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FIG. 10
1. AATTCTAGAAACCATGAGGGTAATAAAATA
2. CCATTATTTTATTACCCTCATGGTTTCTAG
3. ATGGCTCCGCCGCGTCTGATCTGCGAC
4. CTCGAGTCGCAGATCAGACGCGGCGGAG
5. TCGAGAGTTCTGGAACGTTACCTGCTG
6. CTTCCAGCAGGTAACGTTCCAGAACT
7. GAAGCTAAAGAAGCTGAAAACATC
8. GTGGTGATGTTTTCAGCTTCTTTAG
9. ACCACTGGTTGTGCTGAACACTGTTC
10. CAAAGAACAGTGTTCAGCACAACCA
11. TTTGAACGAAAACATTACGGTACCG

12. GATCCGGTACCGTAATGTTTTCGTT
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FIG. 11

Xbal
EcoRI 1 3
AATTCTAG AAACCATGAG GGTAATAAAA TAATGGCTCC GCCGCGTCTG
GATC TTTGGTACTC CCATTATTTT ATTACCGAGG CGGCGCAGAC
2 4

]
ATCTGCGACT CGAGAGTTCT GGAACGTTAC CTGCTGGAAG CTAAAGAAGC
TAGACGCTGA GCTCTCAAGA CCTTGCAATG GACGACCTTC GATTTCTTCG
6 .

1 2 11
TGAAAACATC ACCACTGGTT GTGCTGAACA CTGTTCTTTG AACGAAAACA
ACTTTTGTAG TGGTGACCAA CACGACTTGT GACAAGAAAC TTGCTTTTGT
8 10

0
Kpnl B I
TTACGGTACC G
AATGCCATGG CCTAG
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FIG. 12

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGGTACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAA

5. GGAAGTTGGTCAACAAGCAGTTGAAGT

6. CCAAACTTCAACTGCTTGTTGACCAAC

7. TTGGCAGGGTCTGGCACTGCTGAGCG

8. GCCTCGCTCAGCAGTGCCAGACCCTG

9. AGGCTGTACTGCGTGGCCAGGCA

10. GCAGTGCCTGGCCACGCAGTACA

11. CTGCTGGTAAACTCCTCTCAGCCGT

12. TTCCCACGGCTGAGAGGAGTTTACCA

13. GGGAACCGCTGCAGCTGCATGTTGAC

14.  GCTTTGTCAACATGCAGCTGCAGCGE

15. AAAGCAGTATCTGGCCTGAGATCTG

16. GATCCAGATCTCAGGCCAGATACT
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FIG. 14

GATCCAGATCTCTGACTACTCTGC
ACGCAGCAGAGTAGTCAGAGATCTG
TGCGTGCTCTGGGTGCACAGAAAGAGG
GATAGCCTCTTTCTGTGCACCCAGAGC
CTATCTCTCCGCCGGATGCTGCATCT
CAGCAGATGCAGCATCCGGCGGAGA
GCTGCACCGCTGCGTACCATCACTG
ATCAGCAGTGATGGTACGCAGCGGTG
CTGATACCTTCCGCAAACTGTTTCG
ATACACGAAACAGTTTGCGGAAGGT
TGTATACTCTAACTTCCTGCGTGGTA
CAGTTTACCACGCAGGAAGTTAGAGT
AACTGAAACTGTATACTGGCGAAGC
GGCATGCTTCGCCAGTATACAGTTT

ATGCCGTACTGGTGACCGCTAATAG

TCGACTATTAGCGGTCACCAGTAC
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FIG. 15
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FIG. 16

1. AATTCAAGCTTGGATAAAAGAGCT

2. GTGGAGCTCTTTTATCCAAGCTTG

3. CCACCAAGATTGATCTGTGACTC

4. TCTCGAGTCACAGATCAATCTTG

5. GAGAGTTTTGGAAAGATACTTGTTG

6. CTTCCAACAAGTATCTTTCCAAAAC

7. GAAGCTAAAGAAGCTGAAAACATC

8. GTGGTGATGTTTTCAGCTTCTTTAG

S. ACCACTGGTTGTGCTGAACACTGTTC

10. CAAAGAACAGTGTTCAGCACAACCA

11. TTTGAACGAAAACATTACGGTACCG

12. GATCCGGTACCGTAATGTTTTCGTT
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FI1G. 17

EcoRI HindIII 1
AATTCA AGCTTGGATA
GT TCGAACCTAT

2

3
AAAGAGCTCC ACCAAGATTG ATCTGTGACT CGAGAGTTTT
TTTCTCGAGG TGGTTCTAAC TAGACACTGA GCTCTCAAAA
4

3 7
GGAAAGATAC TTGTTGGAAG CTAAAGAAGC TGAAAACATC ACCACTGGTT
CCTTTCTATG AACAACCTTC GATTTCTTCG ACTTTTGTAG TGGTGACCAA
6 8

S i1 KpnI BamHI
GTGCTGAACA CTGTTCITTG AACGAAAACA TTACGGTACC G
CACGACTTGT GACAAGAAAC TTGCTTTTGT AATGCCATGG CCTAG

12
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FIG. 18

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGGTACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAA

5. GGAAGTTGGTCAACAAGCAGTTGAAGT

6. CCAAACTTCAACTGCTTGTTGACCAAC

7. TTGGCAAGGTTTGGCCTTGTTATCTG

8. GCTTCAGATAACAAGGCCAAACCTTG

9. AAGCTGTTTTGAGAGGTGAAGCCT

10. AACAAGGCTTGACCTCTCAAAACA

11. TGTTGGTTAACTCTTCTCAACCATGGG

12. TGGTTCCCATGGTTGAGAAGAGTTAACC

13. AACCATTGCAATTGCACGTCGAT

14. CTTTATCGACGTGCAATTGCAA

15. AAAGCCGTCTCTGGTTTGAGATCTG

l6. GATCCAGATCTCAAACCAGAGACGG
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FIG. 19

A ATTCGGTACC AGACACCAAG
GCCATGG TCTGTGGTTC

3
GTTAACTTCT
CAATTGAAGA

AGTTTGGCAA
TCAAACCGTT

CCTTGTTGGT
GGAACAACCA

GATAAAGCCG
CTATTTCGGC

2

ACGCTTGGAA
TGCGAACCTT
4

7
GGTTTGGCCT
CCAAACCGGA

8

11

TAACTCTTCT

ATTGAGAAGA
12

15

TCTCTGGTTT

AGAGACCAAA
16

5
ACGTATGGAA GTTGGTCAAC AAGCTGTTGA
TGCATACCTT CAACCAGTTG TTCGACAACT
6

9
TGTTATCTGA AGCTGTTTTG AGAGGTCAAG
ACAATAGACT TCGACAAAAC TCTCCAGTTC
10

13
CAACCATGGG AACCATTGCA ATTGCACGTC
GTTGGTACCC TTGGTAACGT TAACGTGCAG
14

BglII BamHI
GAGATCTG
CTCTAGACCTA G
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FIG. 20

1. GATCCAGATCTTTGACTACTTTGTT

2. TCTCAACAAAGTAGTCAAAGATCTG

3. GAGAGCTTTGGGTGCTCAAAAGGAAG

4. ATGGCTTCCTTTTGAGCACCCAAAGC

5. CCATTTCCCCACCAGACGCTGCTT

6. GCAGAAGCAGCGTCTGGTGGGGAA

7. CTGCCGCTCCATTGAGAACCATC

8. CAGTGATGGTTCTCAATGGAGCG

9. ACTGCTGATACCTTCAGAAAGTT

10. GAATAACTTTCTGAAGGTATCAG

11. ATTCAGAGTTTACTCCAACTTCT

12. CTCAAGAAGTTGGAGTAAACTCT

13. TGAGAGGTAAATTGAAGTTGTACAC

14. ACCGGTGTACAACTTCAATTTACCT

15. CGGTGAAGCCTGTAGAACTGGT

16. CTGTCACCAGTTCTACAGGCTTC

17. GACAGATAAGCCCGACTGATAA

18. GTTGTTATCAGTCGGGCTTAT

19. CAACAGTGTAGATGTAACARAG

20. TCGACTTTGTTACATCTACACT




Case 1:05-cv-12237-WGY Document 534-19

U.S. Patent

BamHI

Sep. 21,1999

FIG. 21

BglII 1

Sheet 27 of 27

Filed 06/20/2007
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CTTTCAATAA GTCTCAAATG
' 12

15
TACACCGGTG AAGCCTGTAG
ATGTGGCCAC TTCGGACATC
16

19

AACTGGTGAC AGATAAGCCC GACTGATAAC AACAGTGTAG

TTGACCACTG
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1
PRODUCTION OF ERTHROPOIETIN

This is a continuation of application Ser. No. 07/957,073,
filed Oct. 6, 1992, abandoned, which is a continuation of
application Ser. No. 07/609,741, filed Nov. 6, 1990, now
abandoned, which is a continuation of application Ser. No.
07/113,179, filed Oct. 23, 1987, now U.S. Pat. No. 5,441,
868, which is a continuation of application Ser. No. 06/675,
298, filed Nov. 30, 1984, now U.S. Pat. No. 4,703,008,
which is a continuation in part of application Ser. No.
06/655,841, filed Sep. 28, 1984, now abandoned, which is a
continuation in part of application Ser. No. 06/582,185, filed
Feb. 21, 1984, now abandoned, which is a continuation in
part of application Ser. No. 06/561,024, filed Dec. 13, 1983,
now abandoned.

BACKGROUND

The present invention relates generally to the manipula-
tion of genetic materials and, more particularly, to recom-
binant procedures making possible the production of
polypeptides possessing part or all of the primary structural
conformation and/or one or more of the biological properties
of naturally-occurring erythropoietin.

A. Manipulation Of Genetic Materials

Genetic materials may be broadly defined as those chemi-
cal substances which program for and guide the manufacture
of constituents of cells and viruses and direct the responses
of cells and viruses. A long chain polymeric substance
known as deoxyribonucleic acid (DNA) comprises the
genetic material of all living cells and viruses except for
certain viruses which are programmed by ribonucleic acids
(RNA). The repeating units in DNA polymers are four
different nucleotides, each of which consists of either a
purine (adenine or guanine) or a pyrimidine (thymine or
cytosine) bound to a deoxyribose sugar to which a phosphate
group is attached. Attachment of nucleotides in linear poly-
meric form is by means of fusion of the 5' phosphate of one
nucleotide to the 3 ' hydroxyl group of another. Functional
DNA occurs in the form of stable double stranded associa-
tions of single strands of nucleotides (known as
deoxyoligonucleotides), which associations occur by means
of hydrogen bonding between purine and pyrimidine bases
[ie., “complementary” associations existing either between
adenine (A) and thymine (T) or guanine (G) and cytosine
(O)]. By convention, nucleotides are referred to by the
names of their constituent purine or pyrimidine bases, and
the complementary associations of nucleotides in double
stranded DNA (i.c., A—T and G—C) are referred to as “base
pairs”. Ribonucleic acid is a polynucleotide comprising
adenine, guanine, cytosine and uracil (U), rather than
thymine, bound to ribose and a phosphate group.

Most briefly put, the programming function of DNA is
generally effected through a process wherein specific DNA
nucleotide sequences (genes) are “transcribed” into rela-
tively unstable messenger RNA (mRNA) polymers. The
mRNA, in turn, serves as a template for the formation of
structural, regulatory and catalytic proteins from amino
acids. This mRNA “translation” process involves the opera-
tions of small RNA strands (tRNA) which transport and
align individual amino acids along the mRNA strand to
allow for formation of polypeptides in proper amino acid
sequences. The mRNA “message”, derived from DNA and
providing the basis for the tRNA supply and orientation of
any given one of the twenty amino acids for polypeptide
“expression”, is in the form of triplet “codons”—sequential
groupings of three nucleotide bases. In one sense, the
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formation of a protein is the ultimate form of “expression”
of the programmed genetic message provided by the nucle-
otide sequence of a gene.

“Promoter” DNA sequences usually “precede” a gene in
a DNA polymer and provide a site for initiation of the
transcription into mRNA. “Regulator” DNA sequences, also
usually “upstream” of (i.e., preceding) a gene in a given
DNA polymer, bind proteins that determine the frequency
(or rate) of transcriptional initiation. Collectively referred to
as “promoter/regulator” or “control” DNA sequence, these
sequences which precede a selected gene (or series of genes)
in a functional DNA polymer cooperate to determine
whether the transcription (and eventual expression) of a
gene will occur. DNA sequences which “follow” a gene in
a DNA polymer and provide a signal for termination of the
transcription into mRNA are referred to as transcription
“terminator” sequences.

A focus of microbiological processing for the last decade
has been the attempt to manufacture industrially and phar-
maceutically significant substances using organisms which
either do not initially have genetically coded information
concerning the desired product included in their DNA, or (in
the case of mammalian cells in culture) do not ordinarily
express a chromosomal gene at appreciable levels. Simply
put, a gene that specifies the structure of a desired polypep-
tide product is either isolated from a “donor” organism or
chemically synthesized and then stably introduced into
another organism which is preferably a self-replicating
unicellular organism such as bacteria, yeast or mammalian
cells in culture. Once this is done, the existing machinery for
gene expression in the “transformed” or “transfected”
microbial host cells operates to construct the desired
product, using the exogenous DNA as a template for tran-
scription of mRNA which is then translated into a continu-
ous sequence of amino acid residues.

The art is rich in patent and literature publications relating
to “recombinant DNA” methodologies for the isolation,
synthesis, purification and amplification of genetic materials
for use in the transformation of selected host organisms.
U.S. Pat. No. 4,237,224 to Cohen, et al., for example, relates
to transformation of unicellular host organisms with
“hybrid” viral or circular plasmid DNA which includes
selected exogenous DNA sequences. The procedures of the
Cohen, et al. patent first involve manufacture of a transfor-
mation vector by enzymatically cleaving viral or circular
plasmid DNA to form linear DNA strands. Selected foreign
(“exogenous” or “heterologous”) DNA strands usually
including sequences coding for desired product are prepared
in linear form through use of similar enzymes. The linear
viral or plasmid DNA is incubated with the foreign DNA in
the presence of ligating enzymes capable of effecting a
restoration process and “hybrid” vectors are formed which
include the selected exogenous DNA segment “spliced” into
the viral or circular DNA plasmid.

Transformation of compatible unicellular host organisms
with the hybrid vector results in the formation of multiple
copies of the exogenous DNA in the host cell population. In
some instances, the desired result is simply the amplification
of the foreign DNA and the “product” harvested is DNA.
More frequently, the goal of transformation is the expression
by the host cells of the exogenous DNA in the form of large
scale synthesis of isolatable quantities of commercially
significant protein or polypeptide fragments coded for by the
foreign DNA. See also, e.g., U.S. Pat. Nos. 4,264,731 (to
Shine), 4,273,875 (to Manis), 4,293,652 (to Cohen), and
European Patent Application 093,619, published Nov. 9,
1983.



