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sayvs for detccton and quaniificagor of eryinropoetin and ol cDNA clones were ansented nto £ colr pl nd
can be userul i the afinity puniication of envthropoictin. it 3-lactamase fuston products were noted 1o 9¢ tmmunorea -

appears untikcly that these matenals can readily provide for
the large scale 1solation of quantities of ervthropotctin lrom
mammalian sources suflicient for further analysis. clinical
testing and potential wide-ranging therapeutic use ol the
substance in treatment of. e¢.g. chronic kidney discase
wherein diseased lissues fail to sustain production of eryth-
ropoietin. l is consequently projected in the art that the best
prospects for fully charactenizing mammalian erythropoietin
and providing large quantities of it for potential diagnostic
and clinical use involve successful application of recombi-

nant procedures to effect large scale microbial synthesis of

nant procedures to effect large scale obial syr
the compound.

While substantial efforts appear 1o have been made in
attempted isolation of DNA sequences coding for human
and other mammalian species erythropoietin, none appear io
have been successful. This is due principally to the scarcity

been successf due principall the scar
of tissue sources, especially human tissue sources, enriched
in mRNA such as would allow for construction of a cDNA
library from which a DNA sequence codmg for erythropoi-
CL].H mlgm OC 15014u.u Uy COI‘lVCﬂUOﬁa.I LCLlHquCb ruﬁ.m‘:i,
so little is known of the continuous sequence of amino acid
residues of erythropoictin that it is not possible to construct,
e.g., long polynucleotide probes readily capable of reliable
use in DNA/DNA hybndization screening of ¢cDNA and
especially genomic DNA libranes. [lustratively, the twenty
amino acid sequence employed to generate the above-named
monoclonal antibody produced by A T.C.C. No. HB8209
does not admit to the construction of an unambiguous, 60
base oligonucleolide probe in the manner described by
Anderson. et al.. supra. It is estimated that the human gene
for erythropoictin may appear as a “‘single copy gene” within
the human genome and. in any event, the genetic material
coding for human erythropoictin is likely to constitute less
than 0.00005% of 1otal human genomic DNA which woutd
be present ina gcncmis. uumxy

To date. the most successful of known reported attempts
at recombinant-relatcd methods o provide DNA sequences
suitable for usc in microbial expression of isolatable quan-
tities of mammalian crythropoietin have fallen far short of
Farber, et al. Exp. Hemaiol, 11.

Tarolr, €L ai. &Xp.remalol.,

the anal A< an examnple
Ui gfai. As an oxampit,

Supp. 14, Abstract 101 (1983} report the extraction of
mRNA from kidney tissues of phenylhydrazine-treated
baboons and the injection of the mRNA into Xenopus laevis
oocytles with the rather transitory resuit of in vitro produc-
tion of a mixture of “translation products” which included
among them displaying biological properties of erythropoi-
etin. More recently, Farber, ¢t al., Bloed, 62, No. 5, Supp.
No. 1, Absx.racl 392, at page i7Za(l983)reponed the in vitro

DA =
uu\.‘r\ Uy ll\ls uu»]lca

u.auamuuu Ul uuumu Mull&y
resultant translation product mixture was estimated to
include on the order of 220 mU of a wanslation product
having the activity of erythropoietin per microgram of
injected mRNA. Whilc such levels of in vitro translation of
exogenous mRNA coding for erythropoietin were acknowl-
edged to be quite low (compared cven to the prior reported
levels of baboon mRNA translation into the sought-for
product) it was held that the results confirm the human
kidney as a site of erythropaietin expression, allowing for
the construction of an enriched human kidney ¢DNA library
from which the desired gene might be isolated. {See also.
Farber, Clin.Res., 31(4), 769A (1983).]

Since the filing of U.S. patent application Ser. Nos.
561.024 and 582.185, there has appeared a single report of

the clonine and expression of what is asserted 1o have heen

............. nga expressior wnat 1§ asseried 1o oeen

human erythropoietin cDNA in £.coli. Briefly pul. 2 number
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tive with a monocional antibody to an unspeciticd “eptiops”
ot human eryvthropotetin. See. Lee-Huang. Proc. Nar
Scr tUSA). 81, pp. 2708-2712 (19841

Acad

BRIEF SUMMARY

The present inventi
purified and isolated polypeptide products having part or all
of the primary structural conformation (i.c.. continuous
sequence of amine acid residues) and one or more of the
biological properiies (¢.g.. immunological propertics and in
viva and in vitro biological activity) of natwrally-occurmring
erythropoietin, including allelic variants thereof. These
polypeptides are also uniquely characterized by being the
product of procaryotic or eucaryotic host cxpression (c.g..
uy uﬁCiETu’ix. 'y'ﬁ&SL and mammalian cells in L.unuu,) of
exogenous DNA sequences obtained by genomic or cDNA
cloning or by gene synthesis. Products of microbial expres-
sion in vertebrate (e.g.. mammalian and arian) cells may be
further characterized by freedom from association with
human proteins or other contaminants which may be asso-
ciated with erythropoietin in its natural mammalian cellular
environment or in extracellular Auids such as plasma or
urine. The products of typical yeast (c.g.. Saccaromyces
cerevisiae) or procaryote (e.g., £.coli) host cells are free of
association with any mammalian proteins. Depending upon
the host employed. polypeptides of the invention may be
glycosylated with mammalian or other cucaryotic carbohy-
drates or may be non-glycosylated. Polypeptides of the
mvenuon may also mclude an initial methionine amino acid

on provides. for the first time. novel

Novel glycoprotein prod'”"s of the invention include
those having a primary structural conformation sufficiently

duplicative of that of a natrally-occurring (e.g., human)
erythropoieu’n to allow possession of one or more of the
biological properties thereof and having an average carbo-
hydrate composition which differs from that of naturally-
occurring (e.g., human) erythropoietin.

Ventebrate (e.g., COS-1 and CHO) cells provided by the
present invention comprise the first cells ever availabie
which can be propagated in vitro continuously and which
upont growth in culture are capable of producing in the
medium of their growth in excess of 100 U (preferably in
excess of 500 U and most preferably in excess of 1,000 lo
5.000U) of erythropoietin per 10° cells in 48 hours as
detcrmined by radicimmunoassay.

Also provided by the present invention are synthetic
nnlvnpnudgs whnllv or partially dunhcanve of continuous
sequences of erythropoxeun amino acid residues which are
herein for the first time elucidated. These sequences. by
virtue of sharing primary, secondary or tertiary structural
and conformational characteristics with ﬁatui'ﬁuy occurring
erythropoietin may possess biological activity and/or immu-
nological properties in common with the naturally-occurring
product such that they may be employed as biologically
active or immunological substimnies for erythropoietin in
therapeutic and immunological processes. Correspondingly
provided are monocional and polyclonal antibodies gener-
ated by standard means which are immunoreactive with such
polypeptides and. preferably, also immunoreactive with
naturally-occurring erythropoietin.

[llustrating the present invention are cloned DNA
sequences of monkey and human species origins and

qUENCES MOrNxe AUMAan  specics Ongl

polypepude sequences suitably deduced therefrom which
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* represent. respectively. the primary structural conformation
of erythropoictins of monkey and human specics origins.

Also provided by the present invention are novel biologi-
cally functional viral and circular plasmid DNA vectors
incorporaling DNA sequences of the invention and micro-
bial 1e.g.. bacterial, veast and mammalian ccll) host organ-
isms slably transformed or transfected with such veCLOrs.
Correspondingly provided by the invention are novel meth-
ods for the production of useful polypeptides comprising
cultured growth of such transformed or transfected micro-
bial hosts under conditions facilitative of large scale expres-
sion of the exogenous, veclor-borne DNA sequences and
isolation of the desired polypeptides from the growth
medium, cellular lysates or cellular membrane fractions.

Isolation and purification of microbially expressed
polypeptides prov:ded by the invention may be by conven-
tional means including, e.g., preparative chromatographic
separations and immunological separations involving mono-
clonal and/or polyclonal antibody preparations.

Having herein elucidated the sequence of amino acid
residues of erythropoietin, the present invention provides for
the total and/or partial manfucture of DNA sequences coding
for erythropoietin and including such advantageous charac-

raaranion of codons ¢
teristics as }I‘.C(}Lyu.nuuu O COOons

sion by selected non-mammalian hosts, provision of sites for
cleavage by restriction endonuclease enzymes and provision
of additional initial. terminal or intermediate DNA
sequences which facilitate construction of readily expressed
vectors. Correspondingly, the present invention provides for
manufacture (and development by site specific mutagenesis
of cDNA and genomic DNA) of DNA sequences coding for
microbial expression of polypeptide analogs or derivatives
of erythropoietin which differ from natwrally-occurring
forms in terms of the identity or location of one or more
amino acid residues (i.e., deletion analogs containing less
than all of the residues specified for EPQ and/or substitution
analogs wherein one or more residues specified are replaced
by other residues and/or addition analogs wherein one or
more amino acid residues is added to a terminal or medial

portion of the polypeptide); and which share some or all the
properties of naturally-occurring forms.

Novel DN sequences of the invention include all
sequences useful in securing expression in procaryotic or

f . AR
eucaryotic host cells of polypeptide products having at least

a pari of the primary structural conformation and one or
more of the biological properties of erythropoietin which are
comprehended by: (a) the DNA sequences set out in FIGS.
5 and 6 hercin or their complementary strands; (b} DNA
sequences which hybridize (under hybridization conditions

ad! fae avmenn
‘preferred” for expres-

such as illustrated herem or more stringent conditions) to
DNA sequences defined in (a) or fragments thereof; and (c)
DNA sequences which, but for the degeneracy of the genetic
code, would hybridize to DNA sequences defined in (a) and
(b) above. Specifically comprehended in part (b) are
genomic DNA sequences encoding allelic variant forms of
monkey and human erythropoietin and/or encoding other
mammalian species of erythropoietin. Specifically compre-
hended by part {c) are manufactured DNA sequences encod-
ing EPO, EPO fragments and EPO analogs which DNA
sequences may incorporate codons facilitating translation of
messenger RNA in non-vertebrate hosts.

Comprehended by the present invention is that class of
polypeptides coded for by pom'ons of the DNA compiement

to the top strand human genomic DNA sequence of FIG. 6

herein, i.e., z;r—n;').l;;nzma;;;;;ened proteu-;;:'.as described
by Tramontano, et al., Nucleic Acids Research, 12, pp.
5049-5059 (1984).

o
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Also comprehended by the invention are pharmaceutical
compositions comprising cifective amounts ol poiypepude
products of the invention together with suitable diluents.

adjuvants and/or carricrs which allow for provision of

erythropoietin therapy, especially in the treaiment of anemic
disease states and most especially such anemic states as

altend chronic renal failure.

Polypeptide products of the invention may be “labelled™
by covalent association with a detectable marker substance
(e.g., radiolabelled with '*I) to provide reagents usefu! in
detection and quantification of erythropoietin in solid tissue
and fluid samples such as blood or urine. DNA products of
the invention may also be labelled with detectable markers
(such as radiolabels and non-isotopic labels such as biotin}
and employed in DNA hybridization processes to locate the
erythropoietin gene position and/or the position of any
related gene family in the human, monkey and other mam-
malian species chromosomal map. They can also be used for
identifying the erythropoietin gene disorders at the DNA
level and used as gene markers for identifying neighboring
genes and their disorders.

As hereinafier described in detail, the present invention

further provides significant improvements in methods for
detection of a specific single stranded polynucleotide of
unknown sequence in a heterogeneous cellular or viral
sample including multiple single-stranded polynucleotides
where

{a) a mixwre of labelled single-stranded polynucleotide
probes is prepared having uniformly varying sequences
of bases, each of said probes being potentially speciﬁ‘

cally complementary to a sequence of bases which is
putatively unique to the polynucleotide to be detected,

(b) the sample is fixed to a solid substrate,

(c) the substrate having the sample fixed thereto is treated
to diminish further binding of polynucleotides thereto
except by way of hybridization to polynucleotides in
said sample,

(d) the treated substrate having the sample fixed thereto is
transitorily contacted with said mixture of labelled
probes under conditions facilitative of hybridization
only between totally complementary polynucleotides,
and,

(e} the specific polynucleotide is detected by moniioring
for the presence of a hybridization reaction between it
and a totally complementary probe within said mixture
of labelled probes, as evidenced by the presence of a
higher density of labelled material on the substrate at
the locus of the specific polynucleotide in comparison
1o a background density of labelled material resulting
from non-specific binding of labelled probes 1o the
substrate.

The procedures are especially effective in situations dic-

tating use of 64, 128, 256, 512, 1024 or more mixed

g having a langth A€ 17 1t MY kocac
polynucleotide probes having a length of 17 10 20 bases in

DNA/DNA or RNA/RNA or DNA/RNA hybridizations.
As described infra, the above-noted improved procedures
have illustratively allowed for the identification of cDNA
clones coding for erythropoietin of monkey species origins
within a library prepared from anemic monkey kidney cell
mRNA. More specifically, a mixtwre of 128 uniformly
varying 20-mer probes based on amino acid sequence infor-
mation derived from sequencing fractions of human eryth-

ropoietin was employed in colony hybridization procedures

to identify seven “‘positive” erythropoietin ¢DNA clones
within a total of 200,000 colonies. Even more remarkably,
practice of the improved procedures of the invention have
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allowed for the rapid isolation of three pos tive clones from rapid screening of 200,000 coionics. Design of the oitgo-
within a screening of 1.500.000 phage plagues constitut: ng nucicotide probes was based on amune acid sequence infor-
2 human genomic library. This was accomplished Lhrougn mation provided by enzymatc ITagrmentauon and sequenc-
use of the above-noted mixwre of 128 20-mer probes ing a small sample of human EPO.
together with a second set of 128 17-mer probes based on 5 The DNA of human species origins was isolated from a
amino acid analysis of a different continuous seguence of human genomic DNA library. The isolation Of clones con-
human erythropoietin. . taining EPO-encoding DNA was accomplished through
The above-noted illustrative procedures constitute the DNA/DNA plaque hvbnduauon employing the above-noted
first known instance of the use of multiple mixed oligo- pool of 128 mixed 20-mer oligonucicotide probes and a
nucleotide probes in DNA/DNA hybridization processes 10 second pool of 128 radiolabelled 17 mer probes whose
direcied toward isolation of mammalian genomic clones and  sequences were based on amino acids sequence information
the first known instance of the use of a mixture of more than obtained from a different enzymatic human EPO fragment.
32 oligonucleotide probes in the isolation of ¢cDNA clones.
Numerous aspects and advantages of the invention will be Positive colonies and plaques were verified by means of
apparent to those skilled in the art upon consideration of the 15 dideoxy sequencing of clonal DNA using a subsct of 16
) ) L ; . R , sequences within the pool of 20-mer probes and sclected
followmg detailed descnpuon which provides illustrations clones were subjecied to nucleotide sequence analysis
of the practice of the invention in its presently preferred resulting in deduction of primary structural conformation of
embodiments. . the EPO polypeptides encoded thereby. The deduced
Reference is made to FIGS. 1 through 21, wherein: polypepiide sequences displayed a high degree of homology
FIG. 1is a graphic representation of a radioimmunoassay 20 AN
- c ! tC eacn oiner and 1o & pariial sequence generated by amino
mg{f“,"fjﬁ??“ﬁigf _Lhrf Jnvenuon; acid analysis of human EPO fragments.
FIG. 3 shows v;;;;; ;g{,’ gvguéPO. A selected positive monkey cDNA clone and a selected
FIG. 4 shows vector pDSVL-gHUEPO. ?osmvc"hun}an genomic ‘clone were gach inserted in a
FIGS. 5A. 5B and 5C (collectively referred to as FIG, 5) 25  Shuiie L_)\.A vector which was amplified in E.coli and
show the sequence of monkey EPO ¢DNA and the encoded employed to transfect mammalian cells in cuitre. Cultured
EPO. growth of transfected host cells resulted in culture medium
FIGS. 6A, 6B, 6C, 6D and 6E (collectively referred to as supematanl preparations estimated Lo f:omain as much as
FIG. 6) show the sequence of human genomic EPO DNA 2000 mU of EPO per ml of culture fluid.
and the encoded EPO. 30 The followmg examples are presented by way of illus-
FIG. 7 shows the sequence of the ECEPO gere. iration of the invention and are specifically directed 1o
FIG. 8 shows the sequence of the SCEPO gene. procedures carried cut prior to identification of EPO encod-
FIG. 9 shows a comparison of the human and monkey ing monkey cDNA clones and human genomic clones, to
EPO polypepudes. procedures resulting in such identification, and to the
- 10 shows the ECEPO section 1 oligonucleotides. 35 Sequencing, development of expression systems and immu-
FIG 11 shows section | of the ECEPO gene. uological verification of EPO expression in such systems.
FIG. 12 shows the ECEPO saciion 2 oligonucieotides. Morc particularly, Example 1 is directed to amino acid
FIG. 13 shows section 2 of the ECEPO gere. sequencing of human EPO fragments and consiruction of
FIG. 14 shows the ECEPO section 3 oligonucieotides. mixtures of radiolabelled probes based on the results of this
FIG. 15 shows section 3 of the ECEPO gene. 40 sequencing. Example 2 is generally directed to procedures
FIC. 16 shows the SCEPO section | oligonucleotides. involved in the identification of positive monkey cDNA
FIG. 17 shows section | of the SCEPO gene. clones and thus provides information concerning animal
FIG. 18 shows the SCEPO section 2 oligonucieotides. treatment and preliminary radicimmunoassay (RIA) analy-
FIG. 19 shows section 2 of the SCEPO gene. sis of animal sera. Example 3 is directed to the preparation
FIG. 20 shows the SCEPO section 3 oligonucleotides. 45 of the cDNA library, colony hybridization screening and
FIG. 21 shows the section 3 of the SCEPO gene. verification of posmve clones, DNA sequencmg of a pos1-
tive cDNA clonc and the generation of monkey EPO
DETAILED DESCRIPTION polypeptide primary structural conformation (amino acid
sequence) information. Example 4 is directed to procedures
According to the present invention, DNA sequences sy involved in the identification of positive human genomic
encoding part or ali of the polypeptide sequence of human clones and thus provides information concerning the source
and monkey species erythropoictin (hereafter, at times, of the genomic library. plaque hybridization procedures and
“EPO”) have been isolated and characterized. Further, the verification of positive clones. Example § is directed to DNA
monkey and human origin DNA has been made the subject sequencing of a positive genomic clone and the generation
of eucaryotic and procaryotic expression providing isolal- g5 of human EPO polypeptide amino acid sequence informa-
able quantilies of polypeptides displaying biologicat (e.g.. tion including a comparison thereof to the monkey EPO
immunological) properties of nawrally-occurring EPO as sequence information. Example 6 is directed to procedures
well as both in vivo and in vitro biolagical activities of EPO. for construction of a vector incorporating EPO-encoding
The DNA of monkey species origins was isolated from a DNA derived from a positive monkey cDNA clore, the use
cDNA library constructed with mRNA derived from kidney 60 of the vector for transfection of COS-1 cells and cultured
tissue of a monkey in a chemically induced anemic state and growth of the transfected cells. Example 7 is direcied 1o
whose serum was immunologically determined to include procedures for construction of a vector incorporating EPO-
high levels of EPO compared to normal monkey serum. The encoding DNA derived from a positive human genomic
isolation of the desired cDINA clones contatning EPO encod- clone, the use of the vector for transfection of COS-1 cells
ing DNA was accomplished through use of DNA/DNA 65 and the cultured growth of the transfected cells. Example 8

colony hybridization employing a pool of 128 mixed. radio-

wYIE @ PR

labelled, 20-mer olngonucleoude probes and involved the

nree marfaemead Ao s
is directed to immunoassay procedures performed on media

supernatants obtained from the cultured growth of trans-
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fected cells according to Examples 6 and 7. Exampie 9 15
directed 1o in vitro and in vive hiological activity of micro-

bially expressed EPO of Examples 6 and 7.

Example 10 is directed to a development of mammalian
host expression systems for monkey species EPO ¢DNAand

human species gcnum.lL DNA involving Chinese hamster
ovary i("CHO™) cells and 10 the immunological and biologi-
cal activities of products of these expression systems as well
as characterization of such products. Example 11 is directed
1 the preparation of manufactured genes encoding human

Case 1:05-cv-12237-WGY Document 312-5

-
]

Filed 03/05/2007 Page 50of 9

=l
(9
()

14
iv
analysts revealed that within Fragment No. T35 there exasted

Asn-Phe-Th

ol 7 aming acid recidues « Val -
/ EXT-AL- TP

<oTC
SCNCs Of 7 2amiNG acid resicues « vai- Asn-rne-

Lysy which could be umquely charactenzed as encoded for
by onc of 128 possible DNA sequences spanning 20 basc
pairs. A first set of [28-mer oligonucleotides was therefore
synthesized by standard phosphoamidite methods {See. e.g..
Beaucage. et al., Tetrahedron Letters, 22. pp. 1859-1862
(1981) on a solid support according to the sequence set out
in Table II. below.

TABLE [I
Residue - Val Asn Phe Tyr Ala Trp Lys
¥ CAA TTG AAG ATG CGA ACC T i)
T A A A r
G G
C C

species EPO and EPO analogs. which genes include a
number of preference codons for expression in £.coli and
yeast host calls. and to expression systems based thereon.
Example 12 relates 1o the immunological and biological
activity profiles of expression products of the systems of

Example 11.

EXAMPLE 1|

A. Human EPO Fragment Amino Acid Sequencing

Human EPO was isolated from urine and subjected to
tryptic digestion resulting in the development and isolation
of 17 discrete fragments in quantities approximating
100150 picomoles.

Fragments were arbitrarily assigned numbers and were
analyzed for amino acid sequence by microsequence analy-
sis using a gas phase sequencer (Applied Biosystems) to
provide the sequence information set out in Table I, below,

araim sinole lattar nndac are amalaved and YY" daciognatac

1Y% oY
WIIETE 31Nng.4c ICUCT COACs are empioyea and A GCS1gnatés

a residue which was not unambiguously determined.

TABLE
Fragment Na. Sequence Analysis Result
Tda A-P-P-R
Tab G-K-L-K
T9 A-L-G-A-Q-K
Ti3 V-L-E-R
TL6 A-V-8-G-L-R
Ti8 L-F-R
T21 K-L-F-R
T25 Y-L-L-E-A-K
T26a L-1-C-D-S-R
T26b L-Y-T-G-E-A-C-R
T27 TITA-DTFR
T28 E-A-[-5-P-P-D-A-A-M-A-A-P-L-R
T30 E-A-E-X-I-T-T-G-X-A-E-H-X-3-L-
N-E-X.LT-V.P
T3l V-Y-S$-N-E-L-R
T33 S-L-T-T-L-L-R
T35 V-N-F-Y-A-W-K
T38 G-Q-A-L-L-V-X-5-5-Q-P-W-

E-P-L-Q-L-H-V-D-K

B. Design and Construction of Oligonucleotide Probe Mix-
tures

The amino acid sequences set out in Table 1 were
reviewed in the contexi of the degeneracy of the genetic
code for the purpose of ascertaining whether mixed probe
procedures could be applied to DNA/DNA hybridization
procedures on ¢cDNA and/or genomic DNA libraries. This

20

35

45

50
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65

Further analysis revealed that within fragment No. T38
there existed a series of 6 amino acid residues (Gin-Pro-
Trp-Glu-Pro-Leu) on the basis of which there could be
prepared a pool of 128 mixed olignucleotide 17-mer probes
as set out in Table III, below.

TABLE il
Restdue - Gin Pro Trp Glu Pro Leu
¥ GTT GGA ACC CTT GGA GA -5
o} T C T A
G G
C C

Oligonucleotide probes were labelled at the 5. end with
gamma->?P-ATP, 7500-8000 Ci/mmole (ICN) using T,
potynucleotide kinase (NEN).

A. Monkey Treaiment Procedures

Female Cynomoigus monkeys Macaca fascicularias
(2.5-3 kg. 1.5-2 years old) were wreated subcutaneously
with a pH 7.0 selution of phenylhydrazine hydrochloride at
a dosage level of 12.5 mg/kg on days 1, 3 and 5. The
hematocrit was monitored prior to each injection. On day 7,
or whenever the hematocrit level fell below 25 of the initial
level, serum and kidneys were harvested after administration
of 25 mg/kg doses of ketamine hydrochloride. Harvested
materials were immediately frozen in liquid nitrogen and
stored at —70° C.
BR. RIA for EPO

Radioimmunoassay procedures applied for quantitative
detection of EPO in samples were conducted according Lo
the following procedurcs

An erythropoietin standard or unknown sample was incu-
bated together with antiserum for two hours at 37° C. After
the two hour incubation, the sample tubes were cooled on
ice, and '*I labelled erythropoietin was added, the tubes
were incubated at 0° C. for at least 15 more hours. Each
dabd_y LUUC buuuuuwd 5“\.’0 pu Uf luvubnuuu uud\u.nc vuljalauus
of 50 ul of diluted immune sera, 10,000 cpm of '*’I-
erythropoietin, 5 i trasylol and 0-250 ul of either EPO
standard or unknown sample, with PBS containing 0.1%
BSA making up the remaining volume. The antiserum used
was the second test bleed of a rabbit immunized with a 1%
pure preparation of human urinary erythropoietin. The final
antiserumn dilution on the assay was adjusted so that the
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antibody-bound -EPO did aot exceed i0-20% of the
input totai counts. In general. this comresponded 10 a fAnal
antiscrum difution of from 1:30.000 w0 i:100.000

The amiibody-bound ***l-eryifropoictin was precipitated
by the addition of |50 wl Staph A. After 2 40 min. incubation,
the sampiles were centrifuged and the pellets were washed
two times with 0.75 ml 10 mM Tris-HC1 pH 8.2 containing
0.15M NaCl. 2 mM EDTA. and 0.05% Triton X-100. The
washecl pellels were counted in a gamma counter to deter-

the nereant of 125
mine the pereent of

by pre-immune sera were subtracted from all final values to
correct for nonspecific precipitation. The erythropoietin con-
tent of the unknown samples was determined by comparison
10 the siandard curve.

nrnnadiea
The above proccaure

I- L‘nyuuu}_)ulcun bound. Counts bound

iad A Mo

obtained in Part A. above. as well as to the untreated monkey
serum. Normal serum levels were assayed to coniain
approximately 36 mU/ml while treated monkey serum con-

tained from 1000 to ({700 mU/mi.

EXAMPLE 3

A. Monkey cDNA Library Construction

Messenger RNA was isolated from normal and anemic
monkey kidncys by the guam'dinium thiocyanate procedure
of Chirgwin, ¢t al., Biochemistry, 18, p. 5294 (1979) and
poly (A)” mRNA was purified by two ruas of oligo(dT)-
cellulose column chromatography as described at pp.
197-198 in Maniatis, et al.. “Molecular Cloning, A Labo-
ratory Manual™ (Cold Spring Harbor Laboratory, Cold
Spring, Harbor, N.Y.. 1982}, The ¢DNA library was con-
structed according to a modification of the general proce-
dures of Okayama, et al., Mol. and Cell. Biol., 2. pp. 161-170
(1982). The key features of the presently preferred proce-
dures were as follows: (1) pUCS was used as the soie vector,
cut with Pstf and then tailed with oligo dT of 60-80 bases
in iength: (2) Hincll digestion was used to remove the oligo
dT tail from one end of the vector; (3) first strand synthesxs
and oligo dG tailing was carmied out according to the
published procedure; BamHI digestion was employed 1o
remove the oligo dG tail from one end of the Vector; and (5)
replacement of the RNA strand by DNA was in the presence
of two linkers (GATCTAAAGACCGTCCCCCCCCC and
ACGGTCTTTA) in a three-fold molar excess over the oligo
dG tailed vector.
B Colony Hyhridiz

B. Colony Hybridiz
cDNA Library
Transformed E.coli were spread out at a density of 9000
colonies per 10x10 c¢m plate on nuirient plates containing 50
micrograms/mi  Ampiciilin. GeneScreen filters (New
England Nuclear Catalog No. NEF-972) were pre-wet on a
BHI CAM plate (Bacto brain heart infusion 37 g/L.
Casamino acids 2 g/L and agar 15 g/L, containing 500
mjcrogra.ms/ml Chloramphenicol) and were used 1o lift the

FR

atinm
auin

was applied to mun.m:y serum i
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colonies off the mec The colonies were grown it the same -

medium for 12 hours or longer to amplify the plasmid copy
numbers. The amplified colonies (colony side up) were
treated by serially placing the filters over 2 pieces of
Whatman 3 MM paper saturated with each of the following
solutions:

(1} 50 mM glucose—25 mM Tris-HCI (pH 8.0)—10 mM

EOTA (pH 8.0) for five minutes;

(2) 0.5M NaOH for ten minutes; and

(3) 1.0M Tris-HCI (pH 7.5) for three minutes.

The filters were then air dried in a vacuum over at 80° C.

o SR S
10T \WO huurs.
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Th:" filters were then \nb\m‘h‘d 1o Protoin:

g g Omnrowra'm/
ml of the protease enzyme 1n Bulfer K {0.1M Tris-HC! (pH
8.01—0.15M NaCl—10 mM EDTA (pH 8.2)—0.2% SDS;

‘)pttllll.dllv 5 mi of the solution was added to cach filter and
the digestion was allowed to proceed at 55° C
minutes. after which the solution was removed.

The filters were then treated with 4 ml of a prehybridiza-
tion buffer (3XSSPE—0.5% SDS—10C micrograms/ml SS
E.coli DNA—5xBFP). The prehybridization treatment was
carried out at 55° C., generally for 4 hours or longer, alter
which the prehybridization buffer was removed.

The hybridization process was carried out in the following
manner. To each filter was added 3 ml of hybridization buffer
(5XSSPE—0.5% SDS—100 micrograms/ml yeast LRNA)
containing 0.025 micomoles of each of the 128 probe
seguences of Table II (the total mixture being designated the
EPV mixture) and the filters were maintained at 48° C. for
20 hours. This lemperature was 2° C. less than the lowest of
the calculated dissociation temperatures {Td) determined for
any of the probes.

Following hybridization, the filters were washed three
times for ten minutes on a shaker with 6x8SC—0.1% SDS
at room temperature and washed two to three times with
6xSSC—1% SDS at the hybridization temperature (48° C.).

Autoradiography of the

filters revezisd ceven pncnnm

clones among the 200000 colonies screened.
Initial sequence analysis of one of the putative monkey
cDNA clones (designated clone 83) was performed for

ver Reatiam mirmaees PR e

verilication ydl pOsCs Uy a uluuluuauun UA I.IlC pruu:uurc ()1
Wallace, et al., Gene, 16, pp. 21-26 (1981). Briefly. plasmid
DNA from monkey cDNA clone 83 was linearized by
digestion with EgoR! and denawured by heating in a boiling

waier bath. The nucleotide sequence was determined by the

.PNAS (USA). 74, pp.

5463-5467 (1977). A subset of the EPV mixture of probes
consisting of 16 sequences was used as a primer for the
sequencing reactions.
C. Monkey EPO ¢DNA Sequencing

Nucleotide sequence analysis of clone 83 was carried out
by the procedures of Messing, Methods in Enzymology, 101,
pp. 20-78 (1983). Set out in Table [V is a preliminary
restriction map analysis of the approximately 1600 base pair
EcoRI/Hindlll cloned fragment of clone 83. Approximate
locations of restriction endonuclease enzyme recognition
sites are provided in terms of number of bases 3' to the
EcoRlI site at the 5' end of the fragment. Nucleotide sequenc-
ing was carried out by sequencing individual restriction
fragments with the intent of matching overlapping frag-

ments. For examnle

nents. For example,
provided by analysis of nucleotides in a restriction fragment
designated C113 (Sau3A at ~111/Smal at ~324) and the
reverse order sequencing of a fragment designated C73

(AIUT at ~424/BsiEQ at ~203).

r‘hﬁpnvy method of angnr et al.

an overlap of sequence information

TABLE IV

Restricion Enzyme

Recognition Site Approximate Location(s)

EcoRI 1
Sau3A 11
Smaf 180
BstEll 203
Smal 324
Kpul 37
Rsal 372
Alul 424
Pstl 426
AM 27 006220
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TABLE [V.continued

Recognition Site

Approximate Locauenis}

Alul 430

Hpal 166
Alul 546
Pstl 601
Pwull 604
Alul 5035
Alul 782
Alul 788
Rsal 792
Pstl 807
Alul B4l
Alul 927
Ncol 946
SaulA 1014
Alul 1072
Alni 1115
Alul 1223
1301

1343

1384

1449

1450

t1208
1385

Sequencing of approximatcly 1342 base pairs {within the
region spanning the Sau3A sitc 3' to the EcoRlI site and the
HindII site) and analysis of all possible reading frames has
allowed for the devclopment of DNA and amino acid
sequence information set out in FIG. 5, comprising portions
SA, 5B and 5C. In the Figure, the putative initial amino acid
residue of the amino terminal of matre EPO (as verified by
correlation to the previously mentioned sequence analysis of
twenty amino terminal residues) is demgnated by the

1mearal L1
numera: +i.

codon (designated -27) “upstream” of the initial amino
terminal alanine residuc as the first residue designated for
the amino acid sequence of the mature protein is indicative
of the likelihood that EPO is initially expressed in the

27 amino acid

Tha Py
1€ presence of a methionine- aycbnynxs ATG

r'ywplasm in a precursor form including 2 27 amino acid

“leader” region which is excised prior to entry of mature
EPO into circulation. Potential glycosyiation sites within the
polypeptide are designated by asterisks. The estimated
molecular weighi of the transiated rcgmn was determine to
be 21.117 daitons and the M. W. of the 165 residues of the
polypeptide constituting mature monkey EPO was deter-
mined to be 18.236 daltons.

The polypeptide sequence of FIG. § may readily be

v hvdronl
subjected to analysis for the presence of highly hydrophilic

regions and/or secondary conformational characteristics
indicative of potentially highly immunogenic regions by,
e.g., the methods of Hopp ct al.. PN.AS. (US.A), 78, pp.

3824-3828 (1981) and Kyie et al., J.Mol.Biol, 157, pp.
105-132 (1982) and/or Chou, et al., Biochem., 13. pp.

222-245 (1974) and Advances in Enzymology, 47, pp. 45-47
(1978). Compuler-assisted analysis according 1o Lhc Hopp.
et al. method is available by means of a program designated
PEP Reference Section 6.7 made available by Intelligenet-

ics, Inc.. 124 University Avenue, Palo Alto, Calif.

EXAMPLE 4

A. Human Genomic Library

A Ch4A phage-borne human fetal liver genomic library
prepared according to the procedures of Lawn, et al., Cell,
supra was obtained and maintained for use in a plaque
hybridization assay.
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B. Plaquc Hybridization Procedures For Screening Human
Genomic Library

Phage particles were lysed and the DNAs were fixed on
filters (50,000 plaques per filter) according to the procedures
of Woo, Methods In Enzymology, 68, pp. 389-395 (1979)
except for the usc of GeneScreen Plus filters (New England
Nuclear Catalog No. NEF-972) and NZYAM plaics (NACI,
5 g MgCl,-6H,0. 2 g; NZ-Amine A, 10 g: yeast exiract. 3
g: casamino acids, 2 g; maltose: 2 g; and agar, 15 g per liter).

The air-dried filters were baked at 86° C. for | hour and
then digesied with Proteinase K as described in Example 3.
Part B. Prehybridization was carried out with a IM NaCl—
1% SDS buffer for 55° C. for 4 hours or more, afler which
the buffer was removed. Hybridization and post-hybridiza-
tion washings were carried out as described in Example 3,
Part B. Both the mixture of 128 20-mer probes designated
EPY and the mixture of 128 17-mer probes of Table Iil

(designated the EPQ mixture) were employed. Hybridiza-

tion was carried out at 48° C. using the EPV probe mixture.
EPQ probe mixture hybridization was carried out al 46°
C.—4 degrees below the lowest calculated Td for members
of the mixture. Removal of the hybridized probe for rehy-
bridization was accomplished by boiling with 1xS8C—
0.1% SDS for two minutes. Autoradiography of the filters
revealed three positive clones (reactive with both probe
mixtures) among the 1,500,000 phage plaques screened.
Verification of the positive clones as being EPO-encoding
was obtained through DNA sequencing and electron micro-
graphic visualization of heteroduplex formation with the
monkey ¢cDNA of Example 3. This procedure also gave
evidence of muitipie introns in the genomic DNA sequence.

EXAMPLE 5

Nucleotide sequence analysis of one of the positive clones

P nhtniesd
(designated AhE1) was carried out and results obtained to

date are set out in FIG. 6, comprising portions 6A. 6B. 6C.
6D and 6E.

In FIG. 6, the initial continuous DNA sequence designates
a top strand of 620 bases in what is apparently an untrans-
lated sequence immediately preceding a translated portion of
the human EPO gene. More specifically, the sequence
appears to comprise the 5' end of the gene which leads up o
atranslated DNA region coding for the first four amino acids
(—27 through -24) of a leader sequence (“presequence’).
Four base pairs in the sequence prior to that encoding the
beginning of the leader have not yet been unamhiguously
determined and are therefore designated by an “X”. There
then follows an intron of about 639 base pairs (439 base
pairs of which have been sequenced and the remaining 200
“1.8."} and immediately
preceding a codon for glutamic acid which has been desig-
nated as residue ~23 of the ranslated polypeptide. The exon
sequence immediately following is seen to code for amino
acid residues through an alanine residue {designaied as the
+1 residue of the amino acid sequence of mature human

EPO) to the codon specifying threonme at position +26,
whercupon there follows a second intron consisting of 256
bases as specifically desxgnated Followmg this intron is an
SXon aet{u:uw f\ll aminos dblu l:bluuﬁb ‘l uuuusu JJ (I.UU
thereafter a third intron comprising 612 base pairs com-
mences. The subsequent exon codes for residues 56 through
115 of human EPO and there then comumences a fourh
intron of 134 bases as specified. Foilowing the fourth intron
is an exon cor_imcr for residue Nog. 116 Lh_rgucrh 166 and z
“stop’ codon (TGA). Finally, FIG. 6 idemtifies a sequence of
568 base pairs in what appears to be an untranslated 3' region

hace naire af o ch are deeionared

2}
Cast pairs oif wiudn are Utagiidwu
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of the human EPO gene. twa hase pairs of which X"

not vet been unamblguousl} chucnccd,

FIG. 6 thus serves to identify the primary structural
conformation tamino acid sequence) of mature human EPQ
as including 166 specificd amino acid residues (estimated
MW.=182 :oo\ the Fieure e DN A
sequence coding for a 27 residuc leader sequence along with
3" and 3' DNA scquences which may be significant to
promoter/operator funclions of the human gene operon.
Sites for poiential glycosylation of the mature human EPO
polypeptide are designated in the Figurc by asterisks. It is
worthy of note that the specific amino acid sequence of FIG.
6 likely constiwtes that of a naturally occurring allelic form
of human erythropoietin. Support for this position is found
in the results of continued efforts at sequencing of urinary
isolates of human erythropoietin which provided the finding
that a significant number of erythropoictin molecules therin
have a methionine at residue 126 as opposed (0 a serine as
shown in the Figure.

FIG. 9, illustrates the extent of polypeptide sequence
homology between human and monkey EPO. In the upper
continuous line of the F IEULC, uuglc letter uCSignauons are
employed to represent the deduced translated polypeptide
sequences of human EPO commencing with residue =27 and
the iower continuous line shows the deduced polypeptide
sequence of monkey EPO commencing at assigned residue
number -27. Aslerisks are employed to highlight the
sequence homologics. It should be noted that the deduced
human and monkey EPO sequences reveal an “additional™
lysine (K) residue at (human) position 116. Cross-reference
o FIG. 6 indicaies that this residue is at the margin of a
pulative mRNA splice junction in the genomic sequence.
Presence of the lysine residue in the human polypeptide
sequence was further verified by sequencing of a cDNA
human sequence clone predated from mRNA isolated from
COS-1 cells transformed with the human genomic DNA in

Example 7. infra.

—xampic

have

Also revealed in the Figure is the DNA

EXAMPLE 6

The expression system selected for initial atempts at
microbial synthesis of isolatable quantities of EPO polypep-
tide material coded for by the monkey cDNA provided by
the procedures of Example 3 was one involving mammalian
host cells (i.e., COS-1 cells, A.T.C.C. No. CRL-1650). The
cells were transfected with a “shuttle™ vector capable of
autonomous replication in E.coli host (by virlue of the
presence of pBR322-derived DNA) and the mammalian
hosts {by virtue of the presence of SV40 virus-derived

DNA).

More specifically, an expression vector was constructed
according 1o the following procedures. The plasmid clone 83
provided in Example 3 was amplified in £.coéi and the
approximately 1.4 kb monkey EPQ-encoding DNA was

1solated by EcoRJ and HindIll digestion. Separau:ly isolated
was an approximately 4.0 kb, HindIII/Sall fragment from
pBR322. An approxxmatcly 30 bp, EcoRI/Sa] “linker”

fragmem was obtained from lVlAJlllplU RF DNA \r and L
Laboratories). This linker included, in series. an EcoRI
sticky end. followed by Sstl, Smal, BamHI and Xbal rec-
ognition sites and a Sall sticky end. The above three
fragments were ligated to provide an approximately 5.4 kb
intermediate ptasmid ("pERS™) wherein the EPO DNA was
flanked on one side by a “bank™ of useful restriction endo-
nuclease recognition sites. pERS was then digested with

HindIil and Sall to yield the EPO DNA and the coRI to Sall
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tME3mpi0 linker, The 1.4 kb fragment was hgated wy

approximateiy +.0 kb BamHI/Sall of pBR322 ar
M12mpi0 Hindlll/BamHI RF fragment linker also ha\-ne
approximately 30 bp. The M 13 linker Itagment was char-
acierized by a HindlIl sticky end. foliowed by Psti. Sali.
Xbal recognition sites and a BamH]I sticky end. The ligation
product was, again. a useful intermedhate plasmid ("pBR-
EPG™ including the EPQ DNA flanked on both sides by
banks of restriction site.

The vector chosen for expression of the EPO DNA in
COS-1 cells (“pDSVYLI") had previously been constructed to
allow for selection and autonomous replication in E.coli.
These characteristics are provided by the origin of replica-

tion and Ampicillin resistance gene DNA sequences present

in the region spanning nucleotides 2448 through 4362 of
pBR322. This sequence was structurally modified by the
addition of a linker providing a HindIll recognition imme-
diately adjacemt nucieotide 2448 prior to incorporation into
the vector. Among the selected vector s other useful prop-
erties was the mnar‘nv 0 au[gngmoug]v r@nhmm in COS.1
cells and the presence of a viral promoter sequence func-
tional in mammalian cells. These characteristics are pro-
vided by the origin of replication DNA sequence and “late
gene” viral promoter DNA sequence presen: in the 342 bp
sequence spanning nucleotide numbers 5171 through 270 of
the SV40 genome. A unique restriction site (BamHI) was
provided in the vector and immediately adjacent the vital
prometer sequence through use of a commercially available

linker sequence (Collaborative Research). Also incorporated

in the vector was a 237 base pair sequence (derived as
nucleotide numbers 2553 through 2770 of SV40) containing
the “late gene“ viral mRNA polyadenylation signal (com-
monly referred to as a transcription terminator). This frag-
ment was positioned in the vector in the proper orientation
vis-a-vis the “late gene” viral promoter via the unique
BamHI site. Also present in the vector was another mam-
malian gene at a Jocation not material 1o potential transcrip-

tionof a gene inserted at the unigue BamHI site. hatwean tha

ofa 1serted at the unique BamH] site, between the
viral promoter and terminator sequences. [The mammalian
gene comprised an 2pproximately 2,500 bp mouse dihydro-
folate reductase (DHFR) minigene isolated from plasmid
pMG-1 as in Gasser, et al, PNAS {(USA), 79, pp.
65226326, (1982).] Again. the major operative components
of piasmid pDSVL! comprise nuclectides 2448 through
4362 of pBR322 along with nucleotides 5171 through 270
(342 bp) and 2553 through 2770 (237 bp) of SV40 DNA.

Following procedures described. ¢.g., in Maniatis, et al.,
suu, the EPO-encoding DNA was isolated from plasmid
pBR.EPO as a BamHI fragment and ligated into plasmid
pDSVLI cut with BamHI. Restriction enzyme ana.lysts was
employed to confirm insertion of the EPO gene in the correct
orientation in two of the resulning cloned vectors (duplicate
vectors H and L). See FIG. 2, mum.rdung plasmid pDSVL-
MKE. Vectors with EPO genes in the wrong orentation
(vectors F, X, and G) were saved for use as negative controls
in transfection experiments designed to determine EPC
expression levels in hosts 1ransformed with vectors having
EPO DNA in the correct orientat

wA N NS COTTeECi oricniation.

Vectors H, L, F. X and G were combined with carrier
DNA (mouse liver and spleen DNA) were employed to
wansfect duplicate 60 mm plates by calcium phosphate
microprecipitale methods. Duplicate 60 mm plates were also
transfected with carrier DNA ac a “mock’ transformation
negative control. After five days all culture media were
tested for the presence of polypeptides possessing the immu-
nological properties of nawrally-occurring EPQ.

AM 27 006222
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EXAMPLE 7
A, Initial EPO Expression System Involving COS-1 Celis

The sysiem selected for initial

SYsie seiected

anampvr at microhial

synthesis of isolalable quantities of human EPO polivpeptide
material ceded for by the human genomic DNA EPO clone.
also involved expression in mammalian host cells (i.e.
COS8-1 cells, A T.C.C. No. CRL-1650). Thec human EPO
gene was first sub-cloned into a “shuttle’” vector which is
capable of autonomous replication in both E.cofi hosts (by
virtue of the presence of pBR322 derived DNA) and in the
mammalian cell line COS-1 (by vire of the presence of
$V4Q virus derived DNA). The shuttle vector. containing the
EPO gene, was then transfected into COS-1 cells. EPO
polypeptide material was produced in the transfccted cells
and secreted into the cell culture media.

More specifically, an expression vector was constructed
according 1o the following procedures. DNA isolated from
lambda clone AhE]l, containing the human genomic EPQ
gene, was digested with BarnHl and Hindll restriction
endonucleases, and a 5.6 Kb DNA fragment known to
contain the entire EPO gene was isolated. This fragment was
mixed and ligated bacterial ylabuud yUCg
(Bethesda Research Laboratories, inc.) which had been
similarly digested, creating the intermediate plasmid
“pUCS-HuE", providing a convenient source of this restric-
tion fragment.

The vector chosen for expression of the EPO DNA in

COS-1 cells (pSV4SEL) had previously been constructed.
Plasmid pSV4SEt contained DNA sequences allowing
selection and autonomous replication in E.coli. These char-
acteristics are provided by the origin of replication and
Ampicillin resistance gene DNA sequences present in the
region spanning nucleotides 2448 through 4362 of the
bacterial plasmid pBR322. This sequence was structurally
modified by the addition of a linker providing a HindlIIl
2448

nmerga

uth  the
wild W

rprngrnnnn site !mmﬂ":a""" ad'onen{ 10 nucleotide 2

Plasmid pSV4SEt was also capable of autonomous replica-
ton in COS-! cells. This characteristic was provided by a
342 bp fragment containing the SV40 virus origin of repii-
cation (nucleotide numbers 5171 through 270). This frag-
ment had been modified by the addition of a linker providing
an EcoRI recognition site adjacent to nucleotide 270 and a
linker providing a Sall recognition site adjacent nucleotide
5171. A 1061 bp fragment of SV40 was also present in this
vector (nucleotide numbers 1711 through 2772 plus a linker
providing a Sall recognition site next 10 nucleotide number
2772). Within this fragment wBs an unique BamHI recog-
nition sequence. In summary, plasmid pSV4SEl contained
unique BamHI and HindlI] recognition sites, allowing inser-
tion of the human EPO gene, sequences allowing replication

and selection in £.coli. and secuences allowine renlicat

C SCICLLON 10 &.0od, and SCuUlncels anLowing repicalio

in COS-1 cells.
In order to insert the EPO gene into pSV4SEL, plasmmid
pUCS -HuE was digcsted with BamHI and HindIlI restric-

fotata

on
n

tion endonucleases and the 5.6 kb EPO encomng DNA s

fragment isolated. pSVASEL was aiso digested with BamH{
and Hind[I and the major 2513 bp fragment isolated (pre-
serving all necessary funcuons). These fragments were
mixed and ligated, creating the final vector “pSVgHuEPO"
(See, FIG. 3.) This vector was propagated in E.coli and
vector DNA isolated. Restriction enzyme analysis was
employed to confirm insertion of the EPO gene.

Plasmid pSVgHuUEPO DNA was used to express human
EPO polypeptide material in COS-1 celis. More specifically,
pSVgHUEPO DNA was combined with carrier DNA and
wransfected into triplicate 60 mm plates of COS-1 cells. As
a control, carrier DNA alone was also transfected into
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COS-1 celts. Cell culture media were sampled
seven days later and tested for the presence of pois

0T ANg LeSicd CSCNCe Gl poly

possessing the immunological propcmcs of naturally

ring human EPO.

B. Second EPO Expression System Inveiving COS-1 Celis
Sull another system was designed to provide improved

production of human EPQ polypeptide material coded by the

Oauc 1an =X polypepude malénal ceged oy Lne

human genomic DNA EPO clone in COS-! cells (A.T.C.C.
No. CRL-1650).

In the immediately preceding system. EPO was expressed
in COS-1 cells using its own prometer which is within the
5.6 Kb BamHI to Hindl!l resiriction fragment. In the fol-
lowing construction, the EPO gene is altered so that it is
expressed using the SY40 late promoter.

More specifically, the cloned 5.6 Kb BamHI o Hindll!
genomic human EPO restriction {ragment was modified by
the following procedures. Plasmid pUCS-HuE, as described

above, was cleaved with BamH]I and with BstEIl restriction

endonucleascs. BstEII cleaves within the 5.6 Kb EPO gene
at & position which is 44 base pairs 5 to the initiating ATG
coding for the pre-peptide and approximately 680 base pairs
3' to the Hindlll restriction site. The approximately 4900
base pair fragment was isolated. A synthetic linker DNA
fragment, containing Sall and BstEH sticky ends and an
mnternal BamHI recognition site was synthesized and puri-

fied. The two fragments were mixed and ligated with plas-

mid pBR322 which had been cut with Sall and BamHI to

produce the intermediate plasmid pBRgHE. The genomic
human EPO gene can be isolated therefrom as a 4900 base
pair BamHI digestion fragment carrying the complete struc-
iural gene with a singie ATG 44 base pmrs 3' to BamHI site
adjacent the amino terminal coding region.

This fragment was isolated and msened as a BamH]
fragment into BamHI cleaved expression vector plasmid
pDSVLI (described in Example 6) The resulting plasmid,
pSVLgHUEPQ, as illustrated in FIG. 4, was used to express

E?O polypeptide material from COS-1 ceils, as described in
Examples 6 and 7A.

Ave and
pep

1dos
GCy

ocoeur-

EXAMPLE §

Culture media from growth of the six transfected COS-1
cultures of Example 6 were analyzed by radioimmunoassay
according to the procedures set forth in Example 2, Part B.
Each sample was assayed at 250, 125, 50, and 25 microliter
aliquot levels. Supernatants from growth of cells mock
transfected or transfected with vectors having incorrect EPO
gene onentation were unambiguously negative for EPO
immunoreactivity. For cach sampie of the two supernatanis
denved from growth of COS-1 cells ransfected with vectors
H and L having the EPG DNA in the correct orientation, the
% inhibition of 'Z1-EPO binding to antibody ranged from

210 88%, which places all values at the top of the standard
curve. The exact concentration of EPO in the culture super-

a om ralinhiy ha actiemgtad A o Ammoae
natant could not then u.‘u.auxy o€ estimaled. A qu:i!: conser-

vative cstimate of 300 mU/mi was made, however, from the
value calculation of the iargest aliquot size (250 microliter).

A representative culture fluid according to Example 6 and
five and seven day culture fluids obtained according to
Example 7A ere tested in the RIA in order to compare
activity of recombinant monkey and human materials 10 a
naturally-occurring human EPO standard and he results are
set out in graphic form in FIG. 1. Briefly, the results
cxpecnecny revealed that the recombinant momcey EPO
significantly competed for anti-human EPO antibody
although it was not able to completely inhibit binding under
the test conditions. The maximum percent inhibition values

AM 27 006223
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