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TABLE XILI

ECEPQO SECTION 3

GATCCAGATCTCTGACTACTCTGC
ACGCAGCAGAGTAGTCAGAGATCTG
TGCGTGCTCTGGGTGCACGAGARAGAGG
GATAGCCTCTTTCTGTGCACCCAGAGC
CTATCTCTCCGCCGGQ&GCTGCATCT

CAGCAGRTGCAGCATCCGGCGGAGA

GCTGCACCGCTGCRTACCATCACTG

ATCAGCAGTGAT ﬁTA;GCAGC G

CTGATACCTTCEECAARCTGTTTCG
ATACACGAAA!}GTTTGCGGAAGGT
TGTATACTCTAACTTCCTGCGTGGTA
CAGTTTACCAFAC AGARSTTAGAGT
AACTGAAACTGTATACTGGCGAAGT
GGCATGCTTCGCCAGTATACAGTTT
ATGCIGTACTGGTGACCGCTAATAS

TCGACTATTAGCGGTCACCAGTAL
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TABLE XIID/

ECEPQ SFCTION 3

BamHI Bqlli
‘E‘chigircrcrc ////

GTCTAGAGAC /

1

bed

i 2/ 2
ACTACTCTGC [GCGTGCTCT GGéTGCACAG AAAGAGGETA_TCTCTCCGLC
TGATGAGACG CACGAGA QCCACGTGTC TTTCTCCGAT AGAGAGGCGS

: 4

GGATGCTGCA TCTRCTGQA

.- 2
GTAC CATCACTGET GATACCTTCC
CCTACGACGT AGAEGACKTG/GCGACGCATG GTAGTGACGA CTATGGAARGG

§ Vi g
/ u 13
GCAAACTGTT TCGfGTATAC TCTARCTTCC TGCGTGGTA ACTCAAACTG
CGTTTGACAA AGCACATAITG AGATTGAAGG ACGCACCATT TGAQTTTGAC
10 / i2
— / ——
15 sall

TATACTGGCG:AAGC TGCCG TACTGGTGAC CGCTAATAG
ATATGACCGC TTCGTACG ATGACCACTG GCGATTATC AGCT
14 ié
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Xbal
cTAG

ATCTGCGACT
TAGACGCTGA

TGAARACATC
ACTTTTGTAG

TTACGGTACC
AATGCCATGG

GTTGGTCAAC
CAACCAGTTG

GGCTGTACTG
CCGACATGAC

AACCGCTGCA
TTGGCTGACGT

ACTACTCTGC
TGATSAGACG

GGATGCTGCA
CCTACGACGT

GCARACTGTT
CGTTTGACAA

TATACTGGES
ATATSACCGC
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AAACCATGAG
TTTGGTACTC

CGAGAGTTCT
GCTCTCAAGA

ACCACTGGTT
TGGTGACCARA

AGACACCAAG
TCTGTGGTTC

AAGCAGTTGA
TTCGTCAACT
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TABLE XIV/

ECEPO _GENE

!

GGTAATAAAA
CCATTATTTT
!

/

GGAACGTTAC
CCTTGCAATG

crcanAACA
CACGACTTGT

GTTAACTTCTY
CAQWTGAAGA

/

AGTTTGGCAG
TCAAACCGTC

!

CGTGGCCAGG JCACTGCTGGT

GCACCGGTCC7 TG%CGACCA

GCTGCATGYT

ACAAAGCAG

CGACGTACRA CTGTTIIGTC

TGCGTGCTCT
ACGCACGAGA

TCTGCTGCAC
AGACGACGTG

TCGTGTATAC
AGCACATATG

AAGCATGLCG
TTCCTACGS

GGGTGCACAG
CCCACGTSTC

CGCTGCGTAC
GCGACGCATG

TCTAACTTCC
AGATTGAAGC

TACTGGTGAC
BRTGACCACTG

A 6937

-1 1
MetAla
TAATGGCTCC
ATTACCGAGG

CTGCTGGAAG
GACGACCTTC

CTIGTTCTTTG
GACAAGAAAC

ACGCTTGGAA
TGCGARCCTT

GGTCTGGCAC
CCAGACCGTG

AAACTCCTCT
TTTGAGGAGA

TATCTGGCCT
ATAGACCGGA

ARAAGAGGCTA
TTTCTCCGAT

CATCACTGCT
GTAGTGACGA

TGCGTGGTAA
ACGCACCATT
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GCCCCGTCTG
CGGCGCAGAC

CTARAGRAGC
GATTTCTTCG

AACCAAAACA
TTGCTTTIGY

ACGTATGGAR
TGCATACCTT

TGCTGAGCGA
ACGACTCGCT

CAGCCGTGGG
w1 CGGCACCC

GAGATCTCTG
CTCTAGACAC

TCTCTCCGCC
AGAGAGGCGG

GATACCTTCC
CTATGGAAGG

ACTGARACTG
TGACTTTGAC

sall

CGCTAATAG
GCGATTATCA

GCT
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. Fl:‘/'ur<- /@
-/ More particularly.LtabLo—¥§LL illustrates oligo-
nucleotides employed to generate the Sectlion 1 of the
ECEPO gene encoding amino terminal residues of the human
species polypeptide. Oligonucleotides were assembled
into duolexes (1 and 2, 3 and 4, etc.) and the duplexes
- - = = 79ure- /1
were then ligated to provide ECEPO Section 1 a§;}£4$ab%e
I%. Note that the assembled section includes respective
terminal EcoRl and BamHI sticky ends, that “downstream®
of the EcoRI sticky end is a Xbal restriction enzyme
recognition site; and that “ypstream® of the BamHI sticky
end is a Xpnl recognition site. section 1 could readily
be amplified using the M13 phage vector employed for
verification of sequence of the section. Some dif-
ficulties were encountered in isolating the section as an
xbal/kpnl fragment from RF DNA generated in E.cold,
likely due to methylation of the Konl recogn&tiéﬁ'site
bases within the host. Single-stranded phage DNA was
tnerefore isoclated and rendered into double-stranded form
in vitro by primer extension and the desired double-
stranded fragment was thereafter readily isolated.
; f::zura 13 ead 18
ECEPO gene Sections 2 and 3 O )
were constructed. in a similar manner from the oligo~
qures 1x end (Y
nucleotides of - , respectively. Each
section was amplified in the M1l3 vector employed for
sequence verification.and was isolatea from phage DNA.
as 1s apparent froml?g;£314i. ECEPO Section 2 was con-
structed with £coRl and BamHI sticky ends and could be
isolated as a 5=_:/§glll fragment. similarly, ECEPO
Section 3 was prepared with BamHl and Sall sticky ends
ang could be isolated from pnage RF DNA as a ggllllggll
fragment. The three sections thus orgoarzd cgn readi%yur‘ 7
pe assembled into a continuous DNA sequence (‘_ f
encoding the entire human species EPC polypeptide with an
amino terminal metnionine codon (aTG) for E.coll transla-
-ion initiaztion. Note also tnat wypstream® of the ini-
«igl aAT3 is a series of Dase 5airs substantially
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duplicating the ribosome binding site sequence of the
highly expressed OMP-f gene of E.coll.

Any suitable expressioh vector may be employed
to carry the ECEPO. The particular v»<tor chosen for

S expression of the ECEPO gene as the ™temperature sen-

:zsitive™ plasmid pCFMS36 -- a derivative of plasmid

]- pCFM&ls (A.T.C.C. 40076) -- as descrdibed in co-pending
u.s. Pa}fntuApzaégizigzmigisgivzs. 636,727, filed August
6, 1984&~by Charles F, Morris. More specifically,

10 nCFM536 was digested with Xpal and HindIII; the large
fragment was isolated and employed in a two-part ligation
with the ECEPO gene. Sections 1 (Xbal/Kpnl), 2
(Kpn1/8glII) and 3 (BglII/Sall) nad previously been
assembled in the correct order in M13 and the EPO gene

15 was isolated therefrom as a single Xbal/HindIII fragment.
This fragment included a portion of the polylinker from
M13 mp9 phage spanning the Sall to HindlIl sites therein.
Control of expression in the resulting expression

"plasmid, 0536, was by means of a lambda PL promoter,

20 which itself may be under control of the C1857 repressor
gene (such as provided in E.coli strain K12aKtrp).

The manufactured ECEPO gene above may be
variously modified to encoce erythropoietin analcgs such
as [Asn?, ces-Pro? through 1leé)nhero andg [His’)nEPO, as

25 gescribed below. ! ’ /

a. [asn?, des-Pro? through IleS]nEPD

. Plasmia 536 carrying thE ECEPO manufactured gene
c of éi£$;1£;¥ as a xbal to HindIII insert was digested
z/ 30 with HindIl! anc Xhol. The latter endonuclease cuts the
SCEPD gene a*t a uniaue, 6 pase pair recoognition site
spanning the last base of the cocon encoding AsDs through
Ine second base of tne Arg o cogon. A Xbal/xhol “linker"
seguence was nanufactured naving the ‘ollowing sequence:
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xbal a1 2 7 8 9
Met Ala Asn Cys Asp xhol
/roélox 5'_CTAG ATG GCT AAT TGC GAC-3'
3’ _TAC CCA TTA ACG CTG AGCT-5

- % The xbal/ghol linker and the Xnol/Hindlll ECEPO

5 gene sequence fragment were inserted into the large
fragment resulting from Xbal and HindI1I digestion of

{ - plasmid pCFM526 -- 2 derivative of plasmid pCFM&l4
(A.T.C.C. 40076) -- as described in co-pending
U.S. Patent Application Serial No. 636,727, filed Qugust

10 6, 1984, by Charles F. Morris, to generate a plasmid-
porne DNA sequence encoding E.coli expression of the
Met'l form of the desired analeg.

8. [nis’lnero

15 Plasmid 536 was digested with HindIII and Xhol
as in part A above. A Xbal/xhol linker was manufactured
naving the following sequence:

e —————

VAR xbal s 2 3 & 5 6 1 8 9 Xhol
’T’:é‘, Met Ala Pro Pro Arg Leu Ile His Asp |
20 5'-CTAG ATG GCT CCG CCA CGT CTG ATC CAT GAC-3

3’ _TAC CGA GGC GGT GCA GAC TAG GTA CTG AGCT-S

[
The linker and the xhol/HindI1l ECEPO sequence
fragment were then inserted into pCFM526 to generate a
plasmid-borne DNA sequence encoding E.coll expression of
o we
- - 25 the Met’1 form of the desired analog.
Construcsion of a manufactured gene (" scepo™)
incorporatin east preference codons is as descripbed in
M \, . » g yFijurq::D 16 PAGUQh 27 wnel
s the following Jebres— THT . As was the case
- witn the ECEPO gene, the entire construction apvolved
j- 30 foymation of three sets of oligonucleotides (F
ii-ana—xIX) which were formed into duplexes and:
& ch werE Y ures R L
L assemtled into sections .Ee%&es—ﬁ-v-l-,—%). Note
sma%t syntnesis was cacilizatec in patt by use of some

~

sut-5CTima. zogons in Doth tne scse0 and ECEPO construc-

w
n
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It tions, l.e., oligonucleotides 7-12 of Section 1 of both
« genes were ldentical, as were oligonucleotides 1-6 of
Section 2 in each gene.
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TABLE Av
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SCEPD SECTION 1 OdIGONUCLEUTIDES

1

H
I

1. AATTCAAGCTTGGATARAAGAGCT
2. GTGGAGCTCTTTTATCCARGETTG
3. CCACCAAGATTGATCTGTGACTC
4. TCTCGAGTCACAGATCARTCTTG
5. GAGAGTTTTGGAARGATAETTGT TG
i
6. CTTCCAACARGTATCTTTCCAAAAC
7. GAAGCTAAAGAAGCTGAAAACATC
8. GTGGTGATGTTTTEAGCTTCTTTAG
9. ACCACTGGTTGTGCTEAACACTGTTC
10. CAAAGAACAGTGTTCAGE cA
1. TTTGA‘\CGQAQ?ICMACGGTACCG
12. GATCCGGTACCGTAATGTTTTICGTT
TABLE XVI
SCEPO SECTION i
EcoRI HindIII }
RATTCA AGCTTGGATA
GT TCGAACCTAT
2
2
ARAGAGCTEC AcCAAGATTG ATCTGTGACT CRAGAGTTTT
TTTCTCGAGG TOBTTCTAAC TAGACACTGA GCTCTCAARA
4
5 | 2 |
GGAARGATAC ~TGTTGEASG CTAAAGRASC TGARAACATC
CCTTTCTATS AACAACSTYC] GATTTCTTCG ACTTTTGTAG
5 8
s I Kpnl
GTGCT3ARZa 2TaTTofTrs aangaiRaca TTAcGGTACe
CACGACTTGT GACARGARAT] TTGCTTTTGT AATGCCATGG

2
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/
SCEPQ SECTION 2 OLIGONUCLEOTIDES

1. AARTTCGGTACCAGACACCAALGT
5 2. GTTAACCTTGGTGTCTGGTACCG
3. TAACTTCTACGCTTGGAAACGTAT
4. TTCCATACGTTTCCAAGéGTAGAA
5. GGAAGTTGGTCAACAAGCAGT TGAAGT
6. CCAAACTTCAACTGLTTGTTGACCAAC

10 7. TTGGCAAGGTTTGLCATTGTTATCTG

8 GCTTCAGATAA ACCTTG
9 AAGCTGTTTE:\EgécTCAAGCCT
1C. AACAAGGCTHGACCTCTCAARACA
11, TGTTGGTTAACTCTTCTCAACCATGGG
1512, TGGTTCCCATGGTTGAGAAGAGTTAACC
13. AACCATTGCAATTGCACGTCGAT
la. CTTTATCGACGTGCAATTGCAR
15. ARAGCCGTCYCTGGTTTGAGATCTG
16, GATCCAGATCTCAAACCAGAGACGE
20
25
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