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IﬂAfﬂgg:Sﬁ;1 the initial continuous DNA

sequence designates a top strand of §20 bases in whnat is
spparently an untranslated seguence immeciately preceding
a translated portion of the human EPO gene. More speci-
fically, the sequence appears to comprise the 5’ end of
the gene which leads up to a trlnsiateﬁ DNA region coding
for the first four amino acids (-27 tnrough -24) of a
leader sequence ("presequence™). Four base palrs in tne
sequence prier to that encoding the beginning of the
leader have not yet been unambiguously determines and are
therefore designated by an “X™. There tnen follows an
intron of about £39 base pairs (439 base pairs of whien
have been sequenced and the remaining 200 base pairs of
which are Eeéigqaazg?zl.s.'J ang immediately preceding a
codon for‘ which has been gesignated as residue
=23 of the translated polypeptide. The exon sequence
immegiately following is seen to code for amino acld
Tesidues through an alanine residue (designated as the +)
residue of the amino acid seausnce of mature human EPQ)
to the codon specifying threonine at position +26,
whereupon there follows a second intron consisting of 256
bases as specifically oesignated. Following this intron
is an exon sequence for amino acid residues 27 through 5S
and thereafter a thiro intron comorising 612 base pairs
commences. The subseguent exon codes for residues 56
through 115 of human EPD and there then commences a
fourth intron of 134 pases as specified. Following the
fourth intron is an exon coding for residue Nos, }tf A
through 166 and a “stop“ codon (TGA). r:nally.ii‘a;e—¥*
iogentifies a seguence of 568 base pairs In what appears
to be sn untranslated 3’ region of the human EPO gene,
two base pairs of wnich (®X"®) have not yet been unam-

biguouslysgeouengeu.
A thus serves to loentify the primary

structural conformation (amino acid sequence) of mature
human EPO as including 166 specified amino acld residues
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7
ﬁ (estimated M.w. = 18,399). Rlso revealed in the g:ﬁ-v:u

the DNA sequence coding for a 27 resigdue leader seqQuence
along with 5° and 3' ONA sequences whicn may be signifi.
cant to oromoter/operator functions of the human gene
5 operon. Sites for potential glycosylation of; the mature
éb human EPO polypeptide are designated in thgtéeazﬁgby
asterisks. It is worthy of note that the specific aming
acld sequence ofw likely constitutes that of a
naturally occurf&ﬁg allelic form of human erythrdpole:ln.
10 Support for this position is found in the resuylts of con.
tinueg efforts at Sequencing of urinary isclates of human
erythropoietin which provided the finding that a signifji.
cant number of ervthropoietin molecules therin nave g
methionine at residue 126 as opposed to a serine as shown

& 15 in :h!b ’9
ﬂ?’h’/ Phass ®elvwy illustrates the extent of
léb d“ polyoeptiage seguence homology betwesn human,and monkey
EPO. In the upper continuous line of thﬁléggggftkingle
fﬁ? letter designations are employed to represent the deduced
20 translated polypeptide sequences of human EPQ commenc ing
with residue -27 and the lower continuous 1ine shows the
Oeduced pilyoeptide sequence of monkey EPQ commnencing at
assigned resigus number -27. Asterisks are employed to
highlignt the seguence homglogies. It should be noted
25 tnat the geguced human and monkey EPQ sequences reveal an
“agcitional™ lysine (X) residue at (human) position 116.
/5 Cross-~-reference :oiétg;::dg indlcates that this residue
' is at the margin of a putative mRNA splice junction In
the genomic seguence. Presence of the lysine residue in
30 the human polypectide seguence was further verified by
sequencing 0f a cDNA human seguence clone prepared from
MRNA {solated from COS-1 cells transformed with the human
genomic DNA in Example 7, infra,

"™

35
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EXAMPLE §

The expression systenm selectes Ffor {nitla}
atlempts at microbial synthesls of isolatabdle Quantities
5 of EPC polypeptide material coded for by tne monkey cDNA
pProvided by :he procsdures of Example 3 was one lnvoiving
mammalian nost cells (i,e., COS-1 cells, A.T.C.c. No.
CRL-1650). The cells were transfected with a “shuttle™
vector capable of autonomous replication in E.c0li hos:
10 (by virtue of the oresence of PBR32Z-derived DNA) ang :tne
manmalian hosts (by virtue of the presence of Sva0 virus.
deriveg DNR), )
' More specifically, an expression vector was
constructed according to the following procedures. The
15 plasmid clone 83 provided In Examole 3 was amplifleg in
E.coli ang the aoproximately 1.4kb monkey £P0-encocding
ONR was isolatec by EcoRI ano HingIIl gigestion.
Separately isplated was an approximately 4.0 kb,
HingII1/Sall fragment from paR322. an approximately 30
20 bp, £coRI/Sa}l “linker™ fragment was obtained from
Ml3mplD RF DNA (P ano L Laboratories). This linker
incluged, in series, an EcoRl sticky end, followed by
3stl, Smal, BamMI and xbal recognition sites and a Sall
sticky end. The above three fragments were ligated to
25 provide an approximately 5.4 kb intermediate plasmig
(“9ERS™) wherein the EP0 DNA was flanked on one side by a
"bank™ of useful restriction engpnuclease tecognition
sites. pERS was then digestec fyith HindlII ang Sall to
yield the EPQO DNA and tnhe EcoRI\to Sall (M13mpl0) linker.
30 The 1.4 kb fragment was llJateg with an aoproximately 4.9
kb BamHI/Sall of pBR322 and another M13mpl0 HindIIl/BamHI
RF fragment linker alsoc 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 BamHMl sticky end. The ligation product was, again, a
useful intermediate plasmia (“pBR-EPO™) including the EPD
DNA flanked on both sides by banks of restriction site.

B
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The vector chosen for expression of the SPO DNA
in COS-1 cells (™pOSYL1I™) hag pPreviously been constructed
to allow for selection and autonomous replication in
E.coli. These characteristics are provided by the origin
of replication and Ampicillin resistance gene DNA sequen-
ces present in the region spanning nucleotides 2448
through 4362 of pBR322. This sequence was structurally
modified by the addition of a linker providing a HindIl!l

recognition immediately adjacent nucleotide 2448 prior to

incorporation into the vector.. Among the selecte‘Lx:n-——'

vsg;ls-uther useful properties was the capacity to autono-

mously replicate in CDS-1 cells and the presence of a
virel promoter seauence functional in mammalian cells.
These characteristics are provided by the origin of -
replication DNA sequence ano *late gene™ viral promgter
ONA sequence present {n the 342 bp sequence spanning
nuclectide numbers 5171 through 270 of the SV40 genome.
R unique restriction site (BamHl) was provided in the
vector and immegiately adjacent the viral promoter
sequence through use of a commercially available linker
sequence (Collaborative Research). Alse incorporated in
the vector was a 237 base palr sequence (derived as
nucleotide numbers 2553 through 2770 of Sva0) containing
the "late gene™ viral mRNA polyadenylation signal
(commonly referred to as a transcription termingtor).
This fragment -aé positioned in the vector in the proper
orientation yis-a-vis the “late gene™ viral promoter via
the unigue 8amHl site. Also present Iin the vector was
another mammalian gene at a location not material to
potential transcription of a gene inserted at the unique
BamHI site, between the viral promoter and terminator
sequences. [The mammalian gene comprised an approxima-
tely 2,300 bp mouse dihydrofolate reductase (DHFR) mini-
gene isolated from plasmid pMG-1 as in Gasser, et al.,
P.N.A.S. (U.5.A.), 79, pp. 6522-6526, (1982).] Again,

61
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the major operative components of plasmid oDSvVL] comprise
nucleotides 2448 through 4362 of pBR322 along with
hucleotides 5171 through 270 (342bp) and 2553 througn
2770 (2370p) of SVaD DNA.

5 Following procedures described, e.g., in
Maniatis, et ll..é:;gra, the EPO-encoding DONA was iso-
lated from plasmid DBR-EFO as a BamMl fragment ang
ligated into plasmig pDSVL] cut with BamMI. 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 plasmig pDSVL-MKE. vVectors
& with EPD genes in the wrong orlentatlonivm:kvxerf%
use as negative controls In transfection experiments
15 designed to cetermine EPO expression levels in hosts
transformed with vectors having EPD DONA in the correct
orlentation.
vectors M, L, F, X and G were combined with
carrier ONA (mouse liver and spleen DNA) were employed to
20 transfect duplicate &§0mm plates Dy calcium phosohate
microprecipitate methods. Duplicate 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 immunological properties of naturally-

occurring EPO,

EXAMPLE 7

30 A, Initial EPD Expression System
Invelving C0S-1 Cells
The system selected far initial attempts at
microbial syntnesis of isolatable quantities of human EPO
polypeptide material coded for by the human genomic DNA
3% EPO clone, also involved expression in mammallan host
cells (i.e., COS-1 cells, R.T.C.C. No. CRL-1650). The

‘. 5

62
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human EPD gene was first sub-cloned into a “snuttle® vec-
tor wnich is capable of autonomous replication ‘&N poth
E.coll hosts (by virtue of the presence of pBR322 derived
ONA) and in the mammalian cell line CO0S-l (by virtue of

5 the presence of Sva0 virus derived ONA). The Shuttle
vector, containing the EPC gene, was then transfected
into COS-1 cells. EPOD polypeptide material was produced
in the transfected cells angd secreted into the cell
culture media.

10 More speclfically, an expression vector was
constructed accorging to the following procedures, DNA
isolated from lampoa clone AhEl, containing the human
genomic EPO gene, was olgested with BamHI and HindlII
restriction endonucleases, and a 5.6 Kb DNA fragment

15 known to contain the entire EPO>qene was isolated. This

' fragment was mixeo and ligated with the bacterial plasmid
puC8 (Bethesda Research Labpratories, Inc.) which hag
been similarly agigested, creating the Intermediate
plasmid "pUCB-HUE™, providing 8 convenient source of this

20 restriction fragment.

The vector chosen for expression of the EPO ONA
in CO0S-1 cells (pSvaSct) had previously been constructea,
Plasmid pSV4SEt contained DONA seouznces allowing selec-
tion and autonomous replication in E.coli. These charac-

25 teristics are provided by the origin of replication ang
Amplcillin resistance gene DNR sequences present in the
region spanning nucleotides 2448 through 4362 of the bac-
terial plasmid pBR322. This sequence was structurally
modified by the addition of 3 linker providing a Hindlll

30 recognition site immediately adjscent to nucleotioe 2448.
Plasmid pSV4SEt was also capable of autonomous replica-
tion in COS-1 cells. This characteristic was provided by
a 342 bp fragment containing the SV&40 virus origin of
replication (nucleotide numbers 5171 through 270). This

35 fragment hldEbE§% modified by the addition of 8 linker
providing an4___ ‘recognition site adjacent to -

¢
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nucleotide 270 ang a linker proviging 3 Sall fecognitiogn
site adjacent nucleotice S171. a 1061 ob fragment of
SV40 was 3lsp gresent in this vector (nuclectige umbers
1711 tnrougr 2772 plus a linker Providing a Eall/:ecoqn1~
5 tion site next g fucisotide number 2772). wItnin this
» fragment was an unigue 88mHI recognition sequence. 1In
. Summaly, plasmia pSvaSEt tontained unjgue BamHI ang
HindllI recognition sites, allowing 1nsert;;: of tne
human EPQ gene, seguences allowing replication and selec-
10 tion in E.col!, ang Sequences allowing replication {n
€35-1 cells.
In orger to insert the gp gﬁﬂf Into pSvasE:,
¢ 9lasmig pUCB-~uE was aigesteq -1:n%ﬁ§ku4 and Hingll]
testrictior engonucleases and the 3.6 kb EPO :;:;d ngbgzn
¢ 15 fragment ispolated. PSV4SES was also digesteo witné
3NJ Hinclll ano the major 2513 bp fragment isolates
{oreserving a:i necessary functions). . These fragments
were mixed ang ligateo, Creating the final vector
“DSVQHUEPD™ . (See, Figure 3,) Tnis vector was propa-
20 gated in £.colf ano vector ONA isolated. Restriction
enzyme an3lysis was employed to confirm insertion of the
EP0 gene. '
Plasmid oSVQHUEPQ DNA was used to express human
EFD polyoeptide material in COS-l cells. More specifi-
25 cally, pSVQHUEPO ONA was combined with carrier DNA ang
transfected into triplicate 60 mm plates of 505-1 cells,
ARs a control, carrier DNA alone was -also transfected into
C0S-1 cells. Cell culture media were sampled five ang
seven days later and 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 production of human EPD polypeptide material

AM670156328 AM-ITC 00940995
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coded by the human genomic ONA EPO clone in C0S.. cells
(A.T.C.C. No. CRL-1650).
In the immediately nreﬁeding system, E£P0 was
expressed in C0S-1 cells using its own pramoter which is
5 witnin the 5.6 Kb BamHl to HindlIl restriction fragment.
In the following construction, the EPp gene is altereg so
that it is expressec using the Sva0 late promotesr,
More specifically, the cloned 5.6 Kb BamWI to
HiIndIIl genomic human EPO restrictlon fragment-:;s
10 modified Dy the following procedures. Plasmid PUC8-HUE,
3s described 3oove, was cleaved with BamHI and witn
BStEII restriction enconucleasss, g§;§11 cleaves witnin
the 5.6 Kb EPQ gene at 3 position which s aa Dase pairs
5" to the fnitiating ATg coding for the pre-peptice and
15 aoproximately 480 base pairs 3’ to the HinglIIl restric-
tion site. The aporoximately 4900 base pai: fragment was
isolatea. A syntnetic linker DNA fragment, containing
Sall and 3s:EIT stlcky ends and an internal 3amnl
recognition site was synthesized and purified. The two
20 fragments were mixed and ligated with plasmig pBR322
which hag been cut with Sall and BamWl to produce the
intermediate plasmid p3RQHE. The genomic human EPQ gene
can be isolated therefrom as a 4500 base pair BamHI
digestion fragment carrying the complete structural gene
25 with a single ATG 44 base pairs 3’ to BamHl site adjacent
the amino terminal coding region.
This fragment was isolated and inserted as a
BamHI fragment intc BamMI cleaved expression vector
plasmicd eDSVL1 (describes in Exgmple 6). The resulting
30 plesmid, pSVLQHMUEPO, as illustrated in Figure 4, was used
to express E£PO polypeptide materfal from COS-1 cells, as
agescribed in Examples & and 7A.

EXAMPLE 8

35
Culture mecia from growth of the six transfected

€0S-1 cultures of Example é were analyzed by radloim-
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munoassay according to the procedures s
Example 2, Part B8, Each sample was ass
50, and 25 microliter aliquot levels.

growth of cells mock transfected or tra
tors -having incorrect EPD gene orlentat
biguously negative for EPO Immunoreactt
sample of the two supernatants derlveg
COS-1 cells transfected with vectors{(H
EPO DNA in the correct orientation, the
1251 gro binoing to antibody ranged fro
places all values at the top of the sta
exact concentration of ZP0 in the cultu
could not then reliably be estimated.

Filed 07/13/2007 Page 16 of 93

et forth in
ayed at 250, 125,
Supernatants from
nsfected with vec-
ion were unam-
vity. For each
from growth of
nd L) fhaving :ne
X innidbition of
® 72 to 88%, which
ndard curve., The
Tre supernatant
A quite conser-

vative estimate of 300 mu/ml was made, however, from ®he

value calculation af the lafgest aliquo
micraliter).
4 representative culture fluig

t size (250

according to

Example € and five and seven Cay culture fluids obtaines

according to Example 7R were tested in

the RIA in order

to compare activity of recombinant monkey and human EPD
materials to e naturally-occurring human EPO stancard ang

LDsmnesults are set out in graphic form in Figure 1.

Briefly, the results expectedly revealed that the recom-

binant monkey EPO significantly compete
EPO antibody although it was not adle t
bit binding uncer the test conditions.

d for antl-human
o completely inni-
The maximum per-

cent inhibition values for recombinant human EPD,
however, closely approximated- those of the human EPO

standard. The parallel nature of the d
curves suggests immunclogical identity
(epitopes) in common., Prior estimates

ose response
of the sequences
of monkey EPO in

culture fluids vere re-evaluated at these higher cilution

levels and were found to range from 2.9

1 to 3.12 U/ml.

Estimated human EPDO production levels were correspone
dingly set at 392 mu/ml for the five-day growth sanmple

G
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and 567 mU/ml for the seven day growth sample. Estimateg
monkey EPO proasuction levels 1n the Example 78 expression
System were on the same oroer or better.

EXAMPLE 9

Culture fluios preparead sccording to Examples 6
and 7 were subjected to an In vitro assay for EPO acti-
vity according o the procegure of Goldwasser, et al.,
Endocrinology, 97, 2, pp. 315-323 (197%). Estimated
monkey EPO values for culture flulds tested ranged from
3.2 to 4.3 U/ml. Human EPD culturs flulds were also
active In this in vitro assay and, further, this activity
could be neutralized by anti-EPO antibody. The recom-.
binant monkey EPO culture fluids accoraing to Example 6
were also subjected 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.Y.Acad.Sci., 149, pp. 516-527 {1968) and acti-
vity levels ranges from 0.94 %o 1.24 U/ml,

EXAMPLE 19

In the previous examples, recombinant monkey or
human EPD material was produced from vectsrs used to
transfect cosil cells. These vectors replicate in CO0S-1
cells due to the presence of 3v40 T antigen within the
cell and an 5v40 origin of replication on the vectors.
Though these vectors produce useful quantities of EPO in
C0S-1 cells, expression Is only transient (7 to l4 days)
due to the eventual loss of the vector. Adoitionally,
only a small percentage of C0S-1 became productively
transfected with the vectors. The present example
describes expression systems employing Chinese hamster
ovary (CHO) DHFR™ cells and the selectable marker, OWFR.
[For discussion of related expression systems, see

=46
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U.S. Letters Patent No. 4,399,216 ang European Patent
Rpplications 117055, 11705% and 117060, all Publisheg
August 29, 198s.]
CHD DMFR™ cells (DuX-Bl1) cHO K1 cells, urlaup,
5 et Il,, Proc. Nat. Acag. Sci. (U.S.R.), vol. 77, aa6l
(1980) lack the enzyme dihydrofolate reguctase (DHFR) gue
to mutations in the structural genes ang therefore
require the presence of glycine, hyooianthine. ang thymj.
_ Gine in the culture medis. Plasmigs pDSVL-MKE (Example

10 6) or pDSVL-gHuEPD (Example 78) were transfecieu along
with carrier DNR into CHO DHFR™ cells growing In megia
containing hypoxantnine, thymidine, and glycine in 60 mm
culture plates, Plasmig PSVQHUEPD (Example 7R) was mixed
with the plasmig pMG2 ctontaining a mouse dihyorofolate

15 reductase gene cloned into the bacterial plasmig vector
pPBR322 (per Gasser, et al., suora.) The plasmig nixture
ang carrier DNA was transfected into CHO DHFR™ cells,
(Cells which acquire one plasmid will generally also
acquire a second plasmid). After three Cays, the cells

20 were dispersed by trypsinization into several 100 mm
culture plates in media lacking hypoxanthine and thym{-
gine. Only those cells which have been stably trans-
formed with the DHFR gene, ang theieby the ZPO gene,
survive in this media. After 7.21 gays, colonies of sur-

25 vlving cells became apparent., These transformant colo-
nles, after dispersion by trypsinizetion can be
continuously propagated in media lacking hypoxanthine and -
thymidine, creitlng new cell strains (e.g., CHO
POSVL -MKEPO, CHD pSVGHUEPOD, CHO-pDSVL -gHUEPO ).

30 Culture fluids from the above cell strains were
tested in the RIA for the presence of recombinant monkey
or human EPQ. Media for strain CHD @ngg-ukzzn)contained
EPO with immunological properties like that ‘obtaiped from
C0S-1 cells transfected with plasmid EDSVL-Mk PO/ A

35 representative 65 hour culture fluld contained ‘monkey EPO
at 0.60 u/ml. ' '

68
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Culture fluids from CHO PSVQGHUEPD anao CHp
PDSVL-gHUEPD containen Tecombinant human EPD wiven immung-
logical properties ]iue that obtained witm5g5.; cells
transfected with plasmia pSvgHuEPD DOSVL-gYuEPD. a
5 representative 3 day culture fluid(from cHO VgHUEPQ
tontained 2.99 U/ml of human EPQ a day saiple
from CHO DDSVL~GHUEPD had 18.2 u/ml of human EPD as
measured by the RIA.
The quantity of EPO produced by the cej] strains
10 descrived above can be increased ny gene amplification
9lving new cell strains of gres Qductivity. The
enzyme dinydrofolate reguctase (OHFR) Juhich is the pro-
duct coded for by the DHFR gend De innibited by the
drug methotrexate {MTX). More specifically, cells propa-
15 gateo in mecia lacking Rypoxanthine and tnymigine are
innibited or killeg by wTx. Under the appropriate con-
gitions, (e.g., minimal concentrations of MTx) cells
resistant ¢o and able to grow in MTX can_hs g
These cells are found to be resiste %
20 amplification of the number of thei}‘es, Tesult-
ing in increased production of DHFR Sayme. The sur-
viving cells can, in tugn, be treated with increasing
concentrations of sesulting in cell strains con.
taining greater numbers of DHFR genes. ™Passenger genes™
25 (e.g., EPO) carried on the expression vector along with
the DHER gene or transformed with the RHFB gene are fre-

quently found also to be increased In their gene copy y,//,
number.

As examples of practice of this amplification

30 system, cell ptrain CHO(pD Eaf¥8$ Subjected to
increasing MLX concentrations tu_g;__JD NM and 100 nM).
Representative 65-hour culture media samples from each
amplification step were assayed by RIA and determined to
contain 0.60, 2.45 and 6.10 U/ml, respectively.- Cell

35 strain CHO VL-gHUEPO was subjected to a series of
increasing (NTX Jconcentrations of 30 nM, 50 nM, 100 oM,

B
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200 "M, 1 uM, ang 5 M MTX. A ceoresentative 3-zay
Culture mecla samdle “rom the 130 NM MTX step zgntainec
human EPC a:t 3089 s 129 u/ml as Judges dy RIa,
Reoresentative 48 nour zultural medium sampies fram sne
5 100 nM ang ) yM uTX stecs contalned, respectively, human
EPQ at a66 and 1152 u/m}] as Juoged by AIA (average of
trinlicate assays). 1In these procedures, ! x 106 cells
were olateg in 5 ml of media In 60 mm culture gisnes.
Twenty-four hours later the media were removed ang
10 replaced with S a] of serum-free mecia {(high glucose DMEm
supplementeg wi:in 0.0 MM agn-essential amino acigs and
L-glutamine). £P0 was allowed to acctumulate for 48 hours
in tne serym-’res ecia, The media was collscted for RIA
ne 25 weTe trypsinized and zounted. The
lves cf 467 u/ml ang 1352 u/m) far cells”
S 1 uM MTX, respectively, crovided
Ss cf 2335 u/clat® and 6750 U/alate. The
average cell nunders per clale were 1,94 x 1:§ and
3.2 x 206 cells, respeectively., The affsctive production
20 rates ’'ar trese culture congltions were thus 1264 and
2167 u/108 zells/a8 nours.

The cells in the cultures Cescrized immegiately
above are a genetically heterogensous population.
Stanoargd screening orocedures 3jre beiﬁg employed In an

w 25 attempt to lsolate genetically?muones with
the highest production capacity. See, Sectlion A, Part 2,
of "Points to Consider In the Characterization of Cell
) Lines Used to Produce Biologics™, June 1, 1984, Office cf
Biologics Research Review, Center for Drugs and
30 Biologics, U.S. Food and Drug Administration.

The procuctivity of the EPD prooucing CHO cell
lines gescribed acove can be improved by appropriate cell
culture techniques. The propagation of mammalian cells
in culture generally requires the presence of serum In

35 the growth mecia. A metnod for production of erythro-
poletin from CHO cells in megia that does not contain

¢ _ \f: ¢
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r -
ietn Ten h s o o e et
below is capable of‘;conom!c‘:z. o ponng gescr taec
in serum-free megia in lar "o °T°?U=1"9 T oromaterin

g¢ auantities sufficient ¢gop
5 oroductlion,

Strain CM0 pOSVL-gHUEP, cells, grown in stangarc
cell culture conditions, are used to seed spginner cell
culture flasks. Tne 2ells are Propagated as a suspension
cell line {n the spinner cell culture flask in media con-

10 sisting of'a 50-50 mixture of nign glucose OMEM ang Ham's
Fl2 supplemanteg with SX fetal calf sérum. L-gluta.
mine, Penicillin ang Streptomycin, 0.05 aM non-gssential
amino acigs ano the approapriate concentration of metho-
trexate. Suspension cell cultpre 3gllows the EPO-produp-

15 ing CHO cells to de expangeg tasily to large volumes.
CH0 cells, grown in suspension, are used to seed roller
bottles at an :i~itjal sesaing 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 acherent

20 cel ver a three-day period. The media\used for
this of the growth is ihe,same sh\used growth
in suspension. At the eng of the thred.day gfowth
periog, e serum containing media is remuveg ano
replacedfwith 100 ml of serum-free media; 50-50 mixture

25 high glucose DMEM and Ham's Fl2 supplemented with 0.0S

on-essential amino acids and L-glutamine. The
er bottles ar's returned to the roller bottle incuba-

tor for a period of 1-3 hours and the media again is
removed and replaced with 100 m} of fresh serum-free

30 media. The 1-3 hour incubation of the serum-free media
reduces the concentration of contamlnating serum pro-
teins. The roller bottles are returned to the incubator
for seven gays during wnhich erythropoietin accumulates in
the serum-free culture media. At the end of the seven-

3% day production phase, the conditioned medis is removed
and replaced with fresh serum-free medium for a second

71
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production cycle. As an example of the practice of this
production system, a representative seven-Qay, serum-free
media sample contained human erythropoletin at 3892409
U/ml as judged Dy the RIA. Based on an estimstea cell
5 density of 0.9 o 1.8 x 10° cells/cm?, each 850
em? roller bottle contained from 0.75 to 1.5 x 109 cells
and thus the cate of production of EPD in ths 7-day, 100
ml culture was 75C to 1870 u/106 cells/a8 hours.
Culture fluigs from cell strain CHO pOSVL-MKZFD
10 carried in 10 nM NTX were subjected to RIA in viirs ang
in ylvo EPO activity assays. The congitioned media
sample contained 41,2 = 1.4 U/ml of MKEPQ as measursg ty
the RIR, 41.2 = 0.064 U/ml as measured by the in vitro
‘bislogical activity assay and 42.5 + 5 U/ml as measured
i5 by the in vivp tiological activity assay. Aminp acia )
sequencing of oolyueptlbe products revealec the ﬁresence
of EPO procucts, a princinle species having 3 residues of
tne “leacer" seguence adjacent the putative amino ter-
minal alanine., whether this is the result of incorrect
20 membrane processing of the polypeptide in CHO cells or
reflects a difference In structure of the amino terminus
of monkey EPQ vis-a-vis human EPO, is presently unknown.
, Culture fluids from cell strain CHO pDSVL-gHUEPO
( . were subjected to the three assays. A 5.5 day sample
/ 2% contalned recombinant human EPC in the media at a level
of 18.2 U/ml by RIA assay, 15.8 # 4.6 U/ml by in wvitro
assay and 16.8 + 3.0 U/ml by in vivo assay.
Culture fluid from CHO pDSVL-gHUEPD cells pre-
pared amplified by stepwise 100 nM MT ere subjected to
30 the three assays. A 3.0 day ssmple contained recombinant
human EPD at a level of 3089 : 129 U/ml by RJA, 2589 2
71.% u/ml by in vitro assay, and 2040 = 160 u/ml by in
vivo assay. Amino acid seguencing of this product
rTeveals an aminp.terminal corresponding to that
23 35 designated in~ :
Cell conditioned medias from CHO cells trans-
fected with plasmid pDSVL-MKE in 10 nM MTX were pooled,

t

—

P

S
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;::izhsl:;xazizizz::t?::tovz: :eve:al days, Tesulting !a
To determine the in v;vo :r: 2T vl (EPO-CCMJ.
40 vivo ect of the EPQ-CCM ypon hema-
tocrit levels in normal Balb/C mice, the following
5 experiment was conducted. Cell conditioneo mediaz from

untransfected CHo cells (CCM) ana EPD-CCM were adjusteg
with PBS. CCM was usen for the contrel group (3 mice)
and two dose levels of EPQ_CCM .. 4 units per injection

- and &4 units per Injection -- were employed for the

10 experimentgl groups (2 mice/group). Over the course of s
weeks, the seven mice were injected intraoeritoneally, 3
times per week. Afeer the eighth injection, average
hemgtocrit values far tne control group were determineg
to be 50.4%; for the 4y groun, 55.1%; and, for the asuy

15 group, 67.9x%. -

Mammalian cell expression Pproducts may de
readily recovereg 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 procucts from conditiones medium o°
€0S-1 and CHO cell expression of the human EPD gene in
comparison to human urinary EPQ isolates vsing both
Western blot analysis and SOS-PAGE. These studles indi.

25 cated that the CMO-produced EPQ material hao a somewhat
higher molecular weight than the COS-1 expression product
which, 1in turn, was slightly larger than the pocled
source human urinary extract. All products were sgomewhat
heterogeneous. Neuraminidase enzyme treatment %o remove

/’ 30 sialic acid resulted in €0S-1 and CHD“M-

’,/’ ducts of approximately equal molecular weight which were
both nonetheless larger than the Tesulting gsialo human
urinary extract. Endoglycosigase 7 enzyme (EC 3.2.1)
treatment of the recombinant CMO product and the urinary

35 extract product (to totally remove carbohydrate from

73
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qgth) resulted in_substantially homogeneous oreoucss
having essentially igdentical molecular weisnt charac-
teristics.

Purified human urinary EPD ang a cecambinant,
CHO cell-produced, £PO according to the inventian were
subjected to carbohydrate 8nalysis aceoraing ts the pro-
cedure of Ledeen, et al. Methoos in Enzymelogy,
83(Part 0), 139-191 (1982) as moduifieg through use of tne
hycrolysis procedures of Nesser, et al., Afal.Biochenm.,
142, S8-67 (198a). Experimentally determined car-
bohydrate constitution values (expressed as molar ratiss
of carbohydrate in the aroduct) for the urinary {solate
were 3s follows: Hexoses, 1.73: N-acetylglucosamine, 1;
N-acetylneuraminic acid, 0.93; Fucose, 0; and N-acetyls
Qalactosamine, 0. Corzesponding values for the Tecom-
binant proguct {gerived from CHO PDSVL-QHUEPOD 3.day
culture media at 100 nM MTX) were as follows: Hexoses,
15.09; N-acetylelucosamine, 1; N-acetlylneuraminic acidg,
0.998; Fucose, 0; and N-acetylgalactosamine, 0. These
fingdings are consistent with the Western tlot ano
SOS-PAGE analysis asscribed above. ’

Glycoorotein products provided by :the present
invention are thus comprehensive of oroducts having a
primgry structural conformation sufficiently duplicative
of that of a naturally-occurring erytnrapoiecin to allow
pussession of one or more of the bizlogical croperties
thereof and having an average carbohyorate composition
which differs from that of naturally-occurring erythro-

poietin,
EXAMPLE 11

The present example relates to the total manu-
facture by sssembly of nucleotide bases of two stguctur2}
genes encoding the human species EPD segquence o L
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 encocing ana-
logs of numan EP0, 8riefly stated, the 2I06tocai employes
was generally as set out in tnhe previously noteo =iscl:-
sure of Alton, et al. (WO B3/04053). The genes wece

5 designed for initial assembly of component oligocnuclecti-
des into myltiple cuplexes which, in turn, were assead.ag
Into three ciscrete sections. These sec:iions were ~
designed for reagy amplification ano, upon removal fiem
the amplification system, could be assembled secuentiaily

10 or through a multiple fragment ligation in a suitable

n .
expression vector 0 7
*mfn-r"' > 3 illustrate the
A

65 design ang assembly of a manufactured gene encocing a
human PO translation ccoduct lacking any leader or pre-
15 sequence dut including an initial meznionine resigue at
positian -1. Mor=pever, the gene incorcorated in -
substantial oart £.ccli preference codons and the
construction was therefore referres to as the “ECEPD™
gene,

20
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30
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TRBLE VIl

ECEPQ SECTION 1 DLJYGONUCLEOTIDES

1. ARTTCTAGAARCCATSAGSCTAASARAATA
2. CCATTATTTTATTACCCTCATGLTTTICTAG
3. ATGGTTCCSCCCGCOTCTGATCAGEGAL
4. CTCGAGTCGCAGATCAGACGLGGCGGAG
5. TCCAGAGTTCTGGARCGTTACCTGCTG
6. CTTCCAGCAGGTAACGTYCCAGAACT
T GAAGCTZAAGAAGCTGRARACATL
8. GTSGTGATGTTTTICA CfTCTTTAG
9.

10.

1:.

12.

ECEPD SECTION 1
xbal

EcoR1I

1 3
RATTICTAC AARACCATGAG GGTAATAAARA TARTGGCTCC GLCGCGTCTG
GAIC TTTGGTACTC CCATTATTTT AT 4GG CGGCGCAGAC

2 3

S
ATCTGCGACK CGAGAGTTCT GGAACGTTAC CTGCTGGARAG CTAAAGAAGC
TAEACGCTG ZCTCITCAAGA CCTTGCAATG GACGAC GATTTICTTCG

7 9 11
AAACATC BecACTGGTT GTGCTGRACA CTGTTCTITG AACGAAAACA
;g?TTfGTAG CCAA CACGACTTGT GACAAGARAC] TTGCTTTTGT
8 i0
Kpnl [ BamHl
TTACGGTACE G
ARTGCCATGE CCTAG

76
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TABLE X
ECEPD _SECTION 2 OLIGON

AATTCGGTACCAGACACCAAGGT /
GTTAACCTTGGTGTCTGGTACCE
TAACTTCTACGCTTGGRARCGTAT
TTCCATACGTTTCCARGCETAGAA

AGSCTGTALToED
ccuctccgﬁns CACGCAGTACA

CTaCToTTAAACTCETETCAGELET
TTCCTACGGLTGAGAGGAGTTTACCA
GGGAACCHE TGCAGCTSCATGTTGAC
GCTTTGYCAACATGCAGE TGCAGCEG
ARAGCAGTATCTGGCCTGAGATCTG

GATCLAGATCTCAGGCCAGATACT

AM670156341

AM-ITC 00941008
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TRABLE XII

ECEPO SEC?&ON 3

GATCCAGATCTCTGACTACJCTGE
ACGCAGCAGAGTAGTCAGAGATCTG
TGCGTGCTCTGGCTGCAGAGAAAGAGS
GATAGCCTCTTTCTGTYYCACCCAGAGE -

CTATCTCTCCGCCGGATGQTGCATCY

CAGTTTACCACGCAGGARGTTAGAGT
AACTGAARGTGTATACTGGCGAAGE
GGCATGCTTCGCCAGTATACAGTTT
ATGCCGTACTGGTGACCGCTRATAG

TCGACTATTAGCGGTCACCAGTAC

Document 719-3  Filed 07/13/2007 Page 29 of 93
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JABLE XxI1II
ECEPD SEC/ION 3

BamHI Bglll

TCCAGATCTCTG
GTCTAGAGAL
5
1 3/ s
ACTACTCTGC FGCGTGCTCT GTGCACAG ARAGAGGETA TCTtrCCGCC
TGATGAGACE GAGA7DTCACGTGTC TTTICTCCER GAGGCGG
2 a
7 : 9
GGATGCTGCA TCTE AC/ CGCTSCGTAC cateacTekT cataceriec
CCTACGACGT AG PONGCGACGCATG GTYAGTGAEGA CT TGGAAGE
1o s 8
11 13
GCAAARCTSTY/TCORGTATAC TCTRACTTCC TGCGYGGTAR ACTGARAACTG®
ccr;rcAcA~ AGLACATATG AGATTGAAGG ACGCACCAT TTGAC
i9 12
13 Sall
TATACTGGCG ARAGCRTSCCG TACTGGTGAD CGCTAATAS
ATATGACCGC/ TTCG ATGACCACTG GCGATTATC AGCT
15 la ' 1s
20
25
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Xbal
CYAT RAACCATCAG

ATCTGCGACT
TAGACGCTGA

TGAAAACATC
ACTYTTGTAG

TTACGGTACC
ARTGCCATGG

GTTGGTCAARC
CRACCAGTTG

GGCTSTACTG
CCGACATGAC

RACCGCTGCA
TTGGCGACGT

ACTACTCTGC
TGATGAGACG

GGATGCTGCA
CCTACGACGT

GCAAACTGTT
CGTTTGACAA

TATACTGGCG
ATATGACCGC

TTTGGTACTC

CGAGAGTTCT
GCTCTCAAGA

ACCACTGGTYTY
TGGTGACCAAR

AGACACCAAG
TCTETGGTTC

TGCGTGCTCT
ACGCACGAGA

TCTGCTGCAC
AGACGACGTG

TCGYGTATAC
AGCACATATG

AAGCATGCCG
TTCGTACGGE

- 72 -

TABLE XV

GGTAATAARAA
CCATTATTTT

GGAAGQGTTAC
CCTTGCAATG

GTGOTGAACA
CACQACTTGT

@GGTGCACAG
§CCACGTGTC

CGCTGCGTAC
LCGACGCATE

TCTRACTTCC
AGRTTGAARGG

TACTGGTGAC
ATGACCACTG

ECEPO] GENE

-1 1
MetRla
TAATGGCTCC
ATTACCGAGS

CTGCTGGAAG
GACGACCTTC

CTGTTCTTITG
GACRAGARRRC

ACGCTTGGAA
TGCGAACCTT

GGTCTGGCAC
CCAGACCGTG

AAACTCCTCT
TTTGAGCAGA

TATCTGGCCT
ATAGACCGGA

ARAGAGGCTA

TTTCTCCGAT

CATCACIGCT
GTAGTGACGA

TGCGTGGTAA
ACGCACCATT
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GCSGCGTICTS
CGSCGCACAC

CTAAAGAAGT
GATTTCTTCG

AACGAAAACA
TTGCTYTTIGT

ACGTATGGARA
TGCATACCTT

TGCTGAGCGA
ACGACTCGCT

CAGCCGTGGG
GYCGGCACCC

GAGATCTCTG
CTCTAGAGAC

TCTCTCCGCL
AGAGAGGCGS

GATACCTTCC
CTATGGAAGG

ACTGARACTG
TGACTTTGAC

sall
CGCTAATAG

GCGATTATCR

GCT
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t; More particularly, Febde—wEE{ {llustrates oligo-
nucleotices employed to generate the Section 1 of the
ECEPD gene encoding amino terminal residues of the numan
species polypeptide. Cligonucleotices were assempled
5 into cuplexes {1 anc 2, 3 ang &, ete.) and the cup) xes
77:; then ligateo to provioe ECEPO Section 1 as in
¥~ Note tnat tne assemdled section includes cespective
terminal EcoRI anc 3amHl sticky ends, that “downstream™
of tne EcoRI stizky end is s Xdal restriction enzyme
10 crecognition site; and that “upstresam® of the BamHI sticky
end is 3 Xpn! r=cognition site. Section 1 could readijy
Se amplifiec using the M13 pnage vector employed far
verification 3¢ seguence of the section, Some dif-
ficulties were encountered in <solating, the section as.an
15 Xbal/konl fragment from RF DNA generajéd in E.col!,
likely Que :o methylation of the Tecognition site
bases within tne most. Single-stranded phage ONA was
tnerefore isolaled and rendered into double-stranded form
in vitro by prime:s extension and the desired doudle-
20 stranded fragment was thereafter readily ‘5°1"‘2a~4 IET
ég ECEPQO gene Sectlons 2 and 3 {

were constructed in g similar manner ;%bn the oligo-
nucleotices u&/m respectively. Each
fZ? section was amplified in the M13 vector employed for
25 sequence verification,and was isolatea from phage ONA.
As is apparent from m,”tcepo Section 2 was con-
45 structed with EcoRI and BamKI sticky ends ang could be
isolateo as a xpnl/BgllI fragment. similarly, ECEPO
Section 3 was prepared with BamMl and Sall sticky ends
30 and could be isolated from phage RF DNA as a Bglll/Sall
fragment. The three sections thus prepared capn reacily
be assembled into a continuous DNA sequence (LM)
éb encoding the entire numan species EPO polypeptide with an
amino terminal methionine codon (ATG) for E.coll transla-
3% tion Initiation. Note also that "upstream™ of the ini-
tisl ATG is a series of base palrs substantlally

> @
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duplicating the ribosome binging site sequence of the
highly expressed OMP-f gene of S.col!.

Any suitsble expression vector may de emploveo
to carry the ECEPD. The partigular vector chosen for -

5 expression of the ECEPD gene as the “temperature sen-
sitive™ olasmiac pCFM536 -- a derivative of Slasmic
PCFM&la (R.T.C.C. 40078) -- as gdescriped in co-penaing
U.S. Patent Annlicatlon Serfal No. 636,727, fileg August

c4z-° Q,:f 6, 1984,/oy Charles F. Morris, More specifically,

10 pCFM536 ¥as digested with Xbal ang HindIII; the lacge
fragment was !solatec ang employed in a two-part ligation
with the ECEPD gene. Sections 1 {xbal/KpnI), 2
(Xpn1/BOLII) ano 3 {8011I/Sall) had previously been
assembled in the correct order in M13 and the ER0 gene.

15 was isolateo therefrom as a single Xbal/WindIIl fragment.
This fragment incluoced a portion of the polylinker from
M13 mp9 phage spanning the Sall to HindIll sites therein. °
Control of exnression in the resulting exgression
plasmid, p536, was by means of a lambaa P_ promoter,

20 which itself may be under control of the C1357 repressor
gene (such as provided in E.colf strain K12aMtrp).

The manufactured ECEPQ gene above may be
variously mogified to encode erythropoietin analogs such
as [Asn?, des-Pro? through 11eS1nEPD ana [His’]neEPD, as

25 descrived below.

A. [asn?, ges-pro? througn I1leflnerg
. Plasmid 536 carrying the ECEPO manufactured gene

ofd’%#’ﬂ'? as a Xbsl to HiIndIII insert was gigested

f; 30 with HindIll and Xhol. The latter endonuclease cuts the
ECEPC gene at a unigue, 6 base pair recognition site
spanning the last base of the codon encoding asp® througn
the second base of tne arg’® codon. & Xbal/xhol ®1linker®
seguence was manufactured having the following sequence;

35
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/.T D7 Xbal 1 2 7 g o
(‘* f' Met Rla Asn Cys asp Xhol
5'-CTAG ATG GCT AAT TGC GAc.3' —=2
3°-TAC CGAR TTA ACG CTG AGCT-5"
=

The Xbal/xhal linker ang the Xhol/HingIIl ECEPD

S gene sequence fragment were inserted into t;:-I;:ge

fragment resulting from Xbal ang HingIII digestion of

plasmid pCFMS25 .. 5 derlivative of plasmig DCFM41 4

(A.T.C.C., 40076) o 8s descrided in co-pending

U.S. Patent Aoolication Serial No. 636,727, fileg Augus:
10 6, 1984, by Charles r, Morris, to generate 3 plasmig-

borne DONA seguence encading E.coli expression of the

Met'l form of the gesirsg anaslog.

5. [wis7Inesg .
15 Plasmid 536 was digesteg with HinelIl ang Xhol

as in part A adbove. A Xbal/xhol linker was manufac::;ed

having the following sequence:

- xbal *l 2 3 &4 s & 71 g 9 Xhol
\ . Met Ala Pro Pro Arg Leu Ile Mis asp -
\ 20 5 -CTAG ATG GCT CCG CCA CGT CTG ATC CAT GAC-3'
3"-TAC CGA GGC GGT GCA GAC TAZ GTA CTG AGCT.S’

The linker and th ingIIl ECEPD seguence
fragment were then inserted into pCFMS526 to generate a
plasmid-borne DNA segquence encoding E.colil expression of
25 the Met~! form of the desired analog,
Construction of a manufactured gene (™SCEPQ™)
Incorporating yeast pr ;zrase pdo'rl'sh“l; as Usscribeq in
e the followingL As was the case
with the ECEPQ gene, the entire construction 1nvolved“
4
formation of three sets of oligonucleotides
30 3 ﬁ on e 9 'ﬁ

XUII—and—KEk) which were formed 1nﬁ910up1eﬁgf and
assemdbled into sections (LMQH) Note

that synthesis was facilitated in part by use of some
sub-optimal codons in both the SCEPO and ECEPO construce

&l

p o ®
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- 76 -
tions, i.e., oligonucleotides 7-12 of Sectian 1 of botn

genes were ldentical, as were oligonucleotides 1-6 of
Section 2 in each gene.
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TABLE xv

SCEPD_SECTION 1 OIIGDNUCLEDTIDES

1. AATTCAAGCTTGGATARAAGAGCT
2. GTGGAGCTCTTTTATCCAA
3. CCACCAAGATTGATCTGTGA

7. GAAGCTARAGAAGCTGRARACATC
8 eve6tsaTeTITrCAgTACTTTAG
5. ACCACTGGTTGT ff ACACTGTTC

10. CARAGAACAG ,4’ ACCA

TABLE xVI
SCEPD SECTION 1)

ECORI HiNQIII )
AATTCA AGCTTGGATA
GT TCGAACCTAT

2

3
AAAGAGCTEC ACCAAGRTTG ATCTGTGACT CBAGAGTTTT
TTTCTCGA TGGTYCTAAC TAGACACTGA & ARAA
. 4

[

9 11 Kpnl

GTGCTGAACA C

Page 36 of 93

- 7
GGARAGATAC TTGITGBAAG CTAAAGRAGE TGAAARCATC RCCACTGGT?
CCTYTTCTATG AACAAC GATTTCTTICG ACTTTTGTAG CCRA
8

1 Bamh1
GTTC;TTG ARCGAAAACA TTACGGTACC G

CACGACTTGT GACAAGARAC] TTGCTTTTGT AATGCCATGG CCTAG

12
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10.
11.
12.
13.
la.
15,

16..

IGONUCLEOT IDES

SCEPD SECTION 2

AATTCGGTACCAGACACCAHRGGT
GTTAACCTTGGTCTCTCETACCS
TAACTTCTACGCTYGGAAACGTAT
TTCCATACGTTTCCHAGCGTAGRR
GGAAGTTGGTCAAZARGCAGTTGAAGT

RACTCTTCTCARACCATGRG
CATGGTTGAGAAGAGTTAARCC
ATTGCAATTGCACCTCGAT
CTTTATCGACGTGCAARTTGCAA
RARUCCGTCTCTGGTTTGAGATCTG
GATCCAGATCTCAAARCCAGAGACGG

87
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TABLE le;é
SCEPO SECTION 2

Xon]
EcoRl i
EXTTCGGTACS ACACACCAAL

GCCATGG TCYSTSOTTC
2
T # acaere 2 anc
H LN A I
3 ’ [
- YF h; 9 )
rokiagens salirace A
10

ATTG“BHBE; GTTGCTACCC ACGT TAACGTGCAG
12 14

8ol
CTSGTTT GAGATCTG
GACCAAA CTCTAGACCTA ©

s

13 -
CAACCATSGG bnccnrrcci‘nrrccaccrc

CCTRSYTGERY
GGARE CA
SATRAAGCCG 7
CTﬂ;lle

Bamn1
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11.
12.
13.
la.
15.
16.
17.
18.
19.
29.
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TABLE XI¥

SCEPD SECTION 3 Du(LONUCLEDTIDES

GATCCAGATCTTTIGRACTACTTIGTT

CGGTGAAGCETGTAGAARCTGGT
CTGTCACCHAGTTCTACAGGCTTC
GACAGATARGCCCGACTGATAA
GTTGTTAYCAGTCGGGCTTAT
CAACAGTRETAGATGTRACAAAG

TCGACTYTGTTACATCTACACT

Page 39 of 93
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BamHI B8glIT )
GATC CATATCTTTE ACTACTTTSY ThAGAGCTTY

s GTCTAGCAAAC TGATGAAACA A GAAA
2 ,
3 . S
GGGTGCTCAA ARGGAAGECA ATreceface AGRCGCTGCT "TCTSCCGETE
CCCACGAGTT TICCTIC RAGGGGTGG TCTGCGACGA AGACSGCSAG
4 6
z 2 1l
CATTGAGRAC CATCH GATACCTTCA GAAAGTTRTT. CAGAGTTTAC
GTRACTCTTG GTAQ R CTATGGAAGT CTTTCAATAR GFCTCAAATG
10 8 10 ' 12
13) 15 .
TCCARCTTCT ATTGAAGTTG TACACEGGTG AAGTCTGTAG
AGGTTGAAGA TRACTTCAAC ATSTGE TTCGGACATC
1a 18
19
AACTGGTEAC ABATAAGCCC GACTGATARL RACAGTGTAG
TTGACCA ATTCGGG CTGACTATT CACATC
15 18
 sall ‘
ATGTARCARY G
TACATTGTTS CAGCT
20
20
25
90

AM670156354 AM-ITC 00941021



Case 1:05-cv-12237-WGY

Document 719-3 Filed 07/13/2007

10

15

20

25

HindIIT
RGCTICGATA
ACCTAT

GGARAAGATAC

- CCTTTCYATG

GTGCTGAACA
CACGACTTGT

GTTAACTTCT
CAATTGAAGA

AGTTTGGCAR
TCARARCCGTT

CCTTGTTGGY
GGAACAACCA

GATAAAGCCG
CTATTTCGGC

GGGTGCTCAA
CCCACGAGTT

CATTGAGARAC
GTAACTCTTG

TCCAACTTCT
AGGTTGAAGA

AACTGGTGAC

TTGACCACTG

]l *]
ArgAla
AJAAGAGCTCC
TYTCTCSAGS

TIGTTGGAAG
AACAARCCTTC

CTGYTCYITYC
GACARAGAAAC

ACGCTTGGAA
TSCGAACCTT

GGTTTSGLCCT

AAGGAAGCCA
TTCCTTILGGT

CATCACTGCT
GTAGTGACGA

TGAGAGGTAA
ACTCTCCATT

ATGTAACARY G

TACATTGTT

- 82 -

TABLE xxI

ACCAAGATT
TGETTCTA

CTARAGAJGT
GATTICT/ICG

RACGAAAACA
TTGCYTTIGT

GAGATCTTTG
CTCTAGAAAC

TTTCCCCACC
RAAGGGGTGG

GATACCTTCA
CTATGGAAGT

ATTGAAGTTG
TAACTTCAAC

GACTGATAAC
CTGACTATTG

SCEPO GENE

RTCTGTGACT
TAGARCACTGA

TGARAACATC
ACTTTTGTAG

TTACGGTACC
AATGCCATGG

GTTGGTYCAAC
CAACCAGTTG

AGCTGTTTIC
TCGACAARARC

RACCATTGCA
TTGGTAACGT

ACTACTTIGY
TGATGAARARCA

AGACGCTGCT
TCTGCGACGA

GAAAGTTATT
CTTTCAATAA

TACACCGGTG
ATGTGGCCAC

RACAGTGTAG
TTGTCACATC

Page 41 of 93

GAGAGTTTT
GCTCTCARARA

ACCACTGGTT
TGGTGACCAA

AGACACCAAG
TCTGTGGTTC

AAGCTGYTGA
TTCGACARCT

AGAGGTCAAG
TCTCCAGTTC

ATTGCACGTC
TRACGTGCAG

TGAGAGCTTT
ACTCTCGRAA

TCTGCCGCTC
AGACGGCGAG

CAGAGTTTAC
GTCTCAARATG

ARGCCTGTAG
TTCGGACATC
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The assemdlea SCEPOD sections were seguenced in
M13 ana Sections 1, 2 and 3 were isolatable from sne
phage aJl mgxuymx,tonx/agn), ang BgiIl/Sall frag.
ments, ..

5 The presently preferreq expression system fgor
SCEPD gene products is a secretion system baseg on
S.cerevisias a-factor secretion, as described in co-
pendling Uu.S. Pqtent Application Serial No. 487,753, fileg
Aoril 22, 1983, by Grant a, Bitter, publisneg Octooer 31,

10 1984 as European Patent Application 0 123,29. Briefly
put, the system involves constructions whersin DNA
encoding the leader sequence of the yeast g-factor gene
product is positioned immediately S’ to the coding region
of the exogenous Qene to be expressed. As 3 result, the

15 gene proouct translated includes a leager or signal
sequence which is “processed off™ by an endogenous yeast
enzyme in the course of secretion of the remainder of the
product. Because the construction makes use of the g-
factor translation initiation (ATG) codon, there was no

20 need to provide such s codon at the,-1 position of the
SCEPD gene. As may be noted fromLm. the alanine
(+1) encoding sequence is preceded by a linker seguence
allowing for direct insertion into a plasmid including
the ONA for the first 30 residues of tns a-factor leader

25 following the a-factor promoter. The specific preferred
construction for SCEPD gene expression involved a four-
part ligation including the above-ngted SCEPO section
fragments anc the large fragment of HindllI/Sall
digestion of plasmid paC3. From the resulting plasmiog

30 paC3/SCEPO, the a-factor promoter and leader sequence ang
SCEPO gene were lsolated by digestion with BamHI ang
ligated into BamMI digested plasmiqﬁg:g_;o form
expression plasmic pY%/SCEPD.

35 EXAMPLE 12

The present example relates to expression of

92
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recombinant products of the manufactured ECEPD and ScePg
genes within the expression systems of Example 1],
In use of the expression system designed for use
of E.col! host cells, plasmig P536 of Example 1 was
5 transfo;meu into aM7 E.coli cells previously transformeg
with a3 suitable plasmid, pMwl, harboring a CI857 gene.
Cultures of cells in LB broth (Ampicillin 50 ug/ml ang
kanamycin 5 ug/ml, preferadbly with 10 mM Mgsoa) were
maintained at 28:C .andg upan growth of cells in culture So
10 0.0.ggg = 0.1, EPD expression was induceo by raising tne
Culture temperature to 42°'C. Cells @rown to about a0
0.D. provices EPO production (as estimated by gel) of
about 5 mg/0D 1liter.
* Cells were hatvested, lysed, broken with French
15 Press (10,000 psi) and treated with lysozyme and NP-aD
detergent. The pellet resulting from 24,000 xg centrify-
gation was solubilized with guanioine HCl and subjecteo
to further purification in a single step by means of
Cs (vydac) Reverse Phase HPLC (EtOM, 0-80%, 50 mM NH,Ac,
20 pM 4.5), Protein sequencing revealeo the product to be
greater than 95X pure and the products obtained Tevealeg
two different amino terminals, A-P-P-R... and P-P~R.., in
8 relative guantlitative zatio of about 3 to 1. This
latter observation of hEPQ ano [des Alal]lnEPD products
25 indicates that amino terminal “processing® within the
host cells serves to remove the terminal methionine and
1n some instances the initial alanine. Radioimmunoassay
activity for the isolates was at a level of 150,000 to
160,000 u/mg; in vitro assay activity was at a level of
30 30,000 to 62,000 u/mg; and in vivo assay activity ranged
from about 120 to 720 u/mg. (Cf., human urinary isolate
standard of 7C,000 U/mg in each assay.) The dose response
curve for the recombinant product in the in vivo assay
differed markedly from that of the human urinary EPO

35 standard.
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o covnie 1 e e Sovterees s e
2 oImed into pMwi-transformec
curiTiee fromates wure voum o ared 38 thove.
i oth RIA ang in vitrs
5 assays. RIA ang an vitro assay values for [Asn
. Oes-Pro? through “es]nEPO expression products were
approximately 11,000 u/mg and &,000 U/mg protein, respec-
tively, wnile :he assay values for [His’JnEPO were abou:
41,000 u/mg ang ia,000 u/mg proteln, respectively, indi.

10 cating that 2he analog oroducts were from one-fourth to
one-tenth as “active™ as the “parent™ expression product
in the assays.

In tne expression system designed for use of
S.cerevisiae nost cells, plasmid DYE/SCEPD was trans-
15 formen into two cifferent strains, YSDPa enotype o
- Repd-3 trol) ano RK8) (genotype ma peps-3 trpl). -
Transformea YSDP4 hosts were grown in SD medium {Metnoos
In Yeast Genetics, Cola Spring Hardor Laboratory. Cold
Spring harbor, N.Y., p. 62 (1983} supplamenteu with casa-

20 mino acids at 2.5%, pH 6.5 at 30°C. Media harvested when
the cells had been grown to 36 0.D. contained EFPD pro-
‘gucts at levels of about 244 U/ml (97 ug/OD liter by
RIA). Transformed RKBl cells grown to either §.5 0.0. ot
60 0.0, provide¢ media with EPO concentrations of about

25 B80-90 U/mlyf24,ug/0D liter by RIA). Preliminary analyses
Teveal significant heterogeneity in products produced by
the expression system, likely to be due to variations in
glycosylation of proteins expressed, and relatively hign
mannose content of the assoclated carbohydrate.

30 Plasmids PaC3 and pYE in HB1Ol E.coll cells were
deposited in accordance with the Rules of Practice of the
U.S. Patent Office on September 27, 1984, with the
American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Maryland, under deposit numbers A.T.C.C. 39881

35 and A.T.C.C. 39882, respectively. Plasmids pCFMS526 in
AM7 cells, pCFM536 in IM103 cells, and pMwl In JM103

"

94

AM670156358 AM-ITC 00941025



Case 1.05-cv-12237-WGY - Document 719-3  Filed 07/13/2007 Page 45 of 93

/*>

10

15

20

25

30

35

- 896 -

cells -ere,}i ewis% aeposi.e% %P November 21, 198a as
A.T.C.C. 89-3;. }-}-3-)-6. and %Ja—g, respectively.
Saccharomyces cerevisiae strains YSPDa ang RKB8l were
deposited on November 21, 1984 as A,7.C.C. 20734 ang
20733, respectively.

It shouls be reacily apparent from consideration
of the above Illusirative examples that numerous excep-
tionally valuable praducts and processes are provided by
the present invention in its many aspects.

Polypeptiges provideo by the invention are
consoxcu0usly useful materials, whether they are micro-
bially expressed products or synthetic products, the pri-
mary, secongary or tertiary structural conformation of
which was first mace kngwn by the present invention.

' As previously indicated, recombinant-produced
ang synthetic prooducts of the invention share, to varying
degrees, the in v!::o bislogical activity of EPO isolates
from natural sources and conseguently are projectec to
have utilily as substitures for EPO isolates in culture
media employed for growth of erythropoietic cells in
culture. Similarly, to the extent that polypentide pro-
ducts of the invention share the in vivo activity of
natural EPO isolates they are conspicuously suitable for
use In erythropoibtln therapy orocedures practicedg on
mammals, including humans, to develop any or all of the
effects herefore attributed in vivo to EPD, e.g., stimu-
lation of reticulocyte response, cevelopment of ferroki-
netic effects {(such as plasma iron turnover effects ang
marrow transit time effects), erythrocyte mass changes,
stimulation of hemoglobin C synthesis (see, Eschbach, et
al., supra) and, as indicated in Example 10, increasing
hematocrit levels in mammals. Included within the class
of humans treatable with products of the invention are
patients generally requiring dlood transfusions and
including trauma victims, surgical patients, rensl
disease patients including dialysis patients, and
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patients with a variety of blood composition affecting
disorders, such as nemophilia, sickle cell disease, phy-
sioclogic anemias, ang the like. The minimization of tre
need for transfusipn therapy through use of EPD therapy
5 can be expected to result In reduceg transmission of
infectious agents. Products of the inventlon, by virtue
of their production by recombinant methods, are exnecfed
to be free of pyrogens, natural inhibitory substances.
ang the like, and are thus likely to provide ennanced

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

15 and possidly in provicging beneficial carciovascular
effects,

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

20 nistered would ordinmarily include therapeutically
effective amounts of product in combination with accep-
tabls diluents, carriers and/or adjuvants. Preliminary
pharmacokinetic studies indicate a longer half-1ife in
vivo for monkey EPO products when administered IM rather

25 than IV, Effective dosages are expected to vary substan-
tially depending upon the condition treated but thera-

peutic doses are presently expected to be in the range of
0.1 (~7V) to 1100 (7 ) u body weight of the active

material. Standard diluents such as human serum albumin
30 are contemplated for pharmaceutical compositions of the
invention, as are standard csrriers such as saline.
Adjuvant materials sultable for use in com-
’ ' positfons of the invention include compounds inoepen-
dently noted for-erythropdletic stimulatory effects, such
35 as testosterones, progenitor cell stimulators,
insulin-like growth factor, prostaglandins, serotonin,
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N cyclic AMP, prolactin and triiodothyronine, as well as
agents generally emplaoyed in treataent Oof aplastic ane-
mia, such as methenolene, stanozolol ang nandrolone [see.
¢.0., Resegottf, et al., Panminerva Medica, 23,, 2u3-248

s (1981); McGonigle, et al., Kidney Int.; 25(2), 437-44a
(1984); Paviovic-Kantera, et al., Expt.Hemazol., 8(Supo.
8), 2B3-291 (1980); ang Kurtz, FESS Letters, lsa(l),
105-108 (1982)]. Also contsmplated as agjuvants are
substances reported to enhance the effects of, or

10 synergize, erythropoietin or asialo-EPD, such as the
adrenergic agonists, thyroid hormones, andragens ana BPA
[see, Dunn, "Current Concepts in Erythropoiesis™, Jonhn
wiley ano Sons (Chichester, England, 1983); wellang, et
al., Blut, &4(3), 173-175 (1982); Kalmanti, Kigney Int.,

15 22, 383-391 (1982); Shanidi, New.Eng.J.Med., 289, 72.80
(1973); Fisher, et al., Steroids, 30(6), B833-845 (1977);
Urabe, et al., J.Exp.Med., 149, 1314-1325 (1979); ang
Billat, et al., Exot.Wematol., 10(1}, 133-140 (1982)) as
‘well as the classes of compounds designated “hepatic

20 erythropoietic factors™ [see. Naughton, et al.,
Acta,Haemat., £9, 171-179 (1983)] and “erytnrotropins™
{as described by Congote, et al. in Abstract 3sa,
Proceedings 7th International Congress of Endocrinology
(Quebec City, Quebec, July 1-7, 1984); Congote,

25 Blochem.Biophys.Res.Comm., 115(2), 647-483 (1983) and
Congote, Anal.Biochem., 140, 428-433 (1984)] and
“erythrogenins® {as cescrioed in Rothman, et al,,
J.Surg.Oncel., 20, 105-108 (1982)]. Preliminary
screenings designed to measure erythropoletic resoonses

30 of ex-hypoxic polycythemic mice pre-trested with either
S-g-dihydrotestosterone or nandrolone and then given
erythropoietin of the present invention have generated
equivocal results,

Diagnostic uses of polypeptides of the invention

35 ar wrly extensive and include use in labelled ang
aladells
e 3 forms in a variety of Immuncassay techniques

A
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including RIR"s, ELISA's and the like, as well as a
varlety of in vitro ana in vivo activity assays, See,
€.9., Ounn, et a1., Expt .Memazol., 11(7), 59C-600 (1983);
Gibson, et al., Pathology, 16, 155-156 (1984); xrystal,
5 Expt.Hematol., 11(7), 649-660 (1983); saito, et al.,
Jap.J.Med., 23(1), 16-21 (1984); Ngthan, et al.,
New Eng.J.Med., 308(9), 520-%22 (1983); ang various
references pertaining to 2sSays referred to thereln,
Polypeptices of the invention, including synthetic pep-
10 tides comprising seguences of residues of EPO first
tevealed herein, also provide highly usefyl pure
materials for generating polyclonal antibodies ang
“banks™ of monoclonal antibodies specific for giffering
continuous and discontinuous epitopes of EP0. As gne-
15 examgle, preliminary analysis of the amino acig sequences
65 Ofl/ > in the context of hydropathicity according to
Hopp, et al., P.N.A.S. {U.S.A.), 78, pp. 3824-3828
(198l1) ang of secondary structures according to Chou, et
al., Ann.Rev.Biochem., 47, p. 251 (1$78) revesled that
20 synthetic peptides duplicative of continuous seguences of
‘3 residues spanning positions 41-57 inclusive, 116-if%
inclusive and 144-166 fnclusive are likely to produce a
highly antigenic response gggfgene:ate useful monoclonal
and polyclonal antibodies immanoreasctive with both the
25 ‘synthetic peptide and the entire protein. Such antibo-
dies are expected to be useful in the detection and affi-
nity putlfica;ion of EPD and EPO-related products.
Illustratively, the following three synthetic

peptides were prepared:

30 .
(1) nEPO 41-57, V-P<D-TaKeVeN-F-YeR-W-K-
ReM-E-V-G;
{2) DESO 116-128, K-E-A-I-5-P-P-D-A-A~5-A-A;
(3) NEPD 144-166, VeYeS<NaFalLoRaG-KeloK-L-Y=
35 ) T-G-E-A=C+R-T-G-D-R. )
: 7
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Prellmina;y immunization stugies employing the above-
noted polypeptioes have reveazled a Telatively weak posi-
§1ve Tesponse to hzPOD 41-57, no appreciadle Tesponse tpo
hEPO 116-128, and a strong positive resopnse :p hEPO
l44-166, as measureg Dy capacity of rapbit serum antivo.
dies to immunoprecipitate 125!~1:bellen human urinary zPs
isolates. Preliminary in vivo activity studies on the
three peptides revealed no significant agtl&lty either
alone or in gcombination.
while the deducea Sequences of amino acid resi-

dues of mammalian EPO Provides by the illustrative
examples essentially define the primary structural con-
formation of mature EPO, it will be understood that the
specific sequgnce_of 165 amino acld residues of monkey
species EPQ inu and the 166 residues of human spe-
cies EPQ in ¥+ do not limit the scope of useful
polypeptides provided by the invention. Camprehended by
the present invention are those various naturally-
occurring allelic forms of EPD which past research intg
biologically. active mammalian polypeptides such as human
vy interferon indicates are likely to exist. {Compare,
€e.9., the human immune finterferonfspecies reported to
have an arginine residue at position No., 140 in EPO
publisned application O 877 470 and the species reported
to have glutamine at position No. 140 in Gray, et al.,
Nature, 293, pp. 503-508 (1982). Both species are
characterized as constituting “matuze™ numan y interferon
sequences.) Allelie forms of mature EPO polypeptides may
vary from each other and from the sequences ofl_m

in terms of length of sequence and/or in terms of
deletions, substitutions, insertions or additions of
amino acids in the sesquence, with conseguent potential
varlations in the capacity for glycosylation. As noted
previously, one putative allelic form of human species
EPD is belleved to include a methionine residue at posi-
tion 126. Expectedly, naturally-occurring allelic forms

99

;&t:n,

AM670156363

AM-ITC

00941030



Case 1:05-cv-12237-WGY  Document 719-3  Filed 07/13/2007  Page 50 of 93

10

15

20

25

30

35

- 91 -

::kizs-f:czzizg f:?c:e::::cr::ut:onn sequences are also
14 ! e above-noted types of

allellc polypeptiaes or simoly emplgy oiffering codons

for deslignation of the same polypeptldes as specifisg.

In acaszlien 2o naturally-occurring allelic forms
of mature EPD, :ne present invention also embraces.other
“EPO producis™ such as polypeptide analogs of EFD ang
fragments of “rature™ EPO. Following the procecures of
the above-noted published application by Alton, et al.
(w0/83/04053) one may readily design and manufacture
genes coding for microbial expression of polypeptiges
having primary conformations which differ from that
hereln speci?iec for mature EPD In terms of the Identity
or location of one or more residues (e.g9., substitutions,
terminal ang intermediate agditions ang deletions).
Alternately, mogifications of cONA ang genomic EPO genes
may be reacily accomplished by well.-known site-directen
mutagenesis techniques and employed to generate analogs
and derivatives of EPD. Such EPO products -;uld share at
least one of the blological properties of EFO but may
giffer in others. As examples, projected EPO products of
the invention include those which are foreshortened by
e.g., deletions [Asn?, ges-pPro? tnrough IleS]nepo,
[oes-Thr183 tnrough ArglS€InEPo and “a27-SShERD™, the
latter having the resi{dues cooced for by an entire exon
geleted; or which are more stable to hydrolysis (anag,
tnerefore, may hsve more pronounced or longer lasting
effects than naturally-occurring EPO); or which have been
altered to delete one or more 2 potential sites for gly-
cosylation (which may result in higher activities for
yeast-produce? products); or which have one or more
cystein resjioues geletec or replacedg by, e.g., histioine
or serine residues (such as the nnalod (His7)nePD) ang
are potentially more easily isolatec in active form from
microbial systems; or wnich have one or mors tyrosine
residues replaced by phenylalanine (such ms the analogs

-~
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(Phe?Inero, [Pne®®)nero, ang [Phel®5Ingro) ano may bino
more or less readily to ERFQ Teceptors on target sells.
Also comprenenced are oolypeptice fragments Ouplicating
only a part of the continuous amino acid seguence g: )

5 secondary conformations within mature EPQ, whicn
fragments may possess one activity of £pPp (e.g., receptor
binding) ang not gthers (e.g., erythropoietic activity).
Especially significant In this regard are those potent:ial
fragments of ZP0 which are elucidate :fdn considezation

C 10 of the human genomlc DNA sequence o 5;i3:£;i. 1.é..
"fragments®™ of tne total contlnuous‘EPO sequence which
are delineated by intron sequences ang which may consti-
tute distinct “domains™ of biological activity. It is
noteworthy that the absence of in ¥ivo activity for any

15 one or more of *he “EPO products™ of the invention is not
wholly preclusive of tharapeutic vtility (see, weiland,

et al., supra) cr of utility in other contexts, such as
\ in EPD assays or Eﬂpiangggngéﬁzj Antagonists of erythro-
poletinf may be guite useful in treatment of polycythemias
20 orTaSes of overproduction of EPO [see, e.g., Adamson,
Hosp.Practice, 18(12), 49-57 (1983), and Hellmann, et
al., Clin.Lab.qaemat., S, 335-342 (1583)].
According to another asoect of tne present
'1nv|ntlon. the cloned DNA seguences described herein
25 which encode human and monkey EPO polypeptices are
conspicuously valuable for the information which they
provide concerning the amino acid sequence of mammalian
erythropoietin which has heretofore been unavallable
despite decades of analytical processing of isolates of
30 naturally-occurring proaucts. The DNA sequences are also
conspicuously valuable as products useful in effecting
the large scale microblal synthesls of erthropoietin by a
vatiety of recombinant techniogues. Put another way, DNA
sequences proviged by the invention are useful in
35 generating new and useful viral and circular plasmid DNA
vectors, nevw ang useful transformed and transfected

101

AM670156365 AM-ITC 00941032



Case 1:.05-cv-12237-WGY Document 719-3  Filed 07/13/2007 Page 52 of 93

- 93 .

microdblal procaryotic. and eucaryotic host cells
{including bacterlal and yeast cells ang mammalian cells
grown in culture), anc nev and useful methods fcr
cultured growth of such microbial host cells capatle of

5 expression of EPD and EPO products. ONA seguences of the
invention are alsa conspicupusly sultadble materials for
use as labelled probes In isolating EPO and relatec pro-

" tein encoding cDNA and genomic ONA sequences of mammalian

specles other than human and monkey species herein speci-

10 fically i{llustrated. The extent to'wnich DNA seauences
of the invention will have use in various alternative
methods of protein synthesis (e.g., in insect cells) or
in genetic therapy in humans and other mammals cannot yet
be calculated. DNA seguences of the invention are

15 expected to be useful in ceveloplng transgenic mammalian
species which may serve as eucaryotic "™hosts™ for produc-
tion of erythropoietin and erythropoietin products in
quantity. See, generally, Palmiter, et al., Science,
222(a625), 809-8ls (1983).

20 vieweo in tnis lignht, therefore, the specific
gisclosures of the illlustrative examples are clearly not
intended to be limiting upon the scope of the present
invention and numerous modiflcations ano variatlons are
expected to occur to those skilled in the art. As one

25 example, while DNA sequences provl:ed by the lllustrative
examples lnclude cDNA and genomic DNR sequences, because
this application provides amino acid sequence information
essential to manufacture of DNA seguence, the inventlion
also comprehends such manufactured DNR sequences as may

30 Dbe constructed based on knowledge of EP0 amino acid
seguences. These may code for EPD (as In Example 12) as
well as for EPO fragments and EPO polypeptide analogs
(1.e., "EPO Products™) which may share one or more biolo-
glcal properties of naturally-occurring EPG but not share

35 others (or possess others to different degrees).

DNA sequences provided by the present inventlon
are thus seen to comprenend all DNA sequences sultable
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for use in securing expression in a procaryotis or
eucaryotic host cell of a polypeptide proguct having at
least a part of the primary structural conformation ang
one or more of the binlogical properties of erythro-

5 poletin, and selected from among: (a) <he DNA sequences

éb set out in ; (b) DONA seguences wnicn
hybridize to the DNAX:equences defined in (a) or

fragments thereof; and (c) ONA sequences which, dbut for
the degeneracy of the genetic code, would hybridize to

10 the DNA sequences defined in (a) and (b). It is
notevorthly in this regard, for example, that existing
allelic monkey and human EPD gene seguences and gther
mammallan species gene seguences are expected to hybri-

,t, dize to the sequences of4' and or to fragments

15 thereof. Further, but for the degeneracy of tne genetlc
code, the SCEPQ and ECEPO genes and the manufactured or
mutagenized cONA or genomic DNA secuences encoding
various EPO fragments and analogs would also hybricdize to
the above-mentioned DNA sequences. Such hybridizations

20 could readily be carried out under the hybridization con-
gitions described herein with respect to the initigl iso-
lation of the monkey and human EPO-encoding DNA or more
stringent conditions, if desired to reduce background
hybriogization.

25 In @ like manner, while the above examples
fllustrate the invention of microbial expression of EPO
products in the context of mammalian cell expression of
DNA inserted in a hybrid vector of bacterial plasmig and
virsl genomic origins, a wigde variety of expression

30 systems are within tne contemplation of the invention.
Conspicuously comprehended are expression systems
involving vectors of homogeneous origins applied to s

15 variety of bacterial, yeast anoau cells in culture
as well as to expression systems not inveclving vectors

35 (such as calcium phosphate transfection of cells). In
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this regard, it will be understood that excression of,
€.9., monkey origin ONA in monkey host cells in culture
and human host cells in culture, attually constizyte
instances of ®exogenous®™ ONR expression inasmuch as the
5 EPO DNR whose high level expression is scught would not
have its origins {n the genome of the host. Expression
systems of the invention further contemplate these prac-
tices resulting in cytoolasmic formation of EPo products
and accumulation of glycosylated and niazgﬂycoSylatea EPD
¢ 10 products in host cell cytoplasa or (e 9.,
accumulation in bacterial perinlasmic spaces) or in
culture medium supernatants as above i1lustrated, or in
rather uncommon systems such a8 P.aeruginoss gxpression
systems (describeo in Gray, et al., Biotechnologx, 2, op.

15 161-165 (198s)). -

Improveo hybridization metnodcloglies of the
invention, while illustratively applied above to DNA/DNA
hybridization screenings are equally applicable to
RNA/RNA and RNA/DNA screening. Mixed probe techniques as

20 herein lllustrated generally constitute a number of
improvements in hybrigization processes allowing for more
rapid and reliable polynucleotide isolations. These many
individual processing improvenents include: improved
colony transfer and maintenance procedures; use of nylon.

25 based filters such as GeneScreen and GeneScreen Plus %o

"~ allow reproving with same fllters and repeated use of the
filter, application of novel protease treatments
[compared, e.g., to Taub, et al. Anal.Biochem., 126, PP.
222-230 (1982)]; use of very low incividual con-

30 centrations (on the order of 0.025 picomole) of a large
number of mixed probes (e.g., numbers in excess of 32);
and, performing hybridization and post-hybridization
steps under stringent temperatures closely approaching
(i.e., within a-C ano preferably within 2-C away from)

35 the lowest calculated dissccation temperature of any of
the mixed probes employed. These improvements combine to
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provide results wnien couldvnot be expecteg o aitend
their use. This {s amply 1llustratec by the fact that
mixed probe procedures involving 4 times zne number of
probes ever before reported to have been successfully

5 wused in even CONR screens on messenger RNA species pf
relatively low abundancy were Successfully applieg to the
isolation of a unigue sequence gene in a genomic library
screening of 1,500,000 phage plagues. This feat was
accomplished essentially concurrently with the publica-~

10 tion of the considered opinion of Angerson, et al.,
Supra, that mixed probe screening methogs were
*...impractical for isolation of mammalian proteln ganes
when corresponding RNA's are unavailable.

i5

20

25

30
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WHAT IS CLAIMED I3

1. & purified ano isolatsg polypectide huving;
part or all of :ine arimary structural conformation anu‘ (
one or more of the Siological properties of ﬁa.urally-
Jccurring eryinropoietin and characterizedg by ba;pg the
sroduct of procaryotic or eucaryotic expresslion Af an
exogenous ONR sasquence.

2. A oolypeptide according to cladm 1 further

characterizec dy delng ‘ree of assoclat! -IEF‘EEy mam-

mallian srotein,

J. & polypeptlide according/to claim ) wherein
the exggenous INA seguence is a cDNMA seuuend!f”’— -

4. A polydeptide
the exogenous DONA seguence
sequence.

ding to claim 1 wherein
manufactured DNA

.

5. R polypepti according to claim 1 wherein
the exogenous ONA seguesice is a genomic DNA Seduence.

ptide according to claim 1 wherein
equence is carried on an adtonomously
ar DONA plasmid or viral vecter.

6. A poly
the exogenous DNA
replicating cire

7. polypeptide according to claim 1
possessing rt or all of the primary structural confor-
mation of Muman erytnropoietin as set forth in Table VI

or any ngturally occurring allelic variant thereof.

8. A polypeptide according to clain 1
possé€ssing part or all of the primary structural confor-
maYion of monkey erythropoietin as set forth in Tadble v
any naturally occurring allelic variant thereof.
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9. A4 polypeptige accoraing o claim ! wnion «
the immunological sroperties o naturally-occory
erythrapoietin.

iC. A polypeptide according toflaim 1 whipgn
has the in vivo bislagical activity naturaTIy—
occurring erythropoistin.

11. A polypeptide
has the in vitro biolagic
occurring eryth-opoiet

ccording to claim 1 wnich

activity of naturiTTys

l2. & lypenticge according to claim ) further
characterized Ay deing Covalently associated with a
detec abel substance.

13. A polypeptige according to claim 12 wherein
sld detectadle label is a raciolabel. S—

l4. A DNA seguence for use in securing
expression in a procaryotic or eucaryotic host cell of a

transformed or transfected with a DNA sequence according
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to clalm la in a mann allowing
sald nolydiszzac proagtt.

the nost cell %o express

18. A polypeptf¥e product of cne sxpressTsn of

5 8 DNA s of
‘:g,{/,snaeeﬂ!=’3—ﬁclaim la/in a procaryotic or eucaryotic

17. A purified and isolated DNA seguence gogding
for procaryotic or eucaryotic host expression of poly-~
peptide having part or all of the primary structural con-
formation ang one or more of the biological proderties of

10

15

20

25

30

35

erythropoietin,

18. A cDNA sepuence according to/claim 17,
-—

19. A monkey species eryth:o--iet}n coding dﬁa

sequence according to claim 18,

20. A DNA seguence acce

including the protein coding 7

17

22.
sequence according to cfaim 21.

didg to claim 19 ano
on set forth 1n’?;ble V.

23. A DNA gequence according to claim 22 and
including tne protgln coding reglon set forth irTable

vI.

24. K manufactured DNA
claim la.
yd

2%. A manufactured ONA

seguence according te

sequence according to

claim 24 —ndnlncludlng one or more cogons preferred for

expressfon {n E.coli cells.
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‘26. R manufactured ONA seguence acccrd ng %o
&S erythro-

claim 25, coding for expression of human speci

poietio—"

5 27. A manufactured DNA seguence
claim 26 including the protein coding regyon se
Table X¥vo
ce.according to

R manufactured DNA segqu
gdons. preferved for

28,
claim 28 and including one or more c©

10
expression in yeast cells.
ecuence accoraing to

29. A manufactured OQNA £
0f human species erythro-

claim 28, coding for expres

15 poletinT
30. R manufac PNR sequence accoroing o
Cliimdzz,including the f cogfng region set fartn in
Table "XXI.
A DNA segyence accerding to claim 17 cova-

20
3.
lently assocliatea with/a geteczable label substance.

equence according to claim 31
/

A DNA £
le label is a radiolabdbel.

32.

25 wherein the cetecta
ingle-strand DNA sequence according to

33. A

claim 31.
yd
A DNA seguence coaing for a polypeptice

30 3a,
fragment or golypeptide analog of naturally-occurring

- erythropoletfin.

35
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35. A DNA sequence coding for [Prel

nEPQ,
(Phe4®]nero, [Pheld5]nepo, (n1s"Inero, [as

ges-Pro? througn IleelhEPO. [oes.thr 163 nrough

Argl®€)nero, or fa27-ssInero.
5
36. A DNA ssquence a ding to claim 34 whnich
is @ manufactured sequence. ,,/’

lonal eircular plasmig
DNA seguence according to
v 34 or 35.

37. A dlolog
10 or viral DNA vector
either of claims 14,

Tocaryotic or eucaryotic host cell
stably transfeTmed or transfected with a ONA vector -

¢ :

i;‘pt" 35, A poI;;;pt}pe Uct of the expression in
./4{7/ srocaryotic or eucar ¥t1¢/ host cell of a ONA sequence

according to cla 17 or 3a.
_-/

40. A glycoorotein prod having a primary
structural conformation ently duplicative of that
of 3 naturally-occurrifig-érythropoietin to allow ;
possession of one f the biological properties é/,,f"

25 ersge carbohydrate composition

.
—
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42. vertebrate cells wnich £an Se Sropagateg :i-
vitro continuously and which upon growth in culture are-
Capable of producing in the medium /of their growtn in
excess of 100 UV of erythropoietin per 106 cells In a8

5 hours as dJetermineg by radisimmunbassay. "/’/

43, vertedbrate cel
capable of producing in e
per 10% cells in 48 hour
10

according to claim 42
of 500 U erythropoi€tin

44. Vvertebrate cflls according to claim s
capable of oarooucing in ekcess of 1,000 U erythropaietin
per 19 cells In 48 hourh.
15 45, vertebrate cells according to claim a2

which are mammalian ¢gr avian cells.

. 46. ver:igbrate cells according to claim 5;/
which are CO0S-1 cflls or CHO cells.

20
47. A synthetic polypeptide having_.paft o
Y5 of the amino acid sequence as set forth 1q¢
having one or more of the in vivo or in vitrp-Biological -
activities of naturally-occurring monkey ytnropoietin.

25
48. A synthetic polypept

® having pagt or all
b of the amino acic sequence set farth in{gﬁg“&, other _ ..
than a sequence of resid irely within the sequence
numbered 1 through 20, a aving a biological property
30 of naturally-occurring ythroooietin,

fy conformatian .of DZFt or all of the amino
~‘5 ] e set forth lnL other than a |
35 of residues entirely within the sequence num- { -

urally-occurring human erythropoietin,
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50. A orocess ‘or the production
tige naving 2ar: or all of the primary str
mation and one ¢r more of the biological
naturally-ocsurrting erythropoietin, sai

5 sing:

* a polypeo-
tural cenfasr.
Toperties of
process compri.

growing, unger sultable nutr

procaryotic or sucaryotic host cells
transfected with a ONA vector accos
isplating cesired polyoeptide proa

10 of DNA seguences fn sail vector.

nt congitions,
tansformec or

ng to claim 37, ang
ts of the expression

51, Aan antidody supfstynce cnharacterizea by

immunoreaczivity with eryt
polyoceptize naving a nri tructural conformation -

15 subs:anttally supilcatiye of/a contindous seguence of
amino acld tesigues exyant
erythropoletin except /for
secuence of amino ac|
witnin sequence,

20 AePePoRulelcCeDeSeRuValfEeReYal~L=-E-R=K,

ypeptide comprising a
igues entirely comphrended

52, An antipody according to claim 51, which . ls

a monoclonal antiboay. -
25 53. An antlbody accoraing to claim ji} which Is

a polyclonal antidbgdy.

s4. An fantidbody according to claim 51, which s
immunoreactive with erythrooocletin ang a synt etic poly-
30 peptide having the sequence selected from the sequences:
VePoDeTeKeVaNaf-YeAaW-K-R-M-E-V-G,
KeE=A-1-5-P-Pf0-A-A-S-A-A, and
Ve¥a5-N-F-L-RLG-Kel-KoL+Y=TeGeE~A-CeR=T-G-D-R.

35
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¢£‘L£- ] 55. A pharmaceutical composit:
. P effective amoun: of a polypentige accers

. SN comprising ah
) (:’J ¢l er3ing to ciptms o,
y 16, 39, 40 or 4l anc a pharmaceutically accecigBle

gdiluent, adjuvant cr saccier.

5
56. A method for viding erythropoietin
therapy to a mammal = Drising aaministering an effect:ive
amount of yoedtice according to claims 1, 16, 39, 4«C
e —————————
10

57. A methoc actprd)ng to claim 56 wherein che
theraoy comprises ennancidg/fiematoerit 12!.%§T,3

58. A puriflec ang isolated ONA sequence as set
15 out in Table v or VI or a fragment ereof or the comple.
mentaly strang of such 3 segquence

59. A polypepti Toduct of the expression of

20 eucaryotic host cell ",/

25 including’multiole single-stranded polynucleotices

30 specifically complementary to a sequence of bases which

sample is fixed to a solid substrate;

the substrate having the sample fixed

35 thereto is Areated to diminish further binging of poly-
nucleotiags theretc except by way of hybridization to -
polynucléotidges in sa»id sample,
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(d) the treated Substrate having the sample
fixed thereto is transitg ily contacteo with saig mixture
of labelled probes under conditions facilitative of
hybricgization only betwfden totally complementary poly-

5 nucleotiges, ang,

(e) tne spedific polynucleotige is Qetected by
monitoring for the presence cf 3 hybridization reaction
between It ano a totally complementary prodbe within sald
mixture of ladelle probes, as evidenceo by the presence

10 of a higher densit) of labelled materfal on the sudbstrate
at the locus of specific polynucleotide in comparison
y of labelled material resulting
from nonespec{ bingding of labelled probes to the
substrate,
15 sald Amprovement comprising using In excess of
32 mixed prod¢s and performance of one or more of the
following:

(1)

substrate;

employing a nylon.based paper as saig sollia

20 (7) treating with a protease in step (c);
) ehploylng individual latelled probe con-
centratiofis of approximately 0.025 picomoles; ang
(4) employing as one of the hybridization cone
oitions fin step (d) stringent tempsratures approaching to
25 with 4°L svay from the lowest calculated Td¢ of any of the

probes/employed.

o (b

pHn

| i l/FI)
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. PRODUCTION OF ERYTHROPOIETIN®
H Disclosed are novel polypeptides possessing part

or sll of the primary structural conformation and one or
more .of the biological properties of mammalian erythro-
poletin (™EPO™) which are characterized in preferred
. forms by being the product of procaryotic or eucaryotic

10 host expression of an exogenous DNA sequence.
Illustratively, genomic DNA, cDNA and manufactured ONA
sequences coding for part or all of the sequence of aming
aclid residues of EPO or for analogs thereof are 1ncor;
porated into sutonomously replicating plasmid or viral

15 vectors employed to transform or transfect suitable pro-
caryotic or eucaryotic host cells such as bacteria, yeast
or vertebrate cells In culture. Upon isolation from
culture media or cellular lyéates or fragments, products
of expression of the DNA sequences display, e.g., the

20 immunological properties ang in vitro and in vivo biolo-
pical activities of EPO of human or monkey species orl-
gins. Disclosed also are chemically synthesized
polypeptides sharing the biochemical and immunolegical
properties of EPO. Also disclosed are improved methoos

25 for the detection of specific single stranged poly-
nucleotides in a heterologous cellular or viral sample
prepared from; e.3., ONA present in 2 plasmid or viral-
borne cONA or genomic DNA “library"™.

30

33
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FIG.7

ECEP0 GENE

-1 1.
xhal MetAla
cvas ARACTATGAG GGTaaTaaaa TAATSGCTEC

TTITSSTACTL CCATTATTIT ATTACTGAGG

ATSTSUSACT CSAGAGTTLT GGAASSTTAC CTGCYSSRAG
VAGACGCTGA GTTYCTCAAGE CSTTGCAATS BACSACCTTC

TSRAAACATS ACTACTGSTT GTSCTGAACA CTSTT=TTTS
ACTTTTIGTAG TSOTSACCAA CACSACTIGT SACRASAAAC

TTACGGTACT AGACACCAAG GTTRATTYICT AC3CTISGAA
ARTGCZATEE TITSTGOTTC CARTTGARGA TGCGAACCTY

STTSCTCAAS RAGCASTTGA AGTYTTGSCAG GEToTLSCAR
TIATTAGTIS TTIGTCAACT TCAAASSGTS S2RGACCGTS

35CTSTACTS

CSTSGCCAGS CACTSICTTSGT aaacrsgrsy
CIGACATSAC &GO

ACCGGTIC GTSACGACCA TTTGAGGAGA

RATTGCTICA SITSCATSTY GACAAASSAS TATCTSGCCT
TTGGCGACST CSALCTACAA CTGYTTICGIC ATAGACIGGA

' ACTTACYITSE

.
1
TGATSASACS &

STSCTCT GGGTGCACAG ARaja53CTa
CACSASA CLCACGYCTYC TTTCTIZGAT

GGATSCTAZA TCTICTGCAC CGCTSTGTAS CATSACTSCT
CCTACGATSY AGACGACGTS GIGACGCATS GTAGTSACGA

CCRAKCTSTT TSSTSTATAC TETARCTISC TCSTSTAA
C3TTTSACAA ASTACATATS AGATTSARGG ACSCACCATT
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GCLOCoTS 3
CGGCITAGAS

CTARAGAAGE
GATTTCTTCS

RAACGRAARACA
TYGCTTTIGY

ACCTATSCAA
TGCATACCTT

TGCTSAGLGA
CGACTCGCT

CAGCCGTESS
GTCGGCACTE

GAGATCZTLTS
CTCTAGAGAC

TCTCTCLLCC
AGRGAGGCGG

GATACCTTCC
CTATIGARGE

..' -

ACTGAARCTG
TGACTTTGAC

Sall
TATACTSGCS AAGZATGCCG TACTGGTGAC CGCTAATAG

ATATSACCST TTIGTACSGC ATSACCACTC GCGATTATCA

GCT
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FIG.8
SCEPC GENE
-1 -1
WingIll ArgAla

ECTTTGGATA AIAGAGCTCC ACCAAGATTS ATST 2Ga3
TSTGTGACT CGRGAGTTTT
ACCTAT TTTCTCGAGS TISTTYCTAAT TAGACACTGA scrsvcuaan

GGARAGATAC TTGTTGGAAG CTAARGAAGC TGARAACATC ACCACTSSTT
CCTTTCTATG AACAACCTTC GATTTCTICS ATTTTTGTAG TGGTGACC A3

GTGCTGARTA CIGTTITTTC AACSAAAACA TTICGGTACS AGRCACCAAG
CACGACTTST SACARGAAAC TTGCTTTTGYT ARTGLCATGS TOTGTGETTS

GTTAAZTTIT AZ5ITTISGAA ACSTATGGRA GTTGSTCRAC ARG o
<7 acsdy T : GCTCTTSA
CARTTSAAGA T32GARCCTT TGCATACCTT CAACCAGTTIC fTCGﬂCﬂAET

8GTTTGGCAR SSTYTTGGLCT TGTTATITZA AGSTSTTYTS AGAGGTCAAG
TCARAZCGTT CCTARACCGGR ACRATAGACT TLGACAARAC TCTCCAGTTS

CCTTSTTSAT TRACTITTST CAACCATGGG AAZCATTGCA ATTGCACGTC
CGAACAACTA ATTGAGAAGA GTTSSTACLC TYSSTAACST TRACGTGCAG

GATARAGCCG TCTITGGTTY GAGAT{TTIS ACTACTTIST TGAGAGCTTT
CTATTTCGGC AGRAGACCAAA ZTCTAGAAAS TSATSAAACA ACTCTCSAAA

GGGYEETCAA AASGAACCCA TYTICCCACC AGASSSTGIT TSTGCCGETS
CCCACCAGYT TTCZITTCGST AAAGGGETSS TCTGCSACGA AGACGGCGAG

CATTGAGAAC CATVIACTGCT GATACCTTCAR GAaagTTRTT CAGAGTITAC
GTAACTCTTG GTAGTGACSA CTATGGARGT CTTTCAATAA GTCTCAAATG

"TCCAACTTCT TSAGAGSTAA ATTSAAGTTG TACACCGGTG ARGCCTGTAG
AGGTTGARGA ACTCTZZATT TAACTTCAAC ATSTGGCCAC TTCGGACATC

AACTGGTGAC AGATAASTCS GACTGATAAC ARACARGTGTAG
TTGACCACTG TCTATTCGSG CTGACTATTG TTGTCACATC
Sall

ATSTAACARA §
TACATTGTTT CAGCT
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ECEPD SECTION 1 OLIGONUCLEOTIDES

l. AATTCTAGARACCAYGAGGGTAATARAATA
2. CCATYATTTTATTRCCCTCATGGTTTCTAG
3. RTGGCTCCGCCGCGTCTSATCTGCGAC

4. CTCCAGTCGCAGATCAGACGCGGCGCAG
5. . TCGAGAGTTCTGGRACGTTACCIGLTS

6. CTTCCAGCAGGTARCGTTCCAGARLT

7. GAAGCTAAAGAAGCTGAAAACATC

8. GTGGTGATGTTTITCAGCTTICTTTAG

9. ACCACTGGTTGTGCTGAACACTGTTC
10. CARRGAACAGTGTTCAGCACARACCA

11. TTTGAACGAARARCATTACGSTACCG

12. GATCCGOGTACCGTAATSTTITTICGYY

hERY
TIG. I9
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ECEPQ SECTION 1

1 3
AT GGTAATAAAR TARTCGCTCC GECGCGYCTG
TC CCATTATTTT AT AGC CGGCGCAGAC
2 4

]
ATCTCCCACK CGAGAGTTCT GGAACGTTAC CTGCTGGAAG CTARAGAAGC
TAGACGCTGA GC CAAGAR CCTTGCAATG GACGAC GATTICTTICG
[

?

TGARARACATC

ACTTTTGTAC
8

CCACT
Wi

Kpnl  Bamul
TTACGGTACC G
ARTGCCATGG CCTAG

12

9 11

g6TT GTCCTGRACA CYGTICITIG ARCGARAACA

CCAR CACGACTTGT GACAAG TTGCTTTIGT
10
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ECEPD SECTION 2 OLISONUCLEOTIDES

1. ARTTCGGTACTAGACACCARGGT
2. GTTAACCTTGSTGTCTEGTACCS
3. TAACTTCTACGCTTGGARACGTAT
4. TTCCATACGTTITCCARGCGTAGAA
5. GGARGTTGGTCARCARGCAGT TGAAGT
N CCARACTTCAACTGCTYGTTGACCARE
7. TTGSCAGSSTCTGSCACTGCTSAGEG
8 GICTCGCTCAGCAGTGCCAGACCETG
9.  AGGCTSTACTGCGTGGSCAGGSA
2. GIASTSISTSGCCACCTAGTACA
. CTGZT35TARACTCCTITCAGISST
12. TTCCCACGSCTGAGAGCASTTTACCA
13, G3GAAZZGCTGCAGCTSCATSTTGAC
la. GCTTTSTSARCATSSASSTSCAGSST
5. Aa83TACTATITICCITGAGRTSTS
l6. CATIZACATITZAGSCCAGATACT
FIG. 12 -

-’ °
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ECEPD SECTION 3

GATCCAGATCTCTGACTACTCTGE
ACGCAGCAGAGTAGTCAGAGATCTE
TGCGTGC TCTGGGTGCACAGARAGAGS
GATAGCCTCTTTCTGTGCACCCAGAGE
CTATCTCTCCGCCGGATGCTGCATCY
CAGCAGATSCAGCATCCCGCGGAGA
GCTSCACCGCTGCGTACCATCACTG
RTCAGCAGTGATGGTACGCRABLGETS
CTGATACCTTCCGCRRACTGTTTLGS
ATACATSARACAGTTTSCGGARGET
TGYATACTCTAACTTCCTGCGTGCTA
CAGTTTACCACGCAGGAAGTTAGAGT
AACTGAAACTGTATAC TSGCGRAGE |
CGCATSCTTCGSCAGTATACAGTTT
ATGCCGTACTGSTGACCGETRATAS

TCCACTATTAGCGGYCACCAGTAL

FIG. 14
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ECEPO SECTION 3

GTCTAGAGAC

-q...

ncrac TSC
ACS
2

<
wAG

GGATSCTRCA
CCTACGAZST
[

GCaaasTsvt
CoTTTSACAA

19

TATACTSGSS
RTATSACSES
1

3CCTGCTCT

o-ACGAGA
TZYGCYSCAC
adacu TG
ToSEGTATAC
AGCAL [
AQSZRTICCS
TTIovdAca

3 5
GGGTGCACAG ARAGAGGETA TcTerecees
CCCACETGTC TTTCTCC GAGGCGG

[

-
/

Z 2
CGCYGCGTAC CATCACTGET GATACCTTCC
GCGACGCATG GTAGTGACGA CTATGGAAGG

al

13
TCTRRACTTICC veosTasTah arrtsaaacYs
AGATTGAAGS ACSCACCATS TGAJTTTGAC

2

i3 Sall
TaCIGGTGAC SGCTaaTas
ATSACCACTG GCOATTATS  AGEST

16

"t
"
(4]
B
v
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3.

9.

10.

il.

12. -
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SCEPD SECTION 1 OLIGONUCLEOTIDES

RATTCAAGCTTGGATARAAGAGCT
GTGGAGCTCTTTTATCCAAGCTTS
CCACCAAGATTGATCTGTGACTC
TCTCGAGTCACAGATCAATCTTG
GAGAGTTTTGGAAARGATACTTGTTG
CTTCCAACAARGTATCTTITCCAAAARC
CARGCTRAAGAAGCTGARRACATC
GYGGTGATCTTTTCAGCTTCTTTAG
ACTACTGGTTGTGCTGARCACTGTTC
CAAAGAACAGTGTTCAGCACAACCA
TTTGAACGARAACATTACGGTACCG
SATCCGGTACCGTRATGTTTTCGTT

FI1G. 16 -
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SCEPO SECTION 1

EcoRl =indlll }
AATTCA RGCTTGGATA
GY TCGAACCTAT

2

3
RRAGAGCT ACCAAGRTTG ATCYGTGACT CBAGAGTTTY
TTTCTCGAGL TTCTRAAL TAGACACTGA & AARA
a

s 7

3GARAGATAC TTGTTGGAAG CTARAGAAGC TGRARACATC BCCACTGGTT

CCTYTTCTATG AACAAC GATTTCTTCG ACTTTTGTAG Tu CCAR
3 ]

g 11 kpnl BamMI
CTCCTGAACA CTSTTCEYTC AACGAAAACA TTACGGTACC G
CACGACTTGT GACAAG TIGCTTTTGT RAATGCCATGG CCTAG

12
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SSEPO SECTION 2 OLICONUCLEOTIDES

ARTTCGGTACCAGACACCARGGTY

2. SYTRACCTTLGTGTICTOCTACSS
1. TAACTTCTACGCTIGGAARCSTAT
4. TTZCATACOTTTCCAAGCGTAGAA
. Q0ARSTTGGTICAARLAAGCAGTTGAAGT
5. 2ZAAACTICAACTGCTTCTTSACSAAL
T, T33IARGSTTIGGCITISTTATSTG
e, SCTTIAGATAACRAGISCAAACTTIG
9. ARSCTSTITTGAGAGSTZAASIEY
Y ia. AACAASSCTTGACS TCTSARARCA
Vo I T3TTSGTTAACTCTTCTCAACCATGEG
12. TSCTTICCATGGTTGAGRAGAGT TARLE
13, AASTATTCCAATTGCACSTCGAT
1y CTTIATCOACSTOCAATIGEAA
1s. AAATTISTCTITIGTTTIGAGATITG
H-B GRATITAGATITCAAAZZAGAGACSE
Y
FIG. 18
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SCEPD SECTION 2

Konl

EcoRl i
RTATTCGGTACS AGRCACCARG
GCCATIG TCTSTGGTTC

CARTTGRAGA YSCE“ACZTT TGCATACETY CAACCAGTTC TTCGACAACT
&

- 2 : ]
5’§§;gg737 BCCCTTGCAA Accrnrgcnn GTTGGTCARC AAGCTGTTGA

-

raekyman AaTrran : 9
trlgéégﬁ‘f S3TTTSCCCT TGTTATCTGR aGCTGTTTIG AGAGGTCAAG
Te wGTT ICRAACTEGA ACAATAGAC CGRCARAARLC TCTICCAGTTC

s 10
uted  feh vl 5 =
SSTEST-GST TaalTCTTICT CAACCATSGG RACZATTGCA ATTGCACGT
uungtiipbn ATTSAGARGA crrnarnccc,#TEETpAccr rnacgtggng
12 la

©is 8glIl BammI
SATRAAGCCG ToTCTGGTTY GE%ETETG .
cTa GC AGAGACTAAA CTCTAGACCTA G

i
FIG. 9

141

AM670156405 AM-ITC 00941072



Case 1.05-cv-12237-WGY Document 719-3  Filed 07/13/2007 Page 92 of 93

: r.z'.r Fila: i ,';) 174

SCEPQ SECTION 3 JLIGONUCLEJTIDES

1. GATZCAGATCTYTGACTACTTIGTT
2. TCTCAACARAGTAGTCAAAGARTCTS
3. GAGAGCTTTGGCTGCTCAARAGGAAG
4. ATGGCTTCCTYTTGAGCACCCAAAGT
5. CCATTYCCCCACCAGACSCTGETT
6. GCAGAAGCAGCCTCTGGTGICGAA
7. CTGCCSCTCCATTGAGAACCATE
8. CAGTGATSSTTCTCAATSCAGES
9. ACTGCTGATACCTTCAGARAGTT
12. . GCRATAACTTTCTGAAGGTATIAG
il ATTCAGAGTTTACTCCAACTTCT
2. CTCAAGAAGTTGGAGTRAACTCT
13. TGAGRGGTAAATTGAAGTTSTACAC
la, ACCGSTGTACARCTTCAATTTACLT
15. CSCTGAAGTCTGTAGAARCTSGT
16. CTSTCACCAGTTCTACAGGCTIC
i7r. GACAGATARGCCCGACTGATAAR
.8. GTTGYTATCAGTCGIGCTTAT
9. CAACASTSTAGATSTARCAARG ..
29. TCGACTTTGTTACATCTACACT *
FIG. 20
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& lrITLnEL FToias I ' A
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SCEPD SECTION 3

dame! Bclll 1
GATC CABATCTTTG ACTACTYTGT TBAGRGCYTT
GTCTAGRAAC TGATGARACA ACTTTLGAARA

2

3 5
GGGTSCTCAR AAGTAAGECA TTTCCCTACC AGACGCTGCT TCTGCCGLTC
CCCACGAGTT TTCCTTC AGGGGTGG TCTGCGACGR ATATGGCGAG
&4 [

? 9 11
SATTSAGRAC CATCRCIGET GATACCTTCA GAAAGTTRIT CAGAGTTTAC

GTRAACTLTTS GTAG A CTATGGAAGT CTTTCAATAA CTCRAATG
8 10 12

i3

15
YZZARCTTCT [TGAGAGGTAA ATTGRAGTTG TACACLGCIG RAGCCTGTAG
ASSTTGAAGA ACTOICCATT TAACTTCAAC ATGTG TTCGGACATC

e 16

17 19
ARCTCCTEAC AGATAAGCCC GACTGATAAL AACAGTGTAG
TTGACCA TNATTCGGG CYGACTATT CACATC

. 18

5all
ATSTRACAAR G
TACATTISTTY CAGCT

29
~“.
F1G. 21
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