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BACKGROUND

The present invention relates generally to the
manigulation of genetic materials and, more particularly,
1o recomdinant procedures making possible the productign
of oolypeotices possessing pact or all of the primary
structural conformation ano/or one or more of the biclo-
gical properties of naturally-occurring erythropoietin.

A. Manipulation Of Cenetic Materials

Generic materials may be broadly defined as
tnose cnemical substances which program for and Quide the
manufacture of constituents of cells and viruses and
direct tne respeonses of cells ang viruses. A long chain
polymeric sudstance known as ceoxyridonucleis acid {DNA)
comprises the genetic material of all living cells and
viruses exzept for cer:ain viruses which are programmed
by ridonucleic azi2s (RNA), The repeating units in DNA
polymers are four 3lfferent nucleotides, each of which
consists of sitner a purine (adenime or guanine) or a
gysimizine {znymine ar cytosine) bound to a deoxyribose
sugar to wnlich a Jnhosphale group fs attached. Attachment
of nuclectises i~ linear polvmeric form is by means of -—
fusion of tmne 5' pnosphate of one nucleotide to the 3’
nycroxyl growp cf anpother, Functlional DNA occurs in the
form of stacle coudle s:rangea associations of single
strands cf nutlectizes («nown as deoxycligonucleotides),
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which associations occur by means of hyoctogen bonding
between purine and pyrimigine bases [i.e.,
“complementary®™ associations existing eitner detween age-
nine (A) and thymine (T) or guanine (G) anc cytosine
(e)l. By convention, nucleotides are referrec to by the
names of their constituent purine or pyrimidine cases,
and the complementaly associations of nucleotides in
oouble stranded ONA (i.e., A-T and G-C) are referres to
as "base pairs®. Ribonucleic acid is a polynucleotide
comprising adenine, guanine, cytosine and uraci]l (W, -~
rather than thymine, bound %o ribose and a phosphate
group.

Most briefly put, the programming function of
DNA is generally effectec through a process wherein spf-
{flc DNA nucleotidge sequences (genes) are “transcribed®
into relatively unstadle messenger RNA (mRNA) oolymers,
The mRNAR, In tur-, serves as a template for the formation
0f s:ructural, regulatory and catalytic oroteins from
amino acids. This mRNA "translation®™ process involves
the operations of small RNA strancs (tRNA) which
transport and align ingdividual amino aclds along the mRNA
seranc tc allow for formation of peolypeptides in proper
amino acigfjgggsgssj,—-Tne MRNA :EEEEEE::L gerived from
DNA ang providing the basis foo tne” tRNA sugply and
orientation of any given one of the twenty aminpg aclids
for polyceotige “expression®™, is in the form of triplet
%" codons® -- sepuential groupings of three nuclectice
vases. In one sense, the farmation of a protein is the
cltimase fcrm =¢ “expression™ of the programmed genetic
message crovided by tne nucleotide seguence of a gene.

“orgmgter” DNA sequences usually “precede® 8
gene in 3 DNA polymer ang provide a site for initiation
of the transcriztion into mRNA, MRegulator™ DNA sequen-
ces, also usually “upstream™ of (§.e., nreceding) a gene
in a given DNA polymer, bing proteins that determine the
frequency (or rate) of transcriptional initiation.

11
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Collectively referred to as “promoter/regulator® or
“control®™ ONA seguence, these seguences which precede a
selected gene (or series of genes) in a3 functidnal DNA
polymer cocoperate to determine whether the transcription

5 {(and eventual expression) of a gene will occur. DNA
sequences which "follow™ a gene in a DONA polymer and pro-
vige a2 signal for termination of the transcription into
mRANA are referred to as transcription ™terminator®
sequences.,

10 A focus cf microblological processing for the
last cecade nas been the attempt to manufacture
industrially anog pharmaceutically significant substances
using organisms which either do not initially have gene-
tically coded information concerning the desired produgt

15 incluced in their DNA, or (in the case of mammalian cells
in culture) do nct ordinarily express a chromosomal gene
at appreciable levels. Simply put, a gene that specifies
tne structure of a desired polypeptide product is either
isolated from a “donor™ organism or chemically synthe-

20 sized anc then stably introduced Into another organism
which is preferably a self.replicating unicellular orga-
nism such as bacteria, yeast or mammalian cells in
culture., Once this s done, the existing machinmery for
gene expression in tne “transformed” or “transfected™

25 microbial nost cells operates to construct the oesired
product, using the exogenous DNA as a template for
transcription of mRNA which ls then translated into a
continuous seguence of amino acid residues.

The art is rieh in patent and literature publi-

30 catlons relating to “recombinant ONA™ methodologies for
tne isolation, synthesis, purification and amplification
of genestic materials for use in tme transformation of
selected nost orgarisms, U.S. Letters Patent
NO. 4,237,224 to Cohen, et al., for example, relates to

35 transformation of unicellular host organisms with _
*hybria™ viral or circular plasmid DNA which includes

12
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selected exogenous DNA seguences. The procedures of the
Cohen, et al. patent first involve manufacture of a
transformation vector by enzymatically cleaving viral or
circular plasmid ONA to form linear DNA strands.
Selected foreign (®exogenous™ or ™heterologous™) DNA
strands ususlly including sequences coding for desired
product are prepared in linear form through use of simi-
l1ar enzymes. The linear viral or plasmid DNA is incu-
bated with the foreign DNA in the presence of ligating
enzymes capable of effecting a restoration orocess and
"nybrid™ vectors are formed which incluae the selectec
exogenous DNA segment “spliced™ into the viral or cir-
cular ONAR plasmidgd.

Transformation of compatible unicellular host
organisms with the nybrid vector results in the formation
of multiple copies of the exogenous ONA in the host cell
population. In some instances, the gesired result is
simply the amplification of the foreign DNA and the
“oroduct™ harvested is DNA. More freguently, the goal of
transformation is the expression by the host cells of the
exagenous ONA in the form of large scale synthesis of
isclatabie gquantities of commercially significant proteln
or polypepticge fragments coded for by the foreign DNA.
See also, €.g., Y.5. Letters Patent Nos. 4,264,731 (to
Smhine), 4,273,875 (to Manis), &,293,652 (to Cohen), and
European Patent Application 093,619, published November
9, 1983.

The development of specific DNA sequences for
splicing into ONA vecters is accomplished by a variety of
tecnnigues, depending to a great deal on the degree of
»foreignness® of the “donor® to the projected host and
the size of tnhe polypeptide to be expressed in the host.
at tne risk of over-simplification, it can be stated that
three ajternative principal methods can be employed: (1)
the "isolation™ of double-stranced DNA sequence from the
genomic ONA of the donor; (2) the chemical manufacture of
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a DNA sequence providing a code for a polypeptice of
interest; and (3) the in vitro synthesis of 2 double-
stranded DNA seouence'by enzymatic "reverse transcripe
tion® of mRNA isolated from donor cells. The
last-mentioned methods which involve formation of a DNA
"complement™ of mRNA are generally referrec to as "cONa™
methods.

Msnufacture of DNA seguences is frequently tne
method of choice when the entire sequence of amino aclg
residues of the desired polypeptide product is known.
ONA manufacturing procedures of co-owned, co-pending
U.S5. Patent Application Serial No. 483,451, Dy Alton, et
al., (filed April 15, 1983 ang corresponding to PCT
US83/00605, published November 24, 1983 as WO0B3/04053),
for example, provioe 8 superior means for accompllshina
such nighly deslirable results as: providing for the pre-
sence of alternate codons commonly found in genes which
are highly expressed in the host organism selected for
expression (e.g., providing yeast or E.coli “preference®
codons); avoiding the presence of untranslated ®intron®
sequences (commonly present in mammalian genomic DNA
sequences and MRNA transcripts thereof) which are not
reacily processed by procaryotic host cells; avolding
expression of undesireg “leade:r™ polypeptide sequences
commonly cocded for by genomic ONA and cONA sequences but
freguently not readily cleaved from the colypeptice of
interest by bacterial or yeast hest cells; oroviding for
ready insertion of the DNA in convenient expression vec-
tors in association with desired promoter/regulator and
terminator seguences; and providing for ready construc-
tion of genes coding for polypeptice fragments and ana-
logs of the desirec polypeptides.

when the entire sequence of amino acid residues
of the gesired polypeptide L5 not known, direct manufac-
ture of DNA seguences is not possible and isolation of
DNA sequences coding for the polypeptide by a cDNA method

14
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becomes the method of choice despite the potential
orawbacks in ease of assembly of expression vectors
capable of providing high levels of microtial expression
referred to above. Among the standard orocedures for
isolating cONA seguences of interest is the preparation
of plasmid-borne ¢cONA "libraries®™ derived from reverse
transcciption of mRNA abundant In donor cells selected as
responsible for nigh level expression of genes (e.g.,

‘libraries of cONA derived from pltuitary cells which

express rtelatively large quantities of growth hormone
products). Where substantial portions of the polypep-
tide's amino acid seguence are known, labelled, single-
stranded DONA probe sequences cuplicating a sequence
putatively present in the “target® cONA may De employep
in DNA/DNA hybrigization procedures carried out on cloned
copies of the cDNA which have been denatured te single
stranged form. LSee, generally, the disclosure and
giscussions of tne art provided in U.S. Patent No.
6,394,443 to weissman, et al. and tne recent gemonstta-

ions of the use of long oligonucleotide hybriagization
crobes reportec in wallace, et al., Nuc.Acizs Res., §,
op. 3543-3557 (1979), anc Reyes, et al., P.N.R.S5.

(u.S.a.), 79, pp. 3270-3274 (1982}, and Jaye, et al.,

Nuc.Acids Res., 11, p. 2325-2335 (1983). See also, U.S.
Pastent No. 4,358,535 to Falkow, et al., relating to
DNA/DNA hybricization procedures in effecting diagnosis;
published Eurocpean Patent Application Nos. 0070685 ando
0070687 relating to light-emitting labels on single
stranded polynucleotide probes; Davis, et al., *a Manual
for Senetic Engineering, Advanced Bacterial Genetics”™,
Cold Sering Hardor Laboratory, Cold Spring Harbor, N.Y.
{1980} at op. 55-58 and 174-176, relating to colony and
plaque hybridization technigues; and, New England Nuclear
(3oston, Mass.) brochures for “Gene Screen® Hybridization
Transfer Mmemtrane materials providing instruction manuals
for the transfer and hybridization of DNA and RNA,
Catalog No. NEF-972.]
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Among the more signficant recent advances in
nybrigization procedures for the screening of recompinant
clones is the use of labelled mixed synthetic oligo-
nucleotide probes, each of which is potentially the
complete complement of a specific DNA sequence in the
hybrigization sample including a heterogenous mixtyre of
single stranded gggé_nr RNAs. These procedures are
acknowledged to be especially useful in the detection of
¢DNA clones derived from sgurces which provige extremely
low ampunts of MRNR sequences for the polyoeptice of
interest. Briefly put, use of stringent hydridization
conditions directed toward avoidance of non-specific
binging can allow, e.g§., for the autoradiograohic
visualization of a specific cONR clone upon tne event of,
nybricization of the target DNA to that single probe
witnin the mixture/which is its complete complement, See
generally, wallace, et al., Nuc.Acios Res., 9, pP.
879-897 (198!): Suggs, et al. P.N.A.S. (U.S.8.), 78, pp.
6613-6617 (1981); Choo, et al., Nature, 299, op. 176-180
(1982); Kurachi, et al., P.N.A.S. (U.5.A.)}, 79,
0p. 6461-6464 (1982); Ohkubo, et al., P.N.R.S. (U.5.4.},
80, op. 2196-2200 (1963); ang Kornblintt, et al.

PoN.0.S. (U.5.8.), 80, po. 3218-3223 #9€3). In general,
sne mixed probe procedures of wallace, et al. (1%81),
supra, have Deen exnanges upon by various workers to the

point where reliatle Tesulls have reportedly been
obtaineo ir a cONA czlone isolation using a Sz:member
mixse “pool®™ of ls-base-long (16-mer) cligonucleotioe
orobes of uniformly, varying ONA seauences together with
a single li-mer D effect 2 swo-site “positive™ confir-
macion of tre presence of cONA of interest. See,

Singer-Sam, e: al.., P.N.A.S. (u.S.2.), 80, pp. 802-B06
(1983).

The .se 0 genomic DNA isolates is the least
common of tne tnree adove-noted metmogs for developing
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specific ONA sequences for use in recombinant procedures.
This is especially true in the area of recombinant proce-
dures cdirected to securing microblal expression of mam-.
malian polypeptides and is due, principally to the
complexity of mammalian genomic DNA, Thus, while
relisble procedures exist for developing phage-borne
libraries of genomic ONA of human and other mammalian
species origins [See. e.0., Lawn, et al, Cel}, 15,

pp. 1157-1174 (1978) relating to procedures for
generating a human genomic library commonly referred to
as the “Maniatis Library®; Karn, et al., P.N.A.S.
(u.8.8.), 77, pp. 5172-5176 (198C) relating to a human
genomic library based on alternative restriction endo-
nuclease fragmentation procedure; and Blattner, et al.q
Science, 196, po. 161-169 (1977) describing construction
of a bovine gencomic library] tnere nave been relatively
few successful attempts at use of hybridization proce-
dures in fsplating genomic ONA In the absence of exten-
sive foreknowleoge of amino acic or ONA seguences. AsS
one examgle, Ficdes, et al., J.Mol. and Aop.Cenetics, 1,
co. 3-18 (1%81) report the successful isclation_g;_a_gpne
cocing fcr the alpha subunit of &me human pituitary Qly-
cocrotein hormones from the Maniatis Library through use
of a “full leng:n™ probe including a complete 621 base
pair fragmen:t of a previously-isolated cONA sequence for
the alpha subunit. As ancther example, Das, et al.,
P.N,A.S. (U.5.8.), B0, pp. 1531-1535 (1983) report isola-
tion of human gemomic clones for human HLA-DR using a 175
base pair synthetic oligonucleotide. Finally, Anderson,
et al., P.N.A.S. fU.5.A.), BO, Pp. 6838-6B42 (1983)
report the isolation of genomic clone for bovine
cancreatiz trypsin innibitor {BFTI) using a single probe
86 base Dairs in length and constructed according to the
known amiro acid sequence of BFTI. The authors note a
determination of poor prospects for isolating mRNR
sultable for svnthesis of a CONA library due to apparent

17
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low levels of mANA in initislly targeted parotid gland
and lung tissue spurces and then address the prospects of
success in probing a genomic library using a mixsure of
labelled probes, stating: "more generally, mixed-

5 sequence oligodeoxynucleotide probes have been used to
isolate protein genes of unknown sequence from cDNA
1israries. Such probes are typically mixtures of B8-32
oligonuclectides, l4-17 nuclectides in length, repre-
senting every possible ination for a small

10 stretoh (5-6 resicues) [of amino arid sequence. Under
stringent hybridizationm\condaitjdns that discriminate
against incorrectly base- Ted probes, these mixtures
are capable of locating specific gene sequences in clone
libraries of low-to-moderate complexity. Neverthneless,

15 because of their short length and heterogeneity, mixed -
probes often lack the specificity requized for probing
sequences as comclex as a mammalian genome. This makes
such a method impractical for the isolation of mammalian
protein genes when the corresgonding mRNAs are

20 wunavailable.® (Citations omittea).

There thus continues to exist a need in the art
for improved metnods for effecting the rapld and effi-
cient isplation of‘EDNA clones ir instances where little
is xnown of the amino acia seauence of the polypeptice

25 cooed for and wheze “ehricnec® tissue sources of MRNA are
not readily avallable for use in constructing cDNA
libraries. Such improved metnods would be especially
useful if they were applicable to fsolating mammalian

genomic cloney where sparse information is available con-
30 ce:ning\aMino]acid sequences of ine pclypeptide coded for

by the gene sought.

B. Ervthropoletin As A Polypeptice 0f Interest
grytnropoiesis, the production of red blood
35 cells, occurs continuously throughout the human life span
to offset cell destruction. Erythropoiesis is a very

18
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precisely controlleo pnysiological mechanism enabling
sufficlient numbers of red blood cells to be avallabdble in
the blood for prope:r tissue oxygenation, but not so many
that the cells would impede circulation. The formation

S of red blood cells occurs in the bone marrow and is unaer
the control of the hormone, erythropoietin.

Erythropoietin, sn acidic glycoprotein of

approximately 34,000 calton molecular weight, may occur
in three forms: a, 8 and.asialo. The a and 8 forms

10 differ sligntly in carbohydrate components, but have the
same potency, biological activity and molecular weight.
The asialo form is an o or 8 form with the terminal car-
bonydrate (sialic acid) removed. Erythropoietin is pre-
sent in very low concentrations in plasma when the booy

15 is in a healthy state wherein tissues receive sufficie;E
oxygenation from the existing number of erythrocytes.
This normal iow concentration is enough to stimulate
replacement of red blood cells which are lost normally
through aging.

20 The amount of erythrocolietin in the circulation
is increased unoger conditions of hypoxia when oxygen
transport by blood cells in the circulation is reduced.
Hypoxia may be caused by loss of large amounts of blood
through hemorrhage, destruction of red %lood cells by

25 over-exposure to radiation, reduction in oxygen intake
due to high altitudes or prolonped unconsciousness, or
various forms of anemis. In response to tissues
undergoing hypoxic stress, erythropoietin will increase
red blooo cell production by stimulating the conversion

30 of primitive precursor cells in the bone marrow into pro-
erythroblasts wnich subsequently mature, syntnesize
nemoglobin anc are released into the circulation as red
blood cells. when the number of red blood cells in cir-
culation is greater than needed for normal tissve oxygen

35 reguirements, erythropoietin in circulation is cdecreased.

See generally, Testa, et al., glg;ﬂgggggi;.
8(Supp. 8), lss-152 (1980); Tong, et al., 3.8icl.Chem.,

19
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256(24), 12666-12672 (1981); Goldwasser, J.Cell.Pnysisl.,
110(Supp. 1), 133-135 (1982); Finch, Blooe¢, 80(6),
1261-1246 }90 ); Sytowski, et al.,’ ewHenatol., B8{Supp
8), 52-64 : Naughton, Ann.Clin.Lab.Sci., 13(5),
632-438 (1983); weiss, et al., Am.J.vet.Res.,
64(10),1832-1835 (1983); tLappin, et al., Exp.Hematol.,
11(7),"'661-666 (1983); Baciu, et al., Ann.N.Y.Acad.Sci.,
4la, 66-72 (1983); Mmuyrpny, et al., Acta.Haematologica
Japonica, 46(7), 1380-1396 (1983); Dessypris, et al..
Brit.J.Haematol., 56, 295-306 (1984); and, Emmanouel, et
al., Am.J).Physipl., 247 (1 Pt 2), F168-7¢6 (198s),

Because erythropoietin is essential in the pro-
cess of red blood cell formation, the hormone has poten-
tial vseful application in both the diagnosis and the -
treatment of blood diserders characterized by low or
defective red blood cell production. See, generally,
Pemnathur-Das, et al., Blood, 63(5), 1168-71 (198a) ang
Wagdy, Am,Jour.Ped,<ematol./Oncpol., &, 191-196, (1982)
relating to erythropoletin in possible therapies for
sickle cell disease, and Eschbach, et al. J.Clin.Invest.
7u(2), op. 63s4-88l1, (1984), cescribing a therapeutic
regimen for uremic sheep based on in vivo response to
erythropoietin-rich plasma infusions and proposing a
gosage of 10 U EPO/kg per day for 15-40 days as correc-
+ive of anemia of the type associated with chronic renal
failure. See also, Krane, Henry Forg Hosp.Med.2., 31(3),
177-181 (1983).

It has recently been estimatec tnat the avalla-
bility of erythropoietin in guantity would allow for
treatment esach year of anemias of 1,600,000 persons in
the United States alone, See, e.g., Morrison,
*Bioprocessing in Space -- an Overview™, pp. 557-571 in
The world Bictech Report 1984, Volume 2:USA, (Online
Publications, New York, N.Y. 1984). Recent studies have
providec a tasis for projection of efficacy of erythro-

20
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poletin therapy in a variety of disease states, discrders
and states of hematologic irregularity: vedovato, et
al., Acts.Maematol, 71, 211-213 (1984)
(peta-tnalassemia); vichinsky, et al., J.Peciatr.,

5 105(1), 15-21 (1984) (cystic fidbrosis); Cotes, et al.,
Brit.J).Obstet.Gyneacol., 90(4), 30a-311 (1983)
(pregnancy, menstrual disorders); Haga, et al.,
Acta.Pediatr.Scand., 72, 827-83] (1983) (eacly anemia of
prematurity}; Claus-walker, et al.,

10 Arch.Phys.Med.Rehabll., 65, 370-37a (1984) (spinal cord
injuryl); Ounn, et al., Eur.J.Appl.Phvsiol., 52, 178-182
(1984) (space flignt); Miller, et al., Brit.J.Haematol.,
52, 545-590 (1982) (acute blood loss); Udupa, et al.,
S.t8b.Clin.Med., 103(4), 574-580 ana 581-588 (1984); amd

!5 tLipschitz, et al., Blood, 63(3), 502-509 (1983) (aging);
and Dainiak, et al., Cancer, 5:1(6), 1101-1106 (1983) andg
Schwartz, et al., Otolarvngol., 109, 269-272 (1983)
(various neopnlastic disease states accompanied by abnor-

mal erytnhropoiesis).

20 Prior attempts to obtain erythrapoietin in good
yield from plasma or urine have proven relatively unsuc-
cessful. Complicated anc sophisticatec laboratory tech-
niques are necessary and generally result in the
ccllection of very small amounts of impure and unstable

25 extrac:ts containing erythropoietin,

U.S. Lesters Patent No. 3,033,753 describes a

method for partia.ly purifying erythropscietin from sheep
blood plasma which provides low yields of a crude solig

extract containing erythropoietin,

30 Inizial attempts to isolate erythropoietin from
urine yieldeo unstable, binlogically inactive prepara-
tions of tne hormone. U.S. Letters Patent No. 3,865,801
gescripes a method of stabilizing the biological activity
of 8 crude substance containing erythropoietin recovered

35 from ucine. The resulting crude preparation containing
erythropoietin purportedly retains 90% of erythropoietin
activity, and i{s stabdle.

21
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Another method of purifying human erythropoietin
from urine of patients with aplastic anemia is deseribed
in Miyske, et al., J.Biol.Chem., Vol. 252, No. 15 (August
10, 1977), po. 5558-5564. This seven-step procegdure

5 incluges ion exchange chromatography, ethanol precipita-
tion, gel filtration, and adsorption chromatography, and
yields a pure erythropoietin preparation with a potency
of 70,400 units/mg of protein in 21X yield.

U.S. Letters Patent No. 4,397,840 to Takezawa,

10 et al. ogescribes methods for preparing “an erythropoletin
product®™ from healthy human urine specimens with weakly
basic lon exchangers and proposes that the low molecular

o weight products obtained “have no innibitory effects
against erytnhropoietin. ‘.
15 U.X. Patent Application No. 2,085,887 by

Sugimotc, et al., published may 6, 1982, describes a pro-
cess for the prcouction of hybrid human lymphoblastold
cells, reporting oroduction levels canging from 3 to 420
units of erythropoietin per ml of suspension of cells

20 (cgistributeo into tne cultures after mammalian host prop:

c ticn)containing uo to 107 cells per ml., At the highest pru-

duction levels asserted to have been obtained, the rate
of erythropoietir proouction could be calculated to be
from 40 to adout 4,000 Units/10% cells/a8 hours in in

25 vitrc culture following transfer of cells from in vive
propagation sys:ems, (See alsc the ecguivalent U.S.
Letters Patent Nc. 4,377,513.) Numerous proposals have
been made for isclation of erythropoietin from tissue
sources, inzlucing neoplastic cells, but the yields have

30 been guize low., See, e.g., Jelkman, et al.,
Expt.HMematcl., 1.77), 581-588 (1983); Tambourin, et al.,
P.N.A.S. (U.5.48.:, BC, 6269-6273 (1983); Katsuoka, et
al., Gann, 74, 53¢-541 (1983); Hagiwara, et al., Bloog,
€3(a), 828-81% [:98a); and Choppin, et al., Blood, 64(2),

35 341-347 (1964). -

Othe:r isalation technigues utilizea to obtain’

purified eryinroooietin invplve immunglogical procedures.

22
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A polyclonal, serum-derived antibody directed agajnst
erythropoletin i{s developecd by injecting an animal, pre-
ferably a rat or rabbit, with human erythropcietin. The
injected human erythropoletin is recognized as a foreign
S antigenic substance by the immune system of the animal
and eliclts production of antibodies against the antigen.
Differing cells responding to stimulation by the antige.
nic substance produce and release into circulation anti-
boaies slightly different from those produced by other

10 responding cells. The antibody activity remains in the
serum of the animal when its blood is extracted. while
uwnpurified serum or antibody preparations purified as a
serum immunoglobulin G fraction may then be used in
assays to Getect and complex with human erythropoietin,

15 tne materials suffer from a major disadvantage. This
serum antibody, composed of all the different antlipodies
produced by individual cells, is pelyclonal in nature and
will complex with components in crude extracts other than
erytrraopoietir alane,

20 Of intersst to the background of the present
invertion are recent advances in the art of geveloping
continuous cultures of cells capable of producing a
single species of antibody whicn is specifically immuno-
logizally reactive with a single antigenic determinant of

25 a selected antigen., See, generally, Chisholm, High
Technology, Vol. 3, No. 1, 57-63 (1983). Attempts have
peen made to employ cell fusion and hybridization tech-
niques to develod “monoclonal" antibodies to erythro-
pecietin and to employ these antibodies in the lsolation

30 andg quantitative oetection of human erythropoietin. As
one example, a report of the successful Oevelopment of
mouse-mouse nhydrigoma cell llnes secreting monoclonal
antibodies o human erythropgcietin appeared in abstract
form in Lee-Huang, Abstract No. laé3 of Fed.Proc., &l,

35 522 {1982). As another example, a cetalled gescription
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of the preparation and use of 3 monoclonal, anti.
erythropoietin sntibody appears in weiss, et al.,
P.N.A.S5. (U.S.A.), 79, 5465-5469 (1982). See also,
Sasaki, Biomed.Biochim.Acta., 42(11/12), S$202-520¢
(1983); vanagawa, et al., Blood, 64(2), 357-364 (1984);
Yanagawa, et al., J.Biol.Chem., 259(5), 2707-2710 (1984);
and U.S. Letters Patent No. 4,465,624,

Also of interest to the background of the inven-
tion are reports of the immunological activity of synthe-
tic peptides which substantially duplicate the amino acld
sequence extant in naturally-occurring proteins,
glycoproteins and nucleoproteins. More specifically,
relatively lowv molecular weight polypeptides have been
shown to participate in immune reactions which are simj-
lar in guration and extent to the immune reactions of
physiologically significant proteins sucnh as viral anti-
gens, polypeptioce hormones, and the lixe. Included among
the immune reactions of such polypeptides iy the provoca-
tion of the formation of specific antibodies in
immunologically active animals. See, e.g., Lerner, et
al., Cell, 23, 309-310 (198l); Ross, et al., Nature, 29a,
654-656 {1981); walter, et al., P.N,A.S. (U.S.A.), 77,
5197-5200 (1980); Lerner, et al., P.N.A.S5. (U.S.R.), 78,
3403-3407 (1981); walter, et al., P.N.A.S. (U.S.4.), 78,
48B2-4886 (1981); wong, et al., P.h.2.S. (U.S.A.), 78,
7412-7416 (1981); Green, et al. Cell, 28, 477-487 (1982);
Nigg, et al., P.N.A.S. (U.5.A.), 79, 5322-5326 (1982);
Baron, et al., Cell, 28, 395-a0a (1982); Dreesman, et
al., Nature, 295, 158-160 (1982); ano Lerner, Sclentific
American, 248, No. 2, 66-74 (1983). See, also, Kaiser,
et al., Science, 223, op. 269-255 {1984) relating to
biological an¢ immunological activities of synthetic pep-
tides which apporoximately share secondary structures of
peptide hormones but may not share their primary struc-
tural conformation. The above studies relate, of course,
to amino aciz seaguences of proteins other than erythro-
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poietin, a substance for which no substantial amino acig
sequence information has been publishes. In co-owned,
co-pending V.5, Patent Application Serial No. 463,72a,
filec Fedbruary 4, 1983, by J. Egrie, published August 22,
5 1984 as European Patent Application No. O 116 446, there
ls described a mouse-mouse hybridoma cell line
(A.T.C.C. No. HBB209) which produces a highly specific
monoclonal, anti-erythropoietin antibody wnich {s also
specifically immunoreactive with & polypsptide comprising
1C the following seguence of amino acids:
NHZ-Ala—’rO-PrO-th-Leu-Ile-Cys-Asp-Ser-Arg-Val-Leu-
Glu-Arg-Tyr-Leu-Leu-Glu-Ala-Lys~COOM,
The polypeptide sequence is one assigned to the first
twenty amino acid residues of mature human erythropoietin

15 1isolated accorging to the method of Miyake, et al.,
J.8i01.Chem., 252, 5558-5564 (1977) and upon which amino
acid analysis was performed by the gas phase sequencer
(Applied Biosystems, Inc.) according to the procedure of
Hewick, M., et al., J.8iol.Chem., 256, 7990-7997 (1981).

20 See, also, Sue, et al., Proc. Na:. Acad., Sci. (usa), 80,
op. 3651-3655 (1983) relating to development of polyclc-
nal antibodies against a synthetic 26-mer based on a dif-
fering amino acid seguence, ang Sytowski, et al.,
J.Immunol. Methods, 69, op.1B1.186 (1984).

25 while polyclonal anag monoclonal antibodies as
described adbove provioce nighly useful materials for use
in immunoassays for detection and guantification of
erythropoietin anag can be useful in the affinity purifi.
cation of erytnropoietin, it appears unlikely that these

30 materials can readily provide for the large scale i{sola-
tion of guantities of erytnropoietin from mammalian sour-
ces sufficient for furthner analysis, clinjical testing and
potential wide-ranging therapeutic use of the substance
in treatment of, e.g., chronic kidney disease wherein

35 dalseased tissues fail to sustain proouction of erythro-
poietin., It is consequently projected in the art that

25
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™

the best prosoects for fully characterizing mammalian
erythropcietin ang providing large quantities of {t for
potential diagnostic and clinical use Involve successful
application of recombinant procedures to effect large

5 scale microbial synthesis of the compound.

While substantial efforts appear to have been
macde in attempted isclation of DNA sequences coding for
human ang other mammalian species erythropoietin, none
8ppear to have been successful. This is due principally

10 to the scarcity of tissue sources, especially human
tissue sources, enriched in mRNA such as would allow for
construction cf 3 cONA library from which a ONA sequence
cosing for erythropoietin might be isolated by conven-
tional tecnniques. Further, so little {s known of the,

15 continuous sequence of amino acid resigues of erythro-
poietin that it is not possiple to construct, e.g., long
polynucleotide probes reacily capable of reliable use in
DNA/DNA hybridization screening of cONA and especlally
genomic ONA libraries. Illustratively, the twenty amino

20 acid seguence employed to generate the above-named
monoclonal antibody produced by AR.T.C.C. No. HBB209 does
not aomit to the construction of an unambiguous, 60 base
oligonucleotide probe in the manner describea by
Angerson, et al., supra. It is estimated that the human

25 gene for erythropoietin may appear as a “single copy
gene™ within the hyman genome and, in any event, the
genetic material coding for human erytnropoietin is
likely to constitute less than 0.00005% of tatal human
genomic DNA which would be present in a genomic library.

30 To cate, the most successful of known reported
attempts at recombinant-related methods to provide DNA
sequences suitable for use {n microbial expression of
isolatable guantities of mammalian erythropoistin have
fallen far short of the goal. As an example, Farber, et

35 al. Exp.mematol,, ll. Supp. 14, Abstract 10! (1983)
report the extraction of mRNA from kidney tissues of

26
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phenylhydrazine-treated baboons and the injection of the
mRANA into Xenopus laevis oocytes with the rather tran-
sitory result of in vitro production of a mixture of
“translation products® which included among them
5 displaying biclogical properties of erytnropoletin. More

recently, Farber, et al., Blood, 62, No. 5, Supp. No. i,
Abstract 392, at page 1222 (1983) reported the in vitro
translstion of humagn kidney mRNA by frog oocytes. The
resultant translation product mixture was estimated to

10 include on the orcer of 220 mU of a translation product
having the activity of erythropoletin per microgram of
injected mRNA. While such levels of in vitro translation
of exogenous mRNA coding for erythropoietin were
acknowlegged to be quite low {(compared even to the prisr

15 reported levels of baboon mRNA translation into the
sought-for oroduct) it was held that the results confirm
the human kigney as a site of erythropoietin expression,
allowing for the construction of an enriched human kidney
cONA library from which the desired gene might be iso-

2¢ lated. [See also, Farber, Clin.Res., 31(4), 769A

{1983).]

Since the filing of U.S, Patent Application

Serial Nos. 561,024 ang 582,185, there has appeared a
single repart cf the cloning anc expression of what is

25 asserted to have been human erythropoietin cDNA in
€.coli. Briefly put, a numder of cDNA clones were
inserted into S.ccli plasmids ana B-lactamase fusion pro-
ducts were notec to be immunoreactive with a monoclonal
antibody to an unspecified “epitope™ of human erythro-

30 poietin. See, Lee-Huang, Proc. Nat. Acad. Sci. (USA),
8l, op. 2708-2712 {1984).

BRIEF SummARY

33 The sresent invention provides, for the first
time, novel purified and isolated polypeptide products

27
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having part or all of the primary structural conformation
(i.e., continuous sequence of aming acid residues) anc
one or more of the biological properties (e.g., immunolo-
gical properties and in vivo and in vitrp biological
5 activity) of maturally-occurring erythropoletin,

including allelic variants thereof. These polypeptices
are also uniquely characterizea by being the product of
procaryotic or eucaryotic host expression (e.g., by bac-
terial, yeast and mammalian cells im culture) of exoge-

10 nous ONA sequences gbtalnec by genomic or cONA cloning or
by gene synthesis. Proagucts of microbial expression in
vertebrate {(e.g., mammalian ang avi;n} cells may be
further charactecized by freedom from association with
human proteins or other contaminants which may be assoc:

15 ciated with ecytnropoietin in its matural mammalian
cellular environment or in extracellular fluids suech as
clasma or urine. The products of typical yeast (e.g.,
Saccaromvces cerevislae) or procaryote (e.g., E.coli)
host cells are free of assoclation with any mammalian

27 rrcteins. Deoencing uoon the host employed, palypeptides
of tne {nvention may be glycosylateo with mammalian or

other eucaryotiz carbonycrates or may be non-

glycosylatec. Polypeptides of the invention may also

incluce an initial metrionine amino acid residue (at
25 position <1).

Novel glycoprotelin products of the invention
ingclutge those maving a primary structural conformation
sufficiently ouplicative of that of a naturally-occurring
(e.g., Numan) ecytnropoietin to allow possession of one

3C or more c® =re Zislogizal nroperties thereof and having
an average carccnhycSrate composition which differs from
that of matora..vesczursing (e.g., human) erythroapoletin,
verzecrate {e.g., COS-1 and CHO) cells provided
by tnhe presen: invention comprise the first cells ever
35 avallatle wnicn zan be propagated in vitro continuously
anc whigh uzan growih in culture are capable of producing

28
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in the medium of their growth in excess of 10gg==-
(preferably in excess of 5 nd most preferatly in
excess of 1,000 to 5,000U) of erytnropoietin per

106 cells in 48 hours as determineg by radicimmunoassay.

Also provided by the present invention are
synthetlic polypeptides wholly or partially duplicative of
continuous sequences of erythropoletin amino acic resi-
Gues which are herein for the first time elucidated,
These sequences, by virtue of sharing primary, secondary
or tertiary structural and conformational characteristics
with naturally-accurring erythropoietin may possess
biological activity ang/or immunological properties in
common with the naturally-occurring product such that
iney may be employed as biclogically active or immunole-
gical substitutes for erythropoietin in therapeutic and
immunological processes. Correspondingly provided are
monoclonal and polyclonal antipadies generated by stan-
dard means which are immunoreactive with such polypep-
tices ang, preferably, also immunoreactive with
naturally-occurring erythropoietin,

Illustrating the present invention are cloned
DONA sequences of monkey and human species origins and
polypectide seguences suitably deQuced therefrom which
fepresent, respectively, the primary structural confor-
mation of erythropoietins of monkey ang human species
origins,

Also provided by the present invention are novel
biologically functional viral and circular plasmid ONA
vectors incorporating DNA sequences of the invention and
mizrobial (e.g., bacterlal, yeast and mammalian cell)
host organisms stadly ransformed or transfected with
such vectors. <CJortesoondingly provided by the invention
are novel metnoos for the proouction of useful polypep-
tides comprising cultureo growth of such transformed or
transfectec micrcbial nosts unoer conditions facilitative
of large scale excression of the exogenous, vector-borne

29
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DNA sequences and isolation of the desired Polypeptices
from the growtn meaium, cellular lysates or cellular
membrane fractions,
Isolation and purification of microblally

5 expressed polypeptides provided by the invention may oe
by conventional means including, e.g., prepazative chro-
matographic separations and immunological separations
involving monoclonal and/or polyclonal antibody prepara-
tions,

10 Having herein elucidated tne sequence of aming
acid residues of erythropoietin, the present i{nvention
provides for the total and/or partiasl manfucture of ONA
sequences coding for erythropoietin ang including such
advantageous characteristics as incorporation of codans

15 "preferred™ for excression by selected non-mammalian .
hosts, provision of sites for cleavage by restriction
endonuclease enzymes and provision of additional init{ial,
terminal or intermediate DNA sequences which facilitate
constructlion of readily expresseg vectors. Corres-

20 pongingly, the present invention provides for manufacture
(and development by site specific mutagenesis of cONA and
genomic DNA) of DNA sequences coding for microblal
expression of polypeptide analogs or derivatives of
erythroooietin which differ from naturally-occurring

25 forms in terms of the identity or location of one or mare
amino acid residues (l.e., deletlon analogs containing
less than all of the residues specified for EPO and/or
substitution analogs wherein one or more residues spe-
cified are replaced by other resjdues ana/sr addition

30 analags wherein one or more amino acid residues is added
to 3 terminal or medial portion of the polypeptide); and
whicn share some or al] the oroperties of naturally-
occurring forms,

Novel Q& sequences of the invention incluoe all

35 sequences useful'in securing expression in procaryotic or
eucaryotic host cells of polypeptide products having at

30
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least a part of the primary structural conformation ang
one or more of the biological properties of erythro.
poietin vnéch a£g5;ono;5heﬂded Oy: (a) the DNA sequences
set out 1", herein or their complementary

- Strands; (b) DNA sequences which hybrigize (under nybri-

dization conditions such as illustrated herein or more
stringent conditions) to DNa sequences defined in (a) or
fragments thereof; and (c) ONA sequences which, but for
the degeneracy of tne genetic code, would hybridize to
ONA seguences defined in (a) ang {b) above. Specifically
comprehended in part (b) are genomic ONA seguences
encocing allelic variant forms of monkey and human
erythropoietin andg/or encoding other mammalian species of
erythropoietin. Specifically comprehenced by part (c9
are manufactured DNA sequences encoding EPO, EPOD
fragments ang EPO 2nalogs which DNA sequences may incor-
porate codons facilitating translation of messenger RNA
in non-vertedrat: nosts.

Comprenended by the present invention is that
class of polypeptides coded for by portions of the DNA
coqg}emeﬁF to the top strand human genomic DONA sequence
of ; herein, i.e.,, “complementary inverted pro-
teins™ as gescribed by Tramontsnoc, et al., Nucleic Acias
Research, 12, pp. 5049-50%9 (1984).

Also comprenended by the invention are phar-
maceutical compositlions comprising effective amounts of
polypeptide products of the invention togetner with
suitable diluents, adjuvants and/or carrlers which allow
for provision of erytnropoietin therapy, especially in
the treatment of anemic disease states and most espe-
cially such anemic states as attend chronic rensl
fallure.

Polypeotide products of the {nventigon may be
"labellec™ by covalent association with a detectable
marker substance (e.g., radiclabelled with 3251) to pro-
vide reagents useful in detection and quantificstion of
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erythropoietin in solid tissue and fluid samples such as
blocod or urine. ONA products of the invention may alse
be labelled with detectable markers (such as radiolabels
and non-isotopic labels such as blotin) and employed in
ONR nybridization processes to locate the erythropolietin
gene position and/or the position of any celated gene
family in the human, monkey and other mammalian gpecies
chromesomal map. They can also be used for identifying
the erythropolietin gene disorders at the DNA level and
used as gene markers for {dentifying neighboring genes
and thelr disorders.

As hereinafter described in cetail, the present
invention further provides significant improvements in
methods for detection of a specific single stranded poly-
nucleotide of unknown sequence in a heterogeneous cellu-
lar or viral sample Including multiple single-stranded
polynucleotides where

(3) a mixture of labelled single-stranded poly-
nucleotide probes is prepared naving uniformly varying
sequences of bases, each of said probes being potentially
soeciflically complementary to a sequence of bases which
is putatively unique to the polynucleotice to be
detected,

{(b) the sample is fixed toc a solid substrate,

(c} the substrate naving the sample fixed
thereto 1s treated to adiminisn further binding of poly-
nucleotides thereto except by way of hybridization to
polynucleotides in sald sample,

(g) the treated sudbstrate hRaving the sample
fixed thereto is transitorily contacted with saic mixture
of labelled probes under conditions facilitative of
hybridization only between totally complementary poly-
nucleotides, and,

(e} the specific polynucleotide is detecteod by
monitoring for the presence of a hybrigization reaction
between it and a totally complementary probe within said
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mixture of labelled probes, as evicenced by the presence
of & higher density of labelled material on the substrate
at the locus of the specific pclynucleotide in comparison
to & backpround density of labelled material resulting

5 from non-specific binding of labelled probes to the
substrate.

The procedures are especially effective in
situations dictating use of 64, 128, 256, 512, 1024 or )
more mixed polynucleotide probes having a length of 17 to

10 20 bases in DNA/DNA or RNA/RNA or ONA/RNA hybridizatiens.

As described infra, the above-noted improved
procedures have {llustratively sllowed for the iden-
tification of cONA clones coding for erythropoletin of
monkey species origins within a library prepared from .

15 anemic monkey kidney cell mRNA. More specifically, a
mixture of 128 uniformly varying 20-mer probes based on
aminc acid seguence infermation derived from seaquencing
fractions of human erythropoietin was employed in colony
hybridization procedures to identify seven “positive®™

20 erythropoietin cONA clones within a total of 200,000
colonies. Even more remarkably, practice of the improved
procedures of the invention have allowed for the rapid
isolation of three positive clones from within a
scceening of 1,500,000 phage plagues constituting a human

25 genomic library. This was accomplished through use of
the above-noted mixture of 128 20-mer probes together
with a second set of 128 17-mer probes based on amino
acid anslysis of a gifferent continuous sequence of human
erythropoietin,

30 The above-noted illustrative procedures consti-
tute the first known instance of the use of multiple
mixeo oligonucleotide probes in DNA/DNA hybridization
processes directed toward isolation of mammalian genomic
clores and tne first known instance of the use of a mix-

35 ture of more tnan 32 oliganuclectide probes in the isola-
tion of cONA clones,

33
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Numerous aspects and advantages of the invention
will be spparent to those skilled in the art upon
consideration of the following detailed description which
provides lllustrations of the practice of the invention

S5 in 1ts presently preferreg emdadiments,

o8>

DETAILED DESCRIPTION

According to the present invention, DNA

10 sequences encoding part or all of the polypeptice
seguence of human and monkey species erythropoietin
{hereafter, at times, “EPO™) have been isolated andg
characterized. Ffurther, the monkey and human origin DNA
has been made the subject of eucaryotic and ‘procaryotic

15 expression providing isolatable quantities of polypep-
tides oisplaying pieclogical (e.g., immunological) proper-
ties of naturally-occurring EPO as well as both in vivo
anc in vitro biological activities of EPD.

The DNA of monkey species origins was isolated

20 from @ CONAR library constructed with mRNA derived from
kigney tissue of & monkey in a chemically induced anemic
state and whose serum was immunologically determined to
include high levels of EPDO compared to normal monkey
serum. The isolation of the cesired cDNA clones con-

25 taining EPO encooing DNA was accomplished through use of
DNA/DNA colony hybrizsization employing a pool of 128
mixed, racgiolavelleg, 20-mer oligonucleotide probes and
involved the zapiz screening of 200,000 colonies. Design
of tne oligonucleotice probes was based on amino acid

30 seauence inf2rmaticn providec by enzymatic fragmentation
and sequencing a small samples of human EPO,

The ON& ¥ numan species origins was isolated
from a nhuman gercrmiz DNA libBrary. The isolation of
clones containirng ERJ.encoding DNA was accomplished

35 through DNA/DNA olague nybricization employing the above-
noted ool of 122 mixed 20-mer oligonucleotide probes ang
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a second pool of 128 radiolabelled h?-m:;)p:ubes whose

sequences were based on amino acids sequence information
obtained from a different enzymatic human EPQ fragment.

Positive colonies and plagues were verified by
means of dideoxy sequencing of clonal ONA using a subset
of 16 seguences within the pool of 20-mer probes and
selected clones were subjectes to nucleotide sequence
analysis resulting in deduction of primary structural
conformation of the EPO polypeptides encoded thereby.
The deduced polypeptide sequences displayed a hign gegree
of nomalogy to each other and to a partial seqguence
generated by amino acid analysis of human EPO fragments.

- & selected positive mgnkey cDNA clone and a
selected positive human genomic clone were each inserted
in a "shuttle®™ DNA vector which was amplified in E.coll
and employed to transfect mammalian cells in culture.
Cultured growth of transfected host cells resulted in
culture megium supernatant preparations estimated to con-
tain as much as 3000 mu of EPO per ml of culture fluid.

The following examples are presented by way of
illustration of the invention and are specifically
girected to procedures carried out prior to iden-
tification of EP0 encoding monkey CONA clones and human
genomic clones, tp procedures resulting in such f{den.
tification, and to the sequencing, development of
expression systems agnd immunological verification of EPO
expression {n such systems,

Moce particularly, Example 1 is directed to
amino acig seauencing of human EPO fragments and con-
struction of mixtures of radiolabelled probes based on
tne results of this seguencing. Example 2 is generally
¢irected to procedures involved in the foentification of
cositive monkey cDNA clones and thus provioes information
concecsning animal treatment and preliminary radioim-
munoassay (RIA) analysis of animal sera. Example 3 is
girected to the preoaration of the cONA library, colony

35
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hybridization screening and verification of positive
clones, DNA sequencing of a positive cONA clone ano the
generation of monkey EPO polypeptioe primary structural
conformation (amino acid sequence) information, Example
4 ls directed to procequres involved in the igen-
tification of positive human genomic clones and thus pro-
vides information concerning the source of the genomic
1ibrary, plague hybridization procedures and verification
of positive clones. Example S5 is directed to DNA
sequencing of 3 positive genomic clone and the generation
of human EPC polypeptide amino acid sequence information
including a comparison tnerecf to the monkey EPO sequence
information. Example 6 is directed to procedures for
construction of a vector incorporating EPO-encoding ONA
derived from a positive monkey cONA clone, the use of the
vector for transfection of C0S-1l cells and cultured
growth of the transfected cells. Example 7 is directeg
to procedures for construction of a vector incorporating
EPD-encoging DNA derived from a positive human genomic
clone, the use of the vector for transfection of COS-1
cells and the cultured growth of the transfected cells.
Example 8 is directed to immunoassay procedures performed
on media supernatants obtalned fr%; theéig}tured growth
of transfected cells according :o;.:zfﬁio & and 7.
Zxample 9 is directed to in vitro and in vivo blological
activity of microbially expressed EPO of Examples 6 and
7.

Example 10 is directed to a development of mam-
malian host expression systems for monkey species EFQ
cONA ang human species genomic ONA involving Chinese
hamster ovary (“CHO") cells and to the immunological and
biological activities of procucts of these expression
systems as wel. as characterization of such products.
Example 1]l is directed to the preparation of manufactured
genes encoding human species EPD and EPD analogs, which
genes include a number of preference codons for
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expression In £.coli and yeast host cells, and to
expression systems based thereon. Example 12 relates to
the immunological ano biological activity profiles of
expression products of the systems of Example 11.

EXAMPLE 1

A, Human EPD Fragment Aming Acid Seguencing
Human EPQ was isolated from urine and subjected
10 to tryptic digestion resulting in the gevelopment ang
isolation of 17 discrete fragments in quantities approxi-
mating 100-150 picomoles.
Fragments were arbitrarily assigned numbers ang
were analyzed for amino acid seguence by microsequence
15 analysis using a gas phase sequencer (Applied Biosystems)
to provide the sequence information set out in Tgble I,
below, wherein single letter codes are employed and "X*
designates a residue which was not unambiguously deter-
mineg.
20
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1) TABLE I
”]T’(EE Fragment No. Seguence Analysis Resul?
5 Taa A-P-P-R
Tad GeK-L-K
19 A-L-G-A-Q-K
T13 V-L=-E-R
T16 A-V-S<G-L-R
10 718 L=Fa=R
T21 KalL=F~R
1725 Y-LelL-E=-R-K
T26a L-1-C-D-5-R
T26b LeY=T=G=E-A-C=R
15 T27 T-leT-A-D-T-F-R
728 EcReleSaP-P.D-AcAcMcAcAcP.L R
T30 EcRAeBaXeloTaTafaXeAcEeHaXaS-t =
No-faXeIaTaV-P
T3l VeYeS=NeF-L=-R
20 33 SeleT=ToL=L=-R
T35 VeN-F-YoA-W-K
T38 GeQeAclelaVeX=5«5-G-Pal=
EePalL=Q-L-HaV=D-K
25
L 5 —
¥
35

38
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B. Design and Construction of
Oligonucleotide Probe Mixtures
The amino acid sequences set out in Table 1 were
reviewed in the context of the degeneracy of the genetic
5 code for the purpose of ascertaining whether mixed probe
procedures could be applied to DNA/DNA hybrid{zation pro-
cedures on cONA and/or genomic DNA libraries. This ana-
lysis revealed that within Fragment No. T35 there existed
a2 series of 7 amino acid resigues
10 (val-asn-Phe-Tyr-Ala-Trp-Lys) which could be uniquely
characterized as encodea for by one of 128 possible DNA
sequenges spanning 20 base pairs. A first set of Lag_
20-merioligunuc1eot10es was therefore synthesizeo by
tandard phosphoamicdite methods (See, e.g., Beaucage, et
15 al., Tetranedron Letters, 22, pp. 1859-1862 (1981) on'a
solid support according to tme sequence se: out in Table

e 1l, below.

<z

,ﬁb 2 TABLE II

et
\0 Residue - val 4:512 Phe

f Tvy Ala Trp Lys
3" CAA TG ARG ATG  CGA  ACC  TY -5’
T A A A T
G G
25 [od c
—_ Further analysis revealed that within fragment

No. T38 there existed a series of & amino acld residues
(Gin-Pro-Trp-Glu-Pro-Leu) on the basis of which there
could be preparec a pool of 128 mixeo olignucleotide

0 17-me: probes as set out in Table I1Il, below.

3
B TagLe 111
’\?3“7L
3

Residue - Gln Pro TtD Glu Pro Leu
S 3% 6’7 GGA ACC CTT GGA GA - 5° -
¢ T c T A
G G
¢ t
/-‘ ‘
39
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Oligonucleotide probes were labelled at the 5’
end with gamma - 329-ATP. 7500-8000 Ci/mmole (ICN) ysing
T, polynucleotide kinase (NEN),

EXAMPLE 2

A. Monkey Treatment Procedures b S T

Female Cynomolgus monkeys Macaca fascicularias
(2.5-3 kp, 1.5-2 years old) were treated subcutaneously
with 2 pH 7.0 solution of phenylhydrazine hydrochloriae
at 3 dosage level of 12,5 mg/kg on days 1, 3 and 5. The
hematocrit was monitored prier to each injection. On cay
7, OT whenever the hematocrit level fell below 22X of tne
initia) level, serum ang kidgneys were harvested after
adgministration of 25 mg/kg doses of ketamine hydroch-.
lovice. Harvesteo materials were immediately frozen in
liguig nitrogen ang stored at -70°C.

B. RIB far ERQD

Radioimmunoassay procedures applied far quan-
titative getection of EP0 in samples were conducted
according to the following prfocedures:

An erytnropoietin standard or unknown sample was
incubatedg together with antiserum for two hours at 37:C.
After the two hour incubation, tne sample tubes were
cooled on ice.\szl;iggsllgg,eryth:noo1et1n was sdded,
and.ine tudes were incubated at O-C for at least 15 more
hours. Each assay tute contained 500 ul of incubation
mixtyre consiszing of S0 ul of 2iluted immune sera,
12,00C com o° 3751-erytnrc=oietin. 5 ul trasylol and
0-250 . of el:rer ZPD standard or unknown sample, with
PBS containi~g Z..% 252 making up the remaining volune,
The antiserur ysel was the second test bDleed of a rabbdbit
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immunized with a 1X pure preparation of human urinary
erythropoietin, The final antiserum dilution on the
assay was adjusted so that the antioody-bound 1251-EP0
¢id not exceed 10-20% of the input total counts, In
general, this corresponded to a final antiserum dilution
of from 1:50,000 to 1:100,000.

The antibody-bound lzsl-etythrnpoleun was pre-
cipitated by tne addition of 150 u1 Staph A, After 3 40
min. incubation, the samples were centrifuged and the
Pellets were washed two times with D.75 ml 10 mM Tris.HCl
pr B.2 containing 0.15M NaCl, 2mM EDTA, and 0.05% Triton
X-100. The washed pellets were counted in a gamma
counter to determine the percent of 1251-erythtocoxet1n
bound. Counts bound by pre-immune sera were subtracted
from all final values to correct for nonspecific precipi-
tation. The erythropoietin content of the unknown
samples was determined by comparison to the standarg
curve,

) The above procedure was applied to monkey serum
obtained in Part 4, adove, as well as to the untreated
monkey serum. Normal serum levels were assayed to con-
tain approximately 36 mU/m) while treated monkey serunm
contained from 1000 to 1700 mu/ml.

EXAMPLE 3

R.__Monkey cONA :ibrary Construction
Messenger RNA was isolateo from normal and ane-

mic monkey kidneys by the guanidinium thlocyanate proce-

dure of Cnirgwin, et al., Biochemistry, 18, p. 5294

(1975, ano poly (A)” mRNA was purified by two runs of

oligoleT)-cellulose column chromatography as described at

po. 197-198 in Maniatis, et al., "Molecular Cloning, & éé}

Lacoratory Manual™ (Cold Springf HMarbor Laboratory, Colc :>‘ﬁv

Soringy, Harbor, N.Y., 1982). The CONA library was con-

stfucted accoroing to a medification of the general pro-
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cedures of Okayama, et al., Mol. and Cell.Blol., 2,
PP. 161-170 (1982). The key features of the presently
Preferred procedures were as follows: (1) pUC8 was used
as the sole vector, cut with Pstl ang then taileo with
0ligo dT of 60-80 bases in length; (2) Hinell cigestion
was used to remove the oligo dT tail from one end of thne
vector; (3) first strand synthesis and 0ligo dG tailing
was Carried out according to the published procedure; (s4) -~
BamMI digestion was employed to remove the oligo oG 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 ¢GC taileg vector.

8. Colony Hybridization Procedures For
Scteening Monkey cONA Library

Transfcrmed E.colf were $pread out at a density
of 9000 colonies per 10 x 10 em plate on nutrient plates
containing S0 micrograms/ml Ampicillin, GeneScreen
filters (New England Nuclear Catalog No. NEF-972) were
pre-wet on a BHI-CAM plate (Bacto brain heart infusion 37
9/L, Casamino acids 2 g/ ang agar 15 g/, contalining 500
micrograns/ml Chloramphenical) and were used to 1ift the
colonies off the plate. The colonies were grown {n the
same medgium 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 whaiman 3 MM paper saturated with each of the
following solutions:

//(l) 50 mM glucose - 25 mM Tris-HC]l (pH 8.0) -

1C mM EDTA (pH B.0) for five minutes;

(2) 0.5 M NaOW for ten minutes; and

(3) 1.0 ™ Tris-HC} {pM 7.5) for three minutes.

The fllters were tnen air dried in g vacuum over
at 80°C for two hours. -

The filters were then subjected to Proteinase K
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digestion through treatment with a4 solutlon containing SO
micrograms/ml of the protease enzyme in Buffer Kk [0.1m
Tris-HC1l (pH 8.0) - 0.15M NaCl - 10 mM EDTA (oH 8,2)
-0.2% SOS]. Specifically, S ml of the solution was adaed
5 to each filter and the digestion was alloweg tg proceed
at 55-C for 30 minutes, after which the solution was
removed.
The filters -were then treated with & nl of a
prenybridization buffer (S x SSPE . 0.5% SOS - 100
10 micrograms/ml SS E.coli DNA - § 8FP). The prehybridi-
Zation treatment was carried out at 55°C, generally for &
hours or longer, after which the prehybridization buffer
was removed.
The hydrigization process was carried out in &he
15 following manner. To each filter was added 3 ml of
nybrigization buffer (5 x SSPE - 0.5%x SDS - 100
micrograms/ml yeast tRNA) containing o.ozs\gégggglgijbf
each of the 128 probe sequences of Table II (tne totsl
mixture being designated the EPV mixture) and the filters
20 were maintained at 48°C for 20 hours. This temperature
was 2°C less than the lowest of the calculated disso-
ciation temperatures (7d) determined for any of the pro-
bes.
Following hybridization, the filters were washed
25 three times for ten minutes on a shaker with 6 x SSC
-0.1% SDS at room temperature and washed two to three
times with 6 x SSC - 1% SDS at the hybridization tem-
perature (48°C),
Autoradiography of the filters ravealed seven
30 opositive clones among the 200,000 colonies screened.
Initial seguence analysis of one of the putative
monkey cONA clones (designated clone 83) was performed
for verification purposes dy a modification of the proce-~
dure of wallace, et al., Gene, 15, op. 21-26 (1981).
35 driefly, plasmig DNA from monkey cDNA clone 83 was
linearizec by digestion vitp‘EggRl‘anc denatured by

| =2
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heating in a boiling water bath. The nucleotide seguence

was determined by the dideoxy method of Sanger, et al.,

P.N.A.S. (U.S.A.), 78, PP. 5463-5467 (1977). A& subset of

the EPY mixture of probes consisting of 16 sequences was
5 wusec as a primer for the sequencing reactions,

€. Monkey EPQO cDNA Seguencing

Nucleotice sequence analysis of clone 83 was

carried out Dy the procedures of Messing, Methods in

10 Enzymology, 101, pp. 20-78 (1983). Set out in Table IV
is a preliminary restriction map analysis of tns approxi-
mately 1600 base pair EcoRI/Hindlll tloned fragment of
clone 83. Approximate lecations of restriction endo-
nuclease enzyme recognition sites are provided in terms

15 of number of bases 3’ to the EcoRI site at the 5’ end of
the fragment. Nucleotide seguencing was carried out by
sequencing individual restriction fragments with tne
intent of matching overlapping fragments. For example,
an overlap of sequence information proviced by analysis

20 of nucleotides in a restriction fragment cesignated Cl13
(Sau3A at ~111/Smal at ~324) and the reverse orcer
sequencing of a fragment designated 73 (Alul at
~424/BstEI1 at ~203).
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?é TABLE 1Iv
2
i c - Restriction Enzyme
Recognition Site Approximate Location(s)
5 EcoRI 1
Sau3a 111
Smal 180
BstE1Il . 203
Smal 326
10 Xpnl 371
Rsal 372
Alul a2a
Pstl 426
alyl 430
15 Hpal 466 )
Alul 546
Pst1 ‘ 601
Pvull 604
alyl 605
29 Alul 782
Alul 788
Rsal 792
Pstl 807
Alul 841
25 alul 927
Neol 946
Sau3h 1014
Alul 1072
Alul 1115
30 alul 1223
Pstl 1301
Rsal 1343
Alul 1384
MindIl: 1449
35 alul 1450
windIl! 1585
S . T ——
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Sequencing of aporoximately 1342 base pairs
(within the region spanning the Sau3A site 3’ to the
ECoRI site ang tne HindIIl site) and analysis of all
possible reading frames has allowedg for the development
3 of DNA and amino acid sequence infarmation set out in
;,QM'69 Febie—y, In theL the putative initial amino acid
residue of the amino terminal of mature EPO (as verified
by correlation to the previously mentioned ssguence ana-
lysis of twenty amino terminal residues) is designated by

10 the numeral +l. The presence of a methlonine-specifying
ATG codon (designated -27) “upstream®™ of tne initial
amino terminal alanine residue gs the first residue
designated for the amino acic segquence of the mature pro-
tein is ingicative of the likelihood that EPO is ini-

15 tially expressed in the cytoplasm in a precursor form -
inclueing a 27 amino acio "lessder™ region wnich is
excised orior to entry of mature EPO into circulation.
Potential glycosylation sites within the polypeptide are
designated by asterisks., The estimated molecular weight

20 of the translateo region was determine to be 21,117
galtons anc the M.W. of the 1465 residues of the polypep-
tige constituting mature monkey EPC was determineg to be

18,236 daltons,

25

30

35
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& The polypeptide sequence ::\'L‘gt-t:"ﬁ‘“&-‘Jveii!> may resoily
be subjected to analysis for the presenze of highly
hydrophilic regions and/or secondary ronformationagl
characteristics indicetive of potentially highly immuno-

5 genic reglons by, e.g., the methods of Hopp, et al.,
P.N.R.S, (U.S.4.), 78, Pp. 3824-3828 (1981) and Kyte et
al., J.Mol.Bicl., 157, pp. 105-132 (1982) and/or Chou, et
al., Biochem., 13, op. 222-245 (1974) and Advances in
Enzymology, 47, op. 45-47 (1978). Computer-assisted ana-

10 1lysis according to the Hopp, et al. method is available
by means of a program designated PEP Reference Section
6.7 made available by Intelligeneflcs, Inc., l2a
University Avenue, Palo Alto, California.

13 EXAMPLE 4

A. Human Genomic Library
A Ch4A pnage-dborne human fetal liver genomic
library prepared according to the procedures of Lawn, et
Fe) 20 al., gell, ¥ & was obtained and main-
tained for Use In a plague hybridization assay.

8., Plaque Hybrigization Procegures For
Screening Human Cenpomic Library

25 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 use of GeneScreen Plus

8 filters (New Zngland Nuclear Catalog No. NEF-9]§) and

30 NZYAM plates thEEJ/SQ; Mqtlz-snzo, 2 g; N2-Amine A, 10g;
yeast extract, 5g; casamino acids, 2 9; maltose; 29; and
agar, 159 per liter),.

The alr-dried filters were baked at 80°C for 1

hour ang then digested with Proteinase K as described in

35 Example 3, Part 8. Prenybridization was carried out with
a3 IM NaCl - 1% SDS buffer for 55°C for 4 hours or more,

50
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aftér which the buffer was removed. Hybridization ang
post-hybridization washings were carried out as gescribed
ih Example 3, Part 3. Both the mixture of 128 20-mer
probes designated wnd the mixture of 128 17-mer pro-

S bes of Table II1 (designated the EPQ mixture) were
employed. Hybridization was carried out at 48°¢ using
the EPY probe mixture. EPQ Probe mixture hybridization
vas cerried out at 46°C -. & degrees below the lowest
calculated Td for members of the mixture. Removal of tne

10 hybridized probe for rtehybridization was accomplished by
toiling with 1 x SSC - 0.1% SDS for two minutes.
Autoradiography of thne fllters revealed three positive
clones (reactive with potn brobe mixtures) among the
1,500,000 phage plagues screened. verificatlon of the

15 positive clones as Seing EPO-encoding was obtained -
through DNa sequencing and electron micrographic visuall-
zation of hetercduplex formation with the monkey cDNA of
Example 3. This procedure also gave evidence of multiple
introns in the genomic ONA Sequence.

20

EXAMPLE 5

Nucleotide sequence analysis of one of the posi-
tive clones (designated AhEL) was carried out and results

a8t 25 ootained to cate are set out 12&-.;-19-&-.

30

35
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: ¢f> InA}aég:fﬁks the initial continuous DNA

sequence designates a top strand of 620 bases in what is
apparently an untranslated seguence immeciately preceding
a translated portion of the human EPQ gene. More speci-
5 fically, the sequence appesaTs to comprise the 5' end of
the gene which leads up to a translated ONA Teglon coding
for the first four amino aclds (-27 tnrough -24) of a
leader sequence (“presequence®). Four base pairs in the
seguence prior to that encoding the beginning of the
10 leader have not yet been unambiguously determined and are
therefore designated by an "X™. There then follows an
intron of about 639 base palrs (439 base pairs of which
have been sequenced and the remaining 200 base pairs of
which are qéiggaaﬁg’ZI.s.") ang immedistely preceding a
¢ 15 cooon !or‘ which has been designated as residue
=23 of tnhe translated polypeptide. The exon sequence
immediately following is seen to code for amino acid
residues through an alanine residue (designated as the +1
residue of the amino acid sequence of mature human EPO)
20 to the codon specifying threonine at position +26,
whereupon there follows a second intron consisting of 256
bases as specifically designated. Following this intron
is an exon sequence for amino acic resigues 27 tnrough 55
anz thereafter a thirg intron comorising 612 base pairs
25 commences, The subsequent exon codes for residues 5§
through 115 of numan EPD and there then commences a
fourth Intron of 134 bases as specifiec. Following the
fourtn intron !s an expon coding for resicue Nos, }Ea‘ A
[ through 166 and a “stop® codon (TGA). Flnally,iizb$ed$§
30 loentifies a sequence of 568 base pairs in what appears
to be an untranslated 3' regisn of the human EPD gene,
two base pairs of wnich (™X®) have npt yet been unam-

biguouslysgeouen ed,
*;J§Ztﬁﬁ§ thus serves to loentify the primary

65 35 structural conformation (amino acid seguence) of mature
human EPD as including 166 specified amino acid residues
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ﬁ (estimated M.w. = 18,399). &lso Tevealed in the m—is

the ONA sequence coding for a 27 residue leader sequence
slong with 5' ang 3' DNA Sequences which may be signifj.

cant to promoter/operator functions of the human gene
5 operon. Sites for potential glycosylation of, the mature

£ human EPO polypeptide are designated in thetwby

asterisks. It fs worthy of note thnat the specific amino

acld seguence of“{wﬂ likely constitutes that of 3
naturally occurr?ng adllelic form of human erythropoietin,
10 Support for this position is found in the results of cone
tinued efforts at sequencing of urinary Isclates of human
erythropoietin whieh provided the finding that a signifi.

cant number of ervthrooofstin molecules therin nave g
methionine at residue 126 as opposed to a serine as shown

* .
é 15 in .ne_o ’9

WY

5{}‘\1'/ A ®elTwT illustrates the extent of
/& "\‘\ polyoeptide seguence homology between human and monkey
EPO. In the upper continuous line of the“?aa‘{."‘single
f? letter cesignations are employed to represent the deduced
20 translated polypeotice seguences of human EPQO commencing
with residue -27 and the lower continuous line shows the
Oegduced polypeptide sequence of monkey EPQ commencing at
assigned resigue number -27. Asterisks are employed to
highlignt the seguence homologies. It should be noted
' 25 that the Jeguced human ang monkey EPQ sequences revesl an
- fes . . .
adcitional lys‘.ne (x) re';liuue1 at (huu:n) t|:vh|:’.sit:mnmlls
/} Cross-reference .04%9“—”—‘«-..- nd ca‘tes that S residue
is at tne margin of a putative mRNA splice Junction in
the genomic secuence. Presence of the lysine residgue in
30 the human polypec:ide sequence was further verified by
sequencing 0° a cONR human seguence clone prepared from
MRNA isolatec from COS-1 cells transformed with the human
genomic ONA :nm Example 7, infra,

35
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EXAMPLE §

The expression system selecteg for initial
atlempts at microtial synthesis of isolatadble quantities
3 0f EPO polypeptide material coded faor 9y the monkey 2DNA
provided by the procedures of Example 3 was one invelving
mammallan host cells (i.e., COS-1 cells, A.7.C.C. wo.
CRL-1650). The cells were transfected with a "shuttle®
vector capable of autonomous replication in E.coll host
10 (by virtue of the presence of oBRSZZ-derived-B:;3-anc tne
mammalian hosts (by virtue of the presence of SvaQ virus-
derivea DNR).
More specifically, an expression vector was
constructed according to the following procedures. The
15 plasmig clone 83 provided !n Example 3 was amplifies i;
E.coli and the 3oproximately l.,akd monkey £P0-encoging
DNR was isolateg by EcoRI ang HindIIl cigestion,
Separately isolated was an approximately 4.0 kb,
HindIIl/Sall fragment from pBR322. An approximately 30
20 bp, EcoRI/Sall “linker* fragment was obtained from
M13mplQD RF ONA (P and L Laboratories), This linker
incluoea, in series, an E€coRl sticky end, followed by
Sstl, Smal, BamWl and xbal recognition sites and a 521!
sticky end. The above three fragments werce iigated to
25 provide an aporoximately S.4 kb intermediate plasmiog
("pERS™) wherein the EPO DNA was flanked on one sige by a
"bank® of useful restriction endpnuclease recognition
sites. pERS was then digested jylth HindIII ano Sall to
yield the EPO ONA and the) EcoRI\to Sall (M13mplQ) linker.
30 The 1.4 kb fragment was liJated with an aoproximately 4.0
kb BamHMI/Sall of pBR322 and another M13mplO HindIll/BamHI
RF fragment linker also having approximately 30 bp. The
M13 linker fragment was characterized by a HindIII sticky
end, followed by PstI, Sall, Xbal recognition sites and a
35 BamHI sticky end. The ligation product was, again, a
useful intermeciate plasmid (“p8R-EPC™) including the EPO
DNA flanked on bath sides by banks of restrictlon site.

Y
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The vector chosen for expression of the PO DNA
in €C0S-1 cells {™pOSYL1™) hadg previously been zonstructed
to sllow for selection and autonomous replication in
E.coli. Thnese characteristics are provided by the origin
of replication and Ampicillin resistance gene ONA sequen-
ces present in the region spanning nucleotides 2448
through 4362 of pBR3I22. This sequence was structurally
modified by the sddition of a linker providing a HindIIl
recognition immecaiately adjacent nucleotide 2448 prior to
incorporstion into the vector. Among the selecteJLxgn-—-’

<Los~=Uther useful properties was the capacity to autono-
mously replicate in COS-l cells and the presence of 3
viral promoter seauence functional In mammalian cells.
These characteristics are provided by the origin of -
replication DNA seguence ang *late gene™ viral promoter
ONA sequence present in the 342 bp sequence spanning
nucleotioe numbers 5171 through 270 of the SV40 genome.
A unigque restriction site (BamHI) was provided in the
vector and immeciately adjacent the viral promoter
sequence through use of a commercially available linker
sequence (Collaborative Research). Also incorporated in
the vector was 3 237 base psir sequence (derives as
nucleotide numbers 2553 through 2770 of Sv40) containing
the ®late gene™ viral mRNA polyadenylation signal
(commonly referred to ss a transcription terminator).
This fragment was positioned in the vector in the proper
orientation vis-a-vis the “late gene® viral promocter via
the unigue BamHI site. RAlso present in the vector was
another mammalian gene at a location not material to
potential transcription of a gene inserted at the unique
BamHl site, between the viral promoter and terminator
sequences. {the mammalian gene comprised an approxima-
tely 2,500 bp mouse dihydrofolate reductase (DHFR) mini-
gene isolated from plasmid pMG-1 as in Gasser, et al.,
P.N.A.S. (U.S.A.), 79, pp. 6522-6526, (1982).] Again,

-
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the major operative components of plasmic pDSVL] comprise
nucleotides 2448 through 4362 of pBR322 along with
nucleotides 5171 through 270 (3420p) and 2553 tnrougn
2770 (2370p) of SvaD DNA.

5 Following procedures described, e.g., in
Maniatis, et al.,&i;;ra. the EPQ-encoding ONA was iso-
lated from plasmid DBR-EP0 as a Bamwl fragment ang
ligated into plasmid pOSVL] cut with BameI. Restriction
enzyme analysis was employed to confirm insertion of the

10 EPO gene in the correct orientation in two of the
resulting cloned vectors (duplicate vectors H and L).
See Figure 2, illustrating plasmid pOSVL-MKE. vectors

éb with EPD genes :in the wrong orientatioq:egﬁzu§§w§5*¥zg

use as negative controls In transfection experiments

15 designed to cetermine EPD expression levels in hosts
transformed with vectors having EPO DNA {n tne correct
orientation,

vectors H, L, F, X and G were combined with

carrier ONA (mouse liver and spleen DNA) were employed to

20 transfect duplicate 60mm plates by calcium phosphate
microprecipitate methods. Ouplicate 60 mm plates were
also transfected with carrier DNA as a “mock”™ transfor-
mation negative control. After five days all culture
media were tested for the presence of polypeptides

25 possessing the immunclogical properties of naturally-
occurring EPO.

EXAWPLE 7

S0 A, Initial EPO Expression System
Involving COS-1 Cells
The system selected for initial attempts at
microbial syntnesis of lsolatable quantities of human EPO
polypeptide materlal coded for by the human genomic DNA
35 EPO clone, alsc involved expression in mammallan host
cells (i.e., COS-1 cells, A.7.C.C. No. CRL-1650). The

,. S
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human EPQ gene was first sub-cloned into a “shuttle® vec-
tor which is capable of autonomous replication in poth
€.coll hosts (by virtue of the presence of PBR322 derived
ONA) and in the mammalian cell line COS-1 (by virtue of
the presence of Sva0 virus derived ONA). The shuttle
vector, containing the EPQ gene, was then transfected
into COS-1 cells. &EPO polypeptide material was produced
in tne transfectec cells ang secreted into the cell
culture media.

Mote specifically, an expression vector was
constructed according to the following procedures. DNA
isolated from lambda clone AhEl, containing the humagn
genomic EPQ gene, was cigesteg with BamHI ang HindlII
restriction endonucleases, and a 5.6 Kb DNA fragment
known to contain the entire EPQ gene was isnlated. Tnzs
fragment was mixed and ligated with the bacterial plasmid
pUCS (Bethesda Research Laboratories, Inc.) which hao
been similarly cigested, creating the intermediate
plasmid "pUCB-HUE™, providing a convenjent source of this
restriction fragment.

The vectar chosen for expression of the EPQ DNA
in C0S-1 cells (pSvaSEt) had previously been constructes,
Plasmigd pSV4SEt contained ONA secuences allowing selsce.
tion and autonemous replication in E.coli. These charac-
teristics are provided by the origin of replication and
Ampicillin resistance gene DNA sequences present in the
region spanning nuclectides 2448 through 4362 of the bac-
terial plasmid pBR322. This sequence was structurally
modified by the addition of a linker providing a HingllI
recognition site immediately acjacent to nucleotide 2448.
Plasmid pSV4SEt was also capable of autonomous replica-
tion in C0S-1 cells. This characteristic was provided by
a 342 bp fragment containing the Sva0 virus origin of
teplication (nucleotide numbers 5171 through 270). This
fragment had _been modified by the adoition of a linker

providing an keeRi-recognition site adjacent to -
A
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nucleotide 270 ang a linker provigding 3 Sall fecognizign
site adjacent fucleotige 5171. 4 1061 op™ gment of
SV40 was also cresent in this vector (nucleotide rumbers
1711 through 2772 plus a linker pPtoviding a Sall Tecogni.
5 tion site nex: :p nucisotide nNumber 2772). WIthin this
fragment was an un!gue SamHI recognition sequence, In
Summaly, plasmid pSV4SEt containeg unique BammI ang
HindIll recognition sites, allowing insertion of tne
human EPQ gene, sequences allowing replication ang selec-
10 tion in E.col!, ang sequences allowing replicaticn in
C35-1 cells.
In oraer to insert the :Pg gﬁff'1"t° DSV4SE?
e olasmid pUCBenuE was gigestes with ang Hinglll
cestrictiosn endonucleases ang the 5 6 kb EPO enco:é AEEA
C 15 fragment isplated. PSV4SES was also digested wit
3ng Hincllil ang *ne major 2513 bo fragment Isolateu
{oreserving ali necessary functions), . These fragments
were mixed ang ligated, creating the final vector
* oSVQHUEPO™, (See, Figure 3.) This vector was propa-
20 gateg in E.coli and vector ONA isolated. Restriction
enzyme analysis was employed to confxrm insertion of the
EP0 gene.
Plasmid pSVQHUEPO DNA was used to express human
€P0 polyoeptide materjal in COS-1 cells. w™are specifi-
25 cally, pSVQHUEPD DNA was combined with carrier ONA ang
transfected into triplicate 60 mm plates of COS-1 cells.
As a control, carrier ONA alone was .also transfected into
C0S-1 cells. Cell culture media were sampled five andg
seven cdays later ang tested for the presence of polypep-
30 tides possessing the immunological properties of
naturally occurring human EPO.

8. Second EPO Expression System
Involving COS-1 Cells
35 Still another system was designed to provide
improved productiocn of human EPD polypeptide material

-
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coded Dy the human genomic ONA EPQ ctlone in C0S-. zells
(R.T.C.C. No. CRL-1€50). \
In the immediately preceding system, £Pp was
expressed in COS-1 cells using its pwn pramoter which {s
5 witnin the 5.6 ®b SamWl to HindlII restriction fragment,
In the following construction, the EPQ gene is altered so
that it is expressec using the Svad late promoter,
More specifically, the cloned 5.6 Kb BamMI to
HindIII genomic human EPO restriction fragment was
10 mooified by the following procedures. Plasmid pUC8-HUE,
as described above, was cleaved with BamHI and witn
BStEII restsiction enconucleases. BStEIl cleaves withnin
the 5.6 Kb EP0 gene at 3 position which !s 4& Sase paircs
5 to the initiating ATC coding for the pre-peptice and
15 aoproximately 680 base pairs 3’ to the Hinglll :estri;-
tion site. The approximately 4900 base pait fragment was
isolatea. 2 syntnetic linker ONA fragment, containing
Sall ang 38s:S1l sticky ends and am internal Samnl
recognition site was synthesized and purified. The two
20 fragments were mixed and ligated with plasmiJ pBR322
which hao been cut with Sall and BamMI tp produce the
intermediate plasmid p3RgHE. The genomic human EPD gene
can be isolated therefrom as a 4500 dase pair BamdI
digestion fragment carrying the complete structural gene
25 with a single ATG &4 Dase pairs 3' to BamWI site adjacent
the amino terminal coding region.
This fragment was isolated and insertedg as a
BamHI fragment into BamHl cleaved expression vector
plasmid pOSvVLl (described in Example 6). The resulting
30 plasmid, pSVLQWUEPO, as illustrated in Figure &, was used
to express EPO polypeptide material from C0S-1 cells, as
oescribed in Examples 6 and 7A.

EXAMPLE 8

35
Culture mecia from growth of the six transfected

€0S-1 cultures of Example 6 were analyzed by radioim-

65
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munoassay according to the procedures set forth in
Example 2, Part 8., Each sample was assayed at 250, 125,
30, and 25 microliter aliguot levels. Supernatants from
growth of cells mock transfected or transfected with vece
3 tors-having incorrect EPD gene orlentation were ungm-
biguously negative for EPO immunoreactivity. For each
sample of the two supernatants derived from grqwth of
COS~1 cells transfected with vectors'(u and L))navlng the
EPC DNA in tne correct orientation, the & innh{dbition of
10 1251-590 binoing to antloody ranged from 72 to 88%, which
places all values at the top of the standard curve. Tne
exact concentration of SPO in the culture supernatant
could not then reliably be estimated. A guite conser-
vative estimate of 300 mU/ml was made, however, from the
15 value calculation of the largest aliquot size (250
microlliter).
& representative culture flulg according to
Example € and five and seven Cay culture fluids obtaines
according to Example 7A were tested {n the RIR in orcer
20 to compare activity of recombinant monkey and human EPO
materials to a naturally-cccurring human EPO stancard and
Lhe-z=sults are set out in graphic form in Flgure 1.
Briefly, the results expesctedly revealed that the recom.
binant monkey EPQ significantly competea for anti-human
2% EPO antibody although it was not able to completely inni-
bit binding unger the test conditions. The maximum per-
cent inhibition values for recombinant human EPD,
however, closely approximated-those of the human EFO
standard. The parallel nature of the dose response
30 curves suggests immunological identity of the sequences
(epitopes) in common. Prior estimates of monkey EPO in
culture fluids were re-evaluated at these higher dilution
levels and were found to range from 2.91 to 3.12 U/ml.
Estimated human EPQ production levels were correspon-
35 odingly set at 392 mU/ml for the five-day growth sample

G
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and 567 mU/ml for the seven day growth sample. Estimateg
monkey EPO procuction levels In the Example 78 expression
System were on the same order or better.

5 EXAMPLE 9

Culture fluids prepared according to Examples §
and 7 were sudbjected to an in vitro assay for EPD acti-
vity according o the procedure of Goldwasser, et al.,

10 Engocrinology, 97, 2, op. 315-323 (197%). Estimated
monkey EPD values for culture fluids tested ranged f:rom
3.2 to 4.3 U/ml., Human EPD culture fluigs were alse
active {n this in vitro assay ang, further, this activity
coull be neutralized by anti-EPD antibody. The recom-.

15 Dbinant monkey EPO culture fluids accorging to Example 6
were also supjected to an assay for in vivo biological
activity according to the general procedures of Cotes, et
al., Nature, 191, op. 1065-1067 (1961) and Hammond, et
al., Ann.N.v.Acag.Sci,, 149, oo. 516-527 (1968) and acti-

20 vity levels ranged from 0.%4 %o 1.24 U/ml.

EXAMPLE 15

In the previous examples, recomblinant monkey or

25 human EPO material was produced from vectors used to
transfect COS-1 cells. These vectors replicate in CO0S-1
cells due to the presence of 3v40 T antigen within the
cell and an Sva0 origin of reolication on the vectors.
Though these vectors produce useful gquantities of EPO in

30 C0S-1 cells, expression is only transient (7 to la days)
due to the sventual loss of the vector. Additicnally,
only 8 small percentage of C0S-1 became productively
transfected with the vectors. The present example
describes expression systems employing Chinese hamster

35 ovary (CHO) OMFR™ cells and the selectable marker, OWFR.
[For discussion of related expression systems, see
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U.S. Letters Patent No. 4,399,216 and European Patent
Applications 117058, 11705% and 117060, all dublisheg
August 29, 198s4.] _
CHO DHFR™ cells (Dux-811) CHO Kl cells, urlaub,
5 et al., Proc. Nat. Acad. Sef. (U.S.4.), vol. 77, aasl
(1980) lack the enzyme dihydrofolate reductise (OHFR) due
to mutations in the structural genes anc therefore
require the presence of glycine, hypoxanthine, ang thymj.
aine in the culture megis. Plasmids pOSVL-MKE (Example
10 &) or pOSVL-QHUEPO (Example 78) were transfecteg along
with cerrier DNA into CHO DMFR™ cells growing in media
containing hypoxanthine, thymidine, and glycine in &0 mm
culture plates. Plasmid PSVGMUEPD (Example 7A) was mixed
with the plasmig pMG2 containing a mouse dihydrofolate
15 reductase gene cloneg into the bacterial plasmig vector
DBR322 (per Gasser, et al., supra.) The plasmig nixture
and carrier DNA was transfected into CHO DHFR™ cells.,
(Cells which acguire one plasmig will generally also
acquire a second plasmid). After thrse Gays, the cells
20 were dispersed by trypsinization Into several 100 mm
culture plates in meaia lacking hypoxanthine and thymi.
gine. Only those cells which have been stably trans.
formed with the DHFR gene, ang thereby the EPQ gene,
survive in this media. After 7-21 0ays, colonies of sur-
25 viving cells became apparent. These transformant colo-
nies, after dispersion by trypsinization can be
continuously propagated in media lacking hypoxanthine ang -
thymidine, creitinq new cell strains (e.g., CHO
pOSVL -MKEPC, CHO pSVQHUEPD, CHO-pDSVL -gHUEPO ).
30 Culture fluids from the above cell strains were
tested in the RIA for the presence of recombinant monkey
Oor human EPO. Media for strain CHD @EExg.ukzgg)contained
EPO with immunclogical properties like that gbtaiped from
£0S-1 cells transfected with plasmid fpDSvL -MkEP A
35 representative 65 hour culture fluid containe&'monkey EFO
at 0.60 u/ml. '

-
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Culture fluids from CHO PSVQHUEPD ang CHO
PDSVL-gHUEPO containeg recombinant human EPD pith immyno-
logical properties like that cbtainedrnitn—gﬂg-l cells
transfected with plasmig pSVGHUEPD pf pDSVL-gYuEPD. A
5 representative 3 day culture fluid{from CHO VQHUEPQ
contained 2.99 u/ml of numan EPQ a a s day saﬁple
from CHO DDSVL-GHUEPD had 18.2 U/mi of human EPO as
measyred by the RIA. .
The quantity of EPD produced by the cell strains
10 described above can be increased by gene amplification
giving new cell strains of grea eductivity. The
enzyme dinydrofolate reductase which s the pro-
duct coded for by the DHFR gend be innibited by the
dTug methotrexate (MTX). More specifically, cells praopa-
15 gated in mecia lacking nypoxantnine ang tnymidine are
innibited or killeg by MTX. Under the appropriate cone
gitions, (e.g., minimal concentrations of MTX) cells
cesistant ¢o and able to Qfow in MTX can _hF™qbtained.
These cells are found to be resiste ue to an
20 amolification of the number of tnei}'es, result-
ing in increased production of DHFR Sheynme. The sul-
viving cells can, in tuyn, be treated with increasing
concentrations of sesulting in cell strains cone
taining greater numbers of DHFR genes. “Passenger genes®™
25 (e.g., EPD) carried on the expression vectcer along vith

the DHER gene or transformed with the QHFB gene are fr:;’/,

quently found alsc to be Increased in their gene copy

number. .
As examples of practice of this amplification

30 system, cell ptrain CHO{pPD, as subjected to
increasing MILX. concentrations (OJNL- 30 nM and 10D nM).,
Representative 65-hour culture media samples from each
amplification step were assayed by RIA and determined to
contain 0.60, 2.45 and §.10 U/m}, respectively. Cell

35 strain CMO VL-gHUEPD was subjected to a series of
increasing (MTX Jconcentrations of 30 nM, 50 nM, 100 nM,
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200 "M, 1 uM, and 5 u™ MTX, A representative 3-Zay
culture megia samale ‘rom the 120 nM MTX step cgniaines
human £2C at 3089 & 129 u/ml as judged by RIA,
Representative 48 nour cultural medium samplies ‘ram the
5 100 nM ang 1 uM uTX stecs contalneg, respectively, human

£PO at 466 ang 1352 U/m]l as Judged by RIA (average of
triolicate assays). 1In these procecures, l x 106 cells
were olated In 5 ml of mecia in 60 mm culture gishes.
Twenty-four hours later the media were removed and

i0 replaced win 5 n of serum-free megia (high glucose OMEm
sucplementeg «i:in 0.0 mM non-essential amino acigs ang
L-gilitamine}. £P0 was allowed to actumulate for 48 nouts
in tre serym<‘ree vecla., The media was collected for RIA
assay an? el.5 weTe toypsinized and counted. The

ihe
.5 average TA valy

cf a7 u/rl ang 1352 u/ml for cells”
2 1 uM MTX, respectively, zrovises
335 u/clate ang 6750 U/slat The
average ce. ¥ 5] Y ang
3.22 x 106 cells, roaspectively, The =ffsgsive procuction
20 rates ‘or trese culture concitions were thus 1264 ang
2167 u/10% zells/a8 nours.

The cells in the cultures Cescrized immegiately
above are 3 genetically heterogensous population.
Stanoard screening nrocedures-zre baﬁ:? emplayed Iin an

I 25 attempt to isolate genetically s clones with
the highest praduction capacity. See, Section A, Part 2,
of "Points to Consider in the Characterization of Cell
Lines uUsed to Produce Biologics®™, June 1, 1984, Office cf
Biologics Reseazch Review, Center for Drugs and

30 Biologles, U.S. Food and Drug Administration.

The procuctivity of the EPD producing CHO cell
1ines described apove can be improved by appropriate cell
culture technigues, The propagation of mammalian cells
in culture generally reguires the presence of serum in

35 the growth media. A method for production of erythro-
poletin from CHO cells in media that does not contain

S
ZT0wn 3t 120 =% 31
actugai viel 2 18
6

cer clate were 1.%a& x

70

AM670156334 AM-ITC 00941001




Case 1:05-cv-12237-WGY

10

20

25

30

35

Document 501-48  Filed 06/14/2007 Page 64 of 71

- 62 -

serum greatly facilitates the ourificatisn of erythro.
poietin from the culture medium. The methoo descrisec
below {s capable of economically producing srythropoiesin
in serum-free meoia in large quantities sufficient ¢gr
production,

Strain CH0 pOSVL-gHUEP, cells, grown in stangacc
cell culture conditions, are used to seed spinner cell
culture flasks. The cells are propagated as a suspension
cell line in the spinner cell culture flask in media con-
sisting of a 50-50 mixture of nigh glucose DMEM 3ng Ham's
F12 supplementsd with SX fetal calf serum, Legluta-
mine, Penicillin ang Streptomycin, 0.05 mM ngn-essential
amino acids anz the appropriate cencentration of metho-
trexate. Suspension cell culturs allows the EPD-produp-
ing THO cells zo de expanded easily to large volumes.

CHO cells, grown in suspensign, are used to seed roller
bottles at an :i~itial sesding density of 1.5 x 137 viable
cells per 850 cm? roller bottle in 200 ml of media. The

cell allowed to grow to confluency a n agherent
cel ver a three-day peried. The media\used for
this of the growth is the same js\used growth

in suspension. At the end of the threacday gfowth
period,] the serum containing media ls reauved and
replaced fwith 100 ml of serum-free media; $0-50 mixture

high glucose DMEM and Ham's F12 supplemented with 0.05

on-essential amino aclds and L-glutamine., The

er bottles are returned to the roller bottle incuba-
tor for a perioo of 1-3 hours and the media again ls
removed and replaced with 100 ml of fresh serum-free
media. The 1-3 hour incubation of the serum-free medis
reduces the concentration of contaminating serum pro.
teins. The roller bottles are returned to the incubator
for seven Cays during which erythropoietin accumulates in
the serum-free culture media. At the end of the seven-
day production phase, the conditioned media is removed
and replaced with fresh serum-free medium for a second

7
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production cycle. As an example of the practice of this
production system, a representative seven-gay, serum-free
media sample contained human erythropoletin at 3892:409
U/ml as juoged by the RIA., Based on an estimated cell
density of 0.9 %o 1.8 x 10° cells/cm?, each 850

en? roller bottle contained from 0.75 to 1.5 x 109 cells
and thus the rate of production of EPO in the 7-0ay, 100
ml culture was 75C to 1470 u/10% cells/a8 hours.

Culture fluias from cell strain CHO pDSVL-MkEFQ
carrled in 10 nM MTX were subjected to RIA in viiro ang
in vivo EPO activity assays. The canaitioned media
sample contained 41.2 2 1.4 U/ml of MKEPO as measurec ty
the RIA, 41.2 = 0.064 U/ml as measured by the in vitro
biological activity assay and 42.5 & S U/ml as measuted
By the in vivo biological actlivity assay. Aminp aciz ]
sequencing of polypeptice procducts revealeg the cresence
of EPD proaucts, a principle species having 3 residves of
the “leadger™ seguence adjacent the putative amino ter-
minal alanine, whether this is the result of incorrect
membrane processing of the polypeptide in CHO cells or
reflects a gifference i{n structure of the amino terminus
of monkey EPO vis-a-vis human EPQ, is presently unknown.

Culture fluids from cell strain CHMO DOSVL-gGHUEPO
were subjected to the three assays. A 5.5 day sample
contained tecombinant human EPQ in the media at a level
of 18.2 U/m]l by RIA assay, 15.8 % 4.6 U/ml by in vitre
assay and 16.8 & 3.0 u/ml by in vivo assay.

Culture fluio from CHO pDSVL~gHUEPO cells pre-
psred amplified by stepwise 100 nM MT ere sybjected to
tne three assays. A 3.0 day sample contained recombinant
human EP0 at a level of 3089 s 129 U/m] Dy RIA, 2589
71.5 u/ml by in vitro assay, and 2040 = 160 u/ml by in
vivo assay. Aming acld seguencing of this product
Teveals an amino.terminal corresponding to that
designated in d

Cell congitioned media from CHO cells trans-
fected with plasmid pDSVL-MKE in 10 nM MTX were pooled,

"
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and the MTX dialyzed gut over several cays, Tesulting in
mecia with an EPQ activity of 221 + s.1 u/m) (erPo-ccM),
To determine the in vivo effect of the EPG-CCM upan hema.
tocrit levels in narmal Balb/C mice, the following

S experiment was conducted. Cell conditioneg media from
untransfected CHO cells (CCM) and EPQ-CCM were adjusted
with PBS. CCM was used for the control group (3 mice)
and two dose levels of EPQ-CCM -- 4 units per injection
and 64 units per injection -. were employed for the

10 experimental groups (2 mice/group). Over the course of S
wveeks, the seven mice were injected lntraoeritoneally, 2
times per week. Aafrer tne eighth injection, average
hematocrit values for tne control group were determineg
to be 50.4%; for the 4u groun, 55.1%X; ang, for the asy

15 group, 67.9x. :

Mammalian cell expression products may be
readily recoverea in substantially purified form from
culture media using HPLC {C,) employing an ethanol gra-
dient, preferably at pH7.

20 A preliminary attempt was made to characterize
recombinant glycoprotein products frgm conditioneg megium 5°*
COS-1 and CHO cell expression of the human EPQ gene in
comparison to human urinary EPD isolates using both
western blot analysis and S0S-PAGE. These studies ingi-

25 cated that the CHO-produced EPQ material hag a sgmewhat
higher molecular weight than the C0S5-1 expression product
which, in turn, was slightly larger than the pocled
source human urinary extract. All products were somewhat
heterogeneous. Neuraminidase enzyme treatment .80 remove

/, 30 sialic scid resulted in C0S-1 and CHD‘M-

///’ ducts of approximately egual molecular ‘weight which were
both nonetheless larger than the resulting asfalc human
urinary extract. Endoglycosidase 7 enzyme (EC 3.2.1)
treatment of the recombinant CHO product and the urinary

3% extract product (to totally remove carbohydrate from

S
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qptn) Tesulted in substantlally homogenegus crocucss
having essentially igentical molecular welight zharac-
teristics.

Purified human urinary EPD anz a cecombinant,

5 CHO cell-procuced, PO according to the jnvention were
subjected to carbohydrate analysis according to tne gro-
cedure of Ledeen, et al. Methoos in Enzymology,
83(Part D), 139-191 (1982) as modified through use of tne
hycrolysis procecures of Nesser, et al., Aral.Bigchem.,

10 1a2, 58-67 (1984). Experimentally determined car-
bohydrate constitution values {expressed as molar ratiss
of carbohydrate in the product) for the urinary Lsolate
were as follows: Hexoses, 1,73; N-acetylglucosamine, 1;
N-acetylneuraminic acid, 0.93; Fucose, 0; and N-acetyles

15 ogalactosamine, 0. Corresponding values for the recom-
binant product {gerived from CHO pDSVL-QHUEPO 3-gay
culture media at 100 nM MTX) were as follows: Hexoses,
15.09; N-acetylcolucosamine, 1; N-acetylneuraminic acig,
0.998; Fucose, O; and N-acetylgalactosamine, 0. Thess

20 fingings are consistent with the Western tlot ang
SOS-PAGE analysis oescribed above.

Glycoprotein praducts provided dy :he present
{nvention are thus comprehensive of products having a
primary structural conformation sufficiently duplicative

25 of that of a naturallye.occurring erythropoietin to allow
possession of one or more of the bizlogical croperties
thereof and having an average carbohyarate composition
which differs from that of naturally-occurring erythro-

poietin,
30 EXAMPLE 11

The present example relates to the total manu-
facture by assembly of nuclectide bases of two st;ucturz}
genes encoding the human species EPD segquence off

35 and incorporating, respectively “preferred™ codons for
expression in E.colil and yeast (S.cerevisiae) cells.
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Also described is the construction of genes enceocing ana-
logs of numan £P0., B8riefly stated, the 2rotdcal employe:
was generally as set out in tne previpusly noteo Zisclse.
sure of Alzon, et al. (w0 B3/04053). The genes wece
5 Jdesigneas for initial assemdly of component oligonuclecti-

des into multiple cuplexes which, {n turn, were assemd. 29
into three ciscrete sections. These sec:iigns were
designed for reagy amplificatien and, upon removal from
the amplification system, could be assembleo secuentliaily

10 or through a multiple fragment ligation in a suitable

expression vectur.l 7
%M fllustzate the
A

65 design ang assemdly of a manufactured gene encocing 2

human ZPO translation sroduet lacking any leader or pre-

15 sequence aut including an initial metnhnionine resicue at
positian -1. Mcreoever, the gene incorgorated in -
substantial nart g£.ccli preference codons and the
constructicn was therefore referred to as the “ECEPD®
gene.
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TABLE VIl
ECEPO SECTION 1 OLJGONUCLEQTIDES
1. AATTCTAGAAACCATSAGSSTAATARAATA

2. CCATTATTTTATTACCCTCATGLTTTCTAG
GCGAC
B ' 4. CTCGAGTCCTACATCAGACGLCGCGGAG

H) 3. ATGGITCCGCCGCGTCTGAT

5. TCGAGAGTTCTGGAACGTTACCTGCTG
6. CTTCCAGCAGGTAACGTJCCAGAACT |

7. CALAQGCTLAAGAASTTCGHAAACATL

10 8, STSGTSATSTITTCAGCTTICTTTAG
9.
0.
1.
12.
15
ECEPD SECTION 1
xbal
ECORI

1 3
RATTCTAG AAACCATGAE GGTAATAAAA TARTGGCTCC GLCGCGTCTG
GATC TTTGGTACTC CCATTATTTT AT AGG CGGCGCAGAC

2

20 2 4

3
ATCTGCGAC CGAGAGTTCT GGAACGTTAC CTGCTGBARG CTAAAGAAGC
TAGACGCTCA SCJCITCAAGA CCTTGCAATG GACGAC CATTTICTTCG
[

7 9 11
10aaRACETC RECACTGETT GTGCTGAACA CTGTTCETITG AACGAARACA
AgTTTTGTAG CCAR CACGACTTGT GACAAGAAAT] TTGCTTTTGT

25 10
Kpnl BamHI
TTACGGTACH G

76

AATGCCATG
|
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TABLE x
ECEPO SECTION 2 OLIGONUCLEDTIOES

AATTCGGTACCAGRCACCAAGGT
GTTAACCTTGGTGTCTGGTACCE
TAACTTCTACGTTTGGAAACGAT
TTCCATACGYTTCCAAGCGYAGAA

GCAGTGCfBEG CACGCAGTACA
CTGCTSSTARACTCCTETCAGELGT
TTCCTACGGLUTGAGAGGAGTTTACCA
GGGAACC
GCTTTGTCAACATGCAGCTGCAGLGS

ARARGCAGTATCTGGCCTGAGATCTG

CTGCAGCTGCATGTTGAC

AGATCTCAGGCCAGATACT
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