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THE REGENTS OF THE UNIVERSITY OF
CALIFORNIA

UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF CALIFORNIA

The Regents of the University of California, a
California Public Corporation,

Plaintiff,
v.
Monsanto Company, a Delaware Corporation,

Defendant.

ADR
E-filing
C04 00634 PV

COMPLAINT FOR PATENT
INFRINGEMENT

JURY TRIAL DEMANDED

Plaintiff The Regents of the University of California, by its undersigned attorneys, complains

of the defendant and avers as follows:

THE PARTIES

1. Plaintiff The Regents of the University of California is a public corporation under the

laws of the State of California operating under Article 9, Section 9 of the California Constitution,

having its principal place of business at 1111 Franklin Street, Oakland, California 94612-3550.
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2. Defendant Monsanto Company (“Monsanto’) is a Corporation organized under the
laws of the State of Delaware, which has offices, conducts business and resides in the Northern
District of California. Monsanto sells POSILAC™, a veterinary drug used to enhance milk
production, to diary farms within this judicial district. Monsanto also has an established place of
business at 800 N. Lindbergh Blvd., Saint Louis, Missouri, 63167.

JURISDICTION AND VENUE

3. This civil action is an action for patent infringement arising under the patent laws of
the United States, Title 35 U.S.C. § 271 et seq. and Chapter 29, Section 281 ef seq. against Monsanto.
This Court has subject matter jurisdiction under 28 U.S.C. § 1331 (federal question) and § 1338(a)
(patents).

4. Venue exists pursuant to 28 U.S.C. §§ 1391(c) & 1400(b) in that Monsanto is subject
to personal jurisdiction and therefore resides in this district, has a regular place of business in this
district, and has committed acts of infringement in this district.

CLAIM FOR PATENT INFRINGEMENT

5. The Regents is the assignee and owner of the entire right, title and interest in and to
United States Letters Patent Number 6,692,941 (the ‘941 Patent), titled “Bovine Growth Hormone”
by assignment from the inventors Drs. Walter L. Miller, Joseph A. Martial, and John D. Baxter.

6. The ‘941 Patent was duly and legally issued on February 17, 2004. A true and correct
copy of The Regents’ ‘941 Patent is attached hereto as Exhibit A.

7. The ‘941 Patent provides a written description and claims inventions relating to the
discovery and isolation of DNA sequences coding for bovine growth hormone, also known as bovine
somatotropin, and for bovine pre-growth hormone and DNA molecules and microorganisms that
express bovine growth hormone and bovine pre-growth hormone.

8. Monsanto had knowledge of the applications that led to the ‘941 Patent, including
draft claims in these applications, since at least 1985.

9, On information and belief, Monsanto learned of the ‘941 Patent on February 17, 2004.

COMPLAINT 2
CASENO.
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10. Monsanto makes, uses, sells and imports POSILAC™, a veterinary drug whose active
ingredient is bovine growth hormone. These activities infringe one or more claims of the ‘941 Patent
literally and by the doctrine of equivalents. Further and in the alternative, Monsanto is actively
inducing such infringement by others.

11 On information and belief, Monsanto has and will continue to receive significant
revenue from the activities described in the preceding paragraph.

12. Monsanto’s unlicensed use of the inventions claimed in the ‘941 Patent injure The
Regents, and The Regents is entitled to relief pursuant to 28 U.S.C. § 284. By its actions, Monsanto
is depriving The Regents of its investment in the patent, misappropriating technology and is thereby
causing and continuing to cause The Regents irreparable harm.

13. On information and belief, Monsanto infringed and is infringing the ‘941 Patent with
knowledge of Plaintiff’s patent rights and without a reasonable basis for believing that Monsanto’s
conduct 1s lawful. Monsanto’s acts of infringement have been and continue to be willful and
deliberate.

WHEREFORE, plaintiff respectfully prays for the entry of judgment:

1. Declaring that United States Letters Patent Number 6,692,941 is valid and that
Monsanto has infringed United States Letters Patent Number 6,692,941 or is inducing
others to do so.

2. Awarding The Regents its damages, together with prejudgment interest costs, and
disbursements as provided by 35 U.S.C. § 284;

3. Awarding The Regents treble its damages caused by Monsanto’s willful infringement
pursuant to 35 U.S.C. § 284.;

4, Declaring this an exceptional case within the meaning of 35 U.S.C. § 285 and
awarding The Regents its reasonable attorneys fees and costs in this action; and

5. Granting such other and further relief as the Court shall deem just and proper.

COMPLAINT 3
CASENo.
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DEMAND FOR JURY TRIAL
Plaintiff demands a trial by jury of any and all issues triable of right by a jury in the above-

captioned action.

Dated:  February 17, 2004 GERALD P. DODSON
ERIK J. OLSON
MORRISON & FOERSTER LLP

By é@ﬂ%&oﬂ\
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Attorneys for Plaintiff
THE REGENTS OF THE UNIVERSITY OF
CALIFORNIA

JAMES E. HOLST

P. MARTIN SIMPSON, JR.

OFFICE OF THE GENERAL COUNSEL
THE REGENTS OF THE UNIVERSITY OF
CALIFORNIA

1111 Franklin Street, 12th Floor

Oakland, California 94612-3550
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CERTIFICATE OF INTERESTED ENTITIES OR PERSONS

Pursuant to Civil L.R. 3-16, the undersigned certifies that the following listed persons,
associations of persons, firms, partnerships, corporations (including parent corporations) or other
entities (i) have a financial interest in the subject matter in controversy or in a party to the proceeding,
or (i1) have a non-financial interest in that subject matter or in a party that could be substantially
affected by the outcome of this proceeding:

The Regents of the University - assignee and owner of US Patent No. 6,692,941

Dr. Walter L. Miller - inventor

Dr. Joseph A. Martial - inventor

Dr. John D. Baxter - inventor

Dated: February 17, 2004 GERALD P. DODSON
ERIK J. OLSON
MORRISON & FOERSTER LLP

Attomeys for Plaintiff .
THE REGENTS OF THE UNIVERSITY OF
CALIFORNIA

JAMES E. HOLST ‘
P. MARTIN SIMPSON, JR.
OFFICE OF THE GENERAL COUNSEL
- THE REGENTS OF THE UNIVERSITY OF
CALIFORNIA
1111 Franklin Street, 12th Floor
Oakland, California 94612-3550
(510) 987-9800

CERTIFICATE OF INTERESTED ENTITIES OR PERSONS
CasENo.
pa-862232
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BOVINE GROWTH HORMONE

This application is a continuation of U.S. Ser. No.
07/090,937, filed Aug. 28, 1987 now abandoned, which is a
continuation of U.S. Scr. No. 06/489,557 filed Apr. 28, 1983,
which is a continuation of U.S. Ser. No. 06/181,348 filed
Aug. 26, 1980, all now abandoned.

BACKGROUND OF THE INVENTION

Growth hormone is a polypeptide hormone synthesized in
and secreted by the adenohypophysis (anterior lobe of the
pituitary). Growth hormone is synthesized as a precursor
protein (pre-growth hormone) containing an N-terminal
signal peptide and the growth hormone sequence. The amino
acid sequence for bovine growth hormone has been deter-
mined (Dayhoff, M. D, et al, Atlas of Protein Sequence and
Structure, Vol. 5, Supp. 3, pp. 345-352, National Biomedical
Research Foundation, Washington, D.C. (1978).

Growth hormone is normally produced throughout life,
although in highest amounts during the pre-adult period. The
hormone is required for pre-adult growth. Although its
mechanism is not understood in detail, growth hormone is
known to promote skeletal growth, nitrogen retention, pro-
tein synthesis and affects glucose and lipid metabolism. In
other words, growth hormone is a general anabolic agent.

Uses of bovine growth hormone are based on its known
biological activity described above. Bovine growth hormone
may be administered to young cattle in order to increase
their rate of growth and weight gain, thereby decreasing the
time required between birth and marketing for beef. The
resulting increase in meat production could be significant.
Furthermore, bovine growth hormone differs from ovine
growth hormone by only a few amino acids. Thus, bovine
growth hormone may be administered to sheep to accom-
plish the same goal in sheep as in cattle, i.e., increasing rate
of growth and weight gain and thus increasing meat pro-
duction. It is also possible that bovine growth hormone can
be administered to hogs or other animals to accomplish the
same goals.

Basic techniques for cloning DNA sequences are now
known. For example, Seeburg, P. H., et al, Nature, 270, 486
(19771 describes the cloning of the rat growth hormone
gene; Shine, J., et al, Nature, 270, 494 (1977) describes the
cloning of the human chorionic somatomammotropin gene;
and Derynck, R., et al, Nature, 285, 542 (1980) describes the
cloning of the human fibroblast interferon gene.

Methods for the expression of heterologous DNA in a
microorganism are now known. In principle, the heterolo-
gous DNA coding sequence is inserted in a DNA transfer
vector at a point located within an expressible operon. For
the production of a hybrid protein the inserted sequence
must be in reading frame phase with the coding sequence of
the operon, and oriented in the same direction with respect
to translation. When the conditions are met, translation of
the operon results in “readthrough” to the inserted coding
sequence such that the protein produced is a fusion protein
comprising an N-terminal amino acid sequence coded by the
expressible operon, followed by an amino acid sequence
coded by the insert. See Polisky, B., et al,
Proc.NatAcad.Sci.USA, 73, 3900 (1976); Itakura, K., et al,
Science, 198, 1056 (1979). Several expressible operons have
been employed, including those for B-galactosidase,
fB-lactamase, and tryptophan.

Abbreviations used herein are those abbreviations com-
monly accepted and used by one of ordinary skill in the art.

For example, these abbreviations are accepted by the
J.Biol. Chem., without further elucidation,
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2
SUMMARY OF THE INVENTION

The present invention discloses the cloning of a DNA
coding for bovine growth hormone and the expression of the
cloned DNA in microorganisms.

mRNA coding for bovine growth hormone is isolated
from bovine pituitaries, A reverse transcript (a cDNA copy)
of the mRNA is prepared and inserted into a transfer vector,
The transfer vector is used to transform bacteria which
express the cloned cDNA.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the DNA sequence of the DNA insert in pBP348
encoding bovine pregrowth hormone and the deduced amino
acid sequence of the encoded protein.

FIG. 2 shows results of gel electrophoresis of extracts
from Ecoli transformed with pBP348.

DETAILED DESCRIPTION OF THE
INVENTION

A DNA sequence coding for bovine growth hormone is
obtained by using the cDNA method. The basic techniques
of the cDNA method are known and can be illustrated by
Seeburg, P. H., et al, supra, and Derynck, R, et al, supra. The
CDNA is synthesized by using an RNA preparation
extracted from bovine pituitaries as the template.

The RNA is isolated from bovine pituitaries using con-
ventional techniques. Polyadenylated RNA is isolated by
affinity chromatography. The integrity of the polyadenylated
RNA is assessed by performing cell-free translation of the
polyadenylated RNA as described by Miller, W. L. and
McCarthy, B. J., J.Biol. Chem., 254, 742 (1979) and Martial,
J. A, et al, Proc. NatAcad.Sci.USA, 74, 1816 (1977) and
analyzing the proteins produced by SDS-acrylamide gel
electrophoresis as described by Laenunli, U K., Nature, 227,
680 (1970). Bovine growth hormone is further identified by
an immune precipitation reaction as described by Martial, J.
A, et al, Proc.Nat Acad.Sci.USA, supra.

The polyadenylated RNA is used as the template for
preparing a double-stranded cDNA copy using conventional
techniques. The first ¢cDNA strand is synthesized using
reverse transcriptase, an oligo-dT primer and the polyade-
nylated RNA as described by Miller and McCarthy, supra,
and Monahan, J. I, et al, Biochem., 15, 223 (1976). RNA is
removed by alkali digestion and the single-stranded cDNA
is used to self-prime the synthesis of the second strand by
reverse transcriptase, The single-stranded hairpin loop is
removed by digestion with S1 nuclease (Leong, J. A,, et al,
J.Virol., 9, 891 (1972), as described by Ullrich, A, et al
Science 196: 1313 (1977).

The cDNA is now ready for insertion into an appropriate
transfer vector using conventional techniques. For example,
a synthetic nucleotide containing a recognition site for a
particular restriction endonuclease can be blunt-end ligated
to the cDNA, The cDNA and transfer vector are separately
incubated with the restriction endonuclease and then
anncaled to form the transfer vector containing the cDNA.
Altcrnatively, the cDNA can be dC-tailed using dCTP and
terminal transferase as described by Roychoudhury, R., et al,
NuclAcids Res., 3, 863 (1976). The transfer vector, after
digestion with a restriction endonuclease such as Pst I can be
dG tailed using the same procedure. The dG-tailed transfer
vector and dC-tailed cDNA are then annealed to form the
transfer vector containing the cDNA. The transfer vector
containing the CDNA is then used to transform a suitable
host, such as E. coli X1776, as described by Cooke, N. E.,
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et al, J.Biol.Chem., 255, 6502 (1980), Colonies are selected
for tetracycline resistance. Selected colonies are screened by
conventional techniques. These may include (1) removing
the cDNA by an appropriate restriction endonuclease and
analyzing it by electrophoresis and hybridization (Southemn,
E.M.,J.Mol. Biol., 98, 503 (1975)), or (2) replica-plating as
described by Grunstein, M. and Hogness, D. S.,
Proc.NatAcad.Sci. USA, 72, 3961 (1975) and hybridizing
with an appropriate probe, or (3) examine colonies directly
for expression by RIA or other techniques. DNA coding for
bovine growth hormone can be prepared from the insert
coding for bovine growth pre-hormone. The DNA coding for
the pre-hormone is removed by an appropriate restriction
endonuclease. For example, if the cDNA is inserted in the
Pst I site of the plasmid pBR322, the cDNA insert can be
removed by partial digestion with Pst I as the cDNA for
bovine GH contains two internal Pst I sites. The cDNA is
then digested with Hae II. Alternatively, the recombinant
plasmid derived from pBR322 can be digested with Hae II
to remove a portion of the cDNA insert, The Hae I1 digestion
removes the DNA coding for the N-terminal signal peptide
and two of the three bases coding for the N-terminal Ala of
growth hormone. These bases are replaced by serially incu-
bating the insert with the Klenow fragment of DNA poly-
merase I and the appropriate deoxynucleotide. The cDNA
coding for growth hormone is then inserted into an appro-
priate transfer vector as described above.

The cloned DNA is expressed in bacteria to yield either a
fusion protein comprising the bovine growth hormone coded
by the inserted sequence, or the bovine growth hormone
itself. Several possible techniques are available as options,
and may include (a) modification of the coding sequences to
provide an exact desired translational starting point; (b)
selection or construction of an optimal expression vector; (c)
post-translational processing, either by exploiting in vivo
processing activity of the host or by in vitro chemical means;
and direct expression. When a fusion protein is expressed,
modification of the cloned nucleotide sequence will gener-
ally be unnecessary as long as the resulting sequence permits
translation of the insert in the correct reading frame and no
stop codons intervene before the initial codon of the inserted
sequence.

Growth pre-hormone or growth hormone is expressed as
a fusion protein by insertion of the cDNA into appropriate
sites within expressed operons (expression vectors) includ-
ing for example, the Pst I site in the B-lactamase gene of
pBR322 (Villa-Komaroff, L., et al, Proc.Nat. Acad.Sci.USA,
75, 3727 (1978)) (Seeburg, P., et al Nature 274: 795 (1978))
the EcoRI site of pBR322 carrying the lac control region and
coding sequence for B-galactosidase (Itakura, K., supra), or
the HindlII site of the trpD gene of plasmid ptrpED30
Martial, J., et al, Science, 205, 602 (1979)). Modifications of
sequence length by onc or two nucleotides in order to
achieve correct reading frame phase are well known in the
art. Insertions at the Pst [ site of pBR322, with the aid of the
tailing procedure, occur in correct phase and reading frame
with a probability of 1/6.

Growth pre-hormone or growth hormone is prepared from
a fusion protein susceptible of specific cleavage in vitro. The
cloned nucleotide sequence is modified to code for amino
acid sequences providing specificity for a proteolytic
enzyme. A useful sequence is AspAspAspAspLys, cleaved
preferentially by the enzyme enterokinase, as described in
copending application Ser. No. 125,878, filed Feb. 29, 1980,
incorporated herein by reference. As described therein, a
linking nucleotide sequence coding for the foregoing amino
acid sequence is inserted adjacent the nucleotide sequence
coding for the amino terminus of growth pre-hormone.
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For growth pre-hormone such insertion requires modifi-
cation of the original CDNA insert, by removal of nucle-
otides on the 5' end of the growth pre-hormone coding
sequence. The d cDNA insert for growth hormone, described
supra, docs not need to be modified. The modification of the
inscrt for growth pre-hormone is accomplished either by
controlled digestion of the 3' end of the insert using 3'
exonuclease or T4 DNA polymerase or by the combination
of restriction endonuclease cleavage at a point to the 5' side
of the desired starting point and chemical synthesis to
restore that portion of the desired sequence thus removed.
For further details of these procedures, see copending appli-
cation Ser. No. 125,878, By following these procedures,
preferably using T4 DNA polymerase and S1 nuclease, the
¢DNA sequence coding for growth pre-hormone and lacking
the 5' untranslated region is obtained. The linker nucleotide
scquence coding for the foregoing amino acid sequence is
blunt-end ligated to the cDNA coding for either growth
pre-hormone or growth hormone using DNA ligase as
described by Valenzuela et al, Nature, 280, 815 (1979). The
modified CDNA sequence is inserted into a fusion protein
express vector as previously described. Host bacteria, such
as E. coli HB101, RR1, or X1776, or other bacteria are
transformed by the recombinant vectors bearing the inserted
growth pre-hormone coding region. Transformants are
selected for resistance to ampicillin. Transformants are then
grown under conditions suitable for expression of the fusion
protein. After expression of the fusion protein, the growth
pre-hormone or growth hormone is cleaved out by enzy-
matic hydrolysis using enterokinase.

By the use of appropriate expression transfer vectors, the
growth pre-hormone of the present invention is expressed
directly, ie., not fused to any procaryotic protein. The
underlying principle of direct expression is that the inserted
DNA segment entirely replaces the coding segment nor-
mally transcribed and translated by the bacterial control
region. The essential component of the control region to be
preserved is tcrmed the expression unit, which includes a
promoter and a ribosomal binding site capable of acting in
the host organism. It is not necessary to remove all of the
nucleotides coding for the host portion of the fusion protein.
The relationship between the ribosomal binding site and the
start codon (AUG) is such that the start codon may be
located anywhere within 3-11 nucleotides of the ribosomal
binding site. Shine, J., et al, Proc.Nat.Acad.Sci.USA, 71,
1342 (1974) and Steitz, J., Proc.Nat Acad.Sci.USA, 72,4734
(1975), In this 3-11 nucleotide region, the first AUG 1o be
encountered sets the reading frame for translation. In the
case of ptrpE30, derived from ptrpED50 described, supra,
and containing the operator, promoter, attenuator and ribo-
some binding sequences of the tryptophan operon together
with the nucleotide sequence coding for seven amino acids
of the trp E portein followed by a HindIII site, the removal
of a minimum of 23-29 nucleotides from the HindIII site
provides a site for insertion of the ¢cDNA insert under
tryptophan operon control.

For the direct expression of growth pre-hormone, the
3original cDNA insert is modified as described above to
remove the 5' untranslated region. A vector for direct expres-
sion can be constructed by modification of ptrpE30 by
removing 23-29 nucleotides using T4 DNA polymerase and
S1 nuclease as described above. A linker nucleotide
sequence containing the restriction sequence for Bam HI
endonuclease is blunt-end ligated to both the modified
cDNA insert and the modified ptrpE30 by the procedure of
Valenzuela, et al, supra. This is done to facilitate insertion
which is performed essentially as described by Ullrich, A. et
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al, Science, 196, 1313 (1977). Host bacteria such as E. coli,
HB101, RR1, or X1776 or other bacteria are transformed
vectors bearing the inserted growth pre-hormone coding
region. Transformants are selected for resistance to ampi-
cillin and then grown under conditions suitable for expres-
sion of growth pre-hormone.

Growth hormone can be expressed directly by following
the procedure described in Goeddel, D. V,, et al, Nature, 281,
544 (1979). Alternatively, a linker nucleotide sequence
containing the Bam HI site and the start codon (AUG) can
be blunt-end ligated to the cDNA coding for growth hor-
mone. This modified cDNA is then inserted into the modi-
fied ptrpE30 as described above.

Growth pre-hormone is converted to growth hormone by
removal of the N-terminal sequence of hydrophobic amino
acids that comprise the signal peptide. In vitro removal of
the signal peptide might be carried out by treating the protein
extracted from transformed, induced cells with a preparation
of “rough” microsomes as described by Jackson, R. C. and
Blobel, G., Proc. NatAcad.Sci.USA, 74, 5598 (1977). In
vivo removal of the signal peptide may occur during direct
bacterial expression of the growth pre-hormone coding
sequence. Bacterial and mammalian signal peptides share
sequence similarities. Proteins having mammalian signal
peptides may be processed by bacterial cells resulting in
excretion of growth hormone into the periplasmic space or
into the medium.

Growth pre-hormone and growth hormone synthesized as
described are purified by techniques well known in the art,
including for example, gel filtration, ion exchange
chromatography, affinity chromatography and differential
solubility techniques.

The details of the present invention will be further
described by the following examples, In these examples,
digestions with restriction endonucleases were carried out
under conditions optimized for each enzyme. Restriction
endonucleases, their nomenclature and site specificity have
been described in detail by Roberts, R., Crit.Rev.Biochem.,
4, 123 (1976). Enzymes were obtained commercially (New
England Biolabs, Cambridge, Mass.) and optimal conditions
according to supplier’s recommendations were employed
unless noted otherwise. Reverse transcriptase was provided
by Dr. J. Beard, Life Sciences, Inc., St. Petersburg, Fla. The
use of reverse transcriptase and suitable reaction conditions
have been described previously by Seeburg, P. H,, et al,
Nature 276, 795 (1978); Seeburg, P. H., et al, supra; and
Shine, J., et al, supra., T4 DNA polymerase was obtained
from New England Biolabs. The use of T4 DNA polymerase
and suitable reaction conditions have been previously
described in copending application Ser. No. 125,878. Micro-
coccal S1 nuclease was obtained from Miles Laboratories,
Elkhart, Ind. The use of S1 nuclease and suitable reaction
conditions have heen previously described by Ullrich, A.,
supra. Terminal deoxynucleotide transferase was obtained
from Enzo Biochemicals, New York, N.Y. The use of this
enzyme and suitable reaction conditions have been previ-
ously described by Roychoudhury et al, supra. The Klenow
fragment of DNA polymerase 1 was obtained from Boe-
hringer Biochemicals, Indianapolis, Ind.

EXAMPLE 1

Synthesis of bovine growth pre-hormone cDNA. Female
bovine pituitaries were collected shortly after killing and
were {rozen immediately in liquid nitrogen. Total RNA was
prepared by homogenizing the pituitarics in a guanidine
thiocyanate solution, Chirgwin, I. M., et al, Biochem., 18,
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5294 (1979). The RNA was centrifuged through 5.7M CsCl
as described by Ullrich, A.,. et al, supra, The RNA was then
extracted with phenol and precipitated with ethanol. Poly-
adenylated RNA was purified using oligo-dT-cellulose affin-
ity chromatography as described by tiller and McCarthy,
supra, and Aviv, H. and Leder, P., Proc.Nat.Acad.Sci.USA,
69, 1408 (1972),

The polyadenylated RNA was translated in a cell-free
system using rabbit reticulocytes as described by Miller and
McCarthy, supra, and Martial, J. A,, et al, supra, (1977).
Bovine growth pre-hormone synthesized in this sytem was
immune;precipitated using a heterologous anti-ovine growth
hormone antiserum and prepared by adsorption to formalin-
fixed Staphylococcus aureus Cowan strain | as described by
Martial, J. A, et al, supra, (1977) The **S-proteins were
electrophoresed on 12.5% SDS slab polyacrylamide gels as
described by Laemmli, supra. This analysis indicated that
polyadenylated RNA coding for bovine growth pre-hormone
represented about 12.6% of the total pituitary polyadeny-
lated RNA.

Polyadenylated RNA was reverse-transcribed into single-
stranded cDNA using reverse transcriptase by the procedure
described by Miller and McCarthy, supra, and Monahan et
al, supra. RNA was removed by alkaline hydrolysis. The
single-stranded cDNA was extracted with phenol, chromato-
graphed over G-50 Sephadex (trademark Pharmacia, Inc.,
Uppsala, Sweden) and ethanol precipitated, The single-
stranded cDNA was uscd to sclf-prime the synthesis of the
sccond strand of cDNA using reverse transcriptase as
described above. The single-stranded at “hairpin loop” at the
3' end of the first strand of cDNA was removed by digestion
with S1 nuclease as described by Leong et al, supra and
Ullrich, A. et al, supra. The double-stranded cDNA was
purified by phenol extraction, chromatography over G-50
Sephadex and ethanol precipitation, The double-stranded
cDNA was 3'dCMP tailed using dCTP and terminal trans-
ferase as described by Roychoudhury et al, supra.

Plasmid pBR322 was cleaved by Pst I endonuclease and
tailed with dGMP by the previously described tailing pro-
cedure except that dGTP is used instead of dCTP. 50 ng of
the dG-tailed, Pst I cleaved plasmid pBR322 and 20 ng of
the dC-tailed double-stranded CDNA were annealed in a 50
4l reaction as described by Cooke, et al, supra.

Transformation of E. coli X1776 with the plasmid prepa-
ration was carried out as follows. E. coli X1776 were
rendered permeable to DNA by incubation in 75 mM CaCl,,
5 mM MgCl,, 10 mM Tris, pH 7.5, for 20 minutes at 4° C.
Plasmid and bacteria were incubated for 60 minutes at 4° C.,
and then 2 minutes at 41° C. Transformed colonies were
selected for tetracycline resistance. The presence of cloned
DNA was determined by colony hybridization to freshly
prepared bovine pituitary *?P labelled cDNA as described by
Grunstein and Hogness, supra. Plasmid DNA was prepared
from selected colonies, cut with Pst I, electrophoresed on
1% agarose, stained with ethidium bromide and photo-
graphed and finally transferred to nitroccllulose filters by the
method of Southern, supra. The presence of growth hormone
sequences in the transferred DNA was assessed by hybrid-
ization to cloned full length rat hormone cDNA (Seeburg, P.
H., et al, supra), labelled by nick translation (Maniatis, R.,
et al, Proc.Nat Acad.Sci.USA, 72, 1184 (1975)). One clone
was obtained which hybridized with the nick-translated
DNA and was designated pBP348. The insert contains 831
base pairs.

EXAMPLE 2

Sequence analysis of the cDNA. Plasmid pBP348 was cut
with Pst I and the phosphate on the 5' ends of the DNA
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fragments was removed with alkaline phosphatase and
replaced with [ P] phosphate using polynucleotide kinase.
Subsequent cutting with a variety of other restriction
endonucleases, polyacrylamide gel electrophoresis, and
staining and autoradiography of the bands of DNA provide
a restriction map of the cloned DNA. A large batch of
pBP348 was then prepared and cut with Pst I, Pvu II or Sau
3A, labeled with gamma [*?P]JATP and polynucleotide
kinase, and then cut with other enzymes to yield DNA
fragments labeled at a single end. These fragments were
prepared by elution from polyacrylamide gel and sequenced
as described by Cooke et al, supra, and Maxam, A. M. and
Gilbert, W., Proc.Nat. Acad. Sci.USA, 74,1560 (1977). The
scquence for the inscrted cDNA is shown in FIG. 1 together
with the corresponding predicted amino acid sequence
coded by the sense strand, i.¢., the strand corresponding in
sequence to the respective mRNA.

The correct reading frame is recognized by the lack of
termination codons over a substantial portion of the inserts.
The amino acid positions are numbered beginning with the
amino-terminal amino acid of bovine growth hormone and
proceeding in the positive direction to the carboxy terminal
end and in the negative direction to the first AUG codon
presumed to be the point of translation initiation. The
sequences suggest, in common with many other hormones,
the synthesis of growth hormone involves posttranslational
processing. The translation of growth hormone mRNA
yields a precursor, growth pre-hormone, containing a signal
peptide which may be released during the transit into the
endoplasmic reticulum.

EXAMPLE 3

Synthesis of cDNA coding for bovine growth hormone.
Plasmid pBP348 is digested with Hae II endonuclease
generating a 1600 base pair fragment. One Hae II site is
within the cDNA insert coding for growth pre-hormone and
the second site is within the pBR322 portion of the plasmid.
The digestion yields the following:

+1 42
St- CTIC...%
3- GCGG AAG...5

Bovine GH may begin with ¢ither the +1 ala or the +2 phe
residue at the NH, terminal end (Dayhoff et al, supra), thus
one might attempt to complete the ala codon or one might
attempt to delete it. This deletion approach is accomplished
by incubating the DNA with dATP and the Klenow fragment
of DNA polymerase I, as the first base of the +2 phe codon
(on the 3'-5' strand) is A. This reaction yields the following:

+1 42
5 CTIC... 3
3 AAG S

The DNA is extracted with phenol and precipitated.
Excess dATP and the digested bases are removed by chro-
matography on G-50 Sephadex. The remaining 5' protuding
C of the +1 ala codon is then removed with S, nuclease as
described by Shine et al Nature 285:456 (1980). This
digestion yields:
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3-  AAG...5

@
.

This DNA can be inserted into a transfer vector as described
in Example 1.

EXAMPLE 4

Expression of bovine growth hormone. Bovine growth
hormone can be expressed by any of the methods described
above. For purposes of illustration only, production of
human growth hormone by direct expression will be
described. It is understood that bovine growth hormone can
be prepared in the same manner and that bovine or human
growth hormone can be prepared by any of the other
described methods.

(A) Expression of bovine growth pre-hormone as a fusion
protein was demonstrated by performing a radioimmunoas-
say experiment and performing a minicell experiment. In the
radioimmunoassay experiment, £. coli X1776 containing
PBR348 or E. coli containing pBR322 as the control were
grown in nutrient broth and collected by centrifugation. The
cells were resuspended and lysed and radiolabelled ovine
growth hormone and antibody ovine (or bovine) to growth
hormone were added. The immune complex was precipi-
tated and radioactivity measured. This experiment shows
that the fusion protein retains some bovine growth hormone
immunoactivity, To further illustrate the production of a
fusion protein, a minicell experiment was performed by
following the procedure described by Meagher, R. B, et al,
Cell, 10, 521 (1977). FIG. 2 shows the gel electrophoresis
bands resulting from E. coli X1776 minicells. Band (a) was
obtained from X1776 transformed with pBP348. Band (b)
was obtained from X1776 transformed with pBR322. Band
(c) is molecular weight markers. (A) indicates the fusion
product of f-lactamase and bovine growth pre-hormone, (B)
indicates pre-lactamase and (C) indicates B-lactamase. This
experiment shows that pBP348 makes a fusion protein
consisting of 183 amino acids of B-lactamase, 217 amino
acids of bovine growth pre-hormone and a few linking
amino acids coded by the normally untranslated 5’ region.
The total molecular weight seen, approximately 45,000,
agrees with the predicted molecular weight of the hybrd
protein.

(B) For the direct expression of bovine growth pre-
hormone the insert DNA is first separated from pBP348 by
partial Pst I endonuclease digestion and purified by prepara-
tive gel electrophoresis. A 15 ug sample of purified insert
DNA is then modified by suspending the DNA in water to
which is added a concentrated solution of salts such that the
final composition comprises 70 mM Tris, pH 8.8, 70 mM
MgCl,, 10 mM dithiothreitol and 13.75 units of T4 DNA
polymerase in a total volume of 250 ul. The reaction mixture
is incubated at 37° C. for several minutes and then dATP is
added to a concentration of 50 mM to terminate cndonucle-
olytic digestion at the next adenine residue. After 30 seconds
of additional incubation, the enzyme is inactivated by heat
treatment at 65° C. for five minutes. This process is repeated
twice more, once in which dCTP is used in place of dATP
and finally in which dTTP is again used. The treated DNA
is recovered by ethanol precipitation. Digestion with S1
nuclease to provide blunt ends is carried out as described by
Ullrich, A., et al, supra. This procedure is designed to
produce a DNA molecule terminated at the start codon at the
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position number -26. Such molecules will be translated
when inserted in an expression vector having an insertion
site about 3—11 nucleotides from the ribosome binding site
scquence of an cxpression unit.

A vector for direct cxpression is constructed by modifi-
cation of the plasmid ptrpE30 by the removal of 23-29
nucleotides using T4 DNA polymerase and S1 nuclease as
described above.

The modified cDNA and the modified expression vector
are provided with a specific linker having the sequence
5'-CCGGATCCGG-3' on one strand and its complementary
sequence on the other by blunt-end ligation using DNA
ligase as described by Valenzuela, supra. The linkers provide
restriction sites sensitive to Bam HI endonuclease which are
employed to facilitate insertion. Insertion is accomplished
by following the procedure of Ullrich, A., et al, supra. Host
bacteria E. coli HB101 or E. coli X1776 are transformed by
the recombinant vectors bearing the inserted modified
growth pre-hormone coding region and transformants are
selected for resistance to ampicillin. A single transformant
designated ptrpE30/bGH is sclected for further analysis.

Bacterial cells transformed by ptrE30/bGH are grown in
a standard minimal medium (M9) supplemented with Leu,
Pro, vitamin B1 and ampicillin at 37° C. In early log phase,
the trp operon is induced by the addition of B-indolylacrylic
acid (30 ug/ml medium). Control cultures are left uninduced.
After three more hours of growth, 1,5 ml of cells are
radioactively labelled by the addition of 20 uCi of 33S-L-
Met and incubated for 10 minutes. The cells are collected by
centrifugation, washed and resuspended in 250 ul of buffer
containing 10% (v/v) glycol, 5% (v/v) 8-mercaptoethanol
and 2.3% (w/v) SDS in 0.0625M Tris, pH 6.8, The suspen-
sion is boiled for five minutes, then applied to a 10% (w/v)
SDS-polyacrylamide gel and fractionated by electrophore-
sis. The protein bands are visualized by autoradiography,
The results show the existence of a new protein band of
about 24,000 daltons not observed in the un-induced or
non-transformed cultures.

The bovine growth pre-hormone is purified by conven-
tional techniques including, for example, gel filtration, ion
exchange chromatography, affinity chromatography and dif-
ferential solubility techniques. Growth pre-hormone is con-
verted to growth hormone by following the procedure
described by Jackson, et al, supra.

While the invention has been described in connection
with specific embodiments thereof, it will be understood that
it is capable of further modifications. This application is
intended to cover any variations, uses or adaptations of the
invention following, in general, the principles of the inven-
tion and including such departures from the present disclo-
sure as come within known and customary practice within
the art to which the invention pertains.

Plasmid pBP348, containing bovine growth hormone
encoding sequences, and transfected into E. coli strain
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X1776, has been deposited at the American Type Culture
Collection, Rockville, Md., on Aug. 26, 1980, and has ATCC
No. 31686.

What is claimed is:

1. A composition of DNA molecules which consists of
DNA molecules encoding bovine growth hormone compris-
ing the amino acid sequence:

10

phe pro ala met ser leu ser gly leu phe ala asn

20

ala val leu arg ala gln his leu his gln leu ala

30

ala asp thr phe lys glu phe glu arg thr tyr ile

40

glu gly gln arg tyr ser ile gln asn thr gln

60
ala

50

val ala phe cys phe ser glu thr ile pro pro

70

thr gly lys asn glu ala gln gln lys ser asp leu

a0

glu leu leu arg ile ser leu leu leu ile gln ser

90

trp leu gly pro leu gln phe leu ser arg val phe

100

thr asn ser leu val phe gly thr ser asp arg val

120
ile

110

tyr glu lys leu lys asp leu glu glu gly leu

130

ala leu met arg glu leu glu asp gly thr pro arg

140

ala gly gln ile leu lys gln thr tyr asp lys phe

150

asp thr asn met arg ser asp asp ala leu leu lys

160

tyr gly leu leu ser cys phe arg lys asp leu

180
lys

170

his lys thr glu thr tyr leu arg val met cys

190
ala ser cys ala

191

arg arqg phe gly glu phe.

2. A recombinant DNA molecule which comprises a
segment encoding a protein in a condition substantially free
of DNA encoding bovine pituitary protein other than bovine
growth hormone, wherein said segment encodes a protein
comprising the amino acid sequence:

10

phe pro ala met ser leu ser gly leu phe ala asn ala val leu

arg ala gln his

phe glu arg thr

30
leu his gln leu ala ala asp thr phe lys glu

20

40
tyr ile pro glu gly gln arg tyr ser ile gln

50 60



asn

thr

arg

phe

asp

asp

lys

arg

said

TTC

CGG

TTT

ACG

CGC

TTT

GAC

GCC

ATC

GAC

CGC
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thr

gly

ile

leu

arg

leu

leu

asp

asp

arg

gln

lys

ser

ser

val

met

lys

ala

leu

phe

val

asn

80
leu

arg
110
tyr
arg
140
gln
leu
170

his

gly

ala

glu

leu

val

glu

glu

leu

lys

glu

phe

ala

leu

phe

lys

leu

tyr

lys

thr

ala
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—~continued
cys phe ser glu

gln

ile

thr

leu

glu

asp

asn

glu

ser

gln

gln

asn

lys

asp

lys

tyr

thr

cys

70
lys
ser
100
ser
asp
130
gly
phe
160
gly
tyr

190
ala

ser

trp

leu

leu

thr

asp

leu

leu

191
phe.
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thr ile

asp leu

leu gly

val phe

glu glu

pro arg

thr asn

leu ser

arg val

segment comprises the nucleotide sequence:

CCA

GCT

GAG

ACC

ATC

CTC

CGT

CTG

CTC

GAC

GAC

CGC

GCC

CAG

CGT

CAG

AAG

TCA

AGC

GTC

CTG

AAG

GCG

CTG

TTC

ATG

20

CAC

ACC

50

GTT

AAT

80

CTG

AGA

110

TAT

CGG

140

CAG

CTG

170

CAT

GGG

TCC

CTG

TAC

GCC

GAG

CTC

GTC

GAG

GAG

ACC

CTC

ARG

GAG

TTG

CAC

ATC

TTC

GCC

CTC

TTC

AAG

CTG

TAT

AAG

ACG

GCC

TCC

CAG

ccG

TGC

CAG

ATC

ACC

CTG

GAA

GAC

GAG

AGC

GGC

CTG

GAG

TTC

CAG

CAG

AAC

AAG

GAT

TAC

ACG

TGT

10

CTG

GCT

40

TCC

70

AAR

TCG

100

AGC

GAC

130

160

GGT

TAC

130
GCC

TTT

GCT

CAG

GAA

TCA

TGG

TTG

CTG

ACC

GAC

CTG

CTG

191
TTC.

GCC AAC

GAC ACC

AGA TAC

ACC ATC

GAC TTG

CTT GGG

GTG TTT

GAG GAA

CCC CGG

ACA AARC

CTC TCC

AGG GTC

pro

glu

pro

gly

gly

ala

met

cys

met

. The recombinant DNA molecule of claim 2 wherein

GCT

TTC

TCC

CCG

GAG

cce

GCT

ATG

ATG

4. A microorganism transformed with the DNA molecule
of claim 3.
5. The recombinant DNA molecule of claim 2 which 65
further comprises sequences capable of effecting the expres-
sion of said segment when contained in a microorganism.

ala

leu

90
leu
thr
120
ile
gly
150
arg
phe

180
lys

GTG

ATC

60
GCC
CTG

90
CTG
ACC
120
ATC
GGG

150
CGC

180
ARG

12

pro
leu
gln
ser
leu
gln
ser
arg

cys

6. A microorganism transformed with the DNA molecule
of claim 5.

CTC
GAG
CAG
[elele}
CTT
CAG
TCG
TTG
CAG
AGT
CGG

TGC

7. A method to produce bovine growth hormone which
method comprises culturing the microorganism of claim 6
under conditions wherein said expression is cffected to
produce said bovine growth hormone; and

recovering the bovine growth hormone from the culture.
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8. A microorganism transformed with the DNA molecule
of claim 2.

9. A microorganism that contains bovine growth hormone
which hormonc has the amino acid sequence:

10
phe pro ala met ser leu ser gly leu phe ala asn ala val leu

20 30
arg ala gln his leu his gln leu ala ala asp thr phe lys glu

40
phe glu arg thr tyr ile pro glu gly gln arg tyr ser ile gln

S0 60
asn thr gln val ala phe cys phe ser glu thr ile pro ala pro

70
thr gly lys asn glu ala gln gln lys ser asp leu glu leu leu

80 90
arg ile ser leu leu leu ile gln ser trp leu gly pro leu gln

100
phe leu ser arg val phe thr asn ser leu val phe gly thr ser

110 120
asp arg val tyr glu lys leu lys asp leu glu glu gly ile leu

130
ala leu met arg glu leu glu asp gly thr pro arg ala gly gln

140 150
ile leu lys gln thr tyr asp lys phe asp thr asn met arg ser

160
asp asp ala leu leu lys asn tyr gly leu leu ser cys phe arg

170 180
lys asp leu his lys thr glu thr tyr leu arg val met lys cys

190 191
arg arg phe gly glu ala ser cys ala phe.

10. A method to produce bovine growth hormone which
method comprises recovering the bovine growth hormone
from the microorganism of claim 9.

40

11. A method to produce bovine growth hormone from a
recombinant DNA vector, which method comprises:

a) preparing cDNA from RNA isolated from a bovine 4°
source which DNA encodes bovine growth hormone;

b) preparing a first DNA segment from the cDNA pre-
pared in step a);
¢) preparing a second DNA segment from a host vector 5°

capable of replicating in a microorganism and contain-
ing control sequences for expression;

d) ligating the first DNA segment to the second DNA
segment to form an expression vector effective in 55
expressing the first DNA segment encoding bovine
growth hormone;

€) inserting the expression vector into a microorganism;

f) growing the microorganism in culture under conditions 60
wherein said bovine growth hormone is produced; and

g) recovering said bovine growth hormone from the
culture.
12. A composition of DNA molecules which consists of
DNA molecules encoding bovine pregrowth hormone of the
amino acid sequence:



~26
met

leu

met

20

thr

50
val

80
leu
arg
110
tyr
arg
140
gln
leu
170

his

gly
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met

-10

leu

ser

leu

tyr

ala

glu

leu

val

glu

glu

thr

leu

lys

glu

ala

cys

leu

hie

ile

phe

ala

leu

phe

lys

leu

tyr

lys

thr

ala

ala

leu

ser

gln

pro

cys

gln

ile

thr

leu

glu

asp

asn

glu

ser

gly

pro

gly

leu

glu

phe

gln

gln

asn

lys

asp

lys

tyr

thr

cys

pro

trp

10
leu
ala

40
gly
ser

70
lys
ser

100
ser

asp
130
gly
phe
160
gly
tyr

190
ala

15

~-20
arg

thr
phe
ala
gln
glu
ser
trp
leu
leu
thr
asp
leu
leu

191
phe.

thr

gln

ala

asp

arg

thr

asp

leu

val

glu

pro

thr

leu

arg

ser

val

asn

thr

tyr

ile

leu

gly

phe

glu

arg

asn

ser

val

leu

val

ala

phe

ser

pro

glu

pro

gly

gly

ala

met

cys

met

leu

gly

val

30
lys
ile

60
ala
leu

90
leu
thr
120
ile
gly
150
arg
phe

180
lys
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leu

ala

leu

glu

gln

pro

leu

gln

ser

leu

gln

ser

arg

cys

ala

phe

arg

phe

asn

thr

arg

phe

asp

ala

ile

asp

lys

arg

13. A recombinant DNA molecule which comprises a
segment encoding a protein in a condition substantially free
of DNA encoding bovine pituitary protein other than bovine
pregrowth hormone, wherein said segment encodes a protein
of the amino acid sequence:

-26

phe

pro

ala

glu

thr

gly

ile

leu

arg

leu

leu

asp

asp

arg

40

met met

-10
leu leu

met ser

his leu

thr tyr

S50

val ala

asn glu

80

arg val

ala

ala

gln

arg

gln

lys

ser

ser

val

met

lys

ala

leu

phe

ala

cys

leu

his

ile

phe

ala

leu

phe

ala

leu

ser

gln

pro

cys

gln

ile

thr

gly

pro

gly

leu

glu

phe

gln

gln

asn

pro

trp

10
leu

ala

40
gly
ser

70
lys
ser

100
ser

-20
arg

thr

phe

ala

gln

glu

ser

trp

leu

thr

gln

ala

asp

arg

thr

asp

leu

val

16

ser
val
asn
thr
tyr
ile
leu
gly

phe

leu

val

ala

phe

ser

pro

glu

pro

qly

leu

gly

val
30
lys
ile
60
ala
leu
90

leu

thr

leu

ala

leu

glu

gln

pro

leu

gln

ser

ala

phe

arg

phe

asn

thr

arg

phe

asp

phe

pro

ala

glu

thr

gly

ile

leu

arg

ala

ala

gln

arg

gln

lys

ser

ser

val
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~continued

110 120

tyr glu lys leu lys asp leu glu glu gli ile leu ala
130

arg glu leu glu asp gly thr pro arg ala gly gln ile

140 150

gln thr tyr asp lys phe asp thr asn met arg ser asp
160

leu leu lys asn tyr gly leu leu ser cys phe arg lys

170 180

his lys thr glu thr tyr leu arg val met lys cys arg
190 191

gly glu ala ser cys ala phe.

14. The recombinant DNA molecule of claim 13 wherein
said segment has the nucleotide sequence:

~26
ATG

-20

ATG GCT GCA GGC CCC CGG ACC TCC CTG CTC CTG GCT

-10 . 1

CTC TGC CTG CCC TGG ACT CAG GTG GTG GGC GCC TTC CCA

10

TTG TCC GGC CTG TTT GCC AAC GCT GTG CTC CGG GCT CAG

30

CAG CTG GCT GCT GAC ACC TTC AAA GAG TTT GAG CGT ACC

40
GGA

50

GAG CAG AGA TAC TCC ATC CAG AAC ACC CAG GTT GCC

60

TCC ACC ATC CCG GCC CCC ACG AAG AAT GAG GCC

80

TCA GAC TTG GAG CTG CTT CGC ATC TCA CTG CTC CTC ATC

90

CTT GGG CCC CTG CAG TTT CTC AGC AGA GTC TTC ACC AAC

110

TTT GGC ACC TCG GAC CGT GTC TAT GAG AAG CTG AAG GAC

120
ATC

130

GGC TTG GCC CTG ATG CGG GAG CTG GAA GAT GGC ACC

140

GGG CAG ATC CTC AAG CAG ACC TAT GAC GAC ACA

160

AGT GAC GAC GCG CTG CTC AAC TAC GGT CTG CTC TCC

170

GAC CTG CAT AAG ACG GAG ACG TAC CTG GTC ATG

190
GCC

191

CGC TTC GGG GAG GCC AGC TGT TTC.

15. A microorganism transformed with the DNA molecule
of claim 14.

16. The recombinant DNA molecule of claim 13 which
further comprises sequences capable of effecting the expres-
sion of said segment when contained in a microorganism.

17. A microorganism transformed with the DNA molecule
of claim 16.

leu

leu

asp

asp

arg

TTC

GCC

20

CAC

TAC

TTC

CAG

CAG

100

AGC

CTG

cce

ARC

TGC

180
ARG

60

65

18

met
lys
ala
leu

phe

GCC CTG

ATG TCC

CTG CAC

ATC CCG

TGC TTC

CAG

TCG TGG

TTG GTG

GAG GAA

CGG GCT

150

ATG CGC

TTC CGG

TGC CGC

18. A method to effect expression of the scgment of the
DNA molecule of claim 16 which method comprises cul-
turing a microorganism containing said DNA molecule
under conditions wherein said expression is effected.

19. A microorganism transformed with the DNA molecule
of claim 13.

20. A microorganism that contains bovine pregrowth
hormone which pregrowth hormone has the amino acid
sequence:



-26
met

leu

met

20

thr

50
val
asn

80

arg
110
tyr
arg
140
gln
leu
170

his

gly
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met

-10

leu

ser

leu

tyr

ala

glu

leu

val

glu

glu

thr

leu

lys

glu

ala

cys

leu

his

ile

phe

ala

leu

phe

lys

leu

tyr

lys

thr

ala

ala

leu

ser

gln

pro

cys

gln

ile

thr

leu

glu

asp

asn

glu

ser

gly

pro

gly

leu

glu

phe

gln

gln

asn

lys

asp

lys

tyr

thr

cys

pro

trp

10
leu
ala

40
gly
ser

70
lys
ser

100
ser

asp
130
gly
phe
160
gly
tyr

190
ala

19

-20
arg

thr
phe
ala
gln
glu
ser
trp
leu
leu
thr
asp
leu
leu

181
phe.

thr

gln

ala

asp

arg

thr

asp

leu

val

glu

pro

thr

leu

arg

ser

val

asn

thr

tyr

ile

leu

gly

phe

glu

arg

asn

ser

val

leu

val

ala

phe

ser

pro

glu

pro

9ly

gly

ala

met

cys

met

leu

gly

val

30
lys
ile

60
ala
leu

90
leu
thr
120
ile
gly
150
arg
phe

180
1lys
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leu

ala

leu

glu

gln

pro

leu

gln

ser

leu

gln

ser

arg

cys

ala

phe

arg

phe

asn

thr

arg

phe

asp

ala

ile

asp

lys

arg

21. A method to produce bovine growth hormone from a
recombinant DNA vector, which method comprises:

a) preparing ¢cDNA from RNA isolated from a bovine
source which DNA encodes bovine pregrowth hor-
mone;
b) preparing a first DNA segment from the cDNA pre- 45
pared in step a);
¢) preparing a second DNA segment from a host vector
capable of replicating in a microorganism and contain-
ing control sequences for expression;

phe

pro

ala

glu

thr

gly

ile

leu

arg

leu

leu

asp

asp

arg

40

20

ala
ala
gln
arg
gln
lys
ser
ser
val
met
lys
ala
len

phe

d) ligating the first DNA segment to the second DNA
segment to form an expression vector effective in
expressing the first DNA segment encoding bovine
pregrowth hormone;

¢) inserting the expression vector into a microorganism;
and )

f) growing the microorganism in culture under conditions
wherein said bovine pregrowth hormone is produced.

* * * ok X



