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ABSTRACT 

Biologically active heteropolymeric protein composed of a 
plurality of Subunits, both Subunits being Synthesized in a 
Single cell having an expression vector comprising heter 
ologous DNA encoding the subunits. Preferably the protein 
is similar to the human or ungulate fertility hormones, LH 
and FSH. 
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CELLS, VECTORS AND METHODS FOR 
PRODUCING BIOLOGICALLY ACTIVE 

HETERODIMERIC PROTEINS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division of U.S. application 
Ser. No. 07/970,227 filed Nov. 2, 1992, which is a continu 
ation of U.S. application Ser. No. 07/381,536, filed Jul. 18, 
1989, now abandoned, which is a continuation of U.S. 
application Ser. No. 07/016,673, filed Feb. 19, 1987, now 
abandoned, which is a continuation-in-part of U.S. applica 
tion no. 06/811,959, filed Dec. 20, 1985, now abandoned, 
which is a continuation of U.S. application no. 06/548,211, 
filed Nov. 2, 1983, now abandoned, all of which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to the use of recombinant 
DNA techniques to produce heteropolymeric proteins. 
0.003 Various polypeptide chains have been expressed, 
via recombinant DNA technology, in host cells Such as 
bacteria, yeast, and cultured mammalian cells. Fiddes et al 
(Nature 281:351, 1979) and Fiddes et al (Nature 286:684, 
1980) describe the cloning of, respectively, the C- and 
f-Subunits of human choriogonadotropin (hCG). 
0004 Sugimoto U.S. Pat. No. 4,383,036 describes a 
proceSS for producing hCG in which human lymphoblastoid 
cells are implanted into a laboratory animal, harvested from 
the animal, and cultured in Vitro, accumulated hCG is then 
harvested from the culture. 

SUMMARY OF THE INVENTION 

0005. In general, the invention features, in one aspect, a 
biologically active heteropolymeric protein composed of a 
plurality of Subunits, both Subunits being Synthesized in a 
Single cell having an expression vector containing heterolo 
gous DNA encoding the Subunits. In related aspects the 
vector is autonomously replicating (i.e., not integrated into 
the chromosome of the host cell). 
0006. In preferred embodiments, the protein is synthe 
sized by a eukaryotic cell, and the protein is modified 
post-translationally, most preferably by glycosylation; and 
the protein is a Secreted protein Such as a hormone, most 
preferably a fertility hormone Such as hCG, luteinizing 
hormone (LH) or follicle stimulating hormone (FSH); or the 
hormone thyroid stimulating hormone (TSH). In other pre 
ferred embodiments the protein is an ungulate fertility 
hormone selected from LH and FSH; the ungulate being 
chosen from a horse, pig or cow. 
0007. In another aspect, the invention features a cell, 
containing a first expression vector, which cell is capable of 
producing a biologically active heteropolymeric protein that 
is encoded at least in part by the Vector. In preferred 
embodiments, a Second expression vector (which may be 
autonomously replicating) 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), or an ungulate fertility hormone 
selected from LH and FSH; the vector is a replicating virus 
or a plasmid: the cell is a monkey or mouse cell; transcrip 
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tion of the different Subunits is under the control of the SV40 
late promoter; transcription of the a-Subunit of the protein is 
under the control of the SV40 early promoter and transcrip 
tion of the B-subunit is under control of the mouse metal 
lothionein promoter, or transcription of both Subunits is 
under the control of the mouse metallothionein promoter and 
the expression vector which includes the mouse metallothio 
nein promoter also includes at least the 69% transforming 
region of the bovine papilloma virus (BPV) genome. 
0008. In another aspect, the invention features an expres 
Sion vector (which may be autonomously replicating) 
including two genes encoding two different heterologous 
proteins, the genes being under the control of two different 
promoters, most preferably a metallothionein promoter and 
a BPV promoter; the use of different promoters advanta 
geously minimizes the possibility of deleterious recombina 
tions. 

0009. In preferred embodiments of the above aspects the 
vector comprises at least a pare of a DNA sequence chosen 
from the DNA sequences shown in FIGS. 11, 12, 13, 18, 20, 
21, 23, 27 or 32; and the fragment in the vector is chosen 
from those fragments deposited in cells in the NRRL with 
accession number B18124, B18125, B18126, B18127, 
B18128, B18139, B18140, B18131, or B15793. 
0010. As used herein, “subunit” refers to a portion of a 
protein, which portion, or homologue or analogue thereof, is 
encoded in nature by a distinct mRNA. Thus, for example, 
a 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 which are not considered subunits, 
because both are, in nature, encoded by a single mRNA, and 
cleavage into two chains naturally occurs only after trans 
lation. 

0011. The term “expression vector” refers to a vector 
which includes heterologous (to the vector) DNA under the 
control of control Sequences which permit expression in a 
host cell. Such vectors include replicating viruses, plasmids, 
and phages. The term "heterologous DNA is used to refer 
to DNA which does not naturally occur adjacent to any other 
DNA which is also being referred to. 
0012. The invention permits the production of a biologi 
cally active heteropolymeric protein from a Single culture of 
transformed cells. We have found that when the C-Subunits 
of a heteropolymeric protein are produced alone they are 
modified by the host cell. This modification prevents recom 
bination of the a-subunit with the f-subunit. Thus, biosyn 
thesis of an active gonadotropin (i.e., C.-and-B-Subunits 
linked by ionic bonds) cannot occur in genetically engi 
neered cells unless a System is used to produce both within 
a single cell So that combination of the Subunits occurs prior 
to post-translational modification. This invention describes 
and provides the technology required for the establishment 
of stable cell lines transfected with foreign DNA that 
encodes for the biosynthesis of balanced amounts of both C.- 
and B-Subunits. These cell lines allow expression of biologi 
cally active dimeric glycoprotein hormones. The System 
allows production of proteins, in a Single culture, which 
undergo, in the culture, post-translational modification, e.g. 
glycosylation and proteolytic processing, for activity or 
stability. 
0013 The use of autonomously replicating expression 
vectors prevents undesirable influence on the desired coding 
regions by control Sequences in the host chromosome. 
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0.014. Other advantages and features of the invention will 
be apparent from the following description of the preferred 
embodiments thereof, and from the claims. 

BRIEF DESCRIPTION OF THE FIGURES 

0015 We turn now to the preferred embodiments of the 
invention, first briefly describing the drawings thereof. 
0016 FIG. 1 is a diagrammatic illustration of the con 
struction of the plasmid po, SVHVP1, which contains the 
ChCG cDNA clone, portions of SV40 viral DNA, and 
sequences of the plasmid pBR322. 

0017 FIG. 2 is a diagrammatic illustration of the con 
struction of plasmid p?3 SVVP1, which incorporates the 
BhCG cDNA clone, regions of SV40 DNA and a portion of 
pBR322 including the region conferring resistance to ampi 
cillin on host E. coli. 

0.018 FIG. 3 is a diagrammatic illustration of the con 
struction of the plasmid polf SVVP1 in which the C. and 
|BhCG clDNA clones are inserted into SV40 DNA 
0.019 FIG. 4 is a diagrammatic illustration of the con 
struction of the plasmids pRF375 and pRF398. 
0020 FIG. 5 is a diagrammatic illustration of the con 
struction of the plasmid RF398 C. t. 
0021 FIG. 6 is a diagram illustrating the location of an 
88 bp probe within the BhcG cDNA clone. 
0022 FIG. 7 illustrates the BhLH restriction map, and the 
pieces used in the construction shown in FIG. 8. 
0023 FIG. 8 is a diagrammatic illustration of the con 
struction of a plasmid, LH52OH/B, containing the complete 
mature ?hLH cDNA clone. 
0024 FIG. 9 is a diagrammatic illustration of the con 
struction of the viral vector pc. LHSVVP1. 
0.025 FIG. 10 is a diagrammatic illustration of the con 
Struction of the BPV-containing plasmid 
pCL28XhoLHBPV, encoding the B-subunit of hLH. 
0026 FIG. 11 is a part of the DNA sequence from a 
bovine C. clone. 

0027 FIG. 12 is a part of the DNA sequence from a 
bovine BLH clone. 
0028 FIG. 13 is a part of the DNA sequence from a 
bovine BFSH clone. 
0029 FIG. 14 is a diagram showing the cloned regions 
containing bovine hormone Sequences. 
0030 FIG. 15 is a diagrammatic representation of CL28 
and bovine cDNA inserts in CL28. 

0031 FIG. 16 is a diagrammatic representation of BPV 
CL28 with bovine cDNA inserts. 

0032 FIG. 17 is a diagrammatic representation of BPV 
CL28 with C. and B bovine cDNA inserts. 
0033 FIG. 18 is a part of the DNA sequence from the 
porcine C. clone. 
0034 FIG. 19 is a diagrammatic representation of the 
cDNA clones isolated from around the porcine BFSH region. 
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0035 FIG. 20 is a part of the DNA sequence from the 
porcine BFSH clone. 
0036 FIG. 21 is a part of the DNA sequence from the 
equine BLH clone. 
0037 FIG. 22 is a diagrammatic representation of the 
construction of CLSVLPX-eLH. 

0038 FIG. 23 is a part of the DNA sequence of the 
equine C. clone. 
0039 FIG. 24 is a diagrammatic representation of the 
construction of CLSVLP-eC. 

0040 FIG. 25 is a diagrammatic representation of the 
equine BFSH clone, showing restriction endonuclease sites. 
0041 FIG. 26 is a diagrammatic representation of the 
construction of CLSVLP-eFSH. 

0042 FIG. 27 is a part of the DNA sequence from the 
equine BFSH clone. 
0043 FIG. 28 is a graphical representation of activity of 
recombinant dimer LH, in Samples of cell Supernatants, 
measured by Stimulation of testosterone. 
0044 FIG. 29 is a graphical representation of activity of 
recombinant dimer FSH in Samples of cell Supernatants, 
measured by estradiol production. 
004.5 FIG. 30 is a graphical representation of activity of 
recombinant dimer FSH, measured by injection of Samples, 
containing the hormone, into immature female mice and 
observing ovarian weight increase. 
0046 FIG. 31 is a graphical representation of the bioas 
say of two Samples (stars and boxes) of cell Supernatants 
containing recombinant pFSH, and a Standard reference 
control (circles). 
0047 FIG. 32 is a part of the DNA sequence of a cDNA 
clone of porcine BLH. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0048. The cloning vectors of the invention have the 
general Structure recited in the Summary of the Invention, 
above. Preferred vectors have the structures shown in the 
Figures, and are described in more detail below. In each 
example the vectors were used to express the C- and 
B-Subunits of each of various hormones encoded by human, 
or ungulate DNAS. Three ungulate examples are presented: 
horse, cow and pig. It is understood that these examples are 
not limiting to the invention; those skilled in the art can use 
the methods described to isolate and express equivalent 
genes from other animals and ungulates. 
0049. Each example describes the methods used to isolate 
the appropriate RNA, prepare a cDNA bank and then 
identify the desired clones. 
0050 Most of the techniques used herein are described in 
detail in Maniatis et al (Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory, 1982), hereby 
incorporated by reference. 

Human Hormones 

EXAMPLE 1. 

Human CG (hCG) 
0051) RNA is extracted from human placental tissue by 
the following method. Homogenization of the tissue is 
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carried out in a 1:1 mixture of phenol:100 mM Na-acetate 
(pH 5.5) containing 1 mM EDTA, that has been warmed to 
60° C. for 20 minutes. After cooling on ice for 10 minutes, 
the phases are separated by centrifugation. The hot phenol 
extraction is repeated twice more followed by two extrac 
tions with chloroform. 

0.052 RNA is precipitated from the final aqueous phase 
by the addition of 2.5 volumes of ethanol. 
0053. In order to enrich for poly A" mRNA, placental 
RNA is passed over oligo (dT)-cellulose in 0.5 M NaCl 
buffered with 10 mM Tris-HCl, pH 7.5, and washed with the 
same solution. Poly A" mRNA is eluted with 10 mM 
Tris-HCl (pH 7.5), 1 mM EDTA, 0.05% SDS and precipi 
tated twice with ethanol. Typical initial yields are 1.5-2.0 mg 
of total RNA per g of tissue, of which about 2% is poly A" 
mRNA. 

0054 Placental cDNA libraries are constructed by 
reverse transcription of placental mRNA, Second Strand 
Synthesis using E. coli DNA polymerase I (large fragment), 
treatment with S1 nuclease, and homopolymer tailing (dC) 
with terminal deoxynucleotidyl transferase, all Such proce 
dures are by conventional techniques. 

0055. In a typical preparation, 20-30% conversion of 
mRNA to single strand (ss). cDNA; 70% resistance to 
digestion with nuclease S1 after Second Strand Synthesis, and 
dC“tails” often to twenty-five bases in length, are obtained. 
These cDNA molecules are then annealed to DNA fragments 
of the plasmid pBR322, which has been digested with Pst, 
and to which dG “tails' have been added. These recombi 
nant plasmids are then used to transform E. coli cells to 
generate a cDNA library (transformed cells are selected on 
the basis of tetracycline resistance). 
0056. In order to identify the human ChCG clone, a 219 
bp Alu fragment of a mouse a thyroid Stimulating hormone 
(TSH) (Chin et al., Proc Nat AcadSci 78:5329, 1981) clone 
is used as a hybridization probe. This probe has 77% 
Sequence homology with the human clone. It is radioactively 
labeled by nick translation and hybridized to the cDNA 
library under conditions that take into account the extent of 
homology. Strongly hybridizing clones are analyzed by 
restriction mapping and clones containing the complete 
coding Sequence of a hCG are verified by DNA sequencing. 

0057 Construction of Plasmid po, SVHVP1 

0.058 Referring to FIG. 1, in order to construct the 
plasmid C.97OH/B one of the above-described cDNA clones, 
containing the ChCG fragment, is digested with NcoI. The 
NcoI site, just 5' to the ATG codon signaling initiation of 
translation, is filled in and ligated to a synthetic HindIII 
linker. Similarly, the natural HindIII site in the 3' untrans 
lated region of the clone is cut, filled in with E. coli DNA 
polymerase Klenow, and then ligated to a Synthetic BamHI 
linker. This fragment is cloned into the plasmid p3R322 
between its HindIII and BamHI sites to generate the plasmid 
C. 574H/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, mu) 
which has been isolated from a polyacrylamide gel. The 
ligation mix is used to transform E. coli to amplicillin 
resistance and the desired plasmid, C. 970H/B, is identified 
among the transformants. 
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0059) The plasmid Q7 is constructed by cutting SV40 at 
its HpaII Site, making flush ends by digestion with nuclease 
S1, ligating on EcoRI linkers, digesting with EcoRI, and 
cloning the resulting 1436 bp fragment into the EcoRI site 
of pBR322. 
0060 Referring to FIG. 1, Q-7 is digested completely 
with EcoRI and partially with HindIII; the fragment from 
0.72 to 0.94 map units is isolated and cloned into C. 970 H/B, 
which has been digested with EcoRI and HindIII and treated 
with alkaline phosphatase. The ligation mix is used to 
transform E. coli, and the desired plasmid, p C. SVL, is 
identified among the transformants by restriction mapping. 
0061 p C. SVL is digested with EcoRI and the fragment 
of SV40, with EcoRI ends, extending from 0 to 0.72 map 
units, and containing the SV40 origin of replication and the 
intact early region, is ligated to it to generate the plasmid p 
C. SVHVP1, which is isolated from E. coli transformants. 

0062 Construction of Plasmid p B SVVP1 
0063 A 579 bp cDNA clone coding for BhCG was 
obtained from John C. Fiddes at Cold Spring Harbor Labo 
ratory, Cold Spring Harbor, N.Y. (Fiddes et al, Nature 
286:684, 1980). This fragment is ligated at each end to 
synthetic BamHI linkers. After digestion with Hgal restric 
tion enzyme, the ends are filled in with Klenow DNA 
polymerase and Synthetic EcoRI linkers are ligated on So 
that an EcoRI site is about 10 bp 5' to the ATG codon of the 
Signal peptide coding Sequence. A BamHI Site is about 60 bp 
3' to the nonsense codon marking the end of the coding 
sequence. Referring to FIG. 2, this 556 bp EcoRI-BamHI 
fragment is isolated and cloned into pBR322, between the 
EcoRI and BamHI sites, to give the plasmid p B 556 R/B. 
0064. In order to construct the plasmid pSVHR (FIG. 2), 
SV40 DNA is partially digested with HindIII to yield linear 
molecules, digested with nuclease S1 to make flush ends, 
ligated to synthetic EcoRI linkers and digested with EcoRI 
and BamHI. The fragment from 0.94 to 0.14 map units, 
containing the SV40 origin of replication and early region, 
is cloned into pBR322 as an EcoRI-BamHI piece. 
0065 Referring still to FIG. 2, the EcoRI site of the 
plasmid p B 556 R/B is methylated in a reaction catalyzed by 
EcoRI methylase, following which the plasmid is cut with 
Ndel. EcoRI linkers are ligated to the S1 treated Ndel flush 
ends and activated by digestion with EcoRI, which is 
followed by digestion with BamHI. 
0066. The SV40 fragment of pSVHR from the EcoRI site 
to the BamHI Site is isolated and ligated in a reaction mix 
containing the digestion fragments of p B 556 R/B. Follow 
ing ligation, the mix is digested with Sal to eliminate 
plasmids which have re-inserted the EcoRI (Ndel) to BamHI 
piece of pBR322. E. coli is transformed with the digested 
ligation mix and p 3 SVVP1 is identified and isolated. 
0067 Construction of Plasmid p C. BSVVP1 
0068 Referring to FIG. 3, pBR322/Kpn is derived from 
pBR 322 by inserting a KpnI linker into its unique EcoRI 
site, after this site is deleted by digestion with EcoRI, 
followed by digestion with S1 nuclease. 
0069. Referring still to FIG. 3, SV40 DNA is digested 
with Aval. The Staggered ends of the resulting fragments are 
filled in by Klenow DNA polymerase to form flush ends, and 
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the mixture is then fractionated on a polyacrylamide gel. The 
682 base pair fragment (0.64 to 0.77 map units) containing 
the origin of replication and the unique KPnl Site is isolated 
from the gel, ligated to Synthetic HindIII linkers, and 
digested with HindIII and KPnI. 
0070 The resulting fragments are ligated to pBR 322/ 
Kpn. p.266, which contains the 266 base pair KPnI-HindIII 
fragment, including the SV40 late promoter region, is iso 
lated. p.266 is cut with HindIII and BamHI, and treated with 
bacterial alkaline phosphatase. 
0.071) Still referring to FIG. 3, p?3 SVVPI/B is con 
structed as follows: p B SVVPI (FIG. 2) is cut with EcoRI, 
followed by ligation to eliminate p3R322 sequences. Sub 
sequently, this DNA is cut with BamHI and cloned into the 
BamHI site of pBR322. 
0072 The resulting plasmid, p B SVVPI/B, is then 
digested with HindIII and BamHI and the 1003 base pair 
HindIII-BamHI fragment is ligated into p266 to yield the 
plasmid p B VP1 266, in which the BhCG cDNA is posi 
tioned downstream from the SV40 late promoter in such a 
way that its RNA transcript would be spliced as if it were the 
viral VP1 transcript. 
0073. The ChCG cDNA is inserted into p C. VP1266 as 
a HindIII fragment, which has been cut at its HindIII site and 
treated with bacterial alkaline phosphatase. E. coli transfor 
mants derived from this ligation are Screened by restriction 
mapping, and plasmids are isolated that have the desired 
structure, in which the ChCG cDNA has replaced VP2 in the 
correct orientation, followed downstream by the BhCG 
cDNA, which has replaced VP1. 
0.074. One such isolated plasmid, p a B VP1, is used to 
complete the construction of p Of SVVP1. The plasmid is 
cut with KpnI, and the full SV40 genome, cut with KpnI, is 
inserted by ligation into this site. Following transformation 
of E. coli, a plasmid with the required Structure, p C.B 
SVVP1, is isolated. This plasmid contains DNA encoding 
both the C- and B-subunits of hCG, and thus is capable of 
directing the expression, in host mammalian cells, of both 
Subunits, whereby biologically functional, glycosylated het 
erodimeric hoG is produced (glycosylation occurs post 
translationally). 
0075 Construction of pF375 and pRF398 
0076 Referring to FIG.4, the plasmid CL28 (identical to 
plasmid JYMMT(E); Hamer et al (J Mol Applied Gen 1:273, 
1983)), containing the murine metallothionein promoter, 
SV40 DNA, and pBR322 sequences, is cut with the restric 
tion endonuclease BglII. At this site are inserted cDNA 
clones of either ChCG or BhCG, containing untranslated 
regions of about 10 and 30 bp at their 5' and of about 220 and 
60 bp at their 3' ends. These clones have been genetically 
engineered by the addition of synthetic BamHI linkers at 
their termini. 

0077. The resulting plasmids pRF302 (C) or pRF394 (B) 
are digested with restriction enzymes BamHI and SalI to 
release the SV40 DNA sequences. 
0078 Plasmid pB2-2, which contains the entire BPV 
genome, and Some pBR322 Sequences, is digested with 
BamHI and Sall to yield the BPV genome with BamHI/Sall 
ends; this fragment is ligated into pRF302 (C) and pRF394 
(C) containing the metallothionein-hCG sequences. 
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0079. Following transformation of E. coli, plasmids 
pRF375 and pRF398 are identified and isolated. They 
encode ChCG or BhCG, respectively, under the control of 
the mouse metallothionein promoter. 

0080 Construction of the Plasmid RF398 C. t. 
0081 Referring to FIG. 5, the plasmid p C. t. is derived 
by cloning the ChCG 574 HindIII fragment into plasmid 
pVBt. (Ready et al, Proc Nat AcadSci USA 79:2064, 1982). 
p C. t, which contains the ChCG cDNA under the control of 
the SV40 early promoter, is digested with EcoRI. The 5' 
overhangs are removed by S1 nuclease digestion prior to the 
addition of synthetic BamHI linkers by blunt end ligation. 

0082) Plasmid RF 398 (FIG. 4) is digested with BamHI 
and treated with bacterial alkaline phosphatase. The 1735 
base pair BamHI fragment of p C. t. is inserted in to RF398. 
The resulting plasmid RF 398 C. t. is isolated from E. coli 
transformants. This plasmid thus has the BhcG cDNA in a 
transcriptional unit under control of the mouse metallothio 
nein promoter and the ChCG cDNA in a transcriptional unit 
controlled by the SV40 early promoter. 

EXAMPLE 2 

Human LH (hLH) 
0083) RNA is prepared from human pituitaries by 
homogenizing 5 to 10 grams of the frozen glands in 20 ml 
of a Solution containing 4 M guanidine thiocyanate, 1 M 
2-mercaptoethanol, 0.05 M. Na-acetate (pH 5.0), and 0.001 
M EDTA. One g CsCl is added per ml of homogenate and 
the suspension is centrifuged at 2,000 rpm for 15 minutes. 
The Supernatant is layered carefully over a 15 ml cushion of 
CsCl solution (containing 1.25 ml of 1 MNa-acetate (pH 5), 
62.5 microliters of 0.4M EDTA and 39.8g of CsCl in a final 
volume of 35 ml) and centrifuged at 45,000 rpm in the Ti 70 
rotor of a Beckman ultracentrifuge for 18-24 hours at 20 C. 
The RNA visible in the gradient is removed with a syringe, 
diluted, and precipitated by the addition of two volumes of 
ethanol. Following three cycles of dissolution and re-pre 
cipitation, the RNA pellet is dissolved in HO and brought 
to 0.01 M Tris-HCL(pH 7.5) and 0.5 M NaCl by the addition 
of concentrated Stock Solutions. The preparation is then 
enriched for poly A+ mRNA by two passes over oligo 
dT-cellulose, as described above in the case of placental 
RNA. 

0084. A human pituitary cDNA library is constructed 
from the poly A+ mRNA as described above for human 
placental poly A" mRNA except that both the large fragment 
E. coli DNA polymerase I and the avian myelobiastosis virus 
reverse transcriptase are used Sequentially for Second Strand 
cDNA synthesis. The Klenow is used first. The reaction is 
Stopped by phenol eXtraction. The aqueous phase of the 
centrifuged extract is applied to a 5 ml column of BioGel 
A-5m. Fractions containing high molecular weight material 
are pooled, concentrated, precipitated with two Volumes of 
ethanol, dried, and dissolved in 100 mM Tris-HCl (pH 8.3), 
10 mM MgCl2, 140 mM KC1, 20 mM 2-mercaptoethanol, 1 
mM of each of the four deoxyribonucleoside triphosphates, 
for reverse transcription. Reverse transcriptase is added to 
about 20 units per microgram of cDNA. Double stranded 
cDNA is then treated with nuclease S1, tailed, and cloned as 
described above. 
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0085 Colonies from the cDNA library are grown on 
nutrient agar plates containing 25 micrograms per ml of 
tetracycline, transferred to nitrocellulose filters, and lysed in 
situ by treatment with 0.5 M NaOH, and neutralized with 0.5 
M Tris-HCl (pH 7.4) containing 1.5 M NaCl. Liberated 
DNA is fixed to the filter by baking at 80° C. in a vacuum 
oven for 2 hours. The filters are screened by hybridization to 
a P-labeled 88 base pair fragment of the BhCG clone 
corresponding to amino acids 16 to 45 of the mature hCG B 
chain, which has 29 of 30 amino acids in common with this 
region of the BLH polypeptide (FIG. 6). Hybridization is 
carried out overnight at 32° C. in 50% formamide, 0.75 M 
NaCl, 0.075 M Na-Citrate (pH 7.0), 2.5% dextran sulfate, 
0.1% polyvinylpyrrollidone, 0.1 mg per ml bovine serum 
albumin, and at least 10 cpm per filter of P-labeled 88 bp 
BhCG fragment. Filters are washed several times in 0.15 M 
NaCl, 0.015 M Na-citrate at 37° C. before autoradiography. 
One of the positive isolated clones LH12 (FIG. 7), is used 
further. LH12 is 365 bp long and includes Sequences coding 
for 15 amino acids of the pre-B signal Sequence plus 105 
amino acids of the mature BLH polypeptide. Its nucleotide 
Sequence is determined. Since the complete mature BLH is 
not coded by LH12, further Screening of the human pituitary 
cDNA library is carried out using a 240 bp Nco-PvulI 
fragment of LH12 (FIG. 7) as a P-labeled hybridization 
probe. The clone LH6 (FIG. 7) is isolated from this screen 
ing. LH6 contains the complete 3' end of BLH, including the 
region corresponding to the untranslated portion of the 
mRNA through 27 A residues of the poly A “tail” of the 
mRNA. No clones are found that extended further than 
LH12 in the 5' direction. DNA sequencing of the complete, 
combined mature BLH coding regions reveals two differ 
ences in the amino acid Sequence of BLH from the published 
protein Sequence data: position 42 is a methionine and 
position 55 is a valine. Also, the mature f3LH contains 121 
amino acids, based on the cDNA sequence. 

0086) Construction of Plasmid LH520H/B 
0087. A clone containing an intact signal peptide coding 
Sequence and the complete mature BLH Sequence is con 
structed as shown in FIG. 8, using the restriction fragment 
illustrated in FIG. 7. A 104 bp EcoRI-DdeI fragment is 
isolated from the plasmid 3579H and ligated to an isolated 
181 bp Dde fragment, Subsequently digested with Pst, 
from the LH12 plasmid. Following ligation overnight at 15 
C., the ligation mix is digested with EcoRI and Pst and 
fractionated on a 7% polyacrylamide gel from which the 
desired 256 bp fragment is isolated. This fragment fuses the 
BhCG signal Sequence to that of the pre-BLH in Such a way 
as to provide a coding Sequence for a 20 amino acid Signal 
peptide. 

0088. The 256 bp EcoRI-PstI fragment is cloned into 
pBR322 digested with EcoRI and Pst so as to give the 
plasmid LH f 260. The 146 bp EcoRI-NcoI fragment 
indicated in FIG. 8 is isolated from a polyacrylamide gel 
and used later in the construction as described below. 

0089. The LH6 plasmid (FIG. 8) is digested with Sau3A 
and the 390 bp fragment is isolated by polyacrylamide gel 
electrophoresis. This fragment is then digested with HincII, 
ligated to BamHI linkers, digested with BamHI, and cloned 
into the plasmid paPP at the BamHI site. p.APP is derived 
from pBR 322 by digestion with Aval, filling in the 5' 
overhang with the dNTPs and the large fragment DNA 
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polymerase I of E. coli, digestion with PvulI, and ligation to 
close the plasmid so as to eliminate the PvuII site. The 
plasmid LH6B, isolated from the ligation of the 340 bp 
BamHI fragment into the BamHI site of paPP, is digested 
with EcoRI and Pvul, and treated with bacterial alkaline 
phosphatase. The fragments are ligated to a mixture of the 
145bp EcoRI-NcoI fragment of LHB 260, described above, 
and the isolated 241 bp NcoI-PvuII fragment from the 
plasmid LH12 shown in FIG.8. The ligation mix is used to 
transform E. coli to amplicillin resistance. The plasmid LH 
520H/B is found among the transformants. LH 520H/B 
contains a complete BLH coding Sequence including a 
hybrid Signal peptide Sequence. 

0090 Construction of p C. LHSVVP1 
0091. In order to express this pre-BLH clone in an SV40 
based vector, as had been done for the pre-a and pre-BhCG 
clones described previously, it is desirable to place an EcoRI 
Site very close to the ATG of the pre-B coding Sequence. This 
is accomplished by digesting LH52OH/B with HgaI, filling 
in the 5' Overhang, ligating on Synthetic EcoRI linkers, 
digesting with EcoRI and BamHI, and cloning the isolated 
496 bp EcoRI-BamHI fragment into pBR322 digested with 
EcoRI and BamHI and treated with bacterial alkaline phos 
phatase. The plasmid pLH496 R/B is isolated from E. coli 
transformed with this ligation mix and is used as the Source 
of the 496 bp fragment to be expressed. 

0092. The plasmid p Of VP1, whose construction and use 
in expressing both subunits of hCG is described earlier 
(FIG. 3), is digested with EcoRI and BamHI and ligated in 
a reaction mix containing the plasmid pLH496 R/B which 
had been digested with both of these enzymes (FIG. 9). The 
plasmid p C. LHVP1 is identified among the E. coli trans 
formants. As shown in FIG. 9, the intact SV40 viral early 
region is taken from p C. SVHVP1 (FIG. 1) and inserted by 
ligation as a KpnI-Sal fragment into p C. LHVP1 which had 
been digested with KpnI and Sal to give the plasmid p C. 
LHSVVP1. By cutting this plasmid with BamHI and reli 
gating, the virus C. LHSVVP1 is formed. This virus contains 
cloned cDNAs for the common (to LH and hCC, as well as 
FSH and TSH) O-subunit and the specific RLH subunit 
under control of the SV40 late promoter. The cloned cDNAS 
are positioned in Such a way that the common C. insert 
replaced the viral VP1 protein coding sequence and the LH 
insert replaced the viral VP2 coding Sequence. 
0.093 Construction of pCL28XhoLHBPV 
0094 (3LH clDNA (with B hCG 5' end of signal peptide) 
was inserted into a BPV-based expression system as follows. 
LH 520H/B (FIG. 8) is digested with HindIII and BamHI, 
treated with the E. coli DNA polymerase (Klenow), ligated 
to synthetic Sall linkers, digested with SalI, and cloned into 
the Sall site of pBR322. The resulting plasmid, LH 530 Sal, 
is used as a source of the LH cDNA clone for insertion into 
the mouse metallothionein gene of the plasmid CL28 as 
described in FIG. 10. 

0.095 CL28 is cut with BglII, treated with nuclease S1, 
and ligated to XhoI linkers. Following digestion with XhoI, 
ligation and digestion with BglII, E. coli is transformed with 
the reaction mix to give the plasmid CL28Xho. This plasmid 
is digested with BamHI and SalI and ligated to a BamHI plus 
SalI digest of the plasmid pB2-2 (FIG. 4) to give the plasmid 
CL28XhoBPV. The latter LH insert is then ligated into the 



US 2003/0059898A1 

XhoI site of CL28XhoBPV as a Sall fragment, since the 5' 
overhang of Sal digests is complementary to that of XhoI 
digests. Following digestion with XhoI to eliminate back 
ground, E. coli is transformed and the desired plasmid 
pCL28XhoLHBVP containing the (hybrid) pre-fLH insert, 
in a BPV-based plasmid, under control of the mouse met 
allothionein promoter, is isolated. 

Bovine Hormones 

Example 3 

Bovine LH and FSH (b.LH, bFSH) 
0096) Bovine cDNA was synthesized from bovine pitu 
itary mRNA by reverse transcription of poly A RNA, 
treatment with NaOH to hydrolyze the RNA template, and 
Second Strand Synthesis using reverse transcriptase. Follow 
ing treatment with nuclease S1 and the EcoRI methylase, 
double stranded cDNA was ligated to synthetic EcoRI 
linkers, digested with EcoRI and ligated to the arms of the 
bacteriophage vector, ogt11. The recombinant phage were 
packaged in Vitro by Standard procedures and used to infect 
host E. coli cells to produce plaques. Clones were isolated by 
Screening this cDNA library with appropriate probes. 
0097. The bovine C-subunit cDNA was identified by 
hybridization of between 150,000 and 200,000 phage 
plaques with the 730 bp EcoRI fragment containing 
Sequences from the bovine a coding region (obtained from 
R. Mauer, University of Iowa), which had been labeled by 
nick translation to a specific activity greater than 1x10 cpm 
per microgram. The plaques to be Screened were transferred 
to nitrocellulose filters, treated with NaOH, neutralized, 
washed with 2xSSC, baked in a vacuum oven at 80 C. for 
two hours, prehybridized and hybridized to the labeled, 
denatured C. probe overnight. The filters were then washed 
twice with 1xSSC and four times with 0.25xSSC at 65 C. 
before being dried and autoradiographed at -70° C. for 
identification of positively-hybridizing plaques. 
0098. The complete nucleotide sequence of the coding 
region of the C. cDNA was determined by use of both the 
chemical cleavage method of Maxam and Gilbert and the 
chain termination method of Sanger et al. The Sequence of 
the coding region, including that coding for the 24 amino 
acid Signal peptide, is given in FIG. 11. 
0099. In similar fashion, the cDNA for BLH is isolated 
and Sequenced. A total of four clones were characterized, 
only one of which (LH7) contained the entire coding region 
at the 5' end of the clone. This clone, however, differed from 
the other three clones in that the triplet coding for amino acid 
92 of the mature bLH B polypeptide was TCC (=Ser) rather 
than CCC (=Pro). Since LH's from other species contain Pro 
at this position, we spliced the 5' end of LH7 to the 3' region 
of the clone LH8 (one of the other four clones) in order to 
reconstitute a complete coding region with a proline codon 
corresponding to position 92 of the mature protein Subunit. 
The splicing was carried out at a Pvul site located 14 base 
pairs 5' to the TCC codon in LH7. The nucleotide sequence 
of the b| H B-subunit clone used in the expression system 
(see below) is shown in FIG. 12. 
0100 Identical procedures, to those described for bi H, 
were followed to identify bFSH clones, which were isolated 
by use of a porcine FSH probe (from NRRL B15793, see 
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below). Because of abnormalities in each of the bFSH clones 
isolated (Small deletions and a change in the region of the 
ATG codon), it was necessary to splice together fragments 
to obtain a clone Suitable for expression of the protein 
subunit. The DNA sequence of the bFSH B-subunit are given 
in FIG. 13. 

0101 Our first approach to genetically engineering the 
bovine gonadotropin cDNAS for expression was to construct 
Separate expression plasmids for the a Subunit cDNA and 
each of the B-subunits cDNAS. BamHI linkers were ligated 
to flanking regions of each clone as shown in FIG. 14. These 
fragments were then inserted into the BglI site of the 
plasmid, CL28, shown in FIG. 15, so as to place each cDNA 
(shown as an open rectangle) under control of the mouse 
metallothionein promoter (shown in a triangle). 
0102) The plasmid CL28 is shown before and after inser 
tion of a bovine gonadotropin cDNA clone. Referring to 
upper part of FIG. 15, CL28 contains, in addition to a 
bacterial replication origin and a drug-resistance marker (not 
shown), the mouse metallothionein gene (ZigZag line), 
which has a unique cloning site (BglII) located just down 
Stream of the metallothionein promoter (triangle). Referring 
to the lower figure, when a cDNA is inserted into the BglII 
Site, a plasmid Such as the one shown is obtained. The 
inserted cDNA, when it is positioned in the orientation given 
by the arrow above the box, is placed under control of the 
murine metallothionein promoter, which allows its expres 
Sion in mammalian cells. Following these constructions, the 
entire Bovine Papilloma Virus (BPV) genome was inserted 
as a 7.9 kbp BamHI-SalI fragment into each plasmid (see 
FIG. 16). The BamHI and SalI sites are used for the 
insertion of the Bovine Papilloma Virus (BPV, large open 
rectangle) genome as shown in FIG. 16. 
0103) These plasmids allow expression of bovine gona 
dotropin cDNA in mouse C127 fibroblast cells. The BPV 
portion allows the plasmid to replicate in C127 cells and 
frees them from contact inhibition of growth So that perma 
nent lines expressing the product encoded by the cDNA may 
be obtained. 

0104. Another set of constructions, shown in FIG. 17, 
was carried out for the expression of b H. In addition to the 
features described above, this plasmid contains a Second 
transcriptional unit in which the C. cDNA has been placed 
between the SV40 early promoter (open triangle) and a 
Strong transcriptional termination Signal also derived from 
SV40. A single such plasmid will determine the production 
of both subunits, C. plus b| H B, or C. plus bFSH B. The 
C.-Subunit cDNA is inserted into a site between the SV40 
Viral early promoter and the Strong transcriptional termina 
tion region also derived from the SV40 virus. The entire unit 
is inserted as a BamHI fragment as shown in FIG. 17. 

Porcine Hormones 

EXAMPLE 4 

Porcine LH, FSH (PLH, pFSH.) 
0105. The cDNA for the common C-subunit of the por 
cine gonadotropins was isolated from a cDNA library con 
structed in the E. coli plasmid, pBR322, by G/C tailing into 
the Pst Site in the B-lactamase gene. 
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0106 Pituitaries from freshly slaughtered Swine were 
quick-frozen in liquid nitrogen and Stored at -70 C. until 
use. Total RNA was prepared from the frozen glands, after 
pulverization, by-extraction in (1:1) phenol: 100 mM Na 
acetate (pH 5.5) at 65° C. Following separation of the phases 
by low-speed centrifugation, the organic phase was re 
extracted with fresh acetate buffer as above and the resulting 
aqueous phase was pooled with the first. RNA was precipi 
tated by the addition of 2.5 volumes of ethanol at -20° C. 
Redissolved total RNA was separated into poly A and poly 
A+-enriched fractions by chromatography on oligo (dT)- 
cellulose. The poly A"-enriched material was precipitated 
with ethanol, washed with 70% ethanol and dried under 
WCUU. 

0107 First strand cDNA synthesis was carried out by 
Standard protocols using the AMV reverse transcriptase (60 
units) to reverse transcribe five micrograms (ug) of RNA in 
a reaction primed by two ug of oligo (dT) in a final volume 
of 20 microliters at 42 C. At the end of the incubation 
period, 0.01 M Tris-HCl (pH 7.5) containing 0.001M EDTA 
(TE) was added and the mixture was extracted with an equal 
Volume of phenol. The organic phase was re-extracted with 
TE and extracted once with chloroform. Three microliters of 
0.25% acrylamide were added as carrier and nucleic acid 
was precipitated by the addition of 600 microliters of 
ethanol and 150 microliters of 4 M (NHI)-acetate and left 
overnight at -20° C. 
0108) Second strand synthesis was performed by the 
RNAase H method, which eliminates the need for treatment 
with S1 nuclease. The RNA-clDNA hybrid formed in the first 
reaction (above) was incubated for 60 minutes at 16° C. 
followed by 60 minutes at room temperature in the presence 
of 0.9 units of RNase H and 23 units of E. coli DNA 
polymerase I. Double stranded cDNA was extracted with 
phenol, precipitated with ethanol, washed, re-dissolved and 
tailed with dCTP by use of terminal deoxynucleotidyl trans 
ferase (40 units) in the presence of 1.4 mM CoCl2. 
0109) Tailed cDNA was annealed with pBR322 DNA, 
which had been tailed with dGTP at its Pst site, and used to 
transform E. coli to tetracycline resistance. 
0110. Clones containing porcine C. Sequences were iden 
tified by hybridization to a bovine a cDNA (from pBR bov 
C 730 RI), which had been radioactively labeled by nick 
translation. One of these clones, p C. 2B, was Sub-cloned into 
pUC18 for sequencing. The results (FIG. 18) show it to be 
full length. 

0111. The cDNA for the BLH subunit was isolated from 
another cDNA library. This library was constructed similarly 
to that described above. RNA was extracted from frozen 
porcine pituitary tissue by the guanidinium/cesium chloride 
method of Maniatis et al Supra, and poly(A)" RNA was 
isolated by two passages over oligo(dT)-cellulose. Two 
hybridization probes were used: a 320 bp Nae-Hinf frag 
ment (henceforth referred to as the 3' porcine probe) from an 
incomplete porcine LH B cl)NA clone obtained from the 
library described above, using the bovine BLH cloned frag 
ment as a probe, and the 120 bp 5" EcoRI-StuI fragment 
(henceforth referred to as the 5' bovine probe) isolated from 
bovine LH B clDNA. 
0112 First strand cDNA was synthesized from 10 ug 
porcine poly(A)" RNA using Moloney murine leukemia 
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virus reverse transcriptase in the presence of oligo(dT) 
primer. Second strand DNA was synthesized by the method 
of Gubler et al (Gene 25:263, 1983), in which RNase H was 
used to degrade the RNA strand and E. coli DNA poly 
merase I was used to synthesize the DNA replacement. 1.8 
lug double stranded cDNA was obtained. The cDNA was 
C-tailed and annealed to Pst digested, G-tailed pBR322 
(Bethesda Research Laboratories). Transformation of com 
petent MC1061 cells with the annealed DNA resulted in a 
library of approximately 70,000 independent recombinant 
clones. 

0113 Screening the library for porcine LH B clDNA 
clones was done in two StepS. First the entire library was 
screened at a high colony per plate density (7000 cfu/100 
mm dish) with the 3' porcine probe. Approximately 600 
duplicate positives were obtained. Twenty positives were 
Selected for Secondary Screening. This was done by Scraping 
the positive areas into broth, diluting the clonally mixed 
Suspensions, and plating at a low colony per plate density 
(250-500 cfu/100 mm dish). Two replicas were hybridized to 
the 3' porcine probe and to identify the most complete 
clones, a third replica was hybridized to the 5' bovine probe. 
All 20 putative positives contained clones that hybridized in 
duplicate to the 3' porcine probe. 13 of the 20 also hybrid 
ized to the 5' bovine probe. Plasmid DNA was isolated from 
each of the 13 most complete clones. Examination by 
restriction endonuclease analysis showed the cDNA inserts 
to be similar in size, ranging from 500 bp to 540 bp. All 
clones contained the internal PvuII site present in the 
original incomplete porcine LH f cDNA clone. The clone 
with the longest 5' Pvul fragment was selected for further 
Subcloning and Sequence analysis. 

0114. The complete sequence of the porcine LH B cl)NA 
insert, with amino acid Sequence depicted, is shown in FIG. 
32. The cDNA represents 486 bp of transcribed porcine LH 
mRNA, but does not include the ATG initiator codon. The 
longest open reading frame is shown in the figure, and is 137 
amino acids in length, encompassing the entire mature 
porcine LH 3 Subunit and 16 amino acids of the Secretory 
leader peptide. The DNA translation differs from the pub 
lished protein sequence (Pierce et al, Ann Rev. Biochem 
50:465, 1981) in 6 locations: 

Amino Acid Pos. Protein Sequence DNA Translation 

53 Arg Val 
79 Ile Ser 
84 Ser Ile 
130 Pro Leu 

136-137 Phe-Leu 
36 Asp Asn 

0115 The porcine FSH C-subunit was isolated from a 
third cDNA library, which was constructed similarly to that 
described above for the isolation of the a subunit, except that 
Second Strand Synthesis was carried out using the Klenow 
fragment of the E. coli DNA polymerase in the hairpin 
primed reaction, rather than by the RNase H method. 
Following second strand synthesis, the cDNA was treated 
with S1 nuclease to digest the closed end of the hairpin, 
tailing, annealing and transformation of E. coli were per 
formed as described above. 
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0116 Screening for the pFSH B-subunit was carried out 
by using two Synthetic DNA fragments, each of which was 
45 base pairs in length, corresponding to amino acids 57-71 
and 74-78 of the mature protein sequence (Pierce et al, Ann 
Rev Biochem 50:465, 1981). The DNA sequences were 
chosen according to the codon usage method of Jaye et al 
(Nuc Acid Res 11:2325, 1983). Two clones were isolated 
from this screening, pF55 and pF434. As shown in FIG. 19, 
these clones overlap. They were joined at the unique SmaI/ 
Aval Site to construct a continuous coding Sequence, shown 
in FIG. 20. 

0117 Construction of CL28-OBPV 
0118. The 608 base pair C. cDNA was cut with NcoI at 
position 102 and Dde at position 504. The ends of this 
fragment, which contained the entire coding region for the 
pre-a protein, were filled in using the Klenow fragment of 
DNA polymerase I and ligated to synthetic BamHI linkers. 
The Tinkered fragment was digested with BamHI and 
ligated into the BamHI site of p3R322. The recombinant 
plasmid was identified by restriction mapping and used as a 
Source of BamHI-ended DNA for insertion into the plasmid 
CL28. In brief, the inserted cDNA to be expressed is cloned 
into a unique BglII Site in the metallothionein gene of CL28. 
Plasmids containing inserts in the proper orientation are 
isolated and the BPV genome is then inserted as a 7.9 kb 
BamHI-Sal fragment, as described above. 

0119) Construction of CL28-FSH-BPV 
0120 Engineering of the pFSH 55/434 clone was a bit 
more complex. First a RsaI-SmaI fragment, extending from 
position 70 to position 261 was isolated and cloned into the 
unique SmaI site of puC18. Inserts in the correctorientation 
regenerate the SmaI site. This plasmid was then cut with 
SmaI and SacI and ligated to a SmaI-SacI fragment (position 
261-position 629 of the cDNA) isolated from pFSH 55/434. 
The recombinant plasmid was identified by restriction map 
ping and inserted into CL28 as a BamHI-Sau3A fragment. 
(The BamHI site derives from the polylinker of puC18, and 
the Sau3A site is located at position 605 of pFSH 55/434.) 
BPV was then inserted into a plasmid containing the engi 
neered pFSH cDNA in the correctorientation with respect to 
the metallothionein promoter to constitute the final expres 
Sion vector used to transfect C127 mouse fibroblasts. 

Equine Hormones 

EXAMPLE 5 

Equine LH (eLH) 
0121 The first step in the production of equine LH B 
cDNA is the preparation of pituitary RNA. The pituitary 
gland was removed from the horse immediately after death. 
The pituitary (approx. 2 grams) was homogenized in a 1:1 
mixture of phenol: 100 mM Na-acetate, pH 5.2 containing 
0.5% SDS at 65 C. The homogenized tissue was incubated 
at 65 C. for 20 minutes with vortexing for 10 seconds every 
minute. After quick cooling on ice, the phases were Sepa 
rated by centrifugation. The hot phenol eXtraction was 
repeated two more times followed by two extractions with 
chloroform:isoamyl alcohol (24:1). The RNA was precipi 
tated from the final acqueous phase by the addition of 2.5 
volumes of ethanol. 
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0.122 Poly A RNA was isolated from the total equine 
pituitary RNA by oligo-(dT) cellulose chromatography. The 
RNA was passed over the oligo-(dT) column in 10 mM 
Tris-HCl, pH 7.5, 0.5 M NaCl. After several washings with 
this buffer solution, poly A RNA was eluted with 10 mM 
Tris-HCl, pH 7.5, 1 mM EDTA, 0.05% SDS. The chroma 
tography was repeated and the final eluate precipitated with 
ethanol. 

0123 The equine cDNA library was constructed by con 
ventional techniques. The first strand cDNA was synthesized 
by reverse transcription of pituitary poly A RNA using the 
enzyme AMV reverse transcriptase. Second Strand Synthesis 
was carried out by Sequential reactions with the Klenow 
fragment of E. coli DNA polymerase and AMV reverse 
transcriptase. The resulting hairpin loop was cleaved by S1 
nuclease digestion. The double-stranded cDNA was C-tailed 
by reaction with calf-thymus terminal deoxynucleotidyl 
transferase and annealed to pBR322 which had been cleaved 
at the Pst site and G-tailed. These recombinant plasmids 
were then used to transform E. coli MC1061 cells to 
generate a cDNA library. Transformants were selected on the 
basis of tetracycline resistance. 
0.124. In order to identify the equine LH ?clone, a 520 bp 
fragment of the above bovine LH f cDNA clone was used 
as a hybridization probe. The probe, radioactively labeled 
with p by nick-translation, was used to Screen the equine 
cDNA library by the colony hybridization technique of 
Grunstein et al (Proc Nat Acad Sci USA 72:3961, 1975). 
Pre-hybridization was carried out at 37 C. in 50% forma 
mide, 5x Denhardt's, 5xSSC, pH 7.4, 0.1% SDS, and 100 
ug/ml E. coli tRNA. Hybridization was carried out at 37 C. 
with the same Solution containing denatured probe at a 
concentration of 5x10 cpm/ml. 
0125) The filters were washed at 55° C. with 2xSSC, 0.01 
M NaPO, pH 7.2, 0.1% SDS. The washed filters were 
exposed to Kodak film overnight at -70° C. with one 
intensifying Screen. 
0.126 Screening yielded one equine LH 3 cDNA clone 
(pBR322-eLH Pst) whose sequence is shown in FIG. 21. 
0127 Equine C. was isolated by a similar method to that 
described above for BLH, except that a 730 bp EcoRI 
fragment of bovine C. cDNA was used as a probe. The DNA 
sequence of the C. is shown in FIG. 23. 

0128 Construction of CLSVLPX-eLH 
0129. CLSVLP is an expression vector constructed to 
make use of the SV40 late transcriptional Signals and the 
SV40, T-antigen-dependent origin of replication. 

0.130. An SV40 late transcriptional cassette was con 
structed by joining the SV40 fragment from TaqI (0.56 mu) 
to HindIII (0.83 mu) to the SV40 poly A signal fragment 
which spans the region of SV40 from 0.14 to 0.19 mu. To 
accomplish this, the HindIII site at 0.83 mu and the BclI site 
at 0.19 mu were changed to BglII sites by filling in the 
overhanging basis with Klenow and ligating BglII linkers. 
The two fragments were then joined at this BglII site. This 
cassette, which now has Taq and BamHI, at the 5' and 3 
ends respectively, was put into pML2 at the ClaI and BamHI 
sites. pML2 is a deleted version of pBR322; the deleted 
sequences include from 1120 bp to 2490 bp on the pBR322 
map (Lusky et al., Nature 293:19, 1981). 
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0131 Referring to FIG. 22, pBR322-eLH Pst was 
digested with Pst-1 and the 610 bp fragment was isolated. 
This Pst-1 fragment contains the entire coding Sequences of 
equine BLH subunit. As an intermediate step, this Pst 
fragment was Subcloned into the unique Pst I site in the 
multi-cloning region of puC18 to create the vector, puC18 
eLH Pst. The orientation of the cDNA fragment with respect 
to the puC18 is such that the unique EcoRI site in the 
multi-cloning region is at the 3' end of the cDNA. pUC18 
eLH Pst was digested with HindIII and EcoRI, which flank 
the cDNA insert and the 650 bp fragment was isolated. This 
isolated DNA was subsequently digested with BanI, to make 
use of the unique BanI site 10 bp 5' to the ATG, filled in with 
Klenow polymerase, and SalI linkers were added. A Sall 
digest was carried out and the mixture ligated to CLSVLP 
Xho (which is simply CLSVLP with the BglII site changed 
to an XhoI site by the addition of XhoI linkers). Orientation 
was checked and the final DNA, CLSVLPX-eLH, was 
purified on CsCl gradients. 
0132) Construction of Plasmid CLSVLP-eo. 
0133) 
0134) The BamHI-NcoI fragment coding for eC.LH was 
cloned into puC18 by standard methodology to give 
pUC18eo. Referring to FIG. 24, pUC18e C. DNA was 
digested with NcoI, filled in with Klenow polymerase, and 
BamHI linkers added. This construct, now called pUC18e C. 
Bam, has two BamHI Sites flanking the entire equine a 
cDNA region. pUC18e C. Bam was digested with BamHI to 
isolate the cDNA, which Subsequently was cloned into the 
unique BglII site of CLSVLP, and plasmids having the 
correct orientation (shown in FIG. 24), purified. 

EXAMPLE 6 

Equine FSH (eFSH) 

0135 An equine FSH B clone was isolated from a 
genomic DNA library constructed in the phage EMBL3. 
0.136 The first step in the production of the equine 
genomic library was the preparation of equine DNA. Equine 
DNA was prepared from buffy coat cells which were isolated 
from total horse blood by centrifugation. The buffy coat cells 
were freed of contaminating red blood cells by lysis with 
freshly prepared red blood cell lysis buffer (10:1, 0.144M 
NH,Cl: 0.01 MNaHCO). The buffy coats were pelleted and 
resuspended in nuclei lysis buffer (0.4 M NaCl, 0.01 M 
Tris-HCl, pH 8.0, 0.002 M EDTA), SDS was added to 0.5% 
and proteinase K to a final concentration of 250 lug/ml. After 
overnight incubation at 37 C., the lysed cells were extracted 
two times with phenol and two times with CHCls. The DNA 
was ethanol precipitated, Spooled, and re-Suspended at a 
concentration of 300 ug/ml in 0.01 M Tris-HCl, pH 8.0, 
O.OO1 M EDTA at 4 C. 

0.137. A genomic library was prepared in 2 vector 
EMBL3 according to the method of Frischauf et al. (J Mol 
Biol 170:827, 1983). Briefly, total horse DNA was partially 
digested with MboI to achieve a fragment length of 20 kb. 
The digested DNA was then treated with calf intestinal 
alkaline phosphatase, ethanol precipitated, and re-Suspended 
in 0.001M Tris-HCl, pH 7.5, 0.0001 M EDTA at a concen 
tration of 0.5 lug/ul. EMBL3 vector DNA was digested to 
completion with BamHI and EcoRI. The DNA was phenol 
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extracted and precipitated with 0.6 vol of isopropanol. The 
DNA pellet was washed two times with 0.35M Na-Acetate 
(pH 6):ethanol (1:25) and re-suspended in 0.01 M Tris-HCl, 
pH 7.5, 0.0001 M EDTA at a concentration of 0.5 lugful. 
0.138 For ligation, vector and insert DNA were mixed in 
a 10:1 weight ratio (vector: insert) in 1xligase buffer (10 mM 
Tris-HCl, pH 7.6, 10 mM MgCl, 1 mM DTT, 0.5 mM ATP, 
0.1 mg/ml BSA) and T4 ligase was added. Ligation was 
carried out overnight at 15 C. 
0.139 Packaging of the ligated DNA was carried out 
using commercial packaging extract “PACKAGENE” 
(Promega Biotech) and the resulting bacteriophage plated on 
the E. coli strain NM539. Bacteriophage were eluted with 
ice cold SM buffer and the resulting amplified library stored 
at 4° C. over CHC1. 
0140 Screening was carried by the method of Gruenstein 
et al, Supra, using a 520 bp coding region fragment of the 
above bovine FSH cDNA as probe. The probe was nick 
translated. Pre-hybridization was carried out at 37 C. in 
50% formamide, 5x Denhardt's, 5xSSC, 0.1% SDS, and 100 
lug/ml E. coli tRNA. Hybridization was carried out at 37 C. 
with the same Solution containing denatured probe at a 
concentration of 5x10 cpm/ml. Filters were washed at 45° 
C. in 2XSSC, 0.01 M sodium phosphate, 0.1% SDS and 
exposed to Kodak XAR film for two days at -70 with an 
intensifying Screen. 
0141 Screening yielded one recombinant bacteriophage 
containing the full-length equine FSH coding region. The 
restriction map of the 4.4 kb BamHI fragment of the 
remitting clone is shown in FIG. 25. The coding regions are 
shown below the map as dark boxes, which are connected by 
a broken line representing an intron. 

0142 Construction of Plasmid CLSVLP-BFSH 
0143 Referring to FIG. 26, puC18 eFSHBam contains 
the eFSH genomic DNA clone as a 4.4 Kb BamHI fragment. 
Partial Sequencing revealed that the translational initiation 
codon (ATG) was about 25 bp downstream from a StuI site 
(FIG. 27). Restriction mapping showed at least one more 
StuI site about 2450 bp downstream from this first site. 
Partial Sequencing Suggested that the entire coding region 
for the BFSH subunit was present between the two StuI sites. 
pUC18 eFSHBam was digested with StuI (which leaves 
blunt ends) and a 2450 bp fragment was isolated on agarose 
gels. CLSVLPDNA was digested with BglII, filled in using 
Klenow polymerase, and ligated to the isolated Stu frag 
ment. The correct orientation CLSVLP-3FSH was selected 
and DNA prepared. 
0144) Expression and Use 
0145 The above-described vectors are useful for the 
expression of hormone Subunits in appropriate cells. The 
incorporation of Virus-containing vectors into eukaryotic 
cells for the production of a heteropolymeric protein is 
generally accomplished as follows. First, if the viral DNA 
and homopolymeric protein-encoding DNA are incorporated 
into a plasmid, which is maintained, in, Say, E. coli, the 
plasmid sequences (e.g., the pBR322 Sequences) are 
removed and the resulting DNA is ligated to form circular 
DNA including the viral region and the heteropolymeric 
protein-encoding Sequence or Sequences. This circular DNA 
generally does not contain all of the genetic information 
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needed to produce a replicating virus, the other necessary 
Sequences (e.g., those encoding coat protein) having been 
replaced by the heteropolymeric protein-encoding Sequence 
or sequences. The circular DNA, minus the plasmid DNA, 
must be close enough in Size to the naturally occurring viral 
DNA from which it is derived to permit the DNA to enter 
and replicate in appropriate host mammalian cells. 
0146 The circular DNA is used to transfect host cells in 
order to produce virus Stock for later infections. Since Some 
of the DNA necessary to produce virus is missing, the 
transfection must occur in conjunction with helper virus 
DNA encoding enough of the missing function to produce 
replicating virus. 
0147 Transfected host cells are grown and incubated 
until lysed by replicating virus. The resulting replicating 
Virus Stock, including helper virus, is then used to infect host 
cells for production of the heteropolymeric protein. Virus 
Stock is maintained, since it generally needs to be reused to 
infect fresh batches of host cells, as each culture of infected, 
protein-producing host cells generally is eventually lysed by 
the virus. 

0.148. The specific recombinant DNA sequences 
described above are used to transfect, and then infect, host 
cells, as follows. Again these examples are not meant to be 
limiting, those skilled in the art will readily see that other 
methods can be used for protein expression. 

EXAMPLE 7 

Human Hormones 

014.9 The pBR322 sequences are removed from the 
above-described SV40-containing plasmids to produce 
transfecting viral DNA. In the case of p a SVHVP1 and p C. B 
SVVPI, this is accomplished by digestion with BamHI, 
followed by ligation under conditions favoring circulariza 
tion of the fragments to give (among other products) a 
SVHVP1 and of SVVPI. For p B SW P1, digestion with 
EcoRI followed by re-ligation brings the SV40 late promoter 
and VP1 splice region into juxtaposition with the BhCG 
cDNA insert at the same time that it eliminates pBR322 
sequences and forms f SVP1. At the same time, helper virus 
DNA, ptsA58 Bam (tsA58 Sv40 viral DNA cloned into the 
pBR322 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. 

0150. The DNAS, which are cut and ligated as described 
above, are ethanol precipitated and dissolved in Sterile water. 
Approximately 1 lug of ptsA58 Bam DNA and 10 ug of 
recombinant DNA (encoding a and/or ?hCG or LH) are 
combined in a sterile test tube, mixed with 2 ml of TBS 
buffer (Kimura et al., Virology 49:79, 1972) and 1 ml of 2 
mg/ml DEAE-dextran Solution and added to a monolayer of 
confluent monkey CV-1 cells previously washed twice with 
10 ml of TBS in a T-75 flask. The cells are left at 37° C. for 
1-2 hours with occasional shaking, washed with TBS twice, 
fed with 10 ml of DMEM (Dulbecco's Modified Eagles 
Medium) 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 
centrifuged at 3,000 rpm for five minutes. The resulting 
Supernatants serve as virus stocks for infection of fresh CV-1 
cells. 
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0151. To accomplish 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 5 days. 
0152 For mixed infections, CV-1 cells are grown to 
confluence in a T-150 flask. C. SVHVP1 and BSVP1 viruses 
are mixed in a 1:1 ratio and 1 ml of the mixed virus is used 
to infect CV-1 cells at 40° C. 

0153. To produce heterodimeric hoG using a mixed 
transfection, five ug of each BPV plasmid, i.e., pRF375 
(ChCG) and pRF398 (BhCG), are mixed and added to 0.5 ml 
of a 250 mM CaCl solution containing 10 ug of salmon 
sperm DNA as carrier. This mixture is bubbled into 0.5 ml 
of 280 mM 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. 
0154) 24 hours prior to transfection, 5x10 cells of mouse 
C127 cells (available from Dr. Dean Hamer, National Can 
cer Institute, NIH, Bethesda, Md.) are placed in a 100 mm 
dish or T-75 flask. Immediately before adding the exogenous 
DNA, the cells are fed with fresh medium (Dulbecco's 
Modified Medium, 10% fetal calf serum). One ml of calcium 
phosphate precipitate is added to each dish (10 ml), and the 
cells are incubated for 6-8 hours at 37 C. 

O155 The medium is aspirated and replaced with 5 ml of 
20% glycerol in phosphate buffered saline, pH 7.0 (PBS) for 
2 minutes at room temperature. The cells are washed with 
PBS, fed with 10 ml of medium, and incubated at 37° C. 
After 20-24 hours, the medium is changed and Subsequent 
refeeding of the cells is carried out every 3-4 days. Indi 
vidual clones are grown in T-25 flasks. After 7-21 days, cell 
clones can be transferred to larger flasks for analysis. 
0156 To produce heterodimeric hoG using a single 
transfection, plasmid RF398 C. t. is employed in the same 
manner as the above two plasmids were employed for a 
mixed infection. 

0157 To make heterodimeric LH, plasmids PRF375 and 
pCL28XhoLHBPV are mixed, as described above in the 
case of hCG. 

0158 An interesting observation is that culturing cells 
containing BhCG or BLH-encoding vectorS alone, in the 
absence of C-encoding cells, produces practically no B-Sub 
unit, while cells containing C. and B-encoding Sequences 
produce not only heterodimer, but free 3-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 C-Subunit to 
stabilize the B-subunit. 

EXAMPLE 8 

Bovine Hormones 

0159. In order to derive cell lines producing bDH, the 
C-containing plasmid and the b H B-containing plasmid 
were mixed together and introduced into mouse fibroblasts. 
Similarly, for the expression of bFSH, C-containing plasmid 
DNA was mixed with the bFSH B-containing plasmid and 
introduced into the mouse cells by the Ca-phosphate trans 
fection procedure, described above. The mouse C127 fibro 
blasts were transfected with plasmids as described above 
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and transformed cell lines derived from these transfections. 
Eighty-six cell lines were Screened for b H expression. 
Seven of these were selected for further characterization. For 
bFSH expression, eight of ninety-four lines were further 
characterized. ASSayS carried out both in Vitro and in vivo 
demonstrated the biological activities of both blH (FIG.28) 
and bFSH (FIGS. 29, 30). 
0160 Referring to FIG. 28, the in vitro bioassay of 
recombinant b H is shown. This assay measures the ability 
of LH to Stimulate testosterone Secretion from an isolated 
preparation of Steroidogenic cells (Leydig cells) prepared 
from rodent testes. Testes from mature rats are collected and 
the tunica albuginea is removed. The decapsulated testes are 
mechanically disrupted and the Seminiferous tubules Sepa 
rated from the Leydig cells by filtration through nylon mesh. 
The Leydig cells, which pass through the mesh, are centri 
fuged at low speed and re-Suspended in culture medium for 
use. Each determination is carried out using a tube contain 
ing one million viable cells. Reference standard LH or 
different amounts of unknown are added to each tube. 
Following incubation at 37 C. for three hours, the cells are 
removed by centrifugation and the Supernatants are assayed 
for testosterone by a specific radioimmunoassay. The Stan 
dard curve is shown in open circles, while assays of tissue 
culture Supernatants from lines expressing bDH from the 
cloned cDNAS are given in closed circles. The concentration 
of b H can be calculated from noting the number of 
microliters required to give a response equivalent to the 
known number of mIU of the LH reference preparation. 

0.161 Results of in vivo bioassays are given in Table 1. 

TABLE 1. 

Volume Injected Uterine Weight 
Sample Number (mL) (mg + SEM) 

Control 3 1O 14.6 + 1.6 
bLH Medium 3 2 16.7 2.9 
bLH Medium 3 5 21.2 - 7.6 
bLH Medium 3 1O 31.89.3 

0162 Immature female mice (19-22 days) were injected 
i.p. with either control tissue culture medium or medium 
removed from cultures of ab H-producing line as shown in 
the table. The indicated volumes were injected over a 
72-hour period in a Series of six injections. At the end of the 
experiment, the mice were Sacrificed and their uteri were 
carefully dissected out, blotted dry and weighed on an 
analytical balance. 

0163) Referring to FIG. 29, the in vitro bioassay of 
recombinant bFSH is shown. Suspensions of Sertoli cells 
were prepared from rat Seminiferous tubules by treatment 
with collagenase and mechanical dispersion. The cells are 
pelleted by centrifugation and plated in microtiter Wells at a 
density of 1x10 viable cells per well for 24 hours. The 
culture medium is then removed and replaced with fresh 
medium containing androstenedione plus either a reference 
FSH preparation or Sample of the cell Supernatants to be 
assayed from bFSH production. Following a 24-hour incu 
bation period, the medium in each well is assayed from 
estradiol by radioimmunoassay. The presence of biologi 
cally active FSH stimulates the production of the enzyme 
aromatase by the Sertoli cells. Aromatase, which is induced 
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by FSH in a dose-dependent manner, converts the andros 
tenedione to estradiol. The Standard FSH preparation gen 
erated the curve shown in open circles, while tissue culture 
Supernatant from a bFSH-producing line gave the results 
shown in closed circles. The assay demonstrates in Vitro 
bioactivity from the recombinant bFSH. 
0164. In vivo bioassay of recombinant bFSH was also 
performed (FIG. 30). Increased ovarian weight results from 
the action of FSH in stimulating follicular growth and 
development. Since the recombinant bFSH is free of LH 
activity, there is no need to employ hCG before the FSH 
containing Sample (Steelman and Pohley assay). The curve 
shown demonstrates the biological activity in vivo of the 
recombinant material. 

EXAMPLE 9 

Porcine Hormones 

0.165. To produce cells which synthesize and secrete 
pFSH, C127 mouse fibroblasts were transfected with a 
mixture of two plasmids: the a cDNA in the metallothionein 
BPV plasmid and the pFSH cDNA in this same type of 
construction, as described above. Fifty micrograms of each 
plasmid was added to 0.5 mL of a 250 mM CaCl solution 
containing 10 mg of Salmon Sperm DNA as carrier. The 
mixture was bubbled into 0.5 mL of 280 mM NaCl, 50 mM 
HEPES and 1.5 mM Na-phosphate. The calcium phosphate 
precipitate was allowed to form for 30 minutes at room 
temperature. 

0166 Twenty-four hours prior to transfection, 5x10 
mouse C127 fibroblasts were transferred to a 100 mm 
culture dish. Immediately before adding the exogenous 
DNA, the cells were fed with fresh medium (Dulbecco's 
Modified Medium, 10% fetal bovine serum). One mL of the 
calcium phosphate precipitate was added to each dish (10 
mL), and the cells were incubated at 37° C. for 8 hours. The 
medium was then aspirated and replaced with 5 mL of 20% 
glycerol in phosphate-buffered saline, pH 7.0 (PBS) for two 
minutes at room temperature. The cells were washed once 
with PBS, fed with 10 mL of medium and incubated at 37 
C. for 24 hours. At this time, the medium was changed, and 
Subsequent refeeding was carried out every three dayS. 
0.167 Expression of pFSH was determined by in vitro 
assay. Cell Supernatants, potentially containing FSH, were 
collected and concentrated by dialysis against polyethylene 
glycol. These concentrated Samples were then assayed for in 
vitro activity as follows: Immature female rats (21 days old) 
were injected with 5 IU of PMSG (pregnant mouse's serum 
gonadotropin) and killed 48 hours later. Their ovaries were 
removed and placed in ice-cold Medium 199. Granulosa 
cells were expressed from the ovarian follicles into McCoy's 
SA medium with 4 mM glutamine and antibiotics. Approxi 
mately 0.25x10° cells per well were inoculated into micro 
titer dishes in a Volume of 1 mL and Samples to be assayed 
(the above cell Supernatants) and Standards were added in a 
volume of 0.3 mL. 

0.168. The microtiter dishes were placed in a water 
saturated incubator at 37 C. in an atmosphere of 95% air 
and 5% CO. After 48 hours, Supernatants were removed, 
centrifuged at 100xg for 20 minutes and Samples were taken 
for determination of progesterone by a highly Sensitive and 
specific radioimmunoassay. The results (FIG. 31) show a 
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dose-dependent increase in the amount of progesterone 
found in the medium, which parallels the standard curve for 
FSH. 

EXAMPLE 10 

Equine Hormones 
0169 COS-7 cells (Gluzman, Cell 23:175, 1981) were 
split (on the day prior to the transfection) into 100 mm 
dishes, at 10° cells per dish. 25 ug of equine a DNA 
(CLSVLP-e C) plus 25 ug of the appropriate equine B 
subunit DNA (CLSVLP-eFSH or CLSVLP-eLH) were 
mixed together with 5-10 ug of pI, DNA (which expresses 
SV40 large-T and has its own SV40 origin of replication, 
Dunn et al (Cancer Cells 3:227, Cold Spring Harbor, 1985) 
with 0.5 ml of 0.28 M NaCl, 0.05 M HEPES, and 0.0015 M 
Sodium Phosphate, pH 7. 0.5 ml of a mixture of 0.25 M 
CaCl, and 0.01 MHEPES, pH 7.1 was added drop-wise, and 
a precipitate was allowed to form, undisturbed, for 40 
minutes. 

0170 The precipitate, as a suspension, was added to the 
cells and allowed to incubate for at least 5 hours at 37 C. 
in a CO2 incubator. The precipitate and media were removed 
from the cells and 5 ml of a solution of 15% glycerol in PBS 
was added to each plate and allowed to incubate for 2 
minutes at room temperature. This Solution was then 
removed, the cells were washed twice with 10 ml of PBS, 
and 5 ml of DMEM-10% fetal bovine serum was added to 
each plate. Samples were collected after 48 hours incubation 
and assayed for FSH and LH activities. 
0171 Culture medium was collected from the COS cells 
three days after transfection. Medium was centrifuged at 
1000xg for ten minutes to remove particulate matter. Super 
natants were concentrated with the Centricon Micro Con 
centration apparatus purchased from Amicon. Two millili 
ters of clarified culture medium was added to the Sample 
reservoir. The reservoir was attached to the membrane 
retentate cup (mw cutoff 24,000 daltons), and the entire 
apparatus centrifuged at 4000xg for 20 minutes. Solutes 
with a mw less than 24,000 daltons passed through the 
membrane while proteins with a mw greater than 24,000 
were retained (recovery of proteins with mw greater than 
24,000 is typically greater than 95%). All samples were 
prepared aseptically to allow for analysis by in Vitro bioas 
Say as well as radioimmunoassay. 
0172 eLH bioactivity was analyzed with the mouse 
Leydig cell-testosterone production assay (described 
above). Leydig cells were diluted to 2.5x10 viable cells/ml 
with Medium 199 containing penicillin (100 U/ml), strep 
tomycin (100 lug/ml) and 0.1% bovine serum albumin. One 
milliliter of the Leydig cell Suspension was added to each 
12x75 mm test tube that contained increasing concentrations 
of a purified LH standard (range from 0-10 ng/tube) or 
increasing Volumes of the concentrated medium Samples. 
All tubes were incubated in a shaking water bath (at 37° C) 
for three hours. At the end of this incubation, cells were 
pelleted by centrifugation and the resulting Supernatant was 
analyzed for testosterone content with a specific testosterone 
radioimmunoassay. The purified LH preparation Stimulated 
the Secretion of testosterone in a dose related fashion to a 
point where maximal Stimulation of the Leydig cells was 
achieved. eLH bioactivity was present within the concen 
trated medium range from the equivalent of 1-6 ng/ml of the 
bovine LH standard. 
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0173 Concentrated medium samples were prepared as 
described above from cells transfected with the equine C.- 
and equine FSH 3-containing plasmids. Medium Samples 
were analyzed for FSH activity with a dimer-specific bovine 
FSH radioimmunoassay. This antibody was obtained 
through the generosity of Dr. James Dias of the Albany 
Medical College and is directed against the B portion of the 
FSH dimer. Two of the media samples contained measurable 
amounts of recombinant equine FSH activity. 
0.174. The two concentrated medium samples were also 
assessed for FSH in vitro bioactivity using the granulosa 
cell-progesterone assay described above. Briefly, granulosa 
cells were washed several times in Ham F-10 medium 
containing penicillin, Streptomycin and 0.1% bovine Serum 
albumin. Cells were plated at a density of 0.25x10" viable 
cells/ml/culture well in Falcon 24-well culture dishes. To 
each culture was added a dose of a purified FSH standard or 
increasing Volumes of concentrated culture medium. After 3 
days incubation, medium Samples were collected, centri 
fuged at 1000xg for 15 minutes to remove debris and 
analyzed for progesterone content with a specific radioim 
munoassay. Increasing doses of FSH cause an increased 
release of progesterone from the cultured cells into the 
medium. The concentrated culture samples exhibited FSH 
activity equivalent to approximately 10-40 ng/ml of the 
bovine FSH standard employed in the assay. 
0.175 Having demonstrated how to produce cell lines 
which express recombinant LH or FSH, we now demon 
Strate how production and purification of these recombinant 
proteins can be achieved on a commercial Scale. Once again 
the following examples are not meant to be limiting to the 
invention. 

EXAMPLE 11 

Production of Recombinant Hormones 

0176 Recombinant bovine LH was produced in micro 
carrier spinner cultures from the Cbl 19b cell line. Cell 
stocks were maintained in 850 cm roller bottles with 50 mL 
of DNA containing 10% fetal bovine serum (FBS) and were 
routinely Screened for bacterial, fungal and mycoplasma 
contamination. 

0177 Both one-liter (culture volume) and eight-liter 
Bellco glass Spinner vessels were used for production runs. 
Five grams (dry weight) of Cytodex III microcarrier beads 
were used in the one-liter vessels, while 40 g were used in 
the eight-liter cultures. The microcarriers were Swollen, 
washed, autoclaved and washed with growth medium fol 
lowing Standard procedures Specified by the manufacturer. 
Cultures were initiated by adding freshly trypsinized cells to 
the prepared microcarriers, to a final concentration of 0.8 to 
1.3x10 cell per mL. Three days after inoculation, the 
medium was changed by allowing the microcarriers to Settle, 
withdrawing 80% of the conditioned medium and adding 
fresh growth medium. Five days after inoculation, the cells 
were put into production by removing the spent medium, 
Washing the microcarriers once with one half the culture 
volume of DME (Delbecco's Modified Eagles medium) and 
adding the production medium (CEM 2000, Cellular 
Enhancement Medium, Scott Labs, West Warwick, R.I.). 
Thereafter, cultures were harvested every two days by 
allowing the microcarriers to settle, withdrawing 80% of the 
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conditioned medium and adding fresh CEM 2000 (Cellular 
Enhancement Medium, Scott Laboratory Labs, West War 
wick, R.I.). Harvests from day nine onwards were consid 
ered to be serum-free and were pooled for purification. 
Thimerosal was added to all harvested medium at a final 
concentration of 0.01%, to limit microbial growth. 
0.178 Yields in one-liter spinners were between 1.3 and 
2.0 mg/L per harvest period (48 hours). Approximately 80% 
of this production occurred on the first day after a medium 
change. Total production might be increased by changing the 
medium daily. Production in the eight-liter Spinners was 
from 0.8 to 1.3 mg/L per harvest. These lower levels resulted 
from lower cell concentrations (1x10 cells/mL compared 
with 1.5-2x10 cells/mL in one-liter spinners). Production 
was continued for 43 days in the one-liter Spinners and for 
31 and 37 days in the two eight-liter spinners used. A total 
of 177 mg of crude material in serum-free medium was 
produced for purification. 
0179 Methods employed for the production of recombi 
nant bovine FSH were the same as those described above for 
LH production. The Serum-free growth medium used was 
CEM--insulin. 

0180 Yields in the one-liter spinner cultures were 
between 1.9 and 5.4 mg/L/harvest. Two one-liter cultures 
produced 72 mg of crude material for purification, and two 
more were later Set up to produce an additional 109 mg. 
Cultures were maintained for as long as 38 dayS. 

EXAMPLE 12 

Purification of Recombinant Bovine LH 

0181 Conditioned media was made to 0.01% Tween 80 
and clarified with a 0.5 micron Pall Profile filter cartridge at 
a flow rate of 1 1/minute. Clarified media was concentrated 
and flow dialyzed using a Pellican (Millipore) tangential 
flow cassette with 5 ft of surface area. The membranes were 
prepared according to manufacturer Specifications. Media 
was concentrated approximately 40 fold and the final buffer 
composition was 50 mM MES (2-N-Morpholino)ethane 
sulfonic acid, pH 6.0), 20 mM NaCl, and 0.01% Tween 80. 
0182. The concentrate was loaded on to 2.5x17.5 cm 
column of Trisacryl M-SP (LKB) which was equilibrated 
with 50 mM MES, pH 6.0, and 20 mM NaCl. The column 
was washed with two column volumes of this buffer and 
batch eluted with 0.1 M sodium phosphate, pH 9.0, and 0.15 
M. NaCl. Fractions were assayed by RIA (Radioimmunoas 
say) and pooled. All procedures were carried out at 4 C. 
0183 Reversed phase-HPLC was performed at room 
temperature using a Waters model 6000A solvent delivery 
System and model 660 gradient programmer. A Micro 
Bondapak phenyl column (Waters, 4.8x300mm) was equili 
brated with 10 mM sodium phosphate pH 7.2 at a flow rate 
of 1 ml/minute. Pooled, S-Sepharose fractions were loaded 
directly on to the column. After the absorbance at 280 nm 
returned to baseline, a 30-minute linear gradient from 0 to 
70% ethanol in 10 mM phosphate buffer pH 7.2 was applied. 
One ml fractions were assay by RIA, pooled, and the ethanol 
removed under vacuum in a Speed Vac Concentrator 
(Savant). 
0184 Pooled fractions were lyophilized and dissolved in 
about /s volume of 10 mM phosphate, pH 7.2, 0.5M NaCl. 
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HPLC molecular exclusion chromatography was performed 
with a GF-250 column (DuPont) equilibrated with the same 
buffer. A maximum of 0.5 ml of sample was loaded. The 
flow rate was 0.5 ml/minute and the absorbance monitored 
at 280 nm. Highly purified dimeric hormone was recovered 
in 2 to 30.5 ml fractions at a retention volume of approxi 
mately 10 ml. 

EXAMPLE 13 

Purification of Recombinant Bovine FSH 

0185 r-bFSH was purified by a three-step procedure 
employing anion eXchange, dye-affinity and hydrophobic 
interaction chromatography (HIC). The entire process was 
done at 4 C. with the exception of the HPLC step which was 
performed at room temperature. 

0186 2.3 L of serum-free, conditioned media was first 
clarified using a 0.5 um Pall Profile filter cartridge (P/N: 
MCY 1001/1005). 0.01% Tween 80 was added to minimize 
loss by non-specific adsorption. The flow rate was 2.5 
L/minute. There was no loss of activity as measured by RIA. 
0187 Clarified media was concentrated and dialyzed 
with an Amicon spiral tangential flow cartridge (S10Y10) 
having 10 ft of Surface area. The cartridge was prepared and 
used according to the manufacturer's Specifications. The 
flow rate was 1.5-2 L/minute, and the outlet preSSure was 
25-30 PSI. The media was concentrated approximately 
30xthen flow dialyzed against 10 mM phosphate buffer, pH 
5.0 and 0.01% Tween 80. Dialysis was continued until the 
conductivity matched that of the starting buffer. This pro 
cedure required 6 L of buffer. The final volume of the 
concentrated and dialyzed pool was approximately 1 L. 
0188 Anion exchange chromatography was performed 
on a 500 ml DEAE Trisacryl LS (LK8) column (9.0x8.0 
cm). The column was equilibrated with 10 mM phosphate, 
pH 6.0, containing 0.01% Tween 80 and flowed at a rate of 
42 cm/hour. After loading, the column was washed with 
three column volumes of buffer then eluted with a 5 L linear 
gradient from 0 to 0.3M NaCl in 10 mM phosphate. 45 ml 
fractions were collected, Scanned for Aso and assayed by 
RIA. 

0189 The pH of the pooled activity was adjusted to 7.5 
with 2 M NaOH and applied directly onto a 120 ml Blue 
Trisacryl M (LKB) column at a rate of 37 cm/hour. The 
column was previously equilibrated in 10 mM phosphate, 
pH 7.5, 100 mM NaCl and 0.01% Tween 80 and, following 
the load, washed with three column volumes of the same 
buffer. The activity was eluted with a 1.2 L linear gradient 
from 0.1 to 5 M NaCl in 10 mM phosphate, pH 7.5, 0.01% 
Tween. Fractions were again Scanned for Aso and assayed 
by RIA. 
0190. Pooled activity off the Blue-Trisacryl column, in 
approximately 2M NaCl, was loaded directly onto a Syn 
chropak Pentyl HPLC column (4.1x250 mm) (SynChrom). 
The column was equilibrated with 0.8M (NHA)SO in 10 
mM phosphate buffer, pH 7.0 at a flow rate of 1.0 ml/minute. 
When the Aso returned to baseline, a linear, decreasing Salt 
gradient from 0.8 to OM (NHA)SO in 10 mM phosphate, 
pH 7.0 was applied over 30 minutes. Activity was assayed 
by RIA, and appropriate fractions collected. 
0191 AS demonstrated above, the transformed cell lines 
of the invention are used to produce biologically active 
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heteropolymeric proteins. hCG made according to the inven 
tion, for example, has a number of well-known medical uses 
associated with human fertility. Further, the vectors of the 
invention which contain enough of one or more of the above 
cDNA sequences to encode a biologically active or immu 
nologically croSS-reactive hormone are useful for production 
of Such hormones, or for production of antibodies to the 
Subunits. By biologically active, we mean that the hormone 
produced from the heterologous DNA exhibits biological 
activity in the ungulate of the same type as the naturally 
occurring hormone. Generally about 80% of the amino acid 
Sequence of the naturally occurring hormone is Sufficient. By 
immunologically croSS-reactive, we mean that the hormone 
undergoes an immunological reaction with monoclonal or 
polyclonal antibodies that also react with the natural hor 
mone. The immunologically croSS-reactive hormones are 
particularly useful for immunodiagnostics, by well-known 
techniques. For example, antibodies to Specific Subunits are 
useful for detecting the presence of a Specific hormone; for 
example, in the urine of a female ungulate to determine the 
turning of the estrous cycle. 
0192 Deposits 
0193 The following, described above, have been depos 
ited in the American Type Culture Collection, Rockville, 
Md.: 

0194) 
0195 
0196) 
0197) 
0198) 

o, SVVP1, ATTC VR 2077; 

o, SVHVP1, ATCC VR 2075; 

BSVVP1, ATCC VR 2075; 
pRF 375 in C127 cells, ATCC CRL 8401; 
pRF 398 in C127 cells, ATCC CRL 8401; 

0199 pCL28XhoLHBPV E. coli, ATCC CRL 8400; 
0200 pRF 398 C. t. in C127 cells ATCC CRL 8400. 

0201 Note that C. SVHVP1 and B SVVP1 have been 
deposited in a mixture of two viruses; and pRF375 and 
pRF398 have been deposited as a mixture of cells each 
containing one of the plasmids. 
0202) The following vectors have been deposited in the 
NRRL (Illinois): 

0203 pUC18 containing the ec. 480 BamHI frag 
ment (IG5004), NRRL B18127; 

0204 pUC18 containing the eLHB 610 bp PstI frag 
ment (IG5005), NRRL B18128; 

0205 pUC18 containing the e FSHB 4.4 kb BamHI 
fragment (IG5006), NRRL B18139; 

0206 pBR322 containing the bov C. 730 bp EcoRI 
fragment (IG5001), NRRL B18124; 

0207 pBR322 containing the bov LHR 540 bp 
EcoRI fragment (IG5002), NRRL B18125; 

0208 pBR322 containing the bov FSHR 540 bp 
EcoRI BamHI fragment (IG5003), NRRL B18126; 

0209 pBR322 containing the po. 410 bp BamHI 
fragment (IG5007), NRRL B18140; 

0210 pBR322 pI HB 540 bp (PstI fragment (IG 
5008), NRRL B18131; and 
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0211 pBR322 containing the pFSH 3 fragment, 
NRRL B15793. 

0212 Deposits B18124, B18126, B18127, B18128 and 
B18131 were deposited on Oct. 17, 1986; deposits B18139 
and B18140 were deposited on Nov. 19, 1986; and deposit 
B15793 was deposited on 
0213 Applicants acknowledge their responsibility to 
replace these cultures should they die before the end of the 
term of a patent issued hereon, 5 years after the last request 
for a culture, or 30 years, whichever is the longer, and their 
responsibility to notify the depository of the issuance of Such 
a patent, at which time the deposits will be made available 
to the public. Until that time the deposits will be made 
available to the Commissioner of Patents under the terms of 
37 C.F.R. S1-14 and 35 U.S.C. S 112. 

0214) Other Embodiments 
0215. Other embodiments are within the following 
claims. For example: 
0216. Other heteropolymeric proteins, e.g., thyroid 
Stimulating hormone, can be produced, as can human or 
animal immunoglobulins or immune response antigens. 
0217. Other host cells, vectors, promoters, transforming 
Sequences, and viruses can also be employed. The host cell 
employed generally is dependent on the vector being used. 
For example, when the Vector is replicating virus or non 
replicating viral DNA, the host cells are cells capable of 
being infected or transfected, respectively, by those vectors, 
e.g., SV40-containing vectors require monkey host cells, 
preferably CV-1 cells. Where the cloning vector is a plasmid 
having procaryotic control Sequences, prokaryotic host cells, 
e.g., E. coli, are used. Where the cloning vector is a plasmid 
having eukaryotic control Sequences, appropriate eukaryotic 
host cells, e.g., mouse C127 cells, are used. 
What is claimed is: 

1. An expression vector encoding two Subunits of a 
heterodimeric protein, each under the control of a Separate 
promoter, Said protein being Selected from the group con 
sisting of) luteinizing hormone (LH), follicle stimulating 
hormone (FSH), and chorionic gonadotropin (CG). 

2. The expression vector of claim 1, Said expression 
vector comprising a plasmid. 

3. The expression vector of claim 1, Said expression 
vector comprising a replicating virus. 

4. A mammalian cell consisting essentially of a cell 
transfected by a first expression vector, Said transfected cell 
being capable of producing a biologically active het 
erodimeric protein having first and Second Subunits, Said 
Selected protein being Selected from the group consisting of 
luteinizing hormone (LH), follicle stimulating hormone 
(FSH), and chorionic gonadotropin (CG), each of said 
Subunits of Said protein being encoded by Said first expres 
Sion vector under the control of a separate promoter, or 
progeny of Said transfected cell containing the promoters 
and DNA sequences for Said Subunits imparted by Said 
VectOr. 

5. The cell of claim 4 wherein, in said transfected cell, 
Said expression vector is autonomously replicating. 

6. A mammalian cell consisting essentially of a cell 
transfected by a first expression vector and a distinct Second 
expression vector, Said transfected cell being capable of 
producing a biologically active heterodimeric protein having 
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first and Second Subunits, said protein being Selected from 
the group consisting of luteinizing hormone (LH), follicle 
Stimulating hormone (FSH), chorionic gonadotropin (CG) 
and thyroid stimulating hormone (TSH), the first subunit of 
Said protein being encoded by Said first expression vector 
and the Second Subunit of Said protein being encoded by Said 
Second expression vector, or progeny of Said transfected cell 
containing the promoters and DNA sequences for Said 
Subunits imparted by Said vectors. 

7. The cell of claim 6 wherein, in said transfected cell, 
Said expression vectors are autonomously replicating. 

8. The cell of claim 4 or claim 6, wherein, in said 
transfected cell, Said first vector is a plasmid. 

9. The cell of claim 4 or claim 6, wherein, in said 
transfected cell, transcription of each of the two different 
Subunits of said heterodimer is under the control of an SV40 
late promoter. 

10. The cell of claim 4 or claim 6, wherein, in said 
transfected cell, transcription of one Subunit of Said het 
erodimer is under the control of the SV40 early promoter, 
and transcription of the other Subunit of Said heterodimer is 
under the control of the mouse metallothionein promoter. 

11. The cell of claim 10, wherein, in said transfected cell, 
said first vector comprises at least the 69% transforming 
region of the bovine papilloma virus genome. 

12. The cell of claim 4 or claim 6, wherein said transfected 
cell is a monkey cell. 
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13. The cell of claim 4 or claim 6, wherein said transfected 
cell is a mouse cell. 

14. A mammalian cell in accordance with either one of 
claim 4 or claim 6, wherein Said first and Second Subunits are 
from the same mammalian Species. 

15. A method for producing a biologically active het 
erodimeric protein comprising culturing the mammalian 
cells of claim 4 or claim 6. 

16. The cell of claim 4 or claim 6, said protein being 
luteinizing hormone. 

17. The cell of claim 4 or claim 6, said protein being 
follicle Stimulating hormone. 

18. The cell of claim 4 or claim 6, said protein being 
chorionic gonadotrophin hormone. 

19. A method for producing a biologically active het 
erodimeric protein comprising culturing the mammalian 
cells of claim 5 or claim 7. 

20. A mammalian cell consisting essentially of a cell 
produced by recombinant DNA techniques, Said recombi 
nant cell being capable of producing a biologically active 
hormone selected from luteinizing hormone (LH), follicle 
Stimulating hormone (FSH) and chorionic gonadotrophin 
(CG), or progeny of Said recombinant cell capable of pro 
ducing Said hormone. 


