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TABLE XIX

i
SCEPO SECTION 3 OZIGONUCLEOTIDES

1. GATCCAGATCTTTGACTACTITGTT
5 2. TCTCAACAAAGTAGTCAAAGATCTG
3. GAGAGCTTTGGGTGCTCARAAGGAAG
4. ATGGCrchTTTTGAGcKECCAAAGC
5. CCATTTCCCCACCAS?FGCTGCTT
6. GCAGAAGCAGCGTCTAGTGGGGAA
1w 7. CTGCCGCTCCATTQZiAACCATC
8. CAGTGATGGTTETéAﬁTGGAGCG
9, ACTGCTGATA%EITCKGAAAGTT
10. cAATAACTTTd&QAaGGTATCAG

! nTTCAGAGTTLngCCAACTTCT

15 i2. CTCAAGAAGTTGGAGTAARACTCT

12, TGAGAGGTAAATTGAAGTTGTACALC
14, ACCGGTCTACAACTTICAATTTACCT
15. CGGTGAAGCCTGTAGAACTGGT
L6. CTGTCACCAGTTCTACAGGCTTC
20 17. GACAGATAAGCCCGACTGATAA
18. GTTGTTATCAGTCGGGCTTAT
19. CAACAGTGTAGATGTAACAAAG
20. TCGACTTTGTTACATCTACACT
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TABLE ﬂx

SCEPD SECTION 3

1
BamHI 8glIl 1 /
GATC CAGATCTTTG ACTACTTTGT TE#%#fchT
GTCTAGAAAC TGATGAAACA A CAAA
5 2 !
’I
2 / 3
GGGTGCTCAA AAGGAAGECA TTTLCCCACC AGACGCTGCT TCTGCCGCTC
CCCACGAGTT TTCCTTC A 5Ecacrcc TCTGCGACGA AGATGGCGAG
4 e 6

2 Sl 1]

7 T 11
CATTGAGRAC CATCRCTGCTNGATACCTTCA GARAGTTRTT CAGAGTTTAC
GTAACTCTTG GTAGTGAC TCAATAAR GFCTCAAATG
10 8 12

13 15
TCCAACTTCT GAGAGGTAA ATTGAAGTTG TACACEGGTG AAGCCTGTAG
AGGTTGAAGA CCATT TAACTTCAAC ATGTGGCC TTCGGACATC
la 16
17 15
RACTGGTRAC AGATAAGCCC GACTGATAAEL AACAGTGTAG
TTGACCACTG 1 ATTCGGG CTGACTATTG TTHFCACATC
15 18
sal1
ATGTAACA/A G

TACATTSTTT CAGCT
20
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TABLE XLI
SCEPO_GENE
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HindIII
EGCTTGGATA
ACCTAT

GGARAGATAC
CCTTTCTATG

GTGCTSAACA
CACGACTTGT

GTTAACTTCT
CAATTGAAGA

AGTTTGGCAA
TCARACCGTT

CCTIGTTGNT

‘GGAACAACCA

GATAAAGCCG
CTATTTCGGE

GGGTICTCAR
CCCACGAGTT

CATTGAGAAC
GTAACTCTTG

TCCAARCTTCT
AGGTTGAAGA

AACTGGTGAC
TTGACCACTG

ATSTAACARA
TACATTGTTT

-1 +1
ArgAla
AAAGAGCTCC
TTTCTCGAGG

TTGTTGGAAG
AACAACCTTC

CTGTTCTTTIG
GACAAGAAAC

ACGCTTGGAA
TGZGARCCTT

GGTTTGGCCT
CCARACCGGA

TAACTCTTCT

{
TETCTGGTTY

AGAGACCAARA

RAGGAAGCCA
TTCCTTCGGT

CATCALTGCT
GTAGTGACGR

TGAGAGGTAA
ACTCTCCATT

AGATAAGCCC
TCTATTCGGG

2}

al

G
CAGCT

'

ACCAALATTG ATCTGTGACT

TGGTTCTAAC
/

CTARAGAAGC
GATTTCTACG

AACGAAAACA
TTGCTYTTGT

ACGTATGGAA
TGCATACCTT
/

/

!
TGTTATCTGA
ACRATAGACT

TAGALACTGA

TGAAARACATC
ACTTTTGTAG

TTACGGTACC
AATGCCATGG

GTTGGTCARAC
CAACCAGTTG

AGCTGTTTTG
TCGACAARAAC

HACCATETE AACCATTGCA

ATTGAGAAGA fTTQGTACCC TTGGTAACGT

GAGATZTTTG
CTCTAGAAAC

TTTCCCCACC
RAAGGGGTSG

GATACCTTICA
CYATGGAAGT

ATTGAAGTTG
TAACTTCAAC

GACTGATAAC
CTGACTATTG

ACTACTTTGT
TGATGARAACA

AGACGCTGCT
TCTGCGACGA

GAAAGTTATT
CTTTCAATAR

TACACCGGTG
ATSTGGCCAC

AACAGTGTAG
TTIGTCACATC
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CGAGAGTTTT
GCTCTCAARAA

ACCACTGGTT
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AGACACCAAG
TCTGTGGTTC

AAGCTGTTGA
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TCTCCAGTTC
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ﬁf} The assembled SCEPO sections were sequenced in
Mlsiand Sections 1, 2 and 3 were isolatable from the
phage as HindIII/Kpnl, Kpnl/BglII, and Bglll/Sall frag-
ments. - .

The presently preferred expressicn system for
SCEPQ gene products is a secretion system based on
S.cerevisiae a-factor secretion, as described in co-
pending U.S. .Patent Application Sérial No. 487,753, filed
April 22, 1983, by Grant A. Bitter, published Qctober 31,
1984 as European Patent Aoplicatiogad\i23,294. Briefly
put, the system involves constructions wherein DNA
encoding the leader sequence of the yeast a-factor gene
product i{s positioned immediately 5’ to the coding region
of the exogenous gene to be expressed. As a result, the
gene product translated includes a leader or signal
sequence which is Yprocessed of f" by an endogenous yeast
enzyme in the course of secretion of the remainder of the

product. Because the construction makes use of the a-

factor translation initiation (ATG) codon, there was no
need to orovide such a codon at the‘rfrgogition of the
SCEPO gene. As may be noted from,. , the alanine
(+1) encocing sequence is preceded by a linker sequence
allowing for direct insertion into a plasmid including
the DNA far the first B0 residues of the a-factor leader
following the a-factor promoter. The specific preferred
construction for SCEPD gene expression Involved a four:
part ligation including the above-noted SCEPO section
fragmerts and the large fragment of HindIl1/Sall
digestion of plasmid paC3. From the resulting plasmid
pal3/SCEPO, the a-factor promoter and leader sequence and
SCEPD gene were .solated by digestion with BamHI and
ligated into BamHl digested plasmid pYE to form
expression plasmid pYE/SCEPO.

SXAMPLE 12

Tae gresent example relates to expression of
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recombinant products of the manufactured ECEPO and SCEPO
genes within the expression systems of Example 1l.

In use of the expression system designed for use
of E.coll host cells, plasmid p536 of Example 11 was
transformed into AM7 E.coll cells previocusly transformed
with a sultable plasmid, pMWl, harboring 3 Crgsy 92ne:

.. Cultures of cells in LB broth {Ampicillin 50 ug/ml and
. kanamycin 5 ug/ml, preferably with 10 mM MgSOA) were

maintained at 28°C and upon growth of cells in culture to
0.0.40g = 0-1: EPO expression was induced by raising the
culture temperature to 42°C. Cells grown to about 40
0.0. provided EPO production (as estimated by gel) of
about 5 mg/0D liter.

Cells were harvested, lysed, broken with French
Press (10,000 psi) andg treatec with lysozyme and NP-40
detergent. The pellet resulting from 24,000 xg centrifu-
gation was solubilized with guanidine HCl and subjected
toa further purification in a single step by means of
Sy (vydac) Reverse Phase HPLC (EtOM, 0-80%, 50 mM NH, AcC,
oR 4.5). Protein sequencing revealed the product to De
greater than 95% pure and tne products ocbtained revealed
two cifferent amino terminals, R-P-P-R... and P-P-R... in
a relative quantitative ratio of about 3 to 1. This
latter observation of hEPO and [ges AlallhEPO products
indicates that amino terminal “processing® within the
nost cells serves to remove the terminal methionine and
in some instances the initial alanine. Radicimmunoassay
activity for the isolates was at 2 jevel of 150,000 to
160,000 U/mg; ‘n vitro assay activity was at @ level of
10,000 to 62,000 U/mg; and in vivo assay activity ranged
from about 120 to 720 Jy/mg. (Cf., numan urinary isolate
standard of 70,000 U/mg in each assay.) The dose response
curve for the cecombinant product in the in vivo assay
gifferec markegly from that of the human urinary_EEE
stangard.
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The EPO analog plasmids formed in parts A and B
of Example 11 were each transformed into pMwl-transfcrmed
AM7 E.zoli cells and the cells were cultured as above.
Purified isolates were tested in both RIA and in vitro
assays. RIA and in vitro assay values for [Asnz,
des-Fro2 through Ile6]hEPD expression products were
approximately 11,000 u/mg and 6,000 U/mg protein, respec-
tively, while the assay values for [His’JhEPO were about
41,000 U/mg and 14,000 U/mg protein, respectively, indi-
cating that the analog products were from one-fourth to
one-tenth as "active™ as the “parent™ expression product
in the assays.

In the expression system designed for use of
S.cerevisiae host cells, plasmid pYE/SCEPO was trans-
tormed into two different strains, YSOP4 {genotype a
peps-3 trol) and RK81 {genotype oo pep4-3 trpl).
Transformed YSDP4 hosts were grown in SD medium (Methods
in Yeast Genetics, Cola Spring Harbor Laboratory, Cold
Spring Harbor, N.Y., p. 62 {1983) supplemented with casa-
mino acids at 0.5%, pH 6.5 at 30°C. Media harvested when
the cells had been grown to 36 0.D. contained EPO pro-

_gucts at levels of about 244 u/ml (97 ug/0D liter by

RIA). Transformed RKBl cells grown to either 6.5 0.0. or
§) C.D. providec media with £P0 concentrations of about
80-90 u/ml (32 ug/00 liter by RIA). Preliminary analyses
reveal significant heterogeneity in products produced by
the expression system, likely to be due to variations in
glycosylation of proteins exoressed, and relatively high
mannose content of the associated carbohydrate.

Plasmids PaC3 and pYE in HB10l E.colil cells were
depositea in accordance with the Rules of Practice of the
U.S. Patent Office on September 27, 1984, with the
American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Maryland, under deoosit numbers A.T.C.C. 3988l
ang A.T.C.C. 39882, respectively. Plasmids pCFMS526 in
aM7 cells, oCFMS536 in JM103 cells, and pMW1l in JM103
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cells were likewise deposited on November 21, 1984 as
A a.T.C.C. égggi{ ;;;é;{ and 53%" respectively.
Saccharomyces cerevisiae strains YSPD4 and RKB1l were
deposited on November 21, 1984 as A.T.C.C. 20734 and
5 20733, respectively.
It should be readily apparen- from conslideration
of the above {llustrative examples that numerous excep-

'tionally valuable products and processes are provided by
the present invention in its many aspects.

10 Polypeptides provided by the invention are
consplicuously useful materials, whether they are micro-
bially expressed products or synthetic products, the pri-
mary, secondary or tertiary structural conformation of
which was first made known by the present invention.

15 As previously indicated, recombinant-produced
and synthetic products of the invention share, to varying
degrees, the in vitro biological activity of EPO isolates
fror natural sources and consequently are projected to
have utility as substitutes for EPO isolates in culture

20 media employed for growth of erythropoietic cells in
culture, Similar'v, *o the extent that polypeptide pro-
gucts of the invention snare tne in vivo activity of
natural EPO isolates they are conspicuously sultable for
use in erythropoietin therapy procedures practiced on

25 mammals, inclucing numans, to develop any or all of the
effects herefore attributed in vivo tc EPO, e.g., stimu-
lation of reticulocyte response, development of ferroki-
netic effects (such as nlasma iron turnover effects and
marrow transit time effects), erythrocyte mass charges,

30 stimulation of hemoglobin C synthesis (see, Eschbach, et
al., suora) and, as indicated in Example 10, increasing
hematocrit levels in mammals. Included within the class
of humans treatatle with products of the invention are
patients generally reguiring blood transfusions and

35 including trauma vicztims, surgical patients, renal
disease patients including dialysis patients, and
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patients with a variety of blood composition affecting
disorders, such as hemophilia, sickle cell disease, phy-
siologic anemias, and the like. The minimization of the
need for transfusion therapy through use of EPO therapy
5 can be excected to result in reduced transmission of
infectious agents. Products of the invention, by virtue
of thelr production by recombinant methods, are expected
to be free of pyrogens, natural inhibitory substances,
and the like, and are thus likely to provide enhanced

10 overall effectiveness in therapeutic processes vis-a-vis
naturally derived products. Erythropoietin therapy with
products of the present invention is also expected to be
useful in the enhancement of oxygen carrying capacity of
individuals encountering hypoxic environmental conditions

15 and possibly in providing beneficial cardiovascular
effects.

A preferred method for administration of poly-
peptide products of the invention is by parenteral (e.g.,
Iv, IM, SC, or IP) routes and the compositions admi-

20 nisterea would ordinerily include therapeutically
effective amounts of product in combination with accep-
table diluents, carriers and/or adjuvants. Preliminary
pharmacokinetic studies indicate a longer half-life in
vivo for monkey £P0 products when administered IM rather

25 than Iv. Effective dosages are expected to vary substan-

tially depending upon the condition treateg but thera-

peutic doses are presently expected to be in the range of

0.1 (~7U) to 100 {~7000UV) ug/kg body weight of the active

material. Standard diluents such as human serum albumin

10 are contemplatec for pharmaceutical compositions of the
invention, as are stanadard carriers such as saline.

Adjuvant materials sultable for use in com-
positions of the inventlon include compounds indepen-
gently notea for erythropoletic stimulatory effects, such

35S as testosterones, orogenitor cell stimulators,
insulin-like growtnh factor, prostaglangins, serotonin,
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cyclic AMP, prolactin and triiodothyronine, as well as
agents generally employed in treatment of aplastic ane-
mia, such as methenolene, stanozolol and nandrolone (see,

* e.g., Resegotti, et al., Panminerva Medica, 23,, 243-248

(1981); McGonigle, et al., Kidney Int., 25(2), 437-444
(1984); Pavlovic-Kantera, et al., Expt.Hematol., 8(Supp.
8), 283-291 (1980); and Kurtz, FEBS Letters, lsa(l),
105-108 (1982)]. Also contempléfed as adjuvants are
substances reported to enhance the effects of, or
synergize, erythropoietin or aslalo-EPO, such as the

adrenergic agonists, thyroid hormones, androgens and BPA
[see, Dunn, "Current Concepts in Erythropoiesis'. John
wiley and Sons {(Chichester, England, 1983); wWelland, et

.al., Blut, 44(3), 173-175 (1982); Kalmanti, Kidney Int.,

22, 383-391 (1982); Shanidi, New.Eno.J.Med., 289, 72-80
(1973); Fisher, et al., Steroids, 30(6), 833-845 (1977);
Urape, et al., J.fxp.Med., 149, 1314-1325 (1979); and
gillat, et al., Expt.dematol., 10(1), 133-140 (1s82)] as
well as the classes of compounds designated “hepatic
erythropoietic factors" [see, Naughton, et al.,
Acta.Haemat., 69, 171-179 (1583)) and “erythrotropins™
[as gescribed by Congote, et al. in Apbstract 364,

Proceeaings 7in International Congress of Endocrinology
(Quebec City, Quepec, July 1-7, 198&);’5959933*
Bicchem.Siophys.Res.Comm., 115(2), 447-483 (1983) and
Congote, Anal.Biochem., 140, 428-433 (1984)] and
“erythrogenins® {as descriped in Rothman, et al.,
J.surg.Oncol., 20, 105-108 (1982)]. Preliminary
séreenings cesignec to measure erythzggoietic responses
of ex-hypoxic polycythemic mice pre-treated with either
5-g-dihydrotestosterone or nandrolone and then given

erythropoietin of the present invention have generated
equivocal results.

Diagnostic uses of colypeptides of the invention
are similarly extensive and include use in labelled and

unlablled forms in a variety of immunoassay techniques
——
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