the Fi 70 rotor of a Beckman
ultracenmfuge for 18-24 h at 20 C. The RNA. visible as
a pellicle in the gradient is removed with a syringe,
diluted, and precipitated by the addition of two volumes
of ethanol. Following three c;yclcs of dissolution and-
reprecipitation, the RNA pellet is dissolved in H;0 and
brought to 0.01 M Tris-HCl(pH 7.5) and 0.5 M NaCl by
the addition of concentrated stock solutions. The prepa-
ration is then enriched for poly A+mRNA- by two
passes over oligo dT-cellulose, as-described above in the A

‘case of pIacentaI RNA.

A human pituitary ¢DNA library is constructed from
the poly A+*mRNA. as described above for placental
poly A+mRNA except that both the large fragment E.
coli DNA polymcrase I and the avian myeloblastosis
virus reverse transciptase are used sequentially for sec-
ond strand cDNA. synthesxs Reverse transcriptase is
used first. The réaction is stopped by phenol extraction.
The aqueous phase of the centrifuged extract is applied



ey

7

to a 5 ml column of BioGel A-5m. Fractions contammg'

high molecular weight material are pooled, concen-
trated, precxpxtated with two volumes of ethanol, dried,
and dissolved in 100 mM Tris-HC! (pH 8.3), 10 mM
MgClz, 140 mM KCl, 20 mM 2-mercaptoethiancl, 1 mM

of each of the four deoxyribonucleoside: triphosphates, -

for reverse transcriptiod. Reverse transcriptase is added
to about 20 units per microgram of cDNA. Double
stranded cDNA. is then treated with nuc}eue S1; tailed,
and cloned as described above,

Isolation of Beta LH cDNA Clones

Colonies grown on nutrient agar plates containing 25
micrograms per ml of tetracycline are transferred to

nitrocellulose filters. Colonies are lysed in situ by treat-

ment with 0.5 M NaOH and neutralized with-0.5 M.
Tris-HCl (pH 7.4) containing 1.5 M NaCl. Litieratcd
DNA is fixed to the filter by baking at 80° C. in-a vac-
uum oven for 2 h. The filters are screened by hybndnzw
tion to a 3P labeled 88 base pair fragment of the beta
hCG clone corresponding to amino acids 16 to 45 of the
mature hCG beta chain, which has 29 of 30 amino acids

in common with this region of the beta LH polypeptide

(FIG. 6). Hybridization is carfied out overnight:at 32°
in 50% formamide, 0.75 M NaCl, 0.075 M Na-Citrate
(pH 7.0), 2.5% dextran sulfate, 0.1% polyvmyl;nywlh—
done, 0.1 mg per m! bovine serum albumin, and at least
105 cpm per filter of 32p-labeled 88 bp beta hCG frag-
ment. Filters are washed several times in 0.15 M NaCl,
0.015 M Na-citrate at ~7° €. before autoradmgzaphy

One of the positive isolated clones LH12 (FIG. 7), is.

used further. LH12 is 365 bp long ard includes sequen-
ces coding for 15 amino acids of the pre-beta signal

sequence plus 105 amino acids of the mature beta LH’

polypeptide. Its nucleotide sequence is determined.
Since the complete mature beta LH is not coded by
LH12, further screemng of the human pitvitary cDNA
library is carried out using a 240 bp NcoI-Pvull frag-
ment of LH12 (FIG. 7) as a 32P labeled hybridization

i B

indicated in FIG. 8 is wolated from a polyacrylamide
gel and used later in the constructxon as described be-
low.

The LH6 plasmid (FIG 8)is dxgestcd with Sau3a and
the 390 bp fragment is isolated" by polyacrylamide gel
electrophoresis. This fragment is then digested with
Hinell, hgated to BamHI linkers, digested with BamHI,
and cloned into the plasmid pAPP at the BamHI site.
pAPP is derived from pBR 322 by digestion with Aval,

10 filling inthe 5’ overhang with the INTP's and the large

15

fragment DNA polymerase I of E. coli, digestion with
Pvull, and’ ligatwn to close the plasmid so as to elimi-
nate the Pvull site. The plasmid LH6B, isolated from
the kgatmn of the 340 bp BamHI fragment into the
BamHTI site of pAPP, is digested withi EcoRI and Pvull,
and treated with bacterial alkaline phosphatase. The

\ t‘ragments are ligated to amgture of the 145 bp EcoRI-

Neol fragment of LH beta 260, described above, and

. the isolated 241 bp] Neol-Pyull fragment from the plas-

20

3

30

35

probe. The clone LH6 (FIG. 7) is isolated from this 40

screening. LHS6 ccmtams the complete 3’ end of beta
LH, including the region corresponding to the untran-
slated portion of the mRNA through 27 A residues of
the poly A “tail” of the mRNA. No clones are found
that extended further than LHI12 in the § direction.

DNA sequencing of the complete, cdmbined mature .
beta LH coding regions reveals two differences in the

amino aci sequence of beta LH from the published pro-
tein sequence data: position 42 is a methionine and posx-
tion 55 is a valine. Also, the mature beta LH contains
121 amino acids, based on the cDNA sequence,

A clone containing an intact signal peptide codmg
sequence and the complete mature beta L sequence is
constructed as shown in FIG. 8, using the restriction
fragments illustrated in FIG. 7. A 104 bp EcoRI-Ddel
fragment is isolated from the plasmid beta 579'H and
ligated to an isolated 181 bp Ddel fragment, subse-
quently digested with Pstl, from the LH12 plasmid.
Fellowmg ligation overnight at 15° C,, the ligation mix
is digested with EcoRI and PstI and f‘racuonated ona
7% polyacrylanude gel from which the desired 256 bp
fragment is isolated. This fragment fuses the beta hCG
signal sequence to that of the pre-beta LH in such a way
as to provide a coding sequence for a 20 amino acxd
signal peptide.

The 256 bp EcoRI-Pstl fragment is cloned into pBR
322 digested with EcoRI and Pstl so as to give the
plasmid LH beta 260, The 146 bp EcoRI-Ncol fragment
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mid LH12 shown in FIG. 8. The ligation mix is used to
transform E, coli to ampicillin resistance. The plasmid
LH 520 H/B is found among the transformants. LH 520
H/B contains a cemplete beta LH coding seguence
including a hybrid signal peptide seguence.

Construction of p Alpha LHSVVP1

In order to express this pre-beta LH clone in an
SV40-based vector as had been done for the pre-alpha
and pre-beta hCG clones described previously , it is
desirable to place an EcoRI srte véry clase to the ATG
of the pre-beta coding segnence. This is accomphshed
by digesting LH520 H/B with Hgal filling in the '
overhang, ligating on synthcnc ‘EcoRI linkers, digesting
with EcoRI and BamHI, and cloning the isolated 496 bp
EcoRI-BamHI. fragment info pBR 322 digested with
EcoRI and BamHI and treated with bacterial alkaline
phosphatase. The plasmid pL.H496 R/B is isolated from
E, coli transformed with this ligation mix and is used as
the the source of the 496 bp fragment to be expressed.

The plas:md P alpha beta VP1, whose construction
and use in exptessmg ‘both subunits of hCG is described
earlier (FIG s dxg&steé thh ‘EcoRI and BamHI and
ligated iri a reaction mix containing the plasmid pLH496
R/B which had been dxgested ‘with both of these en-
zymes {F1G. 9). The plasmid p alpha LHVP1 is identi-

- fied among the E. coli transformants. As shown in FIG.

9, the intact SV40 wviral early region is taken from p
alpha SVHVP1 (FIG 1) and inserted by ligation as a
Kpnl-Sall fragment into p alpha. LHVPI which Had
been digested with Kpnl and-Sall to give the plasmid p

alpha LHSVVP1. By cutting this plasmid with BamHI

and rehgatxng, the virus alpha LHSVVP1 is formed.
This virus contains cloned cDNA's for the common (to
LH and hCG, as well as FSH and TSH) alpha subunit
and the specific beta LH subuxit under control of the
SV440 late promoter. The cloned cDNA’s are positioned
in such a way that the common alpha insert replaced the

viral VP1 protein coding seguence and the beta LH

. insert replaced the viral VP2 cedmg seguence.
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Insertion of the Beta LH cDNA (With Beta hCG 5’
End of Signal Peptide) into a BPV-Based Expression
System

LH 520 H/B (FIG. 8) is digested with HindIII and
BamH]I, treated with the E: coli DNA. polymerase (Kle-
now); ligated to synthetic-Sall linkers, digested with
Sall, and cloned into the 83l site of pBR 322. The
resulting plasmid, 1LH 530 Sal, is used as a source of the
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LH cDNA clone for insertion into the mouse metalloth-

ionein gene of the plasmid CL28 as described in FIG.

b {1 R

CL28 1s cut thh BglII, treated with micleasa S1, and
ligated to Xhol linkers. Following, dzgestxon with Xhol,
ligation and digestion with BgIII E. voli is transformed
with the reaction mix to give the plasmid CL28Xho.

This plasmid is digested with BamHI and Sall and }i-

gated to a BamHI plus Sall digest of the plasmid pB2-2
(FIG. 9 to glvc ‘the plasmid, CL28XhoBPV, The latter

*LH insert is then ligated into the Xhol site of

CL28XhoBPYV as a Sall fragment, since the §' overhang
of Sall digests is.complementary to that of Xhol digests.
Following dlgestxon with Xhol to eliminate back-
ground, E coli is transformed and the desired plasmid
pCLZSXhoLHBVP confaining the (hybrid) pre-beta
LH insert, in a BPV-based plasmid, under control of the
mouse metallothwnem promoter,is 1solated:

“Transfection and Infection of Host Mpnkgy Cells
The incorporation of virus-containing vectors -into

10

b 10
ptsASS Bam (tsASﬁ‘ $V40 viral DNA cloned into the
pBR 322 BamHI:site) is cut with BamHI and ligated to
obtain self-ligated circles. Analogous methods are used
for the LH vectors. Separate virus stocks are prepared
as described below.

The DNA's, which are cut and ligated as described
above, are cthanoi precipitated and dissolved in sterile
water. Approximately. 1 ug of PtsAS8 Bam DNA
(helger virus) and 10 ug of trecombinant DNA (encod-
ing alpha and/or beta HCG or LH) are combined in a

" sterile test tube,’ mixed with 2 ml of TBS buffer (G.

" Kimura and R. Dulbecco 1972, Virogy, 49, 79-81) and
1 mi of 2 mg/ml DEAE-dextran solution and added to

a monolayer of confluent monkay CV~1 cells previously
washed twice with 10 ml'of TBS in a T-75 flask. The
‘cells are left at 37° Q. for 1=2 hrs with occasional shak-

" ing, washed with TBS twice, fed with 10 ml of DMEM |

20

eukaryouc cells for the production of a hetempolym— :

eric protein is generallY accomplished as follaws. First,
if the viral DNA and homopolymeric ptotemmcodmg
DNA are incorporated into a plasmid, which- is main-
tained, in, say, E. coli, the plasmid seguences (e.g. the
PBR 322 seguences) are removed and the ‘resulting
DNA is ligated to form ciréular DNA including the
viral region and the heteropolymeric protein-éncoding
seguence or seguences. This circular DNA. generally
does not contain all of the genetic information needed to
produce a replicating virus, the other necessary segu-
ences (e.g. those encoding ‘coat protein) having been
replaced by the héteropolymeric’ pmtem-encadmg se-

quence or sequences. The circular DNA, minus the

plasmid DNA, must be close enough in size to the natu-
rally occurring viral DNA from which it is derived to
permit the DNA to enter and rephcate in appropriate
host mammalian cells.

The circular DNA is used to transfect host cells in-
order to produce virus stock for later infections. Smce .

some of the DNA necessary to praduce virus is missing,
the transfection must occur in comunctmn with helper
virus DNA encoding enough of the missing function to.
produce replicating virus. .

Transfected host cells are grown and mcubamﬂ until
Iysed by replicating virus. The resu!fmg rephcatmg
virus stock, including helper virus, is then used to infect

host cells for production of the heterapolymanc pro-

tein. Virus stock is maintained, since it generally needs
to be reused to infect fresh batches of host cells, as each

. culture of infected, pmtem—pmducmg host ce!ls gener-

ally is eventually lysed by the virus

The specific recombinant DNA sequences described
above are used to {ransfect, and then infect, hostcells,
follows,

The pBR 322 sequences are removed from the above-

described SV4D-containing plasmids to produce trans-
fecting viral DNA. In the case of p alpha SVHVPL and
p alpha beta SVVPI, this is. accomplished by digestion
with BamH]I, fqllowed by ligation -under conditions

" fayoring circularization of the fragments .to  give

{among other products) alpha SVHVP1 and alpha beta
SVVPL For p beta SVVP1 digestion with EcoRI fol-
lowed by re-hgatwn brings the SV40 late promoter and
VP1 splice region into Juxtapositxoxx with the beta hCG
cDNA insert at the same time that it eliminates PBR 322
sequences and forms beta SVP1. At the same time,
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containing 5% fetal calf serum, and left at 40° C. for
10-15 days. After complete cell lysis, the medium is
transferred to a test tube; frozen and thawed five times,
and centfifuged at 3000 rpm for five minutes. The re-
sulting supernatants serve as virus stocks forinfection of

‘fresh CV-L cells,

To accomphsh an infection, CV-1 cells are grown to

.confluence in a T-150 flask. 1 ml of one of the virus

stocks (made as described above) is added to the flask
and the cells are incubated at 40° C. for § days.

For mixed mfcctwns, CV-1 cells are grown to conflu-
ence in a T=150 flask. alpha SVHVP1 and beta SVVP1
viruses-are mixed in a 1:1 ratio and 1 ml of the mixed
virus is used to mfect CV.1 cells at 40° C.

Transfection of Mouse Cells

To produce heterodimeric hCG using a mixed trans-
fection, five ug of each BPV plasmid, i.e,, pRF 375
(alpha hCG) and pRF 398 (beta hCG), are mxxed and
added to 0:5 ml of a 250 mM CaCly solution contammg
10 ug of salmon sperm DNA as carrier. This mixture is
bubbled into'0:5 ml of 280 M NaCl, 50 mM Hepes and
1.5 mM sodium phosphate. The calcium phosphate
precipitate is allowed to form for 30-40 minutes at room
temperature.

24 hours prior to transfection, 5X 10 cells of mouse
C127 cells (available from Dr. Dean Hamer, National

* Caicer Institate, NIH, Bethesda, Md.) are placed in a

100 mm dish or T-75 flask. Immediately, before adding

* the exogenots DNA, the cells are fed with fresh me-
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dium (Dulbecto's Modified Medium, 10% fetal calf
serum). One mi of calcium phosphate precipitate is
added to each dish (10 m!), and the cells are incubated
for 6-8 ,homts at 37° C.

The medium i is aspirated and replaced with 5 ml of
20% glycerol in- phosphatc buffered saline, pH 7.0
(PBS) for 2 minutes af room temiperature. The cells are

. washed with PBS, fed with 10 ml of medium, and incu-
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bated at 37° C. After 20-24 hours, the medium is _
changed and subseguent refeeding of the cells is carried
out every 3-4 days. Individual clones are grown in T-25
cm flasks, After 7-21 days, cell clones can be trans--
ferred to larger flasks for analysis,

To produce heterodimeric hCG -using a sxngle trans-
fection, plasmid KF 398 alpha tzis employed in the same
manner as the above two plasmids were employed for 2
mixed infection, -

" To make heterodimeric LH plasmids PRF 375 and
pCLZSXhoLKBPV are ‘mixed, as descnbed abaove in
the case of hCG.
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An interesting observation is .. . culturing cells con-
taining beta hCG or beta LH-encoding vectors along, in
the absence of alpha-encoding cells, produces practi-
cally no beta subunit, while cells containing alpha and
beta-encoding sequences produce not only heterodimer,
but free beta subunit as well. This lends support to the
notion that the production of both subunits in a single
cell culture has the additional advantage of somehow
permitting the presence of the alpha s subnmt to stabilize
the beta subunit.

Deposits

The following, described above, have been deposited
in the American Type Culture Collection, Rockville,
Md.:

alpha beta SVVP1, ATTCVR2077;

alpha SVHVP1, ATCCVR2075;

beta SVVP1, ATCCVR2075;

pRF 375 in C127 cells, ATCCCRLS8401;

pRF 398 in C127 cells, ATCCCRL8401;

pCLZSXhQLHBPV E. coli, ATCC39475;

pRF 398 alpha t7 in CI127 cells, ATCCCRI8400.

Use
The transformed cell lines of the invention are used to

produce biologically active heteropolymeric proteins. -

hCG made according to the invention, for example, has
a number of well-known medical uses associated with
human fertility.

Other Embodiments

Other embodiments are within the following clatms
For example:

Other heteropolymeric proteins, e.g., follicle stimu-
iating hormone, or thyroid stimulating hormone, can be
produced, as can. human or animal immunoglobulias or
immune response antigens

It may not be necessary that the hetﬁmpolym;éric
protein be produced by one cell, or even in one culture.
One alternative is to co-culture two cells, one of which
produces one subunit and the other of which produces
the other subunit; the secreted subunits can then associ-
ate in the medium to form heterodinier. Another alter-
native is to employ separaté cultures, each producing a

)

r

’ et
comprised of an alpha S__anit and a beta subunit, each

said subunit being encoded in nature by a’distinct

mRNA, said hormone being’selected from the group
consisting of HCG, and LH, the alpha subunit of said
hormone Bemg encoded by said first expression vector

~ and the beta subunit being encoded by said first expres-
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different subunit, and then to combine the culture media 45

from them to permit association into heteropolymer.
Other host cells, vectors, promoters, transforming

sequences, and viruses can also be employed. The host -

cell employed generally is dependent on the vector

bemg used. For example, when the vector is replicating 50

virus or non-replicating viral DNA, the host cells are
cells capable of being infected or transfected, réspec-

tlvely, by those vectors; e.g., SV40-containing vectors

require monkey host cells, preferably CV-1 cells.
Where the cloning vector is a plasmid having procary-

55

otic control sequences, prokaryotic host cells, e.g., E. -

coli, are used. Where the cloning vector is a plasmxd

having eukaryotic control sequences, appropriate eu--

karyotic host cells, e.g., mouse Ci27 cel)s are used.
We claim:
1. A mammalian cell comprising a first expression
vector, said cell being capable of producing a biologi-
cally active heterodimeric human fertility hormone
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sion vector or a second expression vector.

2, The cell of claim 1, further comprising a second
expression vector encocimg the beta subunit of said
hormone.

3. The cell of claim 2, said second expression vector
being aumnomously rephcatmg

4. The cell of claim 1, said first vector being a plas-
mid.

§. The cell of claim 4, said cell being a monkey cell.

6. The cell of claim 1, the alpba and beta subunits of
sid hetesodzmemc hormone bemg encoded by said first
expression vector.”

7. The cell of claim 6, transcnptxon of said alpha and
betz subunits of said heterodimeric hormone being
under the control of the SV40 late promoter.

8. The cell of claim 6, transeription of the alpha sub-
unit of said heterodimeric hormone being under the
control of the SV40 early promoter, and transcription

> of thebeta subunit of said heterodxmenc hormone being

under the control of the mouse metallothxonem pro-
maoter.

9. The cell of claxm 8, said first vector comprising at
least the 69% transformmg region of the bovine papil-
loma virus genome.

10. The cell of clain 1, transcription of the alpha and
beta subunits of said . heterodimeric hormione being
under the control of the SV44 late promoter.

11. The cell of claim 1, transcription of the-alpha and
beta subunits. of said heterodimeric hormone being

.under the control of the mouse metallothionein. pro-

moter.

12, The cell of claim 1, sa.xd cell being a mouse cell.

13. The cell of claim 1, said first expression vector
being autonomously replicating. .

14. A method for producing the biologically active
human fertility hormone LH comprising culturmg host
mammalian celis compmmg a first expression vector
encodmg the beta subunit of said LH and a second
expression vector enccxdmg the alpha subunit of said-
LH. .

15. The method of claim 14, wherem each said ex-
pression vector is aumnomous!y replicating.

16. A method for producing biologically active hCG
compnsmg cultunng host mammalian cells comprising
an expression vector encadmg the alpha and beta sub-

_units of said hCG:

© 17. A method for prociucmg biologically active hCG .
comprising ctﬁmnng host mammalian cells comprising

a first expression vector encadmg the atpha subunit of
said hCG and a second expression vector encoding the’
beta subunit of said hCG.

18. A method for producing the bxologxcany active
human fertility hormone LH comprising culturing host
mammalian cells comprising an expression vector en-
codmg both the betz and alpba subumts of said LH,



